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CHAPTER 10

RELAXATION OSCILLATORS AND RELAYS

1. INTRODUCTION

The circuits which are cums.uwcrea in this chapter involve the
determination of time-intervals. In some cases (Relaxation Oscillators)
their funotion is much the same as that of a simple oscillator, i.e. to
produce reourrent changes of voltage at regulsr intervals of time. In
others (Relays) it is required to produce, in response 1o some input
pulse, an 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, and does not produce any output until an
imput or triggering pulse is applied.

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

Relays are used o produce delayed pulses, and find common applicatim
in time<base circuits, e.g. far the production of range markers, trace-
brightening pulses, eic., at predetermined positions on the time base.

Any of these cirouits may also be arranged so that when
trigg:r:l.ng or synchronising pulses are 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 voliage variations is a submultiple of the fyxequency of the
imput pulses. This process is called Counting-Down.

Bach of these circuits depends for its action on the existence
of at leaat two distinct conditions of operation, either of which may be
stable or unsteble. For example, in a two valve clrcuit either valve
may be conducting while the other is non-conducting. The transition fram
one condition to the other takes the form of a rapid cumulative action
due to regemsration lnherent in the circuit. 7The circuit is in a stable
state if an extermal impulse is nseded to cause this transition; other-
wise it remains in its existing state. The circuit is in an unstable
state if, after an interval (time of relaxation) it reverts of itas own
aocord to the alternative condition,

Such circuits may be classified under three headings, as
follows:~

(1) Circuits with no stable state of operation

Circuits of this type are known as HT+
Relaxation Oscillators. A circult of
a Relaxation Oscillator is shomn in
Pig. 432, The condenser C charges
through the resistor R until the
voltage across it is sufficient to
cause the neon valve to atrike, (The
interval during which the condenser f .
cherges is the time of relaxation). oL
Upon striking, the valve presents a v
low resistance and the condenser dis-
charges rapidly until the neon current
falls below its extinction value.

The valve subsequemtly presents an
open circuit and the condenser
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Chap 10, Sects

recharges and the cycle of operation repests. Other
well-known examples are the Muliivibrator and Blocking
Oscillator; these are considered below.

(i1) Circuits with one stable state of cperation

A circult of this type is known as a Relay,
Such a circuit rests naturally in its
stable condition, but on the eppiica-
tion of a triggering impulse an
sbrupt transition to the unstable
state cccurs. After an interval of
relaxation the circuit reverts to its
stable condition.

HT+

4 cirocuit of a reley is shown in Fig,
493. In the stable state the gas~

filled triode is nmon-conducting, the

grid voltage being maintained below v.L, . )

cut-off and the anode voltage =% —OnT-
remaining at H,T. If the grid v

voltage is raised momentarily ebove

‘cut~off, by en external impulse aof . , .
sh::rtyduration, the valve con- Fi8. 493 ~Simple relay

ducts heavily and the condemser is  (triggered thyratren

disoharged. This unsteble state timevbase),

continmues 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,

(ii1) Cirecuits with two steble aiates of operation

A circuit of this type is known as a Counter, Such a cir~
cuit rests naturally in either of its two atable conditloms,
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 uptil a further
impulse causes it to return to the first, This

of oircult, a typical example of which is the Eccles-
Jordan Circult, has little if any application in redar
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 expomential charging or discharging of a con-
denser through a resistor. In some circuits the linear chargi.nf
principle of the Miller time base is used (see Chap., 11, Sec. 10).
Circuits which utilise this principle are discussed separately in
Secs. 9 to 11.

In the description of the Multivibrator circuit, which is
considered firat, the actigm is discussed more or less in detail,
each main or subaidiary featurs of the oscillations being dealt with
as it ocours during the sequence of operatiom. This procedurs is
adopted for the sake of readers encountering thls type of action for
the first time. In the subsequent description of cirocuits where the
action is similar to that of the multivibrator the main sequence of
operation is described first, where convenient in note form, and any
subsidiary characteristics importent for an understanding of the
action, or because of particular spplications of the circuits, are

dealt with afterwarus.

It is felt that this method of description is more readily
followed once the essential principles of cumulative action and
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Chap. 10, Sect. 2

relaxation have been grasped.

IWO VALVE CIRGUITS

2, The Multivibrator

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

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 nsme

When the circuit is first switched on a transient state
follows in which both valves are conduoting. After this transient
period the circuit will settle down to contimmous 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 ;G rises through cut-off, the flow of
current in valve 1 causes a drop of voltage at jA which is applied to
2G through C3. The resulting rise of voltage at oA is applied back
to 3G and there is a further increase of owrrent in valve 1. ‘This
process is cumulative so that the voltage of ;G rises rapidly to a
positive value and the voltage of 2G falls rapidly to'h value which is
wore negative than that
required to cut off the
current in valve 2, Then
the action ceases.

As the voltage of
16 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 ;G to be
much smaller than the
corresponding £all at 25
(See Chap. 9 Sec. 5)0
The voltage at lA falls o
momentarily below the
steady value which it
ﬁ:iﬁzgﬁtfﬂgm“u - Fige. 494 = Multivibrator circuit.
of the relatively large
voltage developed
initially at ;G.

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

" time~constant approximately equal to Ry Cp, while the voltage at pA rises
towards Vg with the seme time-constant.

Mearwhile the voltage at oG rises exponentially towards zero,
as Cy discharges with a time-constant which is effectively equal to C; Ry

(providing Ry, >> BR1).

