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CHAPTER 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 normal 

supply connections are made, the suppressor grid being 
eonnected to cathode and the screen to a dropping 
resistor or potentiometer with bypass condenser). 

1. INTRODUCTION 

The types of voltage variations most frequmtly requiring 
auplification in radar are illustrated in Figs. 3522 and 325. The 

variations shom 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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Fig. 322 - Typical voltage Pig, 323 - RF pulses and the 
variations and the amplifier amplifier characteristics necessary 
characteristics necessary for for their amplific:+ion. 
their amplification, 

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

pulses of the type show in Fig. 322 it may be preferable to deal with 
the transient response of the amplifier to an idealised pulse without 

resorting to a detailed analysis. 

Considering both pulses and RF pulses from the aspect of 
their sinusoidal components, the amplifiers required to handle such 

variations must possess characteristics of the types shown in Figs. 
322 (c) and 323 (b) respectively. 
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Chap.7, sect.2,3 

2e 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. 

(i) Amplitude Distortion 

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

(44) Frequency Distortion 

This type of distortion is caused by unequal 
amplification of the components of different fre= 
guencies present in the input voltage. 

(41) Phase Distortion 

This type of distortion ocours when the relative 
phases of the input components of different frequencies 

are not preserved in the output. However, if the 
phase-shift produced by the circuit is proportional 
to frequency all such components are delayed eqwilly 
in time and the output, where there is no other distortion, 
is delayed, but distortionless. 

3- CONVENTIONAL SYMBOLS AND EQUIVALENT CIRCUITS 

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

The following symbols are used ;- 

Va is the potential difference between anode A and cathode K, 
and is reckoned positive if the anode is at the higher potential. 
vy, is the steady component of v,. 
Vg is the potential difference Between control grid G and cathode, and 

is reckoned positive if the grid is at the higher potential. 
Vz is the steady (Bias) component of vy. (V, is usually negative). 

Vy is the HI supply voltage. 
i, is usually (unless otherwise stated) taken to indicate the 

fluctuating component of the anode currerit, and is considered positive 
in the direction of conventional current flow, from anode to cathode, 
I, is the steady component of anode current, 
vs is the change of voltage at the grid (input voltage); i.¢. the 
amount by which Vg exceeds Vge 

Vo is the change of voltage at the anode (output voltage); ies, the 

amount by which vg exceeds V_. 
v, is the signal voltage applied to the input circuit (when different 
from v, or v4). 

& 
Cepitel letters A, G, K, used as subscripts, denote that the voltage 
concerned is measured from earth (or chassis) and riot necessarily from 

cathode. 

p is the Amplification Factor of the valve, defined as the ratio of 

a small change in anode voltage to the corresponding small change in 
grid voltage provided the anode current in the valve remains unchanged. 
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Chape7, Sect.3 

Rg 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 change in anode current provided the grid voltage 

.of the valve remains constant. 
Ge is the Mutual Conductance (Transconductance) of the valve, defined 

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

if ig, v4 and v, are corresponding small changes in anode 

current, grid voltage and anode voltage respectively, the valve con- 
stants may be written :- 

Ga = iy ; where 
v. 

anode voltage is constant, 

Fo where 

anode current is constant 

and ¥ 

Ro = .2., where 
i, 

grid voltage is constant, 

It can be shown that 

2a R 
wx * Proof of formula fu = Sn Ra 

For any valve 

there is a relation between A 
the anode current i,, anode- : 
cathode voltage vg, and the Ra 

grid~cathode voltage Vge Vo 

We may denote this relation nuvi | | 
by the equation K o) 

f(ia, ve, Vg) = 0 ~SmVi ! 

ce ececeeseseesenseseva(L) b Ra 

i 
From the theory of partial 
derivatives we obtain 

(==GaV, oA 

of dig + of dv, + Of av,= 0 ai 
oa, Ove ov 

g& v 

ees evreoeosreseeveeteaerasved (2) £) 

K 

ids 

Putting digs 0, dv,= 0, dv = 0 

in succession in (2), we have 

~ -* = OMe = of. ig 3 : ‘ . oa OVg 3y, Fig, 32). ~ Equivalent circuits. 
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of so that m= Si /2 . 
ha ov, 3y 3 

G, = a8 =~ a or ao v 
ave of 3 

and R = OV, = ~ of 

3 a 

~3f_ -2f af 
avg oi, av, 

“ence G Ry = a? . of ar. = f+ 

oi. av, ove 

Stage Amplification and Equivalent Circuita 

The expression for the voltage amplification provided by the 
wtage is ie 

mos 

us
 
\c
8 

if v,, and hence Vo» Vary sinusoidally then :< 

mae Be 
R +2 

a” “€ 

2 
rg 

FHSHEOSCHEES SETH OCA HCSP HORE CHE EHOTSE {3) 

in general m is camplex; its magnitude will be denoted by im), and ia 

Vo 
eygual to zm * 

va 

The circuit of Fig. 324 (a) may be represented, fran the point of view 
of fluctuating voltages, by the equivalent circuit shown in Fig. 32h (b). 
In this circuit the current i is given by 

Lois e- vi ; 

ty + R, 

Yo. a isZZ = = [og =, juatifying the representation. henge —9 

V4 V4 by + R 

Ecuation (3) can be rearranged as follows :~ 
~ be % + Ry 

ae Ks 
Re + 7] 

~~ R, 2 
a Gp eae Se wea reac sccsccevcescescesscccee() 

Ro + a 

nquation (4) auggests the form of equivalent circuit shown in Fig. 
324 (c). This is normally referred to as the Constant~-Ourrent 
Generator Equivalent Circuit whilst the other (Fige 324 (b)) is termed 
the Constant-Voltage Generator Equivalent Cirovit. The two circuits 
scpress the seme relationship between v, and v>- 
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Chap.7, Sect.4 

If the valve used is a pentode whose slove resistance is 
lerge compared with the load impedance the arrangement show in 

Fige 324. (c) simplifies to that shown in Fig. 324 (d). 

If the simple equivalent circuits of Fig. 324 (b), (c) and 
(4) are compared with the actual circuit (a) it is seen that ay lies 
between A and K in the equivalent circuits and not A and H+. This 

representation is possible 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 ata 
fixed steady potential relative to the mean potential of the grid. 
The steady potential of the grid in the absence of any input voltage 
ia usually earth potential, since the grid is normally comnected to 
earth by means of a grid-leak resistor Rg and isolated from steady 

potentials on previous circuits by means of 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 is?developed 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 Ty, 

Ue 

vKJ— — .— — — — 1 Ee» eee 

Ve:6 —I oo 
Fig. 325 — Common input Te 

network. 4 

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 voltage will carry the 
grid potential above that of the cathode end grid current will flow. 
This will introduce considerable distortion if the output impedance of 

the previous stage is at all large (see Chap, 9 Sec. 3). 

In thia case, therefore, it is necessary to make the steady 

potential of the grid more negative than the steady cathode potential 
ieee a negative bias is required. The steady value of the cathode 
woltage should be chosen as illustrated in Fig. 326. If the succession 
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of rectangular pulses is inverse to that shown in Fig. 326, i.e., the 

pulses are negative-zoing, it is not necessary, and iay be inadvisable, 

for tne valve to have an a-preciable negative grid bias. In this case a 
negative grid bias might lead to the negative-yoing pulses cutting 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; 

(Pig. 327). The current in the 
valve varies with the potential 

at the grid, and unless negative : 

feed-back for alternating currents 
is required (Sec.16) it is necessary 
to have a bypass condenser to! 
comected across the bias re~ 1 ra), SUPPLY 

(Figs 327). The con- . 
o 

sistor; 

denser Cy charges so that the Vi, 

potential difference between its Rc 

plates is RT, where IT is the 
mean current flowing through the 

bias resistor Ry, If the time= Pir. 327 - Use of cathode self- 
constant C, Aa ty the con~ biasing circuit. 

deriser cannot discharge apvreci- 
ably within the repetition period 
T of the apnlied pulses, and the cathode of the amplifier is maintained 

at a stesay potential. 

The nethed of using a cathode resistor in order to obtain negative 
grid bias has its limitetions. Provided tne walve is operated over 

the linear pertion of its dynanic characteristic, variation of signal 

amplitude does not affect the mean valve current and the bias there- 

fore remains constant. If the input voltage is allowed to vary over 

the curved portion of the characteristic, the -ean current and hence 
the plas are affected, This means that the bias varies with signal 
ampli tude. Por Class B or C operation, therefore, some other system 

of biasing snould be employed, 

A convenient 

method of biasing © 
valve beyond cut-off or 
on the curved portion of gut 
the dynamic character~ 

istic is illustrated in $25 
- oS Pig, 328 rovided Ry Ho gusety 

is small enougn che ral SUPPLY 
variations of current Ve } ve 
through the valve are | ° | 
small compared witn the 6 of ° : . —o-{\- 

current through By and 

the bias remains approxi- Pige 328 = Circuit Fig. 329 - Connection 
mately constant. The for class B or CG providing small 

condenser OQ, smootha out biasing. positive bias. 

those fluctuations which 

still occur, 

Alternatively, the cathode biasing arrangement may be dispensed 

with, and the grid leak connected to an additional source of negative 
potential. Alshough it 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 (Pige 329). 
The flow of grid current through Rg should be just sufficient to main- 
tein the grid voltage at the required bias level. For example, 
suppose the grid-current, grid-voltage conductance is 62 we ’ 
and the supply voltage is 250 volts. <A grid ilesk of 2MOQ is just 
sufficient to ensure that the grid is maintained at +2V relative to 
cathode. The grid current is 12k aA » Which develops across the 
grid leak 248 volts. 

This type of biasing HT 

arrangement is suitable for the Ri 
amplification of negative-going 

pulses. . a 

In some circuits it Es 
is necessary for the mean level a 
of the input voltage to be Re 
positive with respect to earth, j re 
although the bias developed be- ° ——-° 
tween grid and cathode may be @ 
zero or negative. Examples 
ot this arise in current feed- 
back ciravits (Sec. 16) and in 
the limiter circuits of Chap. 9 
SeCe 3e 

These are illustrated 
in Figs. 330 (a ) and (b) or 
respectively. The steady volt- 
age at B may be adjusted between 

Ro Va. 

Ry + Ro 

In the arrangement show in (b) 
Pige 331 the ateady voltage at 5 
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 cathodes, to earth, . 

