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A dependably accurate instrument for testing and fault location

is indispensable to the amateur who builds or services his own set.

Stocks are now available of these two famous ** Avo ”’ Instruments.

If you have any difficulty in obtaining one locally, please send us
the name and address of your nearest Radio Dealer.

THE UNIVERSAL AVOMINOR

A small but highly accurate instrument for
measuring A.C. and D.C. voltage, D.C. current,
and also resistance. It provides 22 ranges of
readings on a 3-inch scale, the required range
being selected by plugging the leads supplied into
appropriately marked sockets. An accurate
moving-coil movement is employed, and the total
resistance of the meter is 200,000 ohms.

The instrument is self-contained for resistance
measurements up to 20,000 ohms and, by using
an external sougce of voltage, the resistance ranges
can be extended up to 10 megohms. The ohms
compensator for incorrect voltage works on all

D IASE :f‘ v°'I'TAGE ranges. The instrument is suitable for use as an

et Ll o output meter when the A.C. voltage ranges are

025 o0—i00 i

oA g - being used.

0—250 0—500

0—500 n 5 . 3 . 5
RESISTANCE Size : 4%ins. x 34ins. x 1%ins. Complete with leads, inter-

D.C. CURRENT Nett weight : 18 ozs. changeable prods and croco-
0—20,000 ohms dile clips, and instruction

0—2.5 milliamps 0—100,00 5 i, - ?

0—s " 0_500,000 .. Price: £10:10:0 book.

0—25 o 0—2 megohms

0—100 “ 0—5 ”

0—500 " 0—io "

THE D.C. AVOMINOR

A conveniently compact 24-inch
moving coil precision meter for
making D.C. measurements of

CURRENT milliamps, volts and ohms. The
g- 3 milliamps. total resistance of the meter is
0- 30 " 100,000 ohms, and full scale dt;—
0-120 ” flection of 300 v. or 600 v. is

VOLTAGE obtained for a current consump-

0- 6 volts. tion of 3mA. or 6mA. respectively

- 12 .

0- 60

bt " Size : 4ins. x 3pins. x 1§ins.

0-600 ,, Nett weight : 12 ozs.

RESISTANCE

0- 10,000 ohms
0- 60,000 ,,
0-600,000 ,,
0-3 megohms

Complete as above.

Price: £5:5:0

@ Complete descriptive Booklet available on application to the Sole Proprietors and Manufacturers :

THE AUTOMATIC COIL WINDER & ELECTRICA QUIPMENT CO. LTD. A
WINDER MOUSE - DOUGLAS STREET « LONDON Sw.I elephone VicCoria 3404-9 3
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FOREWORD

At the first offering Rap10 QUARTERLY met with a most favourable response
and many readers have been good enough to express themselves as finding
in it something which was evidently intended for their particular
requirements. ‘

This time we are pleased to offer an issue which once more carries material
of lasting value to the operator, the experimenter and the constructor. The
general listener will also find much to interest him, and altogether we hope
that RAp10 QUARTERLY will again find favour in the field of radio for which
we aim to cater.

Of particular importance in this issue are the articles on Aerial Design
and the practical guidance for those who will be taking the next Radio
Amateurs’ Examination. On the constructional side, there are some
particularly useful designs, together with much information on how to
improve reception.

A glance through the contents shows that a wide range of interest has been
covered, and that up-to-date reference matter is also included for the benefit
of the DX operator—nor have we forgotten to give proper attention to
the important subject of The QSL !

As always, we shall be very glad to have readers’ views and opinions and
we look forward to being able to incorporate in future issues such suggestions
as may be practicable.

Austin Forsyth, G6FO



AERIAL SYSTEMS FOR THE AMATEUR

Practical Notes on Standard Designs

No matter how good a receiver (or transmitter) may be, it can only
give of its best and produce real results if it is provided with an aerial
designed for the coverage intended. For good reception it is in every
way desirable that the aerial be of such dimensions, in the physical
sense, that it can be resonated in the required band — that is, be
made tunable to the signals it is desired to receive. This is a very
different conception from the notion, too commonly held, that for
receiving any sort of random length of wire tacked up somewhere
and anyhow will do if the set is a * |4-valve super-duper.” What
is true for reception also holds good for transmission, if possible with
greater emphasis, since a transmitting aerial which is mismatched,
or badly out of resonance at the required frequency, will inevitably
produce a very poor result, and may cause many other troubles as well.
This article gives the beginner to amateur aerial design, whether
a receiving enthusiast or a transmitting operator, all the essential
information for selecting an aerial system to meet his requirements.

IN all forms of short-wave work,
whether reception or transmission, the
aerial system is of great importance.
Newcomers to the short-wave side of
radio often tend to imagine that the old
hand’s concern with his aerials is
excessive, but they very soon discover
that this is not so.

For the transmitter, the difference
bétween a good and a bad aerial can
easily assume such propcrtions that it is
at least equivalent to the difference
between 10 and 150 watts of input. For
the receiver, the best available aerial
may make a difference between an easily
readable signal of S6 or 7, and one that
is below the noise level and therefore
quite inaudible.

We have progressed far beyond the
days when “a piece of wire, the longer
the better,” was considered to be an
effictent aerial, either for receiving or
transmitting. In fact, the design of an
aerial system to do a particular job, on

4 Radio daarfer/y

a particular wavelength, is now one of
the most straightforward operations one
can imagine, and it can be performed
straight out of a text-book, with an
absolute guarantee that if the conditions
laid down are adhered to, the results
will be precisely as stated.

The factor that makes aerials both
fascinating and difficult for us amateurs
is this: That an aerial to receive signals
from a certain direction, on a certain
wavelength, however efficient it may be,
is practically useless to us. What we
all want (but shall never get, of course!)
is an aerial to receive signals from all
directions on all wavelengths with more
than average efficiency!

Designing for All Bands

Fortunately the bands in which we are
interested are all harmonically related.
This means that an aerial designed for
any particular band will also perform on
all the harmonics of that band—though

SEPTEMBER



SOMETHING ABOUT QSL's

A group of cards from some of the small islands of the vast Pacific Ocean ; Koror in the Palau Islands ;
Midway Island ; Palmyra Island ; Roguron in the Mlarshnlls: and in the centre Rarotonga (Cook Is.)
and Niue.

regarded as the proof without the pro-
duction of which an amateur could not
claim the various certificates issued for
working various parts of the world. A
QSL from an amateur station in each
of the continents of Europe. Asia,
Africa, N. America, S. America and
Oceania enabled one to claim the WAC,
or *“Worked All Continents” Certifi-
cate, whereas. for the * Worked the
British Empire " Certificate (WBE) evi-
dence had to be produced of having
effected two-way communication with at
least one British Empire amateur located
in each of the five recognised continents,
N. and S. America counting as one.
As the number of amateur stations
increased, it soon became necessary to
produce quite a number of cards to
obtain some of the more coveted certi-
ficates. The British Empire Radio
Transmission Award (BERTA) is issued
to those who can claim contact with
stations in fifty or more different call-
areas situated throughout the British

Empire, and for the DXCC (DX Cen-
tury Club) an amateur must furnish
proof of working 100 different countries.

There are still several remote terri-
tories in the world from which Amateur
Radio transmissions have rarely if ever
taken place, and expeditions are
organised from time to time by
interested amateurs to put some of these
places “on the air.” if only for a week-
end! QSL's from these solitary out-
posts are much sought after because
they are so elusive and difficult to work.
for as soon as such a station is heard
on the air, hundreds of amateurs
throughout the world are standing by,
waiting for a contact; and even if
conditions are good. quite often his
signals are lost in the interference pro-
duced by those who cannot take their
place in the queue, but must persist in
continually calling him in an endeavour
to work him at any cost.

Although one may make a contact
with quite a rare piece of DX over the

1953 Radio Quarterly a1



AERIAL SYSTEMS FOR THE AMATEUR

Fig. 1. Illustrating impedance effects on a half-
wave dipole, and the principle of matching.

not in the same manner as on the
original band itself.

To be more specific, a half-wave aerial
for the 7 mc band will perform as full-
wave on 14 mc, three-half-waves on 21
mc, and two full-waves on 28 mc. On
all these bands it will give an equally
good performance, but its optimum will
come in different directions on each
band.

Since all short-wave aerials are, in a
way, related to the dipole, we must first
study that fundamental type and become
acquainted with its characteristics. Since
study of all these types is rather more
easy if we take them from the
transmitting point of view, we will now
do that, remembering that everything
said about the feeding of power into the
aerial, and its radiation therefrom, is
equally true in the reverse direction,
when it is used for receiving. But it
seems much more realistic to imagine
power going up the feeders, travelling
along the aerial and eventually radiating
outwards through the ether, than to try
to visualise the signal from a trans-
mitting $tation eventually reaching our
piece of wire and distributing itself so as

to deliver the maximum signal down the
feeders to the receiver.

Never forget, however, that all
remarks that apply to aerials for trans-
mission are precisely applicable to the
same systems for reception.

The Dipole as a Radiator

The dipole is a half-wave aerial fed at
the centre; and * half-wave” does not
imply precisely one physical half-wave,
but rather an electrical half-wave, which
is slightly shorter. The exact length can
conveniently be worked out from the
frequency by using the expression

468
f (Mc.)