As the voltage at 2G rises through cut-off a cumulative action
ensues similar to that which terminated the interval (1), This action
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is ooncluded when the current
of valve i is cut off,

After smplifica-
tion has ceased the circult
relexes sgain (interval (3),
grid current in valve 2
canses the voltage at oG to

TIME CONSTANT Cy R

f£all towards gero with a 1V

time constant which is

approximately equal to Ry C3,

while the voltage at A rises g e e e gy e 2
towards VT with the seme

time ant, As the » *

voltage l.t 2@ falls the Woemem e EMRE CONSTANT!

voltage at pA rises. The 2l @3

voltage at 3G rises TIME CONSTANT C; Ry

exponentially towards zero
with a time-constant which
is approximately equal to
Ry, end as this voltage
ses through cut-off, valve TIME ‘CONSTANT C3Rz
1 reconducts. The cycle of 277
operation is now completed and
the whole seguence repeats,

NN — p
-2 ¢S] —= = o — ] — — —— =4
So far it has been l// l/ l/
assumed that the sudden Vet N\

changes in potential take

TIME CONSTANT C R

place instantansously. How~ 14
ever, the presence of the .
inter-electrode and stray Pig. 495 = Waveforms for
capacitances which are nultivibrator circuite

represented in Fig. 49k by Cy

and C, prevent any instant-

aneous changee. Thus, the

cumlative rise of potential at the anode of valve 1 takes place with &
time-constant Rj C),, whilst that at the anode of valve 2 takes Place
with a time~constant Rp C3. After the cummlative action is over the
anode voltage of valve 1 rises during interval (3) with a time-constant
C1 Ry 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 in less than 1 microsecond if use
is mede of receiving valves of large mutual conductance. If extremely
rapid action is required (0e2 microsecond) beesm power valves should de -
used, capsble of pasaing large currents.

The durations of the various portions of the waveforms shown
in Pig. 495 depend not only upon the time-constants but also upon the
ainimizs values of the voltages at the control grids and the cut~off
voltages of two ves. If the minimm grid voltages for valves
1l and 2 are =V and -5 while the out-off voltages are = Vg and '=oV,
respectively it may be shown that the periodic time of the oscillations
is given by:~-

b v

. v v

_For a typical multivibratcar, in which

thia reduces to: 50@
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T 2+6 (C1 Ry, + Cz R3).

Hence the frequency is given by:

£ 1 ,
26 (C1 R, + C2 R3)

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

In a gymmetrical cirouit the durations of the positive-
going and negative-going portions of the voltage variation at either
danoﬂ.e i::e équal, (Pig. 495). These portiomns will be of unequal

urat e

(1) the time~constants, C; R, and Cp Rz are unequal;
(11) valves 1 and 2 are dissimilar; or
(ii1) bias is introduced into ome valve circuit only.

In rader 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 accamplished, within limits, by the arrange-
went shown in Fig. 496. In this cireuit the coupling capacitances
have the same value, C. By means of a switch, the individuel values
3{ and Ry, of the resistances of the two grid leaks can be altered
ithout a change in their sum, so that the frequency:-

£ 1
"206 G (Ry + By)

‘Temains constaut.,

— HT

VALVE [ VALVE 2

T

Fig, 496 - Circuit with varisble
mark~to-space ratio but constant
frequency.

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

It is frequently advantageous to comnect the grid leak
resistors to a source of high positive potential rather than to earth;
(Pig. 497)s This csuses the grid voltage of each valve to rise more
sharply through cut-off so that the cnset of the negative-going pulses
at the anode is more clearly defined. Im the olrcuit of Fig. 497,
the time-constants Cy B and C2 R3 must be greater than those for the
circuit of Fig. 494 if the same frequency of oscillation 1s desired.
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Chap 10, Doct 2

If a succession of pulses, or axy reowrent voltege
variation, is intrcduced frcm en exbormal scurce inte the circuit of
a multivibrator, the frequency of oscillation tends to increase until
it ia equal to, or iz a multiple or submuliiple of the frequency of
the injected signal. Suppose that positive-going pulses are applied
to the grid of valve 1 (Fig. 4%%). their frequency being slightly

VOLYAGE

"Ln N

VOLTACE

(1) SYNCHRONISING PULSES 4
DU | \ W O Y N
b‘} !
f (a)INPUT PULSES
J\r\ S Vg
! ' £

o
CUT-OFF

. ' ' i [\ "
)'J / = - I} Sy r\ AN I
CUT-QFF i—-‘ ________________

- \
< FREE-RUNNING

\ SYNCHRONRISED
(o) VOLTAGE AT GRID OF TRIGGERED VALVE (b) VOLTAGE AT GRID OF TRIGGERED VAWVE

Pig. 498 = 3ynchronisation of Fee. 499 = Counting-down,
a multivibrator,

greater than that of the freely-running multivibratore Fig. 198 shows
the resulting variation of potential a% grid jG. When the pulse arrives
1G has not quite reached its cut-off voltage, but the application of the
pulse carries it over this polint, so hastening the transition to the
conducting state. The multivibrator actlon is thus synchreonised with
the applied pulses. Pig. 499 shows the use of a mltivibrator as e
frequency divider. By a suiteble choice of component velues the cir-
cuit may be arranged so that it is triggered by each n~th pulse; the
multivibrator frequency is then a}{-th of the input frequency. In
practice n is not usually greater than 10, although with care in adjust-
ment it mey be made as high as 50.

If only ope 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 conmtrol 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 multivibrator circuit. The presence of two additicnal
electrodes in each valve to which pulses can be applied, or from which
they can be taken, makes for greater flexibility in circuit design, end
an immediate advantage is that one grid can be used exclusively for
synchronising purposes, The use of pentodes alsoc makes it possible to
eliminate the pesk cccurring at the beginmning of each negative-going
portion of the anode voltage of a multivibrater (P, Fig. 495). The
effectivensss of this limitation, the principle of which is discussed
.in Chap. 9, Sec. L, is dependent on the anode load resistances used.