Ya 

the values zero and _o, 
1 

Automatic bias 
(Slide-Back bias) may be 
provided by allowing grid 
current to flow into the 
coupling condenser in 
the input circuit of a 
valve anplifier. The 
condensér charges when 

the grid voltage is 

HT 

positive and, in the 
normal connection illu- Vv: 
strated in Fig. 332 (a) s 
discharges when the grid 
voltage is negative with 
respect to cathode. In 

the alternative circuit 

of Fige 332 (b), the 
condenser is discharging 
continually through the - Pig, 331 ~ Cirevit providing positive 
grid leak, the bias ad- or nesative bias. 

gjusting itself so that the 

thay | 
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more or less constant discharge rate is 
equal to the mean rate of charging, The 
principle of this process is dealt with 
more fully in Clamping Circuits, Chap. 12 
Seco. 2.2 It is also the principle of 
the Cumulative Grid Detector. Apart 
from its use as a clamping arrangement 
or as a detector this method of biasing 
is most commonly encountered in RF 
Power Amplifiers and Oscillators. In 
these circuits distortion introduced by 
grid current flow is not important, 

gince that due to the use of class C 
biasing is in any case very consider~ 
able, (This distortion is confined 
to the anode current and not to the 
output voltage since the anode circuit 
is normally highly selective and 
presents a low impedance to all but the 
first harmonic of the anode current). 
The prinoipal advantage in such an 
application is that if the amplitude a. 
of the input voltage is reduced the 5 
bias is automatically reduced due to (b) 
a decrease in grid current flow, 
This causes an inorease in the Angle : 
of Flow of anode * current so the Pig. 332 ~ Slide-back 
the amplitude of the output voltage biasing circuits. 
suffers less reduction than it wuld 
if a fixed bias were employed. iI% 
is possible for the output amplitude 
actually to inorease as the 3/put 
amplitude is decreased, due t> this selfcompensating action. Where 
this "Automatic Gain Control" action is detrimental to the action of 
the emplifier sane other method of biasing must be employed. 

As already pointed out, when slide-back biasing is used 
with Class C tuned amplifiers and oscillators the additional distortion 
produced by grid current flow is not normally important. However, 
there are occasions when the method is applied to resistance~loaded 
amplifiers end it may be necessary to reduce such distortion to a 
minimum, This oan be arranged by ensuring that the output reaistance 
of the circuit feeding the grid is mall, end that the biasing con- 
denser and grid leak are large. If T is the duration of grid 
current flow, T> the period of the applied voltage, R, the output 

impedance of the grid input circuit, Ry the input resistance of the 
valve when grid current flows, Ry the grid leak and C the bias con- 
denser, the following conditions should hold if distortion is to be 

avoided 3= 

Ry >> Rg, GR, > Tz, O(By + Rg) >T,. (See Figs 333) 

The esmount of bias depends on the ratio Ry « The 

Ry+Rg 

larger the ratio the greater is the bias. 

* whe Angle of Flow is a measure of the duration of current 

flow in a valve during each cycle of a sinusoidal input voltage, 
Each period is represented by 360°, and the angle of flow is 360° for 
Class A, 180° for Class B and correspondingly less for Class C biasing). 
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If it is 
desired to introduce 
distortion without Vg 
oausing appreciable TIME CONSTANT 
slide~back, either = C(R/+Rs) 
a short time~constant 
a, may be used, pro- 

ducing the type of 
distortion considered 

in Ghape 2 Sec. 3, or 
else the output re- 
sistance of the input 
cdrowlt may be made TIME CONSTANT 
large whilst the = CRg 
ratio Rg is kept 

Ri+ R, 

as low as possible. Pig. 333 - Distortion of rectangular pulses 
The limiting action by grid current flow. 
introduced by this . 
arrangement is dis- 
cussed in Chap. 9 
Sec. 3e 

5. THE POTENTIAL OF THE SCREEN GRID OF A PENTODE USED AS AN AMPLIFIER 

_ It is generally desired to maintain the sareen grid of a 
pentode amplifier valve at a constent potential. If thie potential 
were not constant but varied with alterations of current through the 
valwe the amplification of the valve would be affected. 

HT+ 
HT 

Gz 
Re c 

cy 

a ° 
° = 

oO 

Fig, 334% - Sereen supply circuit 
for class A operation. 

EQUIVALENT CIRCUIT 
FOR FLUCTUATING CURRENTS 

(b) 

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

The condenser in Figs. 334 and 335 is adequate for 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 Fig. 334 this time-constant is C2. In 

Pig. 335 the resistors Ry and Ro are effectively in parallel so far 

as fluctuating currents are concerned,as illustrated at (b), so that 
the effective time-constant is CR, Ro . 

Ri + Ro 

6. ANODE DEQOQUPLING OF AMPLIFIERS 

It has so far been assumed that the HI supply circuit 
presents a negligible impedance to alternating currents. This is 
equivalent to the assumption that the time-constant of the supply is. 
very long, and is justified if the mnoothing condenser in the power 
pack is sufficiently large. In practice the voltage acrogs the Hf 
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 and so pags to the 
Hf supply. A fluctuating voltage is, therefore, developed across 
the HI supply circuit and.so is applied to other amplifier stages 
using this supply. This feedback of the fluctuating voltages is 
undesirable, as it may, particularly if applied to a high gain ampli-~ 
fier, cause continuous oscillations to be set up. 

The method which is ususlly adopted to avoid the feedback 
described above is to prevent the variations of anode currents of 

the emplifier valves from flowing through the HP supply circuit, by 
the use of an anode decoupling circuit. Fig. 336 shows the anode 
decoupling circuit for one amplifier, the circuit consisting of a 
resistor R and condenser C, Provided the time~constent (is long. 
ecmpared with the period of the applied voltage, the potential of the 
point A does not change appreciably with variations of the applied 
voltage. The point A is maintained at steady potential R{Z below 

HT level where 1, is the steady anode current of the valve about 
which the fluctuations of current ocour. The introduction of the 
dGeooupling circuit necessitates an inerease of HT potential by an 
amount R i, if the mean anode potential is to remain the same as it 

Was Without the decoupling circuit. 

Where a very considerable degree of decoupling is required 
it is usiel to axspley two or more C-R networks in cascade as shom in 
Pige 337. By this arrangement a high degree of suocthing may be 
achiewed without the use of prohibitively large resistors or condensers. 
For exemple, 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-constant T, say. 
The seme effect may be obtained by the use of two circuits in cascade, 

each having a time-constant T_, so that smaller resistors and con-- 
10 

densers may be employed. 
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% 
o 

] 3 
1 4 

Pig. 336 - ee Fig. 337 - Decoupling networks 
id ° in cascads, 

7+ MULLER EFFECT 

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

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

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

The voltage across Cga, as shom in the equivalent 
cirauit of Fig. 338 (b) bas an alternating component 

Va Vy = Vy MVS 

= vy (1 ~m), 

Hence the current i, through Cga is given hy 

iy = julga » vy (1 ~ mo). 

The current ip through Co, is given by 

‘ig = jolt ‘gk Vy. 

Henoe the total input current i, is given by 

i; = sors /Ouk + (1 -m) oe / 

The input admittance is therefore 

wed = JOC, + JuCge (1 ~ m),
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if @ is the phase displacement between the grid and anode witages, 
the voltage aaplification m can be expressed in the form 

m= (mi (cos 0+ 3 sin @) 

where jm) is the magnitude of the amplification. 

Henee the input admittance can be expressed as 

Vz = Jwlge + Jos, (1 — imicos O - J im sin 0) 

mwoC,, im sin® + J (ot, + OO ge (1 = im cos @)) 

A Spa ety 
v, ARCs Ee Vor 

(b) (a) 

Fig. 338 ~ Miller Effect. 

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

WC, + WO, (l+ im ). 

Consequently the effective input capacitance of the valve ia equal te 

Co + Coy (1 + im ). 

For a pentode Coe is very small (less than O*5 per cent of 

Coy)e Consequently the effective input capacitance of a pentode 

employed in an amplifying circuit is likely to be considerably maller 
than that of a triode (Spa d= Ogy) in spite of larger values of m 

corresponding to the pentode, and of the additional capacitance introduced 

_ between grid and soreen, C,<: 

If the load of an amplirier is inductive @ is greater than 
180° and less than 270° Hence sin @ and cos @ are negative and! the 
input admittance is due to a negative conductance (ohn im{ sin 6 ) 

and a capacitance susceptance (oC, + OCy ( 1 - Im cos @ }). 

Inthe case of a valve employed in an EF amplifier circuit 
the anode load usumlly consists of a tuned circuit. For same fre- 
quencies off resonance this load is inductive; consequently the input 
conductance is negative and regeneration is likely to occur,possibly 
leading to continuous oscillations. Ifa triode is 
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used, C,,, and hence the value of the negative conductance, is large. 

Normally if a triode is used in an RF amplifier circuit neutralisation 
of the effect dus to feedback via Coq is necessary. Neutralisation 

may be performed if a voltage in the output circuit, equal in amplitude 

and anti-phase ‘to the anode voltage, is impressed on the grid of the 

valve through a capacitence approximately equal to Cga. Fig. 339 

shows a circuit employing neutralisation. 

ei : 
NEUTRALISING | Tt 

NEUTRALISING Lf CONDENSER 

Vo 

= apes 

Pig. 339 - Neutralising Pig. 3:0 ~ Neutralising 
circuit used in Power circuit used in Radio 
Amplifiers, Receivers. 

Alternatively, if a coil of suitable inductance is 
connected between anode and grid so that it forms with Coa a parallel 

circuit resonant at the frequency of operation, negligible feedback 

occurs; (Fige 340). 

If the load of the euplifier is capacitive, @ is greater 

than 90° and less then 180°. Hence sin @ is positive, Under these 

eircumstences the input conductance (00g5 im) gin @) is positive, and 

damping is introduced into the input circuit of the amplifier. 

8 RF AMPLIFICATION 

The applications of RF amplifiers to the problems of radio 
reception are dealt with in Chap. 16. Here we are concerned only with 

the types of amplifying circuits which may be used. 

Theae circuits are 
essentially the seme whether 
used in the IF or EF stages 
of a receiver, the chief 
factor in design being the | 
ratio of the bandwidth to the . 

mid~frequency. The ideal 
euplification-frequency and fn of 
phase-frequency character- ene 

isties for such an amplifier PHASE SHIFT 
are illustrated in Fig. 341. 

Throughout the required band 
of frequencies, the ampli- | —-— 4. 

fication should be uniform | WA 
and any phase~shift in- 
troduced should be proportion- 
al to f ~ £,, where f is the 
frequency and f,, the mid- 

frequency of the band, Fig. 341 - Idealised Characteristics 
of a RF, Amplifier, 
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For amplifying RF pulses of about one microesecond duration the band- 
width ig 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 shown at (b), 

ofp is the dynamic resistance of the tuned circuit at 

resonance (Fige 342 (c)). 

