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CHAPTER 10 

RELAXATION OSCTLLATORS AND RELAYS 

1. INTRODUCTION 

fhe circuits which are cunssucrea in this chapter involve the 
determination of time-intervals. In some cases (Relaxation Oscillators) 
their function is much the same as that of a simple oscillator, i.e. to 

produce recurrent changes of voltage at regulsr intervals of time. In 
others (Relays) it is required to produce, in response to some input 
pulse, en output variation which ocours at some predetermined instant 
after the occurrence of the input. In such cases the circuit acts in 
the nature of a delay device, ani does not produce any output until an 
input or triggering pulse is applied. 

Relaxation oscillators are normally used to generate low fre- 
quency oscillations, e.g. from a Pew cycles per second to a few kilo- 
cycles per second. They are widely used to control the timing of the 
operation of various circuits in radar equipments such as time-base 
generators, modulators, aerial switching valves, etc. A relaxation 
oscillator mey readily be synchronised with a succession of pulses or any 
reourrent voltage variation whose frequency is alightly greater than the 
natural frequency of the oscillator. 

Relays are used to produce delayed pulses, and find common applicatim 
in time-base circuits, e.g. for the production of range markers, trace- 
brightening pulaes, etc., at predetermined positions on the time base. 

Any of these cirouits may also be arranged so that when 
Swieger’ng or synchronising pulses sre applied at regular intervals, they 
are effect divided into groups of two, three or more pulses, Only 
the first pulse of each group affects the circuit, so that the frequency 
of the output voltage variations is a subamltiple of the frequency of the 
input pulses. This process is calied Counting-Down. 

Bach of these circuits depends for its action on the existence 
of at least two distinct conditions of operation, either of which may be 
stable or unstable. For example, in a two valve circuit either valve_ 
may be conducting while the other is non-conducting. The transition fran 
one condition to the other takez the form of a rapid cumilative action 
due to regeneration inherent in the circuit. ‘The circuit is in a stable 
state if an external impulse is needed to cause this transition; other- 
wise it remains in ite existing state. The circuit is in an unstable 
state if, after an interval (time of relaxation) it reverts of its om 
eaocord to the alternative condition. 

Such cirouits may be classified under three headings, as 
follows :- 

(4) Gircuits with no stable state of operation _ 

Cireults of this type are known as HT+ 
Relaxation Oscillaters. A ciroult of 
a Relaxation Oscillator is shown in 
Pig. 492. The condenser C charges 
through the resistor R until the 
voltage across it is sufficient to 
cause the neon valve to strike. (The 
interval during which the condenser ( at- 
charges is the time of relaxation). aa 
Upon striking, the valve presents a v 
low resistance and the conienser dis~ 
charges rapidly until the neon current 
falls below its extinction valus. 
fhe valve subsequently presents an 
open circuit and the condenser 

49% 

Fig.492 ~ Simple 
relaxation oscillator 

{(flaghing neon).



Chap 10, Sect. 1 

recharges and the cycle of operation repeats. Other 
well-known examples are the Multivibrator and Blocking 

Oscillator; these are considered below. 

(ii) Circuits with one steble state of operation 

A circuit of this type is known as a Relay, 
Such a circuit rests naturally in ita 
stable condition, but om the applica- 
tion of a triggering impulse an 
abrupt transition to the unstable 
state cocurs. After an interval of 
relaxation the cireuit reverts to its 
stable condition, 

HT+ 

A ciroulit of a relay is shown in Fig. 
493. In the stable state the gas- 
filled triode is non-conducting, the 3 
grid voltage being maintained below 4 . , 
cut-off and the anode voltage ae OT 
remaining at HoT. If the grid v 
voltage is raised momentarily above 
‘cut-off, by an external impulse af . . . 

short duration, the valve con- Fig. 495 ~ Simple relay 
ducts heavily and the condenser is (triggered thyratren 
discharged, This unstable state time~base), 
continues after the triggering pulse 
is removed, ani 1s terminated only when the valve current 
falls below ita extinction value. Subsequently C charges 
through R and the circuit reverts to its stable condition. 

(141) Cirewits with two stable atates of operation 

A circuit of this type is known as a Counter, Such a cir~ 
euit rests naturally in either of its two atable conditions, 
but on the application of a triggering impulse an abrupt 
transition fran one stable state to the other takes place. 
The circuit rests in this second condition until a further 

impulse causes it to return to the first. This 
of circuit, a typical exanple of which is the Eccles- 

Jordan Circuit, has little if any application in radar 
equipment and is not discussed further. 

Relaxation oscillators and relays may take the form of two- 
valve or single~valve circuits. In most cases the time intervals 
are determined by the exponential charging or discharging of a con- 
denser through a resistor. In some circuits the linear cere 
principle of the Miller time base is used (see Chap. 11, Sec. 10). 
Circuits which utilise this principle are discussed separately in 
Sees. 9 to ll. 

In the deseription of the Multivibrator circuit, which is 
considered firat, the action is discussed more or less in detail, 
each main or subsidiary feature of the oscillations being dealt ‘with 
as it occurs during the sequence of operation. This procedure is 
adopted for the sake of readers encountering this type of action for 
the first time. In the subsequent deseription of cirovits where the 

action is similar to that of the multivibratoar the main sequence of 
operation is described first, where convenient in note form, ani any 
subsidiary characteristics important for an umlerstanding of the 
action, or because of particular applications of the circuits, are 

dealt with afterwarus,. 

It is felt that this method of description is more readily 

followed once the essential principles of cumilative action and 
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relaxation have been grasped. 

TwO VALVE CIRCUITS 

2. The Multivibrator 

The circuit of a Multivibrator is shown in Pig. 494. This 
resaxation oscillator is a two-stage resistance-loaded, capacitance- 
coupled amplifier with the output coupled back to the input. 

The pulses produced at the anodes of the two valves are 
approximately rectangular (Fig. 495). In other words the oscillations 
produced are rich in harmonics, a fact which accounts for the name 

When the circuit is first switched on a transient state 
follows in which both valves are conducting. After this transient 
period the circuit will settle down to continuous oscillations as 
illustrated by the waveforms of Pig. 495. Consider the interval 
marked (1), in which the grid voltage of valve 1 is returning towards 
earth. As the voltage of 4G rises through cut-off, the flow of 
current in valve 1 causes a drop of voltage at 3A which is applied to 
oG through Cj. The resulting rise of voltage at oA is applied back 
to 1G ani there is a further increase of current in valve 1. ‘This 
process is cumulative so that the voltage of ,¢ rises rapidly to a 
positive value and the voltage of 2G falls rapidly to'a value which is 
more negative than that 
required to cut off the 
current in valve 2. Then 

the action Ceases, 

As the voltage of 
1& rises above zero, grid 
current flows, so that the 
grid-cathode resistance of 
valve 1 becomes amall. 

VALVE | VALVE 2 

This causes the 
voltage rise at 4G to be 
much smaller than the 
corresponding fall at 2G- 
(See Chap. 9 Sec. 3). 

The voltage at 74 falls oO 
momentarily below the 
steady value which it 

the interval (2) become. Pig. 494 =< Multivibrator circuit. 

of the relatively large 
voltage developed 
initially at 4G. 

