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CHAPTER 1.
. GENERAL CONSIDERATIONS.

The aim of this Manual is to show, first in broad outline and then in
detail, the requirements of a sound amplifying system suitable for use in
halls for dances, social gatherings, concerts and speaking and also in the
open air. The amplifier is becoming widely used at such functions, and
good equipment can do much to make the occasion a success, particularly
when handled by an operator who has conscientiously studied the needs
of the particular gathering for which he is catering. It should be pointed
out, straightaway, that operating the amplifier is a full-time task, and the
technique must be mastered particularly when fading music into speech, for
example, or controlling the level for all types of stage work.

Whether the sound equipment is to be used in one particular hall
or location, or whether it is to be used in several different places, the first
point to come under consideration is the required output—how large must
the amplifier, and therefore the reproducing loudspeaker or speakers be,
in terms of watts? It is probably correct to say that the constructor,
dealing with this problem for the first time, is inclined to over-estimate,
probably by a large amount. As an example, it may be said that one of
the largest cinemas in London uses a main amplifier for all purposes whose
output is no more than 40 watts, whilst the standby amplifier, often used,
has an output of only 10 watts. The high efficiency of the system,
especially where the loudspeakers are concerned, ensures that the available
power is used to the fullest advantage.

There is no hard and fast rule for calculating the required power to
fill any given hall. The shape of the building, the materials used in its
construction, the size of the audience, and whether they will be seated,
as for a concert, or moving, as at a dance, all enter the considerations.
The writer, who has used amplifiers for speech and music in many
locations and for many different purposes, has never required an output
larger than 15 watts, and for most purposes has found a 6 watt amplifier
perfectly adequate.

In connection with this question of required output it must be realised,
too, that there is an optimum sound level to be attained. For dancing,
naturally, the sound level must be such that the music is heard with perfect
clarity at all parts of the hall, over the background of sound which is always
present—conversation, the noise of the dancers’ feet and the like—but for
concert and speech work the sound level drops. The amplifier must never
allow its ‘‘ personality *’ to intrude into the real personality of a speaker
or entertainer, Its task is fo assist the person at the microphone, not to
drown him, and there is no doubt that the real criterion for the sound
system used for these purposes is that the audience shall hear the enter-
tainer perfectly without ever realising that the voice is coming to them
via loudspeakers.
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This is a far from simple attainment. To reproduce a voice without
change of tone is difficult, and so the amplifier should be capable of high
quality which, at the same time, may be adjusted judiciously in order that
various needs may be met.

The heart of the system, therefore, is a high quality amplifier with a
degree of tone control, the control having effect at both top and bottom
of the range. The control, moreover, must be of the smooth type rather
than the stepped control which is more useful for work such as recording,
and there should be separate bass and treble controls.

The input to the amplifier will come from either pickups or micro-
phones, and, at times, from both, when a system of fading from one input
to another will be required. This is complicated by the fact that practically
any type of pickup will give a greater input to the amplifier than a micro-
phone, so that the microphone circuit must first include a pre-amplifier with
a large gain and a good individual volume control, so that microphones of
different types may be used. The ribbon microphone, for example, gives
excellent quality, but its output is lower than that of the moving coil
microphone. This in turn has, in many cases, an output lower than that
of the crystal microphone whilst the carbon microphone, of either the
double button, or transverse, or straight variety, has an output sufficient
in many cases to make a pre-amplifier unnecessary. The carbon microphone
is not advised, however, for it does not give a good quality output and
whilst its use assists in the design of the amplifier the tone of-the repro-
duction, for public work, is never satisfactory and the speech sounds
‘ canned.”

A pre-amplifier for the microphone, coupled by a fading system into the
first gramophone pickup stage should therefore be provided.

At the other end of the amplifier is the loudspeaker system, and this
is no longer the simple loudspeaker in a box which provides adequate tone
and volume in the home. The number of speakers to be used, their type,
their mountings and, most important of all, their positioning, all depend
on the particular function and here once more, no hard and fast rule can
be given. The distribution of loudspeakers is a matter for experiment and
experience, and takes up more time than any other part of the installation.