The circuit shown in Fig. 500 is that of a multivibrator
using pentodes. The circuit is similer to thet of Fig. 494 but the
screens of the valves are used as snoles for the gensxetion of the
relaxation oscilletions. Some of the space cwrrent in the conducting
velve reaches the true anode snd, flowing through the loed resistor,
provides the output voltage. In this 4ype of oircuit it is seid that
the enode circuits are "electron-coupled" to the remalnder of the valve,
as in the "Electron-Coupled" oscillatcr. For each valve the screen
and control grid are shielded from the ancde by the suppressor grid.
Hence the load does not greatly affect the action of the relaxatiom
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circulit, and the fre-
quengy of oscillatiom is
substantially independent
of changes in loading.

3. Ca.thode—nggled
Multivibrators

' Variocus forms
of multivibrator are in
use other then the con-
ventional type already THE OUTPUT MAY BE TAKEN FROM
alemed.. Fig. 501 A OR B AS REQUIRED
shows an arrengement
known as a Cathode-
Coupled Multivibrator.
The operation of this
oircuit is similar to
that of the comventional multivibrator and involves the seame kind of
cumulative action.
A change in grid-

Fig. 500 = Electron=coupled multibrator.

_OHT.  THE OUTPUT MaY BE TAKEN eathode voltage
(Vs) FROM AORB AS REQUIRED gives rise to a
chain of events
Cmcurr pRoDUCES THE waveroms  Tesulting in a
SHOWN IN FIG 502 similar but mlm
Rl = 24Kn ct : QOluF voltage mi&tim
D cEmoows being added to the
R4 = IMA VALVE | CVI065 voltage between g-id
l:z:IZOOOKKJ‘:.L VALVE 2 CVI065 md cathoane 80 that
the circuit is un~
stable.
' A brief
. explanation of the
) action is given
below in note form.
——{ EARTH

-

v Assune
valve 2 to be con-
ducting and the

Pig. 501 = Cathode-coupled current in valve 1
mult ivibrator. to be cut off,

. (interval (1) Fig.
502). The voltage at 3K falls as Cp discharges. As tbe voltege at
1K appro;ches that of 1G valve 1 starts to conduct.
The subsequent behavicur is as follows:~
The voltage at 1A falls (after amplification in valve 1).
" L] 1] " |,

. " * 5K " (as in a oathode follower),
" » * ;X " ‘still further, so that the action is cunulative,

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
sbsence of ourrent in valve 2. )

As tbe voltage at oK approaches that of oG valve 2 starts
to conduct,

The voltege at oK rises.
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The voltage at ;K rises,
o " " 1A

(after amplification in ”

velve 1), Y e
The voltage at oG rises, mallalpases Ghmzmemooer e
n " i 2K " (O)
still further so that
the action is again
cumilative., Ve o e SSEEa—
This action is [Vc,
terminated when the )
current in valve 1 is (b)
cut off,
° Z
Interval
Cy charges
as jK returns towards
earth potential end (©)
the action repeats. o ¢
It has been VA
ssaumed that no apprecisble
chenge occurs in the
voltege at oG during the d)
intervals between the '
transitions from one state vels +
to the other, This
assumption is justified 271/6
ir is large com~-
pa.rz ﬁth the period of [
oscillation. @) Yo - —__
An essentisal o t
feature of the operation
is that the cathode load 2%k
resiators of the two valves T
are unequal, so that when
valve 1 is conducting 1K ORE W ------------- w-_:
is at a lower potential
than oK when valve 2 is ° —— ¢
conducting. It is the
charging and discharging ¥oge 502 = Waveforms lor cathode-
of Cp through this coupled multivibretor.

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 velve S.

The time-constant which determines the duration of interval
(3) is approximately C2 Ra- (neglecting the output resistance of the
cathode circuit of valve 2). The frequency is thus approximately
proportional to

1
? L}
C2 (Rs + Rg
and the merk-to-space ratio depends on the ratio R « However, if
the values of R and Rg are altered, the amplitudes of the voltage

vardations at the cathodes are changed so that the voltage developed
across Cp is affected. Par this reason if it is desired to change
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the mark~to~space ratio T ' —our
by changing the ratio )
Rs/R;, some further 1

ad justment must be made <
if the frequency of
oascillation is to remsin
the seme. This may

take the form of an '
alteration to the value swckroNnsinG S P %«;

Of R}. 1,
Since the %"‘
- v EARTH

control grids are main-

A
VVY

tained at a high v
positive voltage, only

a small portion is Fig. 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,

I;= CURRENT THROUGH VALVE | AT ZERO BIAS
An alter- I,= 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 e —
Fige 504+ The relaxa- (d) z4 l

tion times sre deter- IR, - -

mined by the charging o s
of C; through R and e
- the discharging of G

through R3. 1In this BRe [ -
case the zsymetry in (b) ia __4__\ [__&
the cathode circuits "o £
is provided by the AA

resistor R5. ' S

In some

cathode~-coupled

mtivibrators of (C)

this type the

asymmetry which is o £
egsential for the

operation is afford- 2%

ed by the use of

valves which are of LEAR \ ) _ o
different. current~ aay

carrying capecities, d) i

4 Relay Circuits o ¢

If the blas 2%

wltage applied to \_

one of the valves of LRRI |- N
a multivibrator is

mede sufficiently e [.L._ _ _
negative the circuit ey Ny
becomes so unbelanced / |

that it is no longer Fige. 504 ~ Waveforms for alternative form

of cathode~coupled multivibrator.
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free-running. The clireuit then operates as a relay, the stable state
being thet in which the upbiased valve is conducting. The circuit
can be triggered fram the stable to‘the umstable state by the leading
adge of an applied pulre, which ceuses tho biased valve to comduct.
The subsequent action is similar to that of 2 =mmltivibrator except
that after the blased
valve has agsin beomms
non-gonducting 1% remeirs
in this cordition vntil a
further triggering pulse
is applied.