This holds good for a normal aerial of
wire, supported by insulators. For metal
tubing, unsupported at the ends, the
length is somewhat greater, and the
figure becomes 492 instead of 468. This
difference of 5 per cent. is the allowance
for the phenomenon known as end effect.

Length (feet)

Impedance Changes

Since this article is but a simple intro-
duction to the fundamentals, we are
avoiding everything likely to cloud the
main issue. One such point is the con-
fusing habit of talking about * voltage ”
and “current” in connection with
aerials. We describe a centre-fed half-
wave as ‘current-fed,” and an end-fed
half-wave as “voltage-fed”; but as,
obviously, we cannot feed either current
or voltage to any aerial in a nice, self-
contained tidy package, we are taking a
different line of approach.

We call a centre-fed aerial * current-
fed ” because the impedance at the centre
is low ; thus power is fed into it at low

= 67' ! 1 67° ! le 67’ .
L ] | I | = |
H H Fgh) L
B 1335* N 335" B 33°5°
67 [} 67" |7 67" ]
H 1 B =3
: 40metres : 20 & /Ometres : 14 metres
M A M 8 M £
3 HE ¥ _H - H

Fig. 2. A 67-foot wire, commonly used because it is one of the useful resonant lengths and within
the space available at many amateur locations, with various modes of operation, as explained and
discussed in the text.
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SHORT WAVE BROADCAST COMMENTARY

search very late in the day or in the
very early hours. Radio Demerara,
using the call-letters ZFY. is the short
wave transmitter of the British Guiana
United Broadcasting Company Limited,
operating from the capital, Georgetown.
on a frequency of 5981 kc with a power
of 2 kW. Our latest card from them
gives the schedule: Weekdays. 1015-
1645, 1945-0145 ; _Sundays, 1045-1645.
1945-0145. 0130 can be suggested as a
good time for British listeners ; * Satur-
day Night Jamboree ™ is a good favour-
ite at 0105 on that day..

In Venezuela., YVLK, Caracas. 4970
ke, can be recommended with an
English newscast at 2345. YVMO, Radio
Occidental, Barquisimeto, on 4990 kc,
is another good one, but with Spanish
announcements only; a sponsored
“ Coca-Cola ” programme can be heard
around 2320. YVMF. Maracaibo, 4801
kc. is another reliable Venezuelan at
0130. In Ecuador. Guayaquil, 6400 kc.
is sometimes audible on Wednesdays
before 0430 when it closes down. We
have also noted Radio difusora del
Ecuador, Guayaquil. with rumbas and
similar Latin-American music at 0325
on a frequency of 4655 kc.

In Peru, OAX6E on 6339 kc can be
*“ Radio Continental, Arequippa. Peru.”
Another Peruvian heard after midnight
is OAXIA, Radio Delcar, Chiclayo ;
the daily schedule is 1600-0430, and
the address for reception reports:
Radio Delcar,* Saenz Pena. No. 109
(Casilla No. 9), Chiclayo. Paraguay
has three stations which can be heard
here. ZPAS5. Radio Encarnacion. 11950
kc. is sometimes audible as early as
2145 ; ZPA3, Radio Teleco. Asuncion,
on 11850 kc, gives a Spanish News at
2200; and ZPAIl. Radio Nacional,
Asuncion, 6275 kc. audible at 0030. has
the schedule: 1500-1700. 2230-0230.

Radio Sociedad Nacional de Mineria
(National Mining Society). Santiago de
Chile, operates CE622 on 6220 kc and
CE1195 on 11955 kc; listen around
2200 and later. The address for reports
is: Casilla 2626. Santiago de Chile,
South America. Your verification card
will contain the following: * Radio
Sociedad Nacional de Mineria saluda
cordialmente a Ud. v tiene el placer
de confirmarle que su nota de recepcioén
sobre nuestras emisiones en onda corta
estd correcta. Esperamos que con-
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tinde escuchando nuestras transmissiones
y tenga la amabilidad de enviarnos
periodiédicamente informacién sobre las
caracteristicas de recepcién.”  Being
translated, this reads: *The National
Mining Society cordially greets you and
has pleasure in sending you an acknow-
ledgment of your correct report on re-
ception of our short wave programmes.
We thank you very much and hope that
you will continue to listen to our
broadcasts, and please be so kind as
to send us, periodically, vour valuable
reception reports.”

In BrazilL Radiodifusora de
Amazonas., Manaos, 4805 kc, is an ex-
citing station to log, for Manaos is a
tropical port on the River Amazon,
eight hundred miles from its mouth. At
0230 a single gong note precedes the
final announcement in Portuguese, and
the Brazilian WNational Anthem. In
Colombia, HIEF, Radiodifusora de
Occidente, Cali, on 4768 ke, with a
power of 3 kilowatts has recently been
received at fair strength.

Special Calibration Transmissions

Many readers will recall that for some
years the United States Department of
Commerce and WNational Bureau of
Standards has in its Central Radio,
Propagation Laboratory at Washington
conducted technical radio broadcast ser-
vices over Station WWV operating on a
total of eight frequecies. viz: 2.5 mc
(0.7 kW), 5 mc 8 kW). 10 mc (9 kW).
15 mc (9 kW), 20 mc 8.5 kW) and 25
mc (10.1 kW) simultaneously, night and
day. At the same time, WWVH on the

island of Maui in the Territory of

Hawaii has operated similar signals on
5. 10 and 15 mc. each frequency here
using a power of 2 kW.

In July, 1952, the Bureau inaugurated
a new series of short wave radio dis-
turbance forecast broadcasts over
WWYV. These forecasts are transmitted
in Morse twice each hour. at 194 and
494 minutes past the hour. One of
the letters *N.” ‘U’ and ‘W is given.
according as radio propagation condi-
tions are Normal. Unsettled or Dis-
turbed respectively. and the letter is
followed by a digit which is the fore-
cast of expected quality of transmitting
conditions on the scale of 1 (impossible)
to 9 (excellent). Two standard audio
frequencies. 440 cycles per second and

SEPTEMBER



AERIAL SYSTEMS FOR THE AMATEUR
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Fig. 3. This should be studied in relation to the system shown in Fig. 2. Here, the feeder arrange-
ment is known as the ** Zepp,” and is widely used where it is more convenient to connect to one end
of the ‘‘ roof * rather than to the middle.

voltage and relatively high current. An
end-fed aerial is called “ voltage-fed”
because the impedance at the ends is
high; thus it is fed with a fairly low
current at a high voltage.

The fact that the impedance offered
by any aerial varies along its length in
this manner is -just another way of
saying that the wire has standing waves
on it ; and these standing waves “ repeat
themselves ” every half wavelength
along the wire.

Thus a dipole has a high impedance
at the ends (it must, obviously, for
where is there for any high currents to
flow to from that point?) and a low
impedance at the centre. (Fig. 1). This
latter figure varies according to the
height of the aerial above ground, but
for normal operating heights of a half-
wave or more, it may be taken as
roughly 73 ohms. This figure is known
as the radiation resistance of the aerial.

So if we feed our dipole at the centre,
the ' ubiquitous 72-ohm co-ax gives a
very nice match and is, in fact, nearly
always used for this purpose.

Power may be fed up a 72-ohm line
into the centre of a dipole (or, con-
versely. collected from the centre of a
dipole by a 72-ohm line) with very little
loss. ‘And the radiation (or, of course,
reception) will be at a maximum in the
two directions at right-angles to the
plane of the wire. A North-South
dipole will transmit and receive most
efficiently in East and West directions.

Note, now. that all these conditions
hold good only so long as the dipole
operates at its resonant frequency—the
one for which it was cut to length. In
practice. of course, we can operate a
dipole on a band rather than a spot-
frequency ; hence, when we put up a

6 Radio Quarterly

wire 33 ft. 6 in. long and call it a
*“ Twenty-metre dipole,” we mean a
dipole for the twenty-metre band.

This will not operate satisfactorily on
other bands; the method of feed makes
it essentially a single-band affair. We
can, however, make it a multi-band
aerial by using resonant, or tuned
feeders instead of the co-ax line. A
72-ohm co-ax feeder for a dipole
matches into the centre, as we have
seen, and provided that is is also con-
fronted with 72-ohm impedance at the
bottom end (by the transmitter coupling
coil or the receiver input) it will be a
*“flat” line with no standing waves on
it. You can imagine it as an RF pipe.

Open-Wire Lines

Tuned, or resonant, feeder, or open-
wire lines. call them what you will, are
not flat. They carry a standing wave on
them. This means that the impedance
at the bottom varies according to the
length of the feeder (unlike the 72-ohm
matched line, the bottom of which still
looks like 72 ohms however long it is).
An open-wire line consists of two con-
ductors held fairly rigidly to a certain
definite spacing by means of insulating
spacers. A convenient type of line, with a
characteristic impedance of 600 ohms,
consists of two conductors of No. 18
gauge copper, spaced at about 3} in. by
polythene spacers about every 18 in.
along the line.

Should one chance to have an aerial
with an impedance of 600 ohms, such
a line could be used in untuned fashion
and would not carry a standing-wave.
In practice, however, it is usually
attached either to the centre of a dipole,
which looks like 72 ohms, or to the
end of an aerial (one wire being con-
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AERIAL SYSTEMS FOR THE AMATEUR

nected to the aerial and the other left

free). where the impedance may look
like a few thousand ohms. In either
of these cases there will be a standing-
wave on the feeder.

