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Edictorial

New Year’s Thoughts

HE beginning of a new year is
I traditionally a time for reviewing the
past and remodelling our plans for
the future. This number of the “"Radio
Constructor’’ is the sixth, and we certainly
feel that it is well and truly on its {feet
now. It’s teething troubles have not been
co bad as we anticipated and we feel that
it has settled down very quickly to serve its
veaders. Producing new  magazines is no
casy task these days and whilst one
instinctively hopes that the future may be
casier, there are not many signs in the
sky to cheer the heart of an editor! We
would have liked to have offered promises
of a bigger and better ~'Constructor’ by
the end of the vear, but there arc no indi-
cations of any improvement in the paper
position. However, your editors will con-
tinue to produce a “Constructor’” of as
high a standard and quality as possible,
and we hope that if our lusty voungster
cannot increase in weight, he will at least
improve in quality.

Co-operation

Our old friend Mr. Cyril Wright, recently
phoned the writer right in the middle of
some pencil chewing directed at preparing
this editorial. On being informed of the
paucity of ideas reigning at that time. he
volunteered 1o send some suggestions! These
proved so interesting that we'd like to
quote some of his remarks herein. e
writesi— ‘In the short space of twenty-five
vears the BBC has emerged from  its
embrvo stage. In recalling the early days of
wireless, it was not surprising to hear of

people claiming that, ‘that new fangled
idea would not last for long.’ It was doomed
10 failure from the start in their minds.
This failure however did not come and it
did not come because of the great team
work of the engincers, announcers and all
connected with broadcasting in those days.
It was this team spirit which helped to
make British broadcasting the finest in the
world, and it is this self same ‘team spirit’
which should assist every amateur today to
overcome his difficulties and be an example
to him to give a helping hand to his fellow
amateurs. It is, however, regrettable that
in a world which is still showing the scars
of war, some of the co-operative spirit has
been lost; or perhaps a better word would
be ‘forgotten’.”

There is no nced for us to enlarge on this
topic. All of us know instances of lack of
co-operation between the more experienced
and the beginner. Let's iry and be a little
more co-operative whether on the air or at
the club with those newcomers to the game
whom we may meet during the coming year.

Short Wave Listening

Those rcaders who take the ““Short Wave
News' ' will know that we are trying to en-
courage shortwave broadcasting listening.’
For reasons given in our November
CSWUNL editorial, we feel that much
more interest could be taken by the man in
the street in the entertainment value of
shortwave broadcasts. Those who construct
and operate short wave reccivers, could
help greatly by interesting their friends in
their accomplishments. If they wish to
further the interest of their friends, may we
suggest that our latest publication, ‘‘These
You Can Hear,”’ {price 2/3 post-paid) will
make a most useful introduction for them.

A.CG.

NOTICES

THE EDITORS invite original contributions on
construction of radio subjects. All material used
will be paid for. Articles <hould be clearly written,
preferably typewritten, and photographs should be
clear and sharp. Diagrams need not be large
or perfectly drawn, as our draughtsman will re-
draw in most cases, but relevant information
<hould be included. Al MSS must be accompanied
by a stamped addressed envelope for reply or

return. Each item must bear the sender’s name
and address,

_COMPONENT REVIEW. Manufacturers, pub-
lichers. etc., are invited to submit samples or
information of new products for review in this
section.

ALL, CORRESPONDENCE should be addressed
,to “Radin Constructor,” 57 Maida Vale, Padding-
ton, London, W.9. Telephone CUN 6579.

AUTHENTIC AND UP-TO-THE MINUTE INFORMATION ON V.H.F.,, BROADCAST BAND AND
AMATEUR ACTIVITES IS GIVEN IN OUR MONTHLY PUBLICATION “SHORT WAVE NEWS.”
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Making a Start

No. 5 of a series of articles describing the progress of a newcomer to constructional work

By G3AKA

E now come to the final instalment

\;\/ of this series of articles. dealing
with the actual operation of the
receiver. 1t must be a rather disturbing fact
to some that however good a receiver is, it
cannot hope 1o give of its best unless the
operator approaches its handling with care.
patience and common sense. We have been
browsing through a pile of pre-war and
post-war radio magazines and it became
apparent that the star DX-ers were in most

cases only using simple reccivers. Many
oprrators  with elaborate communications

receivers made onlv a verv poor showing
compared  with  their more modest  col-
leagues. The amount of success achieved on
the short wave bands relies to a great
extent on the tyvpe of acrial available and
on the actual geographical location of the
receiving station. but it i3 a weil defined
fact that the greatest asset is to be able to

handle  a  receiver  with  intelligence. A
simple receiver in the hands of an ex-

perienced listener will do marvels!

With great trepidation. we handed over
the 0-v-2 to George, who was having much
difficulty in controlling his cagerness. With
headphones donned. he started turning a
few knobs and became more  despondent
every moment. In hiz excitement. he had
even forgotten to switch on the recetver!
Finally realising this, he switched on--
only to be rewarded by o terrific screech
which  deafened him  for some minutes.
“What's wrong?’”  asked our innocent.
That’s where he learned his first lesson in
handling a receiver. In his  preliminary
turning of all available controls he had set
everything at “‘full on’" so that not only
was volume at its highest but the reaction
control

was  so  advanced  that  excessive
feed-back had caused the set to go into
violent  self-oscillation.  Therefore.  when

first switching on. volume and reaction con-

trols should be set at minimum., and
advanced slowlv as required.
The strength of signals received, will

depend upon several factors. amongst them
the efficiency of the aerial svstem and the
prevailing reception conditions. Therefore
no given degree of rotation for the volume
control can be advised. but it should be set
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in such a way as to allow reasonable
strength for the average station receivable.
It can be advanced, then, for weaker
signals or decreased for the powerful
“locals.”” The reaction control is of vast
importance in such a receiver as our three-
valver and should be mastered at the
carliest opportunity. Having recovered from |
the blasting that his ears had received.
George proceeded more cautiously with his
tuning-in, leaving the volume set about
half way in. The hirst major fault we found.
and this is common, was that he was only
using one-handed control. In other words,
he turned the reaction control up and then
started tuning round for a station. When
he had located an interesting signal he
returned {o the reaction control for further
adjustment.

This is incorrect for maximum controi of
the receiver. The correct procedure is to
use one hand for the reaction and one for
the tuning. In this way, one can be juggled
against the other until the signal is at
peak strength. Though this is not so im-
portant for powerful stations, it is essential
if any success in tuning in the more elusive
stations is to be attained—and after all the
thrill of DX listening is concerned in get-
ting the unusual rather than the everyday
station. Whilst on the subject, a few words
on the handling of the reaction control will
not come amiss, since it is so important to
grasp the art. The reaction should be ad-
vanced to the extent that the valve goes
into oscillation, this effect being noticed by

a “'hiss’’ in the headphones. (Badly designed
straight receivers are renowned for the
“plop” or ‘‘screech’ when the detector
valve is forced into oscillation, but this

should never happen in a well-built re-
ceivery, Just below the point where the his
1akes place (i.e., just before oscillation) is
the most sensitive operating point, and this
is the point where the control must be set
when receiving the weaker stations. With
the detector in oscillation, the rotation of
the bandset capacitor will result in many
whistles in the phones. These are heterodyne
whistles caused by the incoming signals
beating with the local oscillations (pro-
duced bv ‘‘reaction’’). In this way morse
(CW) stations are casily received and the




set should be kept in oscillation whilst
listening to these signals. The reaction con-
trol should also be set just into oscillation
whilst searching for telephony stations and
then eased out of oscillation when the sig-
nal has been located. This is of immense
usefulness when looking for very weak
stations, since the very presence of a
whistle will indicate that a station is
there—the same signal could easily be
missed if no beat note was uscd. The
stronger ‘phone stations will be heard intel-
ligently even though the detector is in
oscillation but will be subject to some dis-
tortion and background hiss.

Therefore, the golden rules to observe are
to advance the reaction till the set is just
in oscillation; to tune around in erder to
select a signal; to decrease the reaction until
the set is just below oscillation point; 1o
re-adjust both reaction and tuning controls
simultancously.

It may be asked, and indeed was by the
bright George, why it is necessary to use
both controls at the same time. The
answer is that in a sct of such a nature as
our 0-v-2 it is incvitable that the amount
of capacitance needed to push the detector
into oscillation will vary from band to
band. In other words, the setting of the
reaction control for maximum results will
be different for one part of the tuning
range to another. The difference may not
be great but‘without having controls ad-
vanced simultaneously some of the weaker
stations mayv casily be missed.

When this principle has becn absorbed,
searching for stations mayv commence. With
the bandspread capacitor set at zero. the
bandset tuner should be rotated until a
“band’’ is encountered. Despite initial im-
pressions, it will soon be discovered that
there is some sort of order in the allocation
of channels used by stations. Broadcasters
are allocated bands such as 13, 16. 19, 25,
31 metres, whilst amateurs are allocated
bands as the 20, 40 and 80 metre ranges.
Thus there will be several groups of stations
on each coil between which onlvy “‘com-
mercial’”’ morse and telephony stations will
be heard. When a band has been discovered,
by the rotation of the bandset capacitor,
the bandspread should then be brought into
use as this allows much finer tuning over the
complete band. Onec word here that is im-
portant. If the bandset capacitor is so
arranged that with maximum capacitance
(vanes fully meshcd) the dial reading is
zero, then the bandspread capacitor should
be likewise adjusted. If these two variables
are not consistent in  this respect, and
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having located a band on the main tuner,
rotation of the bandspread will not bring
in the stations required but will move away
from the band instead of covering it! So
make certain that the dial reading of zero
on both capacitors is either minimum or
maximum capacitance in ecach case.

