


AAAAAAAAAAAAAAAAAAAAAA

GOOD NEWS . ...

RADIO NEWS, foremost American Radio magazine, can now
be obtained direct by post from America ; the only sure way of receiving
copies regularly.

RADIO NEWS unfolds, month by month, the complete story
of radio résearch and development. Editorially and in presentation,
printing and production, it maintains the highest American standards,
Each issue contains from 136 to 160 pages of news, articles, pictures
and advertisements, brilliantly written and illustrated.

Radio technicians, dealers, business and factory executives,
radio specialists in the services, amateurs, ' hams,” officials, research
specialists, constructors, all are fully catered for. The scope of
RADIO NEWS, in all that matters, is complete.

For a subscription of £1 5s. 0d., inclusive of postage, payable in
advance (equal to 2s. 1d. a copy), the postman will deliver a copy at
the door every month for a year. For two years the rate is £2 5s. 0d.
and for three years £3 0s. (d.

Subscription orders may be placed through your Radio dealer
or newsagent or, in case of difficulty, send your order (name and full
address in BLOCK LETTERS, please) with remittance covering the
period required, to us at the address below.

... RADIO NEW:S

LTINS LTINS SN SN SN LN N TN N SN, NN, P, N, N, S, N LN s,

POPULAR PHOTOGRAPHY, FLYING, PLASTICS.

From the same publishers come . these three superb magazines, each completely fulfilling,
in its pwn sphere, the same essential purpose: as RADIO NEWS.  Informative to the highly
skilled operator or technician, yet und,c fstandable and interesting to the amateur : intensoly
practical, yet never dry or stodgy. - Brilliantly-tvritten, copiously illustrated and beautifully
produced, each magazine maintains the highest standards for which American magazines
are famous.

Particulars of subscription rates and facilitics on request.

l

ZIFF DAVIS LIMITED,

GRAMPIANS BUILDING, WESTERN GATE, LONDON, W,
Telephone : SHEPHERDS BUSH 4794,




. En it

CAR AND
PORTABLE RADIO
CONSTRUCTORS MANUAL

by

“RADIOTRICIAN"

BERNARDS (PUBLISHERS) LTD.
LONDON - W.6



Ak u 2
Pdntﬁd m_GBeM: ﬁﬂtﬁg ]
Hoare,




<. £

CONTENTS

CAR RADIO SECTION

INTRODUCTION Page 4
Chapter 1. GENERAL CONSIDERATIONS Page 5
Chapter 2, POWER SUPPLIES ... «.  Page 10
Chapter 3. THE RECEIVER Page 23
Chapter 4. THE SUPPRESSION OF INTERFERENCE Page 35

PORTABLE RADIO SECTION

Chapter 1. GENERAL CONSIDERATIONS Page 39
Chapter 2. FRAME AERIAL RECEIVERS Page 44
Chapter 3. EXTERNAL AERIAL .RECEIVERS Page 52



INTRODUCTION

This small book is written with a view to adding to the rather sparse
information easily available to the man in the street on the allied subjects
of Car and Portable radio receivers.

Allied subjects, since although the car radio is far more selective and
sensitive than the battery operated portable set, with a far greater audio
power output, both types of receiver are designed to work under specialised
conditions—either on the move or in the open air—and thus have rather
different requirements from those pertaining to the home receiver.

The Manual is divided apd the two types of set are treated separately
for the car radio, whilst deriving its power supply from a storage battery,
is essentially similar to a mains operated receiver. The portable, on the
other hand, uses battery valves with as low a filament and H.T. consumption
as possible.

Again, in the car radio section, the greater part of the text is concerned
not with actual receiver circuits, although naturally these are shown
and described, but upon the even more important details of power supplies
and interference suppression. It has been borne in view that many readers
will have, or intend to have, a ready-made or commercial receiver, and will
be chiefly interested. in its installation in the car.

