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Preface

Every radio constructional enthusiast requires some form of
power supply, whether he is an amateur transmitter, a short wave
listener, a broadcast band listener, or is interested in test gear: even
the users of battery sets need accumulators and dry batteries.

In this work the authors have avoided theoretical aspects, since
it was felt that existing textbooks already deal adequately with theory.
Apart from the introductory chapters, theory and mathematics have
been introduced only when it was considered necessary for clarity.

Nearly fifty different power supply circuits are given with com-
plete details. These circuits and explanations will enable the general
principles to be applied in the design of power supplies to suit any
contingency, should the published examples not exactly meet require-
ments.

The authors express the hope that this manual will serve the
purpose for which it was intended, namely, to provide a compact
source of information for designs and considerations in power supply
equipment, from the two valve battery receiver to the 150 watt
transmitter and television receiver.

Norman Stevens, G3AKA,
Lionel Howes, G3AYA.

London, 1950.
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WARNING

It should be realised by all users of power
supply equipment that in certain circumstances
even the low power supply is a potential source
of shocks which can be lethal. The reader will
not need reminding that many amateurs have met
with fatal accidents by their failing to take care.
Therefore, it cannot be overstressed that extreme
care must be taken by all users of power supply
equipmernt—however small the ratings may be.
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CHAPTER 1
RECTIFICATION

Rectification is of vital importance in radio receivers, for without
it the transmitted signals of supersonic frequencies could not be
rendered audible. We refer, of course, to the rectification of the
incoming signals—although more correctly the term should be
“demodulation’, and the valve which performs this function the
‘“‘demodulator”’.

But there is another form of rectification upon which the ma-
jority of radio receivers, transmitters and auxilliary gear depend for
their operation, namely Power Rectification. This follows the same
principle as the demodulator stage in a receiver but differs in that
instead of converting the alternating high frequency signals to a
uni-directional half-wave DC component it converts the low frequency
AC mains to a steady flow of direct current.

For all radio gear a supply of ripple-free direct current is required
for application to the various valves. This excludes valve heaters
which may be operated from an AC source. The process of converting
the AC mains supply to the required DC is called power rectification.

THE DIODE

Let us examine what happens in a typical power rectifier circuit
and how the various difficulties are overcome. A typical small power
pack (the name given to the group of components which make up
the unit) consists of a transformer, a valve, one (or two) chokes and
one (two or three) capacitors. The transformer is used to provide
the required voltage to operate the valve anodes and to provide a
lower voltage to supply the valve heater (and also to provide addi-
tional heater supplies for the valves in the equipment to be used).
The valve is used for the process of rectification and the chokes and
capacitors form the filter system which smooths out the pulsating
direct current into current which is suitable for application to valve
electrodes.

The simplest rectifier is the diode and Fig. 1 shows this valve
in a theoretical circuit arrangement. An alternating voltage is
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10 POWER PACK MANUAL

applied to the transformer input, and basic radio theory will show
that electrons will flow from the heater to the anode during the
half-cycle where a positive potential is applied to the anode. On the
second (negative) half-cycle no current will flow since a negative
potential is applied to the anode, and the valve ceases to conduct.
Current will pass through the load (represented in the diagram by
the resistor) only in one direction and then only during the period
when the anode is positive in respect to the heater. The resultant
output waveform is across A and B shown in the diagram.

FULL-WAVE RECTIFICATION

A more effective and efficient system is that of biphase half-wave
rectification in which two diodes are used, or more commonly a
twin-diode. This is often referred to as full-wave rectification; but
in fact four diodes-would be required for this process. However
since the more usual nomenclature is “full-wave rectification” we
will so refer to it throughout this manual.

Now, by using two diodes a much more practical arrangement
becomes possible. By connecting these two diodes in such a way
that they each operate on different alternations of the applied voltage
we get a resultant waveform that is twice the frequency of that
obtained by half-wave rectification, and this makes the subsequent
filtering a simpler matter. When the first diode is passing current
the second one (having a negative potential on its anode) is idle. On
the next half-cycle, since the applied alternating voltages are in a
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Fig. 1. Theoretical Half-wave rectifier.
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reverse direction, the first diode becomes inactive and the second
diode begins to pass current. The whole effect is to produce a wave-
form as shown in Fig. 2A.