After amplification has ceased the circuit relaxes, Cp charg- 
ing ani C) discharging. The flow of grid current in valve 1 into C2 
causes the voltage at 4G to fall exponentially towards zero, with a 

' time~constant approximately equal to Ro Co, while the voltage at oA rises 
towards V, with the seme time-constant. 

Meanwhile the voltage at 9G rises exponentially towards zero, 
as C0, discharges with a time-constant which is effectively equal to Cy Ry 
(providing R, >> Ri). 

As the voltage at 9G rises through cut-off a cumulative action 
ensues similar to that which terminated the interval (1). This action 
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is concluied when the current 
of valve i is cut off, 

After emplifica- 
tion has ceased the circuit 
relexes again (interval (3), 

grid current in valve 2 
canses the voltage at oG to TIME CONSTANT G, R, 

fall towerds sero with a Mg 
time constant which is 

approximately equal to RB) Cz, 
while the voltage at ,A4 rises Wee Es ++ 
towards Vp with the same 
time ant, As the ly \ 
voltage at 2G falls the W ~------~ TIME” COMSTANT 

voltage at oA rises. The 2Uy a3 

voltage at 1G rises TIME CONSTANT Cz Rp 

exponentially towards zero 
with a time-constant which 
is approximately equal to 
&2 Ry, end as this voltage 

ses through cut-off, valve TIME ‘CONSTANT C3Ra 
l reconducts. The cycle of 29 
operation is now completed and 
the whole sequence repeats, ee he ; 

-2Ce ——-[-- —”-- - -|-- oer _——— at 

So fer it has been KO Va Va 
assumed that the sudden -Vve----! \ 

changes in potential take 
TIME CONSTANT CR 

place instantaneously. How~ Rs 

ever, the presence of the , 

inter-electrode and stray Fig. 495 ~ Waveforms for 

capacitances which are nmultivibrator circuite 

represented in Figs 494 by C, 
and C, prevent any instent- 
aneous changes. Thus, the 
cumlative rise of potential at the anode of valve 1 takes place with a 

time-constant Ry, C,, whilst that at the anode of valve 2 takes place 

with a time~constant Ro Cz. After the cumlative action is over the 

anode voltage of valve 1 rises during interval (3) with a time-constant 

Gy RB, whilst that of valve 2 rises during interval (2) with a time- 

constant'C2 Rp. In order that these rises of potential should be 

rapid the anode load resistances should not be too lerge. The rise 

of anode voltage may then take place din less than 1 microsecond if use 

is made of receiving valves of large mutual conductance. If extremely 

rapid action is required (0°2 microsecond) beam power valves should be ~ 

used, capsble of passing’ large currents. 

The durations of the various portions of the waveforms shown 

in Fig. 495 depend not only upon the time-constants but also upon the 

minisim values of the voltages at the control grids and the eut~off 

voltages of two ves, If the minim grid voltages for valves 

1 ami 2 are -7V and ~5 while the out-off voltages are -]Vq ani '<oV, 

respectively it may be shown that the periodic time of the oscillations 

is given by:- 
wv 4 

a Vv av 

For a typival multivibrator, in which 

this reduces to: 500
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TS 206 (C] Ry, + Co Rs), 

Hence the frequency is given by: 

fits i . 
26 (Cy Ry, + Co Rs) 

This forumla is applicable only to multivibrators which operate at 
frequencies not greater than about 1000 o/s, since in its derivation 
inter-electrode and stray capacitances have been neglected. 

In a symmetrical cirouit the durations of the positive- 
going and negative-going portions of the voltage variation at either 
ance ore gaat, (Wig. 495). These portions will be of unequal 
murat. t= 

(1) the time~constants, Cz Ry, and C2 Rz are unequal; 

(44) valves 1 and 2 ere diasimiler; or 

(4i1) bias is introduced into one valve circuit only. 

In radar apparatus it 1s sometimes necessary to change the 
relative durations of the positive-going and negative-going portions. 
of the output voltage without appreciably altering the oscillation 
frequency. This may be accasplished, within limits, by the arrange- 
ment shown in Fig. 496. In this cireuit the coupling capacitances 
have the same value, C. By means of a switch, the individual values 
BS and &, of the resistances of the two grid leaks can be altered 
rLthout a change in their sun, so that the frequency:- 

fr 2 
"296 G (Ry + B,) 

‘remains constant. 

ee HT 

VALVE [ VALVE 2 

aa 

Fig. 496 - Cirevit with variable 
mark~to-space ratio but constant 

frequency. 

Fig. 497 ~ Maltivibrator with 
leaks connected to HT line. 

It 4s frequently advantageous to connect the grid leak 
resistors to a source of high positive potential rather than to earth; 
(Fig. 497). This csuses the grid woltage of each valve to rise more 
sharply through cut-off so that the onset of the negative-going pulses 
at the anode is more clearly defined. In the oircuit of Fig. 497, 
the time-constants C; 2, and Co Rz must be greater than those for the 
circuit of Pig. 494 if the same frequency of oscillation is desired. 
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If a succession of yulaes, or any recurrent voltage 

variation, is intro@uced fren an external source inte the circuit of 

a maltivibrator, the frequency of oscillation tends to increase until 

it ia equal to, or is a multiple cr submltiple of the frequency of 

the injected signal. Suppose that positive-going pulses are applied 

to the grid of valve 1 (Fig. 49), their frequency being slightly 

VOLTAGE 

ol ny, 
| VOLTAGE 

(C1) SYNCHRONISING PULSES \ 
o LN A A nA nA A, 

! 

(INPUT PULSES 
Li z ie, 

on Ss ee \ 
2 < o of f\ FAN t 

CUT-OFF b—-~pf—--~-—-+— — — — —}--~— - -f[-— 

o \ 

“FREE -RUNNING 

i 
CUT-OFF 

\ SYNCHRONISED 

(lo) VOLTAGE AT GRID OF TRIGGERED VALVE (1) VOLTAGE AT GRID OF TRIGGERED VALVE 

Pig. 498 - Synchronisation of face 499 =- Counting-down. 

a moltivibrator, 

greater than that of the freely-running mltivibrator. Fige 4.98 shows 

the resulting variation of potential at grid 1G. When the pulse arrives 

1G has not quite reached its cut-off voltage, but the application of the 

pulse carries it over this point, so hastening the transition to the 

conducting state. The multivibrator action is thus synchronised with 

the applied pulses. Fig. 499 shows the use of a multivibrator as a 

frequency divider. By a suitable choice of component values the cire 

cult may be arranged so that it is triggered by each n-th pulse; the 

multivibrator frequency is then ath of the input frequency. In 

practice n is not usually greater than 10, although with care in adjust- 

ment it may be made as high as 50. 

Tf only one valve is triggered in this way the duration of 

only the positive-going portion of its anode voltage is affected. If 

it is desired to control the durations of both portions of the output 

voltage, both valves should be triggered, e.g. by applying negative 

triggering pulses between the common cathode and earth. 

