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CHAYTER 7

VALVE AMPLIFIERS

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

1. INTRODUCTION

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 (a) are called
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Pig. 322 - Typical voltage Pig, 323 - R P pulses &and the
variatisns and the amplifier amplifier charscteristics necessary
characteristics necessary for for their amplificition.

their amplification,

RF pulses, Either of these types of voltage varlation may be analysed
into sinusoidal components covering a range of frequencies (Fourier
enslysis, Chap. 16 Sec, 1), In considering the behaviour of amplifiers
it is sometimes desirable to consider the response of the circuit to
these sinusoidel 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 smplifier 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 hendle such
variations must possess characteristics of the types shown in Figs.
322 (c) and 323 (b) respectively.
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Chap.7, S5ect.2,3

2+ TYPES OF DISTORTION

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

(1) Amplitude Distortion

This type of distortion is due to non-linearity of
the valve characteristics over the operating range
of grid and snode voltages, The effect is to
introduce fregquencies into the output which were
not present in the input.

(1) Frequency Distortion

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

(4i1) Phase Distortion

This type of distortion ocours when the relative
phases of the input components of different frequemcies
are not preserved in the output. However, if the
phage~shift produced by the circuit is proportional

to frequency all such components are delayed equally

?’.n time and the output, where there is no other distortion,
is delayed, but distortionless.

3o CONVENTIONAL SYMBOLS AND EQUIVALENT CIRCUITS

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

The following symbols are used ;-

vy is the potential differsnce betwesn ancde A& and cathode K,
and is reckoned positive if the snode is st the higher potentisl,

V‘1 is the steady camponent of v,.
Ve is the potential difference %etween control grid G and cathode, and

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

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

Vp is the HT supply voltage.

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

v5 is the chenge of voltage at the grid (ioput voltage); i.e. the

amount by which Vg exceeds Vg.
Vo is the change of voltage at the anode (output voltage); i.e., the

smount by which vy, exceeds V_.
v, is the signal voltage applied to the input circuit (when different
from v, or vy). '

g
Capitel letters A, G, K, used as subscripts, denote that the voltage

oconcerned is measured from earth (or chassis) and rot necessarily from

cathode,
/u is the Amplification Factor of the valve, 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 remaimsunchanged.
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Chap.7, Sect.3

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

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

@8 the ratioc of a smell change of anode current to a smsll change of
grid voltege, the anode voltage remaining constant.

If i, v4 and v, are corresponding mmall changes in anode
current, grid voltage and anode voltage respectively, the valve con-
stants may be written :=-

Gy = i , where
v
anode voltage is constant,

Yo where

arode current is constant

and v
R, = .9 , where
19.
grid voltage is constant.
It can be shown that

M= Ry

nxxProofofformula/u:GmRa

For any valve

there is a relation between R
the anode current i,, anode- . ’
cathode voltage vy, and the Ra
grid-cathode voltage Vg T Vo
We may denote this relation oV . l
by the equation K N

£(ia, v,, Vg) =0 -GV .

..'0.'.0’..'!0.0'IOC'.(l) é 2
{

From the theory of partial
derivatives we obtain

1==GpV A
¥f ai, +3f dvy +2f dvg-.—O B
CEN _v, ?¥v
g v
(A AL A XN XN ERENENRNENNRENNNR] (2) 0
K
o
Putting dig= 0, dv,= 0, dvg= 4]
in succession in (2), we have
- /u =Bva = e a_f_" f ’ . < <
iV dvg é‘;;; Fig, 324 - Equivalent circuits.
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Stage Amplification and Equivelent Circuits

The expresslon for the voltage asmplification provided by the
~TRgE 18 -

m =

pl lod

if v,, and hence Vo VeIy sinusoidally then :e

SR e 4
R +15
s 4

2
r
TRV EOOET TP FUVEVIDEOTIRIPOOC Y I B AROT N \3)

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

Vo
eyual to x= *
Vi

The circuit of Fig, 324 (&) mey be represented, fram the point of view
of fluctuating voltages, by the equivalent circuit shown in Fig. 324 (b).

In this circult the current i 1is given by
i = - 'Vi H
Ty + R.L
Yo a 1:Zz .. a4 = m, justifying the representation.

henpe e
Vi vj' ﬂl +* R..

Equation (3) can be rearrsnged as follows :=
- K .2 Ry
M e &
Ra + Z!

= - R, %
- % _‘-‘!-.-—[-. ....".".'....'.’..'0’.'..0..(#)
RI. + z!

zquation (4) suggests the form of equivalemt circuit shown in PFig.

324 {¢). This is normally referred to as the Constant-Current
Generator Equivalent Circuit whilst the other (Fig. 324 (b)) is termed
the Constant-Voltage Generator Equivelent Cirocuit. The two circuits
eipress the same relationship between v; and v,.
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Chap.7, Sect.h

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

If the simple equivelent circuits of Fig. 324 (b), (c) and
(d) are compared with the actusl circuit (a) it is seen that zp lies
between A snd K in the equivalent circuits and not A and HI+. This
representation is pogsible because the impedance of the HT supply to
alternating 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.

4+ BIAS FOR AMPLIFIERS

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

potentials on previous circuits by means of a condenser C: (Fig. 325).
If a succession of rectangular voltage pulses is applied to C and R

in series, the time-constant C R_ being of suitable duration.a suc-°
cession of rectangular pulses isgdeveloped 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 T,,

Y%
VK e e o o _1-__...__r__.____’=-_.__
70y g —¢
Fig, 325 -~ Common input T ke
network, L_Tz_.!

Fig, 326 - Choice of Bias (Input between
grid and earth).

T_ being much larger than T;. Then if the cathode of the valve is at
e&rth potential each positive-going pulse of voltege will carry the
grid potential above that of the cathode end 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 thias case, therefore, it is necessary to make the steady
potential of the grid more negative than the steady cathode potential
i.e. B 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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Chap.7, Sectel

of rectangular pulses is inverse to that shown in Fig. 326, i.e., the
pulzes are negative-zoing, it is not necessary, and umay be inadvisable,
for tne valve to have en aspreciable negative grid bias., In this case a
negative grid bias might lead to the negative-going pulses cutiing off the
valve current.

If a negative grid bias 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
at the grid, and unless negative %
feed-back for alternating currents
is required (Sec.1€) it is necessary
to have a bypass condenser P
connected across the bias re~ I o, SuPPLY
(Fig. 327). The con- M
o

sistor;
denser Cp charges so that the v
potential difference between its R T O

plates is R Y, where T is the
mean current flowing through the
bias resistor R, If the time- Fige 327 = Use of cathode self-

constant GK ‘{I(»EZ the con- biasing circuit,

denger cannot discharge apureci-
ably within the repetition peried
T of the apnlied pulses, and the cathode of the amplifier is maintained

at a steaay poterntial.

Th= meth~d of us:ing a cathode resistor in order to obtain negative
grid bias has 1ts limitetions. Provided tne valve is operated over
the linear perticn of its dynanic characteristic, variation of signal
amplitude does net affect the wean valve current and the bias there-
fore remainsg constant. If the input voltage is allowed to vary over
the curved portion of the characterissvic, the rean current and hence
the pias are affected. This means that the bias varies with signal
ampiituds. For Class B or C operation, therefore, some other system
of biasing snould be employed,

A convenient
method of biaesing =
valve beyond cut=—off or

on ths curved portion of ¢HT

the dynamic character-
istic is illustrated in fiag

3 )
Pig, 328, Provided By ?-i el
is small enougn the | T—"— supeLY
variations of current Ve ] .
through the valve are | N |

small compared witn the & o—Jiv Lt ! : —o—{i»
current through B‘l and
the bias remeins epproxi- Pig. 328 = Circuit Pig. 329 - Connection
mately constant. The for class B or C providing small
condenser O¢ smootha out biasing. positive bias,

those fluctuations which
still occur,

Alternstively, the cavhode biasing arrangement may be dispensed
with, and the grid leak comnected to an additional source of negative
potentiale Alskough il is not always convenient to employ a separate
bias supply voltage, 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 maine
tein the grid voltage at the required bias level. For example,
suppose the grid-current, grid-voltage conductance is 62 l/lm/volt s
and the supply voltage is 250 volts. A grid lesk of 2 X 15 Just
sufficient to ensure that the grid is maintained st +2V relative to
cathode, The grid cwrrent is 121‘./uA s Which develops across the
grid leak 248 volts. ‘

This type of biasing HT
arrangement is suitable for the R
smplification of negative-going

pulses, . 8
In some circuits it %R,

is necessary for the mean level Y
of the input voltage to be 1 Rz

positive with respect to earth, | T

although the bias develcoped be- o —t—0

tween grid and cathode may be @
gero or negative, Examples
ot this arise in current feed-
back circnits (Sec. 16) and in
the limiter circuits of Chap. 9
Sec. 3-

These are ilTustrated
in Pigs. 330 (a ) and (b) o
respectively, The gteady volt-
age at B may be adjusted between
R Vg ‘

Ry + Rp

In the arrangement shomn in ®

Pige 331 the steady voltage at B

can be adjusted so that it has Fig, 330 - Arrangements for

a walue either positive or - providing a positive mean level
negative with respect to that of of input voltage with respect
the cathode, to earth, .

%

the walues zero and

Lo
L

Automatic bias
(Slide~Back bias) may be
provided by ellowing grid
current to flow into the
coupling condenser in
the input circuit of a
vaive amplifier. The

condenser charges when
the grid voltage is

HT

positive and, in the

normal connection illu- v
strated in Fig. 332 (a) $

discherges when the grid < <y

voltage is negative with T ! T

respect to cathodes In -

the alternative circuit M

of Fig. 332 (b), the

condenser is discharging

continually through the - Pig, 331 -~ Circuit providing positive
grid leak, the bias ad~- or negative bias,

Justing itself so that the
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more or less constant discharge rate is
equal to the mean rate of cherging, 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 Amplifiersapd Oscillators, In
thege circuits distortion introduced by
grid current flow is not important,

gince that due to the use of class C
biesing 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 normally highly selective and
presents a low impedance to all but the
first harmonic of the anode current).

The prinoipel adventage in such an
application is that if the smplitude L
of the input voltage is reduced the E)

bias is automatically reduced due to ®)

a decrease in grid current flow,

This causes an increase in the Angle :

of Flow of anode * current so tha'%l Pig, 332 - Slide-back

the amplitude of the output voltage biaeing circuits.

suffers less reduction than it would

if a fixed bias were employed. I%

is posaible for the output amplitude

actually to inorease as the arput

amplitude is decreased, due t~ this selfcompensating action. Vhere
this "Automatic Gain Control® action is detrimentel to the sotion of
the amplifier some other method of biasing must be employed.