THE FILTER

The filter used in conjunction with conventional half-wave or
full-wave rectifiers consists essentially of an LC network, that is a
mixture of capacitance and inductance. The object of the filter is to
remove the ripple which is present at the output of the rectifier.
This ripple may be considered as an AC component superimposed on
the required DC. From this viewpoint it will be seen that the filter
consists of parallel capacitors which short-circuit the AC but leave
the DC unhindered, and series inductors which offer high impedance
to the AC but readily pass the DC. The efficiency of the filter can be
expressed as a per cent. ripple which is the ratio of the ripple (RMS)
to the DC value in terms of per cent. With high-grade audio equip-
ment the ripple content should be as low as 0:1%, and with trans-
mitters ('phone) and allied equipment a content of 0:29, can be
tolerated. The filter may take one of two forms: condenser input
or choke input, depending on the type of apparatus to be fed.

CONDENSER INPUT FILTERS

The effect of introducing a capacitor across the rectifier is shown
in Fig. 2B. During the time peak current flows from the diodes the
capacitor charges up, and as the output from the rectifier begins to
diminish (from point A to B) it will be found that the capacitor is
holding a greater voltage than that being supplied from the rectifier.
The only path open for the capacitor to discharge this voltage is
through the load and as will be seen from the diagram, this has the
effect of smoothing the resultant output voltage to some extent.
This component is called the Reservoir Capacitor, and the smaller
the load current the greater will be the smoothing effect.

The single capacitor does not, however, provide sufficient smooth-
ing for practical needs. Another disadvantage is that a great strain
is placed on the rectifier owing to the heavy current being drawn
through it. To overcome these difficulties, a low frequency choke is
added (see Fig. 2C). The addition of this inductor will provide a
greater degree of smoothing as will be seen from the diagram and is
obtained by means of the fact that it offers a high impedence to the
ripple present in the rectified output. It assists the capacitor to store
current between charge periods, and since the discharge from the
capacitor is slowed down it receives a further charge before it has
completely discharged on the previous half-cycle.

For the removal of the final traces of ripple, however, it is
necessary to add a second capacitor as shown in Fig. 2D. A filter
such as this is called a single section capacitor input filter, and is
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Fig. 2. Showing the smoothing effect of a condenser input filter added to
a basic full-wave vectifier.
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normally quite sufficient for ordinary purposes such as filtering the
HT supply for receivers. Should extra smoothing be required, it is
a simple matter to instal a double section filter by adding a further
choke and capacitor (see Fig. 2E).

CHOKE INPUT FILTERS b

In contrast to the condenser input filter, the first section of a
choke input filter consists, as the names implies, of a choke. Com-
pared with a condenser filter, the output voltage is lower for most
values of load, the ratio of peak rectifier anode current to DC output
current is lower and the voltage regulation is considerably better.
Fig. 3A shows the effect of inserting a choke in series with the rectified
output. The pulses of uni-directional current are smoothed to some
extent due to the inductance of the choke which tends to delay any
decrease of output between pulses. As it stands the filter still has
no practical use and requires the addition of a capacitor: the effect
of this component can be seen from Fig. 3B. The percentage ripple
output from such a combination may be determined to a close approxi-
mation from the formula given in the section on Ripple Content in
Power Supplies, page 87.

APPLICATIONS

Condenser input filters are generally cheaper to construct than
the choke input variety since with the latter a two-section filter is
usually necessary to provide sufficient smoothing, and invariably so
where the first choke is of the swinging type. When the apparatus
used is working under Class A conditions, that is the current require-
ments are constant, the condenser filter is admirable. Where a
constant voltage with a varying load is required, the choke input
filter should be used, and for certain transmitter requirements and
Class B work a swinging choke should be used in the first section of
the filter. Such a choke has high inductance at low DC loads and
(due to partial saturation) a much lower inductance at high DC loads.
The design of these chokes is not simple, and when ordering, the
manufacturer should be provided with full details of minimum and
maximum current demands.