In the portable radio section, however, the stress must be upon con-
structional and circuit details, especially as regards the frame aerial itself.
The latest midget radios from America have demonstrated what can be
done in the way of reducing the size of the receiver, and the day of the
heavy suitcase type of portable is almost done. The battery manufacturers
have played their part in pressing the development of a handy portable
by producing layer-built batteries of remarkably small size and weight.
These go admirably with the new lines of small valves with low consumption
filaments, suited to work from dry cells rather than from bulky accumu-
lators. It would, however, be of little practical value to show a series of
circuits using nothing but these latest, and therefore more costly, com-
ponents.

Accordingly, an effort has been made to design and explain circuits
which include both modern and not so modern equipment, in the hope that
by doing so something will be provided for everyone.

It should be added, here, that car owners who fit their vehicles with
radio receiving gear must remember that a separate licence is required,
and must be obtained from the Post Office before the gear is used.

Portable sets are covered by the existing home licence of the owner,
since they are not fixed installations as are the car radios.
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CAR RADIO

CHAPTER 1.
GENERAL CONSIDERATIONS.

As every owner of a television receiver, a short-wave set or a communi-
cations receiver knows only too well, the ordinary automobile is a most
efficient generator of interference over a wide band of frequencies. Installing
a receiver actually in a car is therefore not a task to undertake lightly, for
unless reception is to be marred to the point of uselessness all the various
causes of interference must be tracked and suppressed, whilst the receiver
itself must be of a high sensitivity which increases the difficulty of the
work.

The interference which shows itself on the television screen as a series
of white flecks, or which is heard on the high or ultra high frequencies as
a harsh crackle is almost entirely due to the ignition system. The spark
and corresponding high frequency waves in the ignition wiring send out
bursts of radio signals, but to a receiver in the automobile itself these are
often the least of the disturbing factors. Practically all the electrical equip-
ment of the car produces or draws current intermittently—even the dynamo,
for example, though it is producing D.C. for storage battery charging,
produces not a smooth voltage but a peaky output, the ripple depending
upon the number of commutator bars and the speed of their revolution.

Nor is a device which draws a steady current above suspicion, for
whilst it will not cause interference on its own account, the wiring which
feeds it may be acting as a small transmitting aerial, into which is injected
interference from a separate source. The roof light, for example, often
needs suppression on this score.

For the moment, however, it will be sufficient to discuss the general
electrical layout of the average automobile, leaving the suppression of all
the various types of interference until a later chapter.

The vast majority of cars have as their electrical power supply a lead-
acid storage battery or accumulator, so called since it may be recharged
from the car dynamo, or, on the bench, from any source of direct current
at the proper voltage. The battery consists of a number of cells, generally
either 3 or 6, connected in series, and since each cell has a voltage of
nominally 2 volts, the battery has an overall potential difference of 6 or 12
volts. In actual practice, the voltage is higher than this, since the potential
difference across each cell, particularly when freshly charged, is more i
the nature of 2.5 volts.
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Each ,cell Cgpnsists of two sets of plates which are made in the form
of a framﬁvork_ of lead, the ‘‘ windows "’ in the framework being filled with
a tightly packed and pressed paste of lead oxide. After manufacture the
plates are formed by being placed in the acid solution which acts as the
electrolyte, current being passed from one plate through the electrolyte
to the other plate. The resulting chemical change results in the positive
plate’s filling becoming lead peroxide, PbO,, whilst the negative plate filling
reduces to spongy lead, Pb, and this is the state of the cell when bought.

The electrolyte consists of a solution of pure sulphuric acid in distilled
water, the specific gravity of the liquid in a charged cell being in the nature
of 1.250 as measured by a commercially obtainable hydrometer. It should
be pointed out straight away that this is a greater acid density than is
used in small accumulators such as those supplying the filaments in a battery
receiver, the acid density in these cells being generally of the order of
1.200, but it has been found advantageous to use the stronger acid in car
batteries for the sake of greater capacity at the expense of a rather shorter
life.