As already pointed out, when slide-back bissing is used
with Class G tuned smplifiers and oscillators the additional distortion
produeced by grid cuwrrent flow is not normelly important. Howewer,
there are occesions when the method is applied to resistence-loaded
amplifiers end it may be necessary to reduce such distortion to &
minimum., This can be arranged by ensuring that the output reaistance
of the circuit feeding the grid is maall, snd that the bissing con-
denser and grid leak are large, If T1 is the dwration of grid
ourrent flow, T2 the period of the applied voltege, R, the output

impedance of the grid input circuit, R; the lmput resistance of the
valve when grid current flows, Ry the grid leak and C the blas com=
denser, the following conditions should hold if distortion is to be
avoided 3=

Ry 3> Ry, Ry > Tp O(By + By)>T). (See Pigs 333).

The emount of bias depends on the ratio Rg e The
Ri+Rg
larger the ratio the greater is the bias.

* The Angle of Flow is a measure of the duration of current
flow in e valve during each cycle of a sinmusoidal input voltage,
Each 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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Chap.7, Sect.b

If it is
desired to introduce
distortion without '\rg
causing apprecisble TIME CONSTANT

glide~back, either 5 c(R; +Ry)
a short time~constant
(Bg may be used, pro-

ducing the type of
distortion congldered
in Chape 2 Sec. 3, or
elge the output re-
sistance of the input

cdrouit may be made TIME CONSTANT
large whilst the = crg
ratio Rg is kept
Ri+ Ry
as low as possible. Pig, 333 - Distortion of rectangular pulses

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

cussed in Chap. 9

Sec. 5.

50THEMMOF!TIESG?EW(§{IDOF§_PENPODEU§(EDASANMIIFER

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

HT+
HT

Gz Rz C
<)

S

> ' L

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 opsration,
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Chap.7, Sect.6

The simplest method of supplying the screen with a suitable
souros of voltage is illustrated in Fig, 334. This suffers from the
disedvantage of the cathode automatic biasing arrsngement, namely that
with other than Class A operation the valve current varies with
signal amplitude, cauming the mean screen potential to rike as the
amplitude of the input signal is reduced, PFor such oconditions the
arrangement of Fige 335 is to be preferred.,

The condenser in Figs. 334 and 335 is adequate far smooth-
ing out the fluctuation in screen potential provided the time- :
constant of the decoupling circuit is large compared with the period
of the input voltage. In Pig. 334 this time-constant is (R. In
Fig. 335 the resistors R} and R are effectively in parallel so far
as fluctuating currents are concerned,as illustrated at (b), so that
the effective time-constent is CRy Ry, .

Ry + Rp

6. ANODE DECOUPLING OF AMPLIFIERS

It has so far been assumed that the H' supply circuit
presents a negligible impedance to altermating currents, This is
equivalent to the assumption that the time-constant of the supply is.
very long, and is justified if the smoothing condenger in the power
pack is sufficiently large. 1In practice the voltage across the HI'
supply circuit varies to a certain extent in response to fluctuations
of current passing through this circuit. These fluctuations are
present in the current passing through a valve end so pass to the
H supply. A fluctuating voltage is, therefore, developed across
the BT supply circuit and so is applied to other amplifier stages
using this supply. This feedback of the fluctuating voltages is
undesirable, as it msy, partioularly if applied to a high gein ampli~
fier, cause continuous oscillations to be set up,

The method which is ususlly adopted to avoid the feedback
described sbove is to prevent the wariations of anode currents of
the smplifier valves from flowing through the HF supply clircuit, by
the use of an snode decoupling circuit. Fig, 336 shows the ancde
decoupling circult for one amplifier, the circult consisting of a
resistor R and condenger C, Provided the time~constent (R is long .
compared with the period of the applied volitage, the potential of the
point A does not change sppreciably with variations of the applied
voltages The point A is maintained at steady poteatial RIZ below

BT level where I, is the steady anode current of the valve about
which the fluotuations of current ooccur. The introduction of the
decoupling circuit necessitates sn inerease of HT potential by an
amount R Ia if the mean anode potential is to remain the smme as it

was without the decoupling circuit.

Where a very cmnsiderable degree of decoupling is required
it is usiel to employ two or more C-R networks in cascede as shom in
Pige 337. By this arrangement a high degree of smoothing may be
achieved without the use of prohibitively large resistors or condemsers.
Tor exsmple, suppose that it is necessary to prevent more than 1% of
the walve current 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 cascade,
each having a time-constant T_, so that amaller resistors and com--
10

densers may be employed,
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b
o

I 3
= 3
Fig, 336 - Agg:i:.e-coupling Fig, 337 - Decoupling networks
¢ ¢ in cascads,

7« MILLER EFFECT

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

provides coupling between the output and input circuits. This
coupling effects 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 beiween grid and anode and between grid
and cathode being denoted by Cga and Cgk respectively.

The voltage across Cga, a8 shom in the equivalent
ciraiit of Pig. 338 (b) bas an alternating component

Vi =V, = Vj - @y
=vi (1 ~m),
Hence the current i) through Cgg is given hy
iy = juCga » vy (1 = m),
The current i, through Cgx is given by
ip = JuC gk vy
Henae the total input current iy is given by

iy = JWViZE;k « (1 -m) Cga_7'

The input admittence is therefore

yi-i_i{ = jwcgk-bjwcga (l-m).
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If 6 is the phase displacement between the grid and smode woltages,
the voltage amplification m can be expressed in the form

m= m (cos ©®+ J sin @)
where m is the magnitude of the smplification.
Hence the input admitt.anoe can be expressed as
¥y = JuoCgk + JoCzq (L =~ imicos 0 - J m =in Q)
=wCpp M sin @ + (wCox +wCge (1 - m cos @))

A

I
7\ 1]

v, Tl I:Zj VormYi

)

@

Pig. 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 ancde voltages are spproximately anti-phase and hence
@ == 180°  Under these circumstances the input admittenoe is a
capaocitive susoceptance of value

WCgy +wCgq @+ m )
Consequently the effective input capacitanoe of the valve ig equal to
Cox * Cga QL+ m ).

For a pentode cga is very small (less then Q+5 per cent of
Cgk). Consequently the effective input capacitance of a pentode

employed in an smplifying circuit is likely to be considerably smaller
than that of a triede (Cga 2= Cgx) in spite of larger values of m
corresponding to the pentode, and of the additional capacitance introduced

“between grid and soreen, C,g;

If the load of an amplitier is inductive @ is greater than
180° and less than 2709  Hence sin ¢ and cos © are negative and the
input admittance is due to a negative conductance (wcga im| sin 6 )

and a capacitance susceptance (wcgk + WGy {1 - m cos®})

In the onse of e valve employed in an EF amplifier circuit
the anode load uswally consists of a tuned circuit. For sme fre-
quencies off resonance this load is inductive; consedquently the input
conduotance is negative and regeneration is likely to occur,possibly
leading to continuous oscillations. If a triode is
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used, Cgy, @nd hence the value of the negative conductance, is large.
Normally if a triode is used in an RF amplifier circuit neutralisation
of the effect dus to feedback viae Cga is neoessary. Neutralisation
may be performed if a voltage in the output circuit, equel in amplitude
and anti-phase to the anode voltage, is impressed on the grid of the
velve through a capacitence approximately equal to Cga. Fig. 339

shows a circuit employing neutralisation.
ET )
NEUTRALISING l J
NEUTRALISING —T

CONDENSER

Vo
= 2
Pig., 339 - Neutralising Pig, 340 ~ Neutralising
circuit used in Power cirenit wsed in Radio
Amplifiers, Receivers,

Alternatively, if a coil of suiteble inductance is
connected between anode and grid so that it forms with cga & parallel

circuit resonent at the frequency of operation, negligible feedback
occurs; (Fig. 340)e

If the losd of the emplifier is capacitive, @ is greater
than 90° and less then 180°, Henoce sin @ is positive, Under these
circumstences the imput conductance (wt.?g,1 imi sin @) is positive, and

damping is introduced into the imput circuit of the emplifier,
8. RF ANPLIFICATION

The applioations of RF amplifiers to the problems of radio
reception sre dealt with in Chap., 16. Here we are concerned only with
the types of smplifying circuits which may be used.

Theae circults are
essontially the some whether
used in the IF or EF stages
of a receiver, the chief
factor in design being the l
retio of the bandwidth to the ‘
mid-frequency. The ideal :
amplification-frequency and | ’[’," ~f
phase~frequency chearacter- E,,,‘,,'#‘,’,’}
isties for such an emplifier PHASE SHIFT
are illustrated in Fig. 34l.

Throughout the required band T

of frequencies, the ampli- | —— ——— = 4-

fication should be uniform ] \/

and any phase-ghift in-

troduced should be proportion-

al to £ ~ £, where £ is the

frequency end fp the mid-

frequency of the band, Pig, 341 - Idealised Characteristics
of a RF, Amplifier,
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Chap.7, Sect,.8

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 may
have any value from 9 Mc/s to 600 Mc/s. Amplification at frequencies
higher than this is not normally attempted.

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

ofD is the dynamic resistance of the tuned circuit at
resonance (Fig. 342 (c)).

1Rp is the equivalent dynamic resistance of the amplifier
load circuit, consisting of Ra’ pand R! in parallel,

”~
It follows that at resonancs the amplification Yo is
%
equel to Gy 18D,

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

w9y

lItD = ORD

Re

Ve =Vi+Vg l
T
@)
Gm ¥ A
FUPT
A
L
Ry c SRV Uy
iR =
I j
b
Cm % -G 4, .
f L
=
2o ks = SRy ¥
Re oRp ‘R! %
{

VAo
P

Fig. 32 - R, amplifier circuit.
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For amplifiers with bandwidth exceeding about 1 Mc/s the input

1lLe succeeding stage together with the self-capacitance of .
the RF coil rrou 2es suPfygient capacitance for resonance. At such f}:'eqmncms
Permeability Tuang msy be cuployed. This consists of inserting'a movable core
either of cuppe. o of puowdered iron. The eddy currents set up in the copper
reduce the effective inductonce of the tuned circuits The hlgh.permeauhty of
the iron core, powdercd to prevent losses due to eddy currents, increases the

effective inductance,

capacitance oT

At firequencies of the order of 200 Mc/s and upwards lumped
1=C circuits are often vreplaced by tumed lines; usually ocoaxisl with
plunger tuning. At freguencies above about 30 Mc/s the input re-
aistance of a velve smplifier is smell, s0 that the equivalent circult
of Fig. 342 (»} is shunted by the low inmput resistance of the suc-
oseding stoge. Nommally Ry and oRp (Fige 342.(¢)) are of the order
of 1 O and 100 KN respectively; Ry is usually only a few
thousand obms, this fact by itself accounting for wide bandwidth and
low gains The low velue 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 input resistance iz not
important, higher gains cen be achieved by the use of an RF choke in
place of R[.