CHAPTER 2
CHOICE OF COMPONENTS

Having discussed the theoretical considerations in AC power
supplies, it now becomes necessary to consider the more practical
aspects.

RECTIFIERS

The choice of rectifier valve rests between (a) High Vacuum
rectifiers, (b) Mercury Vapour rectifiers, and (c) Metal rectifiers. In
the early days such devices as mercury-arc, chemical and synchronous
rotary rectifiers were used by amateurs, but these can now be dis-
missed as being inferior under present-day methods.

The rectifier mostly used to-day is the high vacuum type, usually
of the twin-diode variety. As we have seen, conduction in this type
of rectifier is purely a matter of an electron stream from the cathode
to the anodes. These rectifiers are obtainable in two sub-types:
(1) in which the heater acts as the cathode, and (2) where an indirectly
heated cathode is employed. Such rectifying valves are normally
used for the radio receiver, low powered transmitter and for small
electronic equipment and amplifiers.

The mercury vapour rectifier usually takes the form of a single
diode. It has a small deposit of mercury which is inserted after the
evacuation of the valve. When the cathode reached its operating
temperature the mercury vaporises, and when the valve is passing
current (at times of positive anode potential) this mercurious vapour
or ionisation is broken down into positive ions which neutralise the
space charge. The effect of the positive ions is to decrease the effec-
tive resistance of the anode-to-cathode path and results in a voltage
drop lower than is usual in high vacuum rectifiers. Therefore, with
a decreased power loss the mercury vapour rectifier is much more
efficient than its high vacuum counterpart, and finds its greatest use
where voltages in excess of 500 volts are required. :

Metal rectifiers are normally used where a low voltage and
portability are required. A great advantage of the metal rectifier is
its extreme robustness and reliability. Although most types of metal
rectifier are used for low voltage work, a new development is the
type suitable for use in EHT supplies for television work.

RECTIFIER RATINGS

When selecting a rectifier it is important to consider the maximum
inverse peak voltage and the peak current. For, during the half-
cycle when the rectifier is not conducting, the inverse potential across
it will equal the full input voltage, which is equivalent to 1-4 times
the total RMS voltage delivered by the transformer secondary.

Regarding peak current ratings, these will depend to some extent

15
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on the type of filter used and the nature of the load—and is based
on the flow from the heater. With high vacuum rectifiers an inherent
protection against overloading is present owing to the fact that the
higher the current, the higher the voltage drop across the tube. An
excessive current would result in a greater voltage drop,.thus limiting
the current flow.

But with mercury vapour rectifiers, the dangers are increased
considerably. In these valves, an ‘“‘arc back” will occur should the
critical voltage be exceeded. Such valves should be well ventilated
for, as the temperature of the mercury increases, the arc-back voltage
will be lower.

Concerning peak inverse voltage in mercury vapour rectifiers,
unlike the high vacuum types, the voltage drop remains comparatively
constant over considerable changes of current. Therefore, the valve
is more critical to overloading. Should an overload occur, no matter
how rapid an action, the positive mercurious ions will fly to the
cathode with such a velocity as to destroy the coating on the heater.
This means a new valve. With vacuum rectifiers a slow constant
overload, even if only slight, over a longer time would have a general
deleterious effect on the heater coating and, given time, the same
effect would occur. It is important, therefore, in high vacuum
rectifiers to run them within their operating conditions, and in
mercury vapour types it is imperative.

Another point, often overlooked, is that the cathode will certainly
lose emission if the heaters are under-run and would have the same
eventual effect as over-running. Additionally, with mercury vapour
rectifiers, it is necessary to apply the heater potential for a specific
period prior to applying the load. This will be fully discussed in High
Voltage Packs.

CHOKES AND CAPACITORS

The choice of suitable low frequency chokes for filter circuits is
relatively simple. For capacitor-input filters a standard low frequency
constant-inductance choke is used, normally with an inductance of
some 10-30 Henries. For choke-input circuits a “‘swinging choke”
is sometimes used. This type of choke is designed so that its induct-
ance will vary with the value of the current it is passing. Typical
values provide a variation between 5-25 Henries.