1Rp is the equivalent dynamic resistance of the amplifier 
load circuit, consisting of Ra» :p and. Ry in parallel, 

“aw 

It follows that at resonance the amplification Yo is 

7 
equal to G, 1%, 

The amplification at frequencies other than the resonant 
frequency is proportional to the impedance of the resultant circuit 
(Fig. 342 (b)) and follows the normal response curve for a parallel 
tuned circuit. The selectivity, or Q for this curve is Q_» and is 
related to Q, of the undemped tuned circuit by the equation 

eB 
ep ~ oD 

Re 

Ve aVieVe | 

+ 
)) 

Gm ve A 

6hhh A 
L Ry mc SRP oy 

fp * 
{ 

cb 

Gm ve Gn a 

f L 2 
Aes = SRp vy 

Re ay Ry 3 
i 

P
y
 

t
i
i
 

Fig, 342 - Ri, amplifier circuit. 
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For amplifiers with bandwidth exceeding about 1 Me/s the input 

ihe suceseding stage together with the self-capacitance of 

the EP coil rroc4es sufficient capacitance for resonance. At such frequencies 

Permeability Turing may be eaployed. This consists of inserting a movable core 

either of cuppe. o: of powdered iron. The eddy currents set up in the copper 

reduce the effective inductcnce of the tuned circuit. The high perneavility of 

the iron core, powdered to prevent losses due to eddy currents, increases the 

effective inductance, 

capacitance of 

at frequencieg of the order of 200 Mc/s and upwards lumped 
ImC circaulis are often replaced by tumed lines, usually coaxial with 
plunger tuninge At frequencies above about 30 Mc/s the input re- 
aistance of a velve amplifier isa small, ao that the equivalent circuit 
of Pig. 342 (7) ia shemted by the low input resistance of the suc- 
oeeding stage. Normally Ry and oRp (Fige 3421(c)) are of the order 
of 1 MLL and 100 Kn. respectively; Ry is usually only a few 
thousand ohms, this fact by itself accounting for wide bandwidth and 
low gains The low value of the input resistance further heightens 
this effect. This resistance decreases with frequency (see Sec, 25) 
20 that the higher the frequency the wider is the bandwidth and the 

lower the gain. 

At lower frequencies where the input resistance is not 
important, higher gains can be achieved by the use of an RF choke in 
piace of Rge 

An alternative circuit m 
for en RF amplifier is the series- L c 

fed arrangement shown in Fige 343. 
In the absence of a low input 
resistance, higher amplification 
ean be obtained fran this circuit 
that from that of Fige 342 (a) 
since R, is normally much greater 
than Rye 

Because of the heavy 

demping of the tuned circuit at 
high frequencies it is essential 

| 

| 
to use a valve with a large — T ° 
mutual conductance if appreciable = 

amplification is to be provided, Pig, 343 - Alternative (series- 
Practical values for the Ga of fed) RF. amplifier circuit. 

typical RF pentodes are 6°5 mA/WV 
(C¥109L) and 8-5 maA/V (0¥1065). om 

Substantially uniform i + ~—° 
amplification and linear phase~ T 4 E Tv 
snift over a wide band of 

frequencies is often obtained by 
bani~vass coupling: Tis. 3445 
(See also Chap. 1 Sec.21 }. If 
the resonant frequencies of the 

Vv, 

two tuned cirevite are evuel the ' 

pass band ig determined by =}4 vow ge | L 
coefficient of coupling. | i | 

. oun . = om 
In some cases double- Y 

tuned transformers ere anployed, 
the circuit ap oearing as in 

Figs 344, but primary and second~ Fig, 3. - Baud-pass Circuit. 
ary clrtuits being tuned to 

differert frequencies on either 
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side of the mid-frequency of the amplification band. The coupling in 
this case is not so tight as that for the former circuit, and some 
loss of amplification occurs. The advantage 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 amount 
equal but in the opposite direction to the other. Such an arrange- 
ment is know as Staggered Tming. Thus with five stages where the. 
intermediate frequency is 7 Mc/s, the first and third stages might be 
tuned to 5+5 Mc/s, the second and fourth to &*6 Mc/s and the fifth to 
7 Mo/s. The overall response curve then indicates uniform amplifi- 
ene ant linear phase-shift over a frequency band of about 3 Mc/s. 
Pige 345). 

. In general, for 
a given number of stages 
enploying single tuned 
cirouits it is much more 
econamical to obtain the 

necessary bandwidth by means yeiirication 
of staggered tuning than by A 
resistive damping alone, 

the latter arrangement 
resulting in very low gain, 
and the response ourve 
being far from ideal. 
For ease of lining-up the 
emplifier, i.e., adjust- 
ment of the various tuned 
ciroults, it is preferable 
that all the stages should . 
be tuned to the same fre- Pig. 345 ~ Response curve: staggered 
quenoy. Staggered tuning tSuning. 
is next in order of 
simplicity, and the use of 
double-tuned transformers 
or tightly coupled cirouits is still more complicated, due to inter~ 
sotion between primary and secondary circuits. 

UEDEQM FREQUEN CY AMPLIFTOATION 

9. OConsi 4 

In a normal broadcasting receiver it is comson to refer to 
post-detector amplification as Audio-Prequency amplification, since 
the signal to be amplified oan be analysed into Fovrier components 
with frequencies in the audible range fram 50 o/s to about 4000 o/s. 
The detected signal of a radar receiver, on the other hand, normally 
consists of a train of rectangular pulses of short duration (1 to 3/us) 
and with a repetition frequency of the order of 400 to 4000 o/s. 

T ie 
MIO FREQUENCY f 

Fourier analysis shows that a succession of rectangular 
pulses can be considered as consisting of sinusoidal components cover~ 
ing a renge of frequencies which in theory is infinite. In practice, 
frequencies up to a few megacycles only are important, and higher 
components may be ignored. Signal voltages resolvable into components 
within this range of frequencies are also conmon in television practice, 
and since they constitute the intelligence which goes to make the 
picture they are usually referred to as Video-Frequency signals in 
contrast to the Audio-Frequenoy signals of sound-~reproducing systems. 
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Chap,7, sect.1U 

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

A video-frequency amplifier should provide uniform amplification 

with phase-shift proportional to frequency for voltages of frequencies up to 

several megacycles. It is difficult in practice to avoid frequency and phase 

distortion in such an amplifier, and, as discussed below, it is necessary to 

be content with low gain in order to obtain a satisfactory responce. 

It is usual for a video-frequency amplifier to have a 

resistive load, since this has, theoretically, uniform response to 
all frequencies. In practice stray capacitance in parallel with the 
resistance may interfere with the performance. 

Amplitude 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 valve 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 linear part of its dynamic characteristic, (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)). 

iv 

I >t 

pr 
dg (PURELY RESISTIVE LOAD) 

I} 
3° ” 

Va (PURELY RESISTIVE LOAD) 

\ 

VUn= Vos 

° aa vi Rg mcg 
Var (ALLOWING FOR EFFECT OF STRAY CAPACITANCE) 

A 

TIME -CONS TANT 

Ra RE —_ 
Cah Rar Re v 

° as 

Fig. 347 - Video-frequency 

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

The variation of anode potential is exactly inverse to that of the anode 
current (Fig. 346 (c)). In fact, however, there are 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 equivalent circuit of the amplifier shovm in Fig. 348(a) 
is given at (b). To consider the responze of this circuit to an 
instentaneous change vy of the input voltage between grid and cathode 
we rearrange this in the constant-voltage form as shown in Fig. 3)8(c) 
(See Chap. 1 Seo. 22 ). ‘The response of this circuit to an instant- 
aneous change of witage has already been deali with in Chap. 2. In 
this case the effective , 
generator voltage is 
- G, Ry vi» where Ry_ 

BR =a “a Ry > and the out 

Ra + Ry 

response is shown jin Fig. 
346 (¢). The time-constant 
of the exponential change 
of witage at the anode is 
Cale Ry 

The change of 
anode potential oorres= 
ponds more and more closely rr 
to the change of grid = 
potential as the time- 
constant C,, Ry is dimin- 
ished, by reducing either ~GmV, 
Ry or the capacitance O,). I f f 

Redugtion of Ry, however, 
results in a decrease in Ra Re Cak 
amplification. T 

If the output (b) 

from valve 1 (Fig. 349 (a)) 
is applied to valve 2 a 
through a capacitance C and WA 
‘resistance Rg» with Cok A Tf 

Vo 

I 
representing the input —SmV Ry Cok 
capacitance of valve 2, 
then the equivalent circuit 
for valve 1 has the fora (c) 
shown in Fige 349 (b). The 
voltage Y produced across 

the oircuit between 9G and 

earth is applied to the grid 
of valve 2. Since the 
eurrent through the circuit 
changes very rapidly (ideally 
instantaneously) the condenser C, which is assumed to have a capacitance 
large compared with the stray capacitances, can neither charge nor 
discharge appreciably. Therefore, so far as rapid changes in the 
circuit are concerned, the effective equivalent circuit is as shown in 
Fige 349 (c). The voltage vg falls exponentially by an amount 

RyRy ° Ga V5 i 

Ri +R, 

Fig. 348 ~ Effect of stray capacitance 
on video-frejnency amplification. 

with a time-constant 

R,R 1vg 
(Cak + Cox) . 

Ry + K,. 
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in practice, the 
capacitances Cx 

ia usually much 
greater than C,, — 
and is therefore 
the controlling 

factor in this 
time-constant. 
Coe is assumed to 

inolude any in- 
put capacitance 
of valve 2 aris- 
ing from the 
Miller effect 
(Sec. 7). The 

condenser C now 
diacharges exe 
ponentially 
through Ry and 

Ry in series 

(Fige 349 (b)) 
with time- 

constant 

o(R, + Ry) until 

the total fall 
in anode voltage 

becomes Ry Gy 4° 

‘Meanwhile the grid 
voltage rises 
towards zero, The 

total changes of 
woltage at the anode 
of valve 1 and the 
grid of valve 2 
are illustrated in 
Pige 350- 

If Cis 
not very large com- 
pared with Oj, these 

two capacitances 
have a potential 

dividing effect, and 
the amplitude of the 

initiei fall in 
voltage at the grid 
of the second valve 

- is reduced, 

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

purpose of dis- 
torting the pulse- 
shape. 
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(b) Rot Re Cak i vj 
=R, | 

, ‘ if “oO 

-GmV, 

-G pheh fT 

Fig. 349 - Two-stage videc-frequency 
amplifier, 

Vg 
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Fig. 550 ~ Bffect of stray and coupling 
capacitances on video-frequency 
amplification, 
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Vy 
° >a —— 

1% | | 

@) 
VOLTAGE 

TIME- val 

° a & 
Rik 

ese a 
TIME-CONSTANT 
c RytR) 

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

(e) 
VOLTAGE TIME-CONSTANT Pig. 351 - Response of a 

5 Cire y video-frequency amplifier 

KBE RTE atthe ria) 
airy: 

POTENTIAL CHANGE AT iA_DUE TO FALL OF 
INPUT VOLTAGE AT END OF PULSE. 

(c) 
Ve 

RESULTANT VOLTAGE AT 1A 

qd) 

ll. The Amplification of a Rectangular Voltage Pulse 

The response of a video-frequency amplifier to a rectangular 
voltage pulse applied between grid and cathode may be found by con- 
sidering the effect of applying a sudden change of voltage followed 
after an interval by another sudden change of equel 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 potential at the 
anode of valve 1 and the grid of valve 2 are as shown in Figs. 351 
and 352 respectively. The waveform of Fig. 351 (4) is obtained by 
edding to the initial potential of the anode of valve 1 the changes 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.e 352 (c) is obtained by adding to the initial potential of the 
grid of valve 2, the potential changes of the grid due in turn to the 
nega rie ering and positive-going changes illustrated in Fig. 352 (a) 
and (b). 

The time-constant “g 21. (C,y + Cy) determines the metes of 
+ R,. 