An alternative circuit "
for an RF amplifier is the series- . c
fed ayrengement shown in Fig. 343,

In the sbsence of a low input
resistance, higher smplification
can be obtained fram this circuit
that from that of Fige 342 (a)
since R, is normally much greater

than R/.s

Because of the heavy
demping of the tuned circuit at
high frequencies it is essential

|
[.
|

t0 use a valve with a large = 1T ©
mutual conductance if appreciable =
amplification is to be provided. Pig. 343 - Alternative (series—
Practicsel values for the Gm of fed) RF. amplifier circuit.
typical RF pentodes are 6+5 mA/V

(CV1091) and 8.5 mA/V (OV1I065). oo

Substantielly uniform 4 T o
amplification and linear phese- T é‘ T ‘
shift over « wide band of
freguencieg is often obtained by
Pani-pazs coupling: Tig. 344
(See also Chape 1 Sec.27 ;. If
the resonant frequencies of the

Y.
two tuned cdreovits are ecusl the |
pass band ig determined by “la vovee g | 4L <‘
coefficient of coupling. ‘ T ‘
N Ovamen . -+
In some cases double- -

tuned transformers are employed,

the sircuit ap earing as in

Fige 34k, but primary and second- Fig, 344 - Baud-pass Circuit.
ayy clrmaots being tuneds to

differert frequencies on either
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side of the mid-frequency of the smplificetion band. The coupling in
this case is not so tight as that for the fommer circuit, and some
loss of amplification occurs. The adventage lies in ease of adjust-
ment, since with less tight coupling the-tuning of primary and second-
ary circuits is less interdependent.

A common type of circuit arrangement consists of several
pairs of stages using single tuned circuits, each stage of a pair being
tuned to a frequency differing from the mid-frequency by an smount
equel but in the opposite direction to the other. Such an arrange-
ment is known as Staggered Tuning. Thus with five stages where the.
intermediate frequency is 7 Mo/s, the first and third stages might be
tuned to 5.5 Mc/s, the second and fourth to 8¢6 Mc/s and the £ifth to
7 Mc/s. The overall response curve then indicates uniform smplifi-
E:ati.cm a.m;. linear phase—shift over a freguenoy band of about 3 Mo/s.

Pig. 345). '

. In general, for
a given number of stages

employing single tuned

circuits it is much more

econamical to obtain the

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

For esse 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- Fig. 345 ~ Response curve: staggered
quspay. Staggered tuning tuning.

is next in oxder of

simplicity, and the use of

double«tuned transformers

or tightly coupled cirocuits is still more complioceted, dus to inter-
action between primary snd secondary oircuits.

YIDEQ-PREQUENCY AMFLIFICATION
9 Oonsi i

In a normal broadoasting receiver it is oommon to refer to
post=detector amplification as Audio~PFrequency amplifioation, sinoce
the signal to be amplified oan be analysed into Fovrier oomponents
with frequencies in the audible range fram 50 o/m to ebout 4000 o/s.
The detected signal of a radar receiver, on the other hand, normally
oconsists of a train of rectangular pulses of short duration (1 to 3/us)
and with a repetition frequsnoy of the order of 400 to 4000 o/s.

T e
MIDFREQUENCY {

Fourier analysis shows that a sucoession of rectangular
pulses can be considered as comsisting of sinusoidal components cover-
ing a renge of frequencies which in theory is infinite, In practioe,
frequencies up to a few megacycles only are important, and higher
ootsponents may be ignored. Signal voltages resclvable into components
within this range of frequencies are also comon in television practioce,
and since they oonstitute the intelligence which goes to make the
picture they are usually referred to as Video-Frequency signals in
ocontrast to the Audio-Frequency signals of sound~reproducing systems.
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Chap,.7, sect.10

This norenclature has been carried over to radar, and the smplification
of voltage pulses is referred to as Video-Frequency Amplification.

A video-frequency amplifier should provide uniform amplification
with phass-shift proportional to frequency for-voltages c_Jf‘ freguencies wp to
several megacycles. It is @ifficult in practice to avoid frec;uency 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 respon:ce.

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

smplitude distortion is always present in amplifiers, al-
though it can be reduced in magnitude by careful circuit design.
Some video=frequency amplifiers are operated under such conditions
that non-linear portions of the velve characteristics are used delibe~
rately. (See Chap. 9).

10. The Amplification of an Instentaneous Change of Voltage

If an instantaneous change of voltage (Fig. 346 (a)) is
applied to the grid of a valve, which is biased so that it operates
on the linesr part of its dynamic cheracteristic, (assuming the load
to be purely resistive, as shown in Fig. 347), then the anode current
in the valve varies in a manner similar to that of the applied voltage

(Fig. 346 (b))'

¢4
OT >

s

Aig(PURELY RESISTIVE LOAD)

—

(s} >
Vg (PURELY  RESISTIVE LOAD)

N

Va=Vo*Va
° »1 v R m=cy
Uz (ALLOWING FOR EFFECT OF STRAY CAPACITANCE)
3
TIME -CONSTANT
Ra RE 3

Cak Rat+ Rg v

o »1

Pig., 347 - Video-frequency

Pig, 346 - Effect of stray amplifier,
ocapacitance on output voltage.

The variation of anode potentiml 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 consists
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effectively of a resistor and condenser in parallel (Fig. 348).

The equivelent circuit of the smplifier shovm in Pig. 348(a)
is given at (b). To consider the response of this circuit to an
instentaneous change v3 of the input voltage between grid and cathode
we rearrange 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 is
- G, Ry vy, where Ry

R
= g R{ R and the oHT

Ry + Rf
%cok\lﬁvom

response is shown in Fig.
346 (¢)s The time-constant
of the exponential change
of wltage at the anode is

C&k Rl.

The change of
anode potentisl ocorres-—
ponds more and more closely -
to the change of grid £
potential as the time- .
constant C, Ry is dimin- @
ished, by reducing either ~GmV,

R( or the capacitance Cgi. I ! ?
Reduction of Ry, however,

results in a decrease in Ra Ry Cak
smplification. T

If the output )
from valve 1 (Pig. 349 (a))
is applied to valve 2 R
through a capacitance C and A

'resistance Rg, with Cgx A l?
Vo
1

representing the input ~SmVi R, Cak
capacitence of valve 2,
then the equivalent circuit
for valve 1 has the form ©)
shown in Fig. 349 (b). The
voltage Yo produced across
the circuit between 5G and
earth is applied to the grid
of velve 2, Since the
current through the circuit
changes very rapidly (ideally ‘
instantaneously) the condenser C, which is assumed to have a capacitance
laerge compared with the stray cspacitances; can neither cherge nor
discharge eppreciably. Therefore, so far as repid changes in the
circuit are concerned, the effective €quivalent circuit is as shown in
Fige 349 (c). The voltage v, falls exponentially by en amount

—Rl&—’— ] % Qi L4

Rl+Rg

Fig, 348 - Effect of stray capacitance
on video~frejnency emplification,

with a time-constant

R, R '
1 g
(Cax + Cgk)‘
R1+Rg
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In practice, the
capacitance cgk

is usually much
greater than Gy

and ig therefore
the controlling
factor in this
time-constant.
Cgk is assumed to

include any in-
put capacitance
of walve 2 arisg-
ing from the
Miller effect
(Sec. 7)0 The
condenser C now
discharges ex-
ponentially
through RE and
R in series
(Fig. 349 (v))
with time-

constant

G(R8 + Rl) until
the total fall
in anode voltage
becomes Rl (‘h ER

-Meanwhile the grid
voltage rises
towerde zero, The
total changes of
wltage at the anode
of velve 1 and the
grid of valve 2

are illustrated in
Fig. 350.

If Cis
not Wwery large com-
pered with Cgy these
two capacitances
have a potential
dividing effect, and
the amplitude of the
initiel fall in
voltage at the grid
of the second valve
© is reduced,

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

is used for the
purpose of dis-
torting the pulse-
shape.

Chap.7, Sect.10

(@)

‘0
g
Q< 1

~O HT

[«

VALVE | VALVE 2

-GV

(b) Rg*Ry Cax ¥ Vi
=R, l
: i —d -0

-GmV}

mé%%ﬁ%{

Fig, 349 - Two-stage vidsc-frequency

amplifier,
Vg
o t
(a)
iVa

TIME CONSTANT

R; R
ﬁz (O Cgk)

TIME CONSTANT b
C{Rg +R)) (b)

R R Iy
TIME CONSTANT —:9 Gm Vi
T _CReRg __ yRiRg

[TIME CONSTANT

224 (cacregd)
{©

Fig, 350 - Bffect of stray and coupling

capacitances on vidsp-frequency

amplification,

363



Chap.7, Sect.11

v
o Z
e ——
1% | |
@
VOLTAGE
TIME- f/ONSTANT
o 7 Z
RiR
G
A
TIME-CONSTANT
C (Rs_*Rl)

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

©
VOLTAGE TIME-CONSTANT Pig. 351 - Response of a
o C R . video-frequency amplifier
[ ot the graar o Pt
e AN

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 amplifier to a rectangulsr
voltags 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 another sudden change of equal amplitude but of
opposite polarity.

If the pulse shown in Fig. 351 (a) is applied to the
circuit shown in Fig. 349 the resultant changes in potentisl at the
enode 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 anode due in turn to the negative-going and positive-
going changes illustrated in Fig. 351 (b) and (c). The waveform of
Fig. 352 (o) is obtained by adding to the initial potential of the
grid of wvalve 2, the potential changes of the grid due in turn to the
negaz;iw)re-going and positive-going changes illustrated in Fig. 352 (a)
and (b).