——QV,

]
2A

In general a 2x
relay is used for the
production of rectangular | DN
pulses of camparatively VALVE 1 -‘-.l; VALVE 2
long duretion and large

tude with
:gnmatMHm Pig. 505 = Two-~valve relay.
of the applied pulses,
The pature of ssch output
pulse is normally not
dependent upon the amplituds or duration of the triggering pulse,
provided the latter is sufficiently large to initiate the action,

Pig. 505 shows »
INPUT PULSES possible circult arrange-
el e (3} ment of a relay. ;'he eir-
I 4 Vv cuit is essentially that of
kA the multivibrator, dbut valve
o 1l is biased so that the
v current in this valve is
J normally cut off, whereas
valve 2 is unbiased,

N

o £ Initially, therefare, the
s anocde voltage of valve 1
iz at HT (Vp), while the

————————————— = ax?o_voltege of valve 2 is
at 2 low level (Interval (1)
. ‘ Pig. 506).

Aasume that the

Ve relay is triggered by a
CUT-OFF A b_i ——— nogative~going pulse spplied
° |

< to the anode jA of valve 1
{i.e.; to the grid oG of
valve 2), The subseguent

Ci CHARGES behaviour is as follows:-

¢
CUrORFl— -~ e The volfege at »G falls.
e N S i

LA " . " .G rises

. R by an smount sulficient
Fig. 506 - rﬁg:wn of tro-valve to osuse valve 1 to cone

e duct.

The voliage at 1A falle

#till further, and the

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

Interval (2

C} discharges as G retwrns towards earth potential, . As
the voltage at oG rises through cut-off, ancde current flows in

306



Chape 10, Secte

valve 2:=~

The voltage at o4 falls,
» - " lG . ] N
v . LATizes. .
26 still further, and the cumulative action
ceases when the current in valve 1 is cut
off.

' Co discharges as 1G returns towards earth potential.
Valve 1 remeins cut off by the bles developed across Rg.

The duration of interval (2) depends ocn the time-constant
°1R§ (asswming B, > By). The other time-constant Cp By must be

1y long to prevent eny substantial changs in the voltage
at 1G during the interval (2), but short compared with the interval
(3) 20 that the circuit returms to its imitial state before the
next triggering pulse is applied. If the latter condition is not
satiafied the circulit does not respond to the next pulss, and
counting-down occurs (Sec.2). ‘

The time-constant of the discherge of Cp can be considerably
reduced by the imsertion of a diode between 1G and earth, with its
cathode commscted to 3G.

The relay may also be triggered by the application of a
positive~going pulse to 2A or 3G. If this method is employed a larger
pulse 1s necessary since the amplification affarded by valve 2 is dis-

penned with,

The method of triggering indiceted in Pig. 505 has the
additional advantage that as soon as valve 1 conducts the input resis-
tance of the anode cirouit ia lew, so that the nurmal cperation of
the relay is not likely to be affected by the trailing edge of the

triggering pulse.

Secondary effects occour similar to those which ariae in the
case of the mmltivibrator; these are indicated in the waveforms of

Pig. %0

Pig. 507 shows an alternative method of biasing. The current
in valve 2 develops across the common cathode resistor a blas
voltage sufficiently large to ensure that the current in valve 1 is cut
off in the ebsence of a triggering pulse.

OV, HT
RE LR
< c
(A :: 2A
- G
= ‘;z
:El?s K 2 | X
weur ¥
RS J'<: J( EER.
s T 4 <
O ()
VALVE | % VALVE 2 VALVE | ‘%’ VALVE 2
Fig. 507 = Two—valve relay with Fig. 508 ~ Cathode-coupled
altemative biasing ar-engement: relay.

In both circuits the onset of the trailing edge of the output
pulse 1is more clearly defined if the grid leak R) is commected to the
HT supply instesd of to the cathode (compare Sec. 2).
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Fig.508 shows the circuit of a cathode-coupled relay and Fig.509
shows waveforms at points of special importance. The action is similar to
that of a cethode-coupled multivibrators 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 velves, or by making Ry Ry.

The sction is as follows:-
Interval (1
Valve 1

current cut off, valve
2 conducting, A

positive triggering e
pulae causes valve 1 -
to conduct. Ly - il S
° B I —i
Voltege at 34 falls, e i
n " a 1

2(; )
Current in valve 2 is
reduced.

cwrorF po---- —b:r-——--———“——-]—_--r—-' ;

The current flowing

through R; decreases,
since valve 1 does 1V
not conduct s

heavily as valve 2, Ve l l [

Hence the voltage at
jK decreases. % 4
Current through valve 2,6
1 increeses.

The voltage at jA _}_/.E"’K L-___r_ y
falls still further, —CuT-oFF
80 that the action

is cumulative,

ceasing when valve 2 %
current is cut off. Ve o

Interval §2'§ L ‘
C4 dis- ° ’
charges; as the

voltage at rises
thro:‘;h cut—zgff:- Fig. 509 = Waveforms for cethode-

coupled, relay.

Current flows in

valve 2.

Voltage at both

cathodes risea.

Current in wvalve 1 is reduced.

Voltage at JA rises.

Voltage at oG rises, the cummlative action ceasing when the curremt
in valve 1 is cut off.

Intexrval (3)

As the voltage 2t 2G rises sbove that of oK grid current
flows and C) charges rapidly ss the relay resumes its stable state.
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Chap 10. 3ect 5

ONE~VALVE CTRCUITS
5« TPransitron Circuits

A single multi-electrode valve such as a pentode may be used
to gemsrate voltage variations by a mode of operation similar to the
action of two-valve relsxatiom oscillators and relays. Undsr certain
conditions the space charge between screen and suppressor grids of a
pentode can act as a virtual cathode, so that variation of the
suppresaor grid potential can be used to control the anode current.