There are several advantages in using pentodes instead of 

triodes in a mitivibrator cireuit. The presence of two additional 

electrodes in each valve to which pulses can be applied, or from which 

they can be taken, makes for greater flexibility in circuit design, and 

an immediate advantage is that one grid can be used exclusively for 

synchronising purposes. The use of pentodes alec makes it possible to 

eliminate the peak occurring at the beginning of each negative-going 

portion of the anode voltage of a multivibrator (P, Fig. 495). The 

effectiveness of this limitation, the principle of which is discussed 

in Chap. 9, Sec. 4, is dependent on the anode load resistances used. 

The circuit shown in Fig. 500 is that of a multivibrator 

using pentodes. The circuit ie similer to thet of Fig. 494 but the 

screens of the valves are used as anodes for the generetion of the 

relaxation oscillations. Some of the space current in the conducting 

valve reaches the true anode end, flowing through the load resistor, 

provides the output voltage. In this type of circuit it is said that 

the anode circuits are "“electron-coupled" to the remainder of the valve, 

as in the "Electron-Coupled" oscillates. For each valve the sereen 

and control grid are shielded from the anode by the suppressor grid. 

Hence the load does not greatly affect the action of the relaxation 
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circuit, and the fre- 
quensy of oscillation is 
substantially independent 
of changes in loading. 

3. Cathode-Coupled 

Multivibrators 

, Various forms 
of multivibrator are in 

use other than the con- 
ventional type already THE OUTPUT MAY BE TAKEN FROM 
deseribed. Fig. 501 A OR B AS REQUIRED 

shows an arrangement 
known as a Cathode- 
Coupled Multivibrator. 
The operation of this 
eireuit is similar to 
that of the conventional multivibrator and involves the same kind of 

cumulative action, 
A change in grid- 

Fig. 500 = Blectron=coupled multibrator. 

-QHT. THE OUTPUT MAY BE TAKEN cathode voltage 
(Ve) FROM AORB AS REQUIRED gives rise to a 

chain of events 
Gcurr prooucts THe waveroms resulting in a 
SHOWN IN FIG 502 similar but amplified. 

Rim 24Kn ct . OOF voltage voriation 

Rgeweka being added to the 
Ram IMA VALVE | CV 1065 voltage between grid 
eee VALVE 2 CV IOG6S and cathode s0 that 

the circuit is un- 
stable. 

. A brief 
a explanation of the 

‘ action is given 
below in note form. 

mpm EARTH 

+ 7 Assume 

valve 2 to be con- 
ducting and the 

Pig. 501 - Gathode-coupled current in valve 1 
multivibrator. to be cut off, 

. (interval (1) Pig. 

502). The voltage at 1K falls as Co discharges. As the voltage at 
3k approaches that of 16 valve 1 starts to comluct. 

The subsequent behavicur is as follows:~ 

The voltage at 1A falls (after amplification in valve 1). 
e r e a oy, 

" " “ ok " (as in a cathode follower), 
. * * 3K " ‘still further, so that the sction is ounulative, 

This actien is terminated when the current in valve 2 is out off. 

Interval (2 

Co discharges as 2K returns towards earth potential in the 

absence of ourrent in valve 2. ; 

As the voltage at oK approaches that of 9G valve 2 starts 

to conduct. 

The voltage at oK rises. 
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The voltage at 4K rises. 
i} wt Li A " 

(after amplification in 
valve 1). ; 

Up 

The voltage at oG rises, en i ee Ghecnnnnn = = 
n a wv oK " @) 

still further so that 
the action is again 
cumulative. “Gg a 

This action is YG 
terminated when the ; 
current in valve 1 is (b) ve 
cut off, 

9 a 

Interval 

Co charges 
as iK returns towards 
earth potential and (c) 
the action repeats. re t 

It has been ata 

assumed that no appreciable 

change occurs in the 
voltage at 9G during the (d) 

intervals between the ‘ 

transitioris from one state ves t 

to the other. This 
assumption is justified “ 

air is large com- 
nared Bh the period of 

oscillations e@) % = —__ 

An essential o- t 

feature of the operation 

is that the cathode load 2" 

resistors of the two valves t 

are unegual, so that when 

valve 1 is conducting 1K (2 a ee ei wae See Pr 

is at a lower potential 

than 9K when valve 2 is ° i at 

comfucting. It is the 
charging and discharging Biv. 502 = Waveforms for cathode- 

of Co through this coupled multivibrator. 

potential difference 
which determines the 
period of oscillation. 

The time-constant which determines the duration of interval 

(2) is approximately C2 (neglecting the output resistance of: the 

cathode circuit of valve 5. 

The time-constant which determines the duration of interval 

(3) is approximately C2 Bs (neglecting the output resistance of the 

cathode cireuit of valve 2). ‘The frequency is thus approximately 

proportional to 

1 
. J 

C2 (Bs + RE 

aml the mark-to-space ratio depends on the ratio R, « However, if 

the values of Re ani R6 are altered, the amplitudes of the voltage 

variations at the cathodes are changed so that the voltage developed 

across Co is effected. Por this reason if it is desired to change 
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the mark~to-space ratio | ' —on", 

by changing the ratio ‘ 
Rs/Rg, some further ; 

adjustment must be made ¢ 

if the frequency of 

oscillation is to remain 
the same. This may 
take the form of an 
alteration to the value SyNcHRONISING S ® $0 
of Rye 

Vv, 

Since the zs 
- . EARTH control grids are main- 

A 
V
W
 

tained at a high ¥ 
positive voltage, only 
a small portion is Pig. 503 = Alternative form of cathode- 
utilised of the coupled multivibrator. 
exponential fall of 
either cathode towards 
eerth. This ensures 
that the instants at which cumulative action occurs are clearly defined. 

,= CURRENT THROUGH VALVE I AT ZERO BIAS 
an alter- 1,= CURRENT THROUGH VALVE 2 AT ZERO BIAS 

native form of 
cathode-coupled 
multivibrator is 
shown in Fig. 503; 
the waveforms for this 
circuit are given in LR __f— 
Fige 50h. The relaxa- (a) z4 im 
tion times are deter- 
mined by the charging ° 
of Cp through Ry and 

- the discharging of GC; 

through Rz. In this ie rs 
case the Zoymuetry in (b) te Aw Ln 
the cathode circuits "4g 4 

is provided by the % 
resistor Roe Vp e—-= 

In some 

cathode—coupled 
multivjibrators of (c) 
this type the 

asymmetry which is ° £ 

essential for the 
operation is afford~ 2% 
ed by the use of. 
valves which are of LGR} N , ho 
different. current~ 
carrying capacities. (d) 

4. Relay Circuits 

If the bias 2% 
wltage applied to 

one of the valves of LReRt--b 
a multivibrator is 

made sufficiently (e) te bk 7 _ 

negative the circuit "5 >t 
becomes so unbalanced ea — 

that it is no longer Fig. 50) - Waveforms for alternative form 

of cathole-coupled multivibrator. 

505 

7 



Chap, 10, Sect. 4 

free~rumning. The cirevit then operates as a relay, the stable state 
being that in which the unbiased valve ig comlucting. The circuit 
can be triggered fran the stable to‘the unstable state by the leading 
edge of an applied pulze, which causes tho biased valve to conduct. 

Fhe subsequent action is similar to that ef a aultivibrator except 
that after the biased 
valve has agein beoars 
non-conducting it remains 
in this confition until a 
further triggering pulse 
is applied. 