For dancing, or the general distribution of music, loudspeakers must
be placed in such a way that there are no concentrated beams, whilst for
speaking or microphone work the first consideration must be the prevention
of feedback from loudspeaker to microphone, which, if not actually causing
howling, gives distortion and echo effects and seriously hampers the use
of the gain control. Again it must be decided whether it is advisable to
have ail the sound coming from the direction of the platform, or whether
the sound may come from several different angles. It is disconcerting, for
example, to see a lecturer on the platform and yet hear his voice coming
from the side wall.

The speakers, at the same time, must be capable of handling the full
output and must be matched together for equal sharing of the load. As the
number of speakers increases, therefore, they may be reduced in size.

The. type of speaker must depend on the situation chosen for it. One
or two speakers, placed near the amplifier, may be mains energised, but
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speakers hung from the walls, or at the rear of the hall should be of the
permanent magnet type, in order that the wiring may be as simple as
possible. Again, each speaker may have its own output transformer or,
preferably, may be fed from a central transformer, and the speakers must
be phased so that the diaphragms move together, and not in opposition.

This, then, is the general outline of the system. The details may now
be considered one by one, following the logical sequence Microphone
—Pickup—Pre-ampiifier, Mixer and Amplifier—Power Pack—Loudspeaker
system. J

' CHAPTER ‘2.
THE MICROPHONE.

The choice of a microphone requires some thought and care and when-
ever possible one or two different types of instrument should be tried in
order that the most suitable microphone may be picked for the work it is
to perform.

For quality reproduction the ribbon microphone is excellent but it is
not robust and should therefore be used only in fixed sound systems, that
is where the equipment is built to suit one certain hall, and is not required
to travel.

The ribbon microphone, as the name implies, has as its moving part a
finely corrugated ribbon of very thin aluminium foil, this ribbon being
suspended perpendicuiarly between two long magnetic poles. Sound waves
cause the ribbon to vibrate between the poles so that a very small current
is induced in the ribbon and flows in any circuit of which the ribbon forms a
part. Naturaily the impedance of the ribbon is extremely low, of the order of
0.5 ohm, and in order to match this impedance into the input impedance of
the amplifier, generally of the order of 100,000 ohms, or more, a transformer
system is essential. Immediately there is the chance of hum pickup in the
transformer windings, especially where the leads from the ribbon to the
transformer are of any length, so a compromise is usually made. Two
transformers are used, one mounted immediately below the microphone, on
the microphone stand, the other at the amplifier. The first transformer
matches the microphone impedance to a low impedance line, of say from
250 to 500 ohms impedance, and the second transformer then matches this
line impedance into the preamplifier or amplifier. The line between the
microphone and its transformer and the amplifier transformer must there-
fore be well shielded to prevent hum induction, and coaxial cable is ideal
for the purpose, the woven outer conductor acting as both shield and earth
return.

*  The ratios to be used for the two transformers are worked out in the
usual manner. For impedance matching the ratio of any transformer is
given by the simple equation
B i Imp. 1
Imp. 2 ;
and taking the microphone transformer, with the ribbon impedance as 0.5
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ohm and the line impedance as 250 ohms, the ratio therefore becomes
RVED
0.5
or R = 22.36 and the transformer ratio is 22: 1.
The primary need contain only very few turns, since it is to be in the ribbon
circuit, and using a small core and former the two windings would satisfac-
torily be of 50 turns for the primary and 1,100 turns for the secondary.
The transformer at the input end of the amplifier is required to match

the 250 ohm line into a load of approximately 100,000 ohms, so that here
the ratio of the windings is

R = f 100,000

250

/ and R = 20.0 and the ratio is 20: 1.
This transformer would be rather more troublesome to make by hand,
since the primary must suit a 250 ohm circuit, but suitable instruments
may be obtained commercially.

The most serious defect of the ribbon microphone is that the ribbon is
open to vibration on both sides, so that sound from the back of the
microphone has as much effect as sound from the front. This means that
the microphone is rather prone to feedback effects, and when used must
be shielded from the loudspeakers. The ribbon microphone is therefore of
greatest use for speeches and the like, when the loudspeakers may be
placed on either side of a stage, backed by the auditorium arch, or below
the stage, backed by the front of the platform or the apron.