In these circumstances, this virtual cathode, togather 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.thia
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-
oult disgrams as soon as the principle is grasped of treating the
Pentode as 2 pair of triodes. There are, however, ome or two
charscteristics 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
veluss of anode, suppressor and screen voltages, a mutual
interac*ion between anode and screen grid. So long as a
virtueal sothode is present, a reduction in anode voltage
dimjnishes the anode current and causes an increase in
screen cwrrent. This leads to a fall in screen voltage
dne 4o the increased current through the screen load or
dropping reaistance. On the other hand, the converse is
not true; a reduction in screen voltagze diminishes both
the anode and screen—-grid currents, so that the anode
voltage rises due to the decreased current through the
anode load.

(i1) 1In the two-valve circuits the two stabls or unstable con-
ditions occur when, in turn, each valve is conducting
while the other is cut-off, One of the conditions
srising in the transitron is similar, namely that in which
the anode cwrrent is cut-off by suppresser 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 screen-voltage leveld, When anode
current flows, the soreen current is small and the screen
voltage high; when anode current is cut-off, screen
current is large and the screen voltags is low.
Relaxation oscillations or relay actions take the form of
transitions from ons of these states to the other and back

again.

(141) As described in Chap. 6 Sec. 34, and illustrated in Fig.300(s),
for certain values of anode and suppressor voltages a rise
in voltage at the suppressor grid leads to a decrease in
ascreen current; so that if the screen load is not decoupled
the screen voltege rises. An essential feature of trans-
sitron circuits is that the screen and suppressor grids are
coupled by a condenser so that over this region of the
valve characteristics (B to C, Pig. 300(a)) the action of
the circult is comulative. 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 cumilative 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; im particular, that of the anode
needs to be low, .

(iv) If a feed~back resistor is included in the cathode lesd
this acts in a menner simllar to that of the common
cathode. resistor of a cathode-coupied multivibrator or
relgy. When anode current flows the bias developed
across this resistar is likely to be much greater than
when the anode cwrrent is out-off by suppressor grid
action.

6. Treansitron Relaxation Oscillatar

Tranaitron Relaxation
Oacillators are not in normal use g
Ry

—QHT+

in radar equipment since in
genoral they are less stable, and
also leas flexible in design than
the two-valve circuits., However,
one arrangement, known as the 'F
V|

Fleming-Williems cirewnit, is
suitable as a free:
generator of seawtooth voltages.

The circuit arrangement
is ehown in Pig, 510, The wave- Pig, 510 = Transitron relaxe

forms of the voltages at the
various electrodes are shown in ation escillator.
-Pig. 511.
The action is as follows:- Interval (1)
Anode current
ANODE is flowing so that the
VOLTACER- (1)-rie — @~ ) screen voltage is at

180

the higher of its two
levels of operation,
C; discharges as the
anode voltage falls.
The suppressor voltage
falls from a positive
value. As the anode
voltage falls a virtual
cathode begins to fam
between screen and
suppressar grids and a
state is eventually

SESEREE : '. i reached at which the
sof K- -T2 cumnlative action des-
| / ; / cribed ‘in Sec.5 (iii)
"%PL'"' _- -__-L is initiated. The
53l - - et fall in suppressor
. voltage causes a fall
VALUES OF COMPONENTS USED:- in soreen voltage and
?:: f?f? ?i:mo,@n Ry ~ 25080 because of the coupling
THE VALVE 15 A CVIO9I WITH A HT SUPPLY OF 350 YOLTS cmuj't fm by 02
and R the auppressor
Fig., 511 = Action of transitron volitagg‘is Wm i
relaxation oscillator, lative action ceases

when the anode current
is cut off (see Fig.51l).
The voltage at Go has then fallen to the lower of its two levels of

operation (Pig. 511). % i a
.
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Interval (2)

Cp discharges and the voltage at G3 rises exponentially
towarés zero with a time constant approximately Gy B3 (Rp <K'R3).
At the seme time Cy charges through Ry and the anode voltage 8
A point (surpresscr-grid cut-off) is Teached at which anode current
starts to flow, so that the screen current decreases. Hence:;~- -

The voltage at Gp rises.
u " . Gz rises;

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

This cummlative ection ceases when the virtual cethode
between G and G3 disappears (the anode voltage is now high), so
that a fuwrther rise in the potential of G3 bas negligible effect om
the anode current, This occurs when the voltage at is in the

" region of zero potential, Howsver, ths voltage at 63 is raised
considerably ebove zero by the rise 4in screen voltage,

Interval

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

The oscillations may be symchronised satisfectorily by the
application of either positive pulses to the suppressar grid or
negative pulses to the control grid. In either case the applied

initiates the cumilative action fram interval (2) to imterval

(3) (Pig. 511).
7+  Tranasitrom Re

In the circuit
deplioted in Fig. 512, the

s are chosen so
that a stable state exists’
in whioh there is no virtual
cathode between acreen and
suppressor grids; this is
done by making the ancde
load sufficiently small.
Alternatively, a stable
state can be obtained if the
suppressor grid is commected ©
to a source of voltage
sufficiently negative to
prevent anode current from Fig. 512 = Transitron relay,
flowing. The conienser Cj
of Pig. 510 is cmitted fram
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 Gy or to the
suppressor grid G3. A larger triggering pulse is needed at G3-than
will suffice at Gy.