—~—O Vv, 

R, 
2A 

In general a ax 
relay is used for the 
production of rectangular | cameron) 
pulses of comparatively VALVE 1 + VALVE 2 
leng duretion ond large 

tude with 
the duration vod omplitade Pig. 505 = Two-valve relay. 
of the applied pulses, 
the nature of each output 
pulse is normally not 
depenient upon the amplitude or duration of the triggering pulse, 

provided the latter is sufficiently large to initiate the action. 

Fig. 505 shows a 
INPUT PULSES possible circuit errange- 
yr} ment of a relay. The eir- 

! Y VY cuit is essentially that of 
% the multivibrator, but valve 

oo 1 is biased so that the 
y current in this valve is 

J normally cut off, whereas 
valve 2 is unblased. 

~ 

oO 4 Initially, therefore, the 
24 ancde voltage of valve 1 

ie at Ht (Vg), while the waaa-n ana n-= oo envio voltage of valve 2 is at a ler level (Interval (1) ; 
t Big. 506). 

Assume that the 
Mc relay ia triggered by a 

CUT-OFF “3--— IT iS “TT nogative~going pulse applied 

° | ¢ to the anode yA of valve 1 
(ieee, to the grid 26 of 
valve 2), The subsequent 

Ci CHARGES behaviour is as follows:- 

¢ CUTOFF — ———— > Ee Pee The voltage at 5G falls. 
File 2SeoRGt cya mew 2G Tynes 1 AQ * " * 3G rises 

: . by an amount sufficient 
Figs 506 ~ ions of tro-valve to cause valve 1 to con 

Ye auct. 
The voltage at iA falle 
still further, and the 

action is thus cumulative. 

This transition ceases when the current in valve 2 is cut off, 

Interval (2 

Cy discharges as 2G returns towards earth potential. . As 
the voltage at 9G rises through cut-off, anode current flows in 
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valve 2: 

The voltage at oA falls. 
a tJ * 16 " e 

7 ong 2h Figen, ; 9G atill further, and the cumulative action 
ceases when the current in valve 1 is cut 
off, 

' Go discharges as 1G returns towards earth potential. 
Valve 1 remeins cut off by the bias developed across R¢. 

The duration of interval (2) depends on the time-constant 
O By (asauming R, >> Ry). The other time-constant Co Ro must be 

dy to prevent any substantial change in the voltage 
at 3G during’ the interval (2), but short compared with the interval 
(3) s0 that the cirouit returns to its initial state before the 
next triggering pulse is applied. If the latter condition is not 
Satisfied the circuit does not respond to the next pulse, and 

counting-down occurs (Sec.2). 

The time~constant of the discharge of Co can be considerably 
reduced by the insertion of a diode between 1G and earth, with its 
cathode connected to 36. 

The relay may also be triggered by the application of a 
positive-going pulse to gA ar jG. If this method is employed a larger 
pulse is necessary since the explification affarded by valve 2 is dis- 
pensed with. 

The method of triggering inficated in Pig. 505 has the 
additional advantage that as soon as valve 1 coniucts the input resis- 
tance of the anode cirouvit is lew, so that the normal operation of 
the relay is not likely to be affected by the trailing edge of the 
triggering pulse. 

Secondary effects occur similar to those which arige in the 
case of the multivibrator; these are iniicated in the waveforms of 
Pig. 506. 

Pig. 507 shows an alternative method of biasing. The current 
in valve 2 develops across the common cathode resistor a bias 

voltage sufficiently large to ensure that the current in valve 1 is cut 
off in the absence of a triggering pulse. 

Ov, HT 

nS R, 
- C, 

aft 2A 
a GS 

ar re 
Se, K RS | OK 

input 

R= de | Sa ss T 4 < 

9) omen) 

VALVE ! y VALVE 2 VALVE | = VALVE 2 

Fig. 507 = Two-valv® relay with Fige 508 ~ Cavhode-coupled 
altermative biasing ar-angement: relay. 

In both circuits the onset of the trailing edge of the output 
pulse is more clearly defined if the grid leak Ry is connected to the 
HY supply instead of to the cathode (compare Sec. 2). 
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Fig.508 shows the circuit of a cathode-coupled relay and Fige509 
shows waveforms at points of special importance. The action is similar to 
that of a cathode-coupled multivibrator. It is essential for the relay 
action that the current flowing in valve 2 when conducting is greater than 
that in valve 1 when valve 1) is conducting. This may be ensured by using 
different valves, or by making R , Rp. 

The sction is as follows:- 

Interval (1 

Valve 1 
eurrent cut off, valve 
2 conducting, A 
positive triggering ve 

pulse causes valve 1 ; 

to conduct. | -- (1) = ae) ee = Bo 

° - _ —£ 

Voltage at 1A falls, vev 
” " r] 

H 

Pty r) 

Current in valve 2 is 
reduced. CUTOFF poooa= 7. --[-==== 7] -- fr , 

The current flowing 
through R, decreases, 
since valve 1 does Ya 
not conduct 4s 
heavily as valve 2. Ye | | | 

Hence the voltage at 
jK decreases. 7 & 
Current through valve 2,6 
i increases. 

The voltace at 1A te LP L 
falls still further, —CUT- OFF 
so that the action 
is cumulative, 
ceasing when valve 2 u 
eurrent is cut off. Ve A 

Interval (2) | 

Cy dis- ° t 
charges; as the 
voltage at rises 
through outeattse Fig. 509 = Waveforms for cathode- 

coupied relay. 

Current flows in 
valve 2e 

Voltage at both 

cathodes rises. 
Current in valve 1 is reduced. 
Voltage at 1A rises. 
Voltage at o¢ rises, the cumulative action ceasing when the current 
in valve 1 is cut off. 

Interval (3) 

As the voltage at oG rises above that of oK grid current 
flows ani Ci, charges rapidly es the relay resumes its stable state. 
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ONB-VALVE CIRCUITS 
5.  WPransitron Circuits 

A single multi-electrode valve such as a pentode may be used 
to generate voltage variations by a mode of operation similar to the 
action of two-valve relaxation oscillators and relays. Under certain 
conditions the space charge between screen and suppressor grids of a 
pentode can act as a virtual cathode, so that variation of the 

suppressor grid potential can be used to control the anode current. 
In these circumstances, this virtual cathode, together with the anode 
and suppressor grid, can operate as one tricde valve, whilst the true 
cathode, control grid and screen grid act as another, In this 
manner one valve may be made to fulfil the functions of the two 
valves in the circuits already described. The essential similarity 
between the one-valve and two-valve circuits will be seen in the cir- 
cult diagrams as soon as the principle is grasped of treating the 
pentode as a pair of triodes. There are, however, one or two 
characteristics which apply particularly to Transitrons, as one-valve 
circuits of this type are called:- 

(i) There is inherent in the circuit, but only for certain 
velues of anode, suppressor and screen voltages, a matual 
interaction between anode and screen grid. So long as a 
virteal suthode is present, a reduction in anode voltage 
diminishes the anode current and causea an increase in 
screen current. This leads to a fall in screen voltage 
due 3 the increased current through the screen load or 
dropping resistance. On the other hand, the converse is 

not true; a reduction in screen voltage diminishes both 
the anode and screen-grid currents, so that the anode 
voltage rises due to the decreased current through the 
anode load. 

