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CHAPTER 8 

VALVE_OSCLLLATORS 

INTRODUCTION 

4- Uses of Valve Oscillators 

Oscillators are required in radar for use in many cifferent +38 
of circuits, to generate at frequencies which vary fram about 4 o/s 
in low-frequency switching circuits, tc upwards c? 10,000 Mo/s, 7. - 
equipments. Low frequencies are usually generated by relaxation 
oscillators, such as multivibrators or blocking mscillators. 2x. 
frequency generators, frou a few ko/s to 50 Mc/s, emolry tuned cir °°, 

usually of the "lumped" L-C type, with conventions’ valves. F-.. 
50-500 Mc/s specially constructed triodes and pentodes are used, the 
tuned clrouits usually taking the form of lecher lines cr tuned 
lengths of coaxial cable; otherwise the circuit designs are essentially 

the same as for lower-frequemey generators, Above 5CO Mc/s, novel 
valves which succeed because of transit-time effects, such as Magnetrons 
and Velocity-iodulated tubes of the Klystron type, replace valves of 
conventional design; tuned circuits, frequently in the form of cavity 

resonators, ere wholly or partly tWwilt into such valves, 

although this chapter considers the action of valve 
oscillators mainly from the aspect of CW operation, the results quoted 
are generally still apylicable when the oscillator is used as a trans- 
mitter in a pulee radar systei, The times taken for the RF pulse to 
build up and to die away are usually small coupared with the interval 

during which steady oscillations are produced, so that analyses based 
on CW operation are justified. The shape nd duration of the 
oscillator pulse has, hewever, ¢ very important bearing on receiver 
desisn, A harmonic analysis of the pulse reveals that a certain 
number of frequency components must be handled adequately by the 
oscillator output circuits if a good pulse shape is to be produced. 

The bandwidth involved is tered the Frequency Spread, For exemple 
al microsecond pulse would in practice have a frequency spread of at 
Least 2Me/s, This would be divinished if the pulse duration were 
increased, (See Chap. 16 Sec. 2). 

Although the modulating pulse hes an iuportcont bearing on the 
frequacy spread, other considerations, such as a poor rotating joint 
in the Coupling clreuit from transmitter to aerial, may also materially 

affect the output pulse shave. It is now general practice to examine 
the RF spectrum by means of a spectrum analyser, which is a super~ 
heterodyne receiver whose local oscillator frequency is swept in 
synchronism with a CRO time basee The detected signals are fed on to 
the Y=plates to produce an amplitude-frequency spectrum of the 

components in the RP pulse, 

2, Fundamental Requirements of a Valve Oscillator 

Valve oscillators may generally be regarded as consisting 
of four component partsi= 

(4) A source of energy. 

(441) A time-conscious circuit or frequency control device. 

(iii) A synchronous energy-feeding device. 

(iv) A load. 

(4) is usually a DC power supply. 
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Chap.&, Sect.3 

(ii) may be @ resonant circuit or similar frequency-conscious 
device, such as a pliezemelectric crystal or a phase= 
discriminating network. The time-conscious elements of 
& relaxation oscillator are of a different type, and these 
are dealt with in Chap. 10. 

(iii) is normally a valve amplifier. The resonant circuit or 
other frequency-conscieus device (ii) and the load (iv) 
dissipate energy, which must be previded for by an 

equivalent supply of energy frem the power source (i). 

Singe (i) is a DC source and (ij) and (iv) constitute an AC load 
the power from (i) must be supplied at apprepriate times, not only 
at the right frequency, but in the right phase with respect to 

sucdessive eycles ef oscillation. (This action corresponds closely 
te that of the escapement of a watch). The lead, (iv) is an 

integral part ef the oscillator and, in general, variations in its 
impedance will affect beth frequency and amplitude ef oscillations. 
Oscillaters should therefore be designed se that the loai is as 
Little as possible affected by changes in the input impedance of 
any succeeding stage er ether device. This can frequently be 
accomplished by inserting seme form ef buffer stage between the 
escillator lead and the output terminals. When this is done, 
chinges in loading ef the circuit as a whole affect the buffer stage 
only and de net disturb the loading ef the oscillater to any apprec- 
dable extent. On the other hand, cases arise where the load is fed 
frem the walve amplifier of the oscillater either directly er by 
coupling te the tuned circuit, 

‘3. Conditions fer Maintenance ef Oscillations 

The theory of oscillaters is derived from tuat of their 
cempenent parts, of which the resenant properties of tuned circuits 

and the amplifying properties of valves are ef outstanding importance, 
In beth cases the theory becomes complicated unless the alternating 
cempenents ef currents and voltages are assumed sinusoidal. Fer the 
derivation of initial conditions fer self=mintenance of escillatiens, 
these assumptions are valid; and, because of the relative simplicity 
ef this methed of analysis, useful criteria can be ebtained which are 
serviceable in the design and adjustment ef practical circuits. 

Fer steady state conditiens, however, this simple theory is 
unsatisfactery for the fellewing reasens:- 

(i) All valve characteristics are non-linear, and the initial 
conditions for the maintenance ef oscillations are valid 
enly for infinitesimal oscillations. In all practical 
cases the amplitude of oscillation is finite and is deter- 
mined, among ether things, by the curvature of the valve 

characteristics. 

(ii) The curvature of the valve characterietics also necessarily 
results in distortion of the sinusoidal form ef the current 
in the oscillatery circuit, In ether words the production 

of harmeniés is a necessary condition of self-~maintained 
oscillations, and this affects the fundamental frequency of 
escillation to some extent. 

(iii) Apart from changes in the effective resistance and reactance 
eof the valve due to non-linearity ef the characteristics, 
the interelectrode capacitances, whica are included in the 

total reactances ef the system, are not constant with 
respect to either the mean electrode potentiais or the 
amplitude of the alternating voltages. 
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Chap.8, Sect.3 

These effects complicate accurate analysis, but overlooking 
them does not obscure the fundamental mature of the mechanism of 

oscillations. : 

In general, when the possibility of self-maintenance of 
oscillations is being considered in any circuit employing a negative- 
grid triode, a pnysicul capproaca is often possible without detailed 
analysis, although this may be necessary as a last resort. Toa 

first approximation the interelectrode capacitances Cpa, Cor and Coy, 
of the valve may be considered as parts of the tuned circtit or 
circuits. The valve may then be replaced by a negative resistance, 
between anode and cathode. This is equivalent to assuming that anode 
and grid voltages are antiphase. Under these circumstances the 

frequency of oscillation does not depend on reactance effects of the 
valve current, and this ig a desirable condition in most oscillators. 
When the valve is working in Class C, as in the case of power oscilla~ 
tors, the efficiency is liable to deteriorate considerably if the anti- 
phase relation is substantially departed from. In any case, if anode 
and grid potentials are separated by a phase difference of less than 
90° the valve acts as a positive resistance, and not as a generator of 

oscillations. This effect is illustrated in Pig. 384. Vectorially, 

For the valve to 

assuming sinusoidal 

IE 7G 
ia — A 

7 Gm, « 
act as a generator, 

b; the angle betwee (Q) vawve acts as +' resistance (DB) vatve ACTS AS tt RESISTANCE 

the current vector ¢ < 90° (pby < Bq) $ > 90° (phy > dg) 
i and the voltage 
vector ¥", must be 
greater $nan 90°. 
This is impossible 
either if 6m Vg < Res t.e., ifuvye<va, or if the phase difference 

variation, 

= =, a 
Sa gt Ro 

Fig. 384 =< Regeneration criteria. 

between ¥, and Ve is less than 90°, 

Valve oscillators may fre- 
quently be regarded as positive feedback 
amplifiers, and such circuits may be em- 
ployed in non-oscillatory conditions. 
A common example is the reaction amplifier 
of Fig. 385, which has essentially the 
same circuit as that of the tuned grid 
oscillator discussed in Sec.4, but in 
which the coupling between anode and grid 
Circuits is insufficient to cause self- 
maintenance of oscillations, The net 
effect is to increase the gain and 
selectivity (and the distortion) of the 
staze, without generating continuous Fig. 385 = Reaction amplifier. 
oscillations. 

Another way in which the r-g-neration of the feedback circuit 
may be regarded is illustrated in Pig. 3586. A damped oscillatory 
circuit (a) rings when a square puise is applied, as shown at (b). 
If further resistance is placed in parallel with the condenser the 
decrement is increased; (c}. If the equivalent of a negative 

resistance (regeneration, or positive feedback) is applied to the out~ 
put terminals, the decrement is reduced; (a). If sufficient positive 
feedback is provided, i.e, if the maznituwle of the negative resistance 

is small enough, stable oscillations are maintained; (e). Whilst if 
more than sufficient feedback is present the oscillations increase in 

amplitude wtil limited by the inherent non~linearity of the circuit; (f). 
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Fig. 386 ~ Effect of varying degrees of positive 
feedback on maintenance of oscillations. 

OSCILLATORS EMPLOYING MUTUAL INDUCTIVE COUPLING 

4. Tuned Grid Oscillater, Fig. 387 

R 
G oA SG A a 

[7 s M M 
ba ao Me A 
= v; t : ull; 

K « v4 
G = CONTROL GRID ; 
A = ANODE (Bb) equivacent circuit 
K © CATHODE 

(1) FUNDAMENTAL SCHEMATIC ARRANGEMENT 

if e— HU -O i} HT 
RADIO 

FREQUENCY 
CHOKE 

O 

—
-
 

(C) SERIES ANODE-FEED CIRCUIT (d) PARALLEL ANODE~FEED CIRCUIT 

Pig. 3-7 -'umed grid oscillator. 

The fundamental arrangement is shown schematically at (a), and 
the equivalent circuit at (b). Feedback 1s provided by mutual 
inductive coupling M between anode and grid circuits. It may be shown 
that oscillations are maintainable at or near the resonant frequency of 
the tuned circuit. In this case the grid circuit is approximately 
resistive. If the anode circuit is also resistive, the condition for 
self-maintenance of oscillations is given by:- 

; c 3 where Q is the selectivity-factor of the 

Wp a 
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Chap.8, Sect.5,6 

tuned circuit, Gg the slope of the dynamic characteristic of the v-ive 

and «|, = 2xf,, fp being the resonant frequency of the cuned <‘irc_i*, 
which is almost identical with f, the frequency of oscillaticus. 

This relation, and those of a similar type appliciwile ty 
other oscillators, are approximate only, ami are based on sirnuacidal 

oscillations of small amplitude under the simplest conditions. 
However, they provide an excellent guide to the modifications 
necessary to increase or decrease the likelinood of maintenance of 
oscillations. 

Series and parallel anode-feeding arrangements are shown at 
‘ {coc} and (d). 

5e Tuned Anode Oscillator, Fig. 3c8 

a Ra 
M G GO--——Mm 

, vt “py, 

Le. “ey 
(4) FUNDAMENTAL SCHEMATIC 4b) EQUIVALENT CIRCUIT 

ABR WNGEMENT 

oe KADIO-f REQUENCY CHOKE 

5 ( | TooeE—O AT 
= x | HW gd —. at a 

— 3 e ol 
ro a | 

id i 
7 _s BE 

(C) SERIES AN ME FEED CIRCLIT Gs PARALLEL ANODE FEEL CincuiT 

Fig, 383 — “™unei enone oscillator. 

The fundemental arrangement is shown at (a) and the equivalent 
circuit at (b). The condition for self-maintenance of oscillations is 
the same as that for the tuned-grid cirsuit, and the modes of 
oscillation of the two circuits are very similar. Series and parallel 

anode-feeding arrangements are shown at (c) and (d). 

6. Meissner Oscillator, Fig. 389 

The fundamental arrangement is shown schematically at (a) and 
the equivalent cireuit at (b). The condition for maintenance of 
oscillations is given approximately, in the simplest cases, by 

Ma Mg US , where Mg, My, are the mutual 
L Op O Ga 

inductances between the coil L of the oscillatory circuit and the anode 
and grid coils respectively, there being no other coupling between the 
anode and grid coils. The other symbcls are «ne same as for the tuned 

erid oscillator, 

&s in the analysis of the other circuits employing mutual 
inductive coupling, it is assumed that the sense of the coupling is 

such as to induce at the grid a voltage in pnase with the anode current. 
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(G) FUNDAMENTAL SCHEMATIC 
ARRANGEMENT (b) equivalent circuit 

CHT 

Ty 

— 
(C) PRACTICAL CIRCUIT 

Pig. 389 - Meissner oscillator. 

7. Magnetrostriction Oscillator, Fig. 390 

This circuit is closely analogous 
to the Meissner, the tuned circuit being 

replaced by a mechanically resonant rod of ORT 
magnetic material inserted as a core in 
the anode and grid coils. As the field 

due to the current in the coils alter~ 
nates sucn a rod varies in length at a 

frequency double that of the oscillator 
(assuming the rod is not polarised). 
This variation in lengtao sets up mech- 
anical oscillations whicn have a 

a 

pronounced resonance, the resonant fre- Fig, 390 - Magnetostriction 
quencies being of the order of 5=50 Ke/s oscillator. 
in practice, The frequency stability 

is very good and tne oscillator serves as a low frequency equivalent 
of the crystal controlled oscillator for use as a frequency standard 

in the supersonic range. 

OSCILLATORS EMPLOYING DIRECT COUPLING WITH A SINGLE TUNED CIRCUIT 

8. Hartley Oscillator, Fig. 391 

The fundamental arrangement is shown at (a) and the equivalent 
circuit at (b). 

Phe requirement that the phase difference between anode and 
grid voltages should be greater than 90° is clearly met in this circuit 
provided high<Q components are used, and if resistances are neglected 

the ideal antiphase relationship is assured. 

Under the simplest conditions, oscillations can be maintained 

provided fa tg 2 i where Gq, W, aml Q have their usual 
Lat Lg Wp % Gq’ 

significance, and Lg and L, are the inductances as ‘indicated (the 
mutual coupling in this ca8e is assumed to be negligible). 

Because of the large impedance presented both at the grid and 

&t the anode of the valve by the tappcd-L urrengement at frequencies 
above resonance, this oscillator usually provides a higa harmonic convent. 

Various series and parallel circuits are shown at (c) (d) and 
(e). 
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————0 HT 

«| 
(¢) 

{<) 

HT + 

al
 

(e) 

Fig. 391 ~ Hartley oscillator. 

9. Golpitts oscillator, Fig. 392. 

The fundamental arrangement is shown at (a) and the 
equivalent circuit at (b). 

4 

Fen 
i 

06 ¢ 

(CG) FUNDAMENTAL SCHEMATIC (BD) sIMPLE EQUIVALENT 
ARRANGEMENT CIRCUIT 

a HT + 

HT - SERIES-FED OSCILLATOR 7 
(d) WITH CHARACTERISTICS 

OF COLPITT CIRCUIT (C) PARALLEL ANODE-FEED CI3CUIT vy 

Pig. 392 = Colpitts escillator. 
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Chap.8, Sect.10,11 

This oscillator is analogous to the Hartley with the coils 
and condenser interchanged. It possesses good frequency stability, 
and is usable at higher frequencies than the Hartley circuit since 
stray capacitances, particularly C,, and C,,, are in parallel with 

the tuning capacitances, ani thus 3 not upset the mode of oscilla= 
tion. 

Assuming the simplest circumstances, the condition for self- 
maintenance of oscillation may be written:~ 

(Cc, +0 
Gg * wr (Ca + Og) » Where Gg,Wy, Q have their 

Q 

usual significance ani Cy and Cy are the capacitances as indicated 
in the figure. 

The output is largely free from harmonics, since the tuned 
circuit presents « low impedance at both grid and anede for 

frequencies above the fundemental resonant frequency. 

Practical circuits are shown st (c) and (d). There is no 
true series arrangement, but the circuit shown at (d) possesses the 
characteristics ef a Colpitts oscillator, although the mode of 
escillation is slightly more complex, The additional impedance sz, 
usually an R¥ choke er small resistame, is necessary to prevent 
interference from the Hartley mode of oscillation, Without it 
oscillaticns may be impossible. 

10. Dysatron Oscillator, Fig. 393 

This is the simplest 
form ef oscillixtor, requiring if 
only two coanections from the 

. | TETRODE 
valve to the tuned circuit,(a). - -g—-0A | \ Een 
It relies for its mode of oper E Z | / 

3) 

1 

ation on the negatively-sloping : 
portion ef the I, ~ V, charact- _— 
eristic ef a tetrode, (b). 
Over this region the valve acts 
as a negative resistance, and, 
provided the magnitude ef this 
resistance is less than the 
dynamic resistance of the tuned 
circuit in parallel with it, oscillations are mintained, 

— Ug 
NS DYNATRON PORTION 

Fig. 393 - Dynatron oscillator. 

ll, Transitren Oscillator, Fig. 394 

Phis type of circuit is more frequently empleyed as a relax~ 

ation oscillator or relay, and as such it is dealt with in Chap. 10. 
In essence, however, it has characteristics which are closely allied 

to those ef the dynatron oscillator, and it may be used as a generator 

of sinusoidal oscillations. 

The basis ef operation of transitron circuits ‘is discussed 

in Chap. 6 Sec. 340 

For certain values ef anode and control grid potentials an 

increase in screen voltage gives rise to an increase in suppressor 
grid voltage wich increases the anode current; this increase is 

drawn from the avallable space current, and, provided the mean 
potentials of the various electrodes ace suitably chosen, is greater 

than the increase in space current due to the rise in screen 

voltage. 
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Chap.5, sect,12 

The net result is a 
decrease in acreen 
current, so that the 
eutput resistence 
between screen and 
cathede is negative, 
(b). It may be 
econvenient te use 
the centrel grid fer 
triggering, as shown i 
at (c)., The valve ; = 
escillates while the (8) 
input pulse belds the 
grid weltage absve 

cut-eff, the frequency AA SR ARR ETH 
being almest exactly | . CONSTANT} 
that ef the tuned 
circuit, assumed te 
incerperate the para= 
llel stray capaci- po " 
tamees presént. oun ane 

After the grid ReGton OF NEGATIVE RESISTANCE 
potential falls belew 
cuteeff, escillatiens 
die out, the time 

taken depending en the 
decrement ef the 

circuit. 

Fig. 394 - Transitron 
esecillat ore 

OSCILLATORS EMPLOYING DIRECT COUPLING WITH TWIN TUNED-CIRCUITS 

12. General 

The fundamental arrangement is shown schematically in Fig. 
395(a). In such a circuit with less-free cemponents, oscillatiens 
can be generated under conditiens which make the reactance of the 
coupling cendenser Cg equal and eppesite te the reactance of the 
twe rejecter circuits cenmected in series. For high-Q circuits any 
such oscillations would be damped.eut eventually, but would occur at 

substentially the same frequemy ats in the loss-free case, 

(D) (c) 
(4) 

Pige 395 ~ Compound- oscillatory circuit. 