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

Interval (1

As the voltage at G) rises:-

511

VALVE CVIO9I
1Oka
5Ckan
200kn
340VOLTS

>
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the space current

mem‘ ) . VOLTAGE AT Cl"—
the voltage at G2 falls f"’ A —_ - <
" * " Gz falls, a
the ancde ocurremt is +340 -
reduced and the voltage
at A rises,
. +200 'L >
The reduction in snode i
current 1s accompanied
by a further increase )
in screen current VOLTAGE AT G |
causing the voltage at ‘140 A P S
G2 to fall still farther.
+70 e [ p—_— e
This cumulative action +20 : ___J____
ceases when the anode o t T <
current is cut off so ! i
that all the space ,’ ,’
current flows to the VOLTAGE AT Gj ! i
screen, " L : N
o _Ik £
The screen cwrent S i
decreases and the 79 * u[
‘voltage at Gz and G3 Hiedeia ke Nt --==
g:::geua:hal r‘lmtm“ to TIME CONSTANT= CRJ
zero; but provided the
fall in voltage at G2 Pig, 513 =« Action of transitron
and Gy during the relay: positive triggering pulses.

cumlative action is

large enough, the anode
current remains cut-off
by the negative voltage at G3.

Interval gzg
) C discharges with time-constent approximately CR3, (33 >
Bo).
The voltage at G3 rises towards zero.

At a certain velue (suppressor-grid cut-off) anode curreat
begins to flow.

The voitage at A falls,

The increase in snode current is accompenied by a redmotion
in screen cwrent causing the 'voltage at Gp to rise.

This causes a further rise in the voltage at G3 so that
the sction is cummlative and the relay returns to its stable con-
dition (intervel (3)).

Since the suppressor voltage rises sbove zero due to the rise
in screen voltsge, suppressor cwrent flows and C charges rapidly.

This flow of curreat through By causes the irregularity shown
in the anode and screen-grid waveforms at the trailing edge of the

output pulse (begimning of interval (5)).

The response of the oircuit to a negative triggering pulse
epplied to screer or suppressor grid is essentially the same as in the
case desoribed sbove,
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The effect of applying
a negative triggering pulse to
the control grid is illustrated
in Fig. 514. No cumlative
action follows the initisl fall
in voltage; this merely results
in amplifiocation at screen and
anode as shown in the diagrem,
the voltage at the suppressar
grid G rising with the screen
voltage., However, provided the
triggering pulse is of
sufficient amplitude or duration,
the condenser ¢ 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
same cumlative 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 riss of
suppressor grid voltsge 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
I u U
Ya
va h—m
° £
VOLTAGE AT Cz
A
=]
I
VOLTAGE AT Gg
T N o N

V t
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 condenmser C to discharge rather than

charge, and no cumulative action can ooccur.
eliminated by inserting a diode between
G3, as shown by the dotted

connected to

This effect can be
and cathode, with the ancde
s in Pig, 512, The

emission of elasctrons from the diode cathode is likely to exoeed con-
siderably any secondary emission from the suppressor grid, so that the

charging of C is ensursed.

The response of the relay to a positive triggering pulse
applied to the screen or suppressor grids is similar to the case Just

desoribed,

In sll cases the duration of the output pulse, ﬁositiw—going
at the anode and negative-going at the soreen, depends upon the time-

constant OR}.

Owing %o the large value of screen resistor necessary

for the operation of the relsy it is mot normally practiceble to take
the output from the screen grid wunless 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 faot that valves are not

] manufactured

normally
to give precise suppressor-grid characteristics the behaviour of a trans-
sitron circuit may vary considersbly if different valves, even of the

same type, eare used,
t0 be preferred.

8. Ths Blocking Oscillatar

For this reason two-valve circuita are frequently

The Blocking Oscillator is a form of relaxation oscillator
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which is used primerily as a generator of
rectangular pulses. The duration of the
output pulses is normally of the order of
10 - 100 microseconds. The primciple of
the blocking oscillator is similar to
that of the self-quenching oscillator,
described in Chap. 8 Sec. 47. (It is
coamon American practice to use the same
term Blocking Oscillator for both types
of circuit.) In the blocking oscillator
the regeneration is sufficient to enswure
that the valve cwrrent is out off before
a single cycle is completed.

—OHY

T

Fig. 515 - Blocking
oscillator,

1

The oircuit arrangement of one form of blocking oscillator is

shown in Fig. 515.

CRID-CATHODE
VOLTAGE GRID CURRENT FLOWS

L

cur—orrH—

wl
b

TIME CONSTANT ?S}

VOLTAGE
ACROSS Cj

o -l

CUT‘OFFt

TIME CONSTANT C;.R}

YALVE
CURRENT

LA N e

CURRENT

Fig., 516 = Blooking oscillator
waveforms-

The waveforms for this circuit are given in Fig.

516.

Although the
elrcult 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
forns 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
resistanca. The period
of oscillations in the
grid circuit is thus con~
siderably increased by
the flow of grid current.

Two essential
conditions of operatiom.
of the cirouit are:-

(1) The coupling
between output

and input circults must be very tight, so that the grid
voltage is forced to a high positive level at the beginning

of the cyocls (period (1)).

This ensures a large flow of

grid current to charge the bias condenser Cge

(1) Although the time-constant Cg Rg must be large, so that there
is an apprecia.ble interval of relaxation between the output

pulses, C
voltage d.
before the end of the posi

must be small.
Evel

This ensures that the bias
oped across Cp acquires a large negative value
$ive pulse at the grid.

If the bies is not large enough, subsequent free oscillations
in the grid circuit mey raise' the grid voltege sbove cut-off again.

The relaxation time is determined by the maximum value of the

blas end by the time-constant C
is normally much shorter than t

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

mein fector in determining the repetition period.

