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CHAPTER 20

POWER SUPPLIES

1, INTRODUCTION

Two main seurces of power are generally required for operating
thermionic valve circuits. They are (i) Cathode heating power, and
&iig Anode power, Blasing voltages sre usually obtsined either from

ii) or from a separate cirouit similar to the ome used for (ii).

(1) Oathode hea:ing power

In radar circuits the cathode power is almost always
derived frem amall hester windings en the input, power
transformerses It could also be provided by separate AC or
DC generators, er by sterage batteries.

(i1) Anode power
This may be supplied by

(a) Rectifier-filter circuits, operating from external mains
or from motor alternators.

(b) DC generators.

(¢) Vibrater packs operating frem low tension storage
batteries.

(d) High tension batteries.

(c) and (d) are mormally used enly for very low power purposes
and have little spplication in Radar equipments save in small
short~range portable sets or test equipment. For radar purposes
(a) is nearly always used.

The first few sections of the chapter deal briefly with rectifier-
filter circuits. A fuller acoount is given in Admiralty Handbook of
Wireless Telegraphy Vol. II. Seec. H, and other standard works.

RECTIFIER CIRCUITS

2. Genora)

Either highevacuum tubes or hotecathode merocury vapour rectifiers
may be employed. Meroury are rectifiers are sometimes used where very
heavy DC loads are taken, while copper-oxide rectifiers also have a
limited application for small DC loads.

One of the chief advantages of the hard valve is that it can be
built to withstand very high peak inverse voltages, yet still provide en
snode ocurrent which is sdequate for mest purposes, The gas~filled valve,
although more efficient and supplying greater currents than a hard valve
of similsr size, must not be subjected to large inverse voltages; other
safeguards alsc are necessary, which make their use troublesame (see

Chapter 6,Secs 37).
3. Single-phasge circuits

A simple diode half-wave rectifier operating from a single-phase
supply is shown in Pig .940(a) ¢« Since the cwrrent i cen flow only
during elternate half-cyales, in the direction shown, the output. voltage v,
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Chap. 20, Sect. 3

developed across the load is far from constant unless adequate smoothing
is provided, The available DC power output is correspondingly low,
Also, since current flows only in one direction through the secondary of
the transformer, the core is permenently magnetised, and is thus more
readily satursated. This circuit is seldom used except for high-voltage
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low-current supplies such as -are requirsd for a cathgie ray tubs,

The most usual type of rectifier circuit is shown in Fige 940(Db)
employing a centre-tapped secondary winding and either a double diode
or two single diodes to give full-wave rectification. The ripple is
at twice the input frequency, but the peak value of the output voltage
Vo is only one half that obtained from s half-wave rectifier using the
same transformer. vo is, however, more constant snd easier to filter,
and since i3 and iz flow in opposite directions through the transformer
secondary, no permenent oore magnetisation results,

A bridge full-wave rectifier is shown in Fig. )40(c) « This
gives the ssme peak velue of v, for a given transformer as in (b), but
fowr separate diodes are needed., Since the cathodesof these diodes are
st greatly dlffering steady voltage levels, at least three separate
heater supplies are necessery. This system is therefore most usualdly
found in comparatively low-power circuits using four copper=-oxide
rectifiers instead of diodes.

Other circuita, such as the voltage doubler of Fig.,0(d), are
sometimes used for special purposes. So long &8 only a small toad
current is taken the voltage doubler gives a peak output voltage which
is epproximately twice that of the half-wave rectifier using the same
trsnsformer. Because of the large output impedance and high degree
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Chap. . 20,8ect. 3,4

" of swoothing necessary its chief use is for supplying power to cathode ray
tubes, or other high resistance loads, where long time-constant R-C
filters are practicable.

4+ Palyphase Cirouits
As an example of the adventages and disadvantages of polyphase
circuits, three-~phase supplies will be discussed.

Of the enormous number of possible three~phase circuits only a few
are commonly used, the three most important being shown in Figy9,l.
A three-phase helf-wave rectifier circuit is shown at (&) , in which each
leg of the three-phase transformer acts in the same way as the single
secondary shown in Fig, 940(a) » The ripple frequency is thus three
times that of the input, and its swplitude is much less than in the
single-phase case, sc that filtering is simpler. A three-phase trans-
former is used instead of three single-phase trensformers in order to
avoid DC saturation, following permanent magnetisation of the cores.