At the oscillation frequency either ene or beth of the tumed 

circuits must be inductive, as shown at (b) and (c) respectively. 
Phe cerresponding escillatien frequencies are then given sufficiently 

accurately by:- ae 4 
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Chap.8, Sect.12 

Fe = ‘i Sas f= 
(>) [Dyess and (c) Je.a..t \ 

2K Cy + Go aN Cy (Ly + Lg) 

(The pesitien ef the arrews in Figs. 395(b) and (c) indicates that 
beth ef the series components of the impedence, the resistance and 
the reactance, are varied by adjustment ef the cerresponding tuned 
circuit ef Pig. 395(a)}. 

By suite 
ably connecting 
valve amplifiers 
to the netw rks 
of Fig. 395 the 
escillations can 
be maintained. 
Figs. 396(a) and- 
(b) show the types 
ef vectorial 

relations one of 

CAPACITIVE 

A 

74 
CRY GENERATIVE) ony / 

K 

INDUCTIVE 

PURELY 4 CAPACITIVE 
CAPACITIVE 

PURELY 

‘a) i (b) G a 

INDUCTIVE 

(REGENERATIVE) 

K 

INDUCTIVE 

t 
G which must apply 

te these circuits 
te permit a 

phase difference . . 
between anode and Fiz. 396 ~ Twin circuit oscillator: 

grid potentials vector diagram. 
' pelative to 
cathode ef greater than 908. The valve, acting as a generater 

between anode and cathode, saskes the combined resistive component of 
the anede-cathode circuit negative; this is indicated in the vecter 
diagrams by the werd (Regenerati Sy 

T= CIPCULATING CURRENT IN MAIN CIPCUIT OF FIG. (Db) OR (C) 
[AYG MUST BE GREATER THAN 90° 

Jt fellows that there are two arrangements ef Pig. 395(a) 
which conform to Pig, 396(a) and one which cenforms to Fig. 396(b); 
these are illustrated as equivmlent cixcuits in Fig. 397(a), (b) and 
(c) respectively, They are classified as shown, according to the 
electreds which is coumon to the two tuned circuits, 

The ceamen cathode circuit is less useful then the others 

ap, 
uy 

A ~~ ~~ 
A a S K G i}-— K G a A 

Cgk u; Cga a 

i Re a 

Sak 
Wadi 

uy { 

q A HME K 

G (2) COMMON CATHODE COMMON ANODE (Cc) 
OSCILLATOR OSCILLATOR 

(GQ) comMmMon-GRiD 
OSCILLATOR 

Fig. 397 = Twin circuit oscillator: 
equivalent circuits. 

fer very high frequency werk because ef the magnitule of the inter~ 
electrede capacitance Cga- This limits the escillations to freg- 
uencies whese upper limit is ef the erder ef a few hundred megacycles 
per second. Either of the other arrangements is capable of preduwcing 
escillations with normal triode vives up to 600 Mc/s, and with 
specially designed triedes. up te 3000 Mc/s. 

Common ts all oscillators ef this type is the advantage 

ef having twin controls ever the frequency and amplitude of escillations. 

By suitable adjustment ef the tuning controls both the amplitude and 
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Chap.8, Seot.13,1. 

frequency may be set to any desired values within the working range. 

The mode of oscillation is similar to that of the Hartley 
oscillator in the circuit of Fig. 397(¢) and to that of the Colpitts 
in circuits (a) and (b). In all cases, however, a much greater 
tuning range is available in the twin-circuit oscillator. 

For a rejector circuit to be inductive it must be tunsd to 
a frequency above the frequency of oscillation, and below if it is to 
be capacitive. Hence in the common cathode circuit the frequency of 
oscillation is below the resonant frequencies of both tuned circuits, 
whereas in the other casea it is intermediate between these two. 

The behaviour of these oscillators may best be described in 
forms of modified circuits. Each tuned circuit is associated with 
certain components in parallel, the phase angle 9 of the resultant 
circuit being a function of the selectivity and resonant frequency of 
the resultant circuit, and of the frequency of oscillation, It may 
be shown that, provided certain assumptions are justifiable, 
oscillations can be maintained at such a frequency that the resultant 
circuits are either both inductive or both capacitive, ani the sum of 
these phase angles in each case 1s approximately 90°. Meximm 
amplitude occurs when both circuits are equally detuned, i.e. both 

phase angles are 45° his occurs despite the fact that, as indicated 
in Figs. 397(a) and (b), one of the original tuned circuits may be 
inductive when the other is capacitive. This is because in these 
figures the addition of extra components for the purpose of simplifying 

the enalysis has not been made. 

13. Common-Cathode Oscillator 

In this oscillator, the anode tuned circuit is associated 
with Ra, Cga and Coy in parallel, as shown in Fig. 398(a). The 
resonant frequency of this combined circuit is f, and its phase angle 

A . G 

t es T =“ T “e i 
K K 

¢ b)  crio circuit 

=Cok oy 

(Q) anove circuit 

Fig. 398 - Camaon-cathode oscillator: 
effective tuned circuits. 

when the osoillation frequency is f is J, (inductive). The grid tuned 
circuit is associated with C,, end Cy, in perallel, as shown at (b). 
The resonant frequency of the resultant circuit is fy and ita phase 
angle is $y (inductive). The results 

(1) ty + Bg '=.90° and 
(2) amplitude increases with sin 2%, (which is equal to sin 2J,) 

depend upon the condition Gy 7 uC gas 

li. Common-Anode Oscillator 

In this arrangement, the grid tuned circuit is associated 
with Cpa and Coy in parallel, whilst the cathode tuned circuit bas the 
additional parallel components Cy, Cyies ‘R, and the resistance as 

shown in Fig. 399(a) and (b). It follows from the diagram of Fig. 
397(b) that the addition of Cy, to the circuit between G and A changes 
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w a | Le rr = = = => fga [gk 4 Cak S8a Sem Te 

_ t 
A GRIO CIRCUIT A CATHODE circuit 

(a) (b) 

Fig. 399 ~ Comnon-anode oscillator: 
effective tuned circuits. 

this cireuit fram inductive to capacitive; this gives a good 
indication of the frequency of oscillation. The results 

(1) Bg + Pe % 90% (both Py and J, are capacitive) and 

(2) emplitude increases with sin 24,; (which is equal to 
sin 2%); 

depend upon the condition Gq > oSgx. 

15. Common-Grid Oscillator 

In this case the anode tuned circuit is considered in parallel 
with Cag and Cay, and the cathode tuned circuit has the additional 

A . K 

| = ok = 
xf \* Teak > Cok Yam Cok 

S ANODE CIRCUIT G CATHODE CIRCUIT 

fo) (b) 

Fig. 400 - Common~grid oscillator: 

effective tuned circuits. 

parallel components Caz, Cp, and the resistance a as shown in Fig. 

400(a) and (b). As in the previous case, the addition of C,, to the 
circuit between anode andi grid changes the impedance fram intkctive 
to capacitive, so that the frequency of oscillation lies between the 
resonant frequencies of the two circuits, with and without Cay. 

The results (1) Z, + Sy =,90° (both B, and gy, are capacitive) 

and 

(2) amplitude increases with sin %, 
(which is equal to sin 2%;); 

depend on the conditions G, >> wCgy > 1/Rg. 

16. Earthing the Twin-Cireuit Oscillators 

Owing to the earth capacitance of the various electrodes, 

these oscillators exhibit different properties for different earthing 
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arrangements. The anode is usually large and the stray capacitance 
to earth correspondingly high. Similarly, the necessity for the 
heaters to be close to the cathode tends to make the cathode-earth 
capacitance large. 

In the common-cathode circuit it is usual to earth the 
cathode since this has least effect on the total capacitance between 
anode and grid. In the common-anode circuit either the cathode or 

anode may be earthed, but not the grid, as this effectively increases 
the coupling capacitance Cg_ and also lowers the resonant frequency 
of the inductively tuned circuit. Both effects tend to lower the 

frequency of oscillation. 

In the common grid oscillator, efficient cscillations may be 
obtained by earthing any of the electrodes, One arrangement, known 
as the Lighthouse Tube circuit,is of the common-grid, earthed-cathode 
type, and has given satisfactory performance at centimetre wavelengths. 

Valves with common-grid, earthed-grid circuits have also given good 
results. For high-power operation, where anode dissipation is 
considerable so that special precautions uust be taken for cvoling the 

anode, the gommon-grid, earthed-anode circuit is likely to be most 
useful. 

17. Types of Tuned Circuits Employed 

When a win circuit oscillator is employed as a radar trans- 
mitting valve or as a local oscillator at frequencies of 200 Ne/s or 
more,the tuned circuits usually take the form of coaxial lines, and 
the valve is designed tv fit on to + cnecial coaxiol asseroly, Such an 

eos, PLATE CLAMPED TO 
i FLANGE AT ENO OF 
| CO-AXIAL OUTER, 
| PLATE IS CONNECTED MICA ~ 

INSULATION 4 TO HT+VE ;CO-AXIAL 
T iva! OUTER IS EARTHED 

. GRID -ANODE —~L}} 
LINE tS 

GRID - ANODE 
GRID —- a La TUNING PLUNGER 
CATHODE 

ANODE LINE 

PLATE Ca CONTROL L—~ GRID~ CATHODE 
GRID FLANGE 4 TUNING PLUNGER 

“FP MICA INSULATION 
GLASS 
ENVELOPE 

CO-AXIAL HEATER 
CONNECTIONS ; 

BIAS 
¢ RESISTER 

j 

HEATER LEADS 

6:3V Ac 

Fig. LO1 « Negative-grid oscillator 

Por centimetre wavelengths (CV 90), 
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arrengement is illustrated in Fig, 401. This shows a CV90 valve and 
the method of employing it as a common-grid oscillator. The anode 
is in the form of a flat plate sealed off on both faces from the glass 

envelope, and is suitable for clamping on to the end of a coaxial line 
system, The grid and heater connect:ons are designed to fit various 
sections of coaxial tubing, the heater supply leads also being of 
coaxial construction, Anode-grid and grid-cathode lines are variable 
by means of plunger tuning. The anole is directly connected to the 
positive HI line, being insulated from the earthed outer of the coaxial 
line by a mica washer. 

The valve, which measures 8+5 om x 2°5 om (neglecting the 
width of the anode plate) is capable of providing an RP output of 3 
watts at 1000 Mc/s for an anode input of 10 watts. This output is 

reduced for higher frequencies, but by the use of harmonics the 
frequency can be raised to 5000 Mc/s, with an output of 0:1 watts. 
It may be used as a local oscillator or as a low-powered transmitter. 

For lower frequencies conventional tricdes with tuned open- 

wire lecher lines may be employed. (See Chap. 4 Fig.147 ). 

18, Crystal-~Controlled Oscillators, Pig. 402. 

Because of their excellent frequency stability, piezo-electric 
crystals are often employed in place of tuned circuits in oscillators 
of the twin-circuit type. The frequency is limited to a few 
megacycles, so that the magnitudes of the interelectrode capacitances 

are not of any great importance in devermining which of the circuits 

should be used, Both the common-anode ani ‘the common-cathode 
arrangements shown in Figs. 402(a) aml (b) are employed. In either 

—. J 

cif 

+ 

® + » © 
@ a y 

ue c, 

—— oa 
‘> 

oe f ‘2 Cp 
Y \\. cor Hics-0 
j CIRCUIT 

FOR CRYSTAL 

(co) * (d) 

Pig, 402 ~ Crystal oscillator. 

circuit the crystal must present an inductive impedance to the rest of 

the cireuit for oscillations to be possible. Fig. 402(c} shows the 

variation of g, the phase angle, for a typical piezo-electric crystal, 

ani (a) shows the equivalent circuit. gf can be positive only between 

the frequencies f; and fo; hence oscillations can occur only at 4 

frequency greater than fj and less than fp. These limiting 

frequencies lie very close together, due to the Pact that Co > Cy. 
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As indicated in the figure, @ alters very little over this range for 
the compareble case of a high-Q L-C circuit, which must therefore be 

considered less desiratle in maintaining frecuency stability. 

Again, as Co > 04, the effect of the external connections 
on the Q of the circuit, and on f1 and fo is negligible. 

For accuracies of the order of one part in a million or 
better the crystal should be kept at a uniform temperature by 

enclosure in a thermostatically controlled oven. 

19. PUSH-PULL CIRCUITS. Fig. 403 

The use of twin valve circuits symmetrically arranged makes 
the design of oscillators extremely simple. The anode and grid 
potentials of a conventional amplifier are normally antiphase; by 
.connecting each anode to the grid of the other valve, the output of 
each valve provides the input for the other, in the correct phase for 

oscillations to be self-maintained. This is the essence of the 
multivibrator circuit described in Chap.10. A similar cirouit may 
be used to generate RF oscillations. The fundamental arrangement is 
shown schematically at (a) and a practical circuit at (b). 

CHT - 

AiG 

COMMON 
CATHODE 

Alf 

A2.G, 

(a) 

(b) 

Fig. 403 = Push=pull circuit. 

Push-pull circuits possess certain advantages over single- 
valve oscillators. Provided they are properly balanced, there are no 

even harmonics present in the output waveforn. This conserves power 
and reduces interference with other transmitters. Since one electrode 
of each valve is connected to the corresponding electrode of the other, 
at least as far as radio frequencies are concerned, the interelectrode 
cavacitances associated with this electrode and the tuned circuit are 
in series and the resultant effect on the tuned circuit is thereby 

halved. In the circuit shown at (b), for instance, the effective 

capacitance in parallel with the tuned circuit between the two grids is 

es where Cot is the interelectrode capacitance between grid and 

cathode for either valve. This effect is nullified at very high 

frequencies, where the inductance of the cathode leads becomes of equal 

importance to the interelectrode capacitances, The doubling of this 

inductance in the push-pull circuit then destroys the advantage 

obtained by halving the capacitance. 

20, RESISTANCE-JAPACITANCE OSCILLATORS, Fig. 404 

A resistance-loaded, capacitance-coupled amplifier (a) 
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normally operates over the flat portion of its gain-frequency 
characteristic, where the phase difference between input and output is 
180°, Over this region, neither gain nr phase is frequency-conscious, 
At low frequencies where the reactance of the coupling condenser is 
large enough, the gain falls off, and the phase of the output is 
advanced as illustrated in the vector diagram at (b). A similar 
falling-off of gain, accompanied by a phase lag, occurs at high 
frequencies due to the shunt reactance of the input capacitance of the 
succeeding stage and sundry strays. This is illustrated at (c). 

_ 
Vi ETC REPRESENT THE “O HT 
ALTERNATING COMPONENTS 
OF THE VOLTAGES AT THE 
POINTS {INDICATED 

(4) v 

an B 
Vo 

(b) Low FREQUENCY vECTOR (C) HIGH FREQUENCY VECTOR 
DIAGRAM DIAGRAM 

360 

270 

_— 180 

90 

_— 

) fo , _\ 

OVERALL GAIN 
(MAXIMUM GAIN=Od8) 

Fig. 404. + RC oscillator. 

The overall gain-frequency and phase-frequency characteristics of a 
typical R-C amplifier are shown in Fig.404(a). 

If two or more such amplifiers are used in cascade, the 
total phase shift is obtained by adding the individual phase shifts 
for the separate circuits. For example, if fy9) is the frequency at 
which the input of each valve leads the output by 120°, the total 
phase-shift for three identical stages in cascade would be 360° ‘The 
output of the third stage would then be in phase with the input of the 
first, end if the output were coupled to the input a 3-valve 
oscillator of frequency f129 would be formed. 

The corresponding two-valve circuit is not frequency dis- 

criminating over the linear portion of the valve characteristics, 
since the phase-shift of 180° per stage occurs over the Plat portion of 
Big. 404(a). Such a circuit usually works as a multivibrator, des- 
cribed in Chap, 10, and not as a generator of sinusoidal oscillations, 
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The number of valves required for sinusoidal R-C oscillator may 
be reduced by the insertion of additional phase-shift meshes, Since the 
frequencies involved are usually low, it is normal to employ R-C rather than 
L-C networks, because of the prohibitive size of the latter when designed for 
use at these frequencies, A three-stage network such as that shown in Fig. 405(a) could be designed to operate with an amplifier providing 180° 
phase-shift. For oscillations to be maintained, the network would have to 
provide an additional 180° phase shift, whilst not introducing more 
attenuation than the available amplification, 

The relative maynitudes of the components may be obtained by solution of the mesh equations for the circuit of Fig. 405 (b). 

Let Gn = mutual conductance of valve 

Ro: anode slope resistance of valve 

R = Rae Ry 

RotRy 

Then one condition for maintenance of oscillation is :- 

23 22 4 R Gn > z + Ry + 2 

and the frequency of oscillation f is :- 

4 

a7 cr (6444 Re Jf6 + = 

If a high-slope pentode is used the following simplifying 
assumptions may be made; 

Rw R » RD R, 
and the above formulae reduce to 

oS > 29. 
Ry 

1 
Dae 

The attenuation of the phase-shifting network is 29, hence the available amplification will need to be at least 29. 

(a) 

(b) 

Fige405 - Single valve, 

three-mesh oscillator. 
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The three-mesh network may be replaced by a four-uesh circuit. 
This reduces the network attenuation and cnables a lower gein amplifier to 
be used. Either C or R of one cr inore of the meshes may be .aade variable 

for the oscillator to ve tunable. 

“OHT+ 
(+250W) 

Ia 

Zon et 
v 

CVE6O 
“~“(6AC7) (a) - 

R 

{c) 

Fig.406 ~- #ien bridge oscillator 

Such a resistance-capacitance oscillator must operate in Class A 
for the output veltace to be reasonable sinusoidal. The bias is therefore 
usually provided by a cathode self-biasing network, since the disadvantapes 
of this method of biasing do not arise under Class A working conditions. 

A second form of R-C oscillator is shown in Fig. 406(a). The 
phase~discriminating feedback circuit takes the form of a Parallel-T (Tirin-T) 
network which is very sensitive to frequency changes, The vector Ciagrams or 
Figs.l06(b} - (d) illustrate the action. If the series arms QT, TS of the T's 
are onitted the voltages for the remaining four elements are as shomm at (b}. 
The insertion of QT and TS distorts the right angles as shown at (c), The 
complete voltaze distribution is given by (a) and the frequency of operation is such that T°R and RP’ are collinear; i.e. that the anode and grid potentials are antiphase (with respect to cathode). 

Typical casponent values for an 800 c/s oscillator are:- 

R, = 100K SL 

Rg = 25 K4L variable 

C= 0,003 MF 

Frequency is conveniently controlled by varying Rp whilst aoplitude aay be preset by varying the cathode feedback resistor. 
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A third type of R-C oscillator, knowm as the Willan's Oscillator, 
is shown in Fig. 407. This is sometimes known as the Wien Bridge Oscillator 
on account of the resemblance of the phase-discriminating circuit FQR to the 
adjacent arms of a Wien Bridge. If the phase angle of the impedances between 
FQ and QR are equal, the voltage across QR will be in phase with that across 
YR, The condition for equality of phase angle is 

TGR = YER 

which gives f the oscillation frequency as 

1 fos 

Since the output voltage from the i i 
r 

phase discriminat network i phase with the input a two-stage amplifier is needed to meinteie oscillations. 