Ry" “s 
rise and fall of the output pulse, whilst the time-constant C. (Ry+ Rg) 

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

R * Ry} 

of the input pulse and if the time-constant ——— (Sate + C.) is 
gtk 
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VOLTAGE 

TIME CONSTANT 

¢ (Rit Ra) ol 
TIME CONSTANT 
R, Rg 

(7 Ci 
RF Rig’ ‘okt Cok) 

POTENTIAL CHANGE AT 2G DUE TO RISE OF 
INPUT VOLTAGE AT BEGINNING OF PULSE 

VOLTAGE (a) 
TIME CONSTANT TIME es) 

Ri RQe_ ic C(Ri+Rg 
peak ‘ak + Cok) 

t °F i 

POTENTIAL CHANGE AT 2G DUE TO FALL OF 
INPUT VOLTAGE AT END OF PULSE 

(b) 
Mg 

TIME CONSTANT 
R, Rg 
Rang Cok t Cok) 

° — »t 

TIME CONSTANT C(Ri+Rq) 

RESULTANT VOLTAGE AT 5G 
{c) 

Fig. 352 - Response produced at the grid of valve 
2 by rectangular pulse at grid of valve 1. 

very short compared with the duration of the input pulse. It is 
asswmmed, as is nommily the oases, that C > Core 

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

fhe amplification of the applied voltage pulse by valve 1 
is 

_ G, . By B 

R, + R, 

Generally, R is made large compared with BR so that the total 

amplification is approximately G, . B,, or, with a pentode, Gn Rys 
since R> Ry ‘ 

The amplification of the circuit as a whole is inoreased 

by increasing Ry, but if this is done the time-constant <2 (Sc + Syx) 

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

A
A
A
 

«l Fig. 353 - Use of compensating 
coil in anode circuit, 

4 K 
ik 2 

(b) 

- Gm Vi {A . 0,6 

” 2 

L 

m pCok + Cok) 

Re 

K 
iK °2 

are less rapid. For example suppose Ry Ry; and Core + ©, = 20 pF. 
If the rise or fall of the output pulse is to be completed in i_ PS: 

10 
then 5 x (time-oonstant of rise or fall of output voltage) <i psi 

10 
dees, 

5, Ry . RB (Cy + Cry) 1_ ps 

& 

et 4 1 ,.10: 
or 5. Ry e 20.10 < io 3 

therefore Ry < 1000 ohms 

or in the case of a pentode Ry < 1000 ohms. 

For a pentode of mutual cdductance 4 mA/volt the amplification G, Ry 
cannot be greater than 0°00) x 1000 = 4. 

For a given value of Ry , the rise and fall of the output 
pulse can be made more rapid by introducing a cojl of inductance L in 
series with the anode load resistor as shown in Pig. 353 (a). The 
equivalent circuit for rapid changes of voltage is then as shown in 
Pigs 353 (u). If Ry and Ry are large compared with Ry , the circuit 
of Fig. 353 (b) approximates to that of Fig. 353 (c). The circuit 
may act as an over-damped "ringing circuit". If L is suitably chosen 
the response of the anode circuit when shook excited by a sudden change 
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of valve current is 
more rapid than that 
of a circuit consist- 
ing of Ry and (Cak + 

Core) alone. 

(See Chap. 1, Sec. 21). 

If the 

condition 
Le=l1R& Cy + © > v] (Coy gc) 

is satisfied, it can 
be show that the time 
taken for the output 

pulse to rise or fall 
is ae Ry (Cox + Cox) » 

compared with 

5 Ry (Cox + Cox) for 

the circuit without 
the coil. Fige 354 
shows the fall of 
anode .voltage, com= 
pared with that of 
the uncompensated 

circuit. 

If the 
rise or fall of the 
output pulse is to be 
complete inl ’ 

10 Xo 

Chape7, Sect.11 

Ve, 

° zt 

Fig, 354 - Effect of compensa ting coil 
in anode cireuit, 

then 

Kn. R . 20 PY = lL er Y  / 
Hence, Ry = 5000 okms approrimately , 

2 
and Lis 2 Ry (C+ a) = 250 Au. 

For a pentode of mutml conductance 4 mA/volt the amplification G, Ry 

in equal to 0-004 . 5000 = 20, 

The addition, therefore, of a coil of sanll inductance in 

series with the anode load of a pulse amplifier allows the amplification 

of the circuit to be increased without loss of steepness of the rise 

und fall of the output pulse. 
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12, The Frequency Spectrum Approach to Video-Frequency Amplification 

The response of a video-frequency amplifier to voltage pulses 

may be calculated by means of methods discussed in Chap, 16 Sec, 1, 
The Frequency Spectrum of the input voltage is found by harmonic 
mnalysis, and then the effect of the amplifier cirowit on the phase and 
amplitude of the components at the various frequencies is calcnlated. 
The mathematical technique involved is complicated. 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 emplification and phase-shift with Fre- 
quency for the circuit of Fig. 349 (a), shown in its equivalent form 
at (b), may in general be formed by dividing the frequency range into 
three parts, 

(i) Over the mid- 
frequency region the 
shutit susceptance a , 

Cy. + Cy) is @) ) BR, 
sufficiently small 
and the series sus< MEDIUM FREQUENCIES 
ceptance WC suf- 
ficiently large to Gn Ve 
be negligible in ” 
comparison with the (b) Res BR 
conductances. tae 
Hence the equivalent HIGH FREQUENCIES 
cLlrouit takes the 

form shown in uw =+i© 
Fige 355 (a). > tr r° 

(c sR OR 
(42) At high frequencies so 7e 

the series sus- Low FREQUENCIES 
ceptance is still 
negligible but the 
shunt susceptanos Fig, 355 ~ Equivalent cirouits 
isa comparable with for video-freduen 1ifier. 
the conductance; (b). oy ame 

(ii4) At low frequencies 
the shunt suscept- 
ance is negligibly 
amall, but the 
series suscept- 
ance is comparable with the conductance ;(c). 

At medium frequencies the amplification is 

Gm 21 Fe 
Ry, +R, 

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

At high frequencies the amplification is approximately Gp Ry Rg 
Ry +R 

& 

cos J, and the phase-shift is 180° + , » Where J, is given by 

tan J, oo he (Cox + Cyr). 

‘L 
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For example, the input leads the output by 225° where w = 
R oe 

RB RB, (Sak + Sse) 
So that tan by =1, 

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

At low frequencies the amplification ia approximately Gare . cos & 
and the phase-shift is 180°- By , wasre Dyis @iiven by By + Be 

r 

tan 6, are 2 

oc (Ry + Ry) 

For example, the input leads the output by 135° when w = 
1 

c (Ry + 9) 

so that tan fj= 1, As before, the amplifioation is —L. times that 
2 

at medium frequencies, The overall amplification-frequency and phase- 
frequency chazmcteristics for a typical video-frequency amplifier are 
shown in Fig. 356, plotted to a logarithmic frequency scale. 

AMPLIFICATION 

PHASE SHIFT | | 

ee 4 
270) | \7~___ LOG 
Sol L __. FREQUENCY | q-———- __ 

Pig. 356 - Amplification and pase shift chamcteristics for 
a@ video-frequency amplifier, 

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

Pentodes are normally preferred to triodes in video-fre- 
quenoy amplifiers because of the greater amplification obtainable, 

This is due to the fact that R,, which eamls “@ 8/, can ve 
Ra + Ry 

made much larger for a pentode with an RB, of the order of megohms, 

than for a triode, for which R, is a few thousand ohms, The time- 

constant for rapid changes in anode voltage is thereby made larger by 
the increase in R,. However, a pentode nommally has a smaller input 

capacitance 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 the second stage, Thus the use of pentodes enables greater 
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amplification to be obtained without an increase of distortion, com— 
pared with that due to triodes, 

NEGATIVE FEEDBACK AMPLIFT CATION 

14. General Principles 

A feedback amplifier ig one in which a fraction, or all, 
of the output voltage or current of an amplifier is fed back vie a 
coupling network to the input cireuit of the amplifier. 

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

fication, input and output impedances and distortion. 

In general, some fom of distortion is invariably produced 
either by the emplifier or by the feedback network, and it is con- 
venient to consider the nature of the feedback for sinusoidal input 
voltages at various frequencies. Usually over some range of fre~ 
quencies the fed-back voltage is largely in quadrature 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 range. 

Suppose a sinu« 
soidal voltage Vs is applied 

to the input terminals (1) 
and (2) of the amplifier 
shown in Fig. 357. Let vy r oyna) AMPLIFIER | UN 
be the witage deweloped — + 
between terminals (3) and 2 ‘ 
(4). If mis the emplifi- 
cation of the amplifier 
alone, the output voltage 

FEEDBACK Vo is equal to mM Vy6 avy NETWORK 

Since a fraction B of vo 

is fed back to the input, 
the voltage v4, is given by 

Vg +fVp and the output vq Fig, 357 - Schematic diagram showing 
produced by this input is feedback. 

m (Vv, +v,)- 

w 

Therefore m(v, +/v,) = v, 

Bo % = MV, 

1 “pm 
occcccsseccccsvessesscse(l) 

In general m andf are both compiex, amplification with and, without 
feedback being accompanied by phase-ehift which veries with frequency. 
In the particular case where f and m are real, as, for example where 
the feedback network is resistive and the amplifier is a video-frequenoy 
amplifier operating over its mid-frequency range, we may deduce simple 
expressions for the overall amplification and the effect on amplitude 
distortion. 
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In such a case, equation 1 gives 

¥ ; 
2 "= _B_ (where mis negative) ..se.sccceceeee (2) 
Vs 1 -fm 

Por negative feedback is positive and the anplification is reduced in 
the ratio 1 . If m is very large (2) may be written 

iL -fpm . 

Yo. = i where 1 is negligible compared with#. 
Va i -p mm 

ma 
Hence 

Vv ° - 
2 == 2 one vcccnwenvececcccescceseeusseccsesee(3) 

v5 p 

It follows that if 1 is negligible compared with 6 » the amplification 
m 

depends only on p and is practically independent ofthe amplification 
praduced by the amplifier itself, without feedback, In other words, 
the output voitage is substantially independent of the characteristics 
of the valve. The result is obtained only at the expense of 
amplification. 

For example, suppose a pentode amplifier, with an amplifi-~ 

cation of 500 (without feedback) is used with a feedback circuit having 
p = + iL ‘ 

20 
The m =-500 so that Yo = ~500 

Ys a- (1) (-500) 
20 

ie: 
= 19.2 

Sel. 

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

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

It ig usual to distinguish between two types of negative 
feedback, viz, voltage and current feedback. Im the former the voltage 
fed back ia proportional to the voltage developed across the amplifier 
load, whereas in the latter it is proportional to the current delivered 
to the load. Whilst these produce similar effects for a constant re- , 

Bistive load, they react in different ways to non-resistive or changing 
loads. 
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15. Voltage feedback (Parallel Feedback) 

The simplest way of achieving voltage feedback is to connect, 
in parallel with the load Ry of an amplifier, a potentiometer consisting 
of two resistors of values Ry and Ro. These resistances should be 

large so that the effective value of the load Ry is not modified, and 
they should be connected in series with a negative supply of steady 
voltage so that the mean positive potential of the anode is offset and 
the grid of the amplifier valve suitably biased. Fig. 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 Vege 

The feedback constant is given by 
‘Rp 

Ry + Rg 

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 and] is negligible compared with P » the output 

™ 
voltage depends entirely on R, and Ro and is quite independent of 

valve characteristics, supply variations, and the magnitude of Ry 
The anplification is substantially independent of the frequency of the 
sinusoidal components of the input voltage, andi negligible phase shift 
is introduced into the output. . 