The constructor interested in building a microphone is well advised
to build one of the ribbon type, using a strong magnet or pair of magnets
with pole pieces machined out of soft iron. The ribbon may be made of
any really thin aluminium foil, the ribbon being approximately %” wide
and, finally corrugated, 3" long.

The essentials of a ribbon microphone system are shown in Figs. 1a and
1b.

A microphene with a similar low output with quite good response
characteristics is the condenser microphone. Here a heavy metal backplate
carries an insulating ring which in turn supports a very thin metal
diaphragm, the backplate and diaphragm thus forming the two plates of an
air-separated condenser. Speech waves cause the thin diaphragm to vibrate
and thus the capacity of the condenser varies in accordance with the waves,
the potential across the capacitance also varying. The condenser is trouble-
some, however, especially in portavle apparatus. A polarising voltage must
be supplied, since the condenser must be charged, and the pre-amplifier
must be situated at the microphone, with consequent trouble in carryin
power supplies to the microphone head. The pre-amplifier is also likely f)
pick up hum, since the first valve has a very high resistance gridleak, across
which the small potential fluctuations appear, and the pre-amplifier should
therefore have both filaments and anodes supplied from batteries.

For studio and amateur transmissicn working the condenser microphone
is very useful, but for public address work of any type it is more hindrance
than help.
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F1c. 1A.—The Ribbon Microphone.

The moving coil microphone, like the ribbon microphone, uses an input
transformer to match its impedance into that of the amplifier, but one
transformer suffices and a low impedance cable can be used over quite a
long run between the microphone and transformer. Moving coil microphones
operate in the same manner as moving coil speakers, a small diaphragm
carrying the coil which vibrates in sympathy with the sound waves impinging
on the diaphragm in an intense magnetic field. The coil thus has small
currents induced in its windings.

Under favourable circumstances the moving coil microphone is so free
of hum pickup tendencies that the lead from the microphone to the trans-
former, situated at the amplifier, need not be shielded, and the author has
seen ordinary bell wire used as the line. A shielded cable is much to be
preferred, however, and again coaxial cable is excellent, although any single
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FiG. 1B.—Ribbon Microphone Circuit.
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core cable can be used, the outer covering acting as both shield and earth
return. The moving coil microphone, being fitted with a solid back, is far
more directional than the ribbon microphone, and feedback effects are easier
to avoid.

Since different makes of microphone have different impedances the
microphone transformer should be bought with the microphone in order
that a suitable instrument is obtained, but in general the ratio of such a
transformer is between 25 and 35: 1.

Crystal microphones are of two types, the cell and the diaphragm
microphones. The cell type gives good quality but has an extremely low
output, since the microphone is made in such a manner that a piezo-electric
unit is held in the path of the sound waves, the unit vibrating as a whole.
Naturally the vibration, and therefore the output, is small.

The diaphragm type of crystal microphone, as the name suggests,
vibrates the piezo-electric unit through the agency of a diaphragm, the
vibration and thus the output being correspondingly greater. At the same
time the diaphragm crystal microphone has a solid back, giving it direc-
tional qualities, whilst the cell type is merely surrounded by a metal mesh
in the shape of a sphere, protecting the cell mechanically but allowing it to
receive sound waves from all directions.

Crystal microphones of either type naturally require no input trans-
former, but may be fed directly, or through a simple resistance network, to
the grid of the first valve of the pre-amplifier, the output from a crystal
device being potential in character.

If a carbon microphone is used at any time, it should be of the trans-
verse current variety, since quality is better with this type than with the
old solid back microphone. As has already been said, however, carbon
microphones cannot be recommended. They require a polarising current,
preferably battery supplied, and an input transformer, and are liable to
““ pack ”’ (that is, the carbon granules stick together, giving a sudden
reduction in output accompanied by distortion) or to hissing, all without
warning. E

The choice of microphone, then, appears to fall on either the crystal
or moving coil type, the final deciding factor being the ultimate use of the
microphone. Where the equipment is to be used in several different
locations the microphone must be robust as well as reasonably sensitive,
so that the diaphragm crystal type is indicated, whilst for a fixed location
the moving coil microphone gives good results or, given rather more
preamplification, the ribbon microphone may be used. The crystal cell type
may also be chosen, if really good preamplification can be supplied.

