






Reference voltage is stabilised at 30 volts with a type BZX70/C30 
zener diode, fed via a 220 ohm resistor. In channel “A”, this is a 
'h watt resistor but in channel “B”, a 5 watt resistor is used. This is 
necessary because of the different situation under short-circuit output 
conditions, where a high current is passed through the 220 oltnt 
resistor. Additional filtering is achieved with a 1000 ul: 35VW electro­
lytic across the z.ener diode.
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aA 5k 2W wire wound potentiometer is connected across the zener diode 
and the derived voltage is fed to the base of TR1. which sets the voltage 
at the output terminals. A 100 ohm 1W resistor is connected in series 
with the 5k potentiometer in each case. This is added to avoid excessive 
dissipation in the potentiometer for settings close to that end of its 
travel. The added resistor slightly restricts the available voltage to the 
base ofTRI but due to a small voltage rise across TRI. any loss is off-
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It may also be seen that there is a 270 ohm resistor at the other end of 
the potentiometer in channel “A". This is added to ensure reliable 
starting of this system at low voltage settings. It prevents the output 
voltage from being set to zero.
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�Transistor TRI must be a I’NI* type, capable of withstanding 35 volts 
or so between collector and emitter, and it must also be capable of 
dissipating the power dictated by the settings of the voltage and current 
controls. A suitable transistor lor this position is the 1T800, or any 
similar type.

Transistor TR2 must be able to pass the maximum output current, it 
must also be able to dissipate the power resulting from the output 
current and the voltage drop between emitter and collcctor. In addition 
it must also be able to withstand about 3S volts between collector and 
emitter. A logical choice here is the 2N3055, which is ideal. It may be 
seen that (here is a silicon power diode between emitter and collector 
of TR2. This is added to protect TR2 from damage in the event of an 
external “same polarity" voltage being applied to the output terminals 
when the-supply is switched off.

In channel "A", TR3 normally passes only a modest current, and as 
the transistor is saturated, the power dissipation is negligible. However, 
under short-circuit conditions, the full emitter voltage of TRI will 
appear between collector and emitter of TR3. This can be anything 
up to about 30 volts, according to the setting of the voltage potentio­
meter. Again, a TT800 or similar is satisfactory.

The major difference between channels "A” and “B" is that TR3 and 
the 32 uF electrolytic capacitor arc dropped from channel “B” and 
replaced with a silicon power diode between TRI base and TR2 
collector.
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This facility may be added to the circuit by the much simpler process of 
adding a diode between the zencr point and the output. This normally 
has a small reverse voltage across it and does not affect the operation of 
the circuit until current limiting occurs and the load voltage starts to 
drop. It will then become conducting, diverting current from the zencr 
diode, reducing the load voltage further. At low output current settings, 
the output is thus bootstrapped down until only the zener current flows 
through it. At high current settings, a current foldback action occurs, 
again reducing the output close to zero.

*

A 0.1 uF capacitor on the base of TRI helps prevent oscillation. Both 
ideas have their merits. I have included both methods in the prototype 
so as to present both ideas to readers.

As I see it, builders may make up the unit just as shown in the circuit 
and after trying both protective systems make a decision and alter the 
other channel over to the system of their choice. On the other hand, you 
may even elect to leave both systems in, which is what I have done so far.

Current limiting is controlled in both eases by a switched scries of 
resistors between the positive rail and TR3 and/or TR1. A constantly 
variable resistor in the form of a wirewound potentiometer would be 
preferable to switched resistors, but due to the high power dissipation 
for relatively low resistance values on one hand, and the need to run 
to a relatively large resistance on the other hand, an ordinary wirewound 
potentiometer is not suitable. The next best approach is to select dis­
crete resistors, with adequate dissipation ratings where necessary. This 
works out quite well in practice.

