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QHAPTER 20 

POWER SUPPLIES 

1. INTRODUCTION 

Iwo main sources of power are generally required for operating 
thermionic valve circuits. They are (i) Cathode heating power, and 
ay Anode power. Biasing voltages are usually obtained either from 
ii) or frem a separate circuit similar to the one used for (ii). 

(1) Cathode heating power 

In radar circuits the oathode power is almost always 

derived from amall heater windings en the input, power 
transformerse It could also be provided by separate AC or 
DC generators, er by storage batteries. 

(41) 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, 

(4) High tension batteries. 

(c) and (d) are normally used only for very low power purposes 
and have little application 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 account is given in Admiralty Handbook of 
Wireless Telegraphy Vol. II. Sec. H, and other standard wrks. 

RECTIFIER CIRCUITS 

2. Senora) 

Either high-vacwm tubes or hotecathode meroury vapour rectifiers 
may be employed. Meroury are rectifiers sre 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 te withstand very high peak inverse voltages, yet still provide en 
anode current which is adequate for mest purposes. The gas-filled valve, 
although more efficient and supplying greater currents than a hard valve 
of similer size, must not be subjected to large inverse voltages; other 
safeguards also are necessary, which make their use troublesome (see 
Chapter 6,Secs 37). 

34 Single-phase circuits 

A simple diode half-wave rectifier operating from a single-phase 
supply is shom in Fig) .9)0(a) + Since the current i oan flow only 
during elternate half-cyaies, in the direction shom, the output. voltage vo 

Sdi



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 permanently magnetised, and is thus more 
readily saturated. This circuit is seldom used except for high-voltage 
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lew-ourrent supplies such as are required for a cathgie ray tubs, 

The most usual type of rectifier circuit is shown in Fig. 940{b) 
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 
Vg is only one half that obtained from a half-wave rectifier using the 
same transformer. vo is, however, more constant and easier to filter, 
and since i, and ig flow in opposite directions through the transformer 
secondary, no permanent core, magnetisation results. 

A bridge full-wave rectifier is show in Fig.2,0(c) . This 
gives the seme peak velue of vp for a given transformer as in (b), but 
four separate diodes are needed. Since the cathodesof these diodes ars 

at greatly differing steady voltage levels, at least three separate 
heater supplies are necessary, This system is therefore most usuadly 
found in comparatively low-power circuits using four copper-oxide 

rectifiers instead of diodes. 

Other cirouita, such as the voltage doubler of Fig. 340(d), are 
sometimes used for special purposes. So long as only a anal toad 

current is taken the voltage doubler gives a peak output voltage which 
is approximately twice that of the half-wave rectifier using the same 
transformer, Because of the large output impedance and hich degree 
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Chap . 20,Sect. 3,4 

| Of mnoothing 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. Polyphase Cirquite 

As an example of the advantages 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 show in Fig,9,1. 
A three-phase half-wave rectifier circuit is show at (a) , in which each 
leg of the three-phase transformer acts in the same way as the single 
secondary shown in Fig. 94a). The ripple frequency is thus three 
times that of the input, and its acplitude is much less than in the 
single-phase case, so that filtering is simpler. A three-phase trans- 
former is used instead of three single-phase transformers in order to 
avoid DC saturation, following permanent magnetisation of the cores. 

3-PHASE 
INPUT Uo T 

L-ONE PERIOD— 
| OF SUPPLY 

VOLTAGE 

Pig. 944.- Three-phase rectifier circuits 

The three=phase half-wave double~Y rectifier circuit show at (b) 
consists of two circuits of the type shown at (a) connected in parallel 
with the load in such a way that when the output voltage of one three~ 
Phase unit is a meximm, thet of the other is a minimam. The amplitude 
of the ripple is smaller than that for the circuit of Fig. 941(a) and 
its frequency is six times that of the input. The balance coil which 
connects 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 and 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 individual 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. 941(c) shows a three-phase fullewave rectifier circuit in 
which each leg of the transformer secondary acts in the same way as the 
transformer secondary of Pig. 940(b), The output is the seme as that 
obtained from the circuit of Fig. 941(b), but the transformer used is 
of simpler construction and‘no balance coil is necessary. The dis~ 
advantage is that four seperate heater windings are needed on the fila- 
ment transformer. 