The frequency may be varied either b 
them, or by a similar ganging of CG, and oan R 4 and Rp variable and ganging 

t 
R 

—lGwostace | TWO-STAGE OUTPUT 
AMPLIFIER re 

et) 

~t——- FEED BACK LOOP 

Fige407 = Principle of fillents 
Oscillator 

VELOCITY MODULATED CSCTLLATORS 

21. General 

Conventional valves are limited in their uses at UBF by the 
effects of transit time, reactance of electrodes and electrode leads, 
etc. (see Chap. 7 Secs. 25 and 26), While considerable success in 
minimising them has been achieved with specially constructed triodes, 
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having anall electrodes very closely spaced, other types of valves 
which have utilised some of these effects have come into comnon 

usage. These depend for their mode of operation on variation of 
the velocities ef the electrons (Velocity Modulation) » instead of the 
total valve current (Density Modulation), as in conventional valves. 
Tubes employing this principle of velocity modulation must be hard, 
high-voltage tubes, so that the transit time for the passage of an 
electron through the modulating region is small enough to be compar- 
able with the period ef oscillations. The modulation depth is 
normally small, so that fluctuations at the high voltage end do not 
appreciably affect the initial velocity, This is analogous to the 
eperation of a saeened=grid valve, where variations in anode potent= 
ial have little effect on grid modulation. Such a circuit is necess- 
arily inefficient, since the tube current is largely DC, and the "anode" 
voltage is approximately constant, so that the power generated by the 

small AC components is at best enly a few per cent of the total power 
dissipated. High efficiencies sre obtainable oniy by modes ef opera=- 

tion which are relatively complex, the description of which is 
beyond the scope of this work, 

In practical velocity=-modulated tubes the tuned circuits are 
normaliy of the resonant-cavity type, and are partly or whelly built 
inte the valve envelopes. For simplicity they will be represented in 
the following sections as jumped circuits,and practical designs will 
be dealt with later, 

22. Velocity Modulated Amplifier 

Fig. 408 showa ~<— LOW VOL.AGE >b<— HIGH VOLTAGE 
the basic velocity modul- a 
ation circsit, An elec- i 
tron gun similar to that 
of a CR projects a high } 
velocity electron beam i 
through an aperture in LECTRON BEAM 
the plates of a condenser eI 
aeress which is developed = roeusING H 
an alternating field. GUN SYSTEM H 

The distance between the 
plates is assumed, in the 
first instance, to be 

small, so that the transit Fig. 108 - Velocity modulated 
time between them is circuit; schematic diagram. 
negligible; this will be ; 
considered in further detail later. When the resultant field is in 
one direction the beam is accelerated, and- when in the opposite direc~ 
tion, retarded. Thus, after passing through the aperture of the first 

tuned circuit, or Buncher, the velocity of the beam is modulated, and 
the faster moving electrons tend to overtake the slower ones, so that 

Bunehing oceurs in the Drift Space; (Pig. 408). 

DRIFT SPACE 

{ | LEADING TO CATCHER 

MODULATING ELECTRODES (BUNCHER) 

The effect is illustrated in Fig. 409. For simplicity it is 
assumed that the modulation’ of velocity is sinusoidal, the field of 
the buncher imparting te “Be steady velocity u, a deviation velocity 

ugsfgsin2nft. 100 == i Yd is the percentage modulation depth, 

The resultant velocity u= up + ug will be referred to as the Drift= 
Space Entry Velocity, or simply the Entry Velocity. The instant at 
waich a “snapshot” of the electron beam distribution is taken is 

denoted by t, and tp is the instant at which the electron under con- 
sideration entered the drift space. At (a), uis plotted against 
t - to for the case where sin 2Nft = 0; i.e., t = 0+ af where 

t =+ - At (b) the distance s which the electrons have travelled 

into the drift space is plotted azainst t - tg. Taus (a} gives the 
entry velocity and (b} the shapshot distribution at the instant t, the 
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interval t - t, being the time spent in the drift space by the 
electron considered. 

T-I, = TIME SPENT IN DRIFT SPACE 

' ‘ 

| REGION OF: 
: OPTIMUM | 
| BUNCHING ! 
H i 

wt ar re 7 1 ) 
. 1 1 

(b) 

ELECTRON DENSITY {21 

ode AN J. 

Fig. 409 = Drift space entry velocity 
and charge distribution (t = nf! + 0). 

The entry velocity of electrons emerging at instants A 
and © of Pig. 409({a) is up, corresponding to the line OAC 
[s°= u(t - t,)] in Fig. 409(b). At B the entry velocity has a 
maximum value, Up + ug, corresponding to the line 0B 
[s = (Ug + Ab(t - tot whilst at D the entry velocity is a 
minimum, corresponding to OD [B = (up ~ %&%)(t - to)]. The position 
of an electron entering the drift. space at any instant t, for which 
sin 2xf(t) has any value other than O or + 1 may be found by 
sinusoidal interpolation between the three constant-velocity lines 
OB, OA, OD. It is assumed that the electron distribution along the 
axis t ~ t, is uniform, i.e. that equal numbers of electrons are 
emitted in equal intervals of time, The dispositions of these 
electrons are given by graph (b) for sin 2x ft = 0, and the ratio 

== (Fig. 409(c)) gives the mean electron density for the region of 
3 

jength 5s. In the figure, dt, is taken as one twelfth of the period 
T. ’ 

Curves similar to those of Fig. 409(b) may be plotted for 
the instants ¢ = J, 3 ot, and these are shown in Fig. 410(a). The 

corresponding line distributions are at (b), (c) amd (4). These 
figures show how the bunches are formed by the faster-moving 
electrons overtaking the slower ones, the bunches moving at approx- 
imately the mean beam velocity tg, so that they are separated by a 

distance s *,up,?. ’ 

The regions in Fig. 410(a}) where = = 0 are sometimes 
° 

called Bunching Planes. These corresponding to maximum peaking 
effect in the line distribution diagrams (b), (c) and (ad). It should 
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(a) ° Ss 

ELECTRON DENSITY 

se Aat+ ¥ { 

(b) oe ASL 
ELECTRON OENSITY 

tenth | A 
) ° - ; (Cc 

ELECTRON DENSITY a 
toate] | 4 “ 

(d) 9 beeen te ee ee 
s 

Fig. 410 - Drift space charge distribu- 
tion for different values of +t. 

be obvious, however, that bunching is not confined to these particular 
regions, but ocours in varying degrees at ail points of the drift 
space. 

The effects illustrated are modified in practice by the 
following considerations which have been ignored in the simple 

diagramatic treatment. 

(i) The entry velocity does not vary sinusoidally with time. 
This does not affect the principle of the method, as the sinusoidal 

form of Fig. 409(a) may be replaced by any other, and the process applied 

in the same way. 

(ii) Acceleration is not instantaneous, occurring at a point, but 
takes place over a period of time comparable with T; one effect of this 

is that there may be some density modulation present which cannot be 
accounted for by velocity modulation only. 

(iii) There is mutual repulsion between the electrons of the beam, 
This is usually a second order effect. 

The manner in which modulation occurs merits further detailed 
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consideration, as it is fundamental 
in many centimetre-wave generators, 
An idealised modulating element is ~~ 7 
shown in Fig. 411 illustrating the 
instantanecus distribution of the 
electric field, the corresponding Ss 
distribution of axial. potential is ° So 
shown in Fig. 412(a). It has wes NS, 
been assumed that the region out- _———~ 
side the plates is devoid of ° —— ° 
alternating fields; thia is sig- —— 
nified by the 0 - O lines within 
which these fields must be confined, 
Accordingly, whatever rise in 
potential occurs along the axis at 
any instant must be offset by a 
corresponding fall before the out- Fig. 411 - Instantaneous field 

side is reached, From energy distribution within the 

considerations, it follows that an buncher gap. 
electron which instantaneously passes axially through thie field 
meets with no net acceleration or retardation. 

Suppose, on the other hand, that the time of transit of 
the electron is comparable with the periodic time of the modulating 
voltage. Some electrons enter the region with the potential dis- 
tribution as at (a), being accelerated from P toQ. By the time 
they pass Q, the direction of the field may have changed to that 
shown at (v5, so that the electrons are further accelerated for the 
journey Q-R. Provided the distance QR is approximately Uo the 
Pield will again reverse when the electrons are in the BF 
region of R, so that the final stage of the motion, from R to S, 
is again accelerating. 

Electrons 
which are a quarter- 
period ahead of these 
reach Q when the 
potential there is a 
maximum, and encounter AXIAL POTENTIAL 
a retarding field as 

they approach the (a) o DISTANCE 
centre. At this ° e R s 

point the field every- NI 
where is zero, and the 
electron velocity is aw 

& Ss 
again Ug. ‘The a 
second half of the (b)o 
transit is a repetition wre 
of the first half, the 
electrons being 
accelerated until they 
reach R, at which 
point the potential is Fig. 412 - Instantaneous 

a maxinun, and retarded potential within the buncher. 
from R to 5, being 
ejected with velocity 
Up» 

ao
 

OISTANCE 

Electrons which are a half-cycle ahead of the first are 
correspondingly retarded throughout the motion, The behaviour of 
other electrons may be estimated by interpolation, 

An accelerated electron is supplied with energy fram the 

source which feeds the buncher, A retarded electron supplies this 

source with energy; so that the net energy lost by the buncher in 
this mamer is, to a first approximation only, zero.



Chap.8, Sect.22 

If the electrons 
efter modulation are 
collected at an anole, or 
Catcher, to which is , . “o'"o" 
attached a parallel tuned ry 
circuit, as shown in 
Fig. 413, oscillations —— —_ oA 
are set up in the latter . vee) RIFT SPACE 

in the same way as they ~~ gun ma 
are in a Class C amplifier UNCHEA 
with tuned circuit load. 
At the anode it is the 
density modulation, due Fig. 413 - Extracting energy fron 

to the bunching, which is velocity modulated circuit. 
important, and net the 
difference in velocity 

itself. If the current variation of Fig. 414 is compared with that 
of a Class C amplifier, the closeness of the analogy will be apparent. 

CATCHER 

The 
mechanism thus des- 

cribed in schematic 
form constitutes 

ELECTRON 
an amplifier of DENSITY 
sorts, since, to a 

first approximation, f A A A 
the input supplies ) T 2T 37 TIME 
no net power, 
whereas useful power 

is available at the Fig. 414 = Variation of electron density 
rake dee ely, the with time in the region of optimum bunching. 

amplification 

obtainable from such a system is not independent of input amplitude, 
i.e. of the modulation depth. If the depth of modulation is doubled 
the output amplitude is net correspondingly doubled, and may be 
diminished. In fact the variation of amplification with modulation 
depth is extremely complex, depending on the length of the drift 

space, mean velocity and frequency. Although amplifiers employing 
the principles described are in use, they are very limited in their 
application and are inherently noisy. These disadvantages are not 

important when the methods are applied to the design of a constant 

frequency oscillator, and it is in this respect that they are 
commonly employed. 

It is. not essential for the bunched electrons to impinge on 
an electrode connected directly to a tuned cirevit in order that 
energy may be transferred to the latter from the valve current. The 
modulated beam may be directed through the aperture of a second pair 
of electrodes similar to the modulating set, connected to a circuit 

HIGH VOLTAGE 
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ELECTRODE FOR 
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| 

LOW VOLTAGE 

}-coutectine 
cou CURRENT oo 

GUN wlaee olen 

Fig. 415 ~ Alternative method of 

extracting energy. 
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tuned to the operating frequency (Pig. 415). Each bunch of 
electrons passing through the aperture will induce currents to 
flow in the circuit, and successive bunches will, because of the 

respiance of the circuit, arrive at the correct instants to re- 
inforce oscillations already present there. In other words, the 
electron beam may be maie to augment the alternating displacement 
current between the condenser plates without actually impinging on 
either of them In practice it is probable that both effects 

eccur, 

To convert the 
double-tuned circuit ampli- 

fier into an oscillator all 
that is required is a feed- 
back circuit from catcher to 
the buncher. This is indic- 
ated in Fig. 416. The phase ~y_ ~_ ELECTRODE 
of the feedback must corres- et ee | | BEAM CURRENT 
pond to the length of the 

drift space and the mean vel- 
ocity of the beam for regener= 

FEED BACK LOOP 

ation of positive feedback to Fig. 416 = Adaptation of 
occur at the desired frequency. velocity modulated amplifier 
This means that the feedback as oscillator. 
loop must be of the right » 
length, since a difference in length ef 3 Would change this feed~ 

back from positive to negative or vice versa. 

The foregoing description has been limited to theoretical 
circuits without considering the practical forms which these 
cireuits may take. Common forms of practical velocity~modulated 

tubes will be described in the following paragraphs. 

23. Velocity Modulated Oscillators in Common Use 

Heil Tube, Fig. 417 

This oscillator is a low-powered generator possessing moderately 
good frequency stability. Its main advantage is that it may be tuned 
over a wide frequency range. The combined tuned-circuit and feedback 

link are formed of a short length of coaxial line with a hollow inner 
conductor, Apertures are cut at opposite ends of a diameter, the first 
to permit the entry of the electron beam, thus forming the buncher; the 
second allows the modulated beam to emerge, and constitutes the catcher, 
currents being induced in the inside walls of the coaxial line by the 
pulses of current in the beam. The drift space consists of the region 
in the neighbourhood of the diameter joining the two apertures. ‘The 
transit time across this space must be such as to ensure that the 

currents induced at the output are in phase with the currents at the 
input. The emerging electrons are collected at an anode beyond the 
second apertures. 

The resonant frequency ef the circuit depends on the 
effective length of the ceaxial line. This line is usually term 
inated in a variable length of short~circuited lecher lines. 
As this length is veried, the voltage difference between cathode 
and accelerating electrode must be changed correspondingly to 

maintain the pha.e equality at input and output. 
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418 ~ Double rhumbatron 

DIAPHRAGM 
FOR TUNING PURPOSES 

klyst ron. 

Pig. 417 - Heil tube. 

In this tube the two tuned circuits are of the resonant 
cavity type, the rhumbatron shape beinz particularly suited to the 
aperture method of feeding and extracting energy. The term Klyst- 

ron is usually applied to a velocity modulated oscillator using a 
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cavity resonator, Feedback is provided by a coaxial cable, term 
inated at both ends by loops which are inductively coupled to the 

cavities. The. length of this cable must correspond to the length 

of the drift space between the apertures of the two rhumbatrons. 

Owing to the finite size of the loops and the variation of their 
input impedance with frequency, the optimum ceble length will not 
be independent of frequency. 

A majer difficulty encomtered in this oscillator is the 
necessity for the two circuits to have the sare resonant frepency. 
The high selectivity of the rhumbatrons used permits only the 
smallest deviation from resonance before the maintenance of oscill- 
ations becomes impossible, 

Reflex klystron 

in the reflex klystron, instead of a seccnd tuned circuit and 
aperture being employed, the electron beam is reflected and made to 
return to the modulating aperture 
at the correct phase fer the 
maintenance of oscillations, 
This is done by the insertion of 
a reflecting plate at a potent~ 
ial negative to cathode (Fig. cb 
419). Because of the consider 
wets retardation and subsequent = —o 
concentration of electrons La] 

between rhumbatren and reflecter, ELECTRON GUN REFLECTOR 
toe inaccuracies of neglecting RHUMBATRON 
interaction between electrons 
are greatly imcreased; but the 
simplified explanation which Fig. 419 = Schematic 
follews, although it neglects aia. of 
this, is sufficient to indicate agram oF reflex Klystron, 
the general mode of operation. 

It is assumed as a first appreximation that an electren 
after emerging from the aperture is subject to a constant retarding 
force E. This force brings the electron to rest and causes it to 
return to the aperture with the same velocity us that with which 
it emerged. The method by which bumching occurs under these 
comlitions is illustrated in Fig. 420. The notation used in this 
diagram is the same as that of Fig. 409. ‘The velecity u ef the 
(je electrons varies throughowt the drift; space as shown at 
a). 

Because of the constant retarding ferce, the straight lines 

OB, OA, OC, of Fig. 409(b) become the parabolas shown in Fig. 420(b). 
The line distribution of electrons for different values of t is 
given by the four curves fort =0,28, 2, 3 The diagram shows 

le 
that at the instant t = 0 the electron density oe , at the 

aperture (where s = 0) due to the reflected becm, is large, whereas 
t . 

at all other instants ts. is small. Approximately half the elec- 

trons pass through the aperture in a "bunch" whilst the passage of 

the remainder is spread over the rest of each cycle. 

If e is the charge, and m the mass of an electron, the re- 

tardation r due to the field Eis rz=Ee. ‘The time for an 
n 

electron to be brought to rest and to return again to the aperture 
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is t = 4u - The mean time is therefore ¢ = 242 = 
r 
Zug . Ano 

Ee 8 

For osciliations to be maintained there must be a suitable 
phase relationsnip between the return of the bunches to the aperture 
and the oscillatory field which causes the bunching; i.e., T must 
have 4 suitable value, dependent on the :wnner in which energy is 
fed into the cavity. 

Further, for optimum bunching the difference between the 
times spent in the drift space by the fastest and the slowest 

electrons should be approximately an odd multiple of S - The time 

taken to bring to rest an electron which enters the drift space with 

velocity uis = 3 the total tine it spends in the drift space is 

therefore ae - Hence the time~difference for the festest and slowest 

electrons is 
Fal Pas 

28 - 2% . 24+ 2 %- 
r r = Tr r 

“nw 

= 44, 
r 

A 

Hence 4 = (2p +1) 7 where p is an integer 

(2p+_1) 
~ 2f 

A 2pt+ri. He. 
or ug = 5f m guTeuT 

In order to set up 
the oscillator at a given 
frequency so as to produce 
the maximum amplitude it is 

necessary to adjust both 

% and Gy; ice., both up 
and E. Thus both resonator= 
cathode and resonator= 

reflector voltages must be 
variable. 

~~ \ 
TUNING SCREWS 

Klystrons are Fig.421 - Reflex klystron (CV 35). 

still undergoing develop~ 

ment, and details of 
design are not standerd= 
ised. A type of tube in 

common use is snown in Fig. 421. 

THE MaGNsy CRON 

2h, Deseri tion 

She magnetron is a valve used for generating Unr eet 1 

It hes two electrodes; « cylindrical cathode surrounded by, ane eae 4 

with, a cylindrical ancde. ne original magnetron had an undivided anode, 
with, a ¢ r 2 - wa . man ties 

but practical modern nagnetrons have anodes split into a muuber of marallel 
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segments, equal in size, and separated by gapse An electric 
field is established between anode and cathode. A magnetic field 
is applied parallel to the axis: of the electrodes, and is as uniform 
as conditions will permit over the whole space between them. Because 

of the magnetic field, the electrons do not move directly from cathode 
to anode, as in a simple diode, but are constrained to move in curved 
orbits, as described below. In virtue of this, electrona can be made to 
arrive at desired segments of the anode in such 4 manner as to give rise 
to and sustain high-frequency oscillations in tuned circuits suitably 
connected to the anode segments. 

Practical magnetrons are of three main typest=- 

(4) The split-anode magnetron operating in the Dynatron 
(or Habann) mode, 

(ii) The split-anode magnetron developed by Megaw. 

