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HOME RADIO (Components) LTD. Dept RC. 234-240 London Road. Mitcham CRA 3HD Phone 01-648 8422

In addition to telling you about our Catalogue
each month we would like to bring to your

notice one or two items which we believe are
UNIQUE TO HOME RADIO (Components) LTD.

is the

To start off here

SPRINT IRON

To ourknowledge this remarkable
iron has been in use on the
Continent for over ten years. It has
several unusual features:

We carry complete spares, right down
to the fast nut and bolt, even spare
mains leads. Qur price for this desirable
object is only £3.98 plus 18 pence
p & p. Essentially this is a tool for the
field service engineer or the handyman
and experimenter wishing to make a
few quick joints. A constructor build-
ing something with a large number of
joints might find a conventional iron
quicker.

Heats up in 10 seconds!
Weighs only 5 ounces.
Parts can be changed in seconds.

Can be used on anything from a
transistor upwards.

= ey = (A friend of ours used one to repair his water
Howve FIAnIOm_ { tank. We think this is asking too much!)
3 COMPONE

i E The “ERSA’" SPRINT IRON is just one of
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the many exciting things to be found in the

famous 250-page Home Radio Components
Catalogue. Noless than 6,785 electronic components
are listed and indexed, and 1,750 items are
illustrated. A free bookmark with a useful list of
technical abbreviations is included. The catalogue
costs 55p plus 22p post and packing. Every copy
contains 10 vouchers each worth 5 pence when
used as directed. Regularly updated price
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lists are supplied to you free.
Send r , \
now for Please write your Name.and Address in block capilals '
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withchequeorPO.for77p.
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Fig. 1. The theoretical circuit
of the ‘Hiflex’ personal re-
ceiver. There is an adjustable

o inductive coupling between i \ ;)—'
A — Trin L3 and L1. The receiver is } N e ted v
: switched off when S1 (a) (b) 6:5““_ T Ofitput
is in the centre position ® Aok ! J‘{:ks
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Although this receiver employs only
two transistors, reflex operation pro- Ry N
vides two stages of r.f. amplification :
before detection, together with a | 3 L
. further two stages of a.f. amplifica- '
tion after detection.
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!

DGS bce
2N 3819 2N4289
b Lead-outs Lead-outs

Sir Douglas Hall, K.C.M.G., M.A. {Oxon)

HIS RECEIVER EMPLOYS A FURTHER NEW DOUBLE

reflex circuit, and it gives high amplification with
only two transistors. It employs a field-effect transistor
which functions as a source follower, first at radio
frequencies and then at audio frequencies, and a high
amplification bipolar p.n.p. transistor which amplifies,
as a common emitter device, at both radio and audio
frequencies. As a result a large number of stations can
be received, both on the medium and the long wave
bands, these signals giving good volume and quality on
a pair of cheap crystal earphones. Selectivity will not
approach that given by a superhet, nor will it be as good
as can be obtained with the author’s ‘Spontaflex Super
Alpha’ circuits, but it is adequate for most areas. The
coverage on the two bands is from about 150 to 550
metres on medium waves, and from below 1,000 to above
2,000 metres on long waves.

CIRCUIT OPERATION

The circuit is shown in Fig. 1. Assume first that the
wave-change switch, Sl(a), is set to medium waves,
thereby short-circuiting’ L1 and causing VC3 to be
inoperative. Medium wave signals are picked up on the
ferrite rod coil L1 this being tuned by VCI which is a
solid dielectric 200pF tuning capacitor. The signal is
applied to the gate of TR1 and, since the input imped-
ance of this transisor is extremely high, the whole of
the tuned circuit can be applied to the gate without any
612

damping taking place. The signal next appears at the
source of TR1 where it has a lowish impedance of some
hundreds of ohms. The r.f. signal is applied to the base
of TR2 and is then fed, in highly amplified form, to L3
via C2. DI, a germanium diode, rectifies the signal
which is then reapplied in audio form, to the gate of
TR1 by way of L1. The a.f. signal is next passed to the
base of TR2 and, again much amplified, appears across
the inductor L4, which is the large winding of an inter-
stage transformer. The d.c. resistance of L4 should not
exceed about 1kQ or there will be too large a drop of
voltage across it and TR2 will not function properly.
The Eagle LT44, universally obtainable. is satisfactory
here, but the earlier Rex LT44, no longer normally
available, had a d.c. resistance of 2kQ for its large
winding and this is too high for the present circuit.

C2 and L3 have negligible effect at audio frequencies.
R3 is the normal emitter resistor for TR2, with Cl
connected across it to prevent negative feedback of the
signal.

There will, of course, be a radio freqency signal at
the collector of TR2, and this is prevented from reach-
ing the output sockets by the filter give by R4, C4 and
R5. R4 is effectively in parallel with L3 at r.f. and forms
part of the r.f. load for TR2.

VC2 provides a capacitive tap into the tuned circuit
and enables regeneration to be obtained by means of the
Colpitts method, this having the advantage of dispensing
with a coupling winding on the ferrite rod. Regeneration

RADIO & ELECTRONICS CONSTRUCTOR

Resistors r
(All fixed values + watt 109)
R1 100kQ
R2 1kQ
R3 1kQ
R4 4.7kQ
. RS 3.3kQ
VRI1 2kQ or 2.2kQ2 potentiometer, linear
Capacitors
Ci 80yt F electrolytic, 2.5V. Wkag.
C2 0.002 or 0.0022uF paper or piastic foil
C3 0.1uF paper or plastic foil .
C4 0.002 or 0.0022uF paper or plastic foil

Cs5 800uF electrolytic, 4V.Wkg.

A7) 200pF variable, ‘Dilecon’
(Jackson Bros.)

vC2 60pF trimmer, mica

vC3 750pF trimmer, mica

Semiconductors
TR! 2N3819
TR2 2N4289
Dl OA81 or OAYI

Swirch ’
Si 3-pole 3-way or’3-pole 4-way,
miniature rotary
Sockets

2 2.5mm. jack sockets

Phones .
2 crystal earphones with 2.5mm. jack plugs

Batrery
2 cells type U7 or HP7 (Ever Ready)

‘MAY 1973

Miscellaneous
Inductors 2 ferrite rods, 4in. by #in. (see text)

L1 See text I-battery holder type BH2 (Eagle)
L2 See text 3 knobs (see text)
L3 2.5mH r.f. choke type CHI (Repanco) 1 transistor holder (optional -~ see text)
L4 Interstage transformer type LT44 1 6-way miniature tagboard, 14 by 14 in.

(Eagle) Plywood, Fablon or Contact, etc.
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is further helped, particularly at the lower radio
frequencies, by arranging a measure of inductive
coupling between L1 and the choke L3.

When S1(a) is set to fong waves, the ferrite rod coil L2
which is mounted at right angles to L1) is brought into
circuit in series with L1. Also, a further capactive tap
capacitor. VC3, is connected in parallel with VC2.

Regeneration is controlled by VR1. This component
is coupled to the capacitive tap capacitors and, as it is
adjusted, varies their effect. The track of VR1 on the
opposite side of the slider couples to L3. When VR is
set to minimum, it not only presents its full track
resistance to the capacitive tap capacitors but it also
short-circuits L3 and deprives TR2 of an r.f. collector
load. Hence, VR functions as a true radio frequency
volume control as well as a regeneration control.

C3 is a d.c. isolating capacitor, and C5 is the usual
large electrolytic capacitor connected across the battery.
Note that only a 3 volt supply is needed and that a
higher supply potential should not be used. The current
drain from the battery is approximately 2.7mA, of
which apout 1.7mA is drawn by TR1 and about ImA
by TR2. Crystal earphones nust be used, and magnetic
types will not prove suitable. Two single earphones may
be employed, these being plugged into the two jack
sockets.

The components required are generally available.

The 2 or 2.2kQ potentiometer required for VR1 can be.

obtained from a number of suppliers, including Henry's
Radio and Electrovalue. Switch S1 is a 3-pole 3-way or
3-pole 4-way component, despite the fact that only a
2-way switch is illustrated in Fig. 1. This is because one
of the tags on an unused section of the switch is em-
ployed as an anchor tag. Some of the components are
wired on a miniature 6-way tagboard measuring
approximately 1} by tlin. This can be obtained from
Home Radio under Cat. No. BTSI3. A further point is
that L1 and L2 are wound on ferrite rods 4in. long by
$in. diameter. These were obtained from Amatronix
Ltd., 396 Selsdon Road, South Croydon, CR2 ODE.
Rods obtained from alternative sources may be of
different grade and could give different results.