With an understanding of the current limiting function of either circuit, 
it will be appreciated that the resistor values for any given current limit­
ing will depend upon the gain ofTRl and TR2. With the inevitable 
spreads in these components, it becomes obvious that perhaps the best 
way of arriving at a resistor value for a particular current value is by 
experimental means. Indeed, to carry this theme to its logical conclus­
ion, it would be necessary to select experimentally all of the eight resis­
tors involved.

We selected the high and low values for one channel broadly along the 
above lines. The corresponding values for the other channel were simply 
duplicated. Even with a change in each ease of TR2, we found that the 
results were consistent enough not to require any closer selection. The 
two intermediate values were selected more or less arbitrarily and the 
performance curves show that perhaps a little more care could be given 
to ensure a more even spread across the range. However, this can be 
dealt with on the merits of each individOal ease. Suffice to say that the 
values given on the circuit are a good place to start.
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Perhaps the best place to start with the construction is with the sub­
assemblies.

Tlie small components are mainly accommodated on two miniature tag 
strips, one for each channel. A complete wiring diagram is given for the 
channel “A” strip. The strip for channel "B” will be the same except 
that the 10k resistor for the LED will be eliminated. Also, TR3 and the 
32uF electrolytic are deleted and the extra silicon diode is added. These 
changes can be made quite readily. When wiring these strips, leads of 
sufficient length should be added where indicated, for external connec­
tions.

Each 2N3055 is mounted on a heat sink. Four holes must be drilled for 
each transistor and they must be accurately located. Great care must be 
taken to achieve this. The job is made easier if you have a drilling tem­
plate in the form of the plate from a TO-3 dud transistor case. Four 
more holes must also be provided to mount each heat sink on the back 
of the cabinet.

Each transistor is mounted on its heat sink by means of the hardware 
provided, with a smear of silicone grease on each side of the mica 
insulator applied before assembly A piece of spaghetti tubing should 
also be placed over each of the base and emitter leads, such that about 
3mm arc left bare for soldering. A solder lug should also be provided 
under one of the mounting screws for the collector connection. We 
mounted the lk resistor directly across the base and emitter leads and 
then provided three leads of different colours, of sufficient length to 
reach the appropriate terminals inside the cabinet.

Before attempting assembly of the front panel, it makes the job easier 
if the current and metering switches are wired before they are mounted. 
This done, the components may now be mounted on the panel. There 
is quite a bit of wiring which can be done between the panel items.

Assembly and wiring of the cabinet will be made somewhat easier if it 
is approached in a sequence designed to avoid any backtracking. If you 
are going to fit a handle to the case, this may be done first. We used 
one which is designed for use with furniture, and any similar handle 
would be ail right here. After the handle, the mains terminating strip is 
next, followed by the mains cord. This should be clamped just inside, 
after passing through a grommet. The mains leads arc terminated on the 
strip.

The heat sinks, with their transistors and leads, should be fitted next, 
with the leads passed through a rubber grommet in each instance. The 
power transformer is next, followed by the two 4000uF electrolytics. 
The clamps on the electrolytics should be adjusted before they are 
finally screwed up. The two tagstrip assemblies are mounted with two 
l/8in Whitworth screws, lin long. Three nuts are used on each screw 
to make the screws function as stand-offs, so that the strips clear the 
bottom of the case by 5/8in or so. I
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Al this stage, with one exception, all interconnecting wiring may be 
completed. The exception we suggest is the 2SVAC leads from the 
transformer to channel “B" tag strip assembly These leads should be 
insulated with tape for the time being and placed out of harm’s way.

/
Before doing the interconnecting wiring between the front panel and 
the rest of the cabinet, to keep leads reasonably short and allow any 
servicing which may be necessary in the future, lay the trout panel face 
down and with its bottom edge just touching the front face of the 
cabinet. After finishing this wiring, to make it a little tidier, we bound 
leads together at obvious points.