(iii) The resonent cavity centimetric magnetron, as widely 
used in radar. 

(i) The Habann oscillator works with relatively high effic- 
dency (30 ~ 70%) up to about 600 Mc/s. It is not at 
present in use in service equipments, but a brief 

Gescription of it is given as an example of how nega~ 
tive resistance effects can arise due to changes in 
field distribution and in consequence of the electron 
orbits. (Sec. 26). 

(ii) This valve is a low-power magnetron, enclosed in a 
glass envelope of normal size and shapee In contrast 

to the Habann oscillator, it is a microwave generator. 
It is not used in British Radar equipments, and it is 
not dealt with in these notes. 

(aii) The resonant cavity centimetric magnetron is the only 
centimetre=wave oscillator so far produced capable 

‘of giving pulse powers of the order of megawatts with 
high efficiency. For operation on centimetre wave 
lengths the tuned circuits are so small that they are 
embodied in the anode block of the valve and are not, 
in general, variable. Fige 422 illustrates the 
essential features of this type of magnetrone 

25. Electron Orbits 

The operation of any kind of magnetron is determined largely 
by the motion of the electrons in the anode=cathode space. The 

orbits of the electrons depend upon three factors, namely:= 

(i) the electric field due to the anode=cathode potential 
difference, 

(34) the applied magnetic field, and 

(iii) the space charge effect, i.e., the forces which the 

- g@lectrons exert on one another. 

Barly simple theories of magnetron operation which ignored (iii) were 
based on the calculation of the orbit of a single electron as follows:= 
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* SECTION OF COAXIAL 
UNE CONNECTING 
MAGNETRON TO LOAD 

CAVITIES 

{ STRAPS 
DETAIL OF CAVITY 

CONTAINING PICK UP LOOP 

i COUPLING LOOP LOCATED 
IN THIS CAVITY 

FLANGE ON TO" WHICH ENO PLATE 1S 
SECURED BY MEANS OF GOLD SEAL 

LEAD TO 
OTHER END 
OF CATHODE 

Pig. 422 - Typical hole ani slot 
type magnetron with end plate 

removed. 
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Assume that the anode is a uniform cylinder. 

Let V be the potential difference between the cathode and any point 
distant r frem the axis, 

Let u_ be the velocity acquired by a electron due to the accelerating 
effect of the potential difference V. 

Denote by suffixes a, k the values of V, u, and r at anode and cathode 
respectively. 

Let m be the mass and e¢ the magnitude of the charge of an electron. 

It can be shown that 

y 
v= va dog /Tk we vecesenecesesceseeces(hye 

leg Ta/ ry, 

Fig. 423 showg how V varies 
with r for the case where 

v", a<4 Ta . x 

Since the kinetic energy 
acquired by the electren 

is z™ aw", and the werk 

dene on the electrons ia 

ev, 

5m a = eV, se that 

wre tg 

ue/2Zea ie 

vy Fig. 423 ~ Potential distribution 
. in the anode~cathode space. 

In particular, 

uy = (fate rind @) 

, a 

Pig. 423 shows that, fer ry « Mm» the potential gradient is steep 
near the cathode so that V 45 Vg “and hence u 4 u, except within 
a shert distance ef the cathode. 

So far, only one facter influencing the electron orbit has 
been discussed, namely the effect ef the electric field between 
anode and cathode, Due te it the electron would move along a radius 

frem cathede to anode, with a‘velecity which increases at first 
rapidly and thereafter, very slowly (Fig. 424({a)). 

Now if an electron moving with velocity u is subjected te 
a force F due to a magnetic field, of flux density 3B, perpendi- 
cular to the plane of its motion 

F = Beu, 

and is mutually perpendicular te B and to u This causes the 
electron to move in a circular orbit, ef radius P> given by 

mi 
Beu i od rr rrrrs © 3 1 

P 
Since, except within the region clese to the cathode, u is 
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approximately constant and equal to ug, it is valid, as a first 
spproximation, to equate the value of u obtained from equation (3) 
to that fer u, in equation (2). 

This gives . —— 

B= /2a ve ; or p= ay. 
ep , P. / B 

Thus every electron leaving the cathode region commences to describe 
a path which is approximately circular. Whether or not the path 
is completed depends upen the values of Vg and B. Fig. 424(b) 
shows the case where p is very large; Fig. 424(c) where, by increas- 
ing B, © has been reduced te a ; 3e@ that the electron just skims 

the anode, and Fig. 424(d) shows p made small, by suitably increasing 
B. For the case ef Fig. 424(b), all electrons would reach the anode; 
whereas for that of Fig. 424(d) none would de so; i.e,, the valve 
current would be cut off. Fig. 42i(c) represents the case where B 
is just large eneugh to prevent the electrons frem reaching the 

anode; i.e., the magnetron current is just cut off. The value af 
B required te achieve this is called the cut-off value By, and is 
obtained by puttingp . Fa in the expression fer B above. This 

2 
gives 

Be = a cocccosscavccusvccaoncucse(h)e 

& OUT OF PARER 

OO Oe 
(? (%) (c) (d) 

B INCREASING 

Fig, 424 ~ Single electron orbits with 
fixed Vg and varying B. 

(Actually, the orbits cannot be true circles, for the assumption that 
u is constant is only an approximation. The true orbit curves more 
sharply near to the cathede, and is roughly epicycloidal in shape). 

Fig. 425 indicates the circular orbits ef electrons, for Vg 
and B constant. It is seen that their centres lie on an eq. ipotent=- 

ial surface coaxial with the cathode; and that a similar coaxial 
surface marks the space charge boundary. 

The existence of the space charge modifies the above theory. 
Blectrons on their way out from the cathode are repelled by those 
nearer the anode, and are unable to execute the orbits so far 
described. Also, electrons which are attempting to return to the 

cathode are prevented from se doing by those nearer the cathode. 
It is more probable that these outer electrons, since they cannot 
fall back into the cathode, nove in circular orbits around it. 
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8 OUT OF PAPER 

8 OUT OF PAPER 

_-ANODE 

_- “BOUNDARY OF 
SPACE CHARGE 

REGION 

* ANTERACTION 
SPACE. 

‘ELECTRON ORBITS 

wo otene EQUIPOTENTIAL SURFACES 
Fig. 426 = Electron orbits 
zs modified by the space 

charge. 

——*———> ELECTRON ORBITS 

Fig. 425 = Electron orbits for 
a cut-off magnetron with Va 
and B constant and uniform. 

Fig. 426 indicates the electron paths obtaining when a steady anode 
voltage has been established, B oeing larger than the cut-off value. 
Tt is useful to regard the space charge region as composed of a 
number of thin ceaxial cylindrical shelis euch containing « large 

nuader ef slectrons waich revcive with the same angular velocity. 

The angular velocity dependa upon Vg, B and the radius r of the shell. 
The greater r, the larger is the angular velocity of the electrons. 

Up to the present, only the ortital conditions obtaining when 
Va is fixed have been considered, Figs. 424 and 425 indicating the 
orbits when space-charge effects are ignored and Fig. 4.26 when they 

are not. It may be shown that whichever orbit is assumed, much 
the same result is obtained, this result according well with the 

practical performance of the Habann oscillator. This oscillator will 

be examined from both points of view and thus the effect upon the 
orbits of varylag Vg wili ve inmvroduced. 

26. The Split-anode Masnetren Operating in the Dynatron Mode 
{Habana osciliater 

Pig. 427 - The two=segment magnetron. 

Ke ras 
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Tois mode occurs at frequencies such that the period of 

oscillation is long compared with the time of transit ef an electron 
trem cathode to anode, and nermally arises fer waves longer than about 
50 oma, In such circumstances it is valid to assume that, during 
their passage frem cathede te anode, the electrons are ina field 
that is approximately steady. 

Consider a twoesegment magnetren, connected as shown in Pig. 
427, Suppose that initially each segment is at a petential Vy 
above that of tae cathede, B being largerthan B, for this particular 
value ef the anode voltage. Then Fig. 428(a) shows the equipotential 
lines and electren orbits under this circumstance, space-charge effects 
being ignored. - Fig. 428(b) gives similar infermation, but shows the 
concentric circular orbits which ‘appear reesonable if the space charge 
is teken into account. In this latter case, the orbits follow the 
equipotential lines, whilst im the former, the orbit centres lie on 
an equipotential line. 

Bout of paper 

+100 
APPROXIMATE +100 
ELECTRON ELECTRON 

PATH 

~aa EQUIPOTENTIAL SURFACES 

——— ELECTRON ORBITS 

Fig. 428 - Orbits of a single 
electron in a split-anode 

magnetron. 

New let the petential ef the upper segment be raised ta 

(Vo + V,), whilst that of the lower segment is reduced to (V, - Vj). 
The rieta configurations and equipetential distributions are con- 
sequently changed as inuic.ted in Pig. 428(c). In tne absence of 
space charge effects, the electrons still move in such @ manner 
that the orbit "centre line" is always approximately at rignt angles 
to the electric field; i.e., tuis jine still corre.ponds to an 

equipotential line. Pig. 428(c) saows an electron orbit for such 
& case, and if the similar orbits of many electrons, leaving tne 

cathode at all parts of its surface, be considered, it is readily 
seen that more electrons will arrive at the laer segment than at 

the upper. 

If now the effect of space charge be censidered, an electron 

at A (Fig. 428(c))will be prevented from moving in towards the 
cathode by other electrons and will therefore be constrained, to move 

on a path epproximating to the envelope of tne orpit such as that sho 
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in the figure; i.e., the orbit itself tends to follow an equix 

potential line. Electrons in other portions of the anode-cathode 
space similarly tend to follow equipotential lines. Hence the 

introduction of the effect of the space charge, whilst it modifies 
considerably the individual electren orbits, in no way alters the 
conclusion, viz, that more electrons arrive at the lower potential 
segment than at the higher. Purther, it can be shown that if the 
circular orbits assumed in the presence of space charge (and fixed 
Va) be postulated, the cut-off value of B is given by 

be (RTE 
e (r, - zk)? 

and if rg >> rx, this reduces to equation (4), which was obtained 
en the assumption ef an entirely different erbit. This fortuitous 
agreement has been largely responsible for the continued neglect of 

consideration ef space-charge effects as in the early magnetron 
theories, but, although such omission leads to negligible eriors, 
except in the orbit concept, for the Habann oscillator, it gives 

errencous reguits for the resonant cavity magnetron considered in 

Sees. 27 - 42. 

Before preceeding to this case, it is instructive to consider 
how, in the Habann escillator, the conditions required for the main= 

tenance ef oscillation are fulfilled. We have seen that more elec- 
trons arrive at the lower petential segment than at the higher, Zhat 

is, referring to Fig. 427, the existing negative charge on tne lower 

cendenser plate is increased because of this, by an amount (say) AQ. 
If the instantaneous value ef the RP, voltage on the condenser is v, 
its RF energy is thus increased by + v.5Q. By arranging that 

mest electrons arrive at the Lower segment when C is fully charged 
(i.e. when v has its maxinun walue) the greatest possible increment 

ef energy is given to the tuned circuit. Half a periodic time later 
the upper plate of the condenser will be negative with respect to 

the lower; and at this instant the mijority of the electrons will 
be arriving at the upper plate. Thus the oscillatery circuit 
receives increments of energy due te the arrival of electrons at the 
right time. Hence dissipation in the tuned circuit (or in whatever 
load is coupled to this circuit) may be made up by the magnetron. 
Sime the current through each segment is antiphase to its RF voltage, 
the magnetron benaves as a negative resistance element; this accounts 
for the name “Dynatron mode" erten used to describe this kind of 
magnetron operation. Taeis mode can be efficient only if the electron 
cathode=to~-ancde transit time is negligible compared with tne periodic 
time, for only then will each increment ef charge be received when 
the cerresponding segment voltage is at a minimum. 

27. Rae Resonant Cavity Centimetric Magnetron 

The contruction ef a typical magnetron of this type is 
indicated in Pig. 422. The tuned circuits are holes and slots cut 
in a solid beryllium<copper block; Fig. 429 illustrates some common 
anode block construticns. Considering onehole and slot apart 

from the remainder, we may regard the slot as a condenser, since 
most ef the electric field is located at it, and tne hole as, roughly, 
a single turn coil. Thus a single hole and slot constitutea reson- 

ant circuit. The equivalent circuit of the magnetron as a whole is 

more complicated than this, not only because there are many cuvities, 
but also because they are coupled one to auother in a complicated 

manner. Firstly there is mutual induction between the holes, since 

magnetic flux emerging from the top of one hole passes through an 
adjacent one to form a Closed loop, (see Fig. 4350(a)). Also, there 
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(c) "RISING SUN” VANE TYPE OF BLOCK (d) RISING SUN HOLE & SLOT TYPE OF BLOCK 

Fig. 429 - Types of anode block 
construction in use, 

are capacitances to the end plates and to the cathode, giving rise 

to capacitive coupling between the cavities, Coupling also occurs 

through the medium of the space charge itself. Since an Nesegment 

magnetron may be regarded as having a simple equivelent circuit 
given roughly by placing the N-segments in pamllel,the resultant 
equivalent lumped circuit has a capacitance N tilaes and an inductance 
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i 
¥ th of that of a single 

cavity, Thus the oper 
ating frequency would 
appear to be that of a 
single cavity. In 
practice, whilst the 
cavity dimensions are (GQ) MAGNETIC (INDUCTIVE) COUPLING 
the most important BETWEEN HOLE AND ITS NEIGHBOURS 

Single factor ih deter= 
mining the frequency 

of operation, they are NEW 
influenced materially 
by the space~charge ae 
cloud, as well as by rn THODE. 
the values of the 

applied voltage and ELECTRIC (CAPACITIVE) COUPLING BETWEEN SEGMENTS 
the magnetic flux AND END-PLATES (LEFT-HAND SKETCH) OR BETWEEN 
density. Hence it SEGMENTS AND CATHODE (RIGHT-HAND SKETCH) 
is necessary to 
consider in some 

detail the behaviow 
nf the space charge. 

(b) COUPLING BETWEEN SEGMENTS. 

Fig. 430 - Coupling between segments. 

28. The Single Stream Steady State 

The following account is now generally accepted as describing 
what occurs in the anode-cathode space of a resonant cavity magnetron, 

It is based on the concept of the Single Stream Steady State. Each 

electron is assumed, if Vg is constant, to be moving in a circular 
orbit about a point on the axis as centre. If V, is varied the 

electronschange their orbital radii accordingly. It is assumed that 
the changes of anode voltage occur so relatively slowly that the 
electrons immediately move into the orbit corresponiing to the new 
value of Vz, so that any instantaneous condition is virtually a 
"steady state’, i.e. one obtaining with fixed Vj. Since magnetrons 
are pulse-oeperated, the validity of this assumption might appear 
doubtful; but present pulsetechnique cannot produce modulating 
pulses rising to their full value in less than about 0-02u5. 
Electron orbits can automatically adapt themselves to cnanges of 
this order, so that a succession of "steady" states occurs as the 
pulse is applied. Hence at any point in the space-charge region 
the electrons are, at any instant during the change, either all 
going tewards or all going away from the cathode. Tnis is the 
distinction between Singie Stream and Double Stream steady states, 
for under the double stream condition some electrons may be moving 
through the point towards the anode and others towards the cathode. 
Analysis has shown that the latter condition would obtain if the 
pulse rise were instantaneous. Since we have not yet approached 
sufficiently near to this condition for the single stream state to 
be invalidated, the possibility of a double stream steady state will 
hereafter be disregarded. (It may be noted that the early concept 
of electrons hurtling among one another in an interweaving of epi~ 
cycloids implied a double stream state). Also, with the rates of 
rise of the modulating pulse encountered in practice, it is not 
necessary to differentiate between CW and pulse operation. 

29. Behaviour of the Spuce-Charge Cloud when tne Anode Voltage Varies 

So far, discussion has been limited to the operation of the 
magnetron with Va fixed. The next step is to consider whal happens 
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to the space-charge cloud when oscillations of the tuned circuits 

(cavities) cause the anode voltage to vary. 

Any disturbances at the anode, resulting in oscillations, 
sets up a voltage pattern upon it, This pattern can be analysed 

into component waves revolving at different angular rates around 
the anode surface, 

One of these component waves roughly in step with a part= 
icular "electron shell" (see Sec. 25) may cause considerable dis- 
tortion of its cylindrical form. This distortion ia turn affects 

the motion of other electrons. It can be shown that electrons 
between this shell and the anode, and which, with constant Vz, move 

faster than tiose in it, are slowed up when the space charge cloud 
is deformed, and that those nearer the cathode have their angular 
velocities increased. Thus the electrons outside the "insstep" 
shell give up energy whilst those inside gain energy. If the 
outer electrons give up more energy than is acquired by those 
nearer the catnode there will be a net loss of energy by the space 
charge, and if this energy can be taken up by the tuned circuits a 
means of sustaining oscillations is provided. This condition, 
although necessary, is not sufficient, for the energy of the space 
charge must be replenished from the DC source. This can be 
achieved only if the deformation of the space-charge cloud is 
sufficiently great to cause electrons, in sufficient numbers, act=- 

ually to reach the anode, and this clearly depends upon the value 
ef Va. (It depends also upon the nature of the voltage pattern 
around the anode.) 

Before considering the factors mentioned above in greater 
detail, a rough picture of the part played by the space charge, 
and of the operation of the magnetron generally, may be obtained 
with the aid of the following analogy. 

30. The Electrometer Analogy 

Consider a light paddle~shaped vane (Fig. 431(a)) supported 
by a torsion head and deflected by the charged surfaces ABCD. The 

vane takes up a position of equilibrium determined by the deflecting 
torque due to the system of charges, and the restoring torque due 
to the suspension. (Tnis is a form of what is generally mown as 

a quadrant electometer), 

If the constraint on the vane is removed and the cylindrical 
outer surface rotated, the vane will keep step with the rotation, 

Alternatively, the same result could be achieved by the use of a 
commutator in the leads to the segments, arranged so as to reverse 
the charges periodically. Such a system can be regarded as an 
elementary motor and could be made te perform work, 

Conversely if the rotary vane in the arrangement shown in 
Pig. 431(b) were driven by an external moter, charges would be 
induced en the segments as indicated, and would vary periodically. 
The resulting volteges would cause currents to flow in the external 
circuit. Such a system is clearly a simple generator, and could 

be made to supply power to a load, 

In the magnetron there is a state of affairs resembling this 
in several respects. The segments of the electrometer correspond 
to the anode segments of the magnetron, and the charged vane to the 

rotating space charge. Figs. 452(a) and (b) show the space charge 
distorted due to the segment potentials, for the 4-segment and 
S=segment cases. It will be noted that in neither case shown could 

oscillation be maintained, for no electrons reach the anode, and 
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Fig. 431 = The electrometer Fig. 432 = Space charge deforma~ 
analogy. tion in the magnetron. 

and hence no energy is being supplied to the space charge. Fig. 
432(c) shows the cloud sufficiently distorted for this to occur. 
Under this condition there will be an inwards radial Clow of 
current in the magnetron (corresponding to the outward flow of 

electrons). This current flows under the influence of an external 
magnetic field, and the space charge is accordingly constrained to 

to revolve. (In the case shown, the magnetic flux is out of the 
paper, and the consequent metion is counterclockwise). Thus we 
have an effect equivalent to the driving motor in the analogy. 
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35l.e Modes of Oscillation 

It is next necessary to consider in further detail the voltage 
pattern on the anode referred to in Sec. 29. Common anode block 
arrangements have been shown in Pig. 429, Consider that of Fig. 429 (a). 
If a slot, regarded as the condenser of the equivalent tumed circuit, 
be charged up in some way, the cavity will oscillate at its natural 

frequency. Now such @ cavity has many possible modes ef escillation, 
and in a magnetron the existence of other cavities all coupled by 

magnetic and electric fields and by the space charge, complicates the 

preblem considerably. 