This is only another way of saying
that the impedance of the feeder varies
at all points along its length. There-
fore, no matter what length it may be,
it will be possible to match a tuned
circuit into it at the ‘“home” end. If
the feeder impedance is very high, then

HALF WAVE

a parallel tuned circuit will be required ;
if it is low, a series-tuned arrangement.
These are commonplace circumstances
for transmitters, but for receiving use it
means that an aerial coupling unit of
some sort is indispensable, serving as a
transformer between the receiver input
and the feeders.

Fortunately. it is possible to choose
the length of a pair of resonant feeders
so that one knows what the impedance
will look like at the end remote from

FULL WAVE

the aerial. Just as a half-wave aerial

we shall again have low impedance.

The diagram (Fig. 2) will explain, and
we have taken. for this example. a 67-ft.
aerial fed at the centre with 600-ohm
line.

Although the diagram shows only the
circumstances prevailing with feeders of
either 67 ft. or 33 ft. 6 in., note that
44ft. (or thereabouts) is a very con-
venient length to use. as it is neither at
the lowest nor the highest impedance
points and looks rather similar on
several wave-bands.

ZFULL WAVES

The important point to note, really,
is that when our 67-ft. aerial is a dipole
{on 40 metres) the centre impedance is
low ; but that on the other bands this
does not hold good. On 20 metres
each half of it is a complete dipole, the
centre impedance then being high, as
the feeders are really attached to the

4FULL WAVES

carries a complete half-cycle of a
standing-wave on its length and there-
fore presents a hjgh impedance at the
ends. and a low impedance at the centre,
so will a feeder exhibit the same
characteristics. At each half-wavelength JHALFMVES
along the feeder the same set of circum-
stances will hold good ; if it is connected
to the aerial at a low-impedance point,

Fig. 4. Polar dia%rams or representations of
the way in whi energy is radiated from

different types of aerials, giving rise to direct-
ional effects, as explained in the article.
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___ 67 Totor_ 67
1 .l 22
| —_——bo-
! FEH] \E Lt}
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A: END-FED 8: WINOOM
Fig. 5. Single-wire arrangements showing the

distribution of impedance in two well-known

types. In (A), the 67-foot wire as a whole is the

aerial, and there is no feeder connection in the

accepted sense; in (B), the feeder line is

supposed not to radiate (or pick up) but nearly
always does !

ends of two separate dipoles. On 10
metres each half consists of two dipoles
attached to each other, end-on, and the
impedance at the same point is still
high (though not quite so high as
before). On the 14-metre (21 mc) band
- the top consists of three dipoles in a
row, and the feeders are attached to the
centre of the middle one—so the
impedance is again low.

The next diagram (Fig. 3) shows the
same aerial, but with the feeders
attached at the end. in what we call the
Zepp. system (so named because a some-
what similar type of aerial was used
during World War 1 by the Zeppelins!)
Note. now, that the impedance at the
top of the feeders is always high, on
whichever band the aerial 1s used. So
the condition at the bottom of the
feeders is different, on certain bands,
from that which was in force when the
feeders were attached to the centre.
Fig. 3 (c) gives some idea of what
length of feeder to choose for meeting
various conditions at the bottom end.

Directional Effects

We have already stated that the best
directions for transmission and reception
from a dipole are at right-angles to the
plane of the wire. This does not mean
that a sharp beam is available! Far
from it—a very broad * doughnut”
pattern is obtained. See Fig. 4 (a). .

When we string two dipoles end to
end, two things can happen. If they
are fed at the centre point, as in Fig. 2
(b), then the polar diagram becomes
sharper, in the same direction as that
for one dipole. This is because the two
are “in phase,” each one trying to
radiate, independently. as it would if it
were the only dipole there.

8 Radio Quarterly
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When we feed them at one end. the
two dipoles are out of phase. and their
fields oppose each other instead of
assisting each other. The lobes from
each are then “ bent outwards.” rather
in the manner of two magnets opposing
each other and exerting a force of repul-
sion instead of attraction. and we have
four lobes instead of two. Actually,
the lobes are inclined at 54 degrees to
the wire, but we can consider them as
being almost diagonal.

So. whereas our North-South dipole
works best to East and West, our North-
South full-wave aerial (rwo dipoles out
of phase) works best to North-East,
South-East, South-West and WNorth-
West.

Make it twice as long (either by using
twice as much wire or by going down to
half the wavelength!) and the main
lobes will now be inclined at 36 degrees
to the plane of the wire—not enor-
mously different from the full-wave and
still classifiable as “best on the
diagonals.™

The longer you make the wire—that
is, the greater number of dipoles strung
end to end that you use—the more
nearly will the main lobes come round
towards the end of the wire, until a
*“very long wire” can be considered as
being most efficient off its ends.

Minor Lobes

Note, at this point, that it is only a
dipole which has merely two lobes ; the
full-wave has four, the 14-wavelength
aerial has six, and the two-wavelength
aerial has eight. But from the very

start of the splitting-up process it is the

* diagonal ” lobes which are the main
ones. As each extra dipole is added to
the length of the wire, two more lobes
crop up, but these are now * minor”
lobes, located around the broadside
position. e

They are important, however, in that
a very long wire is by no means only
useful along its length ; the minor lobes
are by now so multifarious that the
wire  gives virtually all-round cover. but
not with the same efficiency in all direc-
tions.

At the same time, it is fair to state
that situations do arise in which a long
wire, by virtue of its minor lobes. gives
much better reception almost at right-
angles to the plane of the wire than,
say, a full-wave aerial. which has a
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@ 3000 RIB3ON

Fig. 6. The Folded Dipole mode of operation,

using Telcon 300-ohm ribbon feeder, which is

light, strong and very low-loss, and therefore
ideally suited to these applications.

couple of minima in those directions.
Reference to the small diagrams will
show this plainly: compare Fig. 4 (b)
with Fig. 4 (e).

Feeders

An important point often overlooked
by the beginner is that if an aerial is
properly fed, it doesn’t matter how or
where 1t 1s fed. A full-wave aerial. for
instance, can be fed in the centre. at
the end,. or at a quarter-way point. A
much longer wire can be fed at almost
any point along its length. Provided
that the feeders are properly matched at
both ends, or, of course, properly tuned
if they are resonant open lines, then the
efficiency and general performance of
the top will remain the same under all
conditions. The one exception to this

is the case of the full-wave aerial. As’

already mentioned, when this is fed in
the centre it behaves as two dipoles
in phase, and not as a full-wave, which
is really two dipoles our of phase.

A very nice directional system for one
band can be made by putting up two
dipoles end to end (or. better still, with
a certain amount of lateral spacing
between them), feeding them both with
co-ax of the same length. and arranging
a reversing switch in one of the co-ax
leads. The two then can be connected
to the receiver or transmitter. either in
the in-phase or out-of-phase condition.
If the whole system runs North and
South, the in-phase state will give good
coverage East and West (better than that
of a single dipole) and the out-of-phase
state will give the full-wave pattern—
which gives minima East and West but
maxima at the four diagonals. Thus
the system will give really excellent
coverage in all directions except dead
North and South.

Receiving Advantages

A simple switchable arrangement like
this gives quite spectacular discrimina-
tion against unwanted signals on the
receiver. For instance, with the dipoles.
in phase you may find a signal from due
West (say the West Indies) at S8. with
another one from the North-West (say
California) at S3. Switching to the out-
of-phase state may easily reverse these
signal strengths!

The directional qualities of a simple
system like this cannot. of course. be
compared with those of a proper beam,
but this article only purports to deal
with simple arrangements. Vee-beams
and Rhombics need a tremendous
amount of space, and Rotary Beams of

the Yagi type need (to make a good job

of them) a tower. a mechanical rotating
arrangement and a considerable amount
of know-how for the original adjust-
ment.

Other Methods of Feed

A compromise often has to be made
between a text-book aerial and one that
is the best than can be erected in the
circumstances. If, for instance. it is
desired to put a 67-ft. wire into a 50-ft.
garden, a frequently-used arrangement is
to include the down-lead in the total
length and to string up a total of 67-ft..
the home end being brought right down
to the aerial coupling unit. This wire
can then be * voltage-fed "; or. in the
words which we prefer. it presents a
high impedance at the end.

Its polar diagram will now be some-
what distorted. as part of the wire is in

®

305’

80 40 & 20mtz 40 20 & IO mtrs
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Fig. 7. A recently developed amateur aerial

design, suitable for both transmission and

reception. Itis a muiti-band system, and there-

fore is becoming popular, particularly as space

requirements are reasonable. This system is.
known as the ** T2FD.”
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a sloping or even vertical plane, but
that does not mean that its general
coverage will necessarily be any worse.
For the transmitter this presents certain
undesirable qualities, since the actual
end of the radiating system is now right
inside the house; excessive RF will
possibly be let loose inside the shack ;
and, certainly, the problems of inter-
ference with BC and TV will be made
more acute. For reception, though,
these snags do not arise, and the end-fed
aerial is probably the most common of
all. It only becomes hopelessly
inadequate when “any old length of
wire ” is strung up and expected to work
with its home end just connected
straight to the receiver.