PURPOSE

This small piece of apparatus has been designed as a
simple personal receiver rather than as a tuning head,
and its performance with all types of a.f. amplifier has
not been tried out. It works weli, however, with the
author’s ‘Sliding Challenger’ amplifier,* the overall
sensitivity of the combination being very high. Ideally,
the input impedance of the amplifier should be about
10kQ but a lower impedance will prove quite satis-
factory with some small drop in sensitivity. If the input
impedance of the ampiifier is higher than about 20kQ
there may be some loss in quality, and there might be
instability if the amplifier is set to tuil volume. For
maximum selectivity with an a.f. amplifier, the receiver
regeneration control should be set near the ‘oscillation
point, and volume controiled by the amplifier’s volume
control. The use of a high gain amplifier without a
volume control in its input circuit is not recommended.
It may well be found, when using the ‘Sliding Challen-
ger’ amplifier with this receiver, that the amplifier
volume control has’to be turned well back on some

*Sir Douglas Hall, ‘The “Sliding Challenger” 200-250
mW Economy Amplifier’, The Radio Constructor,
August 1970.
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signals to avoid overloading or even instability. If a
mains-powered amplifier is employed there may well be
break-through of strong medium wave signals picked up
by the mains wiring. This can be prevented by insertinga
2.5mH r.f. choke between the negative supply line of the
receiver and the output sockets, If a long wave station
is causing the trouble, the inductance of the choke
should be 10mH, or even 20mH. -

As will be gathered from these comments, it is pre-
ferable not to look upon this receiver as a unit which
can be employed with any a.f. amplifier. Since working
on this article the author has, however, built an a.f.
amplifier which has been specially designed for use with
the ‘Hiflex’ receiver and the constructor may add this
amplifier at a later date if he so desires, using the re-
ceiver for the time being with the crystal earphones. The
amplifier, which also operates from a 3 volt supply, will
be described in a future issue of this journal.

CONSTRUCTION

Construction is very simple, and both the component
layout and the wiring are illustrated in Fig. 2. A piece of
}in. plywood is cut out, and three #in. holes are drilled
to take VC1, S1 and VR 1 as shown. In addition a slot is
cut to take the clamp of L4, which is then cemented into
the slot: and two holes are drilled for the two earpiece
jack sockets. These holes will require countersinking on
the top side of the panel (i.e. on the side away from the
reader as shown in Fig. 2) to make quite sure that the
plugs of the earphones can be fully inserted. If this is
not done there may be a mysterious silence when the
receiver is tried out!

The two ferrite rod coils are next made up. They are
both wound on sleeves and that for L1 must be loose
enough to allow it to be moved along the rod when set-
ting up the receiver. A useful method of making up the
sleeves is to employ pieces of Fablon or Contact with
all the backing left on except for a strip about }in. wide.
The material may then be wrapped around the ferrite
rod, being stuck to itself by the }in. strip of exposed
adhesive.

L1 has 85 turns of 28 s.w.g. enamelled wire and L2 400
turns of 38s.w.g. enamelled wire. Both windings are
single-layer close-wound. Rubber or p.v.c. grommets
are fitted at the ends of each rod, and these are secured
to the panel by cord passed round the grommets, two
small holes at each grommet being drilled in the panel
to take the cord. The rods must not be secured with
wire, which could constitute a ‘shorted turn’.

The small components are wired up on the 6-way
miniature tagboard. In Fig. 2, the two transistors, R1,
VC2 and C5 are shown outside the tagboard edges for
clarity, but they should in practice be within these edges.
No component should be higher, above the tagboard
undersurface, than in. The tagboard is then fitted to the
plywood with smail woodscrews, the area of the ply-
wood under the tagboard having been previously
covered with a piece of Fablon or Contact. This ensures
that the undersides of the tagboard tags do not make
contact with the plywood, which may not be a perfect
insulator.

Care should be taken to ensure that TR1 is not
damaged during soldering. One approach to this end
consists of short-circuiting its leads together with thin
fuse wire, this being removed after the transistor. has
been wired into circuit and the remainder of the receiver
wiring has been carried out. Another approach consists

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 2. All the components are assembled on a plywood panel, and are
wired up as shown here

of employing a transistor holder. This is wired into
circuit instead of the transistor, the latter being fitted
into it after the receiver wiring has been completed.

Choke L3 should be connected into circuit with
slightly longer leads than would normally be used, as
its position and orientation with respect to L1 will need
to be varied when setting up the receiver. It should be
wired initially in approximately the position indicated
in Fig. 2, its ferrite core being vertical.

In the diagram, S1 is shown as a 3-pole 3-way switch,
one. tag of the unsued section being employed as an
anchor tag for VC3. If a 3-pole 4-way switch is employed
there will be two unused sections, and VC3 can be
anchored to any conveniently positioned tag of either
of these.

~ The holder for the two U7 cells is either secured in
position with adhesive, or held by a metal strip cut from
tinplate or similar which passes over the length of the
holder and its clip. There is no need to move the holder
after it has been fitted, but it must of course, be possible
MAY 1973

to remove and fit the cells. The battery holder must be
positioned such that it does not foul the moving vanes
of VC! when these are rotated.

Four 4BA countersunk bolts, each lin. long, are
fitted at the corners of the panel. These enable the
‘chassis’ to stand on a flat surface without any of the
components touching it.

TESTING

When wiring has been completed, the receiver may be
tested and set up. -

First, set VC2 and VC3 to maximum capacitance.
Similarly set VC1 to maximum capacitance and switch
S1 to medium waves. This is given when S1 knob is
turned clockwise. Advance VR in a clockwise direction.
It may well be that a hiss, denoting oscillation, will be
heard in the earphones when VRI is advanced to a
certain point. Adjust the angle of L3, and the position
of L1 coil on its rod, so that the hiss starts when VR1
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has advanced by about one-third to one-half of its
travel. If difficulty is found in obtaining osciilation, take
L1 coil off its rod and refit it the other way round, or
reverse its connections to VCI and Si(a). Do not carry
out both of these changes as they will cancel each other
*out. It is unlikely that this exercise will prove necessary,
as adjustments to the angle of L3 will probably be
sufficient to produce oscillation regardless of which way.
round LI is connected. .

Next, set VCI to minimum capacitance with the
vanes fully open. It will probably be found that oscilla-
tion, denoted by the hiss, cannot be obtained even when
VR is fully advanced. In this event, reduce the capacit-
ance of VC2 until the hiss starts when VR is advanced
one-third to one-half of its travel. Check back with the
vanes of VCI fully enmeshed and, if necessary, reset the
angle of L3 or slightly alter the position of L1 on the rod
for correct oscillation. Then check again with VC at
minimum capacitance and, if necessary readjust VC2.

Now tune in a station near the high frequency end of
the mediutn wave band with the vanes of VCI almost
fully disengaged. If there are no selectivity problems,
leave weil alone. If there is an overlap of stations,
slightly reduce capacitance of VC2. This may require a
small readjustment of L3 or L1 if reception at the low
frequency end of the band is to remain satisfactory. g

Turn Sl to the long wave position. Adjust VC3 so
that smooth reaction, as denoted by a gradual onset of
the hiss, is obtainable throughout the band. If this state
of affairs cannot be achieved, take L3 coil off its rod and
replace it after turning it through 180 degrees. It is
probable that oscillation will start on the long wave
band with VRI advanced not more than one-third of
its travel. It is also likely that the best setting for VC3
will be at maximum or nearly maximum capacitance.

This setting-up procedure is really very simple and
will probably take little longer to carry out than it does
to read the foregoing description. However, the
following notes may be useful.

Medium wave band. If VC2 has too high a capacitance
there will be poor selectivity and it may prove impos-
sible to obtain oscillation with the vanes of VC1 fuily
open. If VC2 has too low a capacitance, oscillation at
high frequency settings of VCI will start at an early
setting of VR1; and there will also be a loss of sensi-
tivity. It may also prove impossible to obtain oscillation
at the low frequency end of the band. The setting of VC2
has the greater effect at the high frequency end of the
band; and the relative positioning of L1 and L3 has the
greater effect at the low frequency end of the band.

Long wave band. On this band, make sure that L2 is
fitted, on its rod, the way round which gives best
results. If VC3 is set to too high a capacitance there may
be ‘rough’ reaction, oscillation at high frequency
settings of VCI being accompanied by a grunt or howi.
There will also be poor selectivity. If VC3 is set to tgo
low a capacitance there may be backlash in VR1 when
VCl has its vanesfully enmeshed. ‘Backlash’ refers to the
condition where oscillation starts at a certain setting of
VRI but does not stop again until VR1 has been
turned back a considerable way. When VC3 is properly
adjusted, the oscillation position for VRI will be
closely defined with oscillation ceasing as soon as VR 1
is turned back over a fraction of its travel. It is just
possible that conditions will seem to commence
improving as VC3 is ‘set to maximum capacitance,
giving the impression that performance would be better
again if this component had greater capacitance. Should
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Fig. 3. A simple case may be made up using four
pieces of piywood and a Paxolin or Formica panel

this occur, connect a fixed capacitor of 300 to 500pF
across VC3, and readjust it.