The time-constent Mg ®1 . (G, + Cy) determines the rates of
+ R
RL "¢
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 valve 2 approximstes

most closely in formm to the potential applied to the grid of valve 1l

if the time-constant C(Ry + Rg) ig very long compared with the duration
R . Rl

of the input pulse and if the time-canstant ,ﬁ_%______ (cgk + Cy) 1s

g+ By
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VOLTAGE

TIME CONSTANT
¢ (Ri+Rg)

ol
TIME CONSTANT

R, Rg
(of C
R|#Rg( ok+Cok)

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

VOLTAGE (6)
TIME CONSTANT TIME CONSTANT

Rt Roe s C(R+Rg)
Rl*Rg( okt Col)

[o] [ —7

t

POTENTIAL CHANGE AT .G DUE TO FALL OF
INPUT VOLTAGE AT END OF PULSE

(b)
Vg
TIME CONSTANT

R, Rg
m(&:k*’cgk)

o — -t
TIME CONSTANT C(Ri+Rg)

RESULTANT VOLTAGE AT ,G
{<)

Pig. 352 - Response produced at the grid of walve
2 by reoctangular pulse at grid of valve 1.

very short compared with the duraticn of the input pulse, It is
assymed, as is normally the cass, tiat ¢ > cgk.

The pulse developed between the grid and cathode of wvalve 2
is 'in the opposite sense to that applisd between the grid and cathode
of valve 1, This corresponds to the ohange of phase of 180° obtained
when a sinuscidal voltage is amplified by a valve with a purely resist-
ive lomd.

The amplifimation of the applied voltage pulse by valve 1
is

_ Gp . By B
31 + Rg
Generally, Rs is made large compared with R so that the total
amplifioation is approximately Gy . By, or, with a pentode, G n[,

sinoe Ra>> R[ .

The amplification of the circuit as a whole isninauasea
by increasing Ry, but if this is done the time-constant iz-:—:-ll. ( Gk + Cg)
g

is increased so that the rise and fall of the output pulse
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~OHT

AAA

«

Fig, 353 - Use of compensating
coil ir anode circuit,

{ K
1K ©2
(b)
- Gml’l 1A ) 0.6
bl 2
L
- r-(cck +Cgk)
Re
K
¥ ©2

are less rapid. For exsmple suppose Rg>> R[, and cgk + Cgx = 20 pF,
If the rise or fall of the output pulse is to be completed in 1 /.xs,
10

then 5 x (time-oonstant of rise or fall of output voltage) <i_ /o8
10

i.e,,
5, Rg ., B (cak"'cgk)< 1_ s
-4
i =12 1 .10
or 5 . Rl « 20.10 < i—o- 3
therefore Rl < 1000 ohms

or in the case of a pentode R[ < 1000 ohms.

For a pentode of mutusl cdeductance 4 mA/volt the amplification 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 can be made more rapid by introducing e coil of inductance L in
series with the anode load resistor as shown in Fig. 353 (a). The
equivelent circuit for rapid changes of voltage is then as shown in
Fig. 353 (V). If Ry and Ry are large camparsd with Ry , the circuit

of Fig, 353 (b) approximates to that of Pig. 353 (c). The circuit
msy act as an over-damped "ringing circuit®. If L is suitably chosen
the response of the anode circuit when shock excited by s sudden change
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of valve current is
more rapid than that
of a circuit consist-
ing of Ry and (Cax +
Cgk) alone.

(See Chap. 1, Sec. 21).

If the
conditign
L=1lR C, + G
5 ? (ak gk)

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

is }_g_ R! (Cax + Cgk),

compared with

5 R[ (Cak + Cgk) for
the circuit without
the coil. Fig. 354
shows the fall of
anode .voltage, com-
pared with that of
the uncompensated
circu‘lt.

If the
rise or fell of the
output pulse is to be
ocomplete in 1 >

10 /e

Chape7, Sect.?1

Ya

° ¢

Fig, 354 - Bffect of conpens;ating coil
in anode cireunit,

then
LY R L] 20 Pr = 1._
£ Y s 7
Hence, Ry = 5000 olms approrimately,
2
and L = }2_ R[ (Cac-h Cgc) =250/)H.

For a pentode of mutwml conductance 4 md/volt the amplification G, Ry
in equal to 0-00% . 5000 = 20,

The addition,thsrefore, of a coil of small inductance in
series with the anods load of a pulse amplifier allows the amplification
of the circuit to be increased without loss of stespness of the riee
und fall of the output pulse.
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12, The Frequency Spectrum Approsch to Video-Frequency Amplification

The response of a video~frequency amplifier to voltage pulses
mey be calculated by means of methods discussed in Chap. 16 Sec, 1.
The Frequency Spectrum of the input voltage is found by harmonic
snalysis, snd then the effect of the amplifier cirocuit on the phase and
smplitude of the components at the various frequencies is calculated.
The mathematical technique involved is complicateds It is, however,
comparatively simple to discover the conditions 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-
quency for the circuit of Fig. 349 (a), shown in its eguivalent form
at (b), may in general be formed by dividing the frequency range into

three parts,

(1) Over the mid-
frequency region the

shurit susceptance > '
w(Cayx + Cgx) is @ ¢ %ﬂ %R}
sufficiently small
and the geries sus= MEDIUM FREQUENCES  _
ceptance wC suf-
ficiently large to Gm ¥
be negligible in > T 1
comparison with the ()] RS = X
conductances. el
Hence the equivalent HIGH FREQUENCIES
cirouit takes the
form shom in w €
Fig. 355 (a). > 1
C : R

(11) At high frequencies © @ X ‘% T
the series sus~- LOW FREQUENCIES
ceptance is still
negligible but the
shunt susceptanoe Pig, 355 - Equivalent cirouits
is compareble with for video-frequency amplifier.

the condustemce;(b).

(i41) At low frequencies
the sghunt suscept-
ance is negligibly
small, but the
series suscept-
ance is comparable with the conductance;(c).

At medium frequenolies the amplification is

Cm._..._.s__
R1+R

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

At high frequencies the amplification is sppraximately Gy B Rg
Rl +R
g

cos @ , and the phase-ghift is 180° + ;Xh , where ¢, is given by

tanqh.=- wT.;._.E.— (cak+cgk)
1

IARALN
o B,
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For example, the input leads the output by 225° where w =
R
B B

B B, (%K + %)

S0 that tan f, = 1.

24
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 %—Hi&—— . CO8 ﬂ'[
and the phase-shift is 180°- Qf! . where d{,is glven by B + Rg
v

tanﬂ/ .=f 1
wC (B‘.l + By)

For example, the imput leads the output by 135° whenw = 1

c (Bl + Rg)

%o that tan fiy= 1, 4s before, the amplification is ~—te times that
2

at mediumm frequencies, The overall amplification-frequency and phese-

frequency chamcteristics for a typical video-frequency amplifier are

shown in Pig, 356, plotted to a logarithmic frequency scale,

AMPLIFICATION

PHASE SHIFT | |

) I P d
270 I L/~ LOG
'gg.f | FREQUENCY
| R _

Pig, 356 - Amplification and phase shift characteristics for
& video~frequency amplifier,

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

Pentodes are nomally preferred to triodes in video-~fre-
quenoy amplifiers because of the greater amplification obtaimable,

This is due to the fact that By, which eamls & B can ve

B + Ry
made much larger for a pentode with an R, of the order of megolms,
than for a tripde, for which R, is a few thousand obms, The time-

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

cepacitance than a triode, so that when two stages of amplification are
considered the increase 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 ths 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.

NEGATIVE FEEDBACK AMPLIFICATION

14, General Principles

A feedback émplifier is one in which a frection, or all,
of the output voltage or current of an amplifier is fed back vis a
coupling network to the input cireuit of the amplifier,

Conaider the ocage of an undistorting eamplifier, 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 ig decreased by the feedback connection, In both
cases the properties of the amplifier are modified as regsrds smpli-
fication, input and output impedances and distortion.

In general, some ‘forn of distortion is invariably produced
either by the emplifier or by the feedback network, and it is oon-
venient to consider the nature of the feedback for sinusoidal input
voltages at various freguencies. Usually over some renge of fre~
quencies the fed-back voltage is laxrgely in guadrature with the input,
whilst it is possible for positive feedback (regeneration) to occur in
a circuit in which negative feedback predominates over the principal

frequency renge.

Suppose a sinue
soidal wltage Ve is spplied
to the input terminals (1)
and (2) of the amplifier

shown in Fig. 357. Let vy is (%*ﬁi%) AMPLIFIER I U
be the wltage deweloped —- <

between terminals (3) end 2 4
(4). If mis the emplifi-
cation of the amplifier
slone, the output voltage

FEEDBACK

Vo 18 equal to n Vi Ay NETWORK

Since a fraction (3 of v,

is fed back to the input,

the voltage vy is given by
Vg +[3V, end the output v, Fig, 357 - Schematio diagram showing
produced by this input is fesdback,

m (vs + [Svo).

w

Therefore m(vy +fAv,) = v,

80 Vo = nvg
1l -ISm

-00.00-.......vo.'.ol.‘.(l)

In general m andf are both compiex, smplification with and. without
feedback being accompanied by phase-ghift which veries with frequency.
In the particular case wherefiand m are real, as, for exsmple where

the feedback network is resistive and the amplifier is a video-frequenocy
amplifier operating over its mid~frequemoy range, we may deduce simple
expressions for the overall smplificetion and the effect on amplitude
distortion.
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In such a case, equation 1 gives

L = _ B (where m is negative) ...c.ceeeeecnee(2)
Vs l1-pn

For negative feedback f3 1s positive and the amplification is reduced in
the ratio 1 . If m is very large (2) may be written

1 -pm )
o = 1 vhere 1 is negligible compared withf3.
Va l _/5 m
m
Hence
v . -
_0_ === -1- ---o--o.oo-.o-c.--00--..0:.-.0..-.0000(3)
v, A

It follows that if 1 is negligible compared with/:) s the amplification
n

depends only on 3 and is practically independesnt of‘the amplification

praduced by the emplifier itself, without feedback., In other words,

the output voitage is substentislly independent of the characteristics

of the valve, The result is obtained only at the expense of

amplification.

For exsmple, suppose & pentode amplifier, with sn amplifi~
cation of 500 (without feedback) is used with a feedback circuit having

=+l «
F="3%
Theit m ==-500 so that Yo = «500

Ve 1= (1) (-500)

20
"%

- 19.2

-1,

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
teedback quite large variations in m may be permitted, the overall
smplification remeining approximately equal to 1 .