Where microphones are fed into the amplifier or pre-amplifier through
transformers the circuit is obvious, and is shown in Fig. 2. There is no
need to provide a gain or volume control for the first stage, since the
first valve will hardly ever be in danger of overloading, no matter how
great the volume of sound, so that the transformer-grid connection may
be short, direct and well shielded with no extensions to a control. The
microphone transformer mounted at the amplifier end of 'the cable must,
however, be extremely well shielded and when troubles with hum pick up
are experienced, the transformer is almost always the point of hum intro-
duction.
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In some instances it may be found that the microphone transformer
cannot be mounted on the amplifier chassis without hum pick up, and in
such a case it is necessary to couple the transformer into the microphone
line a foot or two from the amplifier. In one case, using a ribbon micro-
phone, the writer found that the line-amplifier transformer, even when
shielded by one mu-metal and two copper cans, could not be mounted on
the amplifier chassis without trouble although when the transformer was
connected to the amplifier by a foot or so of cable and placed on the floor
(in close proximity to power wiring) the gain could be fully advanced
without any trace of hum.

The mounting and shielding of the input transformer must therefore
be a matter for experiment. The shielding just described is excellent if
the materials are at hand, the transformer being entirely encased in a copper
case or can with a mu-metal can surrounding this. Where such provision
cannot be made the shielding must be of iron—thick soft iron rather than
steel being used—and tinplate is practically useless.

The shielding, however, depends on the location of the microphone, its
lead, and the transformer, and will vary widely from place to place.

0
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Fi1G. 2.

In Fig. 2, the diagram of the input circuit of a microphone trans-
former, the resistance across the transformer seesondary introduces the
correct loading into the system and has a value related to the ratio of the
transformer and the microphone’s rated load. Calling the microphone load
L, then the resistance is the product of L and the square of the transformer
ratdo, or LR2, or, in other words, is the impedance by which the ratio of
the transformer is found. Thus in the input of the amplifier, when low
impedance microphones are being used (by which' is meant microphones
requiring input transformers) the resistance may be 100,000 ohms or
higher, and, across the line between the two transformers of a ribbon
microphone, 250 ohms.

Crystal microphones, on the other hand, may be connected directly
between earth and the grid of the first valve, a resistance from grid to
earth providing the input load and a bias path, but crystal microphones
generally require a very high load resistance of the order of 5 megohms.
A load of 5 megohms from grid to earth is too high for the majority of
valves, although it can be used with types such as the 6J7, but a better
method of providing the load for the microphone whilst keeping the grid-
earth resistance within reasonable limits is shown in Fig. 3, where a 3
megohm resistance is in series with the cable and a 2 megohm completes
the circuit across the valve.
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There is, of course, some loss of gain caused by the series resistance,
and once again it is wise to experiment with the alternative method where
the whole resistance is placed across the valve, since different microphones
will give different effects.

In some cases the resistance may be lower than 5 megohms, but the
optimum working conditions should be supplied with any good microphene.

CHAPTER 3.
GRAMOPHONE PICKUPS.

Pickups, like mickophones, can be obtained in different forms, and again
the choice depends on the final use of the apparatus. Pickups may ‘be
classed broadly as crystal, moving coil and moving iron or armature types,
and, like microphones, their output levels and input circuits vary.

The crystal pickup has a high output, and the defect of increased
output for the higher audio frequencies, at one time quite common, has
been overcome to a large degree, the frequency response of a good crystal
pickup being relatively level. It is common, however, to include a filter
in the pickup leads to give some treble attenuation.

The moving coil pickup is generally accepted as providing the highest
quality output as well as being the lightest and best typ¢ from the
mechanical point of view. The low impedance of the coil is matched to
the amplifier input impedance by means of a transformer, the transformer
generally being supplied with the pickup and made to give a rising bass
characteristic, of which more later. The moving coil pickup, however, is
delicate, and it is not suitable for use with apparatus which is required to
travel or, if the sound system is a fixed fitting, for use by different
operators. The moving coil pickup should be used by the same operator,
who has a full understanding of its delicacy, and a succession of operators
means that in all probability the pickup will be damaged in time.