CALIBRATION

As soon as the best setting for VC2 and VC3 have
been found, the receiver may be calibrated. Calibration
should not be attempted until these two trimmers have
been finally set up, as their adjustment affects tuning
slightly, particularly when the vanes of VCI are nearly
fully open. Station positions and wavelengths may be
‘marked out on a card measuring 5in. by 5in. which, with

ssuitable holes for the spindles of VC1, S1 and VR1, and

for the earphone sockets, is fitted in position over the
plywood panel. If small knobs are employed for S1 and
VR1, a large knob, up to about 4in. in diameter, can be
used for VCI. This will make tuning an easy matter.
Large knobs are not, unfortunately, commonly avail-
able, and they tend to. be very expensive when they can
be obtained. The author made his own by using a lin.
diameter knob and cementing over this a 4in. diameter
disc of Perspex with a hole at the centre which was a
tight fit over the knob. :

Many stations will be received, especially after dark,
with the result that calibration is simple on both bands.

Finally, a small case can be made up using four
pieces of plywood and a panel of Paxolin or Formica,
as shown in Fig. 3. The bottom edges of the plywood
Rieces are screwed to the panel as indicated by the
broken lines, the result being an open-topped box
measuring 5+ by 54in. with a height of I4in. plus the
thickness of the panel. This box is covered with Fablon
or Contact. The receiver ‘chassis’ is dropped into
position in the box and, provided the latter is a good fit,
no form of fixing has been found necessary: The
dimensions given in Fig. 3 assume that the plywood
panel of Fig. 2 has been accurately cut exactly Sin.
square. If this is not the case the dimensions in Fig. 3
should be modified to suit the actual size of the plywood
panel.
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Between the frequency limits of
3200 and 3400; the 90 metre band
can often provide some Dx reception
at times. In general, quite apart from
the conditions prevailing at the time,
the operator must contend with the
utility transmissions that abound —
virtually cheek-by-jow! — from end to
end of the band. In practice it will.be
found that far less utility QRM is
apparent over the weekend, this
particularly applying to Sundays.

To obtain any resuits with respect
to broadcast transmissions it is
imperative that a highly selective
receiving set-up is available to the
operator, either within the receiver
itself or as an outboard ancillary such
as a Q-multiplier. Even where such
equipment is used, it is often the
experience that a transmission, once

‘located amid the QRM, will sooner

or later {more often sooner) be quite
suddenly blotted out by a powerful
utility transmitter right ‘bang-on’ the
frequency. Most Dxers are aware of
the frustrations but perhaps, like the
writer and many others, they are still
prepared to do bettle with the 90
metre band in order to come up with
some worthwhile logging from time
to time. In fact, almost any logging on
this band is worthwhile considering
the difficulties one must surmount at
times.

@ 90m BAND STATIONS

3200 2306 PLA Fukien with male
and female announcers
in Chinese dialect, mili-
tary marches etc.

AIlR Lucknow with pro-
gramme in Hindi, chan-
nel surrounded by a sea
of utility QRM.
Baghdad with Arabic
music and songs, quite
the easiest station to
log on this band.
Niamey with African
music, announcements
in vernacular, National
Anthem and sign-off.
Ziguinchor with Euro-
pean songs and music
recordings.

3205 1640

3240 2223

3260 2203

3336 2229
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3346 1926 Lusaka with a taik in
English under “open’
carrier.

8350 2210 Ejura with. African

songs and music.

3380 2051 Blantyre with classical
music, identification
and news in English at
2100.

3396 2010 Rhodesia (Tx location

uncertain) with light
music and announce-
ments in English,

So much for the 90 metre band
and on to those stations that have
‘been coming through on the —

@ 75m BAND

This band lies between the fre-
quency limits 3900 to 4000 and it is
capable at times of producing good
Dx reception mainly around 1500 to
1630 (especially in the winter
months) and from 2030 onwards.
3905 1633 AIR Delhi with songs

in Hindi and local

music.

AlR Delhi, local music
followed by identifica-
tion in English at 1630.

Radio Barlavento, light

music with announce-

ments in Portuguese

(actually measured on

3931).
Wuhan, Hupeh,

Chinese music with

announcements in

Chinese dialect.

Rawalpindi with talk in

‘English on current
affairs in Pakistan.

Gronlands Radio, talk
by OM in Greenlandic.

Lhasa with OM in

(presumably) Tibetan.

The frequency is just

" outside the band limits,
the channel is subject
to severe interference
from an ‘open’ carrier
just HF, a 1.2kHz pass-
band is needed for this
one and the logging is
tentative, no identifica-
tion being heard — still
less understood

3925 1628

3930 2349

3940 2155

3940 1619

3999 0127

4035 0045

@ HERE AND THERE

Conditions on the Broadcast bands
have slowly commenced to improve
over the past few weeks after what
one can only describe as the worst
spell in many years. Over the past
four or five months, the noise levels
have been inordinately high and the
resuiting Dx correspondingly low with
only a few brightperiods on occasions.
As | understand it, this view of recent
events corresponds ta the considered
opinion of many seasoned veterans
of the short wave bands, the hope
now -being that some form of cyclic
normality soon returns.

The frequency limits 4750 to 5060
define the 60m Band, considered by
the writer to be the ‘golden mile’ of
Broadcast band Dx trading as it were.
Opening up shop on this ‘band
produced —

@ GAMBIA

Radio Gambia on 4820 at 1955
with African songs and music. At
2000 the announcement in English,
“You are listening to Radio Gambia,
Bathurst”, time check and relay of the
BBC news. The good reception was
however abruptly brought to an end
at 2004 by utility QRM right on
channel. Occasionally, when this
noise is off the air, one can log R.
Gambia.

@ INDONESIA

RRI Medan with OM in Arabic-
style chants on 4764 (measured) at
2318.

@ NIGERIA

Benin City is another transmitter
which can occasionally be heard
when the teletype transmitter on. the
same channel is absent. Logged here
at 2303 on the regular 4932 outlet,
@ IVORY COAST

Radio Abidjan on 4940 at 2044
with the pop tune “Last Waltz’ in

English under the identification
“Govorit Kiev” on same channel.
@ MALI

Radio Mali, Bomako, still shifting
around from the listed 4783, heard
on a measured 4786.5 at 2035 with
African drums after identification. by
YL in French.

@ TANZANIA

Dar-es-Salaam on regular 4785 at
2224 with African drum and chants.
@ INDIA .

AIR Dethi, newscast in English
‘read by YL on 4860 at 2318,

@ NEPAL

Radio Nepal on 5000 (just slightly
LF of MSF) at 1543 with Asian-type
songs and OM in Nepali through
MSF transmissiqn.

@ ZAIRE

Lubumbashi at 2235 on a measured
4744 (listed 4750) with African
music and song programmes. | |
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OLD CRYSTAL SET IS “A TREASURE"

7

" 1 R

e 2

Photograph shows Mr. Benson listening to Radio 2 on
his crystal set which could be one of the oldest working
models in Britain. Its makers, Western Electric, put out
experimental broadcasts from Station 2WP in Norfolk
Street, London, from QOctober, 1922 until moving to

A 50 year old crystal set discovered in a Leeds attic
could be worth several hundred pounds. It is a2 museum
piece, but 71 year old SID BENSON who remembers
listening to it as a child will not part with it. )

After blowing-off the dust and connecting a pair of
earphones to its brass terminals he turned the cat’s
whisker tuner and suddenly heard the unmistakable
strains of modern music being broadcast by B.B.C.
Radio 2.

“My father, bought the set way back around 1922
and occasionally he allowed my two sisters, my brother .
and I to share the earphones”, said Mr. Benson at his
home off Wakefield Road, Leeds.

His enthusiasm on finding the set, a Western Electric
44001 receiver, was shared by his friend Mr. Don Perry,
a former radio engineer, who helped to establish the
fact that because of its “B.B,C. Approved” stamp it
had been made before July 1924. According to a re-
searcher, Mr. Peter West of Fontmell Magna, near
Shaftesbury, the royalties the B.B.C. drew from re-
ceivers ended in July, 1924, and the stamp was no longer
used. “It is something of a treasure”, he told Mr. Perry.

Birmingham in November that year where the call sign
was 5 IT. In 1929 they began to make sound equipment
for “talkies’.

EMI TO SUPPLY IBA WITH TRANSMITTING
AERIALS FOR COMMERCIAL BROADCASTING

EMI has been awarded contracts totalling more than £160,000 to
provide the Independent Broadcasting Authority with transmitting aerial
systems for Britain’s first commercial radio stations.

Altogether six systems are to be supplied by the Telecommunications
Group of EMI Sound & Vision Equipment Ltd., Hayes, Middlesex, to
cover five major cities throughout the country including London, Birm-
ingham, Glasgow and Manchester. Transmissions from the new stations
are expected to commence towards the end of 1973.

Two VHF aerials have been specified for London and Birmingham,
which will be the first of their type in this country, utllx§ing cgrcular
polarisation techniques. These techniques are used extensively in the
United States to give improved reception for transistor and car radios.

The aerial system for London, which is 60ft. high, will be installed on
the top of the 500ft. television tower at the IBA Croydon transmitting
s tation. This aerial will transmit two programmes to the London area.
The second VHF system will be mounted on the 1000ft. mast at the Lich-
field transmitting station, near Birmingham.

Four medium frequency directional aerial systems are to be supplied
to cover four cities. These systems comprise groups of three or four mast
radiators with an average height of 220ft. and spacing of 400ft. This
arrangement is designed to make maximum use of the limited frequency
space allocated in the medium wave band.