From what has gone before, the
teader will now realise that such an
arrangement will present the  receiver
with a very high impedance on some
frequencies and a very low one on
others. Coupling will be too tight in
some places and too loose in others, and
it may well be that on the very band
you are most interested in, efficiency
will be lowest of all. So never put your
trust in a random length of wire. Put
up a half-wave, full-wave, three-half-
waves or whatever you have space for,
taking the lowest frequency-band you
are most interested in as the starting
point,

As a concrete example, a 67-ft. énd-
fed wire will be efficient on 40, 20, 14
and 10 metres ; but on 80 metres it is a
quarter-wave and will want a different
form of coupling. 1f you want to have
a similar form of feed for all bands,
including 80 metres, then your “ magic
length ” is 132 or 134 feet.

Consider, too, which is the best direc-
tion for erecting a wire of this kind,
bearing in mind that its maximum
efficiency will work round more and
more to the direction of the wire itself
as the electrical length becomes longer
{in other words, as you go down to
shorter wave-bands). .

As an example, you .may have a
garden running North-South. Then a
67-ft. wire will be a dipole for Forty,
and will give you good reception from
the States, Central America and many
areas of Asia. On Twenty it will be
good for North and South America,
Australia, New Zealand, South Africa
and most of the interesting parts of the
‘world. But on Ten the accent will be
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Fig. 8. Reflector and director systems, to give
high gain in a particular direction. The princi-
ples are explained in the text.

getting more round to the North-South
directions, and if you want, say, Central
America on Ten you would be better
served by a simple dipole than by this
67-footer.

The Windom

Another form of feed, not strongly
recommended nowadays, is the Windom
(also known as the off-centre single-wire
feeder). This aerial has to be strung up
in the clear to the correct length, and
the feeder is then attached at a point
roughly one-third of the way along the
wire. When the correct point for the
feeder is found, there will be very little
standing-wave on it and it will present
an impedance of something between 300
and 600 ohms at the bottom end—suit-
able for clipping on to the aerial tuning
unit at a point possibly one-third of the
way up the coil.

With a Windom a good earth is
essential, because - the aerial and its
feeder have a “mirror image” in the
ground beneath, and the single-wire
feeder represents only half of the feeder,
the other half being the imaginary wire
running down to the ‘ image” aerial
below—the earth lead. This system is
notoriously bad, from the transmitting
point of view, for TVI. Nevertheless,
1t has its good points, one of which is
that the feeder itself often does carry a
standing-wave, does radiate (although
it shouldn’t!) and thus fills in the gaps
in the polar diagram of the horizontal
top. A Windom correctly adjusted
would be no different from the same
aerial fed in any other way, but the
state of '‘ correct adjustment” is almost
impossible to obtamn. It could only
conceivably be achieved with an aerial
suspended over open, well-conducting
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ground, with no obstructions such as
trees, houses and the like within a short
distance of it.

Really, its only advantage nowadays
is that one sometimes encounters a
situation, from the site point of view, in
which it is very convenient to attach a
single feeder, not to the end of the
aerial, but to a point somewhere along
its length. For reception it is well
worth trying ; for transmission its value
is doubtful unless one is situated well
away from all television receivers!

The Folded Dipole

By erecting a dipole with two con-
ductors instead of one, and breaking
only one of them for the feed line, we
gain a certain advantage in that the
impedance at the centre becomes some-
thing like 300 ohms instead of 72 ohms.
This folded dipole (Fig. 6) also has a
flatter response curve than the single-
conductor dipole and is therefore more
suitable for covering an entire frequency-
band. The 300-ohm property makes it
ideal for the use of flat 300-ohm ribbon
for a feeder; and the latter matches
nicely into the aerial terminals of many
types of communications receiver. (Flat
300-ohm ribbon is a standard commer-
cial product made by Telcon, and is
widely used for short-wave aerial con-
struction.) ~

Again, one has only a single-band
aerial, and a folded dipole for Forty
could not be expected to perform
terribly well on Twenty or Ten—
certainly not with the 300-ohm feeder.

By rlting a folded dipole, however,
and by * terminating ™ it with a resistor
of the correct value, we may arrive at
an interesting multi-band aerial. The
“ terminated tilted folded dipole” has
been dignified with the abbreviated name
of “T2FD,” and is the subject of much
experiment among its particular fanciers.
It seems to be an ideal system for those
with limited garden space.

. Suitable dimensions are shown in

Fig. 7 and the accompanying table, from
which it will be seen that the bands
80, 40 and 20 metres can be covered
with a total length of 94 feet or the

bands 40, 20 and 10 with half that"

length. There appears to be no advan-
tage in raising both ends of this type of
aerial, which means that only one
supporting point is need, and one of the
properties claimed for it is that it is

practically omni-directional, on all the
bands on which it is worked.

Pure theorists are somewhat sceptical
about the whole thing, which probably
means that they have not yet formulated
any sort of theory as to how, or why,
it works. But it is in use by quite a
large number of amateurs, all of whom
seem to be very keen on this rather
intriguing type of aerial system.

Beam Aerials

This article has only claimed 'to deal
with fundamentals, and the practical side
of the more elementary types of aerial.
Detailed analysis of beam systems is
right outside its scope, and it is suffi-
cient merely to mention one or two
general types.

First, the *“ Vee-Beam.” We have
seen that a long wire, when made longer
and longer, will exhibit lobes that come
more and more round to the actual
direction of the wire. If another similar
wire be erected, in such a direction that
one of its main lobes corresponds with
one of those of the original wire (this is .
achieved by inclining one wire to the
other at rwice the main lobe angle) then
these lobes will reinforce each other,
and the lobes outside the system will
cancel out. The main lobe will be down
the centre of the acute angle of the
“ Vee,” the two wires of which can be
fed at the apex by tuned feeders in the
normal manner. High directivity and
gain are possible, but only, of course, in
one main direction and on one band.
And by * one main direction” we imply
one bearing and its reciprocal, although
the radiation off the back of the Vee
may be considerably down on that from
the front, on account of the physical
imperfection of such a system, including
the DC resistance of the wire.

The “ Rhombic,” or “ Diamond.” may
be regarded as two Vee-beams placed
end to end, the second one closing up
the angle opened by the first. The gain
and the directivity are even higher than
those of a single Vee, and may be
increased still further by terminating the
Rhombic at the far end by means of a
resistor. This makes it a uni-directional
affair — it really does radiate in one
direction only—and the gain increases
accordingly.

Parasitic arrays are very extensively
used for beam aerials. They consist of
a dipole to which further * elements”
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have been added, but without any
physical connection or any means of
feeding power to them. A radiating
dipole will naturally induce currents in
another conductor which is coupled to
it, and this property is used for many
different types of “ parasitic” arrays.
When the extra conductor is slightly
longer than a dipole, if spaced at the
correct distance from it, it will serve as
a reflector; that part of the dipole’s
radiated field which would normally
have passed through the direction of this
reflector will now be added to its field
in the other direction. In other words,
we have a “forward gain.”

Another conductor, this time shorter
than the dipole, may be placed at a
carefeully chosen spacing in front of the
dipole to serve as a * director ” and to
increase the forward gain still further.
Eventually we can arrive at a multi-
element beam with a main lobe which
is very sharp indeed and shows con-
siderable gain over the maximum attain-
able with a dipole.

The presence of these other conduc-
tors reduces the centre impedance of a
dipole considerably, so that the usual
72-ohm match is no longer possible.
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Various matching devices are therefore
used to enable a satisfactory trans-
ference of power to be made. All these
variables add up to the fact that a
multi-element beam is somewhat difficult
to adjust to its maximum efficiency ;
and one that has not been properly
adjusted will usually give misleading and
very disappointing results.

Other types of beam use driven (as
opposed to parasitic) elements; some
“ collinear ” (in the same plane as the
dipole) and some * broadside ” (as in the
case already described). And when we
break into the sphere of VHF and UHF
there are innumerable types of direc-
tional array—some of them only just in
the initial stages of development. Before
long it will be almost impossible to
publish a comprehensive treatise on
aerials within a smaller compass tham
that of an encyclopadia.

Possibly, however, this short intro-
duction to the simplest types will be of
some help towards an understanding of
the fundamental considerations, and it
is hoped that it may lead to a more
detailed survey of some of the more
useful types.
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Simple Design with Many Applications

In these days, the utility of the humble crystal-detector type of receiver

is too often overlooked.

With the modern germanium crystal and

the low-loss components now available, very good results can be
obtained — cheaply, easily, and with no power supply requirement.
More than that, the crystal detector unit has several important practical
applications in addition to its function as a local-station receiver.

HE small instrument illustrated here-

with is primarily a crystal receiver
using modern components, but it also
has other useful applications—including
absorption wavemeter of a sensitive
type, ’phone monitor and key-click
detector. Some hints on the various
uses are given after the construction,

which is simple enough, has been
explained.
Construction

Take a small metal box, fit a coil-
holder at one end, a telephone jack at
the other ; mount a variable condenser
on the major side with a suitable dial
on its spindle; add a  germanium
crystal, a fixed condenser, an insulator
and one or two odd bits—and very
nearly you have the list of parts and
the construction all tied up!

The coil-holder is centrally mounted
at one end of an Eddystone diecast box
measuring 44in. by 3{in. by 2in. and the
telephone jack, which need not be insu-
lated from chassis, in an equivalent
position on the opposite wall. The
variable condenser—a low-loss modern
type—is situated reasonably close to the
coil-holder. A hole is made in one side
to allow the top portion of the small
aerial insulator to pass through. The
unit is ready for wiring.