(ii) In the two-valve circuits the two stable or unstable con- 
ditions occur when, in turn, each valve is confucting 
while the other is cut-off, One of the comlitions 
arising in the transitron is similar, namely that in which 
the anode current is cut-off by suppressor grid action, 
No condition can arise, however, in which screen current 
is cut off, since this would imply that the anode current 
were cut off, too. Instead, the two states may be dis= - 
tinguished by the soreen-voltage levels. When anode 
current flows, the screen current is snail and the screen 
voltage high; when anode current is cut-off, screen 
current is large and the screen voltage is low. 
Relaxation oscillations or relay actions take the form of 
transitions fron one of these states to the other and back 
again. 

(441) As described in Chap. 6 Sec. 34, ani illustrated in Fig. 300Q(a), 
for certain values of anode ani suppressor voltages a rise 
in voltage at the suppressor grid leads to a decrease in 
Screen current; so that if the screen load is not decoupled 
the screen voltage rises. An easential feature of trans- 
sitron cireuits is that the screen and suppressor grids are 
coupled by a condenser so that over this region of the 
valve characteristics (B to C, Pigs 300(a)) the action of 
the circuit is cumulative. A rise in suppressor voltage 
causes a rise in screen voltage due to the electronic 
action in the valve, and this in turn causes the suppressor 
voltage to rise still further due to the coupling circuit. 

A similar cumulative action follows a fall in suppressor 

voltage over the same region. 

It should be borne in mind that whether this. cumulative action 
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can cocur or not depends on the potentials of the other 
electrodes in the valve; in particular, that of the anode 
needs to be low,. 

(iv) If a feed~back resistor is included in the cathode lead 
this acts in a manner similar to that of the camon 
cathode. resistor of a cathode-coupied multivibrater or 

relay. When anode current flows the bias developed 
across this resister is likely to be much greater than 
when the anode current is out-off by suppressor grid 
action. 

6.  Pransitron Relaxation Oscillator 

Transitron Relaxation 

Oscillators are not in normal use x 
Ry 

—OHT+ 

in radar equipment since in 
general they are less stable, and 
also less flexible in design than 
the two-valve circuits. However, 
one arrangement, known as the r 

vy 

Fleming-Williems circuit, is 
suitable as a free! 
generator of sawtooth voltages. 

The circuit arrangement 
is shown in Pig. 510. The wave~ 
forms of the voltages at the 
various electrodes are shown in 
‘Pig. 511. 

fhe action is as follows:- 

Fig. 510 = Transitron relax 
ation oscillator. 

Interval { 1) 

Anode current 
is flowing so that the 
screen voltage is at 
the higher of its two 
levels of operation, 
Cy discharges as the 
anode voltage falls. 
The suppressor voltage 
falls fron a positive 
value. ds the anode 
voltage falls a virtual 
cathode begins to farw 
between soreen and 
suppressor grids and a 
state is eventually 

ANODE 
VOLT. CE (Ve (2) > 4 

leo 

SUPPRESSOR, H 1 i 
VOLTACE | 1 , 1 

ITIME CONSTANT G A! 
oo|--p--- ae tee ~ BA - 

opt fief 

VALUES OF COMPONENTS USED:- 
R,= 1004n z= S00dn 
Cys Oar C2=teF 

Ry = 2504n 

THE VALVE 15 A CVIOSI WITH A HT SUPPLY OF 350 VOLTS | 

Pig. 511 = Action of transitron 

relaxation oscillator. 

reached at which the 
cumulative action des- 
eribed-in Sec.5 (iii) 
is initiated. The 
fall in suppressor 
voltage causes a fall 
in soreen voltage ani 
because of the coupling 
circuit formed by Co 
and Ry the suppressor 

voltage is further 
reduced, This 
cumulative action ceases 
when the anode current 
is cut off (see Fig.511). 

The voltage at Go has then fallen to the lower of its two levels of 

operation (Fig. 511). 
S40
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Interval (2) 

Co discharges and the voltage at Gz rises exponentially 
towarés zero with a time constant approximately Co Bz (Rg KR;). 
At the same time C, charges through R, and the anode voltage Be 
A point (surpressor-grid cut-off) is reached at which anode current 
starts to flow, so that the screen current decreases. Hence:- - 

The voltage at Go rises. 
" " . Gz rises; 

this further increases the anode current and reduces the screen 
current so that the action is cumilative. 

This cumulative action ceases when the virtual cathode 
between Go and Gz disappears (the anode voltage is now high), so 
that a further rise in the potential of Gz has negligible effect on 
the anode current. This occurs when the voltage at is in the 

’ region of sero potential. However, the voltage at Gz is reised 
considerabiy above zero by the rise in screen voltage, 

Interval 

Cp charges and the voltage at falls towards zero. The 
anode voltage falls as cy discharges and the cycle of operation 
repeats. 

fhe oscillations may be synchronised satisfactorily by the 
application of either positive pulses to the suppressor grid or 
negative pulses to the control grid. In either case the applied 

initiates the cumilative action fran interval (2) to interval 
(3) (Pig. 511). 

7» “ransitron Re. 

In the circuit 
depicted in Fig. 512, the 

s are chosen so 

that a stable state exista’ 
in which there is no virtual 
cathode between screen and 
suppressor grids; this is 
done by making the ancde 
load sufficiently small. 
Alternatively, a stable 
atate can be obtained if the 
suppressor grid is connected O- 
to a source of voltage 
sufficiently negative to , 
prevent anode current from Fig. 512 - Transitron relay. 
flowing. ‘The confenser C) 
of Fig. 510 is omitted from 
the relay circuit when a 
rectangular output voltage is required at the anode. The relay may 
be triggered by either a positive-going or a negative-going pulse of 
small amplitude applied either to the control grid G, or to the 
suppressor grid Gz, A larger triggering pulse is needed at G3 than 
will suffice at G). 

Pig. 513 illustrates the action following the application of 
a small positive pulse to Gj. Initially, during the interval (1), 
anode current is flowing and the suppressor grid is at sero potential. 

Intervai (1 

As the voltage at G, rises:- 

Sil 

VALVE CVIOSI 

(Oka 

50kn 

200ka 

340 VOLTS 

ro
 

n
A
W
 

SN 
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the space current 
increases ; . VOLTAGE AT oO 

the voltage at Go falls — asad t 

. * " Gz falls, Ya 
the anode current is #340 moo 
reduced and the voltage 
at A rises. 

. +200 L an 
The reduction in anode i 
current is accompanied 
by a further increase 
in screen current VOLTAGE AT Gp j 
causing the voltage at ‘140 ee 
Gp to fall still forther. 

+70 es 

This cumulative action +20 | tt 
ceases when the anode ° t 7 t 
current is cut off so H 
that all the space 

current flowa to the VOLTAGE AT Gy H H 

screen, \5 3 \ to 
} iz £ 

The screen current nh Se > <a ie 
decreases and the 70 * i 
‘voltage at G2 ani Gz TWO mmm nl mmm mn nm nnnn ao-- 

voltage ef @} vebarns to TIME CONSTANT = CRy 

zero; but provided the 
fall in voltage at Go Pig. 513 + Action of transitron 

and Gs during the relay: positive triggering pulses. 
cumulative action is 
large enough, the anode 

ourrent remains cut-off 

by the negative voltage at Gz. 