The effect of the 
feedback connection on the HT 
valve performance may be 8 
considered by replacing the é 
amplifier, with feedback, 
by an equivalent valve 
amplifier without feedback, 

having the seme anode load 
but with yalve constants 
Ga, As and B, in place of 

Sas fs and Rae These are ( ALTERNATING 
defined as follows, If COMPONENT 

ONLY) 

(ALTERNATING 
y. COMPONENT 

© ONLY) - 

i,» Vg and Vp are corres~ 

ponding smali changes in 
anode current, input voltage 
and anode voltage ] 
respectively, 

> 
~VE VOLTAGE 

Fig. 358 - Voltage feedback circuit, 

Ga = ta, where anode voltage is constant ; 
—. 

8 

» Where anode current is constant; Bee 

bd 
(
 

i, = 

|
 

o*
 

» Where input voltage is constant. 

From Fig. 358, the smell change Sv, in feedback voltage is in series 

with v, so that the small change v3 in grid voltage is given by 
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Vs = Vg +PV5 os ce vecccesesvccrevecscscorecessvecee (yy 

if the anode current is constant, i, is zero and vg = = Pew 

= ~ (v, + PYQ)« 

we Yo (+ AB) = = Ar, 

ee Op ®" 90 = 
Bb > P 

1 + fs. 

If the anode voltage is constant, Vv) is zero and so, therefore, is 

Bye Hence from (4) v, = Vy, and Gy = ag = ja = Gy sesee (6) 
Vg Vi 

eRBeeetegeeeeteeecesanee (5) 

Since m= Gy Ra, P = Gy B,, and G, = G,, it follows that 

R ~~ 

a = a = J 
a & Ll o+ PP 

ees R = Re Pete HESHESOBPO RESP ORE SHEBS (7) 

1+ PP 

Hence the amplifier with valve 
constants Gy), > Ra, and with —Gmuy 4 

———)> 

a feedback factor § behaves like \ 
an amplifier without feedback (a) Ra R » 

but with constants G, _ + 7) 4 ° 
1 + 0p 

K 

and Re, = Sines 3 is 
1 + mp 

positive for negative feed- Gm vp a 
back P < pena Ra< Ry, f 

R 
both being reduced by a (b) eT Re Caf? 
factor i e 

Ll + PP l x —O 

The equivalent 
circuit is shown in Fig. 359 - Equivalent circuits 
Fig. 359 (a). for voltage feedback amplifier. 

In practice it is not possible to make the load purely 
resistive since there is always some capacitance 0,;, between the anode 

and cathode of the amplifier, The equivalent circuit, incorporating 

this capacitance, is shown in Fig. 359 (b). 

The time-constant of this circuit is Sak Ry Re . 
Rg + Ro + Mp Ry 

If, as for a pentode, Ry >> Ry, this reduces to Cox Re . 
1+G A Ry 
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This reduction in the output 
time-constant increases the 
fidelity with which sudden changes 
of input witage are reproduced Vy 
at the output. This is illust- f 
rated in Pig. 360. For example, © 
with a pentode amplifier having = = f 
G, = 4 mA/V, Rp = 25,000 2 
and 8 = 1 , the time—constant 

« 20 dq (WITH FEED BACK} 
is reduced by a factor 

1 = 

1 + 0°00 . O°1 . 25,000 it \ TIME” CONSTANT ee 
by the use of voltage feed~ 

y
 

back. To obtain this result oO” 
the amplification has been 

reduced in the same ratio. Ye CHITHOUT FEED BACK) 

In the circuit so 
far considered the feedback 
network has not discriminated 
between different frequencies. 
It is often required that feed~ ° £ 

back should occur for signals 
within some range of fre~ Fig. 360 - Effect of voltage 
quencies but not for signals feedback on response of output 
outside this range. The circuit. 
commonest instance of this 
arises when it is not necessary to consider the amplification of steady 
voltages. In this case a large blocking condenser can be introduced 
in series with the feedback potentiometer, as shown in Fig. 361 (a), 
and the negative bias for the control grid may be provided by a © 
eathode biasing circuit as indicated. This obviates the necessity 
for providing an additional negative supply voltage to offset the 
anode voltage. 

TIME-consTaNT Caf RY 

A circuit which emplifies alternating voltages without. 
feedback but which, owing to negative feedback, provides very little 
amplification of steady voltages, is illustrated in Pig. 361 (b). 
The condenser C which ia effectively in parallel with Ro for alter 
nating voltages bypasses current fluctuations so that except for 
very low frequencies the fraction ® of the output voltage which is 
fed baek to the input is mall, Also this fractionfPv, is, at high 

frequencies, in quadrature with vg. For steady voltages the fraction 
fp = Re is made large so that the amplification, 

R + Ro 

approximately 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 
this voltage is applied between terminals neither of which is at a 
fixed potential relative to earth it cannot be obtained direct from 
a generator having one terminal earthed, One method of overcoming 
the difficulty is to use a transformer, as shown in Pig. 362. 

The use of a transformer tends to introduce phase and 

trequency distortion into the input voltage, and its use may be 

avoided by arranging the circuit as shown in Fig. 363 (a). The equi- 
valent network showing how the voltages are added is given in 

Pige 363 (b). R' is the output resistance of the generator, to- 
gether with any additional series resistance which may be re sired, 
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CIRCUIT PROVIDING FEEDBACK FOR 
ALTERNATING VOLTAGES ONLY 

(@) 

NEGATIVE VOLTAGE 

CIRCUIT PROVIDING FEEDBACK AT 
LOW FREQUENCIES ONLY 

(b) 

Fig. 361 - Circuit providing 
feedback (a) ‘for alternating 
voltages only and (b) at low 
frequencies only. 

The voltage v, developed across R 

=
 

S
E
 

at
l 

& 

Fig. 362 - Voltage feedback: 
Transformer input cirenit. 

HT 

Vo 
ALTERNATING 

COMPONENT ONLY 

te 
{b) 

Fig, 363 - Voltage feedback: 
adding network, 

and applied between grid and cathode 

(See Chap. 2 Sec, 12 ). 

1 , this reduces to 

is given by 

z+ Yo 
v at 

re ar 

If we writel +1. = 
R! Ry Ro 

vi = v' Ry Ro 

R' (Ry + Ro) 

= Vs + BY o3 

where Pp = Rg > 
Ry + Ro 

ce
 

a
 

Vo 2, 

Ry + Ro 

a
n
y
 

use of
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t 

and Ys = v Ry Ro 

R' (R, + Bp) 

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

16, Grrent Feedback (Series Feedback) 

To provide negative feedback proportional to the output 
current it ia ususel to include:a resistor in the cathode circuit of 
the velve ag in Fig. 364 (a). An increase of current through the 
resistor Rp resulting fram a rise of grid voltage causes the cathode 
voltage also to rise, The effective input voltage developed between 
the -grid and cathode is there~ 
fore reduced, i.¢., the resistor 
gives rise to negative feedback, —OHT 

As for voltage feed= A ro 
back we shall consider the Y%  onty mTERNATING 
effect of the feedback arrange~ “0 COMPONENTS OF 

. .f VOLTACE ARE 

ment in terms of the equivalent 

amplifier having the same anode 
load and input and output 
voltages, but with valve con- 
stents G, AX, and Ras 

-- =O 

The feedback fraction j | 
f» is given by % 

pr ft. 
Ry + Re Oo 

Let ig, Vv, and % represent 

corresponding small changes in Fig. 364 - Current feedback 
anode current, input voltage, amplifier, 
and anode-oathode voltage res- 
pectively, The feedback volt— 
age Vp is then equal to Rp i,, so that the voltage vi developed 

between grid and cathode ia given by 

Va = Y, - Ve 

= Vg 7 Rp in PHCSHHHETEH AHSCT SETHRHHOTE SESE (8) 

If the anode-cathode witage is constant, Vv, is zero and i, = G, V5 

= Gv, ~ Bp 44) .... from (8). 

Hence i, (1 + G Rp) = G v, 

and G,'= ta = 

Ve 1+G, Rp 
POSH HSSSET HE SHEERS AeeHTEORE (9) 
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If the anode current is constant, i, ig zero and so, therefore, is 
Vee Hence, 

fron (8), v, = v,; and & =-‘o =~ Yo i ee (10) 
Vs Vi 

Re me, 
RG} i 

i.e. Ro = Ra (i + G, Rp) SCH HFSES OHO S HOHEHHeHHASO SH SCETESE (12) 

Hence the amplifier with valve constants G,, —P and. R, and with a 

feedback resistor Rp behaves like an amplifier without feedback but 

with constants —_Gn sR, (1 4G, R a ——— » a Gy Re) 
L+ Gq Rp 

Gn < Gy and ER, > Rg; the one being reduced, and the other increased, 

by the factor (1+ G, Rp). The equivalent cirewit is shown in 
Pige 364 (bd). 

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 voltagese These 
will be denoted by v\, avo and xvg respectively, Prom Fig. 36L(b) 

we obtain 

R 
Vo = Sf + Re * (= av,) 

Ry (1 + G Rp) + By + Re ys 

= Ry + Re . (~ /¥,) 

Rg + PR, + Rg + Re 

= ¢ + Fe ( - Ay,). 

R + Rg + (+1) Re 

Provided p is large so that P®e is much greater than the other terms 

in the denaninator, we have 

va Rg + Rp 
° ° (- a) 

Re A J 

=-%s , 
P , 

Hence m = Yo = - L CO omen aoa over eresosedeseserors (12) 

Vg ° Pp 

Since 4Vv, = R¢ Yo 
Ry + Re. 

(L - B Vl -seesseccccecsvcceveccevcccssece (13) 
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we deduce that 

avo = - (#8). 

Vg P 

Sinilarly, K%o = “BY, 

be p(T a P ) 

80 that 

vv e 

Re = 1 CRISTAE CHROME CES HE HES HEOSFSOREH OUEST ES (14) 

In the case of current feedback the inerease in the output 
resistance of the valve, and hence in the output resistance of the 
amplifier, increases the effect of stray capacitance in paralid with 
the anode load. The increase in the output time-constant can be off- 
set by the addition of a suitabie capacitance in parallel with Rp, 
thereby increasing the high-frequency response. 

Where the eaplifier has a choke load instead of a resistor, 
as, for instance, in a circuit for producing magnetic deflection 

currents for a CRE, the increase in the output resistance of the 
valve due to current feedback i6 an advantage since it reduces the 
time-constant of the output circuit. 