Each cell of the battery is a separate unit, containing its two sets of
plates in their own electrolyte. The plates are intermeshed, .and since it
might be possible for them to buckle and thus touch each other, or for
loose paste to fall across and bridge the gap between them, short circuits
of this nature are generally prevented by including thin wooden separators
between the plates. All the positive plates of a cell are cast or welded on
to a main connecting lug, as are all the negative plates on to a second
main lug, the two lugs being fitted into and retained by the moulded top
of the cell. The internal resistance of each cell, and of the battery, is
very low, so that high currents can be drawn for short periods under the
stress of starting, etc. ;

All the connecting lugs and terminals of the battery itself should be
of lead, and corrosion is prevented by smearing the terminals with vaseline.
The battery should always be kept clean, spare electrolyte or spray on the
top of the cells being cleaned off periodically.

As the battery discharges, the lead peroxide of the positive plates and
the lead of the negative plates, together with the sulphuric acid, undergo
a chemical change. The acid density drops towards that of water, showing
that the acid is weakening, whilst the two plates form lead sulphate. Upon
charge, however, the sulphate radicle is expelled from the plates, the specific
gravity of the acid rises again and the plates resume their former condition.

Both charging and discharging should be at the specified rate, neither
being carried to excess. Overworking or overcharging the battery causes
buckling of the plates, loosening of the filling, the dropping of sediment
to the bottom of the cell and the loss of acid by spraying. This last is
a result of overcharging or recharging at too rapid a rate. The level of the
acid should be topped up occasionally with distilled water, the specific
gravity of the acid being checked from time to time.

As a last remark concerning the car battery, it might be stated that
the capacity of a cell or battery is expressed in ampere-hours. For example,
a 50 ampere-hour cell would supply a current of 1 ampere for 50 hours
or a current of 50 amperes for 1 hour. It is of more value, especially
when comparing different batteries, to use the watt-hour rating, which is
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simply the ampere-hour capacity multiplied by the battery voltage, the
average voltage across the battery during discharge being taken.

The normal discharge rate for a battery, however, is given at a 10 or 20
hour rating. Thus, a 50 ampere-hour battery at a 20 hour rating would
supply a current of 2.5 amperes.

When installing a car radio it is good practice to give the battery a
thorough overhaul. The extra load taken by the receiver is approximately
35 to 40 watts, which corresponds to loads of about 6 amps on a 6 volt
battery or about 3 amps on a 12 volt battery, when 12 volt receiving
equipment is used in the latter case. Running a 6 volt receiver from a
12 volt battery causes an added complication, however, since it is undesirable
to tap the receiver across the battery, for this obviously would cause uneven
discharging. Accordingly, a dropping resistor is used in series with the
receiver so that in this case the load rises to perhaps 70 watts, and the

_ 12 volt battery is still supplying about 6 amperes.

These remarks apply more to vibrator power supplies which until now
have been considered practically standard practice, but here again the war-
time influence is felt. Genemotors have been used for the supply of power
to mobile equipment throughout the Services with great success, and they
are compared with vibrator power supplies in the chapter on the car radio
power pack.

The receiver itself, as distinct from its accessories, has certain require-
ments which must be met. It must be perfectly shielded, being built in
a metal or metal covered case with all sides bonded together. It must be
of such a size that it will fit into such space as is available—generally into
the dash pockets or under the dashboard with supporting brackets.
Wherever possible it should be built to take the feed voltage from the
battery direct, without the use of dropping resistors. Push button tuning,
at least on the main stations, is highly desirable, although remote control
of the manual tuning dial from a tuning box mounted on the steering wheel
is also popular.

The receiver must be highly sensitive with good A.V.C. characteristics,
although, since signal strength may fluctuate very rapidly, delayed A.V.C.
system must have a short time constant. Finally, the output of the receiver
must be powerful enough to overcome the mechanical noise of the vehicle,
though never so overpowering that warnings cannot be heard.