A few points which we observed during wiring are worthy of special 
mention. The electrostatic shield of the transformer is terminated on 
the earth screw of the mains terminating strip. A lead is also taken 
from this point, to a solder lug under the right front screw holding the 
transformer. From this lug, a lead is run to the two “earth” terminals 
on the front panel.

Resistors rated over I watt have been kept as clear as possible of 
adjacent components. The four leads terminated on the mains on/ 
off switch have been covered with a short length of spaghetti and push­
ed over the soldered joint to ensure safety against accidental contact. 
The polarity of the LED must be observed and on the one we used, 
the thin lead is positive.

At this stage, the wiring is virtually complete and the next step is to 
make a thorough check of all wiring, making sure that switching is 
correct and all polarities have been correctly observed. Satisfied that 
all is well, channel "A” may be switched on and checked for correct
operation.

Set the “volts adjust” potentiometer to maximum, the “current” switch 
to “low" (or 1) and the “metering” switch to 30V on "A". Switch on 
and the meter should indicate a little over 30 volts, Wind the volts 
adjust potentiometer up and down and the voltage should rise and fall 
accordingly. At the lowest current switch setting, very low voltages may 
be a little hard to get, with the supply lending to drop out, but this will 
disappear on higher current switch settings. Even on this setting, the 
supply can be easily reset by a rapid clockwise Hick of the volts adjust 
pot.

Reset the volts adjust potentiometer to maximum and with the load 
switch on, short circuit the channel A output terminals. The voltmeter 
will indicate zero and will stay there after the short circuit has been 
removed. The output voltage can be restored by switching the mains 
off and leaving it for a minute or so and switching on again. A quicker 
way is to turn the load switch off and turn the volts adjust potentio­
meter down to half way or so, then quickly advance it again. At this 
stage, testing on channel A may be stopped and the 25VAC leads which 
were left unconnected, may be connected to channel B.
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Because of the emitter-follower configuration, the transistor acts to 
duplicate approximately at its emitter the voltage level at its base.
Hence when the base is carried by the potentiometer to the positive 
rectifier output, the voltage drop of the transistor which is the output 
voltage - drops to near-zero. Conversely, if the base potentiometer is 
turned to the opposite extreme, the output voltage will tend to rise and 
approach the full rectifier output. Intermediate positions of the poten­
tiometer will tend to give appropriate fractional output voltages.

The use of a transistor as an emitter-follower is quite common in power 
supplies, and has the advantage of giving the supply an intrinsic output 
resistance considerably lower than would be obtained with a simple 
“passive" voltage divider system. However by using the transistor as the 
shunt divider element, in contrast with the more usual practice of using 
it as the scries element, the present design gains simply and at virtually 
no additional cost an important advantage: inherent protection against 
output shortcircuits.

Because the output terminals arc connected directly across the transistor, 
any load connected to the terminals is effectively connected in parallel 
with the transistor. The current drawn by a load therefore subtracts 
from that which must otherwise be drawn by the transistor in order to 
maintain a given output voltage, and thus the transistor dissipation 
actually falls with supply loading. If the output terminals arc short- 
circuited, the transistor is simply cut off: the rectifier circuit is present­
ed with the significant but not unduly embarassing load provided by the 
series divider resistors.

It should be appreciated that the foregoing state of affairs is somewhat 
in contrast with that of the more usual circuit, in which the transistor 
is connected as the series divider element. In such circuits the transistor 
dissipation rises with load current, and special precautions must be 
taken if the transistor is not to be ruined by the excessive current which 
tends to flow on short-circuit.

Although the transistor is thus protected by the basic circuit configura­
tion against collector over-dissipation, it is also necessary that it be 
protected against base-emitter reverse bias break-down in the event of 
a short-circuit applied when the base potentiometer is turned for near­
maximum output. This is in fact the purpose of the diode in scries with 
the base, which prevents base current flow in the reverse direction.