In general, the chief a@vantage of polyphase circuits is their 
superior output waveform, avoiding the use of intricate or bulky filter 

circuits. The main disadvantages are the more complex transformer 
aystems and the large number of valves required. 

FILTER CIRCUITS 

5» General 

The two principal types of filter circuit which will be con~ 
sidered dre the series choke input filter and the shunt cV.idenser input 
filter, O-R filters will be dealt with very bricfly. 

6. Serjes~choke input filter, (Pig. 9,2 (a) 

The alternating component of the output voltage fron the 
rectifier is developed chiefly across lj, whereas almost all of the 
steady voltage component is developed across 0}. Further snoothing is 
provided by Lp and Co. 
Phe main disadvantage of 
this method is that the VOLTAGE 

output voltage is , ——v, 
considerably smaller than — — ---¥, 
the peak input to the (a) / , 
filter, due to the volt- pecrmer Vo GEE Sy OTT TT 
age drop across Ly. ob T "Tx 
The advantages are that 

the output voltage is — ---¥, 
steady ,, substantially (0) om 
independent of load RECTIFIER 
current, and that the 
peak current supplied by 
the rectifier is not 

very large. ©) Rom i 
RECTIFIER iT “FF 

This type of fs 
filter is therefore most 
commonly used where good 
regulation is necessary 
because of varying load, Pige 942— Filter circuits, 

and where a very high 
voltage is not needed. 

7. Shunt-Condenser Input Filter (Fig.942(b}) 
_ In this type of filter the input condenser 0; (because of its 

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

‘ changes in loading, however much smoothing is provided by L and Qe 

If Rye is substantially reduced the magnitude of the ripple across 0) 

dnoreases considerably, and the finel voltage delivered to the load is 

much lower. In addition, the peak current supplied by the rectifier is 

much larger than in the circuit of Fig. 942(a) so thet a lerger rectify- 

ing valve is needed, . 

F
s
—
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In three~phase circuits the main advantage of the shunt-condenser 

input filter is net nearly so pronounced because of the maaller ripple 
voltage, so that the choke input is much more largely used in polyphase 
cirouits. In single-phase circuita the shumt-condenser input is more 
common, and if better regulation is required, some stabilising or 
regulating device is incorporated. 

8. GRPilter (Fig. %2(c)) 

Where the load impedance is very high, of the order of megohms, 
it becomes practicable to use C-R rather than L-C mmoothing circuits, 
since the power dissipated in R (Fig. 9,2(c) ) can be made negligible. 
The behaviour of this circuit is similar to that of the condenser- 
input filter described above, and it suffers from the same disadvantages. 
The amount of smoothing provided depends on the time constant CR, se 
that R should be chosen as large as possible without causing too severe 
& drop in output voltage. 

STABILISING OR REGULATING CIRCUITS 

9. Requirements - 

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

(i) The load voltage (or current) must be substantially 
independent of the fluctuations in amplitude 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 filament 
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-mechanical 
voltage regulator, of the make~and-break contact or carbon-pile types, and 
no treatment of these is given here. We are concerned mainly, with 
regulating devices which receive their input from a DC supply source 
and provide a DC output to the load. The behaviour of these devices 
is considered with regard to variations in (i) aupply and (ii) loading. 

Either neon stabilisers or herd-valve cirouits may be used. 
The neon valve possesses both characteristics required for (i) and (ii), 
nemely an inherent “reference voltage" to which the load voltage is 
stabilised, and a low Differential Output Resistance (i.e., the change 
ih voltage for unit change in current) for voltages above this value. 
Hard-valve stabilisers are essentially servo systems, (Chapter 19), in 
which the low differential resistance is provided by direct voltage 
feedback, There must be a reference voltage with which to compare 
the load voltage, and either a battery or a neon 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 
described below. 