THE AERIAL.

Whilst the aerial does not warrant a separate chapter, it must never-
theless receive careful attention, and is accordingly dealt with here. Car
aerials fall into four main types, the roof aerial, the under-chassis aerial,
the running-board aerial and the telescopic rod aerial, the latter probably
being the most popular.

The sole virtue of the under-chassis aerial lies in the fact that it is
inconspicuous, and where it is desirable or necessary to avoid altering the
appearance of the vehicle either this type or the running-board aerial must
be used. In either case, however, the aerial at best can only be a very
short distance above ground with a consequently high capacity to earth
so that it is probably more correct to speak of it as a counterpoise earth.
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Another obvious disadvantage of these two types of aerial is the fouling they
will suffer in bad weather, whilst both of them are in a position most prone
to the picking up of interference from the car engine and mechanism.

Both the running-board and under-chassis aerial may consist of three
or four wires running parallel to each other, connected at one end only
both to each other and to the lead-in. In the case of the running-board
aerial the wires can be stretched between stand-off insulators mounted
at either end of the underside of the running-board, or the insulators can
be screwed on to hardwood strips which in turn can be fastened in place
by the running board fixing bolts. A heavy wire with a tough rubber
sheathing is suitable, and as with all car radio equipment the working
vibration must be borne in mind. To prevent loosening with consequent
variations in signal strength and the introduction of rubbing contact noises,
it is not sufficient to anchor the wire under the stand-off insulator nut.
A measured length of wire could be twisted into a loop at each end, the
loops being well tinned and fitted to the screwed threads of the stand-off
insulators, or, better, a substantial lug might be soldered to either end of
the wire, the lugs being drilled for fitting to the stand-offs.

The under-chassis aerial can be made in the same way, that is; by
fitting stand-off insulators to hardwood strips, the strips being affixed to
convenient bolts below the chassis, but a more convenient type of aerial to
use is the horizontal V. For this aerial only two wires are used, connected
at one end, the apex of the V generally at the front of the car, the wires
separating as they proceed rearwards to two stand-off insulators on either
side of the back axle, thus forming a V shape. The lead-in is taken from
the junction of the two aerial wires, and the same remarks concerning
rigidity and stout well-insulated wire apply. In some cases it is found
necessary to mount one end of an under-chassis aerial by a strong tension
spring, to take up play and vibration.

The fitting of the under-chassis aerial really requires an inspection
pit, however, unlike the running-board aerial, which is simpler to fix, and,
as already mentioned, it cannot really be recommended.

The roof aerial can be fitted either inside or outside the vehicle, the
inside aerial preferably consisting of a sheet of copper gauze or a series

of parallel wires. The outside aerial is generally decorative in shape, often °

consisting of a stout plated rod curved to suit the contour of the car roof
with an ornamental ‘‘ scroll ”’ at the front.

The inside roof aerial should be fitted between the roof and the fabric
lining if it is not to be unsightly, so that a good deal of work is required
in the stripping and replacing of the roof fabric. Obviously the aerial,
whether of the gauze sheet or multi-wire type, must be insulated from the
metal work of the car body since this acts as the earth, so that, as in many
other cases when dealing with car radio, actual details of how the work
is to be done cannot be given since they will depend on the make of
vehicle. It can only be said that if the copper gauze aerial is fitted the
area of the gauze should be as large as is comfortably possible. A multi-
wire aerial should consist of four or six parallel wires running the length
of the roof, anchored where necessary by small insulators between roof
and fabric. These insulators could conveniently be of bobbin form, made
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up of three paxolin or fibre washers, the outer two having a greater
(diameter than the central washer to form the bobbin.