The duration of the output pulse depends on the value of the
inductence end the various cepacitances ard resistances associated with
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the grid circult. It may be reduced by:-
(1) reducing the effective inductance;

(i1) reducing the capacitance Cgs

(i11) increasing the flow of grid current, e.g. by the use of a
valve with greater cathode emission,

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

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

An alternative fam
of the blocking oscillator J—OMT
oircuit is shomn in Fig. 517, 204n S304a
where an electron-ceupled 3

Hartley Oscillator is used c
(ss Griap. 8, Sec. &), In sk 41)__
JiC

this case the effective z:f:’
inductance of the grid circuit  sdj.3 n]’
on .the valne of the dsmping Froka

depends, esmong other things, ' 1

resistor R, in the primary PR‘AARY SECONDARY %
eircuit. A decrease in R

m,.ﬂmt'mtb“ ‘::f mﬂluriwauea the Fig. 517 = Alternative form of
m’ 80 that the @um lekim eacillator.
and duration of the output

pulses are reduced. The

decrease in smplitude ceuses

an increase in recurrence frequency. The recurrency frequency
also be varied more or less independently of the duratiom 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 arder of 15
microseconds, and the repetition frequency can be varied from about
500 ofs - 2000 c/s.

Blocking oscillators are frequently used with the autcmatio
biasing network in the cathode circuit. 1Inm circuits of this type it
is not practicadble to use a very large resistance in the cathode lead,
80 that the condenser must be made larger than in the grid-biesing
circuits in arder to provide a long time-constant for the diacharge or
relaxation interval. This idorease in the circult capacitance tends
to cause the output pulse to be of longer duration in the cathode-
bilased oscillators than in the giid-biased circuits.

More complicated circuits may be designed to make the
recwrrence 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 merked departure from the
"reloxation” method of determining time-intervals,

313
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CIRCUITS EMPLOYING ill& MILLER TTHME-BASE PRINGIFLE

9. (General

The circuits discussed in the remsining sections of this
chapter employ the method used in the Miller Time-Base Circuit of
generating linear voltege varietions. 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 apnode current to flow, the
anode voltage falls as the condenser discharges. The anode "run~
dowm” is very nearly proporticnal to time,- In the Miller time-base
circuit some additionsl 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.

Tn 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
rother fanciful names, which have no scientific connotation. In the case of the
Sanatron, a second valve is used for controlling the Miller valve in response <
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 varients of these circuits are used, either as relays or as relexation
oscillators, but only the two principal circuits are described here.

10. The Sanatron

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

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

T is of sufficient
smplitude to cut off O-v

the anode current in . . .
valve 2. Fig., 518 = Sicplified sanatron circuit.

OV
O V;

QUTPUT

Voltage at oA rises.
Voltage at 1G3 rises.

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

As the voltage at 163 rises towards a positive value, anode
current flows in valve 1, calsing an instantaneous fall in anode voltage
followed by a constant rate of collapse. This fall in voltage at ;4 is
communicated to the control grid ,G7 via the network Cp, - and is
sufficient to cut-off the current in valve 2. The rate of Sollapse of

ancde voltage is given, as in the Miller time-base generator, by
dvy, Vo
dt CiR1

At the epd of the run-down at 14, the anode voltage "bottams”, Co

516
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discharges, and the voltage at 5G] returns towards Vs,  As this
voltage rises through cut~cff, valve 2 reconducts:-

The voltage at 24 falls.
Cr e
1A rises.
» - " oGy " still further so that the action is
cumulative,
This cumuletive action ceases vhen the
anode current in valve 1 is cut-off.

Cy OV,
and C> re- . [ ov.
charge as the R, % VALVE
voltage at 34 g SR Fagh 3
returns to Vg, a3 2
and the cir- Rs d 4 . 2

cuit reverts < 7
to its ? L - Va OQUTPUT
initiel state. T T g} c,

J: 4 {VaLVEX LALVE IT T l

Fig. -VL 0-v,
519 shows a Re VALVE
practical form 4
- of the sanatron o
circuit, and
the waveforms. TYPICAL VALUES OF COMPONENTS
of the volt- Ry = 7040 Ci =100pF VB = 30OV
:‘i::t at the EE; ?5;:2 g l\:lz Zioov
Iaaes ere R5; IOO‘;A T4 =TSV
Sogrn 1o Flg- IR
A Fig. 519 = Practical sanatren circuit.
diode, wvelve
3, is in-
cluded to

limit the anode voltage of valve 1, During the recharging period the
anode voltage returns towards Vg but as the diode conducts is clemped
at the level V3, determined by the setting of the potenticmeter slider
P. This dimifishes the recovery time of the Miller valve (interval
(3)). The emplitude, and hemce the duration, of the output pulse can

be controlled by the potentiometer setting.

A second diode, valve L, limits the negative excursions of
the grid of valve 2 to a value -V), just sufficient to ensure that
valve 2 is cut-off (abomt =5 volta). This reduces the interval (L)
between the end of the yun-down and the instant at which valve 2

reconducts.

It may be ndted that the same rapid fall of voltage at 14
during interval (2) is commmmnicated 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 voltege is lower for valve 1 than for
valve 2. This may be accamplished by using a larger screen dropping
resistance for valve 2.