Interval (2) 

C discharges with time-constent approximately CR, (Bs > 

Bo). 

The voltage at G, rises towards sero. 

At a certain value (suppressor-grid cut-off) anode current 

begins to flow. 

The voltage at A falls. 

The inorease in anode current is accompanied by a reduction 

in screen current causing the ‘voltage at Gp to rise. 

This causes a further rise in the voltage at Gz so that 

the sction is cumulative ani the relay returns to its stable con- 

dition (intervel (3)). 

Since the suppressor voltage rises above zero due to the rise 

in screen voltege, suppressor current flows’ and C charges rapidly. 

This flow of current through Bo causes the irregularity shown 

dn the anode and screen-grid waveforms at the trailing eige of the 

output pulse (beginning of interval (5)). 

The response of the cireuit to a negative triggering pulse 

applied to screen or suppressor grid is essentially the same as in the 

case described above.
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The effect of applying 
a negative triggering pulse to 
the control grid is illustrated 
in Pig. 514  #No cumulative 
action follows the initiel fall 
in voltage; this merely results 
in amplification at screen and 
anode as shown in the diagram, 
the voltage at the suppressor 
grid G3 rising with the screen 
voltage. However, provided the 
triggering pulse is of 
sufficient amplitude or duration, 
the condenser C charges, due to. 
suppressor current flowing. 
Due to this charging of C, the 
fall in screen voltage at the 
end of the applied pulse carries 
the suppressor voltage below 
zero potential, initiating the 
some cumulative action as was 
described with reference to the 
response of the relay to a 
positive triggering pulse. The 
remainder of the action is 
identical with that which 
follows in the former case. 

If the initial rise of 
suppressor grid voltage is very 
large the effects described may 
be offset by the flow of 
reversed suppressor current. 

In some pentodes (e.g. CV1091) 
this may occur when the suppressor 

cathode. 

VOLTAGE AT G, 

o 

! UD U 

Ya 

ad bod 

° é 

VOLTAGE AT Go 

\ 

is} vA 

VOLTAGE AT G3 

| No N 

ze 

Fig. 514 ~ Action of transitron 
relay : negative triggering 

"pulse. 

grid is sbout 40V above that of 

In such a case the net effect of the pulse applied to the 

control grid is to cause the condenser C to discharge rather than 
charge, ani no cumulative action can occur. 
eliminated by inserting a diode between 

G3, a8 show by the dotted connected to 

This effect can be 
am cathode, with the anode 

s in Fig. 512. The 

emission of electrons fram the diode cathode is likely to exceed con- 

siderably any secondary emission frow the suppressor grid, so that the 

charging of C is ensured. 

fhe response of the relay to a positive triggering pulss 

applied to the screen or suppressor grids is similar to the case jast 

desoribed, 

In all cases the duration of the output pulse, positive-going 

at the anode and negative-going at the soreen, depends upon the time- 

constant CR3. Owing to the large value of screen resistor necessary 

for the operation of the relay it is not normally practicable to take 

the output from the screen grid wiless it is to be applied to a circuit 

with a correspondingly high input resistance and low imput capacitance. 

No such Limitations normally apply to the anode circuit, where the 

output resistance is small. 

Owing to the fact that valves are not a manufactured normally 

to give precise suppressor-grid characteristics the Dehaviour of a tranus- 

sitron circuit may vary considerably if different valves, even of the 

same type, are used. 
to be preferred. 

8 The Blocking Oscillator 

For this reason two-valve circuits are frequently 

fhe Blocking Oscillator is a form of relaxation oscillator 

913



Chap, 10, Sect. 8 

which is used primarily as a generator of 
rectangular pulses. The duration of the 
output pulses is normally of the order of 
10 - 100 microsecomis. fhe principle of 
the blocking oscillator is similar to 
that of the self~-quenching oscillator, 
described in Chap. 8 Sec. 47. (It is 
common American practice to use the same 

term Blocking Oscillator for both types 
of circuit.) In the blocking oscillator 
the regeneration is sufficient to ensure 
that the valve current is out off before 
a single cycle is completed. 

—OHT 

IFA 
Pig. 515 - Blocking 

oscillator, 

t 

The circuit arrangement of one form of blocking oscillator is 
shown in Fig. 515. 

GAID-CATHODE 

VOLTAGE GRID CURRENT FLOWS 

weal 
curorr lsd 

tel 
4 

TIME CONSTANT Spel 

VOLTAGE 
ACROSS og 

° >t 
cuToFFL 

TIME CONSTANT Core 

VALYE 
CURRENT 

Li fs CURRENT 
Fig. 516 = Blocking oscillator 

waveforns- 

The waveforms for this circuit are given in Fig. 
516. 

Although the 
elrouit diagram is 
similar to that of a tuned 
grid oscillator the 
effective “tuned circuit" 
is much more complex. No 

tuning capacitance is used, 
and the inductance of the 
grid coil in parallel with 
its stray capacitance 
forms a ringing circuit, 
When grid current flows 
this circuit is heavily 
damped and is shunted by 
the series arm farmed by 
Cg and the grid-cathode 
resistance, The period 
of oscillations in the 
grid circuit is thus con- 
siderably increased by 
the flow of grid current. 

Two essential 
conditions of operation. 
of the circuit are:- 

(1) The coupling 
between output 

and input circuits must be very tight, so that the grid 
voltage is forced to a high positive level at the beginning 
of the cyole (period (1)). This ensures a large flow of 

grid current to charge the bias condenser Cys 

(41) Although the time-constant Cy Rg must be large, so that there 
is an apprecieh® interval of relaxation between the output 
pulses, C 
voltage d 
before the end of the posi 

must be small. 
Bvel 

This ensures that the bias 
oped across Cy acquires a large negative value 

five pulse at the grid. 

If the bias is not large enough, subsequent free oscillations 
in the grid circuit may raise the grid voltage above cut-off again. 

The relaxation time is determined by the maximum value of the 
bias and by the time-constant C 
is normally much shorter than t. 

Since the duration of the pulse 
Selaxation time, the latter is the 

main factor in determining the repetition period. 

The duration of the output pulse depends on the value of the 
inductance and the various capacitances and resistances associated with 
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the grid circuit. It may be reduced by:- 

(1) reducing the effective inductance; 

(41) reducing the capacitance Cg; 

(444) dimoreasing the flow of grid current, e.g. by the use of a 
valve with greater cathode emission. 

The grid leak may be connected to a positive supply instead 
of to earth. In this case the grid voltage rises towards a positive 
potential so that the instant at which valve current starts to flow 
is more precisely determined than when the grid voltage rises 
towards zero (see Chap. 8, Sec. 47). 

The blocking oscillator may be readily synchronised by a 
positive-going pulse applied to the grid; alternatively, the time- 
constant may be adjusted so that counting-down occurs. 