Wiring

The thick pin (No. 1) of the coil-

holder is earthed to the large tag fitted

beneath the bush on the variable con-
denser. The insulated spring on the jack

—the one which makes contact with the
tip of the telephone plug—is connected
to one side of a .002 pF condenser {(a
.001 xF will do almost as well), the
other wire from which is earthéd to the
box. The wire from the jack continues
on to the crystal rectifier and thence to
the coil-holder. It makes no difference
which way round the rectifier is con-
nected.

It is at this point some comment is
necessary. The actual connections to
the coil-holder depend on the aerial
which is to be used. If this is long, the
aerial terminal is connected to pin 4
and the free end of the crystal to pin 3,
as shown in circuit “ A.” If, however,
the aerial is on the short side, it is
taken to pin 3 and the crystal then goes
to pin 4, as in circuit “B.” In some
cases, better results will be obtained if
the crystal is taken direct to the “ hot™
end of the tuned circuit, as in “C.”
Whatever aerial is used, it is desirable
to test out all three methods of making
the connections, to ascertain which gives
the best all-round results. It does not
take long to change over the wires.

Use as Crystal Receiver

First of all, it must be emphasised
that the energy for operating the tele-
phones comes entirely from the aerial,
and it follows that the more efficient the
aerial, the better the results. It is also
important to connect a fairly good earth
to the terminal fitted to the box near the
aerial terminal, and this applies par-
ticularly on medium and long wave-
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As explained in the text, results will vary according to which of the connections shown here Is made.
It is recommended that each be tried in turn to'ascertaln which works best with the particular aerial
n use.

List of Parts

| Diecast Metal Box Cat. No. 650
| Coil-holder Cat. No. 707
Coils to choice Cat. No. 706 w
Variable Condenser Cat. No. 586 (140 uuF) ..
Dial Cat. No. 595 or similar g
Insulator Cat No. 1019 v
Germanium Rectifier Type GEX33 G.E.C.
Telephone Jack .
Fixed Condenser .001 or .002 »F, Moulded Mica
Single insulated tag strip.

Eddystone

lengths. Therefore, make the aerial as
long and as high as possible, within
reasonable limits, when good signals will
be received from a number of stations.

The receiver uses plug-in coils and,
to begin with, some of the higher wave-
length coils should be tried out. Medium
wave BBC stations —and, after dark,
some of the stronger Continentals (the
writer has received Radio Luxembourg
in daylight)—will be heard with the
706/P coil. The local station—Midland
Region—comes in at full telephone
strength at 65 degrees on the dial. whilst
the Light Programme on the long wave
from Droitwich is well received at 60
degrees on the BR coil.

As a matter of interest, stations have
been received with each of the seven
coils available. Admittedly, the writer
has a good aerial, 135 feet long and
about 30 feet high, but signals have
also been received during trials on a
much shorter aerial, and it is really
surprising how well the small unit
functions.

As is to be expected, little will be
heard on the LB coil, which covers from
10 to 20 metres—or, in frequency (and it
is better to work in terms of frequency),
from 30 mc to 15 mec. The stations
heard have consisted mainly of the
powerful long-range telegraphy stations,
audible as key clicks, and telephony
stations have been very weak.
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On the next coil, the 706/Y (the Y
stands for Yellow. the coil being marked
with a yellow spot), some telephony
stations have been received. chiefly at
the low frequency end. On the R coil,
quite a few Continental broadcast
stations have been logged. The white
coil brings in local amateurs working on
the 160-metre band at good strength.

One point about the receiver is the
excellent quality of the signals received
from the stronger BBC stations and, in

General appearance of the useful little receiver-
monitor discussed in the article.
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Interior construction of the Crystal Unit, showing layout and wiring — what could be simpler !

actual fact, one of the main uses for the
unit is as a feeder into a quality
amplifier, with most satisfactory results.

Absorption Wavemeter

If a low reading milliammeter (prefer-
ably reading to one milliampere maxi-
mum, but one reading up to 5 mA will
serve, with reduced sensitivity) is
plugged into the jack, the instrument
becomes a sensitive and useful absorp-
tion wavemeter. Radiation from the
oscillating circuit under test can be
picked up by using a rod or stiff wire
attached to the aerial terminal, or the
coil can be brought near and inductively
coupled to the tuned circuit. Rotation
of the variable condenser will result in
a reading on the meter, providing the
frequency is within the range of the
coil which has been plugged in. The
sensitivity is such that the needle of the
meter will swing up when the oscillator
is' running at quite low power, as, for
example, in a superhet receiver.

Calibration may present some diffi-
culty, but the figures in the table will

help as a guide. Definite points can
be found by taking an insulated lead
from the aerial terminal of the instru-
ment and wrapping it around the aerial
going to a receiver, which can be tuned
to the required frequencies. The crystal
will then act as a loosely-coupled wave-

Coil Table
a APPROXIMATE

CATALOGUE | SPOT FREQUENCY
NUMBER COLOUR COVERAGE
706/LB blue 30 — IS me
706/Y yellow 16 — 6.7 mc
T06/R red 7.5 — 3.1 me
706/W white 33 — L3me
706/P pink 1400 — 720 ke
706/G green 750 — 300 ke
706/BR brown 370 — 150 ke

Note: The last four types have adjustable dust-
iron cores and the frequency coverage can be
varied to some extent.
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trap, and there will be a diminution in
the strength of a received signal as the
crystal unit is tuned through its
frequency. When the dial readings
corresponding to a number of easily
identifiable stations have been recorded,
a graph can be drawn giving dial read-
ing versus frequency for the particular
cotl in use.

Uses with a Transmitter

‘The crystal unit has several applica-
tions to amateur transmitting work, in
addition to that as an absorption wave-
meter. One is as a telephone monitor,
and it is only necessary to plug in
telephones. and adjust the degree of
pick-up by fitting a suitable length of
aerial lead, to raise the signal to a com-
fortable level, after tuning it in as usual.
No precise information can be given on
the actual length of pick-up wire, as this
will vary considerably under different
circumstances.

In the same way, CW transmissions
can be monitored—not fully, but by
listening to the clicks as the key makes
and breaks the carrier, with results
similar to those obtained with a tele-
graph sounder. If the clicks are
audible well to each side of the proper
tuning point, it means they are excessive
and steps should be taken to improve
matters!

Returning to telephony, if the meter
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is again plugged in, the unit will indicate
to some degree whether or not modula-
tion is correct. A reading of about
half-scale should be arranged, again by
adjustment of the amount of pick-up
and not by de-tuning. The needle
should remain perfectly steady during
transmission—if it flickers at all, the
indication is that all is not well with
the adjustment or operation of the
transmitter. The trouble may be one of
several — over-modulation, distortion,
lack of drive. insufficient emission in a
valve, or general mal-adjustment, and
the subject is outside the scope of this
article.

One final application: When the unit
is placed at a distance from the trans-
mitting aerial it will enable adjustments
to be made to the transmitter, to aerial
coupling, to the phasing of elements,
length, etc., so that radiation is at a
maximum for the power employed. Co-
operation will. of course, be needed,
and the useful distance which can be
covered will depend mainly on the
length of aerial attached to the unit
which. in this instance, is used with the
meter.

All in all, considering how simple the
unit is to construct and bearing in mind
that no power supplies of any sort are
required, it is well to have this little
instrument handy.
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“SO YOU WANT MY QSL?”

SWL Reports from the Transmitter’s Point of View

Most short wave listeners (SWL'’s), and especially those who are
without a great deal of experience, want to know how to be reasonably
sure of getting cards from transmitting amateurs. The pressure of
QSL’ing and the number of SWL reports circulated having become
so great, it is now a very real problem — because in sheer self-defence
many transmitters have had to make it a general rule to refuse QSL’s
to listeners ; the cost of cards and postage is prohibitive. At the same
time the really useful SWL report will nearly always get a QSL, and
this article is intended to show what is of value and interest from the
transmitting operator’s angle.

T least eighty per cent. of the short-

wave listening fraternity seem to be
interested in QSL cards—and why not?
Any keen SWL with the right ideas can
amass a very interesting collection of
verifications, while,. at the same time, he
is actually helping those to whom he
sends them.

But note that qualifying phrase—
““‘with rhe right ideas.” With all due
respect to the SWL’s, we should like to
say, on behalf of the transmitting
amateurs. that very tew SWL's are
possessed of those requirements.

Ask any transmitter how many SWL
reports really mean anything to him,
and you will receive the same answer
all round—an extremely low percentage.

The writer of this article has only
received one report of any real value
during the past five years!

When to QSL

It takes a little time for the fledgling
SWL to realise that the first cards he
sends out (* Ur sigs received RST 559
on 7 mc, Pse QSL™) mean precisely
nothing to the recipient, and that
amateurs, as a body, are not sitting
waiting to reply direct, by return of post,
to every card that falls on their door-
mats.

Enlightenment comes quite soon. but

there is still a lack of understanding
about when a QSL may be interesting
enough, or useful enough, to induce the
man you have heard to send a card back
as a token of thanks.

Briefly, the qualifications for a useful
SWL Report are these: (1) It should
refer to a transmission on which he was
not getting through to the SWL's
country ;. or (2) it should refer to a
transmission which was outstandingly
good compared with others from his
own Jlocality; or (3) it should detail
reception on an unusual wave-band; or
(4) 1t should be a painstaking * period
report,” covering signals over some days
or weeks, and comparing them with
others from the same part of the world.