In the above 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 amplification is reduced. Also the current through 
the cathode feedback resistor consists of screen,as well as anode, 

currente If the variations in screen current are neglected the 
effect will be the sazie as if the resistor Rp 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 using special 
heater windings carefully insulated from earth, 

17. Bias for Feedback Amplifiers 

Where no blocking condenser is inserted in the feedback 
network, an amplifier employing negative voltage feedback nomally 
requires a large negative bias to offset the positive potential at the 
anode. This may be provided either by a separate negative supply 
or by means of a cathode bias resistor, suitably deooupled, 

e 

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

The steady voltage developed by the direct current of the 
valve through the cathode feedback resistor automatically provides a 
bias voltage for a current feedback amplifier. This bias may be just 

sufficient to ensure that the walve is operated over the desired 

portion of its dynamic characteristic, but generally is either too 

large or too mall, 
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Figs 365 (a) illustrates the case in which the mean feed~ 
bagk voltage Rp ig, where i, is the mean anode current, is just suf- 

ficient to provide the correct bias, 

Fige 365 (b) shows the use of an additional cathode bias 
resistor Ry suitably by-passed, for the case in which Re T, is not 

large enough to provide the correct ‘bias, 

L 
v 

Fig, 365 ~ Current Peedback: biasing arrangements. 

In the arrangement of Fig. 365 (c) Rp ig provides more bias 

then is necessary. A point on Rye is chosen at which the mean potential, 
i, below cathode potential, has the correct value, and the lower end 

of the grid leak is connected to this point. If the output impedance 
of the generator feeding the grid circuit is large enough to be com 
parable 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 condenser © connected to the lower 
end of the grid leak (d). The additional resistor BR is necessary to 
provide the steady voltage connection but must be of sufficiently large 
value to prevent the lower portion of Rp from being bypassed. 

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

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

Fige 366 (a) illustrates the aimple case in which voltage 
and current feedback both operate for steady as well as alternating 
voltages. The voltage Rp i, is just sufficient to offset the positive 
voltage at the grid due to the feedback potentiometer, and to provide 
the correct bias. 
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In the circuit of 

Fig. 366 (b} feedback oceurs 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. R, is 

connected to a suitable biasing 
point on Re. 

HT 

(a) * 

—_———-© HT+ 

Fig. 366 » Biasing arrangements a, 
for circuits using combined 

current and voltage feedback, a a 

"3 Rg Re 

THE CATHODE FOLLOWER r° 

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

In this type of current feedback amplifier the outptt is 
taken from the cathode circuit and there is no anode load. The output 
ia the voltage developed across the cathode load by the fluctuating 
component of the cathode ourrent, which in a triode is the same as 
tnat of the anode current. The presence of negative current feéd- 
back causes the cathode follower to have the following main properties. 

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

(2) A low output resistance. 

(3) A small input capacitance, 

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

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

Fig. 367 (b) shows an equivalent circuit for the arrange- 
ment of Fige 367 (a). From (a) we obtain vy = vy - Vo, whilst fron 

(b) 

Yo = - Rep . (- Pa) 
Rp + R, 

= = —f po vy, ~ Y)- 

a 
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1.@. Vy (Rp + Ry) = Rp Ye - Re Vo- 

Hence v, = __/u_ Fe Ys, 

Bat (ee + Re 

(Q) ( ONLY ALTERNATING 
COMPONENTS OF 

INDICATED. ) 

= 

rn 
(b) py Ry r 

Gon vp 

(c) Ra Gi, 24 b 

Pig. 367 - Cathode follower. 

Writing ps Gp Rg, and dividing numerator’ and denominator by Rg Rp, 

we obtain 

Yo ad Ga Vs @eeeesecerseneecseeeoaoe eens (15) 

1 1 
—_ + Gn -_ = 

Re ™* RE 
If Rp and R, are both much greater than 1m 2% = Vg 

Equation (15) shows thet the equivalent circuit may be 
drawn as indicated in Fig. 367 (c). Since G, is normally a few 

millismps per volt whereas Rp is several thousand ohms the output 

resistance of the cathode follower presented to the load Rp is approxi~ 
mately 1 , with a value equal to a few hundred ohms, This is very 

much less than the output resistance of a conventional emplifier, and 
is of a value suitable for matching to a cable or to an artificial line, 
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Since the output resistance of the circuit is anall, the 
time-constant due to stray 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 amplifier. 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 current if it 
is negetive-going. In the latter case the output resistance of the 
valve becomes infinite and the output time-oonstant of the circuit 
becames CRp. 

As en example, consider a triode valve operating as a 
cathode follower under the following conditions. 

Slope of dynamic characteristic = 2m/V 

Maximum value of grid-cathode voltage O volts 

Minimum value of grid-cathode voltage = -10 volts 

Maximum value of anode current = 22 mA 

Cathode feedback resistor 10 kn tt 

Assuming linearity, the minimm value of the anode current is 22 - 

2010 ma = 2 mA, For this value, the grid-cathode voltage is -10 
valts and the cathode-earth voltage is 10,000 . 0°002 = 20V. 

When the grid-cathode voltage is zero, the anode current is 22 mA and 
the cathode-earth voltage iz 10,000 . 0*022 = 220V. 

Hence the output voltage varies from 20 to 220 volts while the input 
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 cormection should be made at a point approxi- 
mately 400chms from the cathode. Since the mean anode current is 

ee = 12 mA, the bias is then ~-0*012, 400 *= ~5V. 

If in this exemple the grid voltage were allowed to exceed 
220 volts grid current would flow even if the output time-constent 
were zero. If the grid voltage were allowed to fall below 10 volts 
the valve would operate over the lower bend of the dynamic character~ 
istic and the anode current might possibly be cut off. 

The relative unimportance of Miller effect in a cathode 

follower; causing it to present a much smaller input capacitance than 

that of a similar valve in an ordinary amplifier airevit,will now be 

considered, The relevant interelectrode capacitances are shown in 

Fig. 368 (a) and the equivalent circuit is given in Fig.368 (b). 
Since the anode is at earth potential so far as alternating voltages 
are concerned, Coa 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 

yz 2WCy im sin@ + 50/ Cg + Cy(2 - im cos 0) /: 
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If the 
effective load of the 

cathode follower is 
purely resistive the 
cathode and grid 

voltages are in phase 
so that 9 =o. The 
input admittance is 
then a capacitive 

susceptance of value 

o[Cga + Coy (2 - m)| 
Consequently the’ 
effective input capa- 
citance of the cir 
cuit is eqrmal to 
Con + Cop (1 - m). 

Since m = 1, this 
nomally reduoes to 
Cone Even if the 

load impedance is 
not purely resistive, 
the maximum value 
which the input capa- 
citance can acquire 
is C.. + C... ‘gk 

The input con 
ductance, when the load 
is not purely resistive 
is given by 
wCoy imi sin @. 
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ONLY ALTERNATING 
1 COMPONENTS OF 

Q VOLTAGE ARE 
| INDICATED ) 

| —O 

Cc 
_¢ Le. £! mA 4 K 

; fe 
vs Voz muy 

| al | 
— A 

(b) 

Fig. 368 - Miller effect in a mthods 
follower, 

If the effective load is inductive, sin 9 is positive and 
the input conductance has a demping effect on the input circuit. If 
the effective load is capacitive, sin 9 is negative and the circuit is 
regenerative; this condition may give rise to continuous oscillations. 

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 coaxial cable, Such a cable is often used for carrying 

voltage pulses from one part of a radar equipment to another, 

A cathode follower circuit is also useful for driving a 

non-linear circuit, to minimise the distortion due to this non-linearity. 
A typical example of a non-linear circuit is the input circuit of an 
amplifier in which grid current flows for part of the time. The input 
resistance, i.¢., the resistance between grid and cathode of an 
amplifier, is usually of a high value, but if grid current flows, is 
considerably reduced. If an amplific: is fed from the output of a 

cathode follower the input resistance of the amplifier shunts the ovt- 

put resistance of the cathode follower (constant current circuit, 

Pigs 367 (c))+ However, since the output resistance of the cathode 

follower is usually very small, the effect when the input resistance 

of the amplifier changes from a high to a lower value is not large. 

Consequently the amount of distortion introduced by non-linearity of 

the input circuit of the amplifier is small. An additional advantage, 
under the circumstances described above, is that the cathode of the 

cathode follc-er can often be directly connected te the grid of the 

amplifier, since the steady voltage at the cathode is usually of a low 

value. If this arrangement is possible, the use of a coupling condenser 
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and grid leak resistor, usually essential in the input circuit of an 
amplifier, is avoided. If there is no coupling condenser or grid 
leak resistor, the possibly undesirable effects of slide~back bias dus 
to grid current are avoided. Another common instance of the use of 
a cathode follower to avoid distortion due to a non-linear load 
arises 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 capacitance a cathode follower 
is particularly useful, The output from the amplifier is taken to 
the input circuit of the cathode follower, and the output of the 
cathode follower is fed to the load, The mall input capacitance of 
the cathode follower is in shunt with the output of the amplifier so 
that the time-constent is small and the potential of the anode of the 
amplifier (and of the grid of the cathode follower) can change rapidly, 

The output resistance of the cathode follower is in shunt 
with the input capacitance of the load, so that the output time-constant 
also is small and the load voltage can change rapidly. A cathode 
follower used in this way may be regarded as an impedance transformer, 

i.@s, the input circuit presents a high impedance whilst the output 
eircuit 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 potential, 
it is possible to connect the grid of the cathode follower directly to 
a point at a high positive potential, without causing grid current to 
flow. This means that the use of a coupling condenser and grid leak 
resistor may be avoided, A cathode follower may, therefore, be 
connected across a circuit, the operation of which would be upset by 
a resistive loading. For exemple, suppose that a condenser is charged 
through a constant-current device so that the voltage across the con- 
denser rises linearly with time, If there is resistance in parallel 
with the condenser this linearity is affected. A direct-coupled 
cathode follower may be used to transfer the linear voltage change 

acréss the condenser to another part of the circuit, since it does not 

appreciably shunt the condenser with resistance; (Fige 369). 

HT, © 
CONSTANT 
CURRENT 
DEVICE 

DEFLECTING PLATES 

"E 
OUTPUT 

| 
a 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 

slider of a potentiometer (Fig. 370) varies linearly with the position 
of the slider, This cannot havopen if there is shunt resistance between 

the slider and one or other of the ends of the potentiometer. If, 
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however, the slider is directly coupled to the grid of a cathode 
follower, the voltage of the cathode of this valve varies linearly 
with the position of the slider on the potentiometer. In Fig. 370 
the cathode of the cathode follower is show to be directly connected 
‘to a deflecting plate of a cathode ray tube. This arrangement makes 
it possible to apply to the deflector plate a shift potential which 
varies linearly with the position of the slider on the potentiometer, 

20, THE CATHODE INPUT (OR GROUNDED GRID) AMPLIFIER 

The Cathode Input Amplifier is complementary to the 

cathode follower and is, therefore, considered at this point. An 
importent feature of this circuit is its low input resistance, which 
makes it suitable for terminating a long cable to which it may be 
matched, The seme property makes the circuit useful as an RF 
amplifier, since it helps to prevent regeneration. The circuit has 
the comparatively high output resistance of a normal amplifier. 