3-PHASE
INPUT

Y,

I

L-ONE PERIOD—»{
| OF suPPLY
VOLTACE

Pig. 9441 - Three-phase rectifier circuits

The three-phase half-wave double~Y rectifier circuit shown at (b)
consists of two circuits of the type shown at (a) connected in perallel
with the load in such & way that when the output voltege of one three-
rhese unit is a meximum, thet of the other is a minjmum. The amplitude
of the ripple is smaller than thet for the circuit of Fig, 941(a) and
its frequency is six times that of the input. The balance coil which
connecta the two units in effect enables each to operate independently
of the other, so that one valve of each unit can conduct simultaneously.
With a resistive load emd no smoothing, two valves are then conducting
all the time so that each valve supplies current for one-third of the
operating time, Without the balance coil each valve would cease to
conduct when its individusl supply voltage fell below the level Vi, and
would therefore supply current for only one-sixth of the operating time,
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Fig. 41(c) shows a three-phase full-wave rectifier circuit in
which each leg of the transformer secondary acts in the seme way as the
transformer secondary of Fig. 9%0(b). The output is the ssme as that
obtained from the circuit of Pig. 941(b), but the transformer used is
of simpler construction and no balance coil is necessary. The dis~
advantage is thet four separate heater windings sre needed on the fila-
ment transformer,

In general, the chief advantage of polyphase circuits is their
superior output waveform, avoiding the use of intricate or bulky filter
circuits. The main disadvantages are the more camplex transformer
systems and the large number of valves required,

FILTER CIRCUITS

5. General

The two principal types of filter circuit which will be con~
gidered sre the series choke input filter snd the shunt c.idenser input
filter, C-R filters will be dealt with very bricfly.

' 6. Series—choke imput £ilter, (Pig.942(a)

The slternmating component of the output voltage from the
rectifier is developed chiefly across lj, whereas almost all of the
steady voltage component is developed across (). Further smoothing is
provided by Lo and Cp.

Phe main disadvantage of

this method is that the VOLTAGE

output voltage is | —v,
conasiderably smaller than — -==7,

the peak input to the (a) . . .
filter, due to the volt- asa BT 1 X e vanvianw
age drop across Lj. ol T Te

The advantages are that
the ocutput veltage is == -V
steady,. substantielly ®) o
independent of load RECTIFIER
current, and that the

peak current supplied by

the rectiflier is not

very large. ©) rrom 3

RECTIFIER \’uIC' C=IR=;
This type of I

filter is therefore most

commonly used where good

regulation is necessary

beoause of verying load, Pig. 942 - Pilter circuits.
and where a very high

voltage is not needed.

7. Shunt-Condepser Inmput Filter (Fig.9i2 (b))
. In this type of filter the imput condenser Q) (becsuse of its

. low impedence), charges very rapidly almost to the full peak voltage of
the rectifier supply. This condenser voltage is very susceptible to .

" chenges in loading, however much smoothing is provided by L end Co.
If Ry is substantially reduced the magnitude of the ripple across O
increases considerably, snd the finsl voltage delivered to the load is
much lower. In addition, the peak current supplied by the rectifier is
much larger than in the oirouit of Pig, S42(a) s0 that a larger rectify-
ing valve is needed, .

¢ =9
1
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Chap 20, Sect.7,8,9,10

In three-~phase circuits the main advantage of the shunt-condenser
input filter is not nearly so pronounced because of the smaller ripple
voltage, so that the choke input is much more largely used in polyphase
oircuits. In single-phase circuits the shunt-condenger input is more
camnon, and if better regulation is required, some atabilising or

regulating device is incorporated.
8. C-B Pilter (Pig.9%42(c))

Where the load impedsnce is very high, of the order of megolms,
it becomes practicable to use C-R rather thsn L-C smoothing circuits,
since the power dissipated in R (Fig. 942(c) ) csn be made negligible.
The behaviour of this circuit is similsr to that of the condenser-
input filter described sbove, and it suffers from the same disadvantages.
The amount of smoothing provided depends on the time constant CR, so
that R should be chosen as lsrge as possible without causing too severe
& drop in output voltage.

STABILISING OR REGUIATING CIRCUITS

9. Regquirementsa-

Radar circuits frequently require that one or more of the
following conditions is meintained.

(i) The losd voltege (or current) must be substantially
independent of the fluctuations in smplitude of the

generator supply.

(ii) 'The load voltage (or current) must be substantially
independent of variations in load impedance.

Of these, voltage regulation is the more common requirement;
and, since current regulation is usually limited to high power filsment
supplies and is provided by patent regulated transformer devices, it will
be dealt with only very briefly,

Most generators are fitted with some form of electro-mechanicel
voltage regulator, of the makewagnd-breek contact or carbon-pile types, and
no treatment of these is given here, We dre concerned meinly with
regulating devices which receive their input from a DC supply source
and provide a DC output to the loads The behaviouwr of these devices
is considered with regerd to variations in (i) aupply and (ii) loading.

Either neon stabilisers or herd-valve cirocuits may be used,
The neon velve possesses both characteristics required for (i) and (ii),
nemely an inherent "reference voltage" to which the load voltage is
stebilised, and a low Differential Output Resistence (i.e., the change
ih voltage for unit change in current) for voltages above this value,
Hard-valve stebilisers ere essentially servo systems, (Chapter 19), in
which the low differential resistance is provided by direct' voltage
feedback, There must be a refererce voltage with which to compare
the load voltage, and either a battery or a neom valve is usable, the
latter being more common.

Instead of a valve being used a non-thermionic stabiliser may
be employed. ‘Examples of this are given in the thermistor circuits
desoribed below,

10. Neon Valve Stabilisers

The neon-valve-resistance combination shown in Fig. 343(a) is
the simplest form of voltage stabiliser. Various loadlines are shown
at (b), superimposed on the neon valve curremt-voltage characteristics,
for different values of resistance and supply voltage., The anode
voltage remains at the extinction voltage VE provided:; -
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Chap 20, Sect. 10

1 VALVE FAILS TO STRIKE
Vi £ V)
E§R|
Vi
¢ VALVE
% \‘l, STABILISES
FLASHES Y23 7
(@ Ve Vs
. Fig., 943~ Neon valve-
® resistor stabilising

cirouits.

v; A Vi 4 STEADY
L ’ VOLTAGES

Q)] @

(i) The supply voltage is sufficiently high to cause the valve
to strike, and

(ii) The load resistance is sufficiently small so that the valve
current is not reduced below its extinotion velue (Ig).
iIf this happens the valve ceases to conduct, the snode
voltage rises to the striking value, at which the valve
reconduots, and the familiar "flashing" of the neon valve
occurs, Under these conditions the output voltage is
anything but constant.

For a given load Ry and supply voltage Vi there are limits between
which Ry must lie in order to satisfy both of these requirements. A
substantiel change in either Ry or Vi may mean that one of the require-
ments is no longer fulfilled and the valve ceases to stabilise.

Within the working range determined by the chosen value of Ry,
the neon valve satisfies both of the fundamental requirements of Sec. 9,
but the range of operation is restricted by the invariability of the
striking and extinction voltages.

For supplies of several hundreds of volts three or four neon
valves may be used in series. To prevent instability due to one or more
of the valves flashing, it is usual to shunt each valve with an extra
resistance as shown at {c).

As was shown in the case of the resistive anode load Rj, the
neon valve ceases to stabilise if Ry is greater than or less than oertain
limiting values. If Ry is replaced by another neon valve or by a neon
velve in series with Ry, there is no longer any limit to the magnitude
of the snode load, and continuous relaxation oscillations cen arise
between the two valves, If a suitable resistance is shunted across
each of the valves it will act like the load resistance Ry of
Fig. 9%3(a) and will also ensure that the other neons ere not extin-
guished,
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Chap. 20, Sect. 10,11,12

Instead of several valves in series, a stabilivolt, or multi-
electrode neon, may be used, This contains, besides the snode and
cold cathode, several (usually three) intermediate gridded electrodes,
as shown st {d) . The whole envelope is filled with neon ges at low
pressure, and the effect is similar to that of having four separate neon
valves in series, with the difference that the gas in all four sectieons
must ionise (and de-ionise) at the seme time, The stabilivolt is
generally made with all five electrodes brought out as terminals so that
the intermediate values, as well as the full output, can be used, As
in the case of separate neon valves,each unused electrode should be
connected to earth t.rough a suitable resistance.

11, Thermistor Stabilisers

The chracteristics of thermistors are described in Chapter 6
Sec. 45, and Fig. 320{c) shows a typical current-voltage characteristic
for one of these.elements, Over a wide range of values of current the
differentiel resistance is negative, If we connect in series with
such & quasi-~conductor a positive resistance equal to the negative
differential resistance of the thermistor the voltage drop across the
two is spproximately constant; this is 1llustrated in Fig .94 (a).

Such an arrange-
ment iB us&ble in much Y . RESISTOR AND THERMISTOR
the same way as a neon N~ e 7 INSERIES
valve to stabilise a-
load voltage, as indicated
at (b} . . Although the
regulation 1s not nearly
s0 good, in the simple ®
circuit, as that provided
by a neon valve, the I T TO_W_

element is much more ro- D T TEMPERATURE
% THERMISTORS 1) COMPENSATED

bust, and is not affected, [d [ N
ag is the valve, by !mmm l . [;iﬂ/ l euTre
limitations of striking ® ()
and extinction voltages.

Furthermore, by the use v, (vouTs)

of more complicated bridge '21 W"‘” |
circuits, it is possible I ﬂ“ﬂ%@
to reduce the load volt- |

age variations to one °

part in s thousand over

2 wide range of load .
currents,

_
_~7 "TRESISTOR ONLY

THERMISTOR ONLY

Thermistors are 2 4 6 8 10 mA
affected by chsnges in {d)
ambient tempersiure, but
it is poasible to
conpensate for this -
either by the use of Fig.Sul, ﬁ:ﬁ:ﬁ? T stabilising
thermostats or by employ-
ing additional elements
with different temperature
characteristios. Such & circuit is shown at (o) , and the resultant
stabilisation is illustrated by the two cwrves of Fig, gi.(d) , the
voitage remaining between these values for all ambient i{emperatures
between 60° and 110°F.

i2, Hard-¥alve Stabilisers

If a sultable constent reference voltage V, is available, with
which the output voltage can be compared, hard-valve circuits provide a
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means whereby the load voltage can be maintained at. a given multipie or
fractlon of Voo This is a definite adventage over the simple necn-valve
cirecuit, where the output veltage is Pre~dstermined at thes extinctiom
value, or over the stabilivels, where there are only far"spot® values
from which to choose. )

The fundsmentsal VARIABLE
serve circuit for main- T'_— RESISTANCE
talning a constant load
voltage is shown in @ % Tj o=
schematic form in Fig. 2 %
945(a). This cirouit is ol
readily adaptable to the VARIABLE L
stabilisation of load  E— —‘I'—‘f—l
current; as illustrated I LOAD
at (b}, If the voltage ® v, ?—‘L DIFFERENCE T
across & amall (constant- l_"i g Lemrmlo g
valued) resistor in

series with the load is
maintained at a fixed
level, the current
threugh it, and through v

T o AW ] T

VARIABLE
Yo v DIFFERENCE 57« gl B J
AMPLIFIER

DIFFERENCE
AMPLIFIER

the load, is kept Vfci l Ve RESISTANCE l
constant. Ll T oL l
(e) (@
In mest cases
the difference amplifier Pig.945 .~ Hard-valve stabilisers;
and the varigble schematic arrangements,

ballast resistance are

thermionic devices, and the constant voltage is supplied by a neon valve
fed from the varimble supply. If the load voltage is greater than Ve,
& reversal of the input networks to the difference smplifier, as shown at
{c] , will meet the cage, By this mesns the neon may be replaced by a
suall constant-voltege battery.

An alternative arvangement to that shown at {a) is illustrated
at (4} . EHere the ballast resistance is jn parallel with the load,
its magnitude being controlled by the difference smplifier, as before.
This method is less economicel than the former, the ssme power being
taken from the supply for all values of load.

An arrangement corresponding to the schematic cirouit ef
Fig. 945(a) is showm in Fig, 946(a) . Two itriocdes, valves 1 end 2,
fulfiL the functions of difference smplifier and ballast resistance,

respectively,

If the load voltage tends to rise, due either to a change in load
resistance, or to an increase in supply voltage, the grid potential of
valve 1 rises and its anode potential falls, This reduces the cwrrent
in vaive 2, thus inareasing its resistance and causing a fall in the -
load voltage which partially offsets the initial rise.

An improvement may be effected by using a pentode in plaoce of
the triode as valve 1, the screen supply being taken from the input side
of valve 2, - A rise in input voltage increases the cwrrent in velve 1
and lowers the ancde voltage as before, providing an additional :
stabilising effect. An additional advantage is the higher amplifiocatiom
Provided by the pentode. The sensitivity of the stabiliser may de
controlled by the insertion of a variable feedback resistor in the
cathode load of valve 1, The larger this resistance is made without
causing valve' 1 to work on-the ocurved portion of its characteristics the
less sensitive is the regulstion, but the larger is the range of voltage
fluctuations over which the regulator will operate.

§i8



Cheps 20, Seot. 12,13

It is possible to dis~
pense with the difference
aaplifier, but ealy at the,
expsnge of efficient regulation.
The catheds follower circuit
of Pig. 946(p) does this, and
combines a fair degree of
stebilisation with economy of
materisl. A similar econcmy
is provided by the direct veolt-~
age feedback circuit shown at
{e¢}. These wircuit: ocorres-
pend to those of Fig. %5(a)
and (o) respeatively. vi

More elaborate, and
more effective, circuits sre
illustrated by Figs, 946(a)
and (e}, At (d)}the curremt
through R} .1s goyerned by the
coptrol grid potential of
valve 1, at which the full
variations of the load volt-
age appear. These are off-
set by the corresponding
variations of the resistance
of valve 2, The screen volt-
age of valve 1 may be assumed
t0 have little regulating
effect.

PFig. 94€.- Hard-valve stabilisers:
By moving the slider cireuit diagrams,
of R3 the oonstant output volt-
sge may be varied within wide
lintits (raising the slider
lowers the output veltage).

If extra resistors R; and R5 are added as at (s} , the output
impedsncs of the regulator msy be reduced to zero, or even made negative,
s0 that am increase in load current causes an increase in load voltage.
It can be shown that provided the cwrrent taken by the shunt valve
circuits is small compayed with the logd current, this output resistance
is approximately equal to % - Ri. B4 , where k is the attenuation,

defined as the ratio of the imput voltage variation to the output voltage
variation, This attenvation is given spproximately by

k = 1%’2 E03122
Rz -+ Rﬁ

assuning valve 1 is a high gein pentoae,

By a suitable choice of valves and camponents kX can be made of the order
of a million, .

In practice, in each of the circuits of Fig .946 , it may be
necessary to use several valves in parallel in place of valve 2'io carry

the full load current,

REGULATED TRANSFORMERS AND AC STABILISATION

13, General
Where the stabilised output required is an alternmating one, the
circuits desoribed in Secs. 9 to 12 are inspplicable and some other
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Chaps 20, Sect.13,14,15

device of the type described below must be employed. These devices are
usually reliable and simple to operate but are not so adaptable as the
thermionic ones.s Their use of satursble iron cores gives rise to power-
ful extraneous magnetic fields; the power factor of the supply may be
poor and the output waveform far from sinusoidal. These defects may be
minimised by suitable screening, power-factor-correcting and filter
circuits, but only with considerable increase in bulk, weight and cost.
The frequency range over which these devices are effective is often very
limited, They are not suitable for use with rectifier circuits for
stabilising DC output because good regulation against input voltage
fluctuations and against variations in loading cemmot be successfully
accomplished by the same regulating transformer.

14 Alternat Current Regulatoxr

The easential circuit is shown in schematio form in Pig. 947.
This is a simple servo in which the motor or other device moves the input
tap of the regulating transformer sc as to maintain the cwrrent in the
secondary circuit at some constant
level, This level may, for
example, be fixed as the current
necessary to close or open & OTHER DEVICE [ i
spring contact which forms the E
difference element of the servo.
It is usually em on-off switch, . [N
the control circuit when “ ouTPuT

switched on drivingthe motor 1
until the contact ceases to o
operate.

In practice, the "motor Fig, 947- Current stabilisers,
or other device" may be a
highly complicated system,
depending upon the exact use
to which the transformer is

to be put.
15« Alternating Vol Re r: Motor C. t

In this circuit, shown
schemstically in Fig. 948 P sl T""“ﬂ"?“
the servo motor drives a tap v ” e o
on a large choke which shunts : g

the AC input terminals.
Between this tap and a fixed
centre-~tap is connected the
primary of a transformer,

N s . CONTROL
the secondary of which is in VOLTMETER GENERATOR
series with the output line, ‘

This choke acts as an auto= E
4 MOTOR
transformer, reinforcing or FIELD WINDING CONTROL WINDING

reducing the output voltage

sccording to the position of

the varisble tap, above or Pig.o48 - NMotor regulator,
below the centre tep.

. The AC servo motor
may be driven by the field supplied by one of two control windings as
shown. An AC voltmeter acts as difference element, and the servo 1
of the on-off type, the motor running at full speed in one direction or
the other. according to which of the twa contacts is closed by the needle
of the voltmeter. For smoother regulation multi~spring tyre oontacts
may be used, making the current in the control winding more smoothly

varisble,
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Chap 20, Sect. 16,17
16. Altermatings Voltage Regulator: Saturable Reactor Circuit

Instead of the line transformer of Fig. 948 , a saturable re-
actor may be used, avoiding the relatively complicated motor circuit.
The voltmeter difference element is replaced By a difference transformer
circuit using a thermistor, for

producing a constant reference
PHASE DISCRIMINATING RECTIFIER

voltage fran_ the veriable supply. bc % O AMPLFIER

The pircuit is shown in IFFERENCE
schematic form in Fig. 949 Log) EFQ:EN::"TY
The reactor consists of a small T30 PHASE
laminated iron core on which U, CREACTOR I U
are wound two coils, the line L _ 4

and satursting windings. The

more direct current there is

supplied to the latter, the

more the core tends to saturate

and the lower the impedance of Pig.949. - Saturable reactor
the line winding, It is on regulator.

this variation in output .

impedance that the regulation

of the transformer depends.

The thermistor difference element is connected across the output
terminals and the magnitude and phase of its output is indicative of the
amount by which the line voltage is too high or too low (the "error").
This is rectified in a phase discriminating circuit (see Chapter 19
Sec. 14) so that the direct output current depends in magnitude and
Jdirection on the size and sense of the error. This current is applied

to ‘the saturating winding of the reactor.

There are several

disadvantages in this 1 P
elementary circuit, not- % %“g—] 2,
ably the loss in output L . l
power due to the absorp- I

tion in thereactor, | | e

and the variable power E"ETE""‘ STANDARD
factor of the output sy Sl e Phase
S\IPP]-Y L] Thesge may be INPHASE ” m:-'c”‘ﬁ___a:g!rsl?clzn—J
minimized either by using WY A

a seperate supply for the REACTOR

reactor, the output from
whioch is added to the
line by a transformer in
peraliel with the line,
or else by including the
saturable reactor in the
field circuit of the
alternator instead of in
its output line, The
former method is indicated in Fig, 950 . The latter is outside the scope
of this chapter since it depends largely on the type of altermator field
system used, and on other factors peculiar to the generator itself.

Pig.950.~ Alternative circuit using
saturable reactor.

The reactor-thermistor arrangements sre applicable over a wide
frequency renge and are thus usable where motor-circuits are ineffiocient.
The reactor introduces a certein unavoidable amount of waveform distortion,
but not usually to the extent of affecting the equipment used in radar,

17. AUTQMATIC POTENTIOMETSR (HLECTRONIC POTENTIOMETER) HARTHING CIRCUIT.

In some radar equipments it 1s necessary to use a power supply
which is not connected to earth at either the negative or the positive
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line or "rail".
a potentiometer across the supply and
+0 earth some point on this
potentiometer, Provided the
resistances between this point

and the positive and negative lineas
remain constant and the supply
voltage in unchanged, the lines
remain at fixed potemtials, If,
however, leakage develops between
either the positive or the

negative supply line and earth,

the resistance between this line

and earth is reduced and the
potential levels are upset;

(Fig. 951 ). ‘This is quite

likely to occur with high-volt-

age supplies,

Generally, in such a case, it is sufficient to connect

_T_—'—OHT+
3

>
3
>

L —oHT-

‘4‘\‘\[‘-"‘!‘\"

LEAKAGE TO
EARTH

Fig. 951.~ Direct earthing of
the supply.

The effect may be minimised by making the resistance of

the potenticmeter as smell as possible, but heat losses limit the

practicability of this method. What

is required is a device for main-

taining the chosen point on the potentiometer sufficiently close to earth

potential without actually connecting

it to earth. The leakage currents

which flow fram the positive or negetive lines to earth do not then flow
through the potentiometer, and the resistances of the two portions, and
therefore the potentials of the supply lines, remsin constant.

A device for producing the
desired effect is the Automatio
Potentiometer Circuit, or Elect-
ronic Potentiometer. A simple
form of this circuit is shown
in Fig, 952 « A cathode follower
circuit is connected across the
supply. Its ocontrol grid is
connected to the required point
on the potentiometer and the
cathode is connected to earth.
Large leskage currents may flow
fram either of the HT lines to
earth without seriously affecting
the action of the cathode
follower, the grid~ocathode

voltage of which remsins substantially constent.

HIGH
RESISTANCE
POTENTIOMETER

CATHODE
FOLLOWER

Fig. 952, = Use of cathode
follower,

Hence the supply lines

remein at reasonably constant potential levels with respect to earth.

If the cathode load resistor is connected to earth at e point a

few volts below the cathode the grid
potential can be brought nearer to
earth without the dsnger of grid
current flowing and introducing &
form of leakage which would produce
the very effect which it is the
object of the circuit to avoid.

An improvement in the
simple arrangement cen be affected
by the substitution of a constant-
current device for the ocathode
load resistor. Provided the
cathode follower valve is a pentode,
a8 shomn in Fig .953 , veriations of
valve current with grid~cathode
voltage are relatively independent
of anode-cathode voltage. Hence,
if the load is truly a constant-

current device no veriation in grid

O HT+

CONSTANT
VOLTAGE

CONSTANT CURRENT
DEVICE

Q HT-

Fig.953.- Use of constant
current load,
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voltage occurs however the position of the potentiometer tap P ias wvaried.
Leakage currents, however, still cause the grid-cathode voltage to vary.

A practicel variant of the , OHT+
circuit of Fig.%53 is shown in 1 o
Fig.95, » The lower valve is a
Constant-Current Pentode, i.e., a
pentode with the potentials at
ocontrol and screen grids fixed with
respect to oath~de potential so
that the valve operates above the
Imee of its Iy - V, cheracteristioc.
The screen grid of the upper valve

AVAA
vy

CONSTANT
VOLTAGE
b SUPPLY

b o

AAAAAAAAAA
yvYyvrvyvy

oYY

CONSTANT
VOLTAGE

is at a fixed potemtial relative ] suPPLY

to earth, i
Let Iy denote the anode _ onT-

current of the cathode follower

valve, In the gbsence of leakage Pig.95).. ~ Use of constant

this is also ths ocurrent through ourrent pentode

the loads If a leakage current as load.
I, occurs from the positive line

to earth the current I, through

the load (lower valve) becames

I, + I,, whereas if a leakage

current I_ flows from earth to the negative line,

Ip s Iy =~ I,
IT the leakage is due to a resistor By in the first case, I, is given by

I, = L-—"-; whereas in the second case
1. =3 - Va
R..

Fig. 955 shows the effeot of leakage in a practicel case in
which it is necsssary for P to vary over a wide range. If there is no
leakage (curve A) the variation in grid~cathode voltage s Vg is varied
from 1000 to 2400 volts, corresponding to different positions of the
potenticmeter tap P, is 0e3 volts, If there 1s a leakage resistance
R, from the positive line to esrth the curremt Ig is given by

I.,"IZ'I-I-
Vi
cn- B

This is shown at curve B for Ry = 20 Ma., Similarly if there is a
leakage resistance R. frem the negative line to earth the current Ig is

given by
I‘ 812"’ I-

s I2 + Vg = Va.
R~
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IMAXIMUM Vg

400

300

+ le~2-7v
Ug--2'3v
Ug=-2:9v
Ug=-3-Ov
A UZ a=31v

200

100

~ V; (VOLTS)
o 500 1000 1500 2000 2500 @ ¢ )

Mg, 955~ Bffect of leaksge,

This 18 shown at curve C for R. = 20 Mo, In neither case does the
grid-cathode voltage variation over the required ancde voltage range
exceed 0+5 volts. Hence, whatever the position of P within the’
required range, the supply lines are alweys within 0°5 volts of.-their
required values.

We may compare the above results with those which would be
obtained by the arrangement of Fig. 951 , for a potentiometer causing
the ssme drain on the supply as the electronic potentiometer, The
resistance of this potentiometer would be 2500 . 105;2; i.e,,

300
apyroximately 8 Ma,

Without leakage the appropriate earthing point would be

';258% x 8 Mo = 3°2 Mo from the positive line for V, = 1000 volts,

With 20 Mo leakage resistance from the positive line to earth the
3+2 Mn is modified to become

22220 2 2476 Ma.
2392

The 2500 volts are therefore distributed about earth potential in the

ratio
%-3-5_ instead of -i—%— ’

80 that the positive line is 913 volts above earth instead of 1000
volts.

Hence & shift of nearly 100 volts occurs in the potentials of

the supply lines, compared with 0«5V in the electromic potentiocmeter
circuit.
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