Let us be more explicit and consider
these cases separately. Case (1) might
apply to. say, a VQ4 or a ZS or even a
W who was either calling G stations, or
calling “CQ G.” but was not getting
any replies, although his signals were
good. An SWL report from England
would at least tell him that it was only
his luck that was bad on that occasion,
and that his signals were doing their
stuff.

Case (2) might apply to any distant
amateur whose signals were head and
shoulders above all the others from his
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country. Quite likely he was trying out
a new aerial system, or something of the
sort, and a note from an SWL telling
him that he was $8-9. while all the other
chaps in his part of the world were only
S5 or S6. would give him some
encouraging information.

Case (3) would apply to. say, ZL's or
VK’s heard on 80 metres at some
unusual time, when they would not
normally be looked for; or W's or VE's
on the Top Band; or even a distant
signal breaking through on Ten when
the band was apparently dead.

Finally, Case (4)—the period report—
might cover a series of transmissions
from a distant station who had been
noted as being on the band at 2300
every night, working Europe. If you
hear him once, that's hardly of interest—
lots of other people in Europe are also
hearing him. But if you hear hlm
every night for three weeks, at varying
strengths, your report may well be of
value. On three or four of those nights
he may have been unable to get
through—if your report shows much
weaker signals than usual, he will know
that conditions were to blame. Or,
perhaps, he altered something at his end
which caused an increase or a decrease
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in his signals., and your report will
enlighten him on its effect.

In any of these cases there will be
more than a sporting chance that the
chap at the other end will find your
report worth one of his own cards, and
he will be pleased to send one.

If you are really a King Pin among
the SWL’s, you will have another
excellent chance of acquiring a few
rarities—the difficult way! That is by
being the first person to hear a new
Our DX
Hero, ZK3AA. in the remote and un-
inhabited ‘Mjumbo Territory. puts his
car radio on the 20-metre band and
transmits with an input of 3 watts to a
whip aerial made of bamboo. Not a
soul comes back, and, so far as he
knows, nobody even hears him. But the
intrepid SWL. I. Gottim (Much Scraping)
does hear him. and sends a report.
ZK3AA cannot fail to be delighted. and
will almost certainly QSL.

The OQSL cards illustrating this

article are a selection from those

received by a British amateur

transmitter from short-wave listeners
abroad.
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Note this, though. Unless his signals
were the weakest of the weak (meaning
that 1. Gottim’s receiver was a really
super affair), ZK3AA will receive, not
one card, but several scores of them.
Also. his calls will have been answered
by all and sundry. and a frantic battle
for QSO’s will have been going on
whenever he has come on the air. So,
alas!—I. Gottim's card will be one of
several hundreds, and his chance of a
reply will be slender indeed.

When Not to QSL

The importance of the above cannot
be over-stated. Once ZK3AA becomes
a much-sought-after DX man, he has
only to show his nose to be inundated
with calls, possibly from all over the
world at once. If he knows that he has
only got to send one “tweet™ on the
frequency to start the mob rioting, of
what possible interest can it be to him
to know that you, a solitary SWL. also
heard him? 1If he is human. he will
glance at your card, mutter ** So what?
and add it to the rapidly rising pile of
unwanted literature.

Coming out of the realms of rare DX
to the less exotic ZS, or VQ4. or PY, or
KH6—if you hear him working G's, or
even other Europeans, he Anows what
sort of signals he is putting over here,

KYUSHU

Rad'o. '\,‘B

SWL-J:

Ur CW sigs heard on. 14

long before your card arrives. Unless
he is the very good-natured sort who
answers all cards, you will be a lucky
man if you hear anything more from
him.

That VQ4 who puts very strong
telephony into this country practically
every evening—do you think /e will be
thrilled to know that you received him?
He would be more surprised to hear
from someone who didn’t. But the
other VQ4 in the same town., who
struggles away night after night and
rarely gets any replies—why not listen
to him and send him a worthwhile
report? To him it really would mean
something. At the same time, don’t
write to him and say “ VQ4ZZ is S9
here every night: 1've only heard you
once, and then you were S2." Be a
little more tactful than that!

Send your reports. where possible, to
the weaker stations rather than the
stronger ones. They will certainly appre-
ciate them more. Likewise, look out for
unusual times. A GM station on the
Top Band will be more interested to
know that he was heard in London,
say. at 11 a.m. than at 11 p.m. At the
latter time he was probably working
someone down there. anyway; but at
the former time he may have been
calling someone 20 miles away without

ISLAND

me.on v/ &/195¢

at 1512 - G.MT. Ur sigs RST.H. Worka\Calhng. VEOXE

Revr: 9 Tubes Super. Remarks:
Ant. Dipole. TEST
PLEASE QSL FB DX 0M73.

EERU

{ T8 DX OMI HPE URSWIR-ON
ES CU ON AIR SN! OUD LUCK
YASU. ITAHASHI J5-165)

TH: P.0.BOX. L1 KUMAMOTO-TSUBO! , JAPAN.,

0
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“SO YOU WANT MY QsL?”

195, Crown Sti'eet, Barcaster, Wessex,
ENGLAND.
RADIO Your CW/Phone signals heard on b
1953 at GMT. Clg./Wkg .
on Mec. Signals R S T
Phone quality Other remarks
Conditions were .. Other stations heard at
time -
QRM QRN QsSB Wx
Receiver Aerial
PSE QSL via 73 Opr
BCM/QSL, London, W.C.1.

Fig 1 Specimen layout for an SWL report card.

the least idea that his signals were
getting 400 miles.

In general, don't report to G stations
or Europeans unless they are on the
Top Band or, otherwise, unless they are
known to be using extremely low power.
If you chance to hear one, even on 20
metres, saying that he is using 2 watts
only—then he’ll probably welcome your
card wherever it comes from.

WRIGHT

- wiTH Q98 GRN
RECEIVER qQ Ak
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What to Report

The minimum of information required
on a ussful report is something like
this: Date: time; call-sign; strength
and tone (on CW) or modu'ation (on
phone); frequency : station being called
or worked ; conditions at the time ; and
general remarks such as (@) Strength of
other signals from the same country or

2 - 105 MACKENZIE AVENUE
.jel-IRISTCHURCH NEW ZEALAND

L-ZL3 =

jf' TO RADI0O Gré6QA8 WEG Z2L3RE
© oNAk- I- §1 AT 24-25}es

.ON M4 Mess tw/a«.

T_

OWN OPR. i
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“SO YOU WANT MY QsL?™

YU3-RS249

=~
>

2

(b) Difficulty in reception due to QRM,
QRN or poor conditions.

Fig. 1 shows a specimen layout of a
card on which this information and
much more can be inscribed with very
little trouble. If you like to have it
overprinted “SWL Report.” or the
name of your town, so much the better ;
but if not, it doesn’t really lose any
value. The accompanying illustrations
show some of the types of SWL cards
that are in circulation to-day; some
with illustrations and some without.
. Strangely enough. the information

that really is of very little interest to
the man at the other end is the type of
receiver and the aerial system used!
One would imagine that these details
might mean quite a lot. but long
experience has shown that the important
factor is the one which can nor be
shown on the QSL card—the operator’s
ability! A good operator. with a single-
valver and a “ piece of wire.” can
knock spots off a poor one with an
HRO and a big aerial.

And when one fills up large spaces on
a card with such details as ™ 9-tube
home-made superhet and 3-tube con-
verter using EF91, EF91 and 6BA6. with
100 volts .HT from full-wave metal
rectifier . well, it simply is not

TO RADIO 4 & & &

§7 W ronmogcas
J =

QTH: MARIBOR
RX: Av4

UR CW/EONE SIGS ON4 MC/S
29 .X.451 AT 13 59 CMT

RS 84 TAa vep

. REMARKS: who 23 CAPR
Bat 93 0 gud duf

Foe

worth anything ard it just makes a card
look “ cluttery.” Some SWL reports
carry so much detail in this way that it
is impossible to pick out the actual
report without scanning the things
closely.

Stick to essentials and present in bold
letters and figures the thing that matters
—the report itself.

Reply Coupons

There can be no fixed rule about
‘whether to use the International Reply
Coupons or not. [n general, it is prefer-
able to carry out all transactions
through the QSL Bureaux. and in that
case [RC’s are unnecessary. But when
a report goes to a rare DX station who
has either just started up. or is of a
temporary nature, then [RC’s for return
postage will probably be accepted
gratefully,

Don’t forget that it is far less trouble
for the other man to fill out a card for
you and put it in his next bunch to the
QSL Bureau than it is to send one direct.
So print, on your card, the address of
your own QSL Bureau. and leave no
doubt that a card sent by this means
will reach you safely. That will
increase your chances by at least 1009%.
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SOME SWL ACHIEVEMENTS

During The Years 1946-1952

This is a most interesting summary of the successes achieved by
our leading SWL stations during the six years or so up until last
winter. While the DX going is very much harder now, it is the time
to get experience and to prepare the equipment against the expected
improvement in DX operating conditions by about 1956. This refers

of course to the really exciting long-distance possibilities.

In the

meantime, there is plenty of useful and interesting work to be done
at the shorter ranges, on all the amateur bands.

AT present we are passing through a
spell of very poor short-wave con-
ditions. This is common knowledge,
familiar even to those who have never
heard of the eleven-year cycle or of the
effects of sunspots and magnetic storms
on the propagation of radio waves.