Much to our surprise, George {fairly
quickly learnt these points and was soon
tuning in stations with comparative ease.
He had his troubles, but it was pointed out
that it took plenty of experience to earn
the promotion of DX-er from a mere knob-
twiddler. Even with the very slow band-
spreading he was still tuning much too
fast and this was pointed out to him to
be detrimental to a successful career of
short wave listening. Then came the inevit-
able question of what bands to listen on for
best results.

This subject is one that proves there is
more in short wave listening than merely
tuning stations in—a subject that could fill
very many pages. However, the essentials
to remember are that the higher frequencies

(lower wavelengths) are best received
during daylight whilst the Jlower fre-
quencies (higher wavelengths) are better

during darkness. Thus, we get the 13m.
band at its best during the early afternoons,
16ém. during late afternoons, 19m. late
afternoons and ecarly evenings, 25m. early
evenings and late evenings, and so on.
Seasonal changes of conditions affect this,
and other factors too, but it may be relied
on as a good general guide. Later, experi-
ence will allow for these variations to be
taken into account,

Finally, & word or two on conditions. If,
one day, hardly any signals can be heard
and even the regular stations are almost
inaudible. do not scrap the receiver! The
factors affecting short wave propagation arc
unaccountable and there are often wide-
spread ‘‘fade-outs,”’ sometimes for days and
sometimes for only hours. Also quite often
the fade-out will affect some bands and not
others. At its best short wave listening is
erratic, but even so immense pleasure and
hours of enjoyment are there for the asking.

Though this is the final instalment of
“‘Making a Start,’”’ it is not the last you will
be hearing about the now famous George.
He is settling down nicely with his receiver
but from what we can gather he has plans
afoot to further disturb our peace of mind!
S0, don’t be surprised if, in a couple of
months time, he comes on the scene again
with some further material for the new-
comer to construction!
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The Straight Receiver

Part 6

By H. A. Emm

Tone Control

XTREME fidelity of reproduction is
E not one of the primary objects of the

average short wave listener. Having
received a signal, he is concerned only that
it should be as readable as possible; with
telephony, of course, distortion can mar
or even ruin a signal, and to this extent,
good quality is necessary. Readability, it
will be found, can be greatly improved if the
range of audio frequencies reproduced in
the speaker or phones can be controlled.
Background noise and other mush can be
largely eliminated by attenuation of the
upper frequencies, and control of the lower
register does much to offset any tendency
to microphony, while it often proves bene-
ficial in reducing interference from stations
in which the carrier is modulated at a low
frequency, and in eliminating "‘kev clicks.”

The most popular form of tone control
consists of a capacitor in series with a
resistor, the latter generally variable. These
are most often connected in the output
stage of the receiver. either in the control
grid or anode circuit, both types being

Ci

VR |

Fig. ga
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shown in Fig. 9. At A the control is in the
anode circuit, the amount of by-passing
through the capacitance Cl being governed
by the setting of the variable resistance VR.
With output pentode or tetrode valves there
is a tendency to high-pitched reproduction,
due to the anode impedance of the valve in-
creasing with frequency, and it is usual to
otf-set this by providing a fixed amount of
tone correction, achieved generally by the
connection of a small capacitance C2 across
the anode load impedance. VR/C1 can also
be wired in parallel with this impedance,
instead of as shown, and in fact this method
is to be preferred, as the voltage stresses
across it are lowered and the risk of break-
down thereby lessened.

In Fig. 9B the tone control is shown con-
nected in the control grid circuit of 1ihe
output wvalve. In the anode circuit, the
anode lead impedance is relatively low,
and the by-pass capacitance Cl must be of
the order of .005 uF or larger in order that
it should have a reactance sufficiently low
to be effective. In the grid circuit, however,
the transformer secondary or grid leak has
i comparatively high impedance, and a

———
]
c2

Fig. 9B



much smaller capacitance can be used.
Indeed, in Fig. 9B the combination VR/C1
can be replaced by a .0005 uF variable
capacitor; as a point nf interest, this
arrangement is used in some of the com-
mercial receivers.

A wvariable capacitor can also be con-
nected between the anode and the control
grid, giving a form of necgative feed-back.
It is very important in this case, however,
that the capacitor used should have ade-
quate insulation between the two sets of
plates, as a breakdown would mean the
application of a high positive potential to
the control grid, and consequent damage to
the valve would follow.

A method of controlling the lower audio
frequencies is shown in Fig. 10. Here,
determined by the setting of the potentio-
meter, the grid leak is returned either to
the negative line direct, or via an AF
choke .The reactance of an inductance rises
with frequency, so that when the choke is
effectively in circuit, the result is a boost
of the higher frequencies only. The arrange-
ment of Fig. 9 can be combined by insert-
ing a capacitance as shown in broken lines,
thus giving a one-knob control enabling the
choice of top cut, normal reproduction, or
bass cut at will.

Where reception is confined to CW, using
a reacting detector or a superheterodyne
receiver employing a beat frequency oscil-
lator so that the wanted signal appears as
a note of definite frequency, then the
resonant properties of a tuned circuit can
be put to good effect. As shown in Fig. 11,
the grid circuit consists of an AF choke
tuned, by a parallel capacitance, to the
frequency of the wanted signal. Unwanted
signals at other frequencies will be
attenuated. For good results. two such
stages will be necessary owing to the
difficulty of obtaining a high Q" in an
inductance at audio frequencies. A 250 mH
choke tuned by a .1 uF parallel capacitor is
suggested for a 1000cs. note, the choke pre-
ferably being wound on a powdered iron
core,

RADIO CONSTRUCTOR
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THE EDITORS INVITE . .

@ Constructional articles suitable for
publication in this journal. Prospective
writers, particularly new writers, are
invited to apply for our ‘“‘Guide to the
writing of Constructional Articles”
which will be sent on request. This
guide will prove of material assistance
to those who aspire to journalism and

will make article writing a real
pleasure! )
Constructive criticisms and suggestions

on the magazine. Let us know what
vou like and what you don’t like.

Details and, if possible, photographs,
of your workshop or ‘‘den.”
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A

Short
Wave
Economy
Two

An efficient
“All Dry”
Short Waver

By
Jack
Fisher

(Editorial Note: The circuit of this vecelver, togethey with some briefwotes, originally appeared
e the "My Favourite Recelvey” “catuve in Short Wave News. The awthor was so inundated
with vequests for fuller details that he found iv necessary to have some mimeographed sheets

made of the velevant points. Stnce the recerver aroused such inlevest, we invited My, Fisher fo

descvibe the set in full for this journal).

EFERENCE to the circuit diagram
R will show that the receiver is a

straight of the 0-v-1 variety and that
it uses “‘ecconomy’’ or “‘all dry’’ valves.
The use of this type of valve dispenses with
the need for accumulators, a point well
worth remembering if the recciver is to be
used, as the original model was, for port-
able purposes. This fact, combined with the
size of the receiver (6in. x 4lin. x 44in. in
cabinet) makes for a truly portable short
waver, onc that can be carried around with
case.

In the original receiver, American type
IN5 valves were used. Should readers find
these valves unobtainable, the British
equivalents must be used and, as these are
taller than their American counterparts, it
will necessitate increasing the height of the
cabinet by about one inch.
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The Circuit

The salient features of the circuit will be
easily observed by reference to Fig. 1. The
aerial is coupled to the primary winding of
the 6-pin coil via the small variable capa-
citor Cl. The object of Cl is to permit
adjustments to be made to the degree of
coupling so that reaction will be smooth
over the various bands to be covered, and
it is important that this capacitor should,
therefore, be insulated from the metal
chassis by insulating washers. The RF sig-
nals are induced from the primary to the
grid winding of the coil and are funed by
the bandset capacitor C2 and the band-
spread capacitor C3. The selected signal is
then applied to the grid of the detector
valve V1, which is operating under the
leaky-grid detector conditions. The signal is
then amplified and appears at the anode

\
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Fig. 1. Theoretical Circuit

section of the valve together with a propor-
tion of unrectified RF. This RF is pre-
vented from reaching the audio frequency
stage by the RF Choke but is re-introduced
back into the grid circuit via the reaction
coil, which is magnetically coupled to the
grid winding, in correct phase to amplify
the original signal. The amount of this ‘‘feed
back’’ is jointly controlled by the pre-set
capacitor C4 and the potentiometer R2, the
latter being used to vary the potential
applied to the screen grid of the detector
valve. The purpose of C6 is to prevent
extrancous noises when R2 is being
adjusted.

The audio frequencv stage is resistance-
capacitance coupled to the detector stage by
R4/C7, and the capacitor C8 is to by-pass
to earth any RF that might have escaped
the RF Choke. The audio signal arriving at
the grid of V2 is further amplified by this
valve and appears across the anode load—
the phones.

Construction

For constructors who wish to make their
own chassis, a piece of metal is required
and should be cut and drilled as shown in
Fig. 2. The size of this metal sheet should
be 8lin. x 7in., which, when bent into
shape, will give a chassis measuring 53in.
x 4in., with a I3in. sub-chassis space. A
metal panel is also required and this should
measure 6in. x 4}in. and should be drilled
as shown in Fig. 3.

The panel is fixed to the chassis by
means of the lugs and fixing nuts of the
potentiometer R2, aerial trimmer C1 and the
phone jack. The panel should overlap the
chassis by %in. to enable fixture to the
cabinet. It has been decided to omit details
of the cabinet as individual constructors
may have their own choice in the way of
design.