The moving iron or armature pickup is the type known to most users
of radiograms. Several makes of the instrument are far too heavy, but a
good armature pickup, with a fairly light head and a simple tone arm, can
give excellent results.

Certain precautions must be taken whatever the type of pickup chosen.
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The instrument must be mounted on the motor board exactly in the mannér
shown by the tracking chart supplied with all pickups, in order that there
shall be no undue record wear, the needle point moving across the record
in such a manner that the drag is reduced as far as possible. Any pickup
should have a smoothly moving arm with no friction or harshness in the
swivelling joint, and whilst there must be a certain amount of weight in the
pickup to prevent chatter and to keep the needle in the groove, the weight
of the head should be as small as is practically possible. The arm, more-
over, should be bent or curved.

Provided with all good pickups is the recommended input circuit which
not only provides for correct matching but also gives in most cases any
required treble attenuation. Treble attenuation—or bass boost—is required
since records are cut with a falling bass. The cutting head is made to
follow a *‘ constant amplitude characteristic ”’ for frequencies below about
250 cycles per second in order that the increasing swing of the cutting
stylus with reduced frequencies shall not cut through the groove walls.
Consequently there is a loss in the bass which must be made up in the
reproducing gear, and even when some compensation is introduced by a
filter circuit connected in the pickup leads it is often advisable to give
further compensation by a bass-boosting pickup pre-amplifier, details of such
a circuit being given in the chapter dealing with the amplifier circuit.

Should there be no recommended input resistance for the pickup, it
is generally satisfactory to use a .5 megohm volume control.

Whilst microphones may be fed directly into the grid circuit of the
input valve, the position with a sensitive pickup is rather different. It is
quite possible to overload the valve with the output from the pickup on
heavily recorded passages, and so an input volume control is a necessity,
especially when using a crystal pickup.

Crystal pickups require a lower loading resistance than crystal micro-
phones, but if the resistance is made lower than that specified by the
manufacturers there will be loss of bass.

The controversy concerning the respective merits of steel needles, fibre
(or thorn) and the sapphire stylus still carries on. The writer finds that
the sapphire stylus is inclined to mark records, showing wear, unless it is
used in the lightest of pickups, and uses thorn needles invariably. The
reputed loss of the higher frequencies certainly is not apparent to the ear,
and whilst it is argued that the thorn accepts dust and grit particles and
thus becomes abrasive and gives record wear to a degree approaching the
wear of steel needles, this again is not found to be the case in practice,
especially when the elementary precaution of dusting the record is taken.

One disadvantage of the thorn needle, however, is the difficulty of
using this type of needle with a needle armature pickup. As is well known,
the ordinary armature pickup has a light magnetic armature suspended, by
rubber damped members, in the centre of a coil of wire, the whole being
in a strong magnetic field. The needle is clamped to the armature so that
the whole unit vibrates, thus causing variations in field strength which in
turn causes an induced current in the coil and a potential across its ends,
the potential varying with the needle vibrations and thus reproducing the
recorded sound. In the needle armature type of pickup the needle itself
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is the only magnetic armature, so that a steel needle is chiefly used. It is
possible to use specially capped thorn needles, a small iron sleeve being
fitted over the top of the needle to act as the magnetic armature, and the
writer has seen thorn needles used in such a pickup with the needle butt
wound with a small coil of iron wire.

The aim of the needle armature pickup is to reduce the mass of the
vibrating part, but the head often appears to be heavier than that of the
more usual armature type. Nevertheless, it is possible to obtain excellent
reproduction with needle armature pickups, and if there is no objection
to using steel needles, or if the capping of thorn needles presents no diffi-
culty, a needle armature pickup may be installed with confidence.