Capacitors in filter circuits are usually of the dry electrolytic
kind, although paper, wet electrolytic or oil filled types are used in
some instances. Electrolytics are useful as they are small compared
with their capacitance ratings; but for high voltage power units the
oil-filled variety is more suitable. In all types of electrolytic capacitor
there is a small inherent leakage due to the fact that the dielectric
material does not form a perfect insulator. This leakage current is
very low—a matter of a few milliamperes—and is higher in wet than
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in dry electrolytics. However, a voltage overload is more serious
when dry electrolytics are used because with wet types an overload
simply means an increase in the existing high leakage current. A
dry electrolytic with an applied overload would be destroyed.

These components must be kept cool, for the reason that as the
temperature rises the breakdown voltage decreases. It is important
to see that filter capacitors are of adequate voltage ratings; the initial
voltage surge must be taken into consideration and the component’s
working voltage must give a handsome margin of tolerance. It is of
prime importance always to buy capacitors of high quality: it is
false economy to use doubtful components in filter circuits, for a
breakdown frequently means a damaged rectifier. Electrolytics which
have not been used for a time show a marked deterioration in the
dielectric film which will in time completely disappear. This film
can be, and often is, reformed by applying the working voltage ; but
it is safer to apply the capacitor across some lower voltage supply
for this process. Otherwise not only the capacitor but other power
pack components may be seriously damaged. An electrolytic which
has been out of action for a few weeks will re-form its film after a
few minutes of application across a low voltage source. Finally, care
must be taken to connect the capacitors at their correct polarity.
This is always marked on the component itself.

RESERVOIR CAPACITORS

When choosing an electrolytic component for use in the reservoir
position, one of the most important considerations is the ripple
carrying capacity of the condenser. With full-wave circuits, for
purposes of calculation, the ripple current can be considered to be
equal to the DC load current, and for half-wave circuits twice value
of the DC load. Temperature plays a large part in determining the
ripple handling capacity of a capacitor and it is most desirable to
mount this component in a cool part of the equipment. To give an
example, the TCC CE37P will handle a ripple current of 460 m/A’s
at 30° C. but at 65°C. it falls to 170 m/A’s. Generally speaking,
plain foil capacitors are preferable to the etched foil variety; should
there be any doubt as to the suitability of a given component, the
manufacturer should be consulted.

THE TRANSFORMER

The only component not mentioned so far is the Power Trans-
former. This follows normal form, namely, with step-up or step-
down induced voltages and current in direct proportion to the turns
ratio. As with other power supply components it is important to see
that it is not over-run, for excessive heating in transformers can lead
to serious trouble. If the transformer is being operated under suitable
conditions it should be hardly warm after hours of continuous opera-
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tion. The transformer, also, must be operated within its limits to
maintain stability in subsequent stages, as a badly regulated supply
due to an over-run transformer will ruin the performance of such
gear as radio transmitters and audio amplifiers.

The filament supply for the rectifier valve is normally carried on
a separate winding on the power transformer; but in some cases
(especially where high voltage supplies are concerned) it is often
advisable to use a separate transformer to supply to heater voltage.
A further heater winding is necessary to supply the heaters of the
equipment with which the power unit will be used. Some trans-
formers have several such windings and, where a large number of
valves are to be used from the same power pack, this is a great
advantage.

In practice it is advisable to ensure adequate ventilation for
transformers. No transformer is 100 per cent. efficient; indeed even
the best ones can claim only 9o per cent. efficiency. The losses in
efficiency materialise as heat which is developed in the core and
windings. It must be mentioned that the primary voltage should
not be raised above the specified input, otherwise the core will become
saturated and serious heating will occur due to the current rising
well above the rated figures.

CHAPTER 3
VOLTAGE MULTIPLIERS

A form of rectification frequently used where high voltages are
required is the principle of Voltage Doubling. Fig. 4A shows a basic
half-wave doubling circuit using two separate half-wave diodes.
One of the specially designed twin diodes employing two cathodes
could, of course, be used.