Alternative methods of triggering, which utilise the
emplification of valve 2, may be employed, The method already deas-
cribed, using a negative pulse applied to the suppressor grid,
requires a triggering pulse amplitude of sbout 60V, If a negative-
going pulse is applied to 2G], or to jA (actually to the cathode of
the diode, valve 3) an emplitude of sbout 15 volts is sufficient. If
the grid-triggering method is employed an additional diode is
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VOLTAGE AT
G,
23

()
—

(2) (3) (4)(5)
1
I,

o]

VOLTAGE AT
1G4

cL 4
QT-OFF [ |_|-:__
| { : |
| | P
VOLTAGE AT | | 1hi
< i
# ! 1N
CUT—OF?[’“"" ————————————————— "{"r-- £2
I o
H i
I : (1
1
g | ik
L-—- | Ls--—- va (RgtRe) Y Ra
: : R4+ Rs+Rg
| o
I | :
I |
|
a £
- Vs R,

Va

Pig. 520 = Action of sanatron circuit.

omn in Fig, 521, to prevent the trailing edge of the
ntregegzzrag!é ;lssg from esuginz tI;e vafve to reconduct. If triggering
pulses are applied to the cathode of valve 3 a cathode load resi§tcxr
must be inserted, since in the circuit of Fig. 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-down is required. The rate of collapse of
anode voltage is limited by the anode current, which dspends on the screen
voltage, and high values of soreen 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 arrencements of
Fige519 to convert the circuit to one using screen-grid control are showm
in Fige522, This method of controlling the Miller valve allows the use of
2 beam tetrode in place of = pentode, so that larger values of anode
current are available for the same screen dissipation. This further
increases the permissible run-down speed.
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—O Vs
OV:
.
3 : 4
3 R 2 3R
» 4
-— MODIFICATIONS TO CIRCUIT OF FIG 519
S -+ R;  REMOVED
3 Rs = ISkn
o R = 60ka

Cy REMOVED
Vg INCREASED TO 400V

AAAAA.
\AAA

o)
l o--V4 - <t
va v Re :b
v g; <
O-v,
Fig. 521 =~ Sanatrom circuit: Fig., 522 = Sanavron circuit:

control grid triggering. screen grid contrel.

11. The Phantastron

The Phantastron is a one-valve relay, similar in action to
the two-valve Sanatron circuit. 4 simplified diagram of a
Phantastron circuit is shown in Pig. 523. The anode and control
grid are comnected by the condenser which typifies the Miller time-
base arrangement. The suppressar grid and cathode connections give
rise to the cumlative action which operata the relay.

Initially, the control grid is limited at cethode potential
by grid cwrent flodng through Rj. The cathode voltage is held at
,20 or 30 volts asbove that of the suppressor grid by the current

R3, so that anode current is cut off by the suppressor grid
‘.!‘gn valve current flowing through R3 is therefore due emtirely
to screen ard control grid cwrrents.

A negative-going triggering pulse is applied to G}, The
cathode voltage falls (cathode follower action).

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

As anode current flows the anode voltage falls,’
This. fall is commumicated to Gy via the condenser C.

The cathode voltage falls still further, so that the action
is cumlative.

Hence, even when the triggering pulse is removed, anode
cuwrrent continuea to flow, and the circuit remains temporarily in itas
pnstable state.

The anode rup~down then follows, as in the Miller time-base.
No spprecleble change in voltage at control grid or cathode occurs
until the anode voltage bottams. 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 vcltage to rise, and with it the
voltage at G). 9
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—Ove

EOMMON VALUES

R =2aM
R,=500K
Ry= 4K
RS 6K
R=20K
V=300V

OUTPUTS

=

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

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 its imitial condition.

A practicel phantastron circuit is given in Pig. 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 dicde in the sanatron circuit,
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ensuring a rapid retwrn of the anode voltage to its steady valve,
during intervals (4) and (5). The setting of the potenticmeter Py
determines the amplitude and hence the duration of tbe run~down
interval (2). The-rate of run-down is given by:-

SY.’."—_—; - v...lé.. (This assumes that R3 < Ry, a8 in
at CR "the cese described):

The other diode (valve 3) isolates the triggering circuit from the
control grid after the initial fall in voltage at G}, otherwise the
run-down would be affected. The voltage at which its cathode is
held (usually about 20V. above that of the suppressor grid of valve 1)
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determines the initial and final values of the voltage at G7.

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

As shown in Fig. 524, the screen grid is not fully decoupled,
:;nce this is the only electrode from which a positive-going pulse is
tained.

An alternative
method of varying the
duration of the ocutput
pulse is shown in Fig.
526. The setting of
the potentiometer Pp
determines the rate of
run~down and hence the

duration of the output 1 )
pulse. r Ee

|
The method of l L T l_l
triggering described T -
above requires, with the '
components given, a Fig. 526 = Phantastron circuit:
negative-going pulse of alternative method of control,

sbout 25 volts amplitude,
Alternative triggering

INPUT

QUTRUTS

Fig, 527 = Phantastron circuit alternative triggering
arrangement: negative-going pulse to jA.

arrsngements are illustrated in Pigs. 527 and 528. A negative-gding
pulse of about 4OV emplitude applied to the snode (Fig. 527) or a
positive~going pulse of about 25V amplitude to the suppressor grid
{(Pig. 528) of valve 1, is required.

The phantastron is a useful circuit in systems where the
mmber of valves used must be kept to a minimam. It also has the
advantage not possessed by the sanatron of providing both positive-
going and negative-going rectangular output pulses. These can be
made of approximately the sams amplitude by & suiteble choice of
cathode apd screen resistars., There are, however, several dis-
edvantaeges 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 large fractiorn of the avail-
able supply voltage is wasted. To minimise this initial voltage
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OUTPUTS
[

4

Pig. 528 ~ Phantastron circuit: altermative
triggering arrangement: positive-going
nulae.

=

change & valve with a very shart suppressor grid base is required.
Certain valves are available which have such a shoart base (e.g. CV11lé,
3 to 15 volts), but this restricts the choice of valves so that other
cheracteriatics, which were considered in the two-—valve circuit, have

to b€ ignored.

Purthermore, 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 linsar
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 cese
of the phantastron. The latter action is not so precise as the former,
and is more dependent on the particular valve used,
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