In general, provided m is large and a suitable value for f
is chosen, amplitude distortion cen 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. Voltege feedback (Parallel Feedback)

The sgimplegt wey of achieving voltage feedback is to comnect,
in parallel with the loed Ry of an amplifier, s potentiometer consisting
of two resistors of velues Ry and Roe These resistances should be

large so that the effective value of the load Ey is not modified, and
they should be connected in series with a negative supply of steady
valtage so that the mean positive potential of the anode is offset end
the grid of the smplifier valve suitably biased. PFig., 358 shows the
circuit arrangement, The feedback voltage is taken from the junction
of the two resistors Rl and R2 and is in series with the applied volt-
age V.c

The feedback constantfBis given by
Ry
Rl + Rz

and the voltage fed back will be 180° out-of-phase with the applied
voltage if the load Ry is purely resistive, Therefore, if the load
is purely resistive snd 1 is negligible compared with p » 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 smplification is substantially independent of the frequency of the
sinusoidal components of the input voltage, and negligible phase shift
is introduced into the output, '

The effect of the

feedback connection on the RY
valve performance may be o
considered by replacing the ¢

amplifier, with feedback,
by an equivalent valve
amplifier without feedback,
having the same anode load
but with yalve constants
Cn, M, and B, in place of

Gm’ /u" and R". These are (ALTERNATING
defined as follows, If COMPONENT

ONLY)

(ALTERNATING
v. COMPONENT
© ONLY) -

i,, vg and v, ere corres~
ponding smgll changes in
anode current, input voltage
end anode voltage J
respectively,

=

~VE VOLTAGE

Pig, 358 - Voltage feedback eircuit,

Gy = 1a, where anode voltage is constant ;
=
s

s Where anode current is constent;

/‘]'g_

4‘04

T, =

pI-l-I 04

» where input voltege is constant.

From Fig. 358, the smell change v, in feedback voltage is in series
with v, so that the smell change vy in grid voltage is given by
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Vi = v‘ +ﬂv° Olv"."'Qc'va.n'.COOOOOOUOQCO'.OOII(I]»)

If the anode current is constant, i, is zero end v4 = - MV

= -a/l (Vs +/5'Vo)-
.. Yo (1+/u/3)=-/uvs

e e YU B~ O =
M - Lo

1+ /u)S_

If the anode voltage is constant, Vv, 1is zero and so, therefore, is
v,e Henoe from (4) v, = v;, and Gy = 3 = la = G eeeee (6)
Vg vi

dgevess et sscenang e (5)

Since n = Gy R, /'&' = Gp By, and Gy = Gy, it follows that

R -
ﬁﬁ = f.l_ = 1
a M 1+ /41[3
i.e. § =Ra IE N R EENRERY X NN EY RENFY N ENEST ) (7)
1+ /up
Hence the emplifier with valve
constants Gy, s Ra, and with ~-Gmyy .
—)
a feedback factor 8 behaves like !
en emplifier without feedback (@ Rg R >
but with constents G, M e £ I"
1 +/u/3
K
endBs____ ., Sinoep is
1 +/u[5
positive for negative feed- —~Gm v A
back /‘\'1' < /u\gr}d Rg < Ry, ?
R
both being reduced by a (b) o Ry CoAT?
factor 1 .

1« /1/5 L m -0
The eguivalent

circult is shown in Pig. 359 - Equivalent circuits
Fig. 359 (a). for voltage feesdback amplifier.

In practice it is not possible 40 make the load purely
resistive since there is always some capacitanoe G,y between the anode

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

The time-constant of this circuit is _Cak B/ Rg .
Ry + R! + /u/3 R[
If, as for a pentode, R, >> Ry, this reduces to Cax Ry .
1+Gypf3 R_[
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This reduction in the output
time~corstant increases the
fidelity with which sudden changes
of input wltage are reproduced %
at the output. This is illust~ }
rat;d in Fig. 360. For exsmple, °
with a pentode amplifier having = | [
Gy = 4md/V, Ry = 25,000 52
and 3 =1 , the time—constant

- 10 Uz (WITH FEED BACK)
is reduced by a factor

1 =

1 + 04004 o 0°1 . 25,000 %l" \ [IME-CoNSTANT Cmf‘mi%ie

b:y the use of voltage feedw

_

backe To obtain this result o
the smplification has been
reduced in the game ratio. v CWITHOUT FEED BACK)

In the circuit so
far considered the feedback
network has not discriminated
between different frequencies, = |—————
It ie often required that feed- ° Vi
back should occur for signals
within some range of fre- Pig. 360 - Effect of voltage
quencies but not for signels feedback on response of outpat
outside this renge. The cirenit,
commonest instance of this
arises when it is not necessary to congider the amplification of steady
voltages. 1In this case a2 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 may be provided by a ~
cathode biasing eircuit as indicated. This obviates the necessity
for providing en additional negative supply voltage to offset the
anode voltage.

TiMe-consTant C 4 RZ

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

The condengei C which ias effectively in parallel with R, for alter-
nating voltages bypasszes current fluctuetions so that except for
very low frequencies the fraction B of the output voltage which ia
fed baeck to the imput is small, Also this fractionfv, is, at high
frequencies, in quadrature with vg. For steady voltages the fraction
/3 = ﬁ2 is made large so that the amplification,

R1 + R2

spproximately 1 , is small.

So far we have ignored the problem of applying the voltage
v, to the input circuit of the voltage feedback amplifier, Since
tBis voltage is applied betwoen terminsls neither of which is at a
fixed potential relative to earth it cannot be obteined direot from
a generator having one terminal easrthed, One method of overcaming
the difficulty is to use a transformer, as shown in Fig. 362,

The use of a transformer tends to introduce phase and
trequency distortion into the input voltage, and ite use may be
avoided by erranging the circuit as shown in #ig. 363 (a). The equi-
valent network showing how the woltages 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 mey be re. iired.
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CIRCUIT PROVIDING FEEDBACK FOR
ALTERNATING VOLTAGES ONLY
(a)

NEGATIVE VOLTAGE
CIRCUIT PROVIDING FEEDBACK AT
LOW FREQUENCIES ONLY

(b)

Fig. %61 - Circuit providing
feedbeck (a) for altermating
voltages only and (b) at low
frequencies only.

The voltage v; developed across R

$_.
—_—

g

Pig, 362 - Voltage feedback:
Transformer input circuit.

HT

Vo
ALTERNATING
COMPONENT ONLY

fo
{b}

Fig. 363 - Voltage feedback:
adding network,

and applied between grid and cathode

(see Chap. 1 Sec.12 ).

X, this reduces to

ip given by
LA
v . By
SO W W
If we write L + 1 =
Rt Rg RQ
vy o= v’ Ry RZ
R' (R + Rs)
= vs +/3V°;
where /3 = Rg »
Rl +* R2

)

. s

Yo z
Ry + Ry

e\

use of
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]
and Vg = v Rl R2

R (8 +R;),

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

16, Current Feedback (Series Feedback)

To provide negative feedback proportional to the output
surrent it is ususl to include-a resistor in the cathode circuit of
the velve as in Fig. 364 (e). An incresse of current through the
resistor Rp resulting from a rise of grid voltage causes the cathode
voltage aleo to rise, The effective input voltage developed between
the -grid and cathode is there-
fore reduced, i.e., the resistor

gives rise to negative feedback, —oHT

As for voltage feed~ A o
back we shall consider the Y onuy aTERNATING
effect of the feedback arrange- o COMPONENTS OF

N e VOLTACE ARE
ment in terms of the equivalent

amplifier having the same anode
load and imput and output
voltages, but with velve con-
stents Gy, A, snd R,.

-0
The feedback fraction \ l
B 5 is given by %
pe o .
R{ +* Rf -0
Let i,, v, and v represent
corresponding smell changes in Fig, 364 - Current feedback
anode current, input voltage, amplifier,

and anode-cathode voltage res—
pectively, The feedback volt-
age vy is then equal to Rp i, so that the voltage v developed

between grid and cathode is given by
Vi = vs - Vf

= vs-‘Rf ia P EPORINRUEINTICIOTIIOINIIPOEIIESY <8)

If the anode-cathode wltage is constant, v, is zero and ia = Gy vy
= Gn(Vg - Bp %) ..., from (8).

Hence i_ (1 + Gy Re) = Gy v

andam=ig =
Ve 1+G, Rp

2000 P Rttt Rt RCTENTIDRS (9)
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If the asnode current is constant, ia is zero and so, therefore, is
Vye Hence,

from (8), v, = v; and A =-Y% ==Y S3 BRSSP ETPPEPRPPS (10)
Vs 'Vi

Ry _ G
R G T

ice' Ra = R‘ (1 < Gme) eS80 0080000000080 vere (11)

Hence the amplifier with valve constants G, Vs and Ra and with a
feedback resistor Rp behaves like an amplifier without feedback but
with constants _Gn MB Qs R
B, MR (e Ry).
1+ % Rf
_Gm < Gy and Ea > Ry, the one being reduced, and the other increased,
by the factor (1 + G, Rp)e The equivalent cirouit is ahown'in

Pig. 364 (b).

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 various
applications, any of these may be used as output voltages. These
will be denoted by v_, 5v, and gV, respectively, From Fig. 36L(b)

we obtain
R
Vo= X+ RBf o (= pv,.)
Ry (1 + Gy Rp) « By + Ry el

= R./ + Rf R (_ ﬂvs)
Ry + JRp + R[ + Rp
- Ry + R ( - /\w').

Ra* R/ + (/‘1+1)Rf

Provided o is large so that /\fo is much greater than the other terms
in the denominator, we have

v & Ry+Rp
[o] - (- B)
B a Va
=-Y
Jg .
Hencem -‘_: v—o k - i ..'....'.."..'....‘....‘.‘...‘.... (12)
Vg M /3
Since v, = Ry v,
R[ + Re

(L =PIy evvesrssesncarssscscassassnses (13)

3v?



Chap.7, Sect.i7

we deducs that

A% = - (3«B).
Vs P

Similarly, KV = -pv,

b op-
T ls )

s0 that
v *
50 ;-.'1 0200880220402 000200882UPRVIOIEIOUCEIITIS (11].)

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

Where the emplifier hasg a choke load instead of a resistor,
&8, for instance, in a circuit for producing magnetic deflection
currents for a CRT, the increase in the output resistance of the
valve due to current feedback is an advantage since it reduces the
time~constant of the output circuit.