The value of the voltage divider scries element necessary to prevent 
excessive “internal" supply dissipation in the minimum output condition 
is approximately 14 ohms, being here provided by two 6.8 ohm 10 watt 
power resistors. However, because this value tends to limit somewhat 
unduly the current available from the supply at higher voltages, provision 
has been made for halving this element in value when required by means 
of a slide switch which shorts out one resistor. At the same time the 
switch js arranged to insert a fixed resistor in series with the "low” end 
of the base potentiometer, ensuring that the “internal" dissipation of the 
supply is limited.
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POWERPAC - A LOW COST GENERAL-PURPOSE 
BATTERY ELIMINATOR

Any.'ne who had a battery-operated record player or cassette recorder 
knows that battery replacement can become monotonously frequent 
and downright expensive if the machine is used often. Ideally, the 
machine should be powered from the AC mains where possible. Here is 
a low cost mains adaptor which we have called the "powerpac"; it uses 
only two economy silicon transistors.

Powerpac is a compact, regulated power supply whose output can be 
set by screwdriver to any voltage between 3 and 12VDC. Maximum 
current is about 500mA at 1 2V, with higher currents avarlable at lower 
settings. Hum and noise output is very low and the unit is protected 
against accidental short circuits.

Most cassette recorders require a DC supply of between 6V and 9V at 
up to several hundred milliamps. Normally, this is supplied from the 
requisite number of "C" size carbon-zinc cells. At the level of current 
required, the batteries do not last very long at all, especially if the 
machine is used for lone listening or recording sessions.

It was mainly to satisfy the power requirements of these machines that 
the Powerpac was designed. However it is also suitable for powering 
transistor radios with DC rails of 3 to 12V, portable (battery operated) 
record players and automotive cartridge players - although some car­
tridge players may require heavier current than the Powerpac can supply.

As well as powering the above audio appliances, Powerpac can also be 
used to provide a 5V rail for digital logic circuitry. The circuit could 
also be used as the basis for a simple variable power supply with op­
tional metering circuitry added.

As the accompanying regulation curves show, the performance of the 
prototype Powerpac is quite good considering the circuit simplicity. At 
I 2V, the supply delivers 500mA before coming out of regulation. At 
the point where regulation stops, the ripple (100Hz) superimposed on 
the DC increases very rapidly. Voltage change, from no load to full load 
at 500mA, is 0.35V.

I

At the 9V setting, the performance improves; regulation ceases at 
600mA for a load voltage drop of less than 0.25V. At this current, the 
100Hz ripple js only lOmV pcak-to-peak, as shown by the curves. More 
current again can be delivered at the lower voltage settings.

A simple method has been devised to protect the Powerpac from short 
circuits, by limiting the current into a short circuit to 1,2A. This m.eans 
that the maximum surge current supplied to a load when first switching 
on is also 1.2 A. While the Powerpac is thus protected against inadver­
tent short circuits, a short circuit should not be maintained for more 
than about five minutes, otherwise the Powerpac will become very hot 
and damage could possibly result.
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CONSTRUCTION: The Powerpac is convenienily installed in a box 
measuring 165 x I 15 x S1 nim (6V4 x 41/: x 2 inches) which may be ai 
diccast case or a sheet steel box with "biscuit tin" lid. Whatever box is 
used, make sure the transformer fits before purchase.

Mount the transformer at one end of the case. Then mount the power 
transistor on its heatsink. This is made from a piece of 16 SWG alumin­
ium measuring 90 x 66mm bent so that it has a 66 x 38mm mounting 
flange. It is secured to the case with one screw and nut, plus a lock- 
washer. All screws should have loekwashers otherwise they become 
loose before very long.