The simplest and commonest made is one in which at any instant 
alternate segments are at equal and opposite RF petentials, i.e 

there is a phase difference ef 160° (x radians) between adjacent seg- 
ments. This mode is commonly called then~ mede. The instantaneeus 
potential ef any segment varies sinusoidally with time. Fig, 433(a) 
shows the instantaneous voltage distribution areund the anode at 
intervals ef one eighthef a periodic time T, fer an eight~segment 
magnetron, the segments being drawn fer convenience in a straight 
line. Whereas the time variation of voltage at any point en the anode 
is sinugeidal, the voltage distribution plotted against distance round 
the anode is not. That is, the veltage pattern is a sinusoids] time 
variation, ef amplitude varying periodically with the angular dist- 

ance; i.¢., it is a standing wave, Further this standing wave can 
be analysed inte a series of spatial harmonic components, each of 

which can be regarded as consisting of two identical travelling waves 
moving round the anede in opposite directions, Thus, if we take 
the — mode here considered, and restrict our attention te the 
travelling waves comprising the primary er fundamental spatial 

harmenic only, we shall obtain the results shown in Fig. i34(a). If 
all the spatial harmonics were included, the waverorms ef Fig. 
433(a) would result. 

The primary cum unent in the standing wave so far considered 
would have 4 complete reveats around the anode, This is knewn as 
its mode number, n, Tous thew mode in an 8 segment magnetren is 
also the mode for whicon = 4; whereas in a lO=segment mgnetron 

the W=- mode would fe tre ene for which n = 5, since there weuld 
then be 5 complete .cyeats around the anode. . 

n may have any value, i,e., any phase difference may exist 
between adjacent segments, provided only that the tetal phase 
change round the bleck is a multiple ef 360°. Then each caaponent 
travelling wave will have a number of repeats Wy given by n= oN+ n 
where N is the number ef segments and m any integer (positive er 
negative, a negative answer cerresponding to @ cempenent in the 
opposite direction). Thus if we take the case so far considered, 
where n = 4 and N = 8, = 4 (for m= 0}, 8 (form= 1), 12, 16, 
etc., alse ny =~4, ~3, “be etc. for negative values of m The 
cemponent for which nj = “4 is called the primary reverse component, 
and by combining this with the primary ferward component (nj, = 4) 
we have obtained the resultant curve of Pig. 434(a). Adding in 
also all the other travelling compenents would have preduced Fig. 

L34(ay. 

In a similar manner the Figs. 434(b), (c) and (d) nave been 
produced, for the cases n= 3, n= 2, n= l respectively. For 
putting n = 3, = 8, m= <1 we obtain n, =-5 for the primary reverse 
component, These are shown in Fig. u3h(b) 3 which leads te Fig. 
434{b) if these and all the other travelling components are added. 
The reader is left te confirm for himself that the correct values 
for the primary reverse modes have been taken in Fig. 434(c) and 
434(d), and that these results would lead to the anode waveforms 
shown in Figs. 434(c) and 434(4d). 
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MAGNETRON SEGMENTS 

4 35 6 7 8 
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MAGNETRON SEGMENTS 
3 4 3 6 7 8 | 

Pig. 433 ~ Standing waves of 
voltage on a magnetron anode. 
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Fig. 434 ~ Primary components of standing 
waves of vo ltage on an S=segment magnetron 

anode, 

Since an apparently infinite number of modes appears, from 
the feregoing, te be pessible, it is next necessary te consider how 

it is that a given magnetron can be made to operate in (say) the 
Temede, as ia mest usual. 

nitiation ef Oscillatien - The Energy Transfer Criterion 

It has already been stated (Section 29) that variations in 
the anode petential cause the electrons in the space-charge cloud to 
be disterted in their orbits, and that an electron shell roughly in 
step with a compenent of the anode waveform is markedly affected. 
Now, since the farther the electrons are away fram the cathode, the 
faster they meve in their circular (constant Va) erbits, a sudden 

“pulling-out" tewards the anede ef seme clectrens will cause those 
nearer the anede te pile up en these drawn out towards it. Thus, 
net enly will this lead te the “star~fish" shape of the space-charge 
cloud indicated in Fig. 432(b), but it will cause a retardation of 
the outer electrens, whieh will tend te assume apprexinmately the 
same angular velecity as the compenent ef the anode waveferm consid- 

Thus these suter electrons will give up energy. Electrons 
nearer the cathede than these in the shell most affected will increase 
in angular velecity, andi hence acquire additional energy. For escili- 
atiens to be initiated the energy given up by the gace-charge must 
exceed that taken frem it. This requires that an adequate propertion 
ef the space charge must lie outside the shell which is in synchren- 
ism with the anode waveferm cempenent. It can ‘be shown that whereas 
the distribution ef the space charge clearly depends on Vg (assumed 

- constant) the radius of an electren shell in which the electrons 
travel with a definite velecity dees not. For a mede of oscillation 
with frequency f and mode-numcer n the synchronous velecity is a 
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The radius of the shell moving with this velocity 
depends en B and ry but not on Vg. Also, the larger n,the smaller 
is this radius, 

The magnetron must therefore be operated with Vy large 
enough se that the radius ef the space-charge cloud is greater than 
the radius ef the synchronous shell by an amount sufficient te 
ensure the transfer ef energy frem the space charge to the cavities. 

This condition will be termed the Energy Transfer Criterien, The 
value of Vg required to satisfy this criterion will be called the 
"Energy Transfer Potential", Since the radius ef the critical 
shell is smaller the larger the value of n, to operate the magnetron 
in a high erder mode necessitates a smaller aucde voltage than opera- 

ting it in a lew order mode: also, if Vg be steadily increased, the 
energy transfer criterion is satisfied successively for lewer and 
Lewer order modes. 

‘All cemponents ef the anode waveform affect the electren 
cloud te seme extent. But only a ferward component, i.e. one 
moving in the same direction as the space charge as a whole, can be 
in synchrenism With an electron shell. Reverse compenents have 

little effect on the general motion of the space charge as a whole. 
Further, it can be shown that the potential Vz due te a wave comp- 
onent nm ,, at a point within the space charge, distant r fron the 

axis, increases with ( = ya se that, except near te the anode, 

the contributions to V made by lew values of My Will be larger than 
these made by bigh values ef nz. Hence it appears that, from these 
considerations alone, the primary ferward mode would cause the 
greatest distortion of the space-charge cloud, 

It remains to be shown that the energy available when the 
energy transfer criterion is satisfied can actually enter the 
cavities; i.e., that the pewer flux is directed into them In 
erder to see this, consider again the 8~segment magnetron, operating 

in the n= 4 mede. We shall again take only the primry compenents, 
as shown in Fig, 435, in which the components ef Fig, 434(a) are 
repeated. Also -we shall assume that the primary forward component 

is the major effective component for the initiation of oscillation. 

In Fig. 436, the conditions in the magnetron at time t = are 

illustrated. 

antaneous crest of the 
primary forward compenent 
of the anede waveform: 

OB through the trough. 
It is shown in the full 
mathematical theory of 

the magnetron that the 
aggregation of electrons 
takes place in such a 

manner that the bulges 
in the disterted space=- 
charge cloud are always 
ahead of crest lines 
such as OA. At points 
en the anode opposite 

to each bulge there will 
be, by induction, a 
lecal increase in the 
positive charge on the 
anode, and, correspond- 
ingly, there will be a 
local reduction in the 

The line OA 
is drawn through the inst~- & 

A A . 
. 

‘N\ = 

\ x“ ems RELATIVE TO 
‘\. ; MAGNETRON 
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y 
py 4 Le al CL 

~~ oe f- -— ~~ BOUNDARY OF 
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FQINDAR + 

INDUCTION GF CHARGES ON THE ANODE BY 

ROTATING SPACE CHARGE 

Fig. 436 - Induction of charges on 
the anode by rotating space churge.
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charge on the anode opposite each trough in the space-charge clouwi., 

Thus, superposed upon the positive charge on the anode due to the 
applied voltage, there will be a variation of charge corresponding 
to the deformation of the space charge. This variation is indicated 
en Fig. 436 by plus and minus signs. 

The spatial] distribution ef induced charges on the anode must 
be periodic, and in the case taken will have four perieds round the 
anode, In the diagram (Fig. 435) only the fimdamental component of 
this distribution is shown, as this is the only component which 

contributes appreciably to the output power, As the primary forward 
component of voltage moves round the anede, the space charge deform=- 
ation, and’ therefere toe variation of charge on the anode, moves 
with it. The distribution of charge at later instants is shown in 

Figs. 435(b2) ana (b3). 

Consider a particular gap XY. The spatial distribution of 
the anode voltage at successive instants is shown in Pigs. 435(al), 
(a2) and (a3), and the corresponding time-variation of the voltage 
acress the gap XY is shown in Fig. 435(c). The relation between 
the compenent of the charge distribution and the potential of X 
relative to Y may now be deduced. Since the charge distribution 

is moving round the anode in an anticlockwise direction, there is 
& cempenent of current flow at every point on the anode, proportien= 
al te the cerresponding canponent ef instantaneous charge density 
at the point, Hence the graphs of Fig. 435(b1), (b2) and (b3) may 
be interpreted as current distribution round the anode, instant by 

instant, a current flowing in an anticlockwise direction being reck- 
oned as positive. The manner in which the current flowing from X 
te Y, i.e. around a cavity, varies with time may be deduced from 
these graphs, and is plotted in Fig. 435(a)}. 

Pig. 437 shows the particular cavity considered, When X is 
positive with respect te Y the direction 
of the electric field across the slot is 
as shown by the arrow E, Hence if 

electric fleld strength is regarded as 
positive in the direction ef the arrow, 
Fig. 435(c) may be usefully taken as 
a graph of electric field intensity. 

When the current round the cavity 
(Pig: 437) is pesitive the direction 
ef the magnetic field is as shown by H 
(out ef the paper). Heme if 
magnetic field intensity is regarded 
as positive in thia direction, Pig. 
435(d) may be taken as a graph of 
magnetic field intensity. 

If the cavity were resonating 
Without gain er loss ef energy, the 

time-phase relation between E and H 
would be a quadrature ene. But Fig. 437 = Power flux 
superpesed on the magnetic field due into cavity. 

to resenance ef the cavity, there 

is in the magnetron an additional 
magnetic field produced by the mechanism described above, Comparison 

ef the graphs ef Figs. 435(c)} and (da) shows that the phase of H 

differs from that of EB by @ phase angle less than 7/2, so that H has 
components beth in quadrature and in phase with E, The former 

indicates that the electronic mechanism of the mgnetron modifies 

the resonating field in the cavity and hence affects the frequency 

ef escillatien. It is one reason why resonant frequencies measured 
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with the cold vlock dirfer.appreciably fron those obtained when the 

magnetron is actually in use. It is also a reason why the imgnetron 
frequency is sensitive to changes in anode voltage. 

The in-phase component indicates 
that there is a flow of energy, and the 
direction of the pewer flux P is obtained 

from the usual consideration, i.e. that 

E, H and P form a right handed systen. 
(see Fig. 438). Thus, in Fig. 437, the 
power flux is directed into the cavity. 

It is thus possible, provided Vg has the 
required value, with due regard te n, for 
energy to be transferred from the space 
charge to the resonating cavities. 

POWER FLUX 

E 

It should be stated that the \ 
precise behaviour ef the electrons in \ 

the shell most affected by the anode H 
waveform, and also the exact location 
of this shell, is not yet firmly 
established, There are some d.ffer= Fig. 438 = Reletive 
ences in the views held by various dispositions of the 
research workers, It is, however, electric, magnetic and 
agreed that, although a certain shell power flux vectors. 
(ov shells) may have greater imuport- 
ance than others in the operation of the magnetron, the essential 

factor is the behaviour of the space-charge cloud as a whole, 
Oscillations are possible only if the cloud gives up more energy 
than it gains; and tnis condition can be achieved, in a particular 

mode, only if Vg has sufficiently high value; that is, if the 

energy transfer potential is exceeded, 

33 Maintenance of Oscillation; The Energy Supply Criterion 

As already observed, oscillations can be maintained only if 
the energy transferred frou the space-charge cloud to the cavity is 
replenished from the Hf supply; i.e. some electrons in the space= 

charge cloud must have sufficient energy to reach the anode. 

This condition, wnich will be termed the Energy Supply 
Criterion, may be determined mathematically, and it is found that, 
as in the case of the energy transfer criterion, Vg must be greater 

than a critical walue, called the Energy Supply Potential (or Thres- 
hold Potential). This petential also increases with the ratio 

£, so that as Vg is increased fran zero the energy supply eriterion 

is satisfied first for the higher order modes and successively for 
those of lower erder. For given values of f, n and B the energy 

transfer and supply potentials are not the same. 

34. The Two Criteria Combined 

It follows from Secs. 32 and 33 that for a magnetron to 
oscillate continuously in a given mode its anode supply voltage 

must exceed both the energy transfer and the energy supply potentiais. 

It has been previously stated (Sec. 26) that Bg, the cut-off 
value of B for a given V,, is given by 

Be = WA Om Va 7 5 

Fk, 
rp 

e(rac y? 
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so that Vg Bo*. Hence the curve showing the variation of 
By with Vg is a parabola, indicated by 0S, Fig. 459. Further, it 

has been mentioned already that the exergy supply potential depends 
upon both B and n, It can be shown that for given values of n 
the graphs of the energy supply potential against B yield straight 

lines woich are tangential to the cut-off parabola, as shown, 
(Tbe points of contact are calculable, and are nearer the origin 
the larger is the value of n}. Corresponding graphs showing how 
the energy transfer potential varies with n are shown by the dotted 

lines in Pig. 439. 

For a given Va and B, a point may be plotted on the composite 

graph representing the operating conditions. For example, Fig. 439 
shows that, for the point P, 

(i) V, is insufficient to cause all electrons to reach the 
anode; V, would have to be increased to the ordinate 
ef S for this to happen. 

(ii) that the energy transfer potential for n= 5 is exceeded 

(iii) that the energy supply potential for n= 5 is exceeded | 
also. 

Va 

CUT-OFF 
PARABOLA 

Ss n-3 

i 

i 

ENERGY SUPPLY 4 
POTENTIAL LINES | jie n-4 

wee eee ENERGY TRANSFER 1 ff 
POTENTIAL LINES ff 

o + a 

Pig. 439 - Operating conditions for an 
unstrapped magnetron. 
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(ii) and (iii) combined given the information that oscillation 
in the n = 5 mode is possible. The diagram also shows that oscilla- 
tion in any lower order mode is not. With the working point at P, 
however, not only ‘are the conditions for oscillation in the mode 
n= 5 fulfilled, but so also are those for all higher order modes. 
Thus the coexistence of several modes appears possible, Actually 
this does happen, and has a deleterious effect which has to be 
minimised; (see Sec. 35). However, the deformation of the space 
charge is greater the smaller the value ef a so that, although other 
modes might well be present, the mode n = 5 would predominate in the 
ease indicated. 

To operate the magnetron in the n = 4 mode with fixed B weuld 
involve raising Vg so that the working point was (say) T. It is 
possible to show, however, that for efficient operation Vg sheuld be 
as near as possible to the energy supply potential. In any mode 
for which the energy transfer potential considerably exceeds the 
energy supply potential, as with the n = 4 mode here shown, working 
weuld be inefficient. It would be better in the case shown to work 
in the mode n= 5 orn = 6, 

Consider Vg raised quickly, but not_instantaneously, from zero 
to its working value. Then V, rapidly passes through the conditions 

fer oscillation in the modes given by n = 10, 9, 8, 7 etc., operation 
in these modes becoming more inefficient, and in some case ceasing 
altogether as Vy rises. These different modes will, in general, 

cause the magnetron te operate at different frequencies, se that opera-— 
tion at the desired frequency may not take place until seme short 
time after the pulse has been initially applied, The ensuing delay 
between the application of the modulating pulse and the transmissien 
of the RF pulse at the correct frequency might lead ta Range errors 
if not allewed for in the timing system, 

The coexistence of several modes, operating at slightly 
different frequencies is undesirable, and is minimised by Strapping. 

The purpese of strapping is to minimise the ceexisting modes, 
both in number and in magnitude of escillatien. It is done by 
connecting short cenducters between pairs ef segments, the segments 
so connected being separated by a third, In a general way it is 
easily seen that joiming segments in this mamer will tend to faveur 
some modes rather than others, Fér example, if an 8-segment magnetron 
be taken and alternate segments: joined as in Fig. 440, the N-mode 
(n = 4) is favoured, since this implies a phase difference between the 
strapped segments ef 2%. Fer the mede n = 5 the phase difference 
would be 2 » a condition impessible if the segments are short-circuited, 

Strapping is, however, not as simple as is here implied, since the 
straps cannot be regarded as simple short-circults. Fer each strep, 
being a conducter, has inductance, and since it passes ever the 
separating segment, capacitance exists between it and this segment. 
Thus the presence ef the strap alters the frequency at which a 
particular mode operates, In theN- mode the strapped segments are 
at the same petential, and hence the strap carries negligible current; 
se its inductive effect can be ignored. Its capacitive effect 

cannot; hence the Prequency corresponding to the X-mede is lower when 
the magnetren is strapped than when it is not, by an amount largely 

determined by the strap position relative te the block, If the 
mede n = 5 arose there would be current through the strap; se its 

inductive effect would be important, as would its capacitive effect 
alse. Hence altheugh the general effect of strapping is to change 
the frequencies at which modes arise, such changes will usually be 
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JOUMOO 
a 

DOUBLE RING STRAPPING 
a) (SINGLE RING STRAPPING OMTS THE OUTER STRAPS AT ONE yo N 

END AND THE INNER STRAPS AT THE OTHER END) 

~ 

() 

(c) STRIP STRAPPING 

. ECHELON STRAPPING 
co BOTH ENDS 

(@) INCOMPLETE RING STRAPPING (e) Y—B STRAPPING 

Fig. 440 = Strapping systems. 

different for the several modes, Thus the different modes are 
separated in frequency by strapping; and the conditions in the 
‘magnetron system as a whole, and in particular the selectivity of 
the load, may then be adjusted so that matching is achieved at the 
frequency ef the required mode; (normally ef the lowest order 
possible, and most commonly the % -mode). 