Should the amplifier be used for record reproduction only, the crystal
pickup with its high level of output may be used to cut.down the number
of amplifying stages to the minimum, but in general the constructor is
advised to use an ordinary armature type of pickup. It is robust, so that
for a transportable amplifier it is a natural choice, whilst its output is
sufficiently high to make a preamplifier unnecessary, and it will take any
type of needle. 3

If at any time the quality obtained from such a pickup should appear to
fail, the trouble most probably lies in perishing of the damping rubbers.
The damping is easily removed, and the pickup should be dismantled so
that the armature can be separated from the pole piece lugs which retain it.
Whenever dismantling a pickup, treat the coil with great care, since the
windings are of very fine wire. When the armature is removed it will be
found to have two spindles, one drilled and tapped for the needle retaining
screw, each spindle having a thin rubber damping membrane clamped
between it and the pole piece lugs, whilst the top of the armature is gripped
in a small slotted block of rubber, usually held in place by an open frame.

The simplest replacement for the rubber membranes on the spindles is
a length of ordinary cycle valve tubing, cut into two short pieces and a piece
fitted over each spindle of the armature. The rubber block, if this requires
renewing, may be replaced by a similarly sized block cut from a piece of 4
old inner tube (car tyre) or rubber of similar texture.

Any old rubber which has perished and stuck to the metal parts of the
pickup should carefully be removed, and when re-assembling the instrument
the armature must be adjusted so that it may vibrate within the coil without
touching or friction or rubbing at any part of its travel, otherwise there will
be serious chattering.

Damage or defects in a crystal or moving coil pickup cannot be re-
paired as easily as is an amature pickup, and such instruments should be
returned to the manufacturer when requiring attention.

The pickup leads, whatever type of pickup is used, must, of course, be
shielded, and should be as short as possible, and any transformer or filter
circuit should also be shielded, whether it is mounted on the amplifier
chassis or on the motor board. f

A metal motor board is preferable to a wooden board, since the metal
board can be earthed, thereby earthing all the apparatus mounted on it,
but if a wooden board is necessary, then the frame of any electrical gramo-
phone motor attached to it should be earthed. The pickup, in its travel
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across the record, moves directly through any stray hum field which might
exist around the motor coils, and any type of pickup, especially the armature
type, will be likely to respond to such fields unless proper precautions are
taken. Earthing the motor frame also earths the turntable, which acts as
an efficient screen between the motor and the pickup, but in any case, where
there is variable hum on the amplifier it is as well to test for motor-pickup
induction, allowing the motor to rotate the turntable and, with the  gain
control fully advanced, holding the pickup just above the turntable and
moving it across its arc of travel. A varying hum output indicates field
leakage, and a further screen of, say, copper foil, should be interposed
between the motor and the pickup. Where a metal motor board is available
this defect is most unlikely to occur, but on a wooden motor board it might
arise. In such a case the extra screening could easily be attached to the
underside of the board, the area screened extending for some inches
beyond the outline area of the motor and both screen and motor frame
being bonded together and to earth. (Earth, in this context, should always
be taken as referring to the MAIN AMPLIFIER CHASSIS. Whether or
not this chassis has an actual physical earth connection depends on circum-
stances to be discussed.) -

Before finally connecting the motor frame and board to earth, it is
always wise to test for any leakage between the motor coils and its frame,
To make such a test, earth the motor frame to the main chassis via a neon
lamp in series with the earthing lead, using, if possible, a 100 volt neon
lamp. Serious leakage indicating insulation weaknesses, will be shown by
lighting of the neon, showing that a partial short circuit exists in some way
through the mains circuit between amplifier and motor. (The most likely
leakages will occur with A.C./D.C. apparatus.)

Any leakage should be investigated and cured, since even if there is no
actual danger either of shock to the operator or damage to the equipment,
there is always the chance of a greatly increased hum output.

With A.C./D.C. apparatus, apparent leakage can sometimes be checked
by reversing the mains connection to the motor, and in stubborn cases of
hum induction reversing the mains lead connections can also be of con-
siderable help, even on normal A,C. supplied equipment,

CHAPTER 4.
PRE-AMPLIFIER, MIXER AND AMPLIFIER.

-

The microphone pre-amplifier is necessary for all microphones other than
the carbon type micronhone, to bring the speech or microphone sound up to
the same level as the output from the pickup, in order that the two signals
may be mixed and then amplified to the required degree by  the main
amplifier. \

It is only wise to design the pre-amplifier in such a way that it will
provide adequate amplification for even the most insensitive microphone,
and as a guide it may be said that the sound cell, or crystal cell microphone,
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gives for normal speech a grid voltage in the first stage of perhaps less
than 0.01 volt.