Use a mica washer and plastic bushes to insulate the transistor from the 
heatsink. Both the mounting face of the transistor and the appropriate 
area
The rest of the hardware may now be installed.

of the heatsink should be lightly coated with silicone compound.
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Trl is a normal scries regulator, conlrollctl by Tr2 and with it forming a 
Darlington pair whose current gains multiply together to give a high 
overall sensitivity. The base current of Tr2 is subject to further amplified 
control by the collector current drain of Tr5, whose base receives from 
the positive output rail the error voltage which is to be corrected. Tr5 
and Tr6 form a differential amplifier of the so-called "long-tailed pair’* 
type. i

Any error voltage occurring at the positive output rail is fed through 
variable resistor VR1 to the base of TrS, where it is compared against 
the fixed voltage of Tr6 base and thereby amplified in the collector 
circuit of Tr5 in the proper sense to change the voltage drop across Rl. 
This consequently changes the base current of Tr2 and emitter current 
of Trl to the extent needed to correct the output voltage error. The 
voltage between Tr6 base and the emitter supply rail for Tr5 and Tr6 is 
held constant at 4.3 volts by ZD1, which also ensures that the basc-to- 
emittcr voltage rating of these transistors is not exceeded.

VR1 controls the regulated output from zero to maximum voltage, 
minimum resistance giving minimum output, and it should be wired to 
give clockwise increase of resistance. VR2 serves to adjust the maximum 
output voltage, and once set correctly is not disturbed again. Capacitor 
Cl ensures smooth control of output and also feeds back residual hum 
voltage in the output to the base of TrS, giving a very useful degree of 
cancellation.

;

Looking now at Tr3 and Tr4, these provide the overload protection in 
conjunction with R3 and VR3 Tr4, whose base is connected to its 
collector, is used as a diode with a very low slope resistance and its 
characteristic base-emitter voltage drop of 0.6 volt, together with the 
similar drop in Tr.3, provides a base bias sufficient to keep Tr3 normally 
cut off. However it will be seen that the total output current flows 
through R3. setting up a proportional positive voltage at its upper end, 
amounting to 1.5 volts for an output of 1 amp.

A portion of this voltage is tapped off by VR3 and applied to the base 
of Tr3, and when it exceeds about 1.2 volts Tr3’s collector circuit begins 
to draw current, thus increasing the voltage drop across Rl and robbing 
Tr2’s base of current, thereby increasing the voltage drop through Trl 
and limiting any further rise in output current. This control is quite 
effective; when supplying a load drawing the rated maximum of 1 amp, 
a dead short-circuit across the load will not increase the current beyond 
1.1S amp, and this current can be supplied continuously without damage.

;■ i
Switch S2 permits meter M to serve either as a voltmeter reading 0-10 or 
0-30 volts full scale, or as an ammeter reading 1 amp full scale. The meter 
is a standard 15/8 inch square voltmeter, scaled 0-10 volts and drawing 
one millinmp for full-scale deflection, the resistance of the moving coil Is 
100 ohms.

i
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so that the opetalion can be cheeked separately lor proper voltages and 
polarities, before connection to the rest of the circuit with almost 
certainly disastrous results if an error has occurred. And double-check 
the correctness of the anode and cathode connections of the silicon 
rectifiers being used.

The prototype used a ease having a base chassis 2��  inches deep and a 
cover 6 inches high above the chassis. All of the present circuitry, 
except fhc power transformer, was mounted under the chassis and on 
one face, leaving the upper space empty except for the transformer. 
This is because it is hoped later on to add a variable high-voltage 
regulated supply, probably using valves to give around 500 volts at 
100 niilliamps, and an AC heater source. The idea is to make a sort 
of universal “experimenter's powerhouse” in a single unit.

Table 1 gives a general voltage analysis which may be helpful in 
preliminary testing or fault-finding.