The next task is to mount the variable
capacitors, valve bases and so forth and

then to commence wiring up. It is recom-
mended that wiring should be carried out

4 S

( 2

Connections for Eddystone 6-pin coil holder:
(1) Eavth; (2) Stator of C2, (3} Earth; (4) Cr;
(6) Anode of VI, (0) C4.
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Fig. 4. Under Chassis Layout

with 18 swg tinned copper wire, with
systoflex sleeving, except for the battery
leads which may be of any good quality
multi-strand flex. No difficulty in wiring
should be experienced if the layout as shown
in Fig. 4 is carefully followed. The first
step is to wire up the filament leads of the
valves and then C5 and Rl can be fixed.
The latter components should be soldered
extremely close to the grid cap of the
detector valve as. mayv be seen from Fig. 5.
Failure to adhere to this may easily result
in instability and undesirable effects.

When the wiring has been completed.
connect the batteries and, before inserting
the valves, take a meter reading across pins
2 and 7 of both valves to cnsure that not
more than 1.5 Volts is being applied to the
filatnents.  Manv  constructors  will  not
possess a multi-range meter and in this case
an ordinary flash famp bulb can be uscd as
an effective substitute. 1f the bulb ““blows,”’
the wiring should be carefully checked as
it will be obvious that there is an HT short
somewhere!

Operation

To operate the set, plug in coils, valves,
and connect the aerial to the stand-off
insulator at the rear of the receiver. Switch
on the set and rotate the reaction control
in a clockwise direction until a faint hiss
is heard in the phones. Then turn the band-
set control uritil a “‘chirping” is heard and
slacken off the reaction until the receiver is
just below the point of oscillation. Having
selected the required band, the final tuning
is carried out by means of the slow motion
drive (the bandspread control). If re-
action is not obtained, or if the reaction is
too fierce, adjust the preset capacitor C7
until results are satisfactorv. Once set, this
capacitor need not be adjusted again.

Should reaction disappear over certain

wavebands, adjustment of the aerial
trimmer C1 will allow oscillation to be
obtained. Very satisfactory results have

been obtained on this little receiver using
an ordinary ‘'L’ shaped aerial and no earth.
The author did not experience any hand-
capacitance effects but should readers ex-
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C2 160 uuF
4 5 C3 15 uuF
C4 175 puF (approx.)
C5 100 ppF (silvered mica:

3 6 C6 0.1 uF paper
C7 0.01 pgF paper
Resistors
R1 5 M~ § watt

2 7 R2 50000 potentiometer
R3 50000~ 1 watt
R4 350000~ % watt
R5 1 M— } watt

| 8 .

Miscellaneous

Conneciions for 1N3 valves (as viewed from . .
underside) : (fpm ry Blank,; (Pinz2) Filament ; ?ta'n;dniOffOItnsluh}ti)ry (}13) .
(Pin 3) Anode, (Pin g) Screen grid; (Pin 3) S::f‘ inccerzcuraiic‘ciﬁ (i)as?esil‘ -
Blank; (Pin 6) Blank; (Pin 7) Filament; %H(rl)t ave RE Chok (1))
(Pin 8) Blank; (Top Cap) Control grid. }ac)k p‘l‘l‘:; eand so/ck(:%te(l)
o o
perience this fault then the addition of a Dry Battery, 90v. and 1.5v.
good earth system should effect a cure. Slow Motion Drive (1)
Remember, however, that earth connections Yalves: IN5 (2) .
must be short and direct. Doub}ceh (%’)olc Single Throw toggle
switc
LIST OF COMPONENTS Reel of 18 swg tinned copper wire (1)
Capacitors Systoflex sleeving (3 lengths
Cl 3-30 wupF trimmer Set of plug-in coils (six-pin;

} Aerial

C2 C3

= =

Fig. 5. dbove Chassis Layout.
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A Variable Frequency Oscillator

Describing a versatile ECO unit with
combined crystal oscillator

By G2ATV

mitting, the use of variable-frequency

oscillators  has  become increasingly
popular, and the position which existed
pre-war of the majority of stations using
crystal controi, with a minority of VEO's,
has now become completely reversed. There
have been, and doubtless will continue to
be, articles published in the Radio Press
deploring this state of affairs—but the
censure should really be addressed to cer-
tain so-called opcrators.

SINCE the resumption of amateur trans-

The crystal ix admittedly the most stable
form of oscillator frequency  control  at
present in existence, yet it is quite possible
for bad design and for faulty adjustment
to lead to a chirpy note, a T7 signal, and
frequency drift. even though crystal control
is used. The variable frequency oscillator is
certainly more responsive to misuse, but
should not be condemned on this count
alone. Given care in construction, and de-

sign, plus intelligent operation, the VFO
can be as efficient as its crystal controlled
counterpart, with the added advantage of
frequency-at-will operation.

The exciter described in this article has
now been in use for some considerable timc
as is all "R.C.”” apparatus before being
committed to print—and has produced re-
ports equally as good as were forthcoming
when its crystal controlled predecessor was
on the air. It should here be noted that this
exciter was designed to be used in conjunc-
tion with the voltage regulated power supply
unit which was described in the July, 1947
issuc of ‘““Short Wave News.”” With this
supplvy the note has invariably been re-
ported as T9 or T9x, but the oscillator can,
of course, be used with any other well-
designed power unit. In any case it is
essential in the interest of frequency stabil-
ity that the power supply together with its
accompanying heat be situated elsewhere
than in the same cabinet.
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@ Stability

A careful check has been kept on stabil-
ity and drift. When first switched on, there
is considerable drift—some 3 kes.—for a
few minutes until the valve heaters have
reached almost normal working tempera-
ture. This is followed by a slow drift during
the next half-hour which amounts to some
2 kes. on the fundamental output fre-
quency range (3.3 Mcs. band). From then
on, the frequency has not been observed to
drift through more than a further 1 kcs.
throughout a whole evening on the air. In
practice this has rcsulted in many solid
QS0's of a half-hour and more with crystal
filters in operation at the other end.

This is quite satisfactory, and has enabled
us to make use of a directly calibrated dial.
Here again we must make an observation
the Transmitting Licence clearly states that
where the sending apparatus is not crvstal
controlled, the sending frequency shall be
measured whenever necessarv, and on all
occasions where the sending frequency 1is
changed, to an accuracy of not less than
+0.1 per cent. The calibrated dial is,
therefore, not intended to record the operat-
ing frequencv for log-keeping purposes. It
will give the frequency sufficiently accur-
ately for all purposes where the exciter is
used as a wavemeter (a useful function) and

RADIO CONSTRUCTOR

it is also convenient for rough setting lo
any desired frequency (within 1 kcs. on the
fundamental output band}).

Stability is excellent, too. The exciter is
being used regularly within a foot of the
key, and has suffered its fair share of jars,
knocks, etc., but has never yet jumped
frequency.

@® The Circuit

Now for a glance at the circuit, as shown
in Fig. 1. A 6F6 valve is used as an
electron-coupled oscillator, with fced-back
arranged in the usual manner via a section
of the grid winding L1. The tuned circuit
here has a high C/L ratio in the interests
of stability, and includes no less than four
separate capacitors. The bulk of the capaci-
tance is provided by C3, which is fixed in
value. Cl is a variable for band-spreading.
C2 is for band-setting, and C4 is a very
small value variable which is used for zero
setting of the dial and which is adjustable
from the front of the panel. Bias to the
oscillator is provided solely by the grid-
leak R1. The anode and screen HT supplies
are broken by the switch S1, and are fed
from a 150 volt source, preferably stabil-
ised. The anode of V1 is untuned, which re-
duces the output somewhat, but has the
advantage of rendering the frequency un-
affected by adjustments to the tuning of the
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Vi:6F6 V2:6V6
Fig. 1. Theoretical Circuit

Cl, C2 25 pwpF  C5.0 C7, C12 100 puF C11 160 wupF R4 250 K-
C3 350 uuF (see text) C6. C9. C10 0.01 pF R1, R2 30 K-~ For details of coils,
C4 5 upF (sec text) C8 0.1 uF R3 150 K~  choke, etc., see text
150
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following stage, and permits of the dial
being directly calibrated.

The second stage fulfills two functions.
The switch 52 in the grid circuit allows the
valve to operate cither as a doubler follow-
ing the ECO, or as a sclf-contained crystal
controlled oscillator. In the latter case Sl
is left in the open position in order to
avoid any confusion as to which is the cor-
rect carrier. The values of components used
in this second stage were decided upon
from the angle of efficient working as a
doubler, but in practice do not unduly
affect operation as a CO. The RF output is,
in fact, greater when used as a CO than
when working as a doubler.

It will have been noticed by now that
the ECO itself is not keved, and so this
stage cannot be used for BK working. The
reason is that it was found impossible to
cut out all traces of chirp when keying this
stage, despite many experiments. It would
seem that one reason is the variation in the
inter-electrode capacities of the valve
caused by the changes in the valve tem-
perature when keying.

However, BK working can still be in-
dulged in by keying the second stage when
this is operating as a CO. When used as a
doubler, keying V2 brings with it no prob-
lem of chirp, and also cnables the operator
to ‘'swoop’’ on to any desired frequency
without radiating to the discomfort of
others! As a CO, too, this stage is very con-
venient as a means of providing check fre-
quencies against the calibration of the
ECO tuning dial, the zero point of which
can be adjusted ‘‘spot-on’’ by means of C4.

The anode of V2 is tuned in the usual
manner by L2/C11. This circuit has a higher
1./C ratio than that in the ECO, as
stability is no longer the main considera-
tion, and a higher L/C ratio produces
greater RF output. Three terminals give a
choice of capacitance or link coupling to
the following stage(s). The output from the
unit, bv the way, is sufficient to drive a
pair of 807's.