An alternative farm 
of the blocking oscillator dnl circuit is shown in Fig. 517, 20kn S30ka where an electron-ceupled t 
Hartley Oscillator is used c 
(nce Chap. 8, Sec. 8)» In gob fy 

le this case the effective es 
inductance of the grid circuit = solad” =i 

on.the value of the damping Zirh 
depemis, esong other things, | 1 

resistor R, in the primary PRIMARY seSonvany + 
eircnit. <A decrease in R 

phemenlbens at Seer. cs the Fig. 517 = Alternative form of 
demping, so that the emplitude blocking oscillator. 

and duration of the output 
pulses are reduced. The 
decrease in emplituie causes 
en increase in recurrence frequency. The recurrency frequency 
also be varied more or less iniependently of the duration of the 
pulses by altering the value of the grid leak. 

With the component values shown in the figure, the duration 
of the negative-going pulses at the ancde is of the order of 15 
microseconds, and the repetition frequency can be varied from about 
500 c/s = 2000 o/s. 

Blocking oscillators are frequently used with the automatic 
biasing network in the cathode circuit. In circuits of this type it 
is not practicable to use a very large resistance in the cathode lead, 
so that the condenser must be made larger than in the grid-biesing 
cireuits in order to provide a long time-constant for the discharge or 
relaxation interval. This isorease in the circuit capacitance tenis 
to cause the output pulse to be of longer duration in the cathode- 
biased oscillators than in the grid-biased circuits. 

More complicated circuits may be designed to make the 
reeurrence frequency substantially independent of fluctuations in 
supply voltage. These arrangements generally incorporate a ringing 
circuit, the period of which is unaffected by changes in supply 
voltage. This technique constitutes a marked departure from the 
"“relexation" method of determining time-intervals. 

515 
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CIRCUITS EMPLOYING Ts MILLER TIME-BASS PRINCIPLE 

9. General 

The circuits discussed in the remaining sections of this 
chapter employ the method used in the Miller Time-Base Circuit of 
generating linear voltage variations. This principle is dealt with 
in detail in Chap. 11 Sec. 10. It involves the use of a pentode 
with a condenser connected between anode and control grid. The 
valve is controlled externally by the voltage at its suppressor grid. 
When this voltage is such as to allow anode current to flow, the 
anode voltage falls as the condenser discharges. The anode "run- 
down” is very nearly proportional to time.- In the Miller time-base 
circuit some additional control device is needed for releasing and 
resetting the valve, and also for maintaining a constant voltage at its 

‘suppressor grid during the run-down interval 

In the circuits about to be described the principle of the ililler time- 

base is embodied in a relay action. These circuits are at present described by 

rather fanciful names, which have no soientific connotation, In the case of the 

Sanatron, a second valve is used for controlling the Miller valve in response tc 

an externally applied triggering pulse. In the Phantastron circuit a single 

pentode valve is used to fulfil the double functions of control and Miller valve 

Many variants of these circuits are used, either as relays or as relaxation 

oscillators, but only the two principal circuits are described here. 

10. The Sanatron 

A simplified circuit diagram of this relay is given in Fig. 
518. An outline of the action is as follows:- 

Initially 
valve 2 is con- 
ducting, while the 
anode current of 
valve 1 is cut off 
by the negative 
bias on its suppressar 
grid 1G3. A 
negative triggering 
pulse is applied to 

the suppressor grid 
0G3 of valve 2. 
t is of sufficient 
amplitude to cut off O-v. 
the anode current in . . _ 
valve 2. Fig. 518 = Sirplified sanatron circuit. 

OVe 

Ov, 

OUTPUT 

Voltage at 2A rises. 
Voltage at 1G3 rises. 

Thereafter, while the anode current in valve 2 remains cut 
off, these voltages are held at steady values by the potentiometer 
chain between Vp and -Vj. 

As the voltage at 16 rises towards a positive value, anode 
current flows in valve 1, catsing an instantaneous fall in anode voltage 
followed by a constant rate of collapse. This fall in voltage at 4A is 

communicated to the control grid 9G) via the network Cy - and is 
sufficient to cut-off the current in valve 2. The rate of Gollapse of 
anode voltage is given, as in the Miller time-base generator, by 

ava. Vo 

at CyR, 

At the end of the run-down at }A, the anode voltage “bottoms”, Co 

16 

alt
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discharges, and the voltage at oG, returns towards Vo. As this 
voltage rises through cut-off, valve 2 reconducts:- 

The voltage at oA falls. 

cr 6 Gs jA rises. 
” * " 96, " still further so that the action is 

cumulative. 
This cumulative action ceases rhen the 
anode current in valve 1 is cut-off. 

C7 Ov, 

and Co re- i if ov. 

charge ag the R 3 VALVE 

voltage at 34 Rs mo Rag he 3 

returns to Vp; UF 4 2 

and the cir- ap fa [I Ag 
cuit reverts fa 4 

to its z L Va OUTPUT 

initiel state. "7 T yy c, 
4 1 jvaive 2 (rt iT T J 

Fig. ¥ O-%4 
519 shows a Re VALVE 

practical form 4 
- of the sanatron ov, 

circuit, and 
the waveforms. TYPICAL VALUES OF COMPONENTS 
ef the volt—- R= 70RD Ci =!0Opf Vp = 300V 

ages, at the Fs = 'soke Ct OsaF Ye = Zoov 
rodes ere Rs = 1oOkn. 4 = SY 

Soon 3m Figs roe tees" 

A Pig. 519 = Practical sanatren circuit. 

diode, valve 
3, is in- 
eluded to 

limit the anode voltage of valve 1, During the recharging period the 

anode voltage returns towards Vp but as the diode conducts is clamped 

at the level V3, determined by the setting of the potentianeter slider 

P. This diminishes the recovery time of the Miller valve (interval 
(3)). The emplitude, and heme the duration, of the output pulse can 
be controlled by the potentiometer setting. 

A second diode, valve 4, limits the negative excursions of 

the grid of valve 2 to a value -¥,, just sufficient to ensure that 

valve 2 is cut-off (about -5 volts}. This reduces the interval (4) 
between the end of the run-down and the instant at which valve 2 

reconiucts. 

_ It may be néted that the same rapid fall of voltage at A 

Quring interval (2) is commmnicated to the control grids of both 

valves. ‘This is sufficient to cut off the current in valve 2, but 

not in valve 1. Hence if the valves are otherwise alike, they must 

be adjusted so that the cut-off voltage is lower for vaive 1 than for 

valve 2. This may be accomplished by using a larger screen dropping 

resistance for valve 2. 

Alternative methods of triggering, which utilise the 

amplification of valve 2, may be employed, The method already des- 

eribed, using a negative pulse applied to the suppressor grid, 

requires a triggering pulse amplitude of about 60V. If a negative- 

going pulse is applied to 2G), or to jA (actually to the cathode of 

the diode, valve 3) an amplitude of about 15 volts is sufficient. If 

the grid-triggering method is employed an additional diode is 
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Pig. 520 ~ Action of sanatron circuit. 

own in Fig. 521, to prevent the trailing edge of the 
triggering puls se from canting the valve to reconduct. If triggering 
pulses are applied to the cathode of valve 3 a cathode load resistor 
must be inserted, since in the circuit of Pig. 519, the cathode is 
decoupled to earth. 