A crystal pickup may provide an input voltage of as much as 2 or 4
volts to its own stage, whilst an armature pickup can give 0.5 volt or more,
so that the pre-amplifier must have a very high gain.

For high gain at low input levels the R.F. pentode is an excellent valve,
and properly used it introduces very little distortion.  For 6 volt working
the 6J7 or the EF39, and for 4 volt working the SP41, are all excellent
valves, and two valves of any of these types may be used in cascade with
no difficulty provided that the grid-anode leads and couplings are as short
and direct as possible.

Theoretically it is possible to obtain gains per stage with R.F. pentodes
of well over 100, so that two pentodes in cascade can give an overall gain
of 10,000, but obviously such a very high gain could only be used with a
very low input.

It is found to be good practice to have several gain controls throughout
the amplifier, the final control being the general volume adjuster for all
channels. The gain controls at earlier stages throughout the equipment
may then be set so that the microphone pre-amplifier and the pickup input
stage and the mixing stage are all working at correct full levels, without
overloading, the final control thus having a range of from no output to fuil
volume.

The tone controls are usually included in the main amplifier, working
on both gramophone and microphone signals. Where there is to be a
considerable amount of fading from speech to music, as in a stage produc-
tion, it may be more desirable to have separate controls for the two input
channels, but in general the control on the main amplifier is satisfactory.

The final volume control should be as near to the output stage as is
practical, in order that any noise introduced onto the signal by the previous
stages—valve hiss, etc.—is reduced along with the signal.

Whenever possible the amplifier should be designed for A.C. working,
so that low voltage heater valves may be used, their heaters being connected
in parallel in the usual manner. If it is necessary to use A.C./D.C. valves
of the 0.2 or 0.3 amp. heater type, their heaters must be connected in
series, and this gives greater chances of heater-cathode leakage hum, since
the heater voltages become progressively higher above earth as the number
of valves in the chain increases.

The writer’s preference is for the British 4 volt range of valves, since
it is then possible to use triodes of the PX4 and PX25 type. Triodes
require greater grid driving or grid swing potentials than output tetrodes or
pentodes, but there can be little doubt that high quality can be obtained
far more readily when using triodes. For very high outputs the American
6L6 type is easily driven, and as much as 40-50 watts of audio output is
obtainable from one pair of valves, but harmonic distortion is inclined to be
high, and for satisfactory working the screens require feeding from a
separate power pack.

A pair of PX4’s can supply 8 to 10 watts output, adequate for most
indoor purposes, whilst a pair of PX25’s for practically the same grid
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swing can deliver up to 12 or 15 watts, which gives a margin ot power
available.

The power required for open-air work is often overestimated, as is that
for indoor work. 10 watts fed to a single permanent magnet speaker can
be heard over a } mile, and a 15 watt amplifier with a good speaker system
properly placed and directed will be found adequate for supplying music or
speech for such functions as garden parties, etc. A public address system,
pure and simple, is designed to work with higher outputs either to cover
wide areas or to drown distracting sounds, the speakers being designed to
give fairly directional beams, but it is seldom that the home constructor
requires equipment and power outputs of this type.

It has been remembered, however, that at times an amplifier will be
required to work in districts where mains supplies are not available, and
in such a case it will be necessary to use 6 or 12 volt secondary batteries
with a vibrator H.T. supply. The vibrator pack is obtainable commercially,
and it is advised that a pack should be bought, rather than made, since the
highest efficiency possible must be obtained. It is necessary, too, to design
the amplifier to give a high output for as low an anode current consumption
as can be achieved, so that output beam tetrodes are used and every pre-
caution taken to ensure good quality.

Negative feedback can be used with good effect when tetrodes or
pentodes are used in the output stage, and, if pentodes are used in the first
stages of the main amplifier, these also may have negative feedback to
keep the harmonic distortion content over the whole amplifier low. When
triodes are used in the output stage, however, it is worth while using
triodes in the previous stages except, of course, in the pre-amplifier, where
as much gain as possible must be obtained from as few stages as possible,
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