These aerials, because of the ground area required, will be sited at new
locations near the cities they serve instead of at existing IBA. transmitting
stations.
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First to be supplied to the IBA is the

60ft. high VHF aerial system for

London, which is pictured here

during its check-out programme at

EMI's aerial test site at Hayes,
Middlesex.

COMMENT

RECMF CELEBRATES
40th ANNIVERSARY

This month, coinciding with the 23rd international
London Electronic Component Show at Olympia,
London, from 22 - 25 May, the Radio and Electronic
Component Manufacturers’ Federation celebrates the
40th anniversary of its foundation. Since 1933, the
RECMF exhibitions have become the barometer of the
electronics world, reflecting technological developments
and advances in all branches of the industry.

On the world scene, the whole electronics industry has
seen a shift of emphasis from aerospace to that of the
consumer goods field. Colour televisions, pocket cal-
culators, cameras, motor cars, washing machines, hi-fi,
radio and even musical instruments are creating large
markets for all types of electronic components. Arising
from this and the formation of new trading areas within
the EEC, this year’s LECS is attracting world-wide
interest with over one fifth of the nearly 450 exhibitors
coming from overseas.

In the United Kingdom the Government’s £10 million
grant for microelectronics has provided extra encourage-
ment for the British electronics industry and having
survived the recent recession, many major companies,
absent from such events during recent years, will be
participating in the 1973 show.

Visitors to the show will be able to examine products
and ideas from every branch of the international elec-
tronics industry.

IN BRIEF

@ Henri Picard & Frere Ltd., the suppliers of special-
purpose tools for electronic production and servicing
have moved to 357/359 Kennington Lane, London,
SEll 5HY.
@ Mr. B. P. Davies, Director of Bi-Pre-Pak Ltd.,
recently negotiated the sale of 1,000,000 transistors to
dealers in Hong Kong!

Further consignments from Bi-Pre-Pak will constitute
a considerable percentage of the overall requirements
of the principal set manufacturers there.
@ The Hon. Secretary of the British Amateur Radio
Teleprinter Group, G. P. Shirville, G3VZV, has
changed his address to 2 Orchard Close, Toddington,
Dunstable, Beds. Tel: Toddington 2470.
@ The first Company to receive the approval of the
British Standards’ Institute for the manufacture of
Reed Contact Units (Reed switches) to meet the
requirements of the BS 9000 scheme for electronic
components of assessed quality - is Messrs. FR
Electronics of Wimborne, Dorset.
@ The Radio Society of Great Britain’s Education
Committee hope to arrange a residential weekend
course. for RAE instructors in the Autumn. Anyone
interested should write to the chairman of the com-
mittee — D. M. Pratt, G3KEP, 30 Lyndale Road, Eld-
wick, Bingley, Yorkshire, BD16 3HE.
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West Hyde Developments Ltd., of Ryefield Crescent,
Nonhwood}, Middx., are supplying instrument manu-
facturers with a new means of tilting the viewing ena
of instruments upwards to facilitate reading by the
user. As an alternative to the usual handle/stand
arrangement, or bent chromed rod, the Contil “scope”
feet provide a low cost, easily fitted, attractive means
of tilting an instrument.

The Contil “scope” feet are moulded in a grey
material with black anti-slip inserts. In the extended
position, the front of an instrument can be raised by
at least 39 mm., whilst when not in use the instrument
rests on the anti-slip inserts in a level position.

Fixing is by means of two holes and one M4 screw
per foot (supplied), to facilitate easy fixing during
production.
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TRIAC OPERATION

HE COMMONLY EMPLOYED CIRCUIT
symbo! for a triac is given in
Fig. 1. Here, one terminal of the
device is referred to as ‘main terminal
1’ (or ‘anode 1%), another is referred
to as ‘main terminal 2' (or ‘anode 2),
whilst the third is referred to as the
‘gate’. The device can be employed
in a basic circuit of the type shown in

Maln terminal 2

2

Gate

Main terminal |

Fig. 1. The circuit symbol for
a triac

ISOLATED
GONTROL

by G. A. FRENCH
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The triac, sometimes referred to as a triode thyristor, is an interest-
ing device which offers a number of useful applications. It has a
trigger-action and is capable of switching on an alternating current
when a much smaller control current is fed to its gate. It can there-
| fore be used in place of a relay, compared with which it has the
advantages that switch-on and switch-off are virtually instantane-
ous and that there are no contacts or mechanical parts to wear out.

Fig. 2. When in this diagram a
source of control voltage, which can
be a.c. derived from the a.c. supply
or d.c. of either polarity, is apptied
to the series limiting resistor a gate
current flows and the triac becomes
conductive, thereby switching the
a.c. supply to the load. In a similar
manner to the thyristor the triac
stays conductive as soon as it has
been triggered, and it can only be
made non-conductive again by re-
ducing the voltage across its two
main terminals to zero. In Fig. 2
this occurs at the end of each half-
cycle of the a.c. supply. In con-
sequence, the triac turns off at the
end of each half-cycle, only to be
turned on again by the gate current
at the start of the next half-cycle.
When the source of control voltage is
removed the triac remains conductive
until the end of the half-cycle gjurmg
which this has happened, and it then
stays non-conductive on the succeed-
ing half-cycles. c

There are four possible modes of
operation for the triac, these being
given when the main terminal 2 is
positive and the gate is positive,
when the main terminal 2 is positive
and the gate is negative, when the

main termindl 2 is negative and the
gate is negative, and when the main
terminal 2 is negative and the gate is
positive. These modes are often
referred to as ‘quadrants’ (because
they can be represented in a graph
having four quadrants) and the
minimum triggering gate current
requirement for each mode is differ-
ent. In Fig. 2, the triac changes from
one mode to a second mode and then

Limiting
resistor

Control
voltage

Fig. 2. A typical triac control
s circuit
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back to the first mode again on three
successive half-cycles. If, in con-
sequence, the gate current is sufficient
for the more -sensitive of the two
modes but is insufficient for the less
sensitive mode, the triac may only
turn on during the alternate half-
cycles which correspond to the more
sensitive mode. Should the triac be
used as a simple switching device it is
necessary to apply a gate control
current which is more than adequate
for the less sensitive mode, and to
thereby ensure reliable switch-on for
both modes and for all half-cycles,

When the triac is off the leakage
current it passes, at peak voltage
between the main terminals, is of the
order of ImA maximum and can in
practice be much less. When the triac
is conducting the voltage between its
main terminals is normally lower
than some 2 volts. In consequence,
the triac dissipates relatively little
heat in both the non-conducting and
conducting  conditions.  Greatest
power dissipation, assuming a resist-
ive load, 1s given at half supply
voltage when the voltage across the
main terminals is equal to the voltage
across the load, and this circumstance
arises at an instant during the trans-
ition from the non-conducting to the
conducting state. This transition is
swift, however, and the period of high
dissipation extremely short, where-
upon the overall effective power
which has to be dissipated at half
supply voltage is very small. Because
of the relatively low dissipation of
the triac from all causes, quite small
devices are capable of switching
surprisingly high values of alternating
current.

Triacs are rated at a maximum
voltage between main terminals 1

and 2, and the peak value of the
switched alternating voltage must not
be allowed to exceed this voltage
rating. Thus, a triac with a maximum
voltage rating of 400 may be empioy-
ed to switch 240 volt a.c. mains
circuits. A more precise term for the
maximum voltage rating is ‘repetitive
peak off-state voltage’ and this is
normally shown in abbreviated form
as VDROM or VDRM.

As can be seen from Fig. 2, the
gate control circuit for the triac is
common with the main terminal I,
and the common connection can be
a disadvantage if it is desired to have
a control circuit which is isolated
from the mains.. This article describes
a simple means of obtaining isolated
control, it being possible for the
isolated control current to be as low
as 10mA or so. The triac employed
by the author for checking out the
circuit was an R.C.A. 40430 (avail-
able from Electrovalue Ltd.), which
has a maximum voltage rating of 400
and a maximum current rating of
6 amps. This was used to switch a
standard 100 watt domestic lamp.
The author has not checked circuit
operation with other triacs.

CIRCUIT

The major section of the triac
control circuit appears in Fig. 3.
Here, the main terminal ! of the
40430 connects to one side of the
mains supply whilst the main ter-
minal 2 connects to the other side via
the 100 watt lamp. Coupled to the
gate and main terminal | is the con-
trol network around TRI, this being
powered by a d.c. supply having a
nominal voltage of 10 voits.

In the control network, PCl is an

MTL MT2
[ b
2
G =
40430 BCIO7
Leod-outs Lead-outs

Fig. 3. The control section of the triac switch/qg unit. The triac turns
on when the photoconductive ceil is illuminated

+ RpRa /4 wait 10%
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Cardboard  PCj inside
tube tube
\ {

Twin flex

3‘/2’.——-J

Fig. 4. The circuit of Fig. 3
can be checked by temporar-
ily fitting the photoconductive
cell in a cardboard tube. The
leads to the cell must be
reliably insulated

ORPI12 photoconductive cell, the
resistance of which varies from several
megohms or more in darkness to
300Q or less when fully illuminated.
it is intended that the circuit should
cause the triac to turn on when the
photoconductive cell is illuminated,
and to turn off when the photo-
conductive cell is not illuminated.