TABLE I VOLTAGE ANALYSIS

NOTE Th« nogairve output icmm# �  trtstoc os the nout'oi pomt I'M onolysu. 
Output comtoi so: to 30 volts No '0»c Moosurofl with 50« ohms / uoU motor

-4 9V 
-0 6V 

-29 5V

Neura to fog-w ato<2 negative $4'
Neutral to Tf5 ("(  Tr$ emme'S
Noutrai to unreguiatoo negativa aupotv
Noutrai to T'5 oa»e
Neutral to unregulated coartiva »upply
Neutral to Tr3 ecn.nor
Neutral to Tr3 ano Tr5 cc'iectwa
Positive unregulated supply fo-i to Tr2 base
Positive unregulated supo'y 'fl*1 to Tr2 emitter
Pos-tiva unregulated supply rail to Tr 1 emittef

0V
♦ 35.5V
♦ 30 5V

♦ 31V
♦ 4.0V
♦ 4.6V
♦ 5.2V

Before first switching on the unit, it is recommended that one end of 
resistor R4 should be disconnected and a milliammetcr inserted tem­
porarily in this circuit. With the output control set to zero, the mill- 
iammetcr should show II to 12 niilliamps, if not, reduce or increase 
R4 until this current is obtained. For good regulation it should not be 
allowed to fall below 10 niilliamps. Any change in R4 will not be 
large unless a faull exists.

Next, adjust the maximum output voltage. Set switch S2 to the 30 volt 
position 2, turn the output control to maximum, and adjust VR2 
until the meter reads full scale.

Finally, set the overload limit. Connect a 25-ohm 20 watt resistor to 
the output terminals, set S2 to position 3 to read current, and with 
the output control at maximum adjust VR3 until full scale reading 
(1 ampere) can just be obtained before limiting commences. The onset 
of limiting can be observed very clearly as VR3 is turned slightly to 
and fro around the desired position.

This completes the setting-up. The output control VR1 should now 
give smooth variation of voltage when unloaded from zero up to 
30 volts and up to 24 volts on a 1 amp load. The unit will be found 
very simple and easy to use, and the prototype has proved perfectly 
reliable. 77



Editor’s Note: It would appear to be possible to improve the 
regulation of this unit slightly, by incorporating the current shunt 
R9 into the regulator feedback loop. This could be done by connecting 
the rotor and “top" end of VR1 to the output end of R9, rather than 
to the junction of R3 and R9 as at present.
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The behaviour of the circuit will, however, depend heavily on the base 
current of the transistor. If it varies in proportion to the emitter load 
current and becomes large enough to affect significantly the voltage 
at the potentiometer tapping, then the regulation of the supply will 
be poor.

We tried out the idea using a single 2N305S power transistor but it 
became obvious that the current drawn by the base circuit would, 
indeed, be too high with a heavy output current being drawn from the 
emitter.

We had set an arbitrary figure of 500mA on the maximum current to be 
drawn from the supply, and to obtain this current under worst-case 
transistor parameters (the lowest gain of a 2N3055 is 20) we would need 
about 500/20 or 25mA base current. We could not expect to draw any­
thing like this amount of current from the potentiometer without upsett­
ing regulation.

So we thought of another idea - the "Darlington pair” circuit. To make 
a Darlington pair, we connect two transistors together as shown in Tig2 
and treat them as one. The gain of the pair is equal to the product of 
both the transistor gains and, as the TT801 transistor we chose to con­
nect to the 2N3055 has a g3in of 40 (minimum) the pair have a gain of 
at least 800!

The pair thus require a base current ranging up to less than 1mA for 
500mA out, and we can afford to take this order of current from across 
the zener and potentiometer with very little effect on the base voltage, 
as set.

Now let's turn to the main circuit diagram of Fig3 and see how the 
Darlington pair has been incorporated - with refinements.

To minimise the amount of AC ripple across the zener diode, we have 
added a lOOuF capacitor in parallel. Fairly obviously, any ripple in the 
zener “reference” voltage would be transferred very faithfully into the 
output voltage!

To the base circuit wc have added a silicon diode - we used an EM401 
- which prevents damage to the transistor base-emitter junctions by 
breakdown.