@ Components

Before leaving the circuit, a few words
may be opportune on the actual compon-
ents, with regard to their construction or
materiads used in them. An exciter should
be built as a precision instrument, and not
as the “hook-up’” which so often is the
cause of prejudice against a VEFO. In par-
ticular. the whole of the oscillator stage
should be constructed with good quality
components. L1, .2 and L3 are home-wound
on ceramic formers. and will be described
later. The variables C1. C2, Ct and Cl11
must be of the air-dicletric type, having end-
plates of low loss material. and must be of
solid construction. C3 and C3 are also im-
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portant from the angle of stability and free-
dom from frequency drift, and should be
of the silver-mica or silver-ceramic
variety.

The coupling capacitors C7 and C12 may
be of the moulded mica types, or better.
The decoupling capacitors C6, C8, C9 and
C10 are not so important, and here the non-
inductive tubular capacitors are quite suit-
able, though moulded mica are better but
more expensive. The RF choke in the anode
of V1 calls for no comment, except that it
should be efficient.

The switch S1 may be of the QMB on-off
type, but S2 should be of the Yaxley pattern
for two reasons, low contact resistance and
low capacitance between adjacent contacts.
The four resistors are not too critical as
regards value, and a suitable rating is one
watt, tolerance *£20%. They should, of
course, be non-inductive, and therefore not
wire-wound. Glass valves are shown in the
illustrations, but the metal types are more
compact and equally suitable.

There remains the drives and the cabinet
and chassis. Several good quality drives are
now available at reasonable cost; the most
important considerations are rigidity and
lack of backlash. Rigidity is also the point
to look for in the chassis, panel and cabinet.
It may involve harder work in construc-
tion, but any flimsiness will result in
mechanical instability.

@ Construction

The cabinet shown in the illustrations
measures 12ins. long by 8ins. high by 6ins.
deep. This particular shape is not essential,
of course, but it does enable a very suitable
layout to be adopted. All the components
are mounted on the chassis and panel, so
that the VFO can be withdrawn as a com-
plete working unit if necessary. The panel
measures 12ins. long by 8ins. high, and the
chassis 10}ins. long by 3iins. wide by 1%ins.
deep, and the latter is fixed to the panel
with its lower edge #in. up from the bottom
of the panel. This allows plenty of room
underneath for those parts ‘‘below deck.

The ECO components are grouped above
and below the chassis immediately behind
the larger tuning dial. No dimensions are
given for the placing of these, as it will
obviously depend on the sizes of the par-
ticular parts used. With the type of drive
shown, a mounting bracket is necessarv for
Cl1, and the mounting of this plus the drive
should be tackled first.
positioning of C2—also on a bracket—the
coil L1 and the 6V6 holder. Space should be
left between the holder and the coil for a
couple of feed-through insulators, through
which pass the cathode and grid connections.
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Fig. 2. Plan view showing layout of ECO section above chassis

The next step is to mark out and drill
the holes for S1 (iins. diam.), C4 (screw-
driver clearance), and the kev jack
(7/16ins. diam.) The size of C4 will dic-
tate the distance between the cenires of
these holes—we used one of the ex-WD
preset types which are so plentiful at the
moment, stripping it down until onlv one
fixed and one moving vane remained. The
panel can now be almost completed by
drilling the holes for the other drive and
the three output terminals. C11 has HT on
both fixed and moving vanes, and must,
therefore, be mounted on an insulated
bracket, with an insulated coupler, flexible
for preference, to the drive.

Two more feed-through insulators can
now be ‘‘spotted,”’ one near the fixed and
one near the moving vanes, and then the
6V6 holder can be positioned and the hole
drilled (1%ins. diam.) The coil L2/L3 is set
on stand-offs fixed to the panel where
shown, so that the axis is at right-angles
to that of L1, in order to minimise any in-
ductive coupling that might exist between
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them. The only remaining large holes are
those for the dial lamp wiring ($in. diam.
to take a rubber grommet), for the supply
cable (size to suit), the switch S2 (usually
¢in. diam.), and the crystal holder (also to
suit) .

We have shown S2 and the crystal holder
mounted on the rear edge of the chassis, as
in our case the crystal was required mainly
to give a calibration check point. Where it
is intended to use the 6V6 fairly frequently
as a crystal oscillator to drive the trans-
mitter, it would be more convenient to
mount both the switch and the crystal
holder on the panel, in line with the key
jack. There is plenty of room available for
this purpose, and the operation would not
be affected in any way bv so doing.

The only components above chassis not
so far mentioned are the two coils. Both, in
our case, were wound on ceramic formers
1iin. diam. The ECO coil L1 consists of a
single winding of 42 turns, close-wound, of
26 swg enamelled copper wire, tapped at 7
turns from the earthy end for the cathode
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/—Polystyrene strips

Anode coil L2
Link L3

Ceramic former

Stand-off insulator |

&
NS

/

Iig. 3. Showing constructional details of PA coils ([L2]L3)

The
windings. L2 consists of 36 turns, also close-
wound, of 24 swg enamelled copper. L3 is
of the same gauge wire, close-wound, and
has four turns; this winding is spaced at

connection. 6V6 anode coil has two

about 20 turns from the anode end—the
distance is not critical-—and is separated
from L2 by thin slips of polystyrene
cemented parallel with the ribs of the coil

former. After winding, both coils were
thoroughly impregnated with polystyrene
cement.

The particular formers we used are pro-
vided with three rows of holes, making the
provision of anchoring points a simple
matter-—just a question of enlarging those
holes slightly (careful does it!) and using
6BA bolts and soldering tags. The number
of turns given above for L1 and L2 may
have to be modified slightly in individual
cases, as stray capacitances will no doubt
vary if a different lavout is used. The
coverage we obtained in our model was
3500-3673 kcs. Through further doublers,
the 7 and 14 Mcs. bands can be covered
by some 150 and 100 degrees of
the dial respectively. If it be wished to
cover the whole of the present 3.5 Mcs.
band, Cl should be made 30 upF and C3
built up of two paralleled capacitors having
a total of 325 upF.

Underneath the chassis, the key jack, SI1.
S2, C4, and the crystal holder have alreadv
been mentioned. The remaining components.
such as the resistors, capacitors, and RF
choke, are all mounted in the wiring and
so do not require any large holes. Fig.
shows the layout of these as we arranged
them. All earth (chassis) connections were
taken to an earth line formed of 14 swg
tinned copper wire, bent over at each end
and soldered to two of the wvalveholder
screws. The multi-wayv cable from the power
unit is connected to tags on a mounting
strip, to remove anyv strain on parts con-
nected to the various leads. The whole job

should be wired up with rigidity as one
of the main considerations—nothing smaller
than 16 swg wire should be used for wiring,
except in the case of heater and dial lamp
leads where 14/36 twisted flex is best.

There now remains only the cabinet
which, as mentioned previously, should be
a really sturdy affair. Another most im-
portant condition, from the point of view
of freedom from frequency drift, is that it
should provide ample ventilation. To take
care of this, we made four 1}in. diam. holes
along the top edge of the back, above the
valves, and provided also a row of £in.
diam. holes along the ends and back of the
cabinet bottom.

©® Tests

When completed, the unit should first be
tested for shorts between the two positive
HT leads and the chassis. Solder has a
nasty habit of dropping into awkward
places! There should be no reading in each
case. Then plug in the valves, connect up to
the power unit, switch on and monitor on
a receiver. With signals being received, the
next step is to ascertain that the VFO is
operating within the amateur band. Super-
fluous? Just try occasionally outside the
limits. and see how many hams can be
logged! Tf coil formers have been used of a
size different to that given in this article,
check up on both stages with an absorption
wavemeter to make sure that both are
operating on the correct bands. Then check
the frequency range with a crystal con-
trolled wavemeter, and adjust C2 and Ci
until the coverage is correct, leaving C4 set
with the moving vane half-in. If no crystal
controlled wavemeter is available, study
the terms of the licence!

Table 1 gives a list of voltages and cur-
rent readings as measured at various points
in our model, as a guide to the constructor
should the VFO fail for some reason to
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following stage, and permits of the dial
being directly calibrated.

The second stage fulfills two functions.
The switch 82 in the grid circuit allows the
valve to operate either as a doubler follow-
ing the ECO, or as a sclf-contained crystal
controlled oscillator. In the latter case Sl
is left in the open position in order to
avoid any confusion as to which is the cor-
rect carrier, The values of components used
in this second stage were decided upon
from the angle of efficient working as a
doubler, but in practice do not unduly
affect operation as a CO. The RF output is,
in fact, greater when used as a CO than
when working as a doubler.

It will have been noticed by now that
the ECO itself is not keved, and so this
stage cannot be used for BK working. The
reason is that it was found impossible to
cut out all traces of chirp when keying this
stage, despite many experiments. It would
seem that one reason is the variation in the
inter-electrode capacities of the wvalve
caused by the changes in the valve tem-
perature when keying.

However, BK working can still be in-
dulged in by keying the second stage when
this is operating as a CO. When used as a
doubler, keying V2 brings with it no prob-
lem of chirp, and also enables the operator
to “'swoop’’ on to any desired frequency
without radiating to the discomfort of
others! As a CO, too, this stage is very con-
venient as a means of providing check fre-
quencies against the calibration of the
ECO tuning dial, the zero point of which
can be adjusted “‘spot-on’’ by means of C4.

The anode of V2 is tuned in the usual
manner by L2/C11. This circuit has a higher
I./C ratio than that in the ECO, as
stability is no longer the main considera-
tion, and a higher L/C ratio produces
greater RE output. Three terminals give a
choice of capacitance or link coupling to
the following stage(s). The output from the
unit. bv the way, is sufficient to drive a
pair of S07's.

@ Components

Before leaving the circuit, a few words
mayv be opportune on the actual compon-
ents, with regard to their construction or
materials used in them. An exciter should
be built as a precision instrument, and not
as the “‘hook-up’” which so often is the
cause of prejudice against a VFO. In par-
ticular, the whole of the oscillator stage
should be constructed with good quality
components. L1, 1.2 and L3 are home-wound
on ceramic formers, and will be described
later. The variables Cl1, C2, C+4 and Cl11
must be of the air-dieletric type, having end-
plates of low loss material, and must be of
solid construction. C3 and C5 are also im-

portant from the angle of stability and free-
dom from frequency drift, and should be
of the silver-mica or silver-ceramic
variety.

The coupling capacitors C7 and C12 may
be of the moulded mica types, or better.
The decoupling capacitors C6, C8, C9 and
C10 are not so important, and here the non-
inductive tubular capacitors are quite suit-
able, though moulded mica are better but
more expensive. The RF choke in the anode
of V1 calls for no comment, except that it
should be efficient.

The switch S1 may be of the QMB on-oft
tvpe, but S2 should be of the Yaxley pattern
for two reasons, low contact resistance and
low capacitance between adjacent contacts.
The four resistors are not too critical as
regards value, and a suitable rating is one
watt, tolerance =*=20%. They should, of
course, be non-inductive, and therefore not
wire-wound. Glass valves are shown in the
illustrations, but the metal types are more
compact and equally suitable.

There remains the drives and the cabinet
and chassis. Several good quality drives are
now available at reasonable cost; the most
important considerations are rigidity and
lack of backlash. Rigidity is also the point
to look for in the chassis, panel and cabinet.
It may involve harder work in construc-

tion, but any flimsiness will result in
mechanical instability.
@ Construction

The cabinet shown in the illustrations

measures 12ins. long by 8ins. high by 6ins.
deep. This particular shape is not essential,
of course, but it does enable a very suitable
layout to be adopted. All the components
are mounted on the chassis and panel, so
that the VFO can be withdrawn as a com-
plete working unit if necessarv. The panel
measures 12ins. long by 8ins. high, and the
chassis 10}ins. long by 3ilins. wide by 1%ins.
deep, and the latter is fixed to the panel
with its lower edge {in. up from the bottom
of the panel. This allows plenty of room
underneath for those parts ‘‘below deck.”

The ECO components are grouped above
and below the chassis immediately behind
the larger tuning dial. No dimensions are
given for the placing of these, as it will
obviously depend on the sizes of the par-
ticular parts used. With the type of drive
shown, a mounting bracket is necessary for
Cl, and the mounting of this plus the drive
should be tackled first. Next comes the .
positioning of C2—also on a bracket—the
coil L1 and the 6V6 holder. Space should be
left between the holder and the coil for a
couple of feed-through insulators, through
which pass the cathode and grid connections.
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TEST READINGS

Measurement Reading Where Measured
6F6 ECO

Anode volts 150y, Between A and chassis
Screen volts 150w, Between A and chassis
Anode current SmA. In series at A (oscillating)

I5mA. In series at A (non-oscillating)
Screen current 1.6mA. In series at B (oscillating)

2.3mA. In series at B (non-oscillating)

6V6 AS DOUBLER (DRIVENXN)

Anode volts 240y, Between C and chassis
Screen volts 240w, Between E and chassis
Cathode volts 5.5v. Between D and chassis
Anode current 15mA. In series at C

24mA., In series at C (off-resonance)
Screen current 17mA. In series at E

1.7mA. In series at E (off-resonance)

6V6 AS CRYSTAIL OSCILLATOR 1

Anode volts 2350v. Between C and chassis
Screen volts 230v. Between E and chassis
Cathode volts 5S¢, Between D and chassis
Anode current 12mA. In series at C

36mA. In series at C (non-oscillating)
Screen current 7mA. In series at E

3mA. In series at E (non-oscillating)

(Key jack

y— _Grommet

s

L

Fecd—througn insulators

A (C\ \nw }\ ) Xtal

Fig 4. Under Chassis Lavoui
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operate properly. The actual readings ob-
tained will to some extent depend on the
sensitivity of the measuring instrument, and
due allowance should be made for this. All
voltage readings were taken between the
points named and the chassis; current read-
ings were taken with the meter inserted in
series al the points marked. V1 measure-
ments were taken with the valve oscillating,
and then with the control grid shorted to
chassis—in each case V2 was switched to
the crystal position with the holder empty.
V2 measurements were taken both as a
doubler and as a CO, and with the anode
circuit tuned to resonance and then off-
resonance. L3 remained unloaded through-
out.

@ Calibration

Attention has already been drawn to the
section in the transmitting licence which
states that the sending frequency must be
measured whenever necessary, and when-
ever the frequency is changed. The calibra-
tion of the VFO dial is thus to be regarded
as a matter of convenience in enabling
quick setting to any particular approximate
frequency; at the same time, if undertaken
carefully, it does allow the VFO to fulfill
a most useful function as a heterodvne
wavemeter.

RADIO CONSTRUCTOR

Calibration is readily accomplished by
monitoring on a receiver and beating the
signal from the VFO with the harmonics
from a 100 kcs. crystal sub-standard, that
from the VFO being adjusted to zero beat.
This will give marker points at frequency
multiples of 100 kcs. when the receiver is
set to the 3.3 Mcs. band. Further division
giving 50, 25 and 12.5 kcs. points (on the
fundamental 3.3 Mecs. scale) can be ob-
tained by switching the receiver to the 28
Mcs. band, and beating VFO harmonics
with those from the sub-standard. From
these points a graph can easily be prepared
which, with the coverage used in the pro-
totype. can be read to within 1 kecs. on
the 3.5 Mcs. output range. With a 180
degree dial, one degree will approximate 1
kes. using a straight-line frequency capa-
citor for Cl.

The direct-calibration dial shown in the
illustrations is marked along the outer of
the six concentric scales at intervals of 10
kes. From these points, radial (parallel
with pointer) lines are marked extending to
the innermost scale. Each pair of these
radial lines is then connected by a diagonal
curve which indicates 2 kes. points where it
crosses the intervening scales. Such a dial
can be comfortably set to an accuracy of
+2 kecs. on the 14 Mcs. band . ’

Rear iiew of
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Capacitors

By Centre Tap

OLLOWING our recent informal chat
F on resistors it has been proposed

that other components should be
briefly reviewed in a similar manner, so this
month capacitors of the various types are
dealt with. Firstly, the variable or tuning
capacitor. It will be noted that these have
specially shaped vanes. They are designed
thus to follow a given “law,” or to put it
more simply, to increase their capacity at a
given ratio in proportion to an increased
cumeshment of the vanes. Generally speak-
ing, for amateur use, it is the mechanical
side with which we are more concerned and
the points to look for in good design.

These are, sturdy vanes, low loss insula-
tion (and ecven that must be kept to a
minimum) «and a spindle bearing which
gives good electrical contact at all points
and during movement. Some of the older
and cheaper patterns fall short in the last
requirement particularly, which is respon-
sible for their noisv opcration.

Thin vanes, especially if of brass must be
avoided. Their “'springiness’” under slight
shock or even sound waves from the speaker
striking them, may cause their capacity
(and thus the tuning) to varv. A “‘pigtail”
is essential to ensure perfect contact be-
tween the rotor, or moving, vanes and the
connection, for silent operation.

Of fixed capacitors the mica types are
well suited to RF circuits as they remain
constant with  varying frequencyv. Thev
consist of metal foil electrodes separated by
mica, tightly clamped together. A more
modern development, the silvered mica
type, is similar but instcad of having foil
clectrodes, a silver film is deposited on the
mica itself, thercby giving a higher degree
of stability with no likclihood of the elec-
trodes changing their relative positions and
altering in capacity.

Ceramic capacitors are similar to the
silvered mica type, but the dielectric is of
@ ceremic material instead of mica.

It would be as well at this point to con-
sider the main uses for fixed ecapacitors,
and their general classification is set out
below.,

Purpose
RE  coupling,  grid
and by-pass capa-
citors
Dccoupling, sind AF
coupling
Power smoothing

Types Used
Mica,  silver
and ceramic

mica

Non-inductive paper

Large capacity paper
and electrolvtic
It will be seen that the mica, silver mica
and ceramic, are all primarily used for
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similar purposes and their differences are
merely a matter of degree. The latter arc
preferred where small and absolutely con-
stant capacities are required.

Semi-Variables

The value of all capacitors is depend-
ent upon the thickness and the nature of
the diclectric  between the plates of
metallised surfaces and this also governs the
voltage which they are expected to with-
stand. Pre-set, or semi-variable capacitors
used for trimming, etc., depend on this.
and as they are tightened down (or the
vanes enmeshed) their capacity increases.
The usual dielectrics are air or mica, their
dielectric constants being 1 and 6 respec-
tively. Proportionately waxed paper has a
constant of 2.

Paper Dielectric Capacitors

These consist of metal foils, usually
aluminium, interleaved with paper and
tightly rolled. The greatest encmy of all
capacitors is moisture and special pre-
cautions are taken in manufacture. Pro-
tection also has tc be given against the
possible admission of moisture during
service so thev are hermetically secaled and
care should be taken to see that the sealing
is not damaged. Some patterns have little
more than wax sealing and this can be easily
melted off with the careless use of a solder-
ing iron. In what is popularly known as
the non-inductive pattern each foil is
extended over the opposite ends of the
paper so that current can flow along the
cdge of the foil instcad of following a cir-
cular path coil fashion.

Even so thev cannot be absolutely non-
inductive but their inductivity is so small
that it is insignificant for the purposes for
which they are used, chiefly for de-coupling,
AF coupling or smoothing.

The larger sizes of paper capacitors are
popularly known as ‘‘Mansbridge’’ type and
in capacities of above several microfarads
must of necessity become very bulky, par-
ticularly i thicker waxed paper, to ensure
higher voltage working, has to be used.

Electrolytics

The great asset of the electrolytic type is
the fact that a large capacity can be had in
a compact space especially when the work-
ing voltage is low as in bias smoothing. For
higher voltages as in HT reservoir and
smoothing wuses. thev save considerable

(Continued on p.163)
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Tuned Circuits

“I am hoping to take the Radio Amateurs’
Lxamination next May, and see from the
syllabus that I have to know something about
acceptor and vejector civcuits. I cannot find
anything aboul these in iy books and wonder

if vou could give me some information.” —L.

Jarman, Ldgware.

Acceptor and rejector circuits are tuned
or resonant circuits; the acceptor circuit
offers minimum impedance at the frequency
to which it is tuned whilst the rejector
offers maximum impedance at the frequency
to which it is tuned. The acceptor circuit
takes the form of an inductor and a capa-
citor in series with the signal source (Fig.
1) and at resonance. when the inductive re-
actance equals the capacitive reactance the
effective impedance of the circuit is zero.
This is because the capacitor causes the
voltage which is developed across it to lag
upon the current by 90 degrees, whilst the
voltage developed across the inductor leads
the current by 90 degrées. When these volt-
ages arc of equal magnitude they cancel
out no matter how large the current is in
the circuit. The impedance is therefore zero
as Z=0=0 by Ohms law.

I

The rejector circuit takes the form of an
inductor and capacitor in parallel, with the
signal source in series with the combina-
tion (Fig. 2). At resonance the inductive
reactance equals the capacitive reactance
and the effective impedance of the circuit
is at a maximum. It will be recognised that
the rejector type of circuit is used for
normal tuning purposes where it mayv be
considered to short circuit all signals at fre-
quencies other than the one to which it is
tuned.

These types of tuned circuits are fre-
quently employed in audio amplifiers for
tone correcting purposcs.

I.F. Instability

“Recently I constructed a five-calve supervhel
which defies all my attempts to align it. In
spite of the fact that I built a signal generator
for this purpose I can get nothing but whistles
and rushing noises over the whole tuning
range. Can you suggest the possible cause of
this trouble.”—A. Bellamy, Plumnstead.

The trouble experienced with this receiver
appears to be due to instability in the
intermediate frequency amplifier. In severe
cases this instability may lead to steady
oscillation in the stage resulting in a hiss
or rushing noise being heard from the
speaker. When a signal is tuned in it will
beat with the unwanted oscillation causing
the familiar heterodyne whistle. Instability
may be the result of poor connections, long
connecting leads, insufficient screening or
ineffective decoupling. The grid lead of the
LF. amplifier should be well screened and
it is a useful tip, when using single ended
valves, to mount the screen grid bypass
capacitor directly across the bottom of the
valve holder between the anode and grid
connections. By so doing the capacitor acts
a8 a screen across the valve base; the
outer foil of the capacitor should be con-
nected to earth.

In order to avoid instability care should
be taken with the layout of components to
ensure that anode and grid leads are spaced
well apart and are of the shortest possible
length. Similar trouble to that described
may be caused by squegging in the local
oscillator section of the frequency charger.
This may be due to an oscillator anode
voltage which is too high or the use of a
grid leak of too large a resistance. If
attention to these points does not affect a
cure a resistor of 25 to 100 ohms should
be connected in series with the oscillator
feed back winding (untuned winding) .

inductor Fig. 1 shows a series veso-
N - " want or acceptor cirvcuit.
I Fig. 2 shows a pavallel
siqnal resonant oy vejector civeuit.
rce
capacitor
e 1 [ >
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Push Pull Balancing

] have an amplifier using two separately
biased triodes in the output stage. The in-
dividual bias vesistors have been adjusted so
that each valve passesthe same anode curveit,
but T understand that this does not necessarily
provide perfect balance. As the best obtain-
able quality is vequived I should be glad to
know if theve is a better method of balancing
a push pull stage.”—B. Hemingway, Yeouil.

As it is possible that two similar valves
will not have identical characteristics when
passing the same anode current, the balance
point may occur when the anode currents

“Query Corner”
Rules

(1) A nominal fee of 1/- will be made for
each query.

(2) Queries on any subject relating to
technical radio or electrical matters
will be accepted, though it will not be
possible  to provide complete circuit
diagrams for the more complex re-
ceivers, transmitters and the like.

(3) Complete circuits of equipment may
be submitted to us before construction
is commenced. This will ensure that
component values are correct and that
the circuit is theoretically sound.

(4)  All queries will receive critical scrutiny
and replies will be as comprehensive as

possible.

(3) Correspondence  to be addressed to
“Ouery  Corner.” Radio  Coenstructor,
57 Maida Vale, Paddington, London,
W,

(6) A selection of those queries with the
more  general interest will be repro-
duced in these pages each month.

HT+

LS
Fig. 3. Showing «a
wethod of detecting un-

balance tn a Class A or
AB push-pull amplifier

differ slightly. It will be realised from this
that the equalising of these currents does
not necessarily result in a balanced push-
pull stage. Also by careful consideration of
the circuit it will be apparent that any
unbalanced current will flow in the HT
lead to the centre tap of the output trans-
former primary. In order to check this a
low resistance (say 100 ohms) if connected
in this lead will cause a voltage to appear
across it, which will vary with the un-
balanced current. This voltage may be
detected by means of a pair of headphones
connected across the resistor as shown in
Fig. 3. The capacitor in series with the
headphones leads is included as a precaution
to prevent DC from flowing through them.

Having connected up the headphones a
signal should be fed into the amplifier and
the individual bias resistors adjusted around
the recommended value until the signal
heard in the phones is at a minimum. The
push-pull stage is then operating under the
best possible balance conditions.

glﬂenry ’S Radio Component Specialists

We have the most comprehensive range
of Radio Components of every nature.

Our reputation is your guarantee.

If unable to call, please send stamp for
current price list,

{Dept. RC)

5 HARROW ROAD, W.2  PAbdingeon

(Opposite Edgware Road Tube)
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An AC/DC Amplifier

A compact 8-watt unit

By L. F. Sinfield

AC/DC apparatus meted out by those

- fortunate enough to be on AC supply,
there still exists a large proportion of radio
enthusiasts who have no source other than
DC. The amplifier to be described will be
of special interest to these latter enthusiasts
and it was so constructed as to be as com-
pact and portable as possible and at the
same lime to provide a performance electric-
ally to satisfy the most stolid advocate of
AC apparatus, by its operation and safetv.
The author feels that he has succeeded in
both respects.

The complete amplifier assembly consists
of a carrying case, which splits diagonally
into two seclions, with the speaker mounted
towards the top of one half—allowing
sufficient space below it to accommodate

IN spite of the comments concerning

the amplifier itself. The other half s
arranged 1o accommodate about 20 ten-

inch gramophone records in the section that
fits to the rear of the speaker. (I desirable.
a_sccond speaker could be fitted instead.)
There is enough room left to enable a
microphone to be clipped in and to accom-
modate the connecting cables. The ATTANZE-
ment will be clear from the aceompanving
photographs.

The amplifier itself is built on to a steel
chassis of 1lin. x 43in. with a 2in. flange
all round. The main components are
mounted with a view to provide adequate
ventilation, freedom from hum pick-up in
the wiring due to the high heater voltages
involved, and this lavout should be
strictly adhered to if the components are to
be accommodated in the space provided and
if performance is to be trouble free. The
photographs  should make the general
arrangement quite clear.

The Circuit

The first valve is a 6J7G microphone pre-
amplifier and the circuit incorporates a
built-in matching transformer to accommo-
date a microphone of the moving coil type.
The output from the preamplifier is directly
mixed with the input from the pick-up.
This system of mixing has no attenuation on
the input when the control is at full gain,
unlike the series-resistance method. The
second valve in the circuit mav be new 1o
some, a 6SL7. Unlike the 6L7, which is a
pentagrid mixer, the 6SL7 is a {win-triode
and it is used in this amplifier in a self
balancing phase inverter circuit. The first
triode in the envelope is used simply as a
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straight amplifier whilst the second triode
section is the phase inverter which derives
its grid input from a network between the
two anodes of the 6SL7. The voltage at
triode-2 anode is equal and opposite to that
at the anode of triode-1 within fairly fine
limits. In order to keep the variation as
low as possible, to ensure efficient working,
the gain is kept as high as possible.

The output stage consists of two EL32's

St n push-pull. As the heater current of these
Jele=fralves is normally 0.2 A, it is necessary to

3 &t‘,‘

Jbhunt both heaters with a resistor. The

‘”‘/‘l-t\! "Psistor in order to keep the screen current

1.

*

reasonably low. The transformer used in the

Jloutput stage is such that it gives output
suitable for matching to most types of 3 -
speakers. It was not found necessary to by-
pass the cathodes of the twin-triode or for
that matter the output valve.

Construction

Now to some aspects concerning the con-
structional side. First of all mention must
be made of the fact that the chassis is
isolated from the HT negative line through
a mica 0.01 uF capacitor, a precaution
advisable in such AC/DC apparatus. All
screencd leads are covered with insulated
sleeving and the metal braiding is bonded
to HT negative and NOT to chassis. It can,
of course, be bonded to an-external earth
but this is not by any means essential. Pro-

viding that the metalised braiding is taken
to the HT negative line the chassis tself
will be perfectly safe and will not be “‘live.”

Even with the above precautions it may
still be possible to get a slight shock from
the earthy lead to the pick-up, when using
AC mains. This will be due to the fact that
the negative HT line is on the ‘‘live”
side of the mains and that AC is flowing .
through the 0.5 uF isolating capacitor. By
the simple process of reversing the AC
mains input plug this effect will disappear—
or alternatively the pick-up lead may be
taken to an external earth.

Experiments with an assortment of mov-
ing coil pick-ups showed that the lower fre-
quencies were accentuated and this was
cured by the incorporation of the screen
supply circuit of the 6]7 as shown in the
diagram. This is actually a low frequency
negative feed-back arrangement and its in-
clusion was found to even things out and
to give correct compensation.

The completed amplifier should be encased
in metal which should be so provided with
perforations as to give adequate ventilation
which is necessary due to the heating of the
valves and the dropping resistor. A leather
carrying strap may be fastened to this
metal case and, as will be seen from the
photographs, makes for a ‘‘finish”’ to the
job. The underside of the chassis should be
covered by 1/16in. paxolin sheet and it is
hdvisable to make this easily removable

The amplifier with cover vemoved
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should the occasion arisc that it becomes
necessary to replace the 1A, cartridge fuses.

Should any trouble arise with regard to
instability in the output stage, resistors of
about 50 ohm should be placed in series with
each EL32 anode, as close to the anode pin
as possible, and this will in most cases
effect a cure.

Frequency Response

Tests for frequency response were highly
satisfactory. Using a sine wave, fed into the
pick-up sockets, from a stabilised audio fre-
quency oscillator and taking measurements
on an oscilloscope, across a 2} ohm resistive
load, a f{requency Tesponse curve Was
drawn. The output was found to be
reasonably flat over a range of 30-10000
cycles with a falling off noticeable at the
high frequency end due to the tone control.

RADIO CONSTRUCTOR

TEST VOLTAGE READINGS

Valve Electrode Voltage
6]7 Anode 45
Screen 4
Cathode 0.25
6517 Anode 1 98
Cathode 1.65
(common)
Anode 2 98
EL32 Anodes 210
Screens 208
Cathodes 15
Notes:

Main HT (smoothed) supply was
220v. HT supply to the 6]7, after the
10000 resistor was 185v.

These test readings were obtained
when using the amplifier on DC mains
of 245 volts. On AC mains of 230
volts the main HT supply to the am-
plifier is 230 volts DC, therefore all

The maximum audio output of the ampli- abot\_'e Tloltages wil increase pro-
fier is, by the way, approximately 8 watts. portiona’ 'y
OVERALL DIMENSIONS
Chassis: 11}in. x 3in. x 2in. Underside of chassis covered by

Amplifier plus metal cover: 1lin. x
5in. x 6%in.
Material: 1/16in. enamelled steel.

1/16in. paxolin sheet.

Chassis forms bottom of amplifier
unit, with the perforated cover screw-
ing directly onto }t.

The wiiplificr,

covey and cariving case
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The complete amplifier,

together with 20 ten-
inch recovds and loud-

speaker, s housed in
the neat carrying case
shown, making a fine
self-cantained unit.

(CAPACITORS—Cont. from p. 1:3(')|

space us compared with the paper type. For
practical purposes they can be divided into
two tvpes, the WET and the DRY, although
the former are now less frequently used.
The DRY can be mounted in any position
but as both types are POLARISED care
must be taken to see that the positive and
negative ends are correctly connected. A
later tvpe electrolvtic has been developed
which can be used either wayv round.

Testing

A simple test for leakage in all types of
capacitors is to charge them from a DC <olt-
age source within the working rating, and
then after a brief period, short them. If
they are good thev will hold the charge
until shorted., when a spark will be seen
varving in fatness” with the value of
the capacitor. Only a verv small spark can
be expected from capacitors of less than
omicrofarad  or so, and these can b
similurly tested by connceting in parallel
with a known good capacitor of say 1 or
2 pF. If the small capacitor leaks the
larger one will discharge itself through it
and no spark will result from the shorting.

Electrolytics can be tested with a low
resistance milliameter connected in series
with it and a DC voltage applied. There
will be a slight leakage even from a good
electrolytic but this should not exceed .1
mA. per microfarad. There will of course,
be a sudden surge of current as the

capacitor charges up.

get it at

Smith Sof Ed‘gware Road

The Book on how to make it,
The Material to make it with,
The Components to put in it,
The Equipment to test it with,
The Cabinet to put it in.
(AND a fair deall)

H. L. SMITH & CO. LTD.

287-9 EDGWARE ROAD, LONDON, w.2

Near Edgware Road Met. and Bakerloo
Phone PAD, 5891i Hours 9-6 (Thurs. | ofc.)
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ADAMS
RADIO

\We have pleasure in presenting a new range of
iransmitters ready for immediate operation and
guaranteed for six munths,

Mndel G2. Covers the range 1-60 Mcs. on built-in
multi-band coil unit, aerial coupling to match any
type aerial, 15/20 watts RF, dial lamp resonance
indicator, vernier tuning dial, beam power oscil-
lator and PA, neon stabiliser and crystal. AC
mains operation. 12 gns.

Model G60. As above but with 700 volt power pack
built-in, two neon stabilisers, 807 osc. 807 PA,
steel case. 60 watts RF. 30 gns.

AModel G25. For CW or speech with built-in mcdu-
tator PT15 PA, 25 watts RF. Steel case. Complete
with microphone on table stand. AC mains opera-

T, 30 gns.
15 watt models for 3 or 10 metres £8/10/-
2 metre modulated for 100-150 Mes. £8/10/-
1-10 metre Wavemeters, visual type 17/6
7 Mcx. Cryvstal Selector for 4 cryvstals, tdnk coil
and 4 air-spaced tank condensers, 25/-
Ditto with AC mains pack, 5 watts RF. £8/10/-

Meters. By special arrangement with Messrs.

offer all their Meters, Signal Generators
PURCHASE from £1 Down.
Signal Generators £15/10/-
Universal Multirange £10/10/-
AC measuring Bridge £12/12/-

Television. We stock complete range of parts for
Home Construction, Manual -on Television Con-
struction 3/6 Post Free. Cathode Rayv Tubes by
Mullard ECR30 42/6, holders with shield 7/6, masks
2/6. ECR35 65/-. ECR60 price 808/-. Holders with
support 8/6, masks 3/9. EF30 at 6/-. EAID with
holder 4/-. Tuners, etc. in stock.

420 Mcs. Communication Receivers, 12 valve,
Drand New in makers sealed carton. “Lighthouse”
RF stage, 955 mixer and 953 oscillator, double
superhet TF channel. 2 LF stages, Superbly built
with fine tuning controls on front panel. Will cover
the entire new Amateur Range. We have only a
iew., valued at £60 each we offer to really Serious
FExperimenters at 19 gns. each on the understand-
ing that they are not broken up for the valves.

Mains Transformers, 1000v CT or 1400v CT
Heavy duty Chokes, 100 mA., 400 ohms
Chokes in steel cases, impregnated
Transmitting Condensers, 125 pf x 125 pf

45/-
10/6
15/-
7/6
Battery-operated short-wave sets, superhet with
RF stage, cover 6.9 Mcs. or 14-7 Mes. Complete
with batteries and phones £6

Similar mode! 1-10 metres Acorn superhets using
Eddystone coils and Acorn valves, require power

pack £6
3-10 metre Transmitter/Receiver, 24v. £7
Ditto for A mains operation £10
TCC Electrolytics, 16 x 16 mid. 330v. 8/6

Oscilloscopes: “Electronics” medel with Mullard
ECR30 tube, 'AC mains operation, complete 16 gns.
I.E.C. Oscillograph with ECR35 Mullard tube, for
AC mains operation 28 gns.
Television experimental units
focus and brilliance controls

white tube.
£5-£7 each

with

Communication receivers for 16-400 metres, guaran-
teed one vear. 32 gns.

Volume compressor and amplifier for AC mains.
Increases transmiiter RF by 30 dbs. Steel case,
AC mains. 10 gns.
Ditto less power pack, BVA valves £7
AC Power Packs. Our latest addition 1o a fine
range of Amateur Equipment we now offer a
completely self-contained Power Pack delivering
£.3v, 3 amps. and up to 300v HT fully smoothed.
Complete in  “Imhof”’ type cabinet of most
attractive design, with mains lead, panel fuses,
spare fuses, etc. Guaranteed 12 Months. £10/16/-

Taylor Electrical Instruments Ltd. we can
and Oscilloscopes from stock on HIRE

Oscilloscope .. £27/10/-
Universal 20000 opv ... £14/14/-
Taylor Junior ... £7/10/-
Valves. Our complete stock includes Acorns 935

and 934 at £1 each, RCA “Lighthouse 446A £3/5/-
including holder, Standard Telephones Grounded
Girid Tricde with Silver Plated Holder 52/6, 807
with Frequentite Base 21/-, 9002 and 9003 at 14/-
each, 1T4, 1S5 and 384 at 14/- each. All other
American and British types stocked.

Visit our showrooms where vou may handle all

transmitters, oscillographs, communication re-
ceivers and see the latest components.
Hire Purchase .facilities on Amplifiers, Trans-

mitters and Test Equipment

Comprehensive catalogue price 6d.
We send anywhere, carefully

COD or CWO

packed,

ADAMS RADIO 655 FULHAM ROAD, LONDON, S.W.6

(Buses !1, 14, 28 & 91. Tube station: Walham Green)

Phone: RENown 4178
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___PREMIER RA

MORRIS AND CO. (RADIO),
ALUMINIUM CHASSIS.—Substantially made of

LTD. I O -

bright aluminium, with four sides,

10in. x 8in. x 2}in.,

7/~ R2in. x 9in. x 24in., 7/9;

16in. x 8in, x 2}in., 8/6;

BATTERY CHARGER KITS.—All incorporate metal
rectifiers, input 200-250 v. A.C. 40/100 cycles.

ELECTROLYTIC CONDENSERS.—Miniature meta

20in. x 8in. x 23in., 10/6 22in. x 10in. x 2hin.. 13/6. Price
SUPERSENSITIVE DOUBLE HEADPHONES.—  © ¢haree 2 v. accumulator at fame. %
Balanced armature with reed driven atuminium dia- Y2 » 1 amp. ... 22/6
phragm, 60 ohms, 8/6. ': 6or l2v. "’ " 4 amp. .

can type, 8 mfd. 500

v.w., 3/=;

8x8 mfd. 500 v.w., 6/6: 50 mfd.

16 mfd. 500 v.w., 4/-;
12 v., 1/9.

Complete with Variable resistance an

d meter £3/15/-

2-VALVE, SHORT WAVE BATTERY KIT.—A

To charge 6 or 12 v. Accumulator at 6 amps.
ditto £5

H.T. and L.T.

complete Kit of Parts for a 2-valve receiver, covering
15-600 metres, including valves, coils, drilled chassis,
dry batteries,

H.T. ELIMINATOR AMD TRICKLE CHARGER
KIT.—Consists of a compl te kit of parts to construct

to last approximately 6 to

12 months. A pair of Double Headphones and full in-
structions. Price £3/101-. An Extra Coil can be supplied,
covering 600-1900 metres at 4/,

ROTARY TRANSFORMERS.—Input 12 v., output
180 v. 30 mA,, 4 v. 2-3 A. with |9 volts input, output is
50 per cent. higher. May be used on D.C, mains as L.T.
Charger. With small conversion could operate as D.C.
Motor. Original cost over £5. Employ powerful ring
magnet. Price 10/- each.

OUTPUT TRANSFORMERS.—A super production.
By means of ingenious series-parallel arrangement, all
windings are used at all times. Match any tube, single
or push-pull to any voice coil 2-30 ohms. 7 watts, 22/6;
IS watts, 30/-; 30 watts, 49/6; 60 watts, 59/6.

an H.T. Eliminator with an output of 120 v, at 20 mA.
and provision for trickle charging a 2 v. accumulator.
Two metal rectifiers are employed. With circuit, price
30/-.

RADIOGRAM CABINETS.—Dignified appearance
and good workmanship. Size 34}in. high, 19 in. deep,
36in, wide. Send for illustration. Cabinet only, £26.
With Electric Motor and Pick-up, £32/16/-.

ROTARY TRANSFORMERS.—Size only 7in. by 4%in.
diameter. With é v, input; o i ut 200 v. 50 mA. With
12 v. input; output 400 v. 80 mA, Price 20/-
ROTARY TRANSFORMERS.—With 12 v. input;

output 600 v. 250 mA. With 6 v. input; output 280 v.
250 mA., Price £3.

OQUR 1947 LIST IS NOW
AVAILABLE. All i

enquiries |
must be accompanied Yy a
2%d. stamp.

ALL POST ORDERS TO : Jubilee Works, 167, Lower Clapton
Road, London, E.5. ( Amherst 4723.)
169, Fleet Street, E.C.4. (Central 2833.)

CALLERS TO:

TECHNICAL BULLETIN No. 1

OBTAIN YOUR COPY, NOW, FROM OUR NEAREST
APPROVED STOCKISTS (or direct in case of difficulty)
CONTAINS TEN LARGE PAGES ON :(— ’

(1) COMPLETE TECHNICAL DATA ON THE MAXI-Q RANGE
OF COILS.

(2) DETAILED DESIGNS AND CIRCUITS FOR HIGH PER-
FORMANCE SUPERHET, T.R'F., AND VHF CONVERTOR.

(3) OTHER USEFUL INFORMATION ON THE APPLICATION
OF MAXI-Q COILS. PRICE 3/-

It is our intention to publish, from time to time, similar
bulletins on our other products.

You can now obtain good delivery of all DENCO components
from our stockists.

O A 2 m U

OLD ROAD, CLACTON-ON-SEA, ESSEX
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SMALL

ADVERTISEMENTS

Readers’

an additional charge of 1/6 will be made

small advertisements will be accepted at 3d. per word, minimum charge 3/-.
advertisements will be accepted at 6d. per wglx_rd mmimum charge 6/-.
erms:

Trade
If 2 Box Number is required,

with order. All copy must be in hand by

the 10th of the month for insertion in the following month's issue.

PRIVATE
WANTED—DC or AC/DC turntable. Particulars
and price to Gabb, 16 Augu-ta Road. Moseley,

Birmingham, 13.

CONSTRUCTORS LOOK! Nine valve super-het
£10. Moditied “*Air Hawk Nine.” Working but
needs completing. All components. Owner lack of

time. Also other usefui components. S.AL lists.
R.  Aldridge, “Aprilliz,;" New Road, \menhdm,
Ducks.

TRADE

G6MN for the “best” QSL’s and approved log
books, send for samples: G6MN, Bridge Street,
Worksop, Notts.

QSL’s and G.P.O. approved log books,
iree, from Atkinson Bros., Printers, Elland.

2in. THERMOCOUPLE MOVING COIL MILLI-
AMMETERS. 0-350 mA. New ex-(Govt. A bargain
at 5/6 each, £3 per dozen, post free. A. J. McMillan,
3 Oakfield Road, Bristol, 8.

COPPER WIRE. Enamelled, Tinned, Cotton,

samples

Silk-covered. All gauges. Screws, nuts, washers,
soldering tags, eyelets. Ebonite and laminated

Bakelite panels. Coil formers. Covered wires, ear-
phones, ete. List S.A.E. Post Radio Supplies, 33
Bourne Gardens, London, E.4.

H. FRANKS, 58, New Oxford Street, W.C.l.
Tel.: Mus. 9594, Sangamo synchronous motors,
seli-starting, 200-250v AC 50 cv. consumption 23
watts, size 2%in. x 2in., geared 1 rev 60 mins.,, can
be reset to zero by friction drive from front or
back shaft, gin. x 1/10in. to run clockwise, ideal
movements for making electric clocks, time
switches, etc., nickel-plated finish, price 22/6 ea.;
12 to 1 dial trains to fit above spindle, 2/6 per
set extra; F/3.5 lenses, 2 inch focus by vsell known
makers, ex-Govt. stock, as new, fitted in oxidised
mount, flange, etc., ideal for enlargers, projectors,
cameras, etc.; price 27/6 each, postage 6d. To
callers only, Selsyn motors, K20 aerial cameras,
heavy duty L.F. chokes, change-over relavs as
used in 1154 transmitter, sun-vic delaved action
controls, (i.E.C. gas-filled mercury relays, blower
motors, 1000 volts 200 mA. transiormers, multi-way
screened cable and plugs.; C.R. power units, type
326; performance meters, type 33874; AC mains
wavemeters, tyvpe W12352; battery wavemeters, type
W1093; receivers, type 1147; AC mains power packs
for 1147; receivers 3132; indicator modulators, auto
trausfurmers, receivers, type 76A; battery driven
amplifiers, large assortments of volt, amp and
milliameters, neutralizing units with RF meters,
metal rectifiers, relays, vibrator packs, inter-com

sets, signal generators DC to AC converters;
Brown's A tvpe headphones; E.M.I. cathode-ray
tubes; 6-valve receivers incorporating Clystron
unit, etc., etc.

AMSONS
URPLUS
TORES
169-171 EDGWARE ROAD

London, W.2 Tel. PADdington 7851

C.R. TUBE INDICATORS Type 162.C. Comyplete

with 2 tubes types VCRAZ and VCR139. Fine
selection  of components including 3 VR63's,
1 6J3G;, 4 dindes. Brand new, dispatched in
wooden packing ca~e a. fremy makers. £4/10/-.,
carriage 5/-.
RECEIVER TYPE 3170. 14 Valve Radar Unit.
Brand new, complete with 10 EF30's. 1 HVR2,

T U1, 1 VS70, 1 VRI137, Resistors, Condensers
Chokes, ete. Dispatched in maker’s pad\mg’ case,
Waonderful value. £4/10-., carriage 5/-.

M.C.R.1 Miniature

mains or battery.

communication receivers for
Frequency range 20 to 3000
metres. Complete with power supply unit to
operate on from 107v. to 230v. AC or DC, 2
HT batteries, phones, aerial and earth, brand

new in sealed tins. £11/10/-, carriage 3/-.

2 VALVE BATTERY AMPLIFIERS. Tipe
Alt34, LT 2v., HT 120v. Valves Q210 and
PLMF. Brand new in neat metal cases 25/-,

carrtage 1/6.

SEE OUR WINDOWS FOR A THOUSAND BARGAINS

METAL WORK
with a Difference!

This is an example of gear which can
be made to YOUR OWN dimensions
and layout.

For full details and address of nearest agent, contact—

L. J. PHILPOTT (G4BI)

(E. ]. PHILPOTT)

Chapman St., Loughborough 1. .

1.