The suppression (er minimisation} of all but the wanted mode 
markedly increases the efficiency. Por example, it has been explain- 

sd that, if Va is such that the operating point is almost on the 

n= 5 energy supply potential line of Fig. 439, any n= 6 (or higher 

mede) output must be inefficiently produced. Hence its contribution 

te the tetal magnetron output must reduce the everall efficiency. 

Since strapping, by diminishing the unwanted modes and separating 
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them in frequency, tends te make the output consist almost entirely 
ef the required efficient modes, its intreduction results in a 
very considerable increase in the overall efficiency of this type 
ef magnetron. . 

Referring again to Fig. 439, it has been stated that working 
in the n = 4 mode (at point T) would be less efficient than working 
in the n = 5 mode at point P, Whilst this is true fer the umstrapp- 
ed magnetren, it is not true fer the strapped magnetren, to which 
Fig. 439 would net apply. This is because the value ef the energy 
supply petential for a given B and n depends upon frequency, and hence 

changes with strapping. 

Some common ferme ef strapping in practical use are shewn in 
Fig. 440. 

Strapping alse provides a means ef pre-tuning, i.e, setting 
up the magnetren on a spot frequency berore it is sealed eff. The 

lid is kept eff and OW from a klystron escillator at the desired 
frequency is injected into the magnetron tareugh the coupling loop. 
The straps are then bent until the magnetron resonates at the 
required frequemy, this condition being determined by the use of a 
resonance indicater in the coaxial line from the kiystren te the 
magnetrom, (Allowance has te be made fer the difference in freqe 
uency occasiened by the presence ef the lid and the space charge, 

in the operating mgnetren: but empirical rules enable this to be 
done with the required accuracy). 

The emission of one er more straps frem an etherwise symmet- 

rical system, er intreducing a break in a strap (or straps) can 
have a marked effect on the response of a magnetron at seme particular 
mede er modes, Strap emission is sometimes made necessary by such 
practical factors as the pesition ef cathode leads etc. 

36. Effect of Anode Length, and of End-Plate Distance 

The length ef the anode and the distance between it and the 

end plates influence the frequency eof the varieus modes; Figs. 441 
and 442 iwdicate the extent of this effect. The fact that the 
anode~te~end-plate distance effects the frequency ef operation is 
made use ef in tunable magnetrons, ene form ef which has a thin 
lid the centre of Which may be depressed and the frequency thus 
changed. In thia way a change ef abeuw: 150 Mc/s in 3000 Mo/a can 
be achieved. Another form ef tunable magnetren has metal reds 
which can move in and out of the anode bleck, thus altering both 
its effective length and the anode-te-eni-plate separation. 
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37. Qutput Couplings 

The output is commonly 
taken from a magnetron by 

means of a coupling leop, made’ 
by bending round the inner of (a) 
the coaxial output line and 
soldering it on to the outer 
(see Fig. 422). The output 
can then be adjusted by 
turning the leop, thus varying 
the magnetic flux Linkage. (b) 

At 3 cm and shorter 
wavelengths it is net pract- 
icable to make leops small 
enough to be located within 
the cavity in this manner, 
and the methods indicated in 
Fig. 443 are used, (a) 
shows a loop inductively (c) 
ceupled te the cavity; in 
(b) the output conductor ~ 
is attached to the upper 
surface of one of the seg- 
ments of the anede block: 
and in (c) to ene ef the 3 Sm OUTPUT COUPLINGS 

ring straps ceumonly used 
at these wavelengths., : 

Pig. 443 = 3 cm. output 

38. Cathode Features coupling. 

The turbulence of the electron cloud tin an operating magnetron 
is vigerous enough to force a proportion of electrons back to the 
cathode with increased energy. There is consequently additional heat 
dissipated at the cathode and a possibility of cathode disintegration. 
The energy dissipated in this way is sometimes so large that, after 
an initial werming-up period, it is possible to reduce the magnetron 
heater supply, er even switch it eff entirely. The cathode must be 
robust to withstand the bombardment, and is commonly made by using 
a nickel mesh as a foundation and filling this with emissive oxide. 

39. Pulse Operation ef Magnetrons 

In most radar applications magnetrons are required to produce 
high pewer RF pulses of short duration, tais being normally achieved 
by applying to the cathede approximately rectangular negative-going 
pulses, of che required duration. This is preferable to applying 
positive going pulses to the anode, which it is usumliy convenient 
to earth, The pulses should be steep-fronted and have a rapid die- 
away, to minimise the effect ef unwanted medes set up when V, is 
changing. (See Sec. 34). Théy should also have a flat tep, since 
changes in Va during the oscillating period.can seriously affect 

frequency, efficiency and output power. 

40, Magnetron Characteristics and Rieke Diagrams 

Two methods are in common use for presenting magnetron per= 
formance, namely, Magnetron Characteristics and Rieke Diagrams. 
Magnetron Characteristics are drawn in Cartesian Coordinates, the 
modulating voltage applied to the magnetron in pulsed operation being 

graphed against the value of the valve current I, during the pulse. 
Contours of constant flux density B and contours of constant RF out- 
put power are drawn, Sometimes efficiency contours are also included, 
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An example of a set of magnetron characteristics is given in Fig. 

ijt, It is seen from this that to obtain high efficiency it is 
necessary to have a high value of applied voltage and magnetic 
flux density. For constant B there is an optimum value for Va 

beyond wnoich the efficiency begins to fall. 
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Whereas Magnetron Characteristics indicate magnetron perform~ 

ance under conditions of varying Vag and B, the load being always 

adjusted for maximun output power, Rieke Diagrams show perfo mance 

for fixed I, (or Vz) and fixed B for variations of load impedance. 
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uxex Rieke Diagrams 

Consider the manetic field strength and pulse amplitude 
to be constant. Then’ variaticn of load impedance over all possible 
values of resistance and reactance will cause changes in valve 

current, peak power output, efficiency, frequency of operation, and 
frequency stability. Corresponding changes occur if the current is 
fixed and the voltage varied, It would be possible to plot these 
variations as contours on Cartesian axes representing values of 
resistance and of positive and negative reactance; but it is more 
convenient to plot them on a Polar Circle Diagram as shown in Fig. 

445. This has the advantage that the effect of a loaded output 
line or waveguide can be taken into account on the same diagram when 

performance is being deduced in a particular case. The normal 
circle diagram technique is then employed to transform the impedance 
to the output loop so that the corresponding performance can be 

recd off, 

REACTANCE ARCS RESISTANCE CIRCLES 

- Radius =I, 
! 

Reds = Tes, 

ss 
Centre (- 148, 0) Centre (-1,-3 

where 5 = SWR 

Te 
CONSTANT -FREQUENCY CONTOURS (Mc/s) oS ‘ 2 ot CONSTANT -POWER CONTOURS (AW) 

thus ~ 3070 OR ae thus— 60 

STANDING WAVE 
[RATIO FIGURES 

{ on this Axis 

Fig. 445 - Rieke diagran, 
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In the Polar Circle Diagram, the complete circles represent 
circles of constant resistance and tne arcs orthogonal to these 

circles, constant re.ctance. An important property of this circle 
diagram is that when the line is terminated in a load represented 
by the point P, the magnitude of the reflection coefficient p of 
the Load is represented by OP, and the phase change on reflection 
is given by @ (see Fig. 44). 

Hence circles centred at O are circles of constant p . 
These are also circles of constant standing wave ratio since reflect~ 
ion coefficent and standing wave ratio are interrelated (SwR. = 
iL -? 
l +p 
wave ratio. 

}» The vertical axis ig scaled in terms of the standing 

The following important points arise from the diagram, 
In the example taken, the’ region of highest power lies at A. Follew- 
ing the constant-p circle from A to the vertical axis reveals that 
the corresponding standing wave ratie is net unity. This implies 
that the line or waveguide is mismatched; and this is due to the 
fact that the optimum lead for the magnetron at the output loop is 

different from the characteristic resistance of the line or waveguide. 
In order to match the magnetron outpub impedance to the line or wave~ 
guide, many modern magnetrons have a ovuilt—in matchng device at the 
eutput loop. In the region of A the frequency stability is poor 
because the frequency contours converge, so that a small change in 

ioading causes a comparatively large change in frequency. Hence 
operating the magnetron to obtain maximum output power makes good 
frequency stability impossible. 

The operating conditions of the magnetren and the maximun 
efficiency at which it can be operated depend upon the characteristics 
of the magnetron and its load; i.e. the radar system of which the ~ 
magnetron is part. The particular features of the radar system that 
are important are the modulating voltage and pulse shape, the type 

of receiver employed (e.g. whether there is Automatic Frequency Control 
er not), and the maximum standing wavs ratio that may be set up in 
the feeder system due to joints, spacers, and variations in loading 
originating at the aerial array. 

Suppose, for example, that the standing wave ratio on the line 
er guide is subject to wariation between 1 and 1°5, due, perhaps, to 
@ variable termination of the line caused by a faulty scanning systen. 
This variation of the SWR ef necessity causes fluctuations’ in the 
magnetren frequency. If automatic frequency control (see Sec. 49 - 
53) is not employed at the receiver this may seriously affect the 
performance of the radar system Su pese that a frequency change 
of 10 Mc/s is permissible. Then, siace a SWR ef 15 corresponds to 

_ Ps O02, the magnetron can be operatei under such conditions that 

the constant- p circle of radius 0*2 joes not cover more than 10 Me/s 

change in frequency contours. 

41. Frequency Stability and Pulling Figure 

Frequency changes in an operating magnetron can be traced to 

several causes. As has already been pointed out, variatien in input 

conditions produces a change in frequency. As this variation also 

results in a change of anode current, the effect is called Current 
Pulling and is of the order of O*1 to 1 Mc/a per ampére for 10 and 3 

cm. magnetrons, Variation in anode block temperature also causes 

a frequency change because of the expansion ef the bleck., The 
change is reughly propertional to the change in temperature and the 
coefficient of linear expansion of copper, Load variations are the 

459 



Chap.8, Sect.44 

mest important causes of frequency changes. The term Pulling 
Figure is defined as the difference between the highest and Lowest 

frequencies obtained as the load is varied in any manner which does 
not cause the standing wave ratio to exceed its maximum permissible 
value. Normal values of pulling figure are of the order of 10 to 
‘15 Mc/s. 

If a leng transmission line or waveguide is employed between. 
the magnetron and the aerial system operation at mere than one freq- 
uency may be possible, and the magnetren frequency may jump from one 
value to another more or less at random. This is commonly known ag 
Frequency Splitting. It is avoided by keeping transmission systems 

as short as pessible er by avoiding standing waves on long lines or 
guides. . 

uae Use of Rieke Diagrams te Tllustrate Frequency Pulling and 
Frequency Splitting 

In the example already quoted in Sec. 40, referring to Fig. 
445, the standing wave ratio was assumed to be 1*5, so that p= 0-2, 
The frequency variation ever the region covered by the circle 
p = 0-2 may be determined by interpolation between the frequency 
contours already drawn. The pulling figure may thus be shown to 

be about 6°5 Mc/s. 

The Rieke diagram also illustrates how a short line is 
preferable to a long one. Suppose that the line (or guide) is of 

length and that the standing wave ratio isl. If the frequency 

is varied the electrical length £ of the line changes, but to a 

first appreximation the standing wave ratio may be taken as constant. 
The working point en the Rieke diagram correspondingly traverses a 
constant= 9 circle as shown in Fig. 445. Por any given position of 
the point on the circle the cerresponding angle 9 is, in fact, the 
phase angle between the direct and reflected waves on the line at 
the input terminals, and hence the relation between f and g is given 
by 

g = Ant « Br, 

where Gy is the phase change on reflection at the load. (In the 
case of a waveguide A g should be read for A in the preceding expres= 

sions), We may thus deduce that 

g = ante + Br cecceesecescsnsceeee(5)s 

where uis the velocity of prepagation on the line (or the phase 
velocity in the guide). In Fig. 446, f is plotted against g, giving 
the line XY. 

Suppose now -that the line is energised by the magnetron. 

Then there is the fundamental relation between f and 9 already 
pletted in Fig. 446, obtained direct from the Rieke Diagram. The 

working conditions are therefore given by the intersections of the 
two curves. In the example taken there are three intersections, 
suggesting that there are three possible operating frequencies, 

However, only two are possible, because although the three points 

of intersection give three conditions of equilibrium,the one at A 

is unstable. For if seme small change in the syatem were to occur, 

resulting in a small increase in f, then, from equation (5) gis 

increased; as,shown by the frequency pulling curve, this would 

result in a further increase-in f. On the other band, at B and Cc 
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an increase in f causes a decrease in @ , which tends to pull the 
frequency back, Since these two frequencies are equally possible 

the magnetren may jump from one to the other, causing frequency 
splitting. If this is to be avoided the line XY must be sufficiently 
steep for the curves to intersect at one value of f only as indicated 

by X'Y'. ‘The slope of the line XY is Ta 3; hence, to make XY 

steep enough to avoid frequency splitting, £ must be sufficiently 
small. 

For a certain critical length of line or guide the slope of 

XY will be equal to the maximum slope ef the frequency pulling 
curve: and it is then possible, with one value of @r, for XY to be 
tangential to the frequency pulling curve at its steepest part. 

This leads to very considerable frequency instability, and is termed 

Broad Spectrum operation. 

Further, a long line er guide is troublesome because the 

impedance as seen by the magnetron changes at time intervals corres- 

ponding to twice the transit time of the line or guido, due te 

reflections from the load back to the magnetron; these cause varying 

load impedance at the magnetron output leop and corresponding freq- 

uency changes. (The importance of this effect will depend upon the 

extent of the mismatch at the termination). 

The longer the line, the more stringent must be the magnetron 

specification in regard to frequency stability; i.e. the smaller 

must be the pulling figure. An improvement in stability may be 

obtained even for long lines by putting a stub tuner close to the 

magnetron to adjust the region of coeration so that it covers a fairly 

flat portion of the frequency characteristic. 

42. Pre-plumbing of Magnetrons 

'  Pre=plumbing is a process whereby magnetrons, complete with 

such devices as stubs, common T/R, and other switching apparatus, etc., 

can be so accurately manucactured that subsequent adjustment is un 

necessary. This precludes any possibility of the introduction of 

instability due to maladjustment. 
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CONTROL OF NEGATIVE-GRID OSCILLATORS 

43. Stabilisation of Oscillatovs 

Oscillators may be divided into two classes, Master Oscill- 
ators and Power Oscillators. The former are usually required as 
frequency standards and are protected from variations in loading 
which would tend to upset the frequency stability. Power oscilla~ 
tors, on the other hand, must maintain an adequate frequency 
stability and a high degree of efficiency whilst undergoing various 

Changes in leading conditions. Both types are used in radar. 
Por various reasons, among which conservation of power, bulk and 
weight predominate, it is usual to employ power oscillators in trans- 

mitters rather than master oscillators followed by power amplifiers. 
At UHF there is no choice, since the problem of satisfactory amplifi-~ 
cation, has not been solved. For calibrators, where accuracy is of 

primary importance, a frequency~stabilised oscillator is often used, 
followed by amplifying stages. Crystal-controlled oscillators are 
conmonly employed, being superior to other types in this respect. 

Oscillators should be protected from such fluctuations in 

supply voltage as produce variations in output frequency. 

Control of the amplitude of the output voltage of an oscili- 
ator commonly takes the form of an automatic volwme control circuit, 
controlling the bias of the valve, The use of automatic bias by 

grid leak and condenser, described in Chap. 7 Sec. 4, is a particular 
case. Frequency stabilisation may be provided by the use of « 
large-valued resistance in the feedback circuit, This resistance 
is in series with the slope resistance of the valve and its large 
value masks variations in R, which might otherwise effect the oscill~ 
ation frequency. 

In some radio-frequency oscillators commonly used in super= 
heterodyne receivers and signal generators, the dual functions of 

master oscillator and power amplifier are performed by the same 
multi-electrode valve, A pentode, for example, may be employed, 

with contrel grid, screen and cathode acting as a triode oscillator, 
whilst the output is taken’from the anode, screened from the oscille- 
tery circuit by the suppressor grid. By this means varietions in 
leading are substantially prevented from affecting the oscillation fraq- 
uency. This type of circuit is usually referred to as an electren- 

coupled escillater, 

It is frequently found that a rise in mean anode petential 
affects the frequency in one direction, whereas a rise in screen 

potential has a reverse effect. When this occurs a suitaole 
potentiometer arrangement for supplying screen and anode from the 
same supply may be chosen so that these two effects cancel each 
other, leaving the frequency of oscillations relatively independent 
ef supply voltage. 

In general it is possible to improve frequency stability by 
causing the circuit to oscillate at, or very close to, the resonant 

frequency of the tuned circuit empleyed. The effect of a high-Q 
circuit is largely nullified if it is used as a reactance. [3y 
inserting various compensating reactances in one or more of the 
electrede leads it is eften possible to allow for interelectrode 
capacitances and other stray reactances so that the tuned circuit is 
used at the peak of its resonance curve, This is not practicable 
at very high frequencies when lead inductances introduce further 

eemplications. 
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hi, Steady State Conditions 

The performance of oscillaters eften depends fundamentally on 
the values of the supply voltages, and by suitable control of these 
an oscillator may be given various characteristics, Te show hew 

this is’ done it is first necessary to examine what facters determine 
the steady-state conditions ef an oscillator. 

Fig. 447(a) shews 
the schematic arrangement 

ef the four oscillater ports ttt 4 
ceuponents listed inSeo.l. | AMPLIFIE | Za—» [aarier 
Fer purpeses ef description econ SECTION 
it is convenient te divide <F 
these inte twe parts, the an uae 3 
"amplifier" and "network" a —, 
sections respectively, as | FeRcauehar 
indicated at (b). Each | figomteoe -—=—{ roa] | NETWORK 
f these parts may be ; NETWORK SECTION [+—zn 

Sens idered separately L —— NEENGRE SFeTION _ J 9.,Paa , 

provided it is correctly (a) (b) 
terminated; i,e., when . 
considering the behaviour Fig. 447 - Schematic arrangeneht 

ef the amplifier section,’ of fundamental oscillator 
it must be terminated by components. 

the input impedance of the 

network, and vice versa. 
It is convenient te include the effect ef grid current as extra 
damping in the network; this effect is of considerable impertance 

in limiting the amplitude ef oscillations in conventional oscillators. 

It will be assumed that oscillatory veltages are sinusoidal. 
This is approximately true even fer Class C operation, with nen- 

sinusoidal currents, provided the tuned elrcuits are highly selective. 

{ml 
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Pig. 48 - Amplifier section. 
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The bepaviour es the amplifier section, terminated in zy 
(Fig. 448(a)) may be described in terms ef its amplification 

[mys we and phase shift J ap. Both ef these vary with frequency. 

If , is resistive, as in a video amplifier, the normal wriations 

ef |m| and $yp with frequency are as shown at (b), whilst if zy is 
the impedance of a parallel tuned circuit, Fig. 448(c) shows typical 
variations. , 

As the amplitude ef oscillation varies, the. non-linearity of 
the characteristics causes changes in the value of |m) . Toa 

first approximation Bry ia net affected, These effects are illustra- 
ted at (a). 