~ A sunshine or folding roof will clearly complicate the position to such

a degree that the interior roof aerial becomes impracticable. If a roof aerial
is to be retained it must therefore be of the outside variety, and may be
obtained co.umercially. This is perhaps the best plan where such an aerial
is to be used, for not only will the equipment be bought to suit the car
but it will also have suitable fixing bolts and washers with it. Aerials have
been designed to fit to the outside of the car merely by the suction of
vacuum cups, retained by an adhesive mixture, but a good bolted fitting
is much more degirable. In any case, the car body must be drilled to take
the lead-in, so that weather proofing is always an integral part of the fixing
of an outside aerial.

In the case of a sliding roof the aerial must first be positioned in
such a way that the roof action will not be impaired either by the aerial
or by its fixing bolts, remembering that the bolt shank and nut will protrude
a slight amount inside the car. When the roof is drilled and the aerial
placed in position, the bolt holes must be fitted with washers both for
insulation (though this should be provided by the supports purchased with
the equipment) and also for weather proofing. In the case of a home-made
aerial these washers are probably best made of rubber, but a leather washer
with a fibre washer for insulation are quite suitable. The lead-in must be
packed tightly into its hole, either with rubber sleeving or tape, and be
made absolutely watertight.

The fixing of the telescopic rod type aerial is rather less difficult, but
the positioning of the aerial needs careful thought. In some cases the
rear bumper is chosen to carry the rod, but in this case it must be remem-
bered that the lead-in has to be carried the length of the body to the
receiver, thus being open to pick-up of interference. The majority of
telescopic aerials are positioned on the near-side of the car just before the
passenger’s door, at such an angle that they are parallel to the door hinge
line. This means that the lead-in can be kept short, whilst the bolt holes
for the aerial supports are less troublesome to drill. Here again it is wise
to buy a commercial type of aerial, for although a rod aerial can be made
with simple tools, good telescopic action is not easy to achieve with the
desired rigidity.

THE LEAD-IN.

Whatever type of aerial is used on the car, the lead-in must always be
of screened cable of as low capacity as possible. Co-axial feeder line makes
the best lead-in, the screening being earthed both at the aerial end and at
the receiver where it is bonded into the cabinet screening. Since practically
all car aerials exhibit high capacity effects, thus loading up the first tuned
circuit of the receiver to a considerable degree, the lead-in capacity must
be kept down. If, in spite of using screened cable, interference still breaks
through on the lead-in, anti-noise transformers will have to be fitted, one
at the aerial end and one inside the receiver. This step, however, should
not be necessary in a properly carried out installation.
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The lead-in must be firmly fixed at the aerial end, particularly in the
case of the under-chassis or running-board aerial, where there will be con-
siderable fouling of the connection. For these types of aerials the lead-in
should be fitted with a soldered lug, this being bolted down into tight contact
with the lug on the end of the aerial. The junction should then either be
taped or given a coat of suitable weatherproof paint. Corrosion or vibration
at the lead-in-aerial joint will give a great deal of trouble, since the noise
resulting from the poor contact will probably be confused with electrical
interference from the engine.

The aerials mentioned may be graded for efficiency roughly as follows :
first, the roof aerial, inside or out; secondly, the telescopic rod; thirdly,
the running-board aerial; and fourthly, the under-chassis, although as
already pointed out, both of these latter aerials are to be avoided wherever
possible.

CHAPTER 2.
POWER SUPPLIES.

It has already been mentioned that for the car radio receiver the power
must be supplied from the car battery, the H.T. voltage being obtained either
through a vibrator system or through the use of a genemotor.

Whatever power supplying device is used, its function obviously is to
step up the available 6 or 12 volts to something like 300 volts at a current
depending upon the needs of the receiver. A current of 85 milliamps might
easily be required by a conventional chain of valves, however, so that it
can be seen straight away that a robust power pack assembly is a necessity,
both electrically and mechanically.

Moreover, the smoothing of the power supplies is highly important,
since there is always the chance of injecting interference into the receiver
through the power leads, whilst the vibrator is capable of causing a good
deal of interference on its own account.