The action is as follows: When the anode of V2 is positive, the
valve conducts and C1 charges to the peak value of the input voltage
less the drop in the valve. At the end of the half-cycle, the polarity
reverses and the voltage charge in C1 is added to the input voltage ;
meanwhile, Vi similarly charges C2. This condenser does not,
however, receive the full charge since it commences discharging into
the load resistor L as soon as V1 conducts. The output will, therefore,
be somewhat less than twice the peak input. With a transformer of
300V (RMS) 100 m/A the output will be some 600V 50 m/A. This
circuit has the advantage that one terminal of the input and output



Fig. 4. Voltage multipliers.
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voltages are common to earth so that, if required, the transformer
can be dispensed with and a valve of the 25Z6 class used. Under
these conditions no direct connection to earth is permissible and the
earth must be isolated by a condenser following AC/DC technique.

The ripple frequency will be the same as that of the input voltage
and must be taken into account when considering suitable values for
L and C3. Fig. 4B shows a full wave doubler which is far more
popular; the ripple frequency is twice that of the mains, which
cheapens the cost of the filter components. C1 charges from Vi
when the valve is conducting, i.e. when its anode is positive. C2
charges from V2 on the alternate half-cycle. Thus each condenser
is charged to the same potential, and both discharge in series into
the load.

Voltage regulation is poor and is dependent on the values of
C1, C2, for these it is usual to employ capacities between 8-16 mfd.

The circuit in Fig. 4C is a quadrupler and consists of two half-
wave doublers in series, and does not represent the ultimate in
design; supplies using as many as twelve doublers in series have
been built. The output voltage from this circuit is some four times
the input voltage, but, of course, at only a quarter of the input current.
It is emphasised that the output voltage from a doubler without load
is nearly three times the input voltage which makes it essential that
the supply is never switched on without a load and that the reservoir
capacitors have a generous rating. Valves of the 5Z4G or U14 class
are admirably suited to this type of supply, but it is imperative to
use separate heater windings with adequate insulation for each valve.

CHAPTER 4
VOLTAGE STABILISATION

Where a high degree of regulation is required, it is usual to use
power supplies with choke input filters. But even these are inadequate
in many cases, for several reasons. Where extremely good voltage
or current regulation is required (such as with variable frequency
oscillators) the local oscillators of communications receivers, cali-
brated instruments and so forth, stabiliser circuits are used.

Variations of the mains supply, which are gradual (as the load
on the power station increases), can cause frequency drift in signal
generators, frequency meters and receivers—even if they have been
in use for several hours—and it will be realised that some form of
voltage stabilisation is a prerequisite where accuracy is important.
Again, where the load current is likely to vary, other forms of
stabilisation can be adopted to maintain a reasonably level value of
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load current. Broadly, there are five kinds of stabilisation devices :
Barretter; Neon Tube; Voltage Regulation Tube; High Vacuum
Valve and Constant Voltage Transformers.

THE BARRETTER

The barretter resembles an ordinary electric light bulb and is
similar in that it consists of a glass envelope into which is inserted a
single electrode—the filament. This filament, however, is made of
iron wire, which, having a high temperature coefficient and suitable
value of resistance, will maintain a steady current flow through it.
In other words, as more voltage is applied, the temperature of the
wire increases and the resistance will increase proportionately ; hence
the current will remain the same. Incidentally, the barretter is not a
high vacuum device, as it is hydrogen-filled.

It is used to a great extent in AC/DC receivers to prevent increases
in the mains supply delivering too great a voltage to the series-fed
heater chain. Since it is a constant current device it is connected
in series with the load (Fig. 5). The resistor R is a shunt which
should be used when the load current is lower than that required by
the barretter, though it must be pointed out that this should be
avoided where possible since the stabilisation will be less effective.
Barretters run very hot, so it is necessary to ensure that adequate
ventilation is provided.

THE VOLTAGE REGULATOR TUBE

Voltage Regulator Tubes (referred to as VR valves) have the
characteristic of not requiring the cathode to be heated to pass
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Fig. 5. Basic AC|DC power pack.
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current through the tube, hence the name sometimes given to them
of ““cold cathode tubes”. The most commonly used stabilisers of this
variety are the VR105/30, VR150/30, and the S130. All these are
diodes.