Circuit operation is quite simple.
When the photoconductive cell is
not illuminated it exhibits a high
resistance, whereupon the voltage at
the base of transistor TR is relative-
ly low. This transistor, a BCI107,
functions as an emitter follower and
the voltage on its emitter is similarly
low. If the l.d.r. is now illuminated it
exhibits a low resistance, causing a
much higher voltage to appear at
TR1 base. The wvoltage at TRI
emitter similarly rises, allowing a
current to pass through R1 to the
gate of the triac which is sufficiently
high to turn it on. VR1 functions as a
sensitivity control and the iltumin-
ation level of PC1 and the setting of
this potentiometer are made such as
to ensure that the triac is brought
fully into conduction when turned
on. This requirement is not at all
critical and it is an easy matter to
find the final conditions which are
needed.

The components in the control
network of Fig. 3 are all standard
parts which can be easily obtained.
VR1 could conveniently be a skeleton
component. The ORPI2 photo-
conductive cell may be referred to as
a ‘light dependent resistor’ in some
catalogues.

The triac was mounted on a flat
heat sink about 1% in. square. This
sink is in contact with the main
terminal 2 and requires a suitably
insulated mounting.

When the circuitry of Fig. 3 has
been completed it may be checked
by temporarily fitting PCI in a card-
board tube, as in Fig. 4. It should be
found that the 100 watt lamp lights
up when the open enc of this tube is
directed at sources of light such as
windows or room lamps. The |
watt-lamp will light at reduced lE_VC;
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preferable to use a voliage lower than
the rated figure for the bulb as the
light it emits then drops more rapidly
when it is turned off. Even so, there
was a just noticeable delay in turn-off
of the triac after the supply to the
bulb had been removed. The photo-
conductive cell could contribute
slightly to this delay as the increase
in resistance it exhibits after cessation
of illumination is not immediate. The
effect can be controlled to a signifi-
cant extent by adjustment of VRI.
Fig. 5 (b) shows the arrangement
employed with the le.d. As illus-
trated, this is mounted, in its light-

e e o

a small 8 volt bell transtormer

av

(available at Woolworth’s stores)

5v

Qutput

[

feeding a bridge rectifier composed of
four silicon diodes and followed by a
100uF reservoir capacitor. No volt-
age stabilizing was required. The
control network will, in practice,
work with any slupply voltage be-
tween 8 and 11 volts.

As a final point, it should Be

25
T 12V wkg

Fig. 7. Any d.c. supply offering a nominal output of 10 volts may be

reiterated that all the components
and wiring in the control circuit of
Fig. 3 are at mains potential. So
also are the components which
connect to the secondary of the
transformer in Fig. 7. All these parts,

proof box, about ¥ in. away from
the ORPi2. It was found that the
triac operated reliably for forward
currents in the led. from 10 to
30mA. There was apparently less
delay in triac turn-off with the lLe.d.

used. A suitable circuit is shown here

gate outputs was discussed in "Sug-

gested Circuit” No.

appeared in the last March issue.)

The d.c. power

-produces the 10 volts for the control
circuit can be any convenient. type.
and that used by the author is shown
in Fig. 7. It consists quite simply of

268, which

supply which

and their wiring, must therefore be
enclosed in an isolated housing and
all the relevant safety precautions
against shock must be observed.

Light-proof box

Light ~proof box

(b)

Fig. 5. (a) Illuminating the photoconductive cell by means of a

small m.e.s. bulb
(b) The cell may alternatively be illuminated by a light-
emitting diode

than with the bulb.

The le.d. employed was a New-
market NKT7011 (also available
from Electrovalue, Ltd.) which has a
maximum current rating of S0mA. It
was coupled to a battery in the man-
ner shown in Fig. 6. An lLe.d. may
only be supplied from a direct
voltage, it must be connected up with
correct polarity, and it must have a
series current limiting resistor. A
series resistor of 150Q will allow an
l.e.d. current of approximately 30mA
to flow from a 6 volt battery, and a
series resistor of 470Q will allow a
current of about 10mA to flow. Since
an lLe.d. can be coupled directly to
the output of a t.t.l. gate, it foliows
that the circuit described in this
article allows 100 watt lamps to be
directly controlled by t.t.l. gates!
The existing 10 volt d.c. supply may,
incidentally, be employed for more
than one control circuit provided
that the main terminals | of any
further triacs that are used connect
to the same side of the mains. (Light-
emitting diodes and the manner in
which they may be coupled to t.t.|.

when the photoconductive cell is not
illuminated, and sensitivity
should reduce as the slider of VR1 is
moved towards the R1 end of the

in company with either a small bulb
or a light-emitting diode. Causing
either of these to light up will
illuminate the photoconductive cell

track. It must be remembered that all
the components and wiring in Fig. 3,
including the ph. ductive cell, are
at mains potential and that all
necessary care must be taken (0
prevent shock. The test with the
photoconductive cell in the tempor-
ary cardboard tube is not intended
to represent a final method of oper-
ation ‘but merely to confirm circuit
functioning.

CELL ILLUMINATION

Figs. 5 (a) and (b) illustrate the
section of the circuit which provides
isolated control. This is given by
fitting PC1 in a small light-proof box
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and thereby turn on the triac, and the
actuating circuit for the bulb or l.e.d.
is, of course, completely isolated
electrically from the circuit of Fig. 3
and therefore from the mains.

Constructors may arrange the
spacing between the bulb, or l.e.d.,
and the photoconductive cell to meet
their own requirements, but the
results achieved by the author will
offer a useful guide here,

Fig. S (a) illustrates the set-up with
a bulb. The bulb employed was a
6 volt 60mA m.es. type and it was
positioned about } in. away from
the photoconductive cell. The triac
turned on fully when a voltage of
3 volts was applied to the bulb. it is

Series
resistor
.
L UEn AL
H -
{6V NKT 7011 & &

Not used

(4

NKT 700
Lead-outs

‘Fig. 6. Details of the le.d.

operating circuit. The value

of the series resistor is
discussed in the text
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NEW

EDDYSTONE
RECEIVER

The justly famous Eddystone general purpose

valve receiver type 830, shown here in the fore-

ground, is now being phased out of production.

Behind it is its successor, the fully solid-state
model 1830
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YEARS OF PRODUCTION OF HIGH QUALITY
lTrlli::di:.t?rypriced valve receivers, Eddystone Radio,
now a GEC-Marconi Electronics company, announces
that the last of its valved equipments, the world-famou?
830 general purpose receiver, is to be phased out _g
production. Tt will be replaced by a new, fully solid-
state range of receivers, the 1830 Series, designed tof
meet the operational x:qundremems and budgets o
-wide users on land and sea. )
watlri l!lg?) Series is basically similar to its'predecessor,
but provides gapless coverage on C.W., a.m. and_ s.s.b.
from 120kHz to 30MHz and is suitable for mains or
12 volt battery operation. Size and weight have beeg
reduced and versions are available proyndlng up to 5
crystal controlled channels. All models in the Series can
izer-driven. e
be:ll{r\l/t:r:::ts of the 1830 employ the same basic circuit
configuration, using solid-state techniques throughout
and following current modular practice. Input protgcl;
tion is provided for the FET/ MQSFET front end, whlccl
is designed to withstand 30 voits r.m.s. An advance
circuit design is employed, using single-conversion on
the low frequency ranges and dox_lble_-conversnon at
frequencies above 1.5MHz. The first i.f. is tunable wheri
using double-conversion and provides an mcrementad
tuning facility with a coverage of 50kHz al?ovg arll
below any frequency se!ected on the main tuning'sca g.
A crystal calibrator is fitted, allowing frequencies to be
read to within 1kHz after standardizing the main scale
at the nearest 100kHz check point. ; 2.3
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Metal Oxide Varistors

by
J. B. Dance, M.Sc.

New devices introduced by General Electric protect semiconductor
circuits from mains supply transient peaks.

UR ELECTRIC MAINS SUPPLIES HAVE TRANSIENT PEAK
O voltages on them which can be several times the
normal mains voltage. These transients are
generated by lightning striking power lines or passing
near to them, by power line faults and by the switching
of loads at power stations, etc. ;

DAMAGE TO SEMICONDUCTOR DEVICES

Although these transient voltages have only a very
short duration (typically one microsecond) they can
damage semiconductor devices in mains operated
circuits. Many unexplained semiconductor device
failures are due to these transients.

In addition, high voltage transients can arise when
inductive loads (such as mains transformers) are
switched on or off. Typical transients are shown in
Fig. 1. It may be possible to obtain some protection by
using higher voltage semiconductors in equipment than
the design would appear to necessitate, but generally it
is more convenient to use some form of transient
suppressive device.