The diode affords protection because its breakdown voltage is very 
much higher than that of the transistors.

Because there arc now three P-N junctions involved, (two transistors and 
a diode) the difference in voltage between that at the potentiometer 
wiper and the emitter of the 2N3055 will not be 0.6 V, but about 1.8V. 
For this reason we have specified two 6.8V zener diodes in series - we 
want to be as close as possible to 1.8V above 12V, in order to obtain an 
effective 12V supply. If wc used a 12V zener, the maximum output volt­
age would be limited to about 10.2V.
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If the current drain of the transistor circuit load is substantially constant, 
and the main concern is to stabilise its supply voltage despite variations 
in the main I IT voltage, then R should have a value such that Z still re­
mains in the breakdown state when the HT voltage is at its minimum 
value. Typically this will mean that R will have a value equal to 
(HTmin -V) divided by a current of about 3 or 4 milliamps larger than 
the load current. Naturally Z will have to be a device capable of dis­
sipating the appropriate maximum power when the I IT is at its maxi­
mum value.

On the other hand if the HT supply is substantially constant while the 
load current is subject to variations, then R should have a value such 
that Z still remains in the breakdown state when the load current is a 
maximum. In the typical case this will give a value for R of (HT-V)/I, 
where 1 is a current about 3 or 4 milliamps larger than the maximum 
load current. As before, the zener wall have to have a dissipation rating 
adequate for the maximum dissipation condition, which will in this 
case be when the load current is a minimum.

i

Tlie loading regulation of a zener diode divider will tend to be significant­
ly better than that of a simple resistive divider, due to the stabilising action 
of the zener diode. The latter also gives a significant measure of line volt­
age regulation, together with intrinsic ripple filtering and signal decoup­
ling.

As a result of the ripple filtering and decoupling action of the zener 
diode itself, capacitor C may not be required in less critical applications; 
however, when used it will give improved performance. Note that in 
contrast with similar regulator circuits employing gaseous discharge 
tubes, there is in general no tendency for a circuit of this type to prod­
uce relaxation oscillations.

In some types of valve equipment, provision of simple or zener HT 
voltage dividers may be rendered unnecessary as a result of the availab­
ility of low voltages at power valve cathodes. Where only moderate 
currents are required, such points can provide a convenient and quite 
satisfactory source of low voltage supply, as illustrated in figure 1(c). 
In most cases the voltage available at a power valve cathode is well 
regulated and filtered, due both to the low impedance of the cathode 
components and to the high effective impedance of the valve itself.

When the current required by the transistor circuit load is slight com­
pared with the power valve cathode current, this type of supply need 
typically consist of nothing more than a simple R-C filtering and de­
coupling circuit, as shown. The value of the resistor R will be dictated 
largely by the allowable voltage drop, which will depend in turn upon 
the available cathode voltage and the required transistor supply volt­
age. Once the value of R has been fixed, the value of capacitor C may 
then be determined on the basis of adequate decoupling and ripple 
filtering.
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If the current drain of the transistor circuit load will represent a 
significant proportion of the existing cathode current, it will generally 
be necessary to replace the existing cathode resistor with one of 
higher value, to maintain the same effective resistance between cathode 
and earth. If this were not done, the valve operating point would tend 
to change, possibly upsetting its operation.

The value of the new cathode resistor can easily be found using Ohm’s 
law, as the new value will simply be that which develops the original 
cathode voltage when the available current is diminished by an amount 
equal to the transistor circuit load current.

In the limiting case, where the transistor circuit current is sufficient to 
equal the original cathode current, the cathode resistor will no longer 
be required; however, it should be realised that the latter situation may 
involve problems if the drain of the transistor circuitry lends to vary 
appreciably. In such cases it may be necessary to employ a zener diode 
in place of the cathode resistor, to maintain a constant cathode 
voltage.