In the sbove consideration of current feedback we have
agsumed 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 sareen potential
varies and the emplification is reduced. Also the current through

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

In ell 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
‘and heaters, This difficulty may be overcome by uaing special
heater windings carefully insulated from earth,

17. Bies for Feedback Amplifiers

Where no blocking ocondenser is inserted in the feedback
network, an amplifier 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, suitably deocupled,

L

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 autamaticslly provides a
bies voltage for a current feedback amplifier, This biss may be just
sufficient to ensure thet the walve is operated over the desired
portion of its dynamio characteristic, but generally is either too
large or too small,
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Fig. 365 (a) illustrates the case in which the mean feed-
bagk voltage Rp iy, where i, is the mean anode current, is just suf-

ficient to provide the correct bias,

Pig. 365 (b) shows the use of an edditional cathode bias
resistor Ry suitably by.passed, for the case in which Re T, is not
large enough to provide the carrect bias,

-
v

Pig, 365 - Current Pesdback: biasing arrangements,

In the arrengement of Fig. 365 (c¢) Re 1, provides more bias

then is neoessaxry. A point on Re is chosen at which the mean potential,
iy below cathode potential, has the correct value, and the lower end

of the grid leak is comnected 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 ement, This effect may be substantially eliminated

by the insertion of a decoupling ocondenser C connected to the lower

end of the grid leak (d), The additionel resistor B is necessery to

provide the steady voltage connection but must be of sufficiently large

value to prevent the lower portion of Ry from being bypassed.

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

Sometimes voltage and current feedback are used in the seme
valve circult. By this method the output voltage and current can
both be made substantially independent of valve charscteristics. No
additionsl biasing problems are introduced if the voltege feedback net-
work conteins a blocking oondenser,

Fig, 366 (a.) illustretes the simple case in which voltage
and current feedback both operate for steady as well as alternating
voltages. The voltage By i, is just sufficient to offset the positive

voltage at the grid due to the feedback potenticmeter, emd to provide
the correct bias.

379



Chap.7, Sect,18

In the circuit of
Fig. 366 (b) feedback ocours for very
low frequencies only, The condenser
C ensures that alternating input
voltages are effectively developed
between grid and cathode so that no
appreciable feedback occurs. Rg is

oonnected to a suitable biasing
point on Re.

HT

(@) -

—_—Q HT+

Fig, 366 - Biasing arrasgements ”,

for circuits using combined

current and voltage feedback, v
L—j

Rz% Ry R¢

THE CATHODE FOLLOWER x°

18. The Properties of a Cethede Follower. (b)

In this fype of current feedback amplifier the outptt is
taken from the cathode circuit and there is no anode load., The output
is the voltage develgped across the cathode loed by the fluctuating
component of the cathode ourrent; which in a triode is the sgpe as
that of the snode current. The presence of negative current fedd~-
back causes the cathode follower to have the following main properties.

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

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

Fig. 367 (a) shows e typical cathode follower circuit., A resistor
may be included in the anode circuit to ensure that therxre is the
correct steady potential on the anode for nomal operating conditions,
but this resistor is usually bpy-passedto esrth by means of a large
condenser s0 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 en equivalent circuit for the arrange-
ment of Fige 367 (a). From (a) we obtein v§ = vy - vo, whilst fram

(®)
Vo = - Re . (= /uvi)
Re + R,

= - ifR Ry “(vs - V).
a
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i, v, (Rf-o-R‘)-/uRf Vg = M Rev,.

Henoe vo = _m Bf V5
.Ra."'/“Rf*Rf

@ ( oNLY AurERNATING
COMPONENTS OF
VOLTAGE ARE

mmcnm)

-

7
i

(b) -,«%'f ReS

Cm v

(c) RCZ GJ,;L R{ T’V’o

Pig, 367 - Cathods follower.

Writing pre Gy Ry, and dividing mumerator’'and denominator by R, R,
we obtain
v = % v. [ FERESRNFEZIRYNNENRNNNR XY X J (15)

o ———
!'—.-b%.’.i]i'—-

Re 8

If Ry and R, are both much greater than l/Gm » Vo = Vg

Equation (15) shows thut the equivalent circuit may be
drawn as indicated 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 Rp is approxci-
mately 1 , with a walue equal to 2 few hundred olms, This is very

much less than the output resistance of a conventional amplifier, and
is of a value suitable for matching to a cable or to en artificiel line,
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Since the output resistance of the circuit is amell, the
time~constant due to atray capacitance C in parallel with the load is
also small so that there is less likelihood of distortion from this
cause than in e 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 cwrrent if it
is negetive-going. In the latter case the output resistence of the
valve becomes infinite and the output time-oconstant of the circuit
becanes (Rp.

As an exsmple, consider a triode valve operating as a
cathode follower under the following oonditions,

Slope of dynamic characteristic = 2 mA/N

Maximmmm value of grid-cathode voltage 0 volts

Mipimum velue of grid-cathode voltage = <10 volts

Maximum walue of anode current = 22 mA

Cathode feedback resistor 10 k0

n

Assming linearity, the minimum value of the anode current is 22 -
2,10 mA = 2 mA, TFor this walue, the grid-cathode voltage is -10
valts and the cathode-earth voltage is 10,000 . 0-002 = 20V,

When the grid-oathode voltage is zero, the anode current is 22 mA and
the cathode-earth voltege is 10,000 . 0022 = 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 mede at a point approxi-
mately LOOohms from the cathode, Sinoce the mean snode current is

_2?_;_% = 12 mA, the bias is then -0+012, 400 = -5V,

If in Phis 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 fell below 10 volts
the valve would operate over the lower bend of the dynemic character—
istic end the anode current might possibly be cut off,

The relative unimportance of Miller effect in a cathods
follower; causing it to present a much smaller input capacitance than
that of a similar valve in an ordinary smplifier oaircuit,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 snode is at earth potential so far as alternating voltages
are concerned, Cg,. is in effect across the input terminals. By an

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

y3 =wCpy 1m sin 6 + jo.Z'Cga + Cpe(l - 1m cos O)]
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If the
effective load of the
cathode follower is
purely resistive the
cathode and grid
voltages are in phase
30 that 6 = 0. The
input admittanoe is
then a capacitive
susceptance of value

«[Cga + Cy (2 - m)]
Consequently the’
effective input capa-
citance of the cir.
cuit is eqml to

Cga + Cgr (1 - m).

Since m *= 1, this
normally reduoces to
Cgas Even if the
load impedance is
not purely resistive,
the maximum value
which the input capa-
citance can acquire
isC__ + C...
gk

The inmput con-
ductance, when the load
is not purely resistive
is giveu by

wcgk imi  gin Q.

Chap. 7, Sect‘19

OHT

ONLY ALTERNATING
" COMPONENTS OF
0 VOLTAGE ARE

‘ INDICATED )
J —0
C
—q 4 ) ;"I ={ £ K
f 1 T
Us Y= m?/“v
| C,a]' |
- A

(b)

Fig. 368 - Miller effect in a cathode
follower,

If the effective load is inductive, sin @ is positive and
the input conductance has a demping effect on the input circuit. IT
the effective load is capacitive, sin © is negative and the circuit is

regenerative;

this condition mey give rise to continmuous oscillaticns.

19. Applications 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 coaxiel ceble,

Such a ceble 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

emplifier in which grid current flows for part of the time.

The input

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 amplific: 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,

Pig. 367 (0)).

However, since the output resistance of the cathode

follower is usually very small, the effect when the input resistence
of the amplifier changes from & high to a lower value is not large.
Consequently the amount of distortion introduced by non-linearity of

the input cirecuit of the amplifier is small.

An additional advantage,

dinder the circumstances described above, is that the cathode of the
cathode follc-er can often be directly comnected tu the grid of the
amplifier, since the steady voltage at the cathode is ususlly of & low

vatue,

If this arrangement is possible, the use of a coupling condemser
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and grid leak resistor, usually essential in the ipput circuit of s
amplifier, is avoided, If there is no coupling condenser or grid
isak resistor, the possibly undesirable effects of slide-back biss due
to grid current are avoided. Another common instance of the use of
a cathode follower to aveid distortion due to a non-linear load
ariges in feeding the deflector plates of a CRT when deflector plate
current flows,’

If it is required to feed the output of an amplifier into
a 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, snd the output of the
cathode follower is fed to the load. The amall input capacitance of
the cathode follower is in ghunt with the output of the smplifier so
that the time-constent is amell and the potential of the anode of the
amplifier (and of the grid of the cathode follower) can changs rapidly,

The output resistance of the cathode follower is in shunt
with the input capacitance of the load, so that the output time-constent
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.es, the input circuit presents a high impedance whilst the output
circuit presents a low impedance,

Since it can be arranged that the cathode potential 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 snd grid leak
resistor may be avoideds, A cathode follower may, therefore, be
connected across e circuit, the operation of which would be upset by
a resistive loading. For exsmple, suppose that a condenser is charged
through a constent-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 follower 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).

T,

s

CONSTANT
CURRENT
DEVICE

DEFLECTING PLATES

s

OUTPUT

|

1 1
Fig, 369 - Use 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 potenticmeter (Fige 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,

384



Chap.7, Sect.20

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 slider on the potentiometer. In Fig. 370
the cathode of the cathode follower is shown to be directly connected
to a deflecting plate of a cathode ray tube, This arrangement mskes
it possible to apply to the deflector plate a shift potential which
varies linearly with the position of the slider on the potenticmeter.

20, THE CATHODE INPUT (OR GROUNDED GRID) AMPLIFIFR

The Cathode Input Amplifier is complementary to the
cathode follower and is, therefore, considered at this point. 4n
importent feature of this oircuit is its low input resistance, which
mekes it suitable for terminating a long ceble to which it may be
matched, The seme property makes the circuit useful as an RF
emplifier, since it helps to prevent regeneration. The circuit has
the ocmparatively high output resistance of a normal amplifier,

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

This circuit differs
from thet of & normal smplifier
- in that the negative HI' supply ONLY ALTERNATING COMPONENTS
lead is connected to the grid of . OF VOLTAGE AND CURRENT
the valve instead of to the cathode "™ ""'*T*°
s0 that the anode current flows
through the input cireuit. The @
grid is normally earthed, and the

input voltege is applied to the

cathode, The anode and cathode Vi l
voltages are in phase, since when' !

the cathode voltage is reduced the O v T
current through the valve increases -

and ‘the snode voltage falls also.

Fig, 371 (b) shows an
equivalent circuit. The result- b
" ant BMP in the circuit is
« (2 +1) vy so that the output

voltege developed across R[ is

given by
'0 = - Rj (/1 5 1) Vi

Ra + Rl

ak
and the smplification by © « l it A
ﬁ:zg_: - ‘g/"""ll R[. 7'2¢ C‘y& qua
v
i R, + R T
2 4 .

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

and anode load.

The alternating camponent i of the enode current is given

®
v i, = + Y
Ry +.Rj
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Since this current flows through the inmput circuit, in phase with v,
the imput resistance R; of the amplifier is given by

R=:i=Ra+R£
i i, M+l ’

ir Ba>> Ry and /u>>1, this reduces to

Rl.’.g %ﬁ__:

—]*'o
G

The input circuit of a cathode input amplifier contributes
towards the output power, the fraction supplied being %‘— of the power

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

Miller effect is of 1little importance since it occurs
through feedback via Cpx 2nd this capacitance is usually very small, .