When a certain potential difference is applied across the VR
valve electrodes, the gas content in the valve ionises. It is tonnected
to a source of voltage, which must be at least 30 per cent. higher than
its operating voltage, via a series resistor. The load is connected in
parallel with the valve. The voltage drop across the valve is practically
constant for quite moderate variations in current, and the minimum
current for stable operation for these types is roughly 5 m/A.

If the maximum current of some 30-40 m/A i is exceeded, the life
of the valve will be materially shortened.

The series limiting resistor (see Rs in Fig. 6) may be calculated
from the following formula :

1000 (Vs— Vr)
I
where Rs = the series limiting resistance in ohms,
Vs = the supply voltage,

Vr = the regulated output voltage (which would be 150
volts in the case of the VR150/30),

IReH—

I = the maximum permissible tube current (in mA/s).

RL in Fig. 6 represents the load across the regulated supply.

+0- —0

VOLTAGE Sy “‘_"“T“
REGULATOR TUBE

Fig. 6. Stabilising with a V.R. tube.
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VR VALVE APPLICATIONS

The VR105/30 or VR150/30 is frequently used for circuits not
requiring more than 20 or 30 m/A of stabilised potential. They are
readily obtainable on the surplus market at quite low prices. The
minimum current (about 5 m/A) for reliable regulation must be taken
into account when designing the power supply.

They can be connected in series to stabilise various outputs.
For instance, two VR105/30’s connected in series will give a stabilised
output of 210 volts. Further elaborations can be obtained by various
series and series-parallel arrangements; but it is important to note
that when in parallel they must be of identical types. If different
types are used, the striking and operating voltages will be different,
and the results will be quite unsatisfactory. Even when using identical
types, some slight variations in performance between the individual
tubes may necessitate adjustments. Typical circuits are shown in
Fig. 7 A-B, where Rs is the normal series resistor and Rx is a 220 k(2
resistor to ensure even striking.

To determine the correct operating conditions, it is necessary to
make some preliminary adjustments. With the load (RL) discon-
nected, the resistor Rs should be adjusted until a current flow of
30-40 m/A is passing through the stabiliser tube. This initial adjust-
ment is a precautionary measure against damage to the tube during
operation.

THE NEON TUBE

The Neon tube is similar in operation to the VR valve previously
discussed. They are both DC stabilisers, i.e. both are used on the
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Fig. 7. Series-Pavallel civeuits. At A, twice the voltage available from
one tube may be drawn,; at B, twice the voltage and curvent is available.
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rectified side of the power pack. The striking voltage is higher than
the operating voltage, and it is recommended that the supply should
be 1-5 times the required stabilised voltage. A very useful tube for
this class of work is the ‘“Osglim” night-light, a neon tube manu-
factured by Osram. It is a beehive neon resembling in appearance
a standard 60 watt lamp. Before running the tube as a stabiliser it
should be aged for about 12 hours on an AC supply. When purchased,
these tubes contain a small resistor in the base, which must be
removed before the tube is used as a stabiliser. After the resistor
has been removed, it will be found convenient to cement the tube
into an old valve base. The disc should be connected to the anode
pin and the spiral to the cathode. These tubes can be used to stabilise
voltages of about 130 to 150 volts and consume some 15 m/A. A
suggested circuit using such a tube to stabilise an RF oscillator supply
is shown in Fig. 8. The value of R may be calculated as follows :

Supply volts — stabilised volts

Neon current + load current (in Amps)

If a higher stabilised voltage is required two tubes may be connected
in series.

THE STABILOVOLT

This is a special type of voltage stabiliser tube which is finding
much favour. It has its greatest application where a number of
stabilised voltages are required in the same circuit.

The Stabilovolt is gas-filled and has several discharge gaps
arranged in series so that various stabilised voltages can be taken if

+ O—— AW VWA <00
R 22KN RFC

Fig. 8. Stabilising an RF oscillator power supply with a neon lamp.










































































































































































