The undoubted fact, the truth of
which may be checked any day, is that
one can listen on all the short-wave
bands for long periods without hearing
any signals from outside Europe. One
might carry this further and say that
anyone who wants to listen to DX of
any kind must, in general, be a late
finisher or an early starter. The best
DX hours seem to be roughly 2200-
0600, and we are carried right back to
the early years of radio as a hobby, for
in those days it was an aphorism that
long-distance stations. were only heard
at peculiar times!

This state of affairs has undoubtedly
damped the ardour of many would-be
short-wave enthuiasts, not to mention
that of most of the acknowledged experts
in the art. So. unfortunately, many
enthusiastic record-breakers of the last
few years are now forced to rest on
their laurels until the ionosphere starts
being kind to us again—probably in two
or three years’ time.

If we cannot switch on the receiver
at almost any time of day or night and
hear our exotic DX friends rolling in,
we can at least induce a little nostalgia
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by recalling what might be happening
if we put the calendar back five years
or so, and the purpose of this article
is to summarise some of the doings of
our star SWL stations of a few years
back.

Needless to say, much of the infor-
mation is collated from the columns of
the SHORT WAVE LISTENER, which first
appeared in November, 1946. At that
time (although we did not realise it)
we were climbing up the peak of the
most favourable period for over 100
years for short-wave reception. The
sunspot peak of 1947 proved to be the
highest recorded since 1779. and it has
been well established that short-wave
propagation conditions follow the so-
called “ sunspot numbers * quite closely.

The stage was set, then. in the winter
of 1946, for some fantastic results over
the next three years or so, and the
SWL's made the best of the circum-
stances and had a grand fiesra of their
own.

Winter, 1946-7

The 20- and 40-metre bands were just
getting going, since many countries had
only had the use of 10 metres until
the autumn of 1946. With the opening
of Twenty we found most of the
SWL’s, old and new, flocking into this
band, and their lists of Calls Heard for
a single month include as many as 100
countries,
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SOME SWL ACHIEVEMENTS

On Ten there were long lists under
such familiar names as R. A. Hawley
(Goostrey), F. A. Herridge (now G3IDG)
of London, SW.12. D. W. Bruce (Lon-
don, S.E.9), D. L. McLean (Yeovil), J.
M. Graham (Glasgow) and A. Frost
Thornton  Heath). The  surprising
feature of these lists to us, to-day, is
that they contained literally scores of
Wé6’s and 7’s; the other DX most
prominent on Ten was of such a calibre
as KH6, PK1, HH, OX, XZ and. of
course, VK and ZL. A 10-metre list
was not the mere collection of a few
PY’s, LU's and ZS’s that it would be
to-day, for it really did roam the wsrld.

All through 1947 we find listeners
recording such DX as KG6, KCé6
{Canton Island). J9 (then Okinawa), all
parts of China including C3 (Formosa)
and C9 (Manchuria), to say nothing of
the C8 in Zone 23, along with AC3,
AC4, VK9, PK6 and 7, and all the nice
stuff from the Pacific and Far East that
one could possibly imagine. And these
loggings were just as frequent on Ten
as on Twenty.

In June, 1947, the SHORT WAVE
LisTeENER started publishing a *“ Zones
Heard ” Roll—the first of the achieve-
ment tables — and this was promptly
headed by T. Burton (Birmingham)
with a score of 40 Zones. 180
Countries! Runner-up was N. A
Phelps (London, N.10) with 40 and 146.
These, of course, were post-war scores.

By October of the same year we had
a very flourishing ** Zones Heard ™ table,
divided into * Phone Only” and * Phone
and CW.” The Phone Only section was
headed by A. J. Slater (Southwick) —
now G3FXB and a keen DX-chaser —
with a score of 36 Zones. 135 Countries.
Two months later his position was
usurped by R. A. Hawley with 37 and
133, the Phone and CW list being
headed by N. A. Phelps (40 and 181)
and) 0. A. Good of Oswestry (40 and
170).

Winter, 1947-8

Winter, 1947. was probably the
‘turning point for conditions. After a
wonderful year on all bands, it seemed
{quite rightly) that things could improve
no further. To stir up the competitive
spirit among the keener listeners, a table
was introduced which showed Zones and
Countries heard during 1948, and by
March this was headed by L. Collis

{Banstead) with 39 and 131 for Phone
and CW, and 35 and 101 for Phone
Only. That gives a measure of the
active state of the bands, for those
figures represented listening omnly up to
early February. A month later these
had been pushed by D. W. Bruce (now
G3IGZ) up to 40 and 144 in the
general category, and 37 and 115 for
Phone Only!

By June. 1948, the leader had been
passed once more, and names coming
up were M. H. Preston (London,
S.W.12), M. E. Bazley (Birmingham)
and E. J. Logan (Hertford). The latter
specialised in phone and headed the
headed the Phone Only column with
39 and 124—and remember that these
figures only represent listening between
January 1 and May 1, 1948!

This 1948 Marathon looked liked
leading up to a photo-finish and actually
did end in a dead-heat. At the head
of the Phone and CW list were N. A.
Phelps and M. H. Preston, both with
a score of 40 Zones, 204 Countries ;
and E. J. Logan was at the head of the
Phone column with 39 and 154.

Those figures give a measure of the
conditions on the bands in 1948.

Four-Band Work

In 1949 the SHORT WAVE LISTENER
introduced the first Four-Band DX
Table, in which listeners tabulated their
countries heard on 10, 20, 40 and 80
metres. The column which decided the
order of precedence was changed each
month, to give specialists on each band
their own chance to shine. In March
it was the turn of Ten, A. Bannister
(Manchester) leading with 119 countries
on that band. The April issue gave the
Twenty-metre enthusiasts a chance, and
at their head was M. E. Bazley with
200 countries for that band alone.

In May it was the turn of the Forry-
metre band, and a new star was in the
ascendant. J. L. Hall (Croydon) headed
this band with a score of 121 countries
and a very handsome lead, the next one
to him being W. J. C. Pinnell (Sidcup)
with 75. (The same J. L. Hall was also
the star in the Eighty-metre firmament.)

Throughout the same year another set
of achievement tables had been run-
ning. listing the Zones and Countries
heard during each individual month. It
is this table that shows us best how
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SOME SWL ACHIEVEMENTS

the conditions varied from time to time.

In March, 1949, for instance, M. E.
Bazley logged 40 and 151 on Phone and
CW, and D. W. Bruce turned in a score
of 35 and 125 on Phone Only. In June
the conditions were obviously a little
more difficult, but the same pair headed
the lists again with scores of 40 and
110, and 35 and 98. But by September
we find even higher scores for the Phone
section, led by D. S. Kendall (Potters
Bar) with 37 and 130 during the month.

Listening during 1950

By 1950 the slight downward trend
was already noticeable, but it certainly
did not deter the keen SWL’s. who
were always ready and willing to enter
for any kind of contest. So in that
year the SHORT WAVE LISTENER ran a
Four-Band DX Table for countries
heard in 1950 only. At the end of the
first month we find R. S. Stott (Upmin-
ster) with a score of 113 countries on
Twenty and 84 on Ten. By the end
of March these figures were up to 161
and 112; at the end of June they were
170 and 126. The same listener stayed
at the top of the ladder all through the
year and turned in a final score of 132
on Ten, 187 on Twenty, 106 on Forty,
and 45 on Eighty.

By the time we enter upon. 1951 we
find that .the Zones Heard listing for
the post-war years shows some
amazingly high figures. The Phone and
CW category was headed by A. H.
Edgar (now G3IOE) of Newcastle with
40 Zones and 223 Countries. closely
followed by R. S. Stott with 40 and 222.
At the head of the Phone section was
E. J. Logan (Hertford) with the score
of 40 and 201 — the only listener to
achieve all 40 Zones on phone.

But the rise was very slow, and the
year ended with a top score by D. W.
Bruce, with 40 and 230; E. J. Logan
still reigned supreme in the phone
category with 40 and 205. A new-
comer who put a strong challenge was
N. C. Smith (Petts Wood) with 40 and
228 in the general category.

Receivers Used

Success or failure in competitive
listening of this kind appears to have
been due more to the operator's ability
that to the use of any unusual gear or
aerials. For example, E. J. Logan, the
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undoubted Phone Champion. used a
BC-342 with an RF Unit Type 32 con-
verter for ten metres. N. C. Smith’s
receiver was an S.750. Others with con-
sistently high scores were [. S. Davies.
(London, N.13) with a B.36, K. Parvin
{Thornton Heath) with an S.504. S.
Smith (Kenilworth) with a CR100 and
R. W. Pennells (Lamberhurst) with a
home-built 1-V-2.

Several O-V-O's and O-V-1's were
doing credit to themselves very con-
sistently. while, at the same time, other
listeners were turning in much smaller
lists of Calls Heard in spite of assistance
from AR77’s, AR88's, HRO's and all the
best types of receiver. "Truly it was
operating abiliry that counted., and this
became more and more obvious as the
conditions really fell off.

The DX in 1952

In 1952, the first of the really leam
years, scoring was noticeably slower,
and a Marathon Contest decided on the
basis of Zones and Countries heard (all
bands) showed leading scores of 38 and
143 (by N. C. Smith), and 34 and 110
(by H. Warburton) at the end of March.
No rapid scoring of 40 Zones in the
first month this time! By May the
leaders were N. C. Smith (39 and 171)
and, in the Phone section. J. P. Warren
of Croydon (36 and 128). And by the
end of the year the leader had just
reached 39 and 200. with A. W. Tides-
well (Stoke-on-Trent) heading the phone
section with his score of 37 and 144.