Equipment in which no suitable power valve stages arc available for 
the foregoing approach may alternatively permit the addition of a 
simple valve “series regulator” circuit of the type shown in figure 1(d). 
Here the valve is effectively operated as a cathode-follower stage, a 
resistive voltage divider pegging the grid at a potential greater than the 
required transistor supply voltage by an amount which will provide the 
appropriate valve bias for the current required. A bypass capacitor at 
the grid also provides a significant measure of ripple filtering and signal 
decoupling, as a result of the familiar cathode-follower action.

Naturally enough the valve selected for use in such a circuit will need to 
be capable of tolerating the power dissipation involved, which will be 
equal to (HT-V). I where I is the load current. Apart from this require­
ment, the valve should also have a fairly high transconductancc and low 
plate resistance if the transistor supply is to be well regulated and 
filtered.

Any of the four power supply approaches thus far described will in 
general only be suitable where the HT supply of the existing equipment 
has sufficient capacity to supply additional current. In equipment where 
this is not the case, it may be necessary to derive the supply for the 
transistor circuitry from the AC heater line, using a circuit perhaps 
similar to those illustrated in the remaining diagrams.

In figure 2 (a) and (b) arc shown rectifier circuits suitable for equipment 
having a 6.3V heater line in which one side of the line is earthed. The 
circuit of (a) is for a simple half-wave supply, while that of (b) is for a 
half-wave voltage doubler supply. Although both arc shown as arranged 
for earthing of the output negative polarity, either may be adapted to 
produce an output of opposite polarity simply by reversing the connec­
tions of the diodes and electrolytic capacitors.
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As before the circuits arc filled with surge limiting resistors, in this case 
having a value of 47 ohms lo permit a maximum diode surge current of 
90mA. Lower values may of course be used with diodes having higher 
surge ratings.

There will no doubt be cases where higher DC supply voltages than are 
provided by the circuits of figure 3(a) and (b) must be derived from a 
centre-tapped 6.3V heater line. In such cases the circuits shown in 
figure 4 may prove useful, particularly where only moderate current 
drains are involved.

Tlte basic circuit shown in figure 4(a) may be regarded as a half-wave 
"voltage one-and-a-halfcr", for it combines some of the features of both 
the simple and voltage-doubling half-wave circuits. During one AC half­
cycle it charges up reservoir capacitor Cl via diode D1 to the peak 
value of the full 6.3V secondary voltage - i.c., to approximately 9V. 
Then during the next half-cycle the capacitor voltage is effectively added 
to the voltage produced by half the heater winding, and fed via diode 
D2 to charge up reservoir capacitor C2 to a peak value of some 13.5 V.

✓
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Although shown in the form which delivers output having earthing of 
tlie negative polarity, this circuit as with the others described may easily 
be arranged to produce positive-earthed output simply by reversing the 
polarity of the diodes and the electrolytic capacitors. And as with the 
circuit of figure 3(a), there is no reason why the two versions of the 
circuit cannot be connected to a single heater winding, as shown in 
figure 4(b). As may be seen this arrangement provides a simple and con­
venient method of providing both + 13.5V and -13.5V for differential 
amplifiers and similar circuitry.

In closing it should be noted that the output voltages shown for each 
of the circuits given in figures 2, 3 and 4 are the “peak” values, which 
correspond to the situation where the circuits concerned are lightly 
loaded. With increasing loading, the voltages will generally gall fairly 
rapidly to approximately 0.6 of the values shown, thereafter falling 
less rapidly.

The actual current levels at which each voltage will have fallen by a par­
ticular proportion will depend largely upon the size of the reservoir 
capacitors, and also to a lesser extent upon the value of the surge limit­
ing rcsistor(s) and the regulation of the transformer heater winding. 
Hence to obtain as close to the peak output as possible from each circuit, 
it will be necessary to use the largest feasible values for the reservoir 
capacitor(s), and to use no larger value for the surge limiting rcsistor(s) 
than is strictly necessary.
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