Whilst the action of the genemotor is obvious from its title—a motor
winding drives, ‘on the same shaft, a generator winding which supplies
through a separate commutator the H.T. current—the action of the vibrator
is not so clear, and is therefore dealt with in greater detail.

The genemotor has been but little used for ordinary car radio purposes
in this country, but providing that room and mounting space are available
for the instrument there is no reason why it should not give excellent
performance. At the time of writing, quite a wide selection of machines
are available through ordinary radio channels as Government surplus, one
example giving for a 6 volt input an output of 250 volts at 72 milliamps.
A receiver could be built down to this figure without difficulty, when the
current drawn from a 6 volt battery supplying the input power would be
somewhere in the nature of 5 amperes after allowing for an efficiency
figure of 609%.

When working out the current drains taken by different forms of con-
verting apparatus, the efficiency of the power supply gear must be calculated
into the final result. The input current is arrived at by comparing the watts
input with the watts output, allowing for the efficiency of the system which
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for a genemotor is in the nature of the stated 60%. Thus, the calculation
for the above example is:—

100
Battery cursent = 250 X 0.072 ><?;F

6

remembering to bring the‘output current, expressed in milliamps, to amperes
by dividing by 1,000. 2

The smoothing required to render the output power suitable for feeding
the receiver will vary with the make of machine obtained, and with some
types it is possible to use very little smoothing at all. The ripple frequency
superimposed on the D.C. output is directly proportional to the number of
commutator bars and the speed at which the genemotor runs. Perhaps the
best plan, therefore, before installing the gear in the car is to make a trial
bench run. The receiver is used with H.T. from the genemotor which in
turn is supplied from the battery, the valve heaters also drawing their power
from the same battery. With no smoothing at all there will probably be
whine or hum in the loudspeaker, although any sparking at the commutator
will be introduced as interference. The smoothing may now be inserted
in the H.T. supply leads, an R.F. choke being installed immediately before
the receiver if it is not integral with the power leads inside the set. For
the smoothing proper, the genemotor may be treated as is a domestic D.C.
supply, a low resistance choke being by-passed with capacities best found
by experiment, although nominal values are shown in Fig. 1. In a few
cases a condenser directly across the output of the machine is all that is
required, and is fitted by some manufacturers.

—————TOVON I
HT+
TO SET 10 HY.
x— - — — — 100 mA
10 AMP s
v FUSE I

.—0‘005 INPUT

H.T. =~
o] (]
TOSET | Nams.

ouTPUT

F1G. 1.—Typical Genemotor Power Pack,
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The R.F. choke may seem an unnecessary refinement, but it must/be
remembered that ignition interference can be picked up by the H.T. leads,
as well as passing into them via the battery leads and the genemotor. It
must be capable of carrying the full H.T. current, but since this will rarely
be greater than about 80 milliamps no difficulty should be met with on
this score.

Fig. 1 shows the genemotor circuit complete with conventional smoothing
as installed in the car. Since the machine may require to be some distance
from the battery, really heavy leads must be used to supply “the input
current, the switch being a Q.M.B. type capable of carrying over- the
5 amps.—a 10 amp. rating would be preferable. The leads must be as
direct as possible, since at a current of 5 amps. a lead resistance of only
0.1 ohm causes a voltage drop of 0.5 volt. For this reason the genemotor
is sometimes switched in by relay, but since this causes an extra current
drain on the battery whenever the relay is energised, the simpie switch
seems preferable. »

The H.T. leads can be as long as required, within reason, if the R.F.
chokes, with their by-pass condensers, are included at the receiver end.

All the earth returns at the genemotor should be brought to one single
point, which is then bonded by stout copper braid to the chassis.

Whether room is found for the machine under the bonnet or whether
it is installed, as in some cases, in the rear luggage compartment, it should
be mounted to a firm base by rubber shock absorbers with the spindie
horizontal. The bearings on a new machine should be run in on the bench,
and should always receive proper care and attention, being regularly greased
and inspected. The genemotor must be mounted where it is clear of damp
or petrol or oil, and the commutators must be kept clean, with true running
brushgear to avoid sparking.

Bad sparking, after lengthy running, will most probably be due to
commutator wear, when the mica separators will need very careful under-
cutting.

As with all types of car radio power supply, the input wiring to the
genemotor from the battery must include a fuse, with a rating of certainly
not more than 10 amperes unless a big machine doing special duty from
a high capacity battery is in use. The fuse, with its holder, must be
mounted in an accessible place, and room should be found for it, if at all
possible, on or behind the dashboard. In this position it will be conveniently
wired into the switched lead to the genemotor, the lead coming preferably
from the discharge side of the car ammeter, in order that extra current
consumption can be watched, or from the car fuse box.

The single battery lead to the genemotor, presuming an earth return,
must be adequate for the current to be carried, and should be insulated
to suit the run of the cable. If the genemotor is placed in the luggage
compartment at the rear of the car, for example, necessitating a long cable
run, it would be preferable to use an armoured cable, but a short lead,
protected throughout its length, could be of the ordinary rubber:covered
variety.

One component in Fig. 1 has as yet received no mention, the choke
with its associated condenser in the earth return on the motor side of the
genemotor. A small choke has been found of value in this position in some
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cases, especially where the receiver operates on the short-wave bands.
Naturally, since the choke has to carry the full driving current of the
machine it can consist of only a few turns of heavy wire, but in some
cases it will be found %o cut out any ‘“‘ hash ”’ that might occur. If it is
found desirable to include this choke-condenser combination, an ordinary
0.5 mfd. condenser is connected across 60 turns of 14 S.W.G. enamelled
copper wire wound on a 1” diameter former such as wooden dowelling, the
turns touching. s

The smaller components of the H.T. power supply, including this last
choke, should be mounted within a screened box for best results, this box
being bonded #¢o earth via the common copper braid earth lead.

VIBRATOR POWER SUPPLIES.

The underlying principle -of the vibrator type of power pack is to
interrupt the D.C. supply from the battery into the primary winding of
a transformer similar to the mains transformer of an A.C. receiver. In
this way the primary current is stopped and recommenced at a fairly high
rate so that the transformer has a correspondingly varying magnetic flux.
An alternating current is thereby induced in the secondary windings of the
transformer, this current being rectified either in the usual way, by a valve,
or by the vibrator itself.

The self-rectifying: vibrator is known as the synchronous type, the
straightforward vibrator where valve rectification is used as the a-synchronous
type.

In both cases t{e vibrator may be likened to the armature of an electric
bell or buzzer, working on the simple principle of an electromagnet which
attracts a springy arm whenever current is supplied to the coil. The attrac-
tion of the arm, however, causes the circuit of the energising coil to be
broken, so that the arm springs back and the circuit is re-made, setting up
attraction once more, the cycle of operation being repeated at the natural
frequency of the vibrator for as long as the supply is connected.

APl T

BATTERY
INPUT

|

" T 0

F16. 2a.—Basic A-synchronous Vibrator Circuit.
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Fic. 2B.—Basic Synchronous or Self Rectifying Vibrator Circuit.

Fig. 2 shows the contacts in diagram fo}m on both the a-synchronous
and synchronous types of vibrator, feeding into a transformer in the first

case and both feeding in and rectifying the output in the second case. It .

will be seen that in both types of rectifier the D.C. input to the primary
winding is reversed at each interruption, since there is a contact on either
side of the vibrating armature, the transformer primary being centre-tapped
to permit correct feeding. 3

The synchronous vibrator has two further contacts, however, the
secondary output being fed to these, and since the alternations of polarity
in the secondary winding depend on the vibrations of the armature, it can
easily be seen that the switching of first one side of the secondary winding
to the output line, then the other, leads to the rectification of the H.T.
supply.

The adjustments of the vibrator are very delicate and easily upset, and
whilst the instruments have a long life when properly used, they must be
replaced if and when faults develop, since it is useless to endeavour to reset
the contacts. Moreover, precautions must be taken to prevent undue
sparking at the contacts, since this rapidly shortens the vibrator’s life and
leads to inefficient working. Under or over-running the vibrator pack as
a whole also often leads to reduced life through contact sparking, although
this is more applicable to the commercially obtained vibrator power pack,
containing a specially designed transformer with a stated output load. .

For good efficiency and trouble-free running, the whole vibrator system,
especially when self-rectifying, requires most careful design and construction,
and where it is desired to save time and trouble a commercially made power
pack is best. The supply situation is returning to normal, various makers
having several models on the market, and it only remains to determine the
input required by the receiver to be stated, when a power pack to supply
the necessary current at the correct voltage can be obtained. - The com-
mercial vibratory power supply scores over the home-constructed type in
that the transformer can be made to suit the vibrator’s natural frequency,
the transformer thus being resonant to the vibrator. Obviously, when this
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is the case the system as a whole has greater efficiency, there is less
spatking trouble, and the suppression of interference becomes easier. The
unit is also compact and screened, and ready to mount.

Vibrators are also readily obtainable, however, and many constructors
will undoubtedly require details of the construction of a power pack using
ordinary components. The points to bear in mind are that the vibrator
is a very efficient spark transmitter, so that it must be built in a screened
box made solidly of sheet metal with all joins bonded, that R.F. filtering
as well as hum filtering must be provided and that buffer condensers which
regulate the contact sparking must be carefully chosen, preferably with the
aid of an oscilloscope whenever possible.

For home construction it will probably be simpler to use valve rectifica-
tion, although the use of a synchonous vibrator does not present great
difficulties so long as some method of determining the requisite buffer
condensers is to hand. Failing the oscilloscope test, the vibrator can may
be removed in the last resort, and the condenser values discovered by
trial and error whilst actually watching the contact sparking.

In Figs. 3 and 4 two practical circuits are shown using valve and
self-rectification respectively. Before discussing the smaller points, the
transformer common to each circuit must be explained, and its method
of construction outlined. (Transformers suitable for vibrator power packs
are obtainable from Messrs. Bulgin and Co., Ltd.)

The primary of the transformer is to be supplied with switched D.C.
from the vibrator, at either 6 or 12 volts, depending on the car system.
Since the primary is centre-tapped this means that each side of the winding
must be wound for either 6 or 12 volts, so that immediately ,the 6 volt
system is seen to have advantages. In this case it is often possible to
utilise a mains transformer without any modifications, since one possessing
three 4 volt windings, one of them being centre-tapped, or a transformer
with two similarly rated 6 volt windings will suit the case, so long as
these low voltage windings can safely carry the current it is required
to pass.

The first problem, then, is to calculate the primary current which once
again depends on the output required from the secondary. Presuming the
transformer to have the usual H.T. secondary rated at 350-0-350 volts,
100 mA., it should be possible to obtain a 300 volt output, the current
still being rated at 100 mA. to keep the theoretical primary demand high.
This being the case, the output in volt-amps. will be 300x 0.1 or 30 v.a.,
and, assuming an efficiency for the system of 609, the primary load will

100
be 30X 80 or 50 v.a. The primary current is thus amps. for a

50
6 volt supply or 12 for a 12 volt supply, that is, 8.3 ‘amps. and 4.15

amps. approx. respectively.

The primary winding is centre-tapped, however, which means that the
average current throughout the whole winding is roughly half of the stated
current, since the primary has only one-half of the winding working at
a time., Thus, the primary needs to be wound for, say, 4.5 amps. for
6 volt batteries and 2.5 amps. for 12 volt batteries, and, in the former
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