(Pige 371 (c)). This fact embles triodes to be used without

nsutralising, Since the imput resistance of the amplifier in any
case is small, the current fed back from the output circuit via Cyp

must be very large before regeneration occurs,

PARAPHASE AMPLIFIERS
21, General

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

Chap, 3 Sec 1), This oould be
accomplished by means of a trans-
INPUT
(L v
v

former with the primary winding BALANCED
earthed at one end and the OUTPUT
secondary winding earthed at

its electrical centre, as ‘l
illustrated in Fig, 372, Sincs

the design of transformers for

undistorted pulse amplification

is compliocated the employment of

a paraptase amplifier is normally Fig, 372 - Transformer
preferable, Single-valve and used for paraphase
two-valve amplifiers are operation,

described,

22, Single-Valve Paraphase Amplifiers

The simplest type of parapbhse amplifier employs a single
valve, the input for which is a fraoction I&, of ths available applied
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voltage, This
fraction is amplified Re
jm) times, and inverted,

so that the output o
voltage is equal to g °
the applied voltage
and of opposite
palarity, Pig, 373
shows the cirouit
arrangement,

The potentiometer
formed by Ry and R,

provides the fraction

":',': JQ—-— of the Fig, 373 - Simple one-valve paraphase
B +R amplifier,

applied voltage Vae

The cnndensers C and cl elimimmte the steady components applied and
ouput voltages respectively, so that both v, and v, have a2 mean waluve
gero and Vo =~ Vye

Distortion of the inmput voltage dve to input capacitance
Cjy may be minimised by adding oapacitance between the grid and the

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

One Adisadvantage of ' this circuit is that any variation ir
the valve characteristics or supply voltages affects the valve
amplification and unbslances the outputs, The amplifier may be mail~

linear and stable by imtroduding negative feedback, The simplest
way of achieving this is by the introduction of a resistor Re in the

omthode cirouit (Fig. 374). If a pentods is used in this cirewit,

the inequality Letween corresponding changes of anode and cathode
currents makes the balance dependsnt on the ratio between these currents
being constant, A triode camnot always be used, in place of the
pentode, owing to the larger input capacitance due to Miller effect.
Consaquently it is advantageous to use voltage feedback, In the
circuit shown in Pig. 375, the voltage feedback is introduced by means
of a potentiometer, consisting of the resistors R.l and R,, The

fraction of the inmput voltage which is actually applied to the wlve
is astemimd by the relative values of the resistors R' and Rg it

is found that provided the matio %— is emall and ths amplification

~

of ths walve circuit is large then paraphase amplifieation is obtainsd
when Rt = B’l’



Chap,7, Sect,22

o—{t 1 O P
O_ll l 5}1_* l o
R‘I
Vs v ‘l> R
! e
Ve
v o
- |
O _ -i- QO
PY v
Fig, 37, - Parephase amplifier Pig, 375 - Paraphase amplifier
with current feedback. using vo;Ltage feedback,
H%*  Analysis

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

Vi T Vg +[ST°

By
where [3 =
R +R,
vt R2
V‘ = 31 = gt il. ﬁ .
B (B; + Rp) B
BB
and 22 = .
B +pm

g
In this case we want Yo = - v,

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

out feedback),
V,=m (Ys-p¥*)
j.e. =V =m (_!;_‘.R}_E.-pv')

=mv'p (-g--l).
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Hence Rl .1 - - 1, where m is negative.
R' np

Provided - mp is very large, _Ri 2= 1 for the output to be correctly
Rt

balenceds b is large provided R; end R' are small coampared ﬁth R_,
80 that the condition R, = R' holds if the amplification is large and

_I_z_]; is small,
Rg

in alternstive method of obteining a paraphase output,
using 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 produoce
equal voltage changes across the two equal loeds. A paraphase output
is, therefore, devsloped between the mnode and cethode of the valve,

The clrcuit is a
particular case of an amplifier
with current negative feedback,
8o that the amplification
characteristics of the circuit
are linear and stable,

Since the potential
change at the cathode camnot
be greater than the change at
the input, and is equal and %

Rf
O

opposite to the potential change
at the anode, the overall
smplificetion of the stage is

not greater than 2, Pig, 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 capacitances are considered

the timew—-constents of anode and cathode circuits are generally

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

tortion is different in the two outputs.

a3

. Pige 376 shows the vwalve ag a triode, There is no
serious disadvantage in using a triode, since, though Miller affect
is present, that part of the input admittance, which is due to the
grid-enode interelectrode capacitance, is not large sinos the ampli-
fication is small, so that, like the cathode follower, the circuit
has a small input capacitence, If a pentode is uped the resistance
of the cathode load has to be made somewhat smeller than thet of the
anode load since the change of cathode current for a given change of
applied voltage is somewhat larger then the corresponding change of
anode current.

A3 K

Analysis

The results (12), (13) and (14) of Sec. 16 give approximate
values for the smplification of the circuit of Fig. 376 if Ry is made
equal to Rp, This makes P=_]_._ 80 that m &= -2, The analysis of

5 .

Bec., 16 gives the exact value as
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m= - A, Ry » 80 that the smplificatiom
Ra + (M + 2) By
produced at each output is
L2 B .
Ry + (/u'+‘2) By

23._Two-Valve Parsphase Amplifiers

: In the single-valve paraphase smplifiers described in
Sec, 22, the velve acts as a phase reverser, but in no case does the
magnitude of each output voltage exceed that of the applied voltage.
If a greater output is required in paraphase two valves may de usad
as desoribed bLelow,

The most cbvious
manner in which two valves
mey be used is by introduo-
ing, before the cirowlt of
Pige 373, a single atage of
anplification. This
srrangement gives the olr-

oult shom in Plg. 377.
It is nommel, though not F
Y

~0 HT

easentiel, for the valuss
of the anods load and of

the mutual oonductence of
the seoond valve to be the

ssme as those of the first EZ2
valve, Then, as shown in

Sece 22 in reference to

Pig. 373, the oondition Fig. 377 - Simple two-valve para-

for a parsphase output is phase amplifier,

%.I_%nnl,
q *

vhere m is the amplificetion of each valve cirowit, Fach of the
aplifying steges introauocea distortion as a result of the non~linesrity
of the walve characteristios and as a result of interelectrode and
strey capaocitances, However, though the first stage may give as its
output & distorted version of the input voltege, it 1s ddstortion
introduced by the seocond stegs which prevents psrfect psxrephases The
distortion introduced and the dependence of the cirouit on valve
charsoteristios can, of ocurse, be reduced by using negative feedback
in each of the smplifying stages, A condenser may alsc be introduced
in parsllel with resistor R} in order to avoid the distortion which
would otherwise bs introduced by the input ocapacitence of the.second
valve, as eéxplsined in Sec, 22.

An smplifying stage may elmo be introduced befors the
cirouit of Fige 375, This type of cirocuit is often known as the
Floating Paraphase Amplifier, and is shown in Fig, 378, This first
stage can be considered as a normel smplifier, though its smplification
is modified by the network of resistors R', Rg end R}, the input
resistence of which ie in parallel with the load resistor, This effect
"is negligible provided the input resistance of the network is largs
oompaxred with the load resistanoce, In the second amplifier stage,
the variations of potentisl of the point O provide the input voltage
to the seoond valvwe, and these variations depend on the changes in
potentisl at the eanodes of the two valves, which are antiphase,
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Usually the resistor R' is
made equal to the resistor
Ry and it can be seen that
perfect paraphase.is then
impossible, since equal and
opposite changes of
potential at the two anodes
produce zero variation of
potential of the point 0,
and ,therefore, no input
wltage to the second
velve, In this arrangement
the output from the second
valve ig less than that
fram the first velve by
Just that amount necessary
to produce at the point
QO variatiorswhich, after
amplification, give the output from the .second walve., As in the case
discussed in Sec, 22, provided Rl is small, and 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 stable, more or less independent of valve character-
istiocs, and produces little distortion.

Pig, 378 - Floating paraphase
amplifier,

The conditions for exect paraphase working ere the same 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-ooupled para-
phase emplifier) shown in Fig. 379 (a)s It consists of two velves
coupléd together by the common cathode resistor Rg, which is uaually
of meveral thousand ohms and is connected to a large constant negative
potential ~ V., The values of the resistor Ry and the potential -V
(about <200 volts) are adjusted so thet in the absence of any applied
voltage the valves are both biased in Class A, The anode load
resistors R and B, are usually made equal, The imput voltege is
applied between the grid of the first valve and sarth, end the
potential of the other grid is meintained constant, in this case at
earth potential.

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

Consider en actual circuit withRg =5 kn , and the
slope of the dynamic characteristioc of each valve equal to 1 mA/volt,
An increase of one mA through RS raises the potential of X by 5 voltis,
decreasing the cathode cuzrent of vealve 2 by 5 mA, This must be
accompanied by en incresse of 6 mA in valve 1, due to an increase of
6 volts between its grid end eathode, and theresfore of 11 wolts
between its grid and earth. Thus any input voltage is distributed
between the two valves in the ratio 6 : 5, so that with equal anode
loads the circuit is unbelanced in this retic. The larger the value
of Rp the more nearly balanced are the output voltages; at the seme
time“the voltage -V must be made more negative so that the mean valve

current is unchenged.

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

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

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

potentiel , biag may be provided for the grids by connecting them to a
gsource of constant positive potentiel. This is usually more con~
venient, but considerably diminishes the effective HI' voltage, de-
veloped between the positive HT 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 approximately the
same as that for a single
valve of the same type with
the same anode load

(Rl = R2>'

The equivalent
circuit for Fig. 379 (a) is
.showm at (b)e In this
circuit v = yvy - 2v4,
where v_ is the applied

wltage and yvi, gvy the

input voltages botween
the grid and cathode of
velves 1 and 2 resgpect—
ively., Similarly v,

and 3V, are the alter- - .
nating components of the Fig., 379 S;;m:?uphd paraphase

output voltages measured
between the anodes and
earth.

inalysis shows that the condition for true paraphase workirg,
assuming that the walves have identical characteristics, is

Provided S >> 1 and Ry, > Ry, this gives

. R
Ry = By = _'Lﬁ—
Gn "5

Hence good peraphase working with Ry = Ry is possilble only if G R5>> 1.