Some aavantages may be derived from the use of the screen grid 
of valve 1 as a control electrode in place of the suppressar grid, 
particularly if a very fast run-dowm is required, The rate of collapse of 
anode voltage is limited by the anode current, which depends on the screen 
voltage, and high values of sorten voltage lead to excessive screen 
dissipation. The fact that the screen is held at a low voltage except 
during the run-down interval reduces the screen dissipation and allows a 
higher screen voltage to be used, so that a faster run-down may be achieved, 

The modifications which are needed to the arranvements of 
Fige519 to convert the circuit to one using screen-grid control are shom 
in Pig.522. This method of controlling the Miller valve allows the use of 
a beam tetrode in place of» pentode, so that larger values of anode 
current aré available for the same screen dissipation. This further 
increases the permissible run-down speed. 
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Ove 
—O Vs 

-Ov2 
< 

3 ¢ ¢ 
3 & 3 Be 

> > 

=-@ MODIFICATIONS TO CIRCUIT OF FIG 519 

s *tk+ R, REMOVED 
3 Rs = ISkn 

‘ Re = 60k 
C3 REMOVED 

Ve INCREASED TO 400V 

A
D
A
A
A
 

VV
¥¥
¥ 

o 
L o-. — < 

Va v Re > 

v A < 
O-\ 

Fig. 521 ~ Sanatron circuit: Fig. 522 = Sanatron circuit: 
control grid triggering, screen grid contrel. 

ll. The Phantastron 

The Phantastron is a one-valve relay, similar in action to 
the two-valve Sanatron circuit. <A simplified diagram of a 
phantastron circuit is shown in Pig. 523. ‘The anode and control 
grid are connected by the condenser which typifies the Miller time- 
base arrangement. The suppressar grid an@-cathode connections give 
rise to the cumlative action which operates the relay. 

Initially, the control grid is limited at cathode potential 
by grid current flowing through Rj. ‘The cathode voltage is held at 
,20 or 30 volts above that of the suppressor grid by the current 

Rz, so that anode current is cut off by the suppressor grid 
the valve current flowing through Rz is therefore due entirely 

tee screen and control grid currents. 

rn negative-going triggering pulse is applied te G,}. The 
cathode voltage falis (cathode follower action). 

‘The cathode voltage is lowered relative to that of the 
suppressor grid by an smount sufficient to cause anode current to 
flow, 1.96. the suppressor grid-cathode voltage is raised above cut-off. 

As anode current, flows the anode voltage falls. 

This. fall is commmicated to 6) via the condenser C. 

fhe cathode voltage falls still further, so that the action 
is cumulative. 

Hence, even when the triggering pulse is removed, anode 
current continues to flow, and the circuit remains temporarily in ita 
unstable state. 

The anode run-down then follows, as in the Miller time-base. 
No appreciable change in voltage at control grid or cathode occurs 
until the anode voltage bottoms. The voltage at Gj then begins to 
rise more steeply, end with it the voltage at the cathode. This rise 
in cathode voltage with respect to that of the suppressor grid reduces 
the anode current. 

This causes the anode voltage to rise, and with it the 

voltage at Gy). 9
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—Ove 

SOMMON VALUES 

R,=am 
A,=500K 
Ryn 4k 
Ryx5 6K 
Rm 20K 
¥y=300V 

OUTPUTS 

+ 

Pig. 523 = Siaplified Fig. 524 = Practical phantastron circuit. 

pheantastron cirouite 

The cathode voltage rises still further, so that the action 
is cumulative, ceasing when the anode current is cut off. C then dis- 
charges and the circuit reverts to ita initial condition. 

A practical phantastron circuit is given in Fig. 524, and the 
waveforms of the voltages at the various electrodes are shown in Fig. 
525. The function of the diode in the anode circuit (valve 2) is the 
same as that of the corresponding diode in the sanatron circuit, 
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ensuring a rapid return of the anode voltage to its steady valve, 
during intervals (4) and (5). The setting of the potentiometer P, 
determines the amplitude and hence the duration of the run-down 
interval (2). The-rate of run-down is given by:- 

Wa. - VB (This assumes that Rg < Ro, as in 
at CR = ‘the case described): 

The other diode (valve 3) isolates the triggering cireuit from the 
control grid after the initial fall in voltage at Gj, otherwise the 
run-down would be affected, The voltage at which ita cathode is 
held (usually about 20V. above that of the suppressor grid of valve 1) 

30 
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determines the initial and final values of the voltage at G,. 

The anode voltage bottoms during the interval (3) end it is 
at the end of this interval that the anode current begins to fall ani 
the second cumulative action is initiated. This action occupies 
interval (4), during which the screen grid, cathode ani control grid 
return to their steady potentials. ‘ 

As shown in Fig. 524, the sereen grid is not fully decoupled, 
since this is the only electrode from which a positive-going pulse is 

tained. 

An alternative 

method of varying the 
duration of the cutput 

pulse is shown in Fig. 
526. The setting of 
the potentianeter Po 
determines the rate of 

run~down and hence the 
duration of the output , ] 
pulse. iE: =" 

| 

The method of | Li T tI 
triggering described + ' 

above requires, with the . 
components given, a Fig. 526 = Phantastron circuit; 
negative-going pulse of alternative method of control. 

about 25 volts amplitude. 
Alternative triggering 

INPUT 

OUTPUTS 

Pig. 527 - Phantastron circuit alternative triggering 
arrangement: negative-going pulse to 4A. 

arrangements are illustrated in Pigs. 527 ami 528. A negative-gbing 
pulse of about 4OV amplitude applied to the anode (Fig. 527) or a 
poeitive-going pulse of about 25V amplitude to the suppressor grid 
(Fig. 528) of valve 1, is required. 

The phantastron is a useful circuit in systems where the 
number of valves used must be kept to a minimm. It also has the 
aivantage not possessed by the sanatron of providing both positive- 
going and negative-going rectangular output pulses. These can be 
made of approximately the same amplitude by a suiteble choice of 

cathode ani screen resistars. There are, however, several dis- 
advantages which arise from the use of the single-valve circuit. The 
initial fall in voltage at the cathode (interval (1)), Fig. 526, is 
accompanied by a corresponding fall at the anode, so that the amplitude 

of the linear run-down is reduced, and a lerge fraction of the avail- 

able supply voltage is wasted. To minimise this initial voltage 

Se1
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OUTPUTS 
[ 

ae 

Fig. 528 ~ Phantastron circuit: alternative 
triggering arrangement: positive-going 

pulse. 

+ 

change @ valve with a very shart suppressor grid base is required. 
Certain valves are available which have such a short base (e.g. CV1I16, 
3 to 15 volts), but this restricts the choice of valves so that other 
characteristics, which were considered in the two—valve circuit, have 
to bé ignored. 

Furthermore, the action of the phantastron is very much 
dependent on the choice of valves whereas the valves used in a 

sanatron may be changed for others of the same type without the 
characteristics of the relay being appreciable affected. This is due 
partly to the fact that the cumulative action at the end of the linear 
run-down occurs over the region of control-grid cut-off in the case of 
the sanatron and over the region of suppressor-grid cut-off in the case 
of the phantastron. fhe latter action is not so precise as the former, 
and is more dependent on the particular valve used. 

ee



This file was downloaded 
from the RTFM Library.

Link: www.scottbouch.com/rtfm

Please see site for usage terms,
and more aircraft documents.

https://www.scottbouch.com/rtfm