The respective feats of logging 200
countries (Phone and CW) and 144

«countries (Phone) in a year like 1952

reflect the highest credit on the
listeners concerned, but give no indica-
tion of the greatly increased difficulty
attending their efforts.

A score of 40 and 220 could have
been reached in 1947 with hardly any
undue effort or painful concentration,
but 39 and 200 in 1952 represented a
certain amount of lost sleep and a lot
of hard work at all sorts of hours.

What of the Future ?

The experts have proved to their
own satisfaction that conditions will
continue at their present low level until,
at the earliest. the end of 1954 ; after
which they may improve quite rapidly
and will probably reach the next peak
in three years or- less.
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The new generation of short-wave
listeners — those who have joined the
ranks since, say, 1949. and have never
known what really good conditions are
— will be in for the surprise of their
lives. After struggling for vears to hear
their first VR4, or KX6. or whatever it
is, they will find them coming through
when they least expect them. loudly
enough to be mistaken for mere W2's!

Further, the bad conditions have forced
all of us to improve our receivers. our
aerials and our general listening tech-
nique. which will all place us in a
stronger position than ever when the
conditions do finally turn the corner
again.

For the present. then. we say —
* Here's to 1956 . . . may it mark the
start of another record-breaking spell.”

=1
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TEST METER FOR THE CONSTRUCTOR

Building a Multi-Range Instrument

Here we describe the basic principles of voltage, current and resistance
measurement, showing how they can be applied to the home-con-
struction of a very useful multi-range meter. Two basic designs are
discussed in detail, and the treatment is such that the reader can easily
work out for himself alternative ranges for any projected piece of
equipment.  Apart from the theoretical aspects, this article gives
much useful information on practical considerations such as values
and the choice of components. It also shows how easy it is to become
possessed of an instrument that will prove its worth over and over
again on the bench.

MULTI - RANGE test instrument of the comparatively inexperienced. call-

is a prerequisite for anyone con-
templating the construction of radio
equipment. A short wave receiver, for
instance, should not be attempted unless
some method of measuring voltage, re-
sistance and current is available, other-
wise it will be impossible to make those
final adjustments which make all the dif-
ference between a highly efficient and
an indifferent piece of equipment. Apart
from getting the receiver in working
order, faults must invariably occur from
time to time due to component break-
down and whilst the writer is willing
to concede that there are numerous
dodges which can be used for * trouble-
shooting  without test instruments (and
uses themn himself on occasions) there
are frequent cases when a multi-meter
is indispensable.

Most enthusiasts, however, are per-
fectly aware of the usefulness of a
multi-meter and recognise that it is a
necessity where a great deal of con-
structional work is done. Amongst
those who do not possess such an instru-
ment the omission is often put down
to cost, because commercial test meters
are often very expensive. But why not
build your own? The objection to this
in many cases is the idea that such an
instrument would be beyond the abilities
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ing for laboratory precision in construc-
tion.

It may surprise a good few meter-less
enthusiasts to know that a simple test
instrument can be constructed not only
cheaply but comparatively simply. A
basic test meter can actually be easier
to construct than many receivers! It
is not uncommon for a constructor to
build a receiver from a published design
of known efficiency only to find on com-
pletion all manner of snags—instability,
poor sensitivity, lack of **punch’™ and
all the rest. In a test meter these things
just don't happen.

Providing that the values of the com-
ponents are correct, that all solder joints
are sound. that certain points concerning
the components (noted in this article)
are watched. the instrument cannot fail
to work. And there are not many
items of equipment you can say that
for!

Another misconception is that one has
to be a mathematical genius to work out
the values of the shunts, multipliers
and so forth. But there are no complex
computations, and providing you can
add. subtract. multiply and divide there
need be no qualms. Don‘t be scared of
a few simple Ohm's Law calculations,
however new you may be to the game.
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Fig. 1. Basic multi-range DC voltmeter.

In any case, the notes in this article
should clarify the situation for any type
of meter required.

Although it deals with a specific - test
instrument built by the author some
years ago, which has given excellent ser-
vice, the treatment will be such that the
reader can design his own instrument
by piecing together the various sections
described in order to obtain the
selection of ranges to suit his own par-
ticular requirements.

The Movement

The basis of the whole unit is, of
course, the moving._ coil meter which,
by the.switching in of series or parallel
resistors, provides readings of voltage
and current respectively. [t is common
practice to favour a movement with a
1 mA Full Scale Deflection which will
have a circuit resistance of 1.000 ohms
per volt. Meters of lower sensitivity can
be used but the accuracy when used
as a voltmeter falls off due to the
relatively heavy current drawn threugh
the meter. Reasonable accuracy can be
obtained with a 5 mA FSD movement
but for more precise voltage readings
one would have to measure the total
circuit resistance and current and then
work it out by Ohm's Law. For cur-
rent and resistance measurements, how-
ever, there is no objection to the meter
with a 5 mA deflection. A more sensi-
tive movement (say of 500 or even 100
microamperes) is even better than a 1
mA pattern but these are usually more
expensive and for general radio test
work the extra expense is hardly worth
while.

In the model used by the author a
500 #A microammeter is employed, but
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these are not easy to come by as sur-
plus, although an identical instrument
has recently been offered at 25s. as
“new surplus.” This is quite a good
buy so far as value-for-money is con-
cerned. However, many will wish to
cut the cost even lower at the slight
reduction of sensitivity and accuricy
and. additionally, meters having a |
mA scale are scmewhat easier to obtain.
There are some good 1 mA movements
on the surplus market and also, if you
are willing to scour the shops, various
movements of other values, which can
be readily adapted.

_ Bearing these factors in mind, the
istrument to be described is based on a
1 mA meter, the component values
having been adjusted accordingly. When
selecting a meter, note the calibration
of the oxisting scale. Remember that
readings will have to be taken off it
not only on the basic range but at mul-
tiples and divisions. Therefore, choose
one with clear marking, preferably with
five main divisions each sub-divided

Multiplier

©

CS tondord

Volts
0 C)]

Fig. 2. How to check voltage multiplying resis-
tors using a standard instrument.

into ten smaller divisions. Naturally,
the larger the dial the better ; but also
the higher the cost. The type of meter
which has a scale length of about 24
inches is satisfactory — anything much
smaller tends to make reading-off
rather trying. And make sure that the
resistance of the meter is marked on the
scale plate.

DC Voltage Ranges

To measure voltage, the meter must
be in parallel with the circuit being
tested. In practice, a resistance is
placed in series with the meter so that
with full voltage applied the current is
restricted to the FSD of the movement.
As an example, if the movement is 1
mA FSD and a series resistance of
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Fig. 3. Basic multi-range DC milliammeter.

1,000 ohms is inserted we can work out
by Ohm’s Law (V=IxR) that 1 volt
will deflect the meter exactly full scale
— in other words 1 mA will flow.
Under these conditions we would have
a 0-1 Volt DC range, the application
of lower test voltage deflecting the
meter correspondingly less due to the
lower current flowing through the resist-
ance. '

For higher voltage ranges it is
necessary only to switch in higher series
resistances. In the example quoted, a
10,000 ohms resistance would provide
a 0-10 V range; a 100,000 ohms re-
sistance would give a 0-100 V range, and
so on. The basic principle of the multi-
range voltmeter is shown in Fig. 1. The
necessary value of the series resistor for
any given voltage range can be calcu-
lated from:—

vV x 1000
i

where R = resistance of series resistor; Rm = resist-

ance of meter ; = required full scale voltage ; I =
Full Scale Deflection of the movement.

R + Rm =

A glance at Fig. 1 will show clearly
that the resistance of the meter is part
of the series circuit and this has to be
taken into account when calculating the
value of the series resistances. If Rm
is 100 ohms, then the 0-1 V series re-
sistor would be 900 and not 1,000 ohms
{R—Rm, or 1,000 —100). However, on all
but the low voltage ranges the resist-
ance of the meter can be ignored. On
the 0-10 V range, for instance, ignoring
the meter resistance will result in an
error of only 1%. So on ranges above
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50 volts or so, one may simply calcu-
late the series resistances from:
R = ¥ x 1000
I

As to the practical side, here are
some notes on components for the volt-
age ranges. Low-tolerance resistors for
use as the series multipliers are,
naturally, best fitted for the job in hand,
but these can be expensive and in any
case it should always be borne in mind
that there is little point in using resist-
ances of greater accuracy than the
movement itself! It is often considered,
in instruments of the type being dis-
cussed, that 5% tolerance (gold band—
or dot) resistors are satisfactory.

If the constructor does not feel that
the expense of precision wire-wound
resistors is justified, standard 5% toler-
ance carbon resistors will be suitable.
But, even so, there may be difficulty in
obtaining some of the odd values re-
quired. This can be overcome — even
with ordinary 20% tolerance compo-
nents—in one of two ways:

First, if the resistor 1s too high in
value, the effective resistance can be
lowered by paralleling another resistor
across it. A useful pointer is that a
shunt resistor ten times the value of
the original component will drop the
effective resistance by 10% ; thus a
1,000 and 10,000 ohm resistor in paralle}
will give 900 ohms. For other com-
binations the standard formul® can be
used.

‘Where the resistor is too low in value,

Copper Wire Data
Gauge Length per Ohm Ohm per Yard Safe Currenr

40 swg 27.