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

This circuit differs 
from that of a normal amplifier 

- in that the negative HT supply ONLY ALTERNATING COMPONENTS 
lead is connected to the grid of  . OF VOLTAGE AND CURRENT 

the valve instead of to the cathode “* "DIC*TE? 
so that the anode current flows 
through the input circuit, The @) 
grid is normally earthed, and the 
input voltage is applied to the 
cathode, The anode and cathode vi | 

voltages are in phase, since when | 

the cathode voltage is reduced the = : as 

ourrent through the valve increases > 
and the anode voltage falls also. 

Fig. 371 (b) shows an 
equivalent circuit. The result- (b) 

’ ant EM? in the circuit is 
~ (+1) v, so that the output 
voltage developed across Ry is 

given by 
Vo ss Ry (A > 1) vy 

R, + Ry 

ah 

and the amplification by (©) x I i A 

m= Yo = - (# * 1) Ry %| CoA E 

v i R, + R | a f ~ 

The amplification is slightly 
greater than that due to a normal Pig, 371 - Cathode input 

amplifier using the same valve amplifier, 

and anode load. 

The alternating component i, of the anode current is given 

b 
7 ig = +1) %i_ 

Rg +.B 
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Since this current flows through the input circuit, in phase with v;, 

the input resistance R, of the amplifier is given by 

R, = 4 = Pete 

4 q Mtl * 

if a> Ry and fiw. this reduces to 

R= a 
1, 

Gm 

The input circuit of a cathode input amplifier contributes 
towards the output power, the fraction supplied being 7 of the power 

derived fron the HT supply. This mkes the circuit particularly 
useful as a power amplifier, 

Miller effect is of little importance since it occurs 
through feedback via C,,, and this capacitance is usually very sml1l, . 

(Fig. 371 (c)). This fact embles triodes to be used without 
neutralising, Since the input resistance of the amplifier in any 

case is small, the current fed back from the output circuit via C,, 

must be very large before regeneration occurs, 

PARAPHASE AMPLIFIERS 

21, Goneral 

The purpose of a Para- 
phase Amplifier is to amplify an 

unbalanced input voltage so as to PRIMARY SECONDARY 
produce a balanced output (See 
Chap, 3 Sec 1), This could be 
accomplished by means of a trans- 

INPUT 

| 7 

Vv 

former with the primary winding BALANCED 
earthed at one end and the OUTPUT 
secondary winding earthed at 
its electrical centre, as J 
illustrated in Fig, 372, Sines 
the design of transformers for 
undistorted pulse amplification 
is complicated the employment of 
a@ paraphase amplifier is nonmmlly Fig. 372 - Trensfomer 
preferable, Single-valve and used for parapmse 
twoe-valve amplifiers are operation, 
described, 

22, Single-Valve Paraphase Amplifiers 

The simplest type of paraphhse amplifier employs a single 
valve, the input for which is a fraction 2 of the available applied 
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voltage, This _ 
fraction is amplified Re 

jm| times, and inverted, 
so that the output a 
voltage is equal to | r—F 8 
the applied voltage 
and of opposite 

polarity, Fig. 373 
shows the circuit 
arrangement, 

The potentioneter 
formed by Ry and R, 

provides the fraction 

ae ss of the Fig. 373 + Simple one-valve paraphase 
R + Ro amplifier, 

applied voltage Vue 

The condensers © and Cc elimimte the steady components applied and 

oupat voltages respectively, so that both v, and v, have a mean velue 

zero and Vo =~ Vas 

Distortion of the input voltage due to input capacitance 
C, my be minimised. by adding capacitance between the grid and the 

point P’ (Fig, 373) so that the time-constants of both portions af ths 

potentiometer are eqwil, 

One disadvantage 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 m+ 
linear and stable by introduding negative feedback, The simplest 
way of achieving this is by the introduction of a resistor Rp in the 

cathode circuit (Fig. 374). If a pentode is used in this circvit, 
the inequality between corresponding changes of anode and cathode 
currents mikes the balance dependent on the mtio between these currents 
being constant, A triode cannot always be used, in place of the 
pentode, owing to the larger input capacitance due to Miller effect. 
Consequently it is advantageous to use voltage feedback, In the 
circnit shown in Fig. 375, the voltage feedback is introduced by means 
of a potentiometer, consisting of the resistors Ry andR,, The 

fraction of the input voltage which is actually applied to the valve 

is determined by the relative values of the resistors R' and Rye it 

is found that provided the mtio z is amall and the amplification 

Pa 

of the valve circuit is large then paraphase amplification is obtained 

when Ef = Ry.
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o—l 7 OP 
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i | 
°. . t °) 

s ¥ 

Fig. 37h - Paraphase amplifier Fig, 375 = Paraphase amplifier 
with current feedback, using voltage feedback, 

eX Analysis 

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

Vs = Vg *PY, 

Ro 
where p = 

RB, +R, 
vt RO 

ve = RL Zz yt RX p ’ 

R (By + Ro) Rt 

Bg and Ry = ° 
BR. + pr 
g 

In this case we ‘want Yo =e vv. 

Then, since v = mv,,.where m is the amplification of the valve (with- 
° 

out feedback), 

vy, =m (*,-f¥*) 

ieee Vom (SAE pv) 

=m v' (= - 2). 
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Hence FLoi = Ls where m is negative. 
Rt mp 

Provided ~ mB is very large, Ry 4= 1 for the output to be correctly 
RF ° 

balanced. f is large provided R; end R' are small compared with RL» 
80 that the condition RQ = R' holds if the amplification is large and 
Ry is snall. 

Rg 

4n alternative method of obtaining a paraphase output, 
using & single valve,depends on the fact that in a valve with purely 
resistive anode and cathode loads the anode and cathode potentials 
vary in opposite phase, In the circuit shown in Pige 376 the anode and 
cathode loads are equal in value. In the absence of grid current 
flow, changes in valve current due to changes of input voltage produce 
equal voltage changes across the two equal loads. A paraphase output 
is, therefore, developed between the anode and cathode of the valve, 

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

Since the potential 
change at the cathode cannot 
be greater than the change at 
the input, and is equal and 3 

Ry 

o 

opposite to the potential change 

at the anode, the overall 
emplification 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 time-—constants 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. 

«
t
H
 

. Fige 376 shows the valve as 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~anode interelectrode capacitance, is not large since the ampli- 
fication is small, so that, like the cathode follower, the circuit 
has a small input capacitance. If a pentode ig used the resistance 
of the cathode load has to be made somewhat smaller than that 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. 

HEH 
Analysis 

The results (12), (13) and (14) of Sec. 16 give approximate 
values for the amplification of the circuit of Fig. 376 if Ry is made 
equal to Rp. This makes ped so that m4 «2, The analysis of 3 ° 

Sec, 16 gives the exact value as 
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Mam Al aR / » 80 that the amplification 

Ra + (fv + 2) By 

produced at each output is 

£2 Fe . 
Ra + (f+ 2) Ry 

23._Two-Valve Paraphase Amplifiers _ 

. In the single-valve paraphase amplifiers described in 
Sec, 22, the valve 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 be used 
as desoribed below, 

The most obvious 
manner in which two valves 
may be used is by introduo- 
ing, before the clroult of 
Pige 373, @ Single atage of 
amplification. This 
arrengment gives the olr= 
cult shown in Pig. 377. 
Tt is normal, though not 

4 

—O HT 

essential, for the valuss 
of the anode load and of 
the mutual conductance of 
the seoond valve to be the 
sane as those of the first F 
valve, Then, as show in 
Seo. 22 in reference to 

Fige 373, the condition Fig, 377 - Simple two-valve para- 
for a perephase output is phase amplifier, 

Brg so), 
1 * 

where m is the amplification of each valve clrovwit. Each of the 
amplifying stages introauoes distortion as a result of the non-linearity 
of the valve characteristios end as a result of interelectrode and 
stray capacitances, However, though the first stage may give as its 
output a distorted version of the input voltage, it is distortion 
introduced by the second stage which prevents perfeot paraphase. The 
distortion introduced and the dependence of the clrouit on valve 
characteristics can, of course, be reduced by using negative feedback 
din each of the epplifying stages. A condenser may also be introduced 
dn parallel with resistor R) in order to avoid the distortion which 
would otherwise be introduced by the input capacitance of the .second 
valve, as explained in Sec. 22. 

An smplifying stage may alao be introduced before the 
eirouit of Fig. 375. Thia type of circuit is often kom as the 
Floating Paraphase Amplifier, and is shown in Fig, 378. This first 
stage can be considered as a normel smplifier, though its amplification 
is modified by the network of resistors R', Rg and Ry, the input 
resistence af which is in parallel with the load resistor, This effect 
“ds negligible provided the input resistance of the network is large — 
compared with the load resistance, In the second amplifier stage, 
the variations of potential of the point 0 provide the input voltage 

to the second valve, and these variations depend on the changes in 
potentisl at the anodes 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 
voltage to the second 
valve. In this arrangement 
the output from the second 

valve is less than that 

from the first valve by 
just that amount necessary 

to produce at the point 
0 variation which, after 
amplification, give the output from the second valve, As in the case 
discussed in Sec, 22, provided Rl] is snall, and the amplification of 

: R 
& 

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= 
istics, and produces little distortion. 

Pig. 378 ~ Floating pare phase 
amplifier, 

The conditions for exact paraphase working are the same aa 
those given in Sec. 22 for the circuit of Pigs 375. 

_ A further method of obtaining a parapliase ‘output voltage 
is provided by the Cathode Inversion Circuit (or cathode-ooupled para~ 
phase amplifier) shown in Fig. 379 (a). It consists of two valves 
coupléd together by the common cathode resistor Rs, which is uaually 
of several. 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 that in thé absence of any applied 
voltage the valves are both biased in Class A. The anode load 

resistors R, and > are usually made equal, The input voltage is 
applied between the grid of the first valve and sarth, and the 
potential of the other grid is maintained constant, in this case at 
earth potential. 

Initially, if there 1s no applied voltage, both valves are 
biased by an amount equal to the difference between -V and the volt- 
age developed across R5 by the flow of the combined valve currents. 

Consider an actual circuit with R5 = 5 kn, and the 
slope of the dynamic characteristic of each valve equal to 1 mA/volt. 
An increase of one mA through R5 raises the potential of K by 5 volts, 
decreasing the cathode current of valve 2 by 5 mA, This must be 

accompanied by an increase of 6 mA in valve 1, due to an increase of 
6 volts between its grid and cathode, and therefore of 11 volts 
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 unbalanced in this ratio. The larger the value 
of Re the more nearly balanced are the output voltages; at the same 

time the voltage -V must be made more negative so that the mean valve 

current is unchenged, 

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

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

Instead of the lower end of R5 being connected to a negative 

potential, bias may be provided for the grids by connecting them to a 
source of constant positive potential. 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 amplification of the 
circuit is approximately the 
same as thet for a single 
valve of the same type with 

the same anode load 

(Ry = Rg). 