Similarly, the behaviour ef the network section is illustrated 
in Fig. 449, If it is linear there will be no change in, phase Oy er 

v 

jn attenuation ja| as the amplitude is altered, {al = a ). 

There will be censiderable variation as the frequency changes, depend- 
ing en the nature ef the network. Fig. bees shows a typical high= 
Q circuit which might form the network, and (b) and (c) show the 
attenuation and phase variations with frequency. 
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iat Por 
/ 180 

30 

i} 

a ie} u 
(clo GRIDCURRENTFLOWS ~~ (Q) ‘ 

Fig. 449 - Network section 
(typical case). 

When the effect of grid current damping is included in the 

attenuation jal , this ia not linear, but increases considerably 
when the amplitude of oscillations becomes large enough te raise 

the grid above cathode potential. This effect is illustrated at 

(a). 

When the two sections, amplifier and network, are joined tog= 

ether to form the complete oscillator, steady oscillations can be 
maintained only if two conditions are fulfilled; the amplification 

of the amplifier must be just sufficient to compensate for the atten- 

uation ef the network; also the phase shift for the combined circuit 

must be a whole number of complete cycles; i.e. |m| = ja@{, and 

fan + Pag = 12.360°, where n is an integer. 

Tovether these relations determine the frequency and amplituwie 

at which escillations may be maintained, - In theory there my be 

several values ef each which satisfy the steady state conditions, but 

in practical circuits ene mode of oscillation usually predominates to 

the exclusion of others. 
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45. Effect of supply potentials on siieady state conditions 

In practical oscillators the “requency is seldem appreciably 
affected by variations in mean anode or grid petentials (save in 
the case ef relaxation oscillators, not considered here.) But 
since such changes affect the amplifier gain they have considerable 
effect on the amplitude of oscillations. Maximum amplification is 

available under Class A working, but net necessarily maximum ampli- 
tude. This is because oscillations usually build up until the flow 
of grid current has increased the damping to the point at which 
attenuation is equal to amplification. An increase in bias in the 
first instance increases amplitude bu; decreases the values of both 

ja{ and imj in the steady state. If the bias is maintained at a 
steady level and the HP supply raised, amplitude is usually increased 
and also jaj and imi . 

In most triode oscillators it is the effect ef grid current 
rather than curvature ef valve characteristics which predominates 

in determining the amplitule at which oscillations will be maintained. 

With Class C bias, oscilations are not self-starting since 

initially the angle of flow of anode current (Chap. 7 Sec. 4) is zero, 
and therefore im} = 0. When an inpu; signal is applied causing anode 
current to flow, imj increases with amplituie as illustrated in Pig. 

450(a), Curve III. The effect of increasing bias is to delay the 
point at which amplification commences: and also to reduce the gain 

for a given amplitude. A similar result follows a reduction in HT 
potential, the reduced angle of flow causing a reduction in jm . 
This similarity is illustrated at (b). 

7 EFFECT OF INCREASING 
“P34 BIAS; ANGLE OF FLOW 

REDUCED T CLASS B WORKING 

TT CLASS B-C WORKING 
TT CLASS C WORKING 

(0) VARIATION OF AMPLIFICATION 

WITH AMPLITUDE 
FIXED CUT-OFF VARIABLE BAS 

ta 

“VV EFFECT OF REDUCINGHT? 
ANGLE OF FLOW 
REDUCED 

ce] 

D 

ee 

FIXED Bi4S, VARIABLE CUT-OFF 

(h) SIMILARITY BETWEEN THE EFFECTS OF INCREASING 
BIAS AND REDUCING HT POTENTIAL 

Fige 450 = Effects of bias 
and HT potential on Class ¢C 

operation. 

Phe damping effect of grid current must be compared with 

thé other damping factors of the network, Although the network 

may have a high Q, excessive grid-current demping will effectively 

reduce both the selectivity and the dynamic resistance of the net- 

work, assuming that it acts as a parallel tuned circuit. 
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In general, for a given HT supply, there is a unique value 
of bias necessary to maintain oscillations at a given amplituie. 

If a large amplitude is required this may be provided by an increase 
in bias. There is clearly a:limit to this process, since as jm 
is reduced to a point at which it is less than the minimum atten-’ 
vation |%1 oscillations cannot be self-maintained under any circun= 
stances. 

Similarly if the bias is held constant and the HT reduced, 
a point will be reached at which oscjllations cease altogether, owing 

to the steady reduction of the angle of flow until |jm| < jai for 
all values of %. 

46. Biasing circuits 

As pointed out in Sec. 45, the effect on an oscillator of 
varying the bias is chiefly to change the amplitude of oscillations, 
and appreciable changes of frequency do not usually occur, If, it 
is important that the amplitude should be constant, the steady 

supply potentials should not be allowed to vary, and the circuit 
Should be designed as a master oscillator, so that changes in load- 
ing do not affect the operation, Under these circumstances, a 
constant bias can often be provided by a conventional cathode resistor 
with a by-pass condenser of sufficiently large capacitance, or by a 

suitable potentiometer arrangement. 

If a valve escillatcr is not otherwise protected from notice= 
able changes in loading, it should be provided with an automatic 
regulating device which increases the available power as the power 

. demanded by the load increases. It will'be shown that in common 
escillator circuits such a requirement is not met by a cathode biasing 
circuit, and that for Class B or C working the reverse is true; 
viz. as the load increases due to a diminishing lead resistance, 

which increases the damping of the circuit, the corresponding bias 
increases so that the available power is also diminished, In the 
circuit ef Fig. 451(a) the valve current for Class B working. is as 
shewn at (b). Increased damping of the tuned circuit diminishes 
its dynemic resistance so that the amplitwle of the anode alter-‘ 
mating voltage is diminished; (c}. This raises the anode voltage 
during the conducting period of each cycle,and thus increases the 
valve current; (b). This increases the bias, The same argument 
holds for Class C conditions, , 

Fig. 451 = Non=self~ 
compensatory effect 

of cathode bias. 
€@) 

\ANODE POTENTIAL / Va J NON*CONDUCTING 
OURING 7% PERIOD 

/ ‘CONDUCTING! . 

le EFFECT OF RAISING, 

| \ PERIOD | 

Oy 

(b) 
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The use of self-bias by grid 
leak and condenser provides auto- 
matic regulation approaching the 
form desired to compensate for 
variations in loading. In the 
circuit of Pig. 452(a) a decrease 
in amplitude of the alternating cok ns 
anode voltage decreases the 
amplitude ef the grid voltage so 
that the condition for steady bias, 

viz, "charge accumulated on Cc L 
during each cycle = charge which . 
leaks away through R during each 

HT 

cycle" is no lenger maintained, Pig. 452 - Biasing 
through the reduction in the circuit using grid leak 

angle of flow of grid current, and condenser, 

More charge leaks away, diminish=- 
ing the bias and increasing the angle of flow until @ new stable 
condition is reached with a smaller bias. This increases the 
available power. 

47, Self-quenching oscillators 

The fundamental requirement for a pulse radar transmitter 
is the production of bursts of RF oscillations recurring at a suit- 
able repetition frequency, This requirement can be met by suit= 
able design of the power oscillator. Instead of maintaining 
centinuous oscillations, an osciliator can be modified to allow 
Oscillations to build up, reach a maximum, and decay, the valve 
remaining quiescent fer a period, and the cycle then repeating aute=- 
matically. This precess is known as Self-Quenching, and when it 
arises from an auto-biasing arrangement in the grid circuits, the 
escillator is very commonly known asa “Squegger”, er Squegging 
escillator. This term is also applied somewhat loosely to oscilla 
tors where the self=-quenching circuit is in the anode or cathode 

lead. 

In all cases the action arises from a gradual reduction in 

jm) by an increase in the bias er a reduction of available HT 
potential, until jm) becomes less than lal . Under these temporary 
conditions oscillations cannot be maintained and usually cease 

altogether. 

; During the subsequent interval no valve current flows and 
the bias or HT potential returns to the value at which oscillations 

become possible, and the cycle repeats. 

Squegging Oscillators 

The actual oscillator circuit chosen to describe this 
behaviour is not important, and subsequent remarks apply equally te 

most types other than the cemmen-cathode circuit drawn in Fig. 452. 

The squegging action is illustrated in Pig. 453(a). Oscilla- 
tions build up and the bias increases due to the aceunulation of 
charge on C. Provided certain conditions are satisfied, which will 
be considered below, a point is reached at which the bias becomes 

greater than the value at which oscillations can be maintained, when 
the RF oscillations begin to be damped out. The charge on C leaks 

away through Rg and the bias is reduced until cut-off is reached, 
At this point im is greater than |a| , and oscillations recommence. 
When grid current flows the bias increases and the cycle repeats, 
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coll, avi. = Vp at V 

<r CURRENT FLOWS FOR THESE 
SHADED PORTIONS 

1 > 

j t 

(a) SQUEGGING ACTION 
Vg (DURING RECOVERY PERIOD) 

Va Proct rrr rrr rrr rr tc ee 

4 
Ve Ft CHANGE IN CUT-OFF VOLTAGE 

BIAS AT WHICH 
OSCILLATIONS CEASE ~ 1 1 VARIATION IN PERIOD 

WITH GRID LEAK 
RETURNED TO HT+ 

VARIATION (N PERIOD 

WITH GRID LEAK 
RETURNED TO CATHODE 

(b) EFFECT OF RETURNING GRID LEAK TO A SOURCE OF 
HIGH POTENTIAL 

Pig. 453 = Effect of returning 
grid leak to a source of high 

potential. 

The pulse width depends on the charging time-constant CRy, 
where Ry is the mean DC resistance of the grid-cathede circuit when 
grid current flows. The recurrence frequency depends chiefly on 

CRg, since it is usual for Rg to be much greater than Rj. 

The circuit may be modified by returning the grid leak either 
to cathode or to HT potential. In the first case the action is the 
same except that the voltage developed across the grid leak is alter= 
nating instead of approximately constant. The connection of the 
resistor to a source of high potential, tegether with a suitable 
adjustment in time-constant so that the recurrence period is not 
altered, makes the onset of oscillations more definite and the re- 
currence frequency correspondingly mere constant, This is illust- 

rated at (b). A fluctuation in HT supply, for exemple, causing a 
variation in the cut-off voltage, would have much less effect on 
the periodicity in the modified circuit, as indicated in the diagram. 

xxx Conditions under which Squegging Occurs 

The mechanism of the cessation of oscillations may now be 

dealt with in greater detail. Suppose that the oscillations can 

be maintained at any chosen constant amplitude. The circuit is then 

equivalent fo an amplifier being driven by a constant voltage 
generates, This generator will provide er absorb energy according 
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as imj/<iajor Imj >Jat for this amplitude of signal voltage Vie 
For a given G«R network and constant input amplitude the bias 
developed across C will settle down to a steady value Vg depending 
on Vj, C, Ry and Rp. Provided CR; > the duration of grid current 

flow for each coyote, and provided CR, > T, the pericd of oscilla- 
tions, the grid voltage will be approtimately Sinusoidal, as in 

Fig. 454, these being the conditions for non-distortion. The ratio 

“Ve 4 . | ok 
oe then depends on the ratie Bg enly, to a clese degree of approx~ 

imation, and the relation between them is 

Vy 3 / TRE 2 
a “V1 = (Re provided Rg X Ry. 

Vg 

Veh --f-~-\-,'- --£-\-----PF4 --------- CUT-OFF 

Vgak---— MEAN BIAS 
(RIPPLE NEGLIGIBLE 
FC IS LARGE} 

CURRENT CURRENT 

Pig. 454 - Steady state relation between 

Vi, Vp ami the angles of flow of grid and 

anode currents. 

If we now plot 
the variation of |mj 
and ja} with amplitude 
nw 

Vy, we obtain curves 
such as are shown in 
Fig. 455. The value 
of ja} has been assumed {inf, fo. 
constant, since the net- 

work is assumed Linear, 
and the attenuation due 
to grid current is also 

linear under the assuned 
conditions, 

Provided the assun- 
ptions which have been 

made are justified, it Fig. 455 = Variation of |m| 
follows that at the point and {@| with amplituie, 
P the controlling gener= 
ator could be removed 
and oscillations would 

be maintained «et the corresponding amplitude, where {mj = {al . That 
this does not -happen in the squegging oscillator is due to the delay 
Which cceurs in the build-up of bias, since, before the steady state 
operating point P is reached, the bias will be less than that for 
which the curves of Fig. 455 are drawn. The effect of this lag is 
indicated in Fig. 456. Both |m) and jal are increased, since the 
angles of flow of beth anode and grid currents are larger. In 
other words, the amplitude will be momentarily stabilised at the 
value for the point 9 instead of P, towards which it must tend for 

stability. 
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fwo cases arise, shown at (a) and (b) respectively. In 

(a), 5 tm > & tal, 
and the point Q is 
to the right ef P. Imnl. tal 

This means 
that the amplituie 
ef escillatien is 

larger than the 
value at which 
ja, = [a]. Oscille= 

tiens continue 
until the bias has 
increased beyond the 
required value, 
,sinee this value 
must be exceeded 
befere the amplitude 
begins te decrease. 
Once the bias has 
exceeded the crit- 
ical value it remains 

toe large fer escilla- 

tions te be min- 
tained, due toe the 
long time-constant 

CR, Hence the < - . 

ostillations die away. Pigs Oe = Bifect of delay in 

In (b) Simi < Sial , s0 that the operating point Q is to 

the left of P. The amplitude of oscillations continues to build 

up with diminishing increases in bias, and the condition is stable, 

since each increase in bias makes |al| increase with respect to imi . 

This is further illustrated in Fig. 457, where (|m| and |aj 

are plotted against Vg fer a fixed amplit wie corresponding te the 

point P-ef Pig. 455. In the first figure (a) an increase in bias 

for a given amplitude ledds to instability since (ai becomes greater 

than jm| and at the increased value of bias escilletions camot 

be maintained. In (b), the increase in bias is accompanied by an 

inerease in im| with respect to [a|,50 that the smplitude is 

inereased ami the condition is stable. 

Ima], lal |ml, la] 

(tz CONSTANT) (&; CONSTANT) 
lel 

uo ae 

“4 
i 

| 
t 

I 
i} 

oa 

ong oO” 8 
(Cl) UNSTABLE 3~ SQUEGGING CONDITION (D) sTABLES- NO SQUEGGING OCCURS 

Fig. 457 - Squegging criteria, 

3 
The condition Sim. BL > 2 is the criterion for squegging 

te occur, under the conditions which have been assumed (long time- 

constants, sinuseidal oscillations, and Rg > Ry). This criterion 

depends en the relative values of ys Ri, Rg, the cut-off voltage 
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Vo and the dynamic resistance of the tuned circuit. Per a given 

V4 and Ve, and provided xe dynamic resistance is net too large, 

squegging will ecocur if a is sufficiently large. 

Another method of making squegging mere likely 1s to increase 
the damping ef the tuned circuit. This causes the point P te occur at 
@ steeper portion ef the |m| ~ ¥; curve (Fig. 456) and increases the 
likelihood of the point Q being te the right ef P. 

With triodes commenly used in low power radar escillaters 
employing high-Q circuits and Class C biasing, a grid leak of tne 
erder of 20 kQNto 200 kNis usually sufficient te cause squegging. 

Anode Self-Quenching Oscillaters 

In this form of self-quenching circuit the bias is held 
constant, but an effect similar te that ef squegging is obtained by 
an automatic reduction in available HT potential. This reduces’ 
the angle of flew ef grid current by shortening the grid base(Fig. 
458(a)). A typical circuit is shewn at (b), As in the grid self- 
quenching circuit, it is the value ef the resister R which is usually 
critical. If this is greater than a certain value quenching will 
ensue whatever the value ef C. Pulse width is principally determined 
by the product of C and the mean DC resistance of the valve when 
conducting, whilet recurrence frequency depends chiefly en CR. The 
shepe of the anode pulse is shown at (c). 

EFFECT OF LOWERING 
HT POTENTIAL ___ 

ign FIXED ; 

“Va ~« ot 
i I 

(3) ns DECREASING ANGLE OF FLOW 

AA
A V a 

a
)
 

Ve 

(c) 

Fig. 458 = Anode self=-quenching 
oscillator. 

Anode self-quenching is normally employed as @ pretective 
device, rather than for regulating pulse width or recurrence freq- 

uencye Used in conjunction with grid self~quenching, the latter 
constituting the principal contrel, the anede network prevents damage 
to the valve should the grid circuit fail te prevent continuous 

escillations. 
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48. The Super-Regenerative Receiver 

Although the Super- . 
Regenerative Receiver is 
mere than an escillater it REG, | 

is dealt ee nore nase mere osci.iaTor FITER FF TERED OUTPUT 
ss operation depends on 

the build-up ef escille- OS | SENSING 
tien in a modulated or (Moot atne 

quenched escillater. The ’ 
schematic arrangement of 
a separately—quenched Pig. 459 = Schematic 
circuit is shewn in Fig. arrangement of super= 
459. (Self-quenched regenerative receiver 
receivers are semetimes used in communications sets, but are not 
cemmenly used in rader and are not described here). Since the 
schematic arrangement resembles that of a modulated transmitter it 
is as well to inficate the easential differences between the two 
circuits. It is generally assumed that in a pulse~modulated 
transmitter the build-up and die-away intervals for each pulse are 
very much shorter than the pulse duration. When the osciljater | 
is used in a super-regenerative receiver, on the other hand, feed- 
back cenditions are se adjusted that in the absence of an applied 

signal the esciliations build up gradually and reach a maximum 
smplitude shertly before the end ef the applied pulse; (Fig. 460). 
The escillater is then quenched 
by the trailing edge ef the 
modulation pulse ani the 
escillatiens die aw. rapidly. OSCILLATION 

ay . AMPLITUDE 

The main difference = 6§| _-__#fMeoural 
between this ectien and that 
ef the grid~meduleted trans- 
mitter (Chap. 14) (er ef the t co) 

self=-quenched escillater MODULATING 
described in Sec. 47) is that 
in the latter case the grid 
voltage rises sharply through ° t 
cut-off se that the flow ef valve 
current is sudden, initiating 
the main oscillation, In Fig. 460 = Build-up oscilla- 
the case ef the super- tions. 
regenerative receiver, the 
applied pulse is less abrupt (being commonly sinusoidal) and the 
feed-back less vigerous, se that the random noise fluctuations in 
the input circuit, superimposed en the applied pulse, are largely 
effective in determining the initial grid voltages during each 
oscillation interval, When a signal of the cerrect frequency is 
applied to the input circuit the mean anode current is increased 
and a filter circuit in parallel with the anode load enables the 
increase in current to be detected as a negative-going pulse. 