THE METAL OXIDE VARISTOR

Internationa] General Electric Company of New
York Limited have recently added a range of semi-
conductor devices known as Metal Oxide Varistors to
their catalogue. The resistance of such a device re:iains
high until the potential across it rises to a certain value,

after which the resistance falls very rapidly with §

increasing voltage. Metal Oxide Varistors are sym-
«metrical voltage dependent resistors and act like a pair
o_f bgck-to-back zener diodes. They virtually short-
circutt any transient high voltage peaks which may be
applied to them.

The devices consist of a ceramic powder which is
formed into a disc and placed between two metal
electrodes. The whole is encapsulated in an epoxy
material. '
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CHARACTERISTICS

A range of Metal Oxide Varistors is available for the
removal of transients from power supply lines of
voltages from around 130 to 1000V r.m.s. The maxi-
mum ratings of some of these devices are shown in the
Table. For any given r.m.s. voltage rating, there are two
types of Metal Oxide Varistor of different maximum
power dissipation ratings; the two types have different
physical sizes.

Transients

Transient volt peak ~ |SOOV
Recurrent peak - 354V
Applied voltage - 250V RMS.

Fig. 1 Typical Transients on a power supply line
RADIO & ELECTRONICS CONSTRUCTOR:

Peak instantaneous voltage (volts)

‘00010 -00I0

3

Peak instantaneous current (amperes)

The power associated with a voltage transient is
dissipated within the Metal Oxide Varistor, but its
duration is normally very short, so it does not damage
the device. .

A Mectal Oxide Varistor may be connected across a
power line which has a smaller voltage than the voltage
rating for which the device is designed, but full protec-
tion may not then be obtained.

The voltage-current characteristics of some typical
Metal Oxide Varistors are shown in Fig. 2. The width
of each shaded band shows the tolerance of the type
concerned. Most devices of this type have a capacitance
of the.order of SOOpF, but this value varies somewhat
with the applied voltage.

The two type VP250 types are designed for use on
power supply lines having a maximum r.m.s. voltage
rating of 250. As shown in Fig. 2, typical Metal Oxide
Varistors of this type pass about ImA when the
potential across them is 400V (corresponding to a
resistance of about 400k(2), but if the potential across
the device reaches 700V a current of about 100A will
pass (corresponding to a device resistance of about 7¢)).

The instantaneous voltage-current relationship can
be expressed in an equation of the form:

I=KVa
where K is a constant depending upon the material
used in the device and upon its dimensions, whilst a (or
alpha) depends on the material and on the manufactur-
ing technique.

Fig. 2 Voltage-current characteristics of metal
oxide varistors of different voltage ratings

The value of a is used as a figure of merit for the
devices. The guaranteed minimum value is 25, but it can
be as great as 70 in some of the devices. Thus the current
passing through such devices is proportional to the
voltage to the power of at least 25! Most other transient
suppressive devices (such as those employing selenium)
have a value for a which.does not exceed about 15.

Fig. 3. The symbol for -a
Metal Oxide Varistor

TABLE =
METAL OXIDE VARISTOR MAXIMUM RATINGS

Varistor / Peak Current For
Model RMS Input Recurrent Energy Average Power quses Less Than
Number Voltage Peak Voltage  Rating _ Dissipation Rarting 7 Microseconds Wide
Volts Volts Joules Watts Ar:\op&gea

VPI30A10 10 0.5 |
VP130A20 130 154 20 0.85 1250
VPIS0A 10 150 212 10 0.5 1200
VP150A20 ) 20 0.25 :0(5)8
VP250A20 20 0.
VP250A40 &0 i 49 0.9 1250
VP420B40 420 © 595 40 0.9 1250
V P460B40 460 630 40 0.9 1250
VP480B40 480 679 40 0.7 :(2)(5)8
VP430B80 380 1.0 12
VP510B40 40 0.7

510 721 1250
VP510B80 : gg (l)g 1
VP1000BS0 L
VP1000B160 1009 g 160 1.3 1250
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The circuit. of Fig. 4 shows how a Metal Oxide
Varistor may be used in a simple half-wave power
supply circuit. It is only necessary to connect a suitable
device across the output from the power transformer.
No other components whatsoever are required and no
changes need be made to the existing circuit.

b
L4}

Madins input |H Output

Ag. 4. The use of a Metal Oxide Varistor for
transient voltage suppression in a half-wave
rectifier circuit

If a full-wave rectifier circuit employing a centre
tapped transformer. secondary winding is employed,
two Metal Oxide Varistors should be used as shown in
Fig. 5. A full-wave rectifier bridge circuit using an

untapped transformer and four rectifier diodes will.

require only a single Metal Oxide Varistor across the

. EYL
L4
. Power
output
Mains input e
+

Fig. 5. The use of two Metal Oxide Varistors for

transient voltage suppression ‘in a full-wave

rectifier circuit using a tapped transformer
secondary winding

output of the transformer.

Further details of the Metal Oxide Varistor devices
are given in Application Note 200.60 by F. B. Golden
and R.W. Fox which is available from International
General Electric Company of New York Limited,
Lincoln House, 296 High Holborn, London, W.C.1.
Stockists of the devices inciude Jermyn Industries,
Vestry Estate. Sevenoaks, Kent. ]

RECENT PUBLICATIONS TR

110 THYRISTOR PROJECTS USING SCR’S AND TRIACS. By R. M. Marston.
146 pages, 135 x 215mm. (54 x 8%in.). Published by lliffe Books. Price: hard cover £2.40, limp £1.40.

This is the fifth book by R. M. Marston which describes a quantity of practical projects incorporating semiconductor
devices. As the title indicates, the devices in this instance are silicon controlled rectifiers and triacs. Both are considered as

being members of the thyristor family.

The book commences with a chapter devoted to operating principles and basic circuits for thyristor and trigger
devices, and then proceeds direct to the projects themselves. These include a.c. power switching circuits, electronic
alarms, time delay circuits, lamp control circuits, heater control circuits and universal-motor control circuits. The final
chapter describes five miscellaneous projects, and is followed by an appendix giving brief details of the semiconductor
devices employed in the projects together with their outlines and lead layouts.

Each project is presented as a circuit diagram with descriptive text and its assembly can be undertaken by anybody
with a small amount of experience in electronics. An interesting point is that all the semiconductor devices employed are
of American manufacture and are available throughout the western world. Mains operated projects are intended both for
nominal mains voitages of 120 and of 240 volts. Where this approach necessitates the use of alternative component
values or devices, those applicable to 240 volt mains are shown in brackets in the circuit diagrams.

The text is concise and circuit operation is clearly explained in all instances. The book will be of particular interest to
both amateur and professional readers, whether or not they have had previous experience with s.c.r's or triacs.

LONG DISTANCE TELEVISION, 2nd Edition: By Roger W. Bunney.
39 pages, 148 x 210mm. (53 x 83in.). Published by Weston Publishing. Price 50p.

This is a title which is also devoted to a subject that does not normally appear in the world of books. Originally, a
pamphiet on TV Dx reception was produced by the author, and this proved to be so popular that it sold out twice. Subse-
quently, a professionally printed booklet appeared, and this too sold out. The present booklet is the second edition and

consists of an expanded version of the printed first edition.

The booklet provides a wealth of useful information for the TV Dx enthusiast. It starts with a summary of world
television transmission standards and channel allocations, then proceeds to the various modes of long distance v.h.f. and
u.h.f. propagation. Next to be dealt with are receiver requirements including, in particular, the necessity for a low-noise
selective tuner. itis interesting to note that the author advocates the use of a valve tuner, as opposed to a bipolar transistor
tuner, on v.h.f., and recommends a transistor tuner for u.h.f. Also dealt with, briefly, is colour television. Next follows
detailed information on aerials and aerial amplifiers, this inciuding circuits both for v.h.f. and for u.h.f. amplifiers. The
circuits are accompanied by coil winding information for v.h.f. amplifiers and by tuned line dimensions for u.h.f. amplifiers.

A circuit for a Band | notch filter also appears.

The booklet continues with advice on dealing with interference from focal television transmitters, and on photo-
graphing received pictures. It concludes with notes on station identification and illustrates 12 test cards for distant
transmission systems. There is an acknowledgement to the late Charies Rafarel, who pioneered the hobby of TV Dx and
who had been active in this field from the early mechanical scanning systems of the 1930s.

This competent booklet offers much practical information on its specialised subject, and will be an asset t6 the book-

shelves of any enthusiast in the hobby it deals with.
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R-S PRECEDENCE
DETECTOR

by R. J.

Caborn

An unusual application for an integrated circuit flip-flop.

NE OF THE BASIC ‘BUILDING BLOCKS' OF LOGIC

digital circuitry is the R-S flip-flop. This can be
made up in several forms, of which one is illustrated
in Fig. 1. This diagram shows two 2-input NAND
gates with the output of each taken to an input of the
other. The inputs are applied at R (for Reset) and S
(for Set) whilst the outputs appear at Q and not-Q.
The horizontal line above the lower letter Q indicates
‘not’ and infers that not-Q is the opposite of Q. As we
shall see, nevertheless, there is one condition of the
R-S flip-flop in which Q and not-Q are the same.