The equivalent 
circuit for Fig. 379 (a) is 

_.shown at (b). In this 
eirouit v, = 1Vy - 2¥4> 

where Vv, is, the applied 

witage and 4vi, gv, the 

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

and gV, are the alter- _ . 
nating components of the Fig. 379 ter parapha se 

output voltages measured 
between the anodes and 
earths 

Analysis shows that the condition for true paraphase workin, 
assuming that the valves have identical characteristics, is 

Provided f- >> land R, © Ro, this gives 

e R: 

Gm Ss 

Hence good paraphase working with Ry = Ro is possible only if G, R>> l. 

On putting Ry = Ro in the expressions for 1%o and 2Vp it may 

be shown that the overall emplificationm= 1% - 2% ._ Ry 
Vg Ry + Ry 

ag it would be for a single valve with the seme cheracteristics and 
the same anode load as used for either valve in the paraphase circuit. 

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

transformation (Chap.1, Sec.13) to the network formed by Ry, and R,, 
the equivalent network formed by Rg, Ry, and Rg is obtained (Fig, 381). 

O HT 

INPUT 

Fig. 380 - Cathode-coupled para~ Fig. 381 ~ Cathode-couplied para~ 
phase amplifier with current phase amplifier with current 
feedback (Y-network). feedback (V -network). 

The relations between these networks may be written :- 

Rge= Bz By + Ry Re + Bs Rs 
Rs >, 

R= By Ry * By By + 85 Bs 
Ry 

’ 

ond R= By Ry + Ry R5 + Ry Ry 
R 3 

This is a practical variant of the cathode inversion circuit. 

In practice the presence of stray capacitance across the 
output terminals, and from each anode to earth, affects the rapidity 
of response of the amplifier to rapidly changing input voltages. 
The output impedance of the circuit is camparable in magnitude with 
that of a normal amplifier using a valve 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 a 
paraphase voltage change to a pair of deflecting plates of a cathode 
ray tube, and the output of the circuit osn be taken direct to the 
plates without the inclusion of coupling condensers. In this case 
paraphase shift potentials can be obtained 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 at 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 Ry, variation of the resistance 
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causes changes of potential in the same direction at the anodes of 
both valves. The variable resistor may, therefore, be used as a control 
to correct astignatic distortion of the cathode ray tube, If this 
cathode inversion cirmit is used to provide shift voltages and cor~ 
rection for astigmatic distortion, the potential of the final anode of 
the cathode ray tube should normally be about the same as the mean 
potential of the anodes of the two valves. 

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

Suppose that 
separate input voltages ~---p--- 
are applied to the grids [| 
of the two valves. 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 TTT YT. EATHOBE POTENTIAL OF BOTH VALVES 
the cathode is proportion- | 1 

| al to the sum of the two ~--+----}-- 

Snpub voltages: | oe | | ANODE POTENTIAL OF FIRST VALVE 

losds are equal and that 
the two valves have 1 
similar characteristics. 1 

The cathode _ ANODE POTENTIAL OF SECOND VALVE 

inversion cirouit is 
often used to provide a 1 
paraphase output con~ 
sisting of the result 
of adding two separate Pig. 362 - Use of a cathode~coupled 

input pulses occurring paraphase circuit 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 HIGH FREQUENCIES 

24, General 

Amplifier and oscillator circuits employing negative~grid 
valves operate efficiently at frequencies up to a few hundreds of 
megacycles, As the frequency is increased efficient operation is 
more difficult to obtain. At frequencies 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 and special valves (i.e. Magnetrons 
and Klystrons) ere normally used as oscillators. 

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

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

(41) 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 instant, owing to the finite transit time, 

a difference in the number of electrons approaching and receding from 

the grid of the amplifier valve, The electrons forming the valve 
current at any instant induce a positive charge on the grid, If the 
grid voltage is increasing there is an excess of electrons approaching 
the grid, causing 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 receding 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 maximum grid voltage. The grid current leads the 

applied grid voltage by approximately 90° and there is practically no 
loss of power in the input circuit. There is however, a mall 
increase in the grid-cathode capacitance in the valve when a signal 
is applied to the grid; this is unlikely to be of practical import- 
ances At higher frequencies of operation the phase angle between 

the applied voltage and grid current is reduced, since there is an 
appreciable 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 :~- 

Ve = v5 sinwt. 
& 

IfT, = transit time of the cathode-grid space andT , = transit time 

of the grid-anode space the current flowing towards the grid is given 
by s- 

iy = Sm ¥, sin w(t-T,), 

while the current flowing from the grid is given by 

do = Sn vy ainw (t-T, - T,). 

Consequently ean alternating grid current flows given by :- 

Ta 
“A 

i - i, = 2 Sm %g cos w(t- T,- 52) sinw a 
1 

oo. TT T 
= 2 Sn %g sinw -= (coswt cos w (Ty, + =) 

+ sinwt.sinw(Ty + =f). 

The magnitude of the component of current in phase with 

v_is given by s~ 

$= 2% % sin OTa sin w (Ty, + 78 
2
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Whilst that of the current in quadrature with Vg is given by :- 

T= 2G 4 sin WTa cos w (Ty + 18} ° os RTP) 
If the ratio of each transit time to the period of operation is small 
ices ifwT, andwT, are small 

a» . ° 2 
ip SG, Ys w2 (T, Tx + 3) 

A 4 A 
and i, = Gm Y¥gw,T, . 

Hence the input resistance R, is given by :~ 

Ry i 
GS o2T, Te + Té) 

2 

and the increased input ccpacitanoe whethe amplifier is operating is 
given by :- 

Cy = G, Tae 

The transit times are dependent on the linear dimensions of the valve 

and on the grid and anode voltages. The loss of power at the grid is 
used in increasing the mean electron velocity and appears as heat at 
the anode. The increase in input capacitance is small and can 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. 

Consider the case of an smplifier circuit, the valve of 
which ig a CVLOS1. The values of Ry at different frequencies are 

100 ,000ohns at 10 Mc/s 

4,,000chn, at 50 Mo/s 

2500ms at 200 Mc/s. 

Thus if the dynamic resistance of the input tuned circuit is, say, 
100k thé damping introduced is moderate at 10 Mc/s but prohibitive 
at 200 Mc/s unless special measures are taken. Hence, while damping 
of the input circuit is negligible at low frequencies it is consider~ 

able at frequencies above about 50 Mc/s. 

Input damping can be reduced by decreasing the transit 
times; i.e. by reducing the spacing of the electrodes of the vaive, 
The electrode areas must also be reduced so that the interelectrode 
capacitances of the valves are not increased, Extremely small 
spacing is the main criterion of Acorn valves, but the percentage of 
rejects in manufacture is high, and other valves (CV1091 and CV1065) 
with ravner larger spacing are in general use. The grid-cathode 

transit time can be reduced by increasing the effective voltage at the 
grid. This means, however, that in order to maintain space-charge 
limitation, the emission density of the cathode must be highs 
Analysis shows that the cathode emission density required to ensure 
apace charge limitation for.a given ratio of transit time to operating 

period is proportional to the cube of the operating frequency. 
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Typicel figures are as follows :- 

If the transit time of the grid-cathode space must not be greater than 
a quarter of the operating period, then for a grid~cathode spacing of 
lom. the minimum current densities required et various frequencies are 

2x 106 A/sq ca at 10 Mc/s 

250 x 1076 A/sq an at 50 Me/s 

0-016 A/sq om at 200 Mc/s 

2 A/s.em at 1000 Mc/s. 

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

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

26. Circuit Limitations 

(i) Frequency Limitation 

The values of the interelectrode capacitances and of 
the inductance of the internal leads of a valve operating as an oscil- 
lator fix the upper limit of frequency. If, however, the valve leads 
form part of a 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 
circuit formed by the line and the interelectrode capacitance is given 

by 

tan 2nlf . 1 See Chap. i. Seo. 14 
'e¢ 2nfrG BR for the effective 

inductance Ly se 

where o = 3x 10 10 amns/seo 

OC = interelectrode capacitance 

Ro = characteristic resistance of ths line. 

Por a given frequency f the permissible length of the line 

can be increased by decreasing R.. Hence a valve designed for use 

with coaxial lines (which are of low characteristic impedance), and 
whose electrodes and leads inside the envelope are integral parts of 

the lines, can be used for operation at very high frequencies. 

In an oscillator the maintenance of continuous oscillations 
depends on the transference of energy fran some source of power to a 

tuned circuit, In the case of a parallel tuned circuit fed with 

energy from a parallel negative-resistance source, the dynamic resist- 

ance of the tuned circuit must be greater than the magnitude of the 

negative resistance for oscillations to build up. The dynamic 
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resistance ae » Where R is the series resistance of the coil L, may be 

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

interelectrode and other unavoidable capacitances, 

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

demping resistance, the Q of the total parallel circuit may be written 

= fe: 

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

to make the circuit sufficiently selective. 

(44) Input damping 

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

damping of the input circuit. 

This inductive reactance in the cathode lead introduces 
feedback and modifies both input and output characteristics of the 
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. 

Fige 383 shows the input circuit of an amplifier. An 
external voltage v, = v5 sinwt is applied to the grid, and a voltage 

vy, is developed across the cathode-lead inductance ly. The cathode 

current is the sum of i; and i,, where i is the current through the 

grid-cathode capacitance C andi, 28 the space current of the valve. 

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

i = Gy V4 * 

It follows from the figure, that 

Vg = Vir Vy 5 

hence v, = vy + J@L(i, + Gp v4) 

or Vg = -jia dy Gy ddy, . 

Smog 7 eh - es 
Lee, 

ie Fig. 383 ~ Effect of Cathode 

* 5G i G+ J @2LC ~ 7. Lead Inductance. 
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Therefore the input admittance of the amplifier is given by 

4g oc Gi &-j @ 1c-1¥7 
Vs GL Ga)¥ + Cw2tc - 1)% 

Provided the operating frequency is not too high, then 

w2 Le «K1 

and the real part of the admittance (i.e., the conductance &,,) is 

given. by 
Gy S Gwe LO, 

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

a 
G,w2 Le 

The input conductance + is proportional to the mrtual 
R K 

condustance and the square of the frequency just as the input con- 
dustanoe which results from transit time. The two effects are of she 
seme order of magnitude, and the separation of the two oauses is 
difficult. 

Suppose, for exemple, that G, = 5 mifvolt, C = 5 pF and L = 0°05 Aull, 

and the frequency of operation f is such that 

we lic«1 

and.wh G, «1. 

o? LO Se 1 if f t= 300 Mc/s andwL.G, ‘te 1 if f = 4000 Mo/e 7 
s « G, s 

take f = 50 Mc/s, 

Then the value of Ry = 1 39 

, Q-005 . (2%. 50 106)2, 4.05.10. 5.10 

= 8000. ohms. 

Since the pinch construction of supporting electrode leads 

in valves involves long leads, so that Lis large, a decided decrease 

of input conductance is obtained if such a construction is replaced 

by short straight electrode leads mounted in @ flat disc of glasses 

This latter type of base construction iz used in the C¥lO91l. A 

marked decrease of effective oathode lead inductance is obtained if 

such a lead consists of multiple wires in parallel as in the 0/1136. 
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