On putting Ry = Ro in the expressions for 1Yo end 2Vp it mey
be shown that the overall emplificationm= 1% -~ 2% _ _ /A Ry
vy Ra + R
as it would be for a single velve with the seme cheracteristios and
the seme snode load ap used for either valve in the paraphase circuit.

The output voltages depend on the velwe characteristiocs, no
stabilising effect being introduced by the cathode load Rg.  Such an
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effect ocan 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-delts
transformation (Chap.1, Sec.13) to the network formed by Rz, and Ry
the equivalent network formed by Rg, B end Rg is obtained (Fig, 381).

O HT

INPUT

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

The relations between these networks may be written z-
BRg= Bz By + B Bs + Bs Bs
R5 >
Ry~ B3Rt Ry Rs + Bs B
By

?

end Rg= B3Ry + Ry Rs+ Rs By
R
3

This is a practical variant of the cathode inversion circuit.

In practice the pregence of stray capacitance across the
output terminals, and from each anode to earth, affects the repiditr
of response of the applifier to rapidly changing input voltages.

The output impedance of the cirocult is comparable in magnitude with
that of a normal amplifier using a velve and load similar to those of
one amplifier of the paraphase circuit, so that the output time-
constant is not substantially altered 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 circuit cen be taken direct to the
plates without the inclusion of coupling condensers., In this oase
peraphase shift potentials can be cbtained and varied in amplitude by
alteration of the steady potential of the grid of the second valve,
since this results in amplitude changes of steady potential in opposite
directions et the anodes of the two valves, The use of a separate
*shift" network is avoided, If a variable resistor is included in
the cathode circuit, in series with Rg, variation of the resistance
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causes changes of potential in the same direction at the snodes of

both valvess 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—
rection for astigmatic distortion, the potentiel of the final anode of
the cathode ray tube should normslly be about the game as the mean
potential of the anodes of the two valves,

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

Suppose that
separate input voltages e
are applied to the grids H
of the two velves, Then
the change of voltage de~
veloped between the two
anodes is proportional to
the difference between the
input voltages, whilst
the voltage developed at T T T T EATAGBE POTENTIAL OF BOTH VALVES
the eathode is proportion- \ i

i

8l to the sum of the two s ETE S
:21;?3:01.;:5@:;}3 &ﬁ: I I l ANODE POTENTIAL OF FIRST VALVE

loads are equal and that
the two valves have i
similar characteristios. 1

"Fhe cathOdQ : . ANODE POTENTIAL OF SECOND VALVE
inversion cirouit is
often used to provide a !
paraphese output con-

sisting of the result
of edding two separate Pig, 382 -~ Use of a cathode~coupled

imput pulses occurring paraphase cirenit as an adding
at different times, (subtracting) device,

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

of the two valves,

LIMITATIONS OF THE USE OF VALVES AT HICH FREQUENCIES

2)e General

Amplifier and oscillator circuits employing negativewgrid
valves operate efficiently at frequencies up to a few hundreds of
megacycles, As the frequency is inareased efficient operation is
more difficult to obtain. At freguencies of 1000 Mc/s or more,the
inherent difficulties are so great that emplification is not usually
attempted., Further, at these frequencies negative-grid valves are in-
efficient in oscillator circuits end special valves (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 (transit 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
transit time is demping of the input circuit, At any frequency of
operation there is at any instent, owing to the finite transit time,

e difference in the number of electrons approaching and receding from
the grid of the amplifier valve, The electrons foming 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 approaching
the grid, ceusing an increase 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 from the grid and this leads to a resultant
current flow from the grid to the external circuit. Consequently an
alternating current flows in the input circuit. At low frequencies
of operation the transit time is small compared 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 90° and there is practieally no
loss of power in the input ocircuit. There is however, a =mall
increase in the grid-cathode capacitance in the velve when a signal

is applied to the grid; +this is unlikely to be of practical import-
ance, At higher frequencies of operation the phase angle between
the applied voltage and grid current is reduced, since there is an
apprecisble lag between the application of the grid voltage and the
corresponding flow of current in the valve, Consequently a resistive
component 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 can be obtained

as follows :-

let the grid-cathode voltage variation be given by :-

Vo, = $g sinwt.

g
If T, = transit time of the cathode-grid space andT = transit time

of the grid-anode space the current flowing towerds the grid is given
by -

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

ir = G Gg ginw (¢t =Ty - T,).
Consequently en alternating grid current flows given by :=

Ty

A
i -5.2=2vagcos(.o(t-'fk- lzg)sinw e

1
g T T
=2 % Vg s:mcoéﬁ (coswt cos w (Ty + _é__a)

+ sinwt.sinw(Ty + g__g.)),

The magnitude of the component of cwrrent in phase with
v_is given by :~

’j‘.r=2Gm93m wTy sinw(Tk+I.g_
2
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whilst that of the current in quadrature with A is given by :-
3:2%%\ gin @Ta cos(.o(T-s-Ta-
e A kT g )

If the ratio of each transit time to the period of operation is small
ices ifwT and wT, are snall,

AT > 2
ir = Gy VB w2 (T, Tk + 125)

A, A
and 1, == vagw.Ta .

Hence the input resistance Ry is given by :=

Ry = 1
g WBT, T + T2
2

and the increased input crpacitanoe whenthe amplifier is operating is
given by :-

Ci = Gy T

The transit times are dependent on the linear dimensions of the wvalve
and on the grid and anode voltages, The loss of power at the grid is
used in inoreasing the mean electron welocity and appears as heat at
the snode, The increase in input capacitance is small and ocan usually
be neglected, However Ry, 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.

Congider the case of an smplifier circuit, the valve of
which is & CV10S1. The velues of Ry at different frequencies are

100,0000kns at 10 Mc/s
44,0000k &t 50 Mc/s
250cme at 200 Mc/s.

Thus if the dynsmic 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 messures are taken, Hence, while demping
of the input circuit is negligible at low frequencies it is consider-

able at frequencies sbove about 50 Mc/s.

Input dsmping can be reduced by decreasing the transit
times; i.e. by reducing the spacing of the electrodes of the vaive,
The electrode aress must also be reduced so that the interelectrode
capacitances of the valves ere not increased, Extremely small
spacing 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 genersl 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 charge 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
s quarter of the operating period, then for a grid-cathode spacing of
lmm, the minimum current densities required et various frequencies are

2 x 1076 A/sq ca at 10 Mco/s
250 x 10-6 A/sq an at 50 Me/s
04016 A/3q em at 200 Mc/s

2 A/s3em at 1000 Mc/s,

In a velve oscillator the phase difference between grid volte-
age and anode current due to an appreciable transit time makes it
difficult to adjust the relative phases at anode and grid for efficient
operation. This does not apply to a valve amplifier, in which snode
and grid circuits are independent of each other,

A forther 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 designed to give useful
power output at frequencies as high as 600 Mc/e. The electrode
spacing is amall, and 35 watts can be dissipated at the snode since
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 values of the interelectrode capacitances and of
the inductance of the internal leads of a valve operating as an oscile
lator fix the upper limit of frequency. If, however, the valve leads
form part of a trananission line system of total length £, this
frequency limitation is removed, For example, if the end of the
transmission line is short-circuited, the resonant frequency of the
circult formed by the line and the interelectrode capacitence is given

by

tan 2%4F - 1 See Chap. L Sec. 1k
‘e 2rfC Ro for the effective
inductance L,g B

where ¢ = 3 x 10 10 oms/seo
C = interelectrode capacitance
Ry = characterigtic resistance of ths line,

For a given frequency f the permigsible length of the line
can be incressed by decreasing R,. Hence a velve designed for use
with coaxial lines (which are of low characteristic impedance), and
whose electrodes and leads inside the envelope sre 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 fram scme source of power to a
tuned circuit, In the case of a perallel tuned circuit fed with
energy from a parallel negative-resisiance source, the dynamic resist-
ance of the tuned circuit must be greater than the megnitude of the
negative resistance for oscillations to build up. The dynsmio
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resistance ELﬁ » where R is the series resistance of the coil L, may be

made large only if C is kept suf'ficiently small. Hence it is necessary
to keep interelectrode and stray capacitances to a minbmm. 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 unavoidsble capacitances,

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

=RP/g

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

to make the cirocuit sufficiently selective,

(11) Input demping

The inductance of the internal cathode lead of a velve,
which forms part of the input circuit of an smplifier, may bring about
demping of the input circuit.

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

Fig. 383 shows the input circuit of an amplifier. An
external voltage v; = vi sinwt is applied to the grid, end a voltage
v, is developed across the cathode-lead inductance Lyx. The cathode

current is the sum of i; and i, where i is the current through the
grid-cathode capacitance C and i, 1s the space current of the valve,

Assuming the valve to be a pentode in whwh the glope resistance is
very large compared with the anode
load, we may write

ia = Gy vy -
It follows from the figure, that

VS=Vi+vL;

hence vy = vy + jcoL(ii + Gy Vi)

N b Sty
©=5s "M - e

ieey)

is Fig, 383 = Effect of Cathode
56 /o'L G, + § @O~ l_)/ Lead Indnctance.
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Therefore the input admittanoce of the amplifier is given by

i 00 AL G - § @ 10-1)7
5 @L 6pje + (wne - 1)¢

Provided the operating frequency is not too high, then
W2ILe K1

and the real part of the admittence (i.e., the conductsnce ) i3

given by
G = G w2 L.

Thus the effeot is that of placing in parallel with the
input a reslstance

Ry = i

G2 1o

The input oconductance < is proportional to the mutual

R
K
conductanoce and the square of the frequency just as the imput con-

ductenos which results from transit time, The two effects are of the
sene order of magnitude, and the separation of the two omuses is

difficult,

Suppose, for exemple, that G = 5 mi/volt, C =5 pF and L = 0+05 Ad,
and the frequency of operation f is such that

w2 LCK1

snd WL G, < 1.
@2 L0 & 1 4f £ == 300 Mo/s andwL G 'i= 1 if £ = 4OOG Mo/s_/
L ] * % [ ] ‘
Take £ = 50 Mc/s.

Then the value of Ry = 1 12
' Q-005 . (2W. 50 106)2.@5.10'5.5.10

é-.: 8000- ohms.

Since the pinch oenstruction of supporting electrode leads
in walves involves long leads, so that L is large, a decided decrease
of imput comductance is obtained if such a comstruction is replasced
by short straight electrode leads mounted im a flat disc of glass,
This latter type of base sonstruction is used in the CV109l. A
marked decrease of effective cathode lead inductence is obtained if
such a lead consigts of multiple wires in parallel as in the CV1136.
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