TRUTH TABLE

The truth table for the R-S flip-flop of Fig. 1 is given

in Fig. 2. It will be recalled that the performance of

each of the NAND gates which make up the flip-flop

is the same as that of an AND gate with its output in-
verted. With a 2-input NAND gate the output is 1
when either one input or both is at 0. The output falls
to 0 only when both inputs are at 1.

Assume first that both the inputs, R and S, of the
flip-flop are at 0. Since each NAND gate now has an
input at 0, it gives an output at 1, Thus the outputs,
Q and not-Q, of the flip-flop are at 1, and this fact is
noted in the first line of the truth table. A 1 is passed

R

L—-

NAND gqtzs/
-

ol

Fig. 1 Two NAND gates interconnected to form
an R-S flip-flop
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to the cross-coupled input of each NAND gate but
this does not upset the stability of the circuit because,
as just stated, a NAND gate is intended to offer an
output at 1 when either one or both of its inputs is at 0.

If we change the input at R to 1, then two 1’s are
applied to the input of the upper NAND gate and its
output changes to 0. The lower NAND gate remains
unaffected and it continues to produce an output at 1.
Similarly, if we leave R at O and change S to 1, the
output at not-Q drops to 0 and the output at Q remains
at 1. These conditions are shown in the second and
third lines of the truth table.

The fourth line of the table shows both R and S
inputs at 1. Let us say that, previously, R was at 1
whilst S was at 0, whereupon Q was at 0 and not-Q
was at 1. Changing S from 0 to 1 can have no effect
on the flip-flop output because the lower NAND gate
already has a 0 on the input coupling to the output
of the upper NAND gate. The -same argument demon-
strates that if R was previously at 0 and S was pre-
viously at 1, giving Q at 1 and not-Q at 0, the output
of the flip-flop remains unchanged if R is changed to 1.

These factors represent the usefulness in digital
circuits of the R-S flip-flop. If the inputs change from
the second or the third line of the truth table to those
shown in the fourth line, the flip-flop ‘remembers’

R s Q Q
o] o] | !

| o 2, I
o} ! | o]

| i as previous state

Fig. 2. Truth table for the flip-flop
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Resistors

(All } watt 10%)

R1 2.2kQ

R2 2.2kQ

R3 2.2kQ

R4 33Q

RS 2.2kQ

R6 3308 °

R7 68Q
Capacitor

Gl 1,000pF electrolytic, 10V. Wkg.
Semiconductors

TRI1 ACY18

TR2 ACY18

DI 4.7 volt 5% 400mW zener diode type

BZY88C4V7
D2 IN4002

COMPONENTS

Integrated Circuit :
SN7400N dual-in-line, or equivalent

Transformer .
T1 Heater transformer, 6.3 volt secondary
Lamps

PL1 6 voit 60mA, m.e.s.
PL2 6 volt 60mA, m.e.s.

Switches
S1 s.p.s.t. toggle
S2 s.p.s.t. toggle
S3 s.p.s.t. toggle
Miscellaneous

14 pin d.i.l. i.c. holder

2-off bulbholders

the output states which previously existed, and these
outputs do not change. If the inputs are changed back
from the fourth to the second or third lines of the truth
table the flip-flop outputs take up the state indicated
for that line. The ‘remembering’ facility is in one
direction only.

_ The instance shown in the first line of the truth table,
in which both flip-flop inputs are at 0, is not commonly
encountered in digital applications, and it is customary
to ensure that one or other of the two inputs is always
at 1. Nevertheless, it is possible to take advantage of
R-S flip-flop operation with both inputs at 0, and this
is done in the precedence detector circuit which forms
the basis of this article.

PRECEDENCE CIRCUIT

_ The precedence circuit employs a quadruple dual-
input NAND gate type 7400. If the Texas Instruments
version of this integrated circuit is employed, it has
the type number SN7400N, the suffix ‘N’ indicating
dual-indine. However, any direct equivalent to the
7400 in dual-in-line may be employed instead. The
internal circuitry of the 7400 is shown in Fig: 3 and it
‘will be seen that this comprises four 2-input NAND
gates, each coupling to its own set of three terminal

Vee 48 4A 4y 3A Iy

mmuzm%Ma

Ident. groove

B -0

Bl ol s o @
1y 2A 28 2y Gnd.
Y - output
7400 ~ Top view
Fig. 3. Pin layout and connections for the dual-

in-line i.c. type 7400
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pins. The gates are powered by applying a S5-volt
supply to terminal pins 7 and 14, the negative line
connecting to pin 7 and the positive line to pin 14.
The view shown in Fig. 3 is a top view and the i.c. pins
point away from the reader.

The circuit of the precedence detector is given in
Fig. 4. The secondary of a 6.3 voit heater transformer
couples to the half-wave rectifier, D2, which causes a
negative voltage to appear on the upper plate of CI.
This is dropped to @ nominal 4.7 volts by R7 and zener
diode D1. This 4.7 volts is applied to the 7400, positive
to pin 14 and negative to pin 7.

The 7400 uses positive logic, which means that 1
corresponds to a high (positive) voltage and 0 cor-
responds to a low (positive) voltage. When circuit
operation is described it will be necessary to remember
that, unlike conventional logic circuits in which the
positive supply rail is the upper line, in Fig. 4 it is the
negative supply rail which is uppermost.

The two NAND gates in Fig. 4 which form the R-S
flip-flop are those which conrect to terminals 1 to 3
and 4 to 6 of the 7400. The negative supply connects
to pin 7 and the positive supply to pin 14. No connec-
tions are made to pins 8 to 13, and the third and fourth
NAND gates of the i.c. are unused.

1

CIRCUIT OPERATION

To appreciate circuit operation, assume that S1 and
S2 are closed. These cause pin 1 of the upper NAND
gate and pin 5 of the lower NAND gate (which pins
correspond to the inputs R and S of Fig. 1) to be taken
to the negative rail, whereupon these two inputs are
at 0 level. The input conditions shown in the first line
of the truth table are thus set up, and both outputs,
at pins 3 and 6, are at 1. In consequence, the two out-
puts are at a positive potential which is close to the
positive supply rail. Insufficient current flows in R3
and R5 to actuate the transistors TR1 and TR2.

Let us next open switch S1. Pin 1 of the upper
NAND gate is then taken to 1 because R2 draws this
input towards the positive supply rail. The situation is
that shown in the second line of the truth table and the
output of the upper NAND gate changes to 0 whilst
the output of the lower NAND gate remains unaltered
at 1. Since the output of the upper NAND gate is at
0 it is close in potential to the negative (upper) supply

RADIO & ELECTRONICS CONSTRUCTOR:

Ry IN4CO2
. AMAA I Wil
»t
Pin 7
PLy PLy
6V 6v E’
60mA 60mA
s,
On-Oft
= i1l
Ry Rg 35
AC
Dy :L < - 63V ’ mains
7400
R3 Rg
R 3 3R
ey B ™ TRy
Pin [4 ACYI8 ACYI8

ACYI8
Lead-outs

0y - BZY88C4V7

Fig. 4. Complete circuit of the precedence. detector

rail and a current flows in R3 and the base-emitter
junction of TR1, turning this transistor on and causing
PL1 to light up.

If S2 is next opened the input at pin 5 of the lower
NAND gate is taken to 1 via R1. However, the flip-
flop is already set to its stable state and no change in
the illumination of PL1 and PL2 takes place.

If it had been S2 which had been opened first, with
S1 closed, the output of the lower NAND gate- would
have changed to 0, and pilot lamp PL2 would have
become illuminated. It would continue to be illuminated,
with PL1 extinguished, if S1 had been subsequently
opened.

It may be seen that the switching operations just
described first take the circuit from the top line of the
truth table to either the second or third line according
to which of S1 or S2 is opened. Opening the remaining

switch merely carries the circuit to the fourth line of

the truth table, with the output conditions which have

.already been set up being maintained. The device can

in consequence be employed as a precedence detector
to indicate which of two switches is opened first. It can,
for instance, be used in a contest where each of two
opponents have to open one of the switches as quickly
as possible in response to a stimulus. The first switch
to be opened is indicated by the pilot lamps,. PLI
lighting up if S1 is opened first and PL2 lighting up if
S2is opened first. The final condition, with both switches
open, must consist of one lamp lit and one lamp
extinguished, whereupon the lamp that is lit indicates
the first switch to open, even if the other switch opened
only momentarily later. The circuit is returned to its
original state by closing both S1 and S2.

The circuit may also have more serious applications,
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such as the checking of relay contact operation and
the like.

The components in the circuit are all readily obtain-
able. The mains transformer T1 can be any 6.3 volt
heater transformer with a secondary current rating of
0.5 amp or more. .

The two resistors R4 and R6 ensure that the voltage
across the lamps, when illuminated, is approximately
6 volts. The voltage obtained across Cl is somewhat
higher than this figure.

All three switches, including on-off switch S3, may
be s.p.s.t. toggle switches. If the constructor is inex-
perienced in the wiring of integrated circuits he is
strongly advised to use an integrated circuit holder.
The i.c. is inserted in this holder after the latter has
been wired up. To avoid bending of the terminal pins
it is recommended that thin flexible wire be employed
for the connections to the i.c. holder.