The effect ef the super=regenerative circuit is that a given 
change ef mean anede current can be produced by a very much smaller 
RF input signal then would be required, for example, by a reaction 
amplifier (Sec. 3, Fig. 385) used as an anode bend detector. 
Because ef this a single valve stage used as a combined amplifier 

and detector in a super-regenerative circuit may provide an adequate 

output when the input signals are ef the order of microvolts, whereas 

several hundred times this magnitude ef signal would be required 
with a reaction amplifier-detector circuit.: 
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fhe manner in which the much greater 
gain is ebtained in the super-regenerative 
circuit may be explained with reference to 
the transfermer-coupled circuit ef Fig. ineur_ § ; 
461. Suppose that the current and volte = = 9 “—+—+4----- 6 
ages in this circuit are zere when an EMP 
w= We Jot, is injected into the 
tuned circuit by the coupling lesp. 
The equation giving the output velt Fig.461 - Transformer= 
Ve may be hoon tobe Pus voussge coupled tuned circuit, 

dv 2 oy, v, vy e e L 1 
Toe + —wee Se mem ee ewer oeserseeetins « 

dt CRp at CL CL. @) 

The steady-state solution of this equation ig the erdinary "AC 
solution", with ¥, = Q¥j , where Q = Ry /G (assumed large). 

‘ L 
The manner in which the amplitude ef the output vwltage tends 
tewards the steady state is illustrated in Fig. 462; the equation 
is: ~t 

¥, = Q% (1 -¢ “py eet cecccvcenesencecsessessescalae 

Suppose new that the resiatance Rp is replaced by the equivalent 

ef a negative resistance, ~ Ry. 

The solution of the cerresponding equation:— 

d@v, 1 av% Xe = “i 

ae 0°””~«CGRgC Sat * CL 
voescccerececreeeseee(3)s 

which is the’ seme as (1) with «Ry in place ef ps similar te 
that ef the former equation, the amplitude grew accerding te 
the formule: 

t 
Ey 

Ve = av (€ - 1); ecovcecesecscerocessccsoel( dy) 

(in this case Q @ ra /¥ ). 

OSCILLATION 
AMPLITUDE / 

GUTPUT 
AMPLITUDE 

—w ft 
fo) —»t 

Fig. 462 = Build up of output Pig. 463 = Build-up of 
voltage in transforser= oscillations in regenera= 
coupled (non-oscillating) tive oscillating circuit. 
circuit. 
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This is illustrated in Fig. 463. Comparison of this figure with 
Fig. 462 shews that the former curve is the difference between 

the expenentially decreasing curve Qy £ and Qr; i» Whereas 
the latter curve is the dpfterence between Qt and the exponentially 

increasing curve Q¥; C 2Chy 

If the amplitude of the applied signal is increased by an 
ameunt A¥;, the amplitudes ef the curves of Figs, 462 and 463 
are cerrespondingly increased, In the case of the regenerative 
(reaction) amplifier it is this increase in amplitude which provides 
the change in output current. In the super-regenerative circuit 

it is the time taken for the veltage vg to reach a given amplitude 
which mtters. When the escillatiens have built up to a certain 
amplitude Vg the amplitude remains approximately constant at this 

value, due te the inherent nenlinearity and limiting actien ef 
the valve characteristics, until the end ef the modulation pulse. 
This cuts eff the walve current, in effect replacing tae resultant 
negative resistance by the natural damping resistance of the circuit, 
se that the escillations are rapidly quenched. The whole precess 
repeats with the next medulating pulse, by which time the RF input 
voltage will have changed in amplitude. 

Censider the action during a single medulatien pulse. The 
equation relating the time T for the cscillations te build up with 
Ve, the maximun amplitude, is 

My 

Ve = QF; (€ 2CRy - 1) oc cccesuccceconcassseses( Sys 

Since we are cencerned with values of T such that € ain > 1, 
fer RP veltages of snail amplitude Fy this equation reduces te: 

¢ Oh 
If Vo is the amplituie ef the carrier wave modulated by 
(1+ A cosW,t), we have 

a tacecccccecnwccseccessrecseeal O)s Ve = Q¥; 

% = % (l+ A coswyt); 

se that 

FF £. 1 - - 3. = =, 7 log. Ve Log. Q leg, Vy log.(1 + A cosw pt) 

oveneece(B), 

Since, for a given carrier level, the only quantity which varies 
in (85 is t, we have 

AT ~2R, 4 {20¢, (lta cos nt)} evevesnesee( Ay 

and this is independent of T° 

This decrease is illustrated in Fig. 464. t,) is the 
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duration ef the 

modulating pulse. 

The twe curves CRMPLITUDE 
are identical 
except for the 
herizental 
displacement 

AT. Hence, Vob-- Fy 
to a first / 
appreximation ‘ 
the average ‘ 

increase in a 
amplitude ef oO 

Vo due to oo 1 t 
the increase P 
in the ampli~ 

tude-medulated Fig. 464 —- Decrease in time taken 
input is for oscillations te acquire a given 

amplitude (small signals). 

AR 
% w

a
 

Fe Bn A f log, (lea coswnt)} evececccsecssee( 20). 

We shall compare this with the increase for a reactien amplifier, 
given by 

Q%- A fa 4A coswnt} oe cccccacccscvnscccsssse( ils 

Suppose the input changes from its maximum value %. (L+ A) te its 
minimua value Vp (1-4). Fer the reaction amplifier equatien 
(11) gives 

Aw, = gofi+a-I=K} = 2AQ%5 

Fer the super-regenerative circuit the change in mean amplitude 
fer the pulse interval tp is given by equation (10):- 

went — frog, (1+ A) = leg, (2 -4)} 

> Hata el th * 

Provided A is szall, 

Jeg. qt = a. 

Hence, for a lightly modulated carrier, the ratio between the 
change in mean amplitude in the super=regenerative circuit te the 
cerresponding change in mean emplitude in the reaction-amplifier 
circuit is given appreximately by:- 
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We CRy 2 A AV PRy 
eS e 2k 'Y, bd avoqunammenms 6 

*p eo Q¥e tp 

Since Q = CRD» this may be written 

2V CR, | 2 Ve By 
~ — td o FB, tp OeepVeR, 

Suppose =z1las,W,. = 27% 200. 10° (cerrespending te a frequency 
ef 200 Mo/s); “Vo = 10 volts and TF = 10 microvelts. Suppose alse 
that Bn = Rp» 

Then the ratie becanes 

j10_ = 06 2 690, 
on ri . 

2% .200210%107°.10.10°° 7? 
Thisratio dees net teke inte account the fact that the super= 
regenerative detector is eperating for only a fraction ef the quench 
period. Hewever, even if the pulses fill only one~tenth ef the 
reception time there is still an increase ef more than 150;1 in the 
effective amplification provided by the super-regenerative circuit 
compared with the reaction amplifier. 

{he above simplified analysis has considered the action from 
the point ef view of a sinuseidally medulated carrier - the conmunica- 
tiens aspect. In radar, where RF pulses are received, a somewhat 
different appreach is simpler. Here we are concerned with the 
amplitude ef the actual output pulses, and net with any modulation 
component ef these; and the result found to be approximately true 
for a sinusoidally medulated carrier, namely, that the amplitude of 
the modulation cemponent is independent ef the carrier amplitude, 
no longer applies. There is still hewever, an inherent AGC action, 
independent of this reat. 

If the amplitude of the RF 
input is large, the apprex- OSCILLATION 

imatien ef equatien (6) no Amousmuoe 
longer holds, and the change 
in the rate of increase of 
escillation amplituie _ 
feilowing an increase in 
input emplitude is as shown 

in Fig. 465, rether than / 
that shown in Pig. 464 fer / 
small signals. As the ! 
amplitude ef the applied 
signal increases the ° ~t 
increase in the mean amplit- 
ude of the output voltage Fig. 1,65 “” Decrease in time 

dees not increase propeor- taken for oscillationsto acquire 
tionatély, but is ebviasly a given amplitude (large signals). 
limited. There is a 
maximum pessible increase 
in the area under the modulation envelepe ef Fig. 460, occurring in 
theory when the envelope is entirely filled with RF oscillations. 

The result is that the super=regenerative receiver can detect, 

without ever everleading, signals varying in amplitude from a few 
micrevolts to several volts. 
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When used for communications reception the region of 
variation of input amplituje over which distertion is not pre- 
hibitive is limited, and varies with the medulation depth, For 
radar purposes, where this type of circuit is used as a one~valve 
receiver for triggering radar beacens, distortion is not important. 
The eutput is ef sufficient amplitude, even fer very small input 
signals, to trigger a lecal transmitter, and because ef the inherent 
AGC action ne deleterious effects arise when much larger input 
signals are received, However, additional AGO circuits may be 
employed with advantage te limit the amplituie ef the triggering 

pulse applied to the transmitter and te prevent valve saturation 
When very large signals are received, 

~O 

© LF CHOKE 

CAPACITANCE mabe . TRIGGER 
PULSES 

INPUT FROM 
AERIAL 

MODULATION 
OSCILLATOR 

Pig. 466 - Typical radar super- 
regenerative circuit. 

A typical arrangement of a super-regenerative receiver 
designed fer RF pulse detection is showm in Fig. 456.. The low 
pess filter in the output side by=-pesses the fundamental ani 
harmonic compenents of the quench frequency se that there is a 
constant steady veltage produced at the output terminals when no 
RF signal is applied te the grid. There is an inevitable neise 
fluctuation present. The width ef the modulation pulse is made 
simall and the quench frequency sufficiently high te ensure that 

several quench perieds eccur during a single input RF pulse. 

When this arrives at the grid a negative-going pulse is 
preduced at the output, slightly delayed by the filter circuit. 
This pulse is amplified and is used fer triggering the lecal trans- 
mitter ef a radar beacon. 

AUTOMATIC FREQUENCY CONTROL 

49. General 

Like mest automatic contrel systems, circuits which control 
the frequency of an eacillater are ef the serve type (see Chap. 18). 
fhe frequency ef ezcillatien is compared with some frequency 
standard in a suitable difference element, the output ef which is 
used te adjust the escillater so as te reduwe the frequency 
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difference to zero. 

The simplest requirement, namely to leck the escillater 
frequency to that ef an available transmitter or standard generator 
will not be dealt with here. In effect this converts the oscilla- 
ter inte an amplifier by increasing the coupling between the two 
generaters. The mere impertant practical requirement is to make 

automatic adjustments te the frequency ef the lecal sscillater of a 
superheteredyne receiver so that the signal in’ the IF channel is 
kept in the middie ef the preset IF band. This is necessary to 
prevent distertien and less of ‘signal strength. It is immaterial 
whether the changes in frequency are due to changes at the trans- 
mitter,which is mere likely, er at the lecal escilliator. In either 
case, when such variations are detected, adjustments are made to 
the lecal oscillater te bring the IF signal back into the middle of 
the band. 

The input quantity ef the control system is therefore the 
setting ef the IF tuned circuits, and the serve action is required 
te pull-in the IP signal by adjustments to the lecal oscillator. 

This may be done in the case ef mechanically tuned oscillators by 
a serve motor turning the vanes ef a variable condenser, altering 
the position ef a tuning core er, in the case ef a klystren, 
adjusting the tuning screws er diaphragm. Alternatively, if the 
frequency can be varied by altering one ef the control voltages, 
such as the reflector petential ef a Sutten tube, tae meter can 
be dispensed with, “In éither case the chief problen in design is 
afferded by the difference element, usually called tae Discriminater. 

-Fhis is required te convert a frequency difference inte a voltage 
er current, indicative not only of the magnitude ef the difference 
but alse ef the sense, Apart frem the discriminater the remainder 
ef the circuits involve nothing peculiar in serve construetion. 

50. The Discriminater 

{we types ef discriminater are empleyed, using amplituie 

and phase discrimination respectively. These are illustrated in 
Pig. 467. fm is the mean intermediate frequency to which fy, the 
If signal frequency is to be aligned, 

In both cases the reception ef RF pulses witain the band- 
width ef the radie receiver develops corresponding pilses in the 
output ef the discriminater which are either positive-going or 
megative-going according to whether the IP signal frequency is too 
high ar teo low. These pulses may either be rectified and applied 
@s steady centro] veltages te the local escillater or, as is more 
general, they may be incerperated with some automatic sweep circuit 
as described in Secs. 53 and 54. 

51. Amplitude discrimination 

In this method use is made ef the wriation :in amplitude af 
the output frem a high-Q circuit as the input frequency recedes from 
resenance, The circuit is tuned to fp + fa where fy is the 
neximum deviation allewed for. As ff, varies, so the output ampli-~ 
tude varies as indicated by the resenance curve (Fig. 467) and the 
detected output is thus indicative ef the input frequency. 

One method ef incorporating this technique in a practical 
discriminator is shown in Fig. 468. Twe high-Q rejector circuits, 
ceupled te one of the IP stages, are tuned to fy + fy and fy ~ fg 
respectively. The output from each circuit is detected by the 
batk~te=back diode circuits shown, and the voltage dit'ference 
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Fig. 468 - Anplitude discriminating 
circuit and response diagrams. 

between A and B is indicative ef the magnitude and, sense ef the 
errer frequency fy ~ fy. The reaponse diagrams for the twe 
circuits are shown superimposed at (b). The detected output 
difference (c) is amplified if neceasary and fed to the serve 
moter er ether centre] device. This alters the frequency of the 
local escillater se as to reduce the magnitude of the error. 

52, Phase discrimination Nes 
é \ ° 

As the title indicates, in this methed it i* . 
is the variatien in the phase ef the output eof a rei v4 
tuned circuit as the input frequency veries / arr 
which is used te previde the necessary frequency ae orm 
discrimination. It is necessary te compare JN 
this with a standard phase, nermally the phase / \ 
ef the input. In the simple inductively coupled t £ a4 Wits 
circuit shown in Fig. 467(a) ‘the eutput and ve \. 
input veltages are in quadrature at resenance, ninth nd 
the eutput phase being retarded as the frequemy fu-fm 
rises. If input and output signals are added 
tegether this change in phase is converted inte aN 
a change in amplitude, as indicated by the vere ke 7 
vecter diagrams of Fig. 469. f vl GR 

* ~ \ 

The resultant signal is detected and \ 
the magnitude ef the rectified signal, varying £L> tm 
with the input frequency, prevides the dis~ 

oriminater eutput. Fig. 469 - Phase 
discrimination: vector 
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Pig. 470 - Phase discriminating 
circuits. 

The simplified diagram ef Fig. 470(a) shows hew this 
methed may be empleyed in a phase discriminator. vy is the 
.input veltage and vy the voltage develeped across each half of 
the secondary ceil. As jA swings positive the RF petential 
w+ WV is déveleped acress diede 1 and it conducts, charging Cz 
te a peak value (v4 + ¥g)e Similarly diede 2 coniwts as 
swings positive se that Cz charges te a peak value (v5, = v9). 
Ry and Ro are the discharge resistors fer the two gondensers. 
The petential difference between By ani Bg is (vy F ve) - (vy + Ve). 
In the circuit shew this is net uwually in a cenvenient form fer 
use as a centrel yeltage, neither By ner Be being earthed, 

A practical form ef this circuit is shewn in Pig. 470(b). 
Here the ceupling capacitance ¢ takes the place of one of the 
rectifying cendensers and the ether is connected between the two 
cathodes, The direct cennectien fren C to the junction ef the 
resistors is necessary te discharge C through R] when diede 1 is 

net conducting. Ailse, if a variable petentiometer is substituted 
fer the twe resisters, this cennection ferms a convenient set~zere 
adjustment. 

As in the simplified circuit, the eutput is develeped acress 
BYBo, and since By is earthed this is in a convenient form te act 
as a centrel veltage, either direct er through a DC amplifier. 

53. Automatic Sweep Circuit 

Either ef the metheds described is restricted because ef the 
narrew bandwidth ef the high-Q circuits used. The twinecircuit 
method ef amplitude discrimination gives a wider band, but this is 
compensated fer by the relative intricacy ef setting up the circuit. 
Unless the escillater frequency is very clese te its required walue, 
the IF signal is outside the discriminater bandwidth and the AFC 
circuit fails te "“puli-in". The difficulty is usually everceme by 

inecerperating an automatic frequency sweep circuit in the centrel 
system, While there is ne signal in the RF receiver the lecal 
escillater frequency is swept continuseusly threugh a wide band, 
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When a signal dees apps =, the AFC circuit comes into eperation as 
the escillater frequency reaches its correct setting, and there- 
after the latter is automatically adjusted and the sweep practically 
eliminated. . 

A circuit incerperating a phase discriminator and a lew 
frequency sweep generater is illustrated in Fig. 471. The output 
from the sweep generator following the multivibrator is approx~ 

imately sinuseidal, While there is ne RF signal the anede voltage 
ef the amplifier remains constant and the full sweep voltage is 

used to alter the Sutton tube frequency by varying its reflector 
potential 

VERY LOW FREQUENCY 
SAWTOOTH VOLTAGE 

VERY LOW 
FREQUENCY [—2= GENERATOR a 

MULTIVIBRATOR 

OUTPUT VOLTAGE DEPENDS 
LF. SIGNAL ON ERROR IN FREQUENCY 

LF. o> FREQUENCY 
AMPLIFIER 

a CHANGER DISCRIMINATOR AMPLIFIER on 

“SIGNAL FROM RF. 
STAGES. (OR FROM 
DIRECT PICK-UP OF LOCAL OSCILLATOR 

ol MAGNETRON PULSE) UTPUT A ot Ator TO REFLECTOR OF 
(REFLEX KLYSTRON) REFLEX KLYSTRON 

Fig. 47L = Circuit schematic 
for AFC of electrically tuned 

local oscillator. 

When an BF signal appears the discriminater is brought 

inte play and its amplified eutput nullifies the eutput frem the 

sweep generator so that the reflector of the Sutton tube is main- 
tained at an appreximately censtent potential. If the discrimina~ 
ter is sufficiently sensitive and the gain ef the anuplifier 

sufficiently large, only a very small frequency deviatien is 
necessary te preduce at the amplifier output sufficient amplitude 

te counteract the sweep veltage. 

This methed of searching fer and lecking ento a received 

signal is applicable te other local oscillater circuits in which 

variation ef the petential of one of the control electredes provides 

a sufficient degree of variation in the escillation frequency. 

54. Practical AFC circuits 

Many different AFC circuits are in common use, mest of which 
incorperate the principles ef the feregeing paragraphs, differing 

enly in the mamner in which these principles are applied. A great 

A81



Chap.8, Sect.5h 

variety ef automatic sweep circuits are available, some of which 
are much more econemical of material than the relatively straight- 
ferward circuit shown in Fig. 471. 

It is cemmen practice to apply the positive-going or negative- 
going pulses frem the discriminator te the sweep generator se that it 
is held ineperative, automatically providing the cerrect output 
veltage for the local escillatorreflecter. This usually necessitates 
suppressing either the peositive-going er the negative-going pulses, 

se that adjustments te pull in the oscillater frequency are made for 
frequency drifts in ene direction enly. For example when the dis- 
criminater output is weak, er consists of negative-going pulses, 
the’ sweep generator may continue to sweep the escillator throughout 
a.wide frequency range. When the discriminater output changes to 

a series ef pesitive-going pulses the sweep generater is suppressed 
and the escillater frequency autematically pulls in. Should the 
transmitter frequerey drift se that negative-going pulses reappear 
in the discriminater eutput the AFC circuit fails te pull in, and 
the sweep generater cemes into operation again wntil the discrimimter 
eutput changes pelarity. This mede ef operatien is particularly 
useful where ecenomy eof valve stages is impertant. 
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