10. Neon Valve Stabilisers 

The neon-valve-resistance combination shown in Fig. 943(a) is 

the simplest form of voltage stabiliser. Various loadlines are shown 
at (b), superimposed on the neon valve current-voltage characteristics, 
for different values of resistance and supply voltage, The anode 

voltage remains at the extinction voltage Vz provided: - 
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Chap 20, Sect. 10. 

1 VALVE FAILS TO STRIKE 
Vi £ Vs) 

VALVE 
STABILISES 

oP ~~ 

FLASHES \~ ~~ 

(a) ve YS 
b Fig. 943- Neon vaive- 
@) resistor stabilising 

cirouits, 

vi A Vi 4 STEADY 
[ | VOLTAGES 

(#) (4) 

(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 extinction value (Ig). 
if this happens the valve ceases to conduct, the anode 
voltage rises to the striking value, at which the valve 
reconducts, and the familiar "flashing" of the neon valve 
eccurs, Under these conditions the output voltage is 
anything but constant. 

For a given load Ry and supply voltage Vi there are limits between 
which R, must lie in order to satisfy both of these requirements. A 
substantial 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 R,, 
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 R,, the 
neon valve ceases to stabilise if BR, is greater than or less than certain 
limiting values. If Ry.is replaced by another neon valve or by a neon 
valve in series with R,, there is no longer any limit to the magnitude 
of the anode load, and continuous relaxation oscillations can 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, 943(a) and will also ensure that the other neons are not extin- 
guished, 
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Instead of several valves in series, a stabilivolt, or milti- 
electrode neon, may be used, This contains, besides the anode and 
cold cathode, several (usually three) intermediate gridded electrodes, 
as shown st (a). ‘The whole envelope is filled with neon gas 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 sections 
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 
comnected 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 
differential 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 approximately constant; this is illustrated in Fig .944(a)}, 

Such an arrange- 

ment is usable in much y . RESISTOR AND THERMISTOR 

the same way as a neon Pom eee ES 

valve to stabilise a- 
load voltage, as indicated 
at (b) . - Although the 
regulation 1s not nearly 
so good, in the simple @) 

circuit, as that provided 
by a neon valve, the power 
element is much more ro= [3 ‘TEMPERATURE 

% THERMISTORS 77, COMPENSATED bust, and is not affected, vi % N 
asp is the valve, by | enw | | GY, | ounre 
limitations of striking @) (e) 
and extinction voltages. 
Furthermore, by the use Yp (vous) 

of more complicated bridge a — | 
circuits, it is possible 104 a 
to reduce the load valt- 
age variations to one 8 
part in a thousand over 
a wide range of load 4 
currents. 

- 
27S RESISTOR ONLY 

THERMISTOR ONLY 

Thermistors are 2 4 6 8 10 mA 
affected by changes in (d) 
ambient temperature, but 
it is possible to 

compensate for this - 
either by the use of PAg.Ohd, eanerring ¥ stabilising 
thermostats or by employ- 
ing additional elements 
with different tenperature 
characteristics. Such a circuit is shown at (o) , and the resultant 
stabilisation is illustrated by the two ourves of Pig. 944(a) , the 
vostage remaining between these values for all ambient temperatures 

between 60° and 110°F, 

iz. Hard-Valve Stabilisers 

If a suitable constant reference voltage V, is available, with 
which the output voltage can be compared, hard-valve circuits provide a



Chap. 20, Sect. 12 

means whereby the load voltage can be maintained at.a given multiple or 
fraction of Vg. This is a definite adventage over the simple neon-valve 
circuit, where the output voltage is pre-determined at the extinction 
value, or over the stabilivolt, where there are only fas “spot" yalues 
from which to choose. . 

The fundamental VARIABLE 
servo circuit for main-~ a RESISTANCE 
taining a constant load 
voltage is shom in (a) iz Opoa= 
schematic form in Fig. % % 
945(a). This cirouit is olas 
readily adaptable to the VARIABLE Te 
stabilisation ef load f [pttiernce Ts] 
current, as illustrated | Loao 
at (b}. If the voltage () vy, oe DIFFERENCE a | 
acress a amall (constant- LY = a 3 
valued) resistor in 
series with the load is 
maintained at a fixed 

level, the current 

° AWW 7 

VARIABLE Yo yy DIFFERENCE pe unr | DIFFERENCE 

constant. a L ol I 
(c) (d) 

In most cases 
the difference amplifier Pig.%5.< Hard-valve stabilisers; 
and the variable schematic arrangements, 
ballast resistance are 
thermionic devices, and the constant voltage is supplied by a neon valve 
fed from the variable supply. If the load voltage is greater than Vo, 
@ reversal of the input, networks to the difference amplifier, as shown at 
{c) , will meet the case, By this means the neon may be replaced by a 
suall constant-voltage battery. 

An alternative arrangement to that shown at (a) is illustrated 
at (d) . Here the ballast resistance is jn parallel with the load, 
its magnitude being controlled by the difference amplifier, as before. 
This method is less economical than the former, the seme power being 
taken from the supply for ell values of load, 

An arrangement corresponding to the sohematic circuit of 
Fig. 945(a) is shom in Fig, 946(2) . ‘Two triodes, valves 1 and 2; 
fulfi. the functions of difference amplifier and ballest 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 current 
in valve 2, thus increasing 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 place of 
the triode as valve 1, the screen supply being taken from the input aide 
of valve 2.. Arise in input voltage increases the current in velve 1 
and lowers the anode voltage as before, providing an additional : 
stabilising effect. An additional advantage is the higher amplification 
provided by the pentode. The sensitivity of the stabiliser may be 
controlled by the insertion of a variable feedback resistor in the 
cathode load of valve 1, The lerger this resistance is made without 
causing valve'l to work on- the curved portion of its characteristics the 
less sensitive is the regulation, but the larger is the range of voltage 
fluctuations over which the regulator will operate. 

$25
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It is possible to dis-~ 
pense with the difference 
aaplifier, but only at the 
expense of efficient regulation. 
The cathede follower circuit 
of Fig. 946(b) does this, and 
combines a fair degree of 
stabilisation with economy of 
material. A similar econcay 
is provided by the direct velt- 
age feedback circuit show at 
{ce}. These circuit: corres- 

pend to those of Fig. 945(a) 
and (c) respectively. Yi 

More elaborate, and 
more effective, circuits are 
illustrated by Fig®. 946(a) 
and (oe), At (d)the current 
through R,.1is goyerned by the 
control grid potential of 
valve 1, at which the full 
variationa of the load valt- 
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 
to have little regulating 
effect. 

Pig. 946.7 Hard-valve stabilisers: 
By moving the slider clreuit diagrams, 

of Rz the constant output volt- 
age may be varied within wide 
lintits (raising the slider 
lowers the output voltage). 

If extra resistors R), and R5 are added as at {a} , the output 
impedance of the regulator may be reduced to zero, or even made negative, 
so thet an increase in load current causes an increase in losd voltage. 
It can be shown that provided the current taken by the shunt valve 
circuits is small compared with the load current, this output resistance 
is approximately equal ta as _ % 4 , Where k is the attenuation, 

defined as the ratio of the input voltage variation to the output voltage 
variation. This attenuation is given approximately by 

k s 1Gn.2 p.Riz2 

Ro aa BS 

assuming valve 1 is a high gain pentoae, 

By a suitable choice of valves and canponents k 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’to carry 
the full load current. 

REGULATED TRANSFORMERS AND AC STABILISATION 

13. General 

Where the stabilised output required is an alternating one, the 
circuits desoribed in Secs. 9 to 12 are inapplicable and some other 
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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. Their use of saturable iron cores gives rise to power- 
ful extraneous magnetic fields; the power factor of the supply may be 
poor and the output waveform far fran 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 reotifier circuits for 
stabilising DC output because good regulation against input voltage 
fluctuations and against variations in loading camot be successfully 
accomplished by the same regulating transformer. 

14, Alternat Gurrent Rereulator 

The easential circuit is shown in schanatio form in Pig. 947. 
This is a simple servo in which the motor or other device moves the input 
tap of the regulating transformer so as to maintain the current in the 
secondary circuit at some constant 
level. This level may, for 
exemple, be fixed as the current 
necessary to close or open a OTHER DEVICE ~—~[__ i 
spring contact which forms the g 
aifference element of the servo, 
It is usually en on-off switch, . CURRENT 
the control circuit when | OUTPUT 
switched on driving the motor 7 
until the contact ceases to > 

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 x: Motor ¢ + 

In this circuit, shown 

schematically in Fig. 948 ? 0h -_e 
the servo motor drives a tap + | 5o0 t 

on a large choke which shunts ' 

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

: ae CONTROL 
the secondary of which is in VOLTMETER GENERATOR 
series with the output line, 

This choke acts as an auto~ 3 
‘ MOTOR 

transformer, reinforcing or FIELD WINDING CONTROL WINDING 
reducing the output voltage 
according to the position of 
the varisble tap, above or Pig.948 - Motor regulator, 

pelow the centre tap. 

. The AC servo motor 

may be driven by the field supplied by one of two control windings as 

show. An AC voltmeter acts as difference element, and the servo is 

of the on-off type, the motor running at full speed in one direction or 

the other. according to which of the two contacts is closed by the needle 

of the voltmeter. For suoother regulation multi-spring type oontacts 

may be used, making the current in the control winding more sncothly 

variable, 
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16. Alternat Vv Re tor: 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 fron ‘the variable supply. pe Fe AMPLIFIER 

The pircuit is shown in VFFERENCH 

schematic form in Fig. 949 Log ceenence| | 
The reactor consists of a small TVOW PHASE 
laminated iron core on which y, “REACTOR | YU 
are wound two coils, the line L | al 
and saturating 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 
direction 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 if r 
elementary circuit, not- Fr a¢ | % 
ably the loss in output L ; 4 

power due to the absorp- i! 
tion in the reactor, (“i i —iYTCidG rrr 
and the variable power all STANOARD 

factor of the output see ieee PHASE 

supply. These may be we [E_fucriren| eee 
minimised either by using won saoaae 
a separate supply for the REACTOR 

reactor, the output frou 
which 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 alternator field 

system used, and on other factors peculiar to the generator itself. 

Pig.950.- Alternative circuit using 
saturable reactor. 

The reactor-thermistor arrangements are applicable over a wide 

frequency range and are thus usable where motor-circuits are inefficient. 

The reactor introduces a certain unavoidable amount of waveform distortion, 

but not usually to the extent of affecting the equipment used in radax. 

17. AUTOMATIC POPENTIOMETER (KLECPRONIC POTENTIOMETER) KARTHING CIRGUIT.. 

In some radar equipments it is 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 
to earth some point on this 
potentiometer, Provided the 

resistances between this point 

and the positive and negative lines 
remain constant and the supply 
voltage in unchanged, the lines 
remain at fixed potentials. 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 @ case, it is sufficient to connect 

en 

4 3 
> 
> 

LT 

A
N
A
M
 

LEAKAGE TO 
EARTH 

Fig, 951.- Direct earthing of 
the supply. 

The effect may be minimised by making the resistance of 
the potentiometer as small 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 fran the positive or negative lines to earth do not then flow 
through the potentianeter, and the resistances of the two portions, and 
therefore the potentials of the supply lines, remain constant. 

A device for producing the 
desired effect is the Automatic 

Potentioneter Circuit, or Eliect~ 
ronic Potentiometer. A simple 

form of this circuit is shom 

in Fig.952. A cathode follower 
circuit is connected across the 

supply. Its control grid is 
connected to the required point 
on the potentiometer and the 
cathode is connected to earth. 
Large leakage currents may flow 
fron either of the HT lines to 
earth without seriously affecting 
the action of the cathode 
follower, the grid-cathode 
voltage of which remains substantially constant. 

HIGH 

RESISTANCE 

POTENTIOMETER 
CATHODE 
FOLLOWER 

Pig. 952, = Use of cathode 

follower, 

Hence the supply lines 
remain at reasonably constant potential levels with respect to earth. 

If the cathode load resistor is connected to earth at a point a 
few volts below the cathode the grid 
potential can be brought nearer to 
earth without the danger of grid 
current flowing and introducing a 
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 can be affected 
by the substitution of a constant= 

current device for the cathode 
load resistor. Provided the 
cathode follower valve is a pentode, 
as snbom in Fig .953 , variations 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 variation in grid 

 HT+ 

CONSTANT 

VOLTAGE 

CONSTANT CURRENT 
DEVICE 

© HT- 

Pig.953.- Use of constant 
current load, 
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voltage occurs however the position of the potentiaueter tap P is varied. 
Leakage currents, however, still cause the grid-cathode voltage to vary. 

A practical variant of the , “0 HT+ 

ciroult of Fig.953 is show in t Ia 
Fig .954. « The lower valve is a 
Constant-Current Pentode, ies, a 
pentode with the potentials at 
control and screen grids fixed with 
respect to oath-de potential so 

that the valve operates above the 
imee of its I, - V, characteristic. 
The soreen grid of the upper valve 
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CONSTANT 

VOLTAGE 

is at a fixed potential relative = SUPPLY 

to earth. st 

Let I, denote the anode | our- 
current of the cathode follower 
valve, In the absence of leakage Pig. 954..~ Use of constant 
this is also the current through current pentode 

the load. If a leakage current as load. 

I, occurs from the positive line 

to earth the current I, through 
the load (lower valve) becomes 
I, +1,, whereas if a leakage 

current I_ flows from earth to the negative line, 

Iga, ~ I 

If the leakage is due to a resistor BR, in the first case, I, is given by 

I, * ra whereas in the second case 

tr = YB- va 
R. 

Pig. 955 shows the effect of leakage in a practical case in 

which it is necessary for P to vary over a wide range. If there is no 

Leakage (curve A) the variation in grid-oathode voltage as Vg is varied 
from 1000 to 2400 volts, corresponding to different positions of the 

potentioueter tap P, is O+3 volts. If there is a leakage resistance 

R, from the positive line to earth the current Ig is given by 

Ia = Ing - 

Vi rs 
This ig shown et curve B for Ry = 20 Mn. Similarly if there is a 

leakage resistence R. frem the negative line to earth the current Ig jis 

given by 

th zs Ib + I- 

es I2+ Vp = Vas 

R 
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MAXIMUM Vg 

400 

300 

; Uge~2-70 

Uy=-28v 

Uge-29v 
Uyx-3-Ov 

\ ay acddy 

200 

100 

~ V, (VOLTS! 
Qo 500 1000 1800 2000 200 2 \ ) 

Mig. 955~ Bffect of leakage. 

This tz shown at curve C for R. = 20 Mo. In neither case does the 
grid~cathode voltage variation over the required anode voltage range 
exceed 0*5 volts. Hencoe, whatever the position of P within the 
required range, the supply lines are alwaya within 0°5 volts of-their 
required values. 

We may compare the above results with those which would be 
obtained by the arrangement of Figs 951 , for a potentiometer causing 
the same drain on the supply as the electronic potentiometer, The 

resistance of this potentianeter would be 2500 . 1069; ete, 

500 
approximately 8 Ma, 

Without leakage the appropriate earthing point would be 

ae x 8Mn = 3¢2 Mo from the positive line for V, = 1000 volts, 

With 20 Mn leakage resistance from the positive line to earth the 

3*2 Mn is modified to become 

322.220 ‘s 2°76Ma. 
2302 

The 2500 volts are therefore distributed about earth potential in the 
ratio 

ae instead of ae , 

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

voltae 

Hence a shift of nearly 100 volts occurs in the potentials of 
the supply lines, compared with O*5V in the electronic potentiometer 

airoult. 
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