Layout is not important and switches SI and S2
can, if desired, be positioned some distance away from
the remainder of the circuit, being coupled to it by
twin flex having lengths of up to some six feet.

It is advisable to ensure that the zener diode is
maintaining the desired supply voitage. for the i.c.
before the latter is inserted into its socket. If the
zener diode is connected wrong way round it will act
as an ordinary silicon diode and a voltage of 0.6 volt
only will appear across it. On the other hand, if the
diode is for some reason open-circuit, a voitage of
about 8 voits will be appiied to the i.c. and this could
damage it. With the zener diode specified, a coloured
band indicates the end which connects to. the positive
voltage. ]
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TWO METRE

HALO FOR
" BOAT USE

by
Arthur C. Gee, G2UK

How to rig a popular commercially available halo
antenna to the crosstree of a yacht.

N THE OCTOBER 1968 ISSUE OF THIS
journal the author described a
2 metre ground plane antenna for
use on a yacht.* This aerial proved
quite successful, and it was employed

*A. C. Gee ‘A 2 Metre Ground
Plane Antenna’, The Radio Con-
structor, October, 1968,

Close-up view of the J Beam
Halo antenna.(Courtesy J Beam
Engineering Ltd.)
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for several years for transmission and
reception in the 2 metre amateur
band on a yacht based primarily on
the Norfolk Broads. Many good
QSO’s were obtained, particularly
with mobile stations using similar
verticaily polarised aerial systems.

AERIAL POLARISATION

However, the majority of the local
amateur radio stations employ beams
with horizontal polarisation. Also,
‘halo’ antennas are popular with the
‘locals’ for mobile operation in their
cars. The difference in polarisation
between the ground plane on the
vacht and these other aerials fre-
quently gave rise to poor communi-
cation. So ideas were considered for
a more suitable antenna for the boat,
and one which would give predomin-
antly horizontal polarisation.

The recently introduced J Beam
‘Halo’ antenna for 2 metres, manu-
factured by J Beam Engineering Ltd.,
Rothersthorpe Crescent, Northamp-
ton, offered a possible solution. If
this could be rigged in such a' manner
that it could be hoisted in a horizon-
tal piane alongside the mast of the
yacht, and with its feeder suitably
supported, an answer to the problem
seemed in sight.

After some experimentation with
string it was found possible to fix up
rigging lines which would suspend
the halo antenna nicely in a horizon-

The antenna with its four
nylon rigging lines. These are
of unequal fength to ensure
that the halo elements are
horizontal

tal plane. Two.of the accompanying
photographs show the scheme. The
Halo antenna (J Beam Cat. No.
2HO) consists of a square of 7 in,
light alloy tubing approximately a
foot long on each side. A matching
section is coupled to one of the sides
together with a waterproof con-
nector box for 75Q coaxial feeder.
There is a gap of about 2 ins. in the
opposite side of the square, the ends
of the tubing at the gap being sealed
with plastic plugs. Fig. 1 shows the
configuration,

In the boat application the halo
antenna is hung up from its four

Coaxial connector

Air gap

Fig. 1. The basic J Beam Halo
antenna
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FUp—

Strip to support
coaxial feeder

Feeder whipped
with tape

Filt air gap with insulating
spacer rod

Fig. 2. Fitting a spacing rod to

the gap in the antenna and

mounting a feeder support
strip

corners and this necessitates provid-
ing added rigidity. The rigidity is
given by bridging the gap in the
antenna with a length of polystyrene,
Tufnol, Bakelite or any other suitable
insulating material. ~ Ideally, the
insulating material can be in the
form of 15 in. rod, the ends being
filed to a narrower diameter so that
they provide a tight push-fit into the
ends of the antenna tubing at the gap.
The plastic sealing plugs are, of
course, previously removed. Fig, 2
shows the idea.

Having strengthened the halo
antenna in this way, it is an easy
matter to fix rigging lines of suitable
length at each corner of the square,
using nylon cord which is readily
obtainable at yachting stores. Since
the halo is to hang horizontally the
weight of the coaxial feeder will aiso
have to be supported. A suitable
support is provided by a flat strip of
insulating material about 6 ins. long
by # in. wide and of sufficient thick.
ness to give adequate strength. A
hole is drilled at one end, through
which the bolt normally intended for

fixing the halo to its supporting mast
may be passed. The coaxial feeder is
whipped to the other end of the
strip, just below the connector box,
with insulating tape and cord. Fig. 3
and the photographs make the
arrangement clear. Only a short
length of feeder needs to be support-
ed since, further down, it is whipped
to the lower ends of the rigging lines.
Note that in the present application,
the connector box is below the plane
of the halo elements.

Due to the weight of the feeder the
nylon cords attached to the halo
corners are not of equal length. In

Nylon ring Strip supporting
s coaxial feeder
Insulating 2N
spacing rod '3, Nylon
% \\ /rigging
\

lines

|
|

/
Adhesive \ Nylon
rigging

knots lines

~ Coaxial
feeder

Coaxial feeder
whipped to
rigging lines

Fig. 3. How the antenna is
rigged. The lines above .the
antenna are of unequal
length in order to take up the
weight of the coaxial feeder
and, thus maintain the an-
tenna in a horizontal plane
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The antenna hoisted in posi-
tion to the crosstree of the
author’s yacht

the author’s case the cord length from
the two corners nearest the coaxial
connector to the top fitting was
134 ins., and the length from the
other two corners to the top fitting
was 15 ins. The lengths of cord from
the four corners to :the bottom
fitting were all the same, being
approximately 26 ins. Their lower
ends are whipped to the coaxial
cable with insulating tape and cord.
The top and bottom fittings just
referred to are small nylon rings, ¥ in.
in diameter, and the hoisting hal-
yards are secured to these. A drop of

.adhesive applied to the centres of the

knots at the halo corners will ensure
that these do not slip.

This arrangement has enabled the
halo antenna to be hoisted up to
the crosstree in the writer’s boat in a
most convenient manner and in such
a way that it does not get fouled up
on adjacent rigging. Results in use
have been very satisfactory indeed. il

BACK NUMBERS

For the benefit of new readers we would draw attention to our back number service.

We retain past issues for a period of two years and we can, occasionaily, supply copies more than two years
old. The cost is the cover price stated on the issue, plus 6p postage:

Before undertaking any constructional project described in a back issue, it must be borne in mind that
components readily available at the time of publication may no longer be so.

V\_Ie regret that we are unable to supply photo copies of articles where an issue is not available.
Libraries and members of iocal radio clubs can often be very helpful where an issue is-not avaiiable for sale.
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Cover Feature

HE BURGLAR ALARM SYSTEM DESCRIBED IN THIS

article is intended for installation in small domestic
residences in which no articles of great value are
retained. Premises of this nature will not normalily merit
the attentions of the skilled thief and are more likely to
be broken into by the less sophisticated type of villain.
Because of this, and also to reduce initial and running
expenses, sxmphﬁcanons in operation have been
incorporated which result in a system that may not be
100% proof against the fully seasoned burglar but
which nevertheless offers a high level of protection at
low cost.

The prototype was constructed for the protection of a
flat when its occupants were away, and it was designed
to cause a bell to sound continually after the actuation
of one or more switches. Burglars do not like noise, and
a continually ringing bell would attract the attention of
neighbours.

SWITCHING SYSTEM

To be operable at all times a burglar alarm has to be
independent of the mains supply, and this means that it
has to function from batteries. The question of mode of
operation immediately follows, since a choice has then
to be made between a system which is activated when a
circuit is broken by the intruder and one which is
activated when a circuit is completed.

The first of these two modes is obviously the more
reliable because it ensures automatic sounding of the
alarm when any wire in the system is cut. On the other
hand, it requires the continual flow of a current through
the system which, to overcome leakage resistance at
switching points and to offer robustness of action, needs
to have a level of at least several milliamps. Such a
current flow results in a small, but significant, expendi-
ture from time to time on batteries. Because of this last
point the present system operates, in the second mode,
on the completion of a circuit. Nevertheless, it still offers
nearly as high a degree of protection against the cutting
of the wires to the alarm switch or switches.

Since the alarm is intended to protect a flat when the
occupants are away, and since an alarm switch must
obviously be mounted at the front door, it becomes
necessary to devise a means by which the alarm can be
turned on after the occupants have left and the front
door has been closed behind them. One solution to this
‘problem consists of mounting a hidden on-off switch
for the system outside the front door, this being turned
on after leaving the flat. Unfortunately, in many in-

stances such a switch is difficulf to position successfully -

and it would also make the alarm system more vulner-
able. Continual usage of the switch by the occupants
will soon cause its presence to be common knowledge
amongst neighbours and, again, there is the risk of

tampering by children. The system to be described here -

uses an alternative approach; after the alarm has been
switched on a period of about four minutes elapses
before it becomes effective, this giving the occupants
632
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Incorporating reliable circuit techques, this burglar alarm system
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Fig. 1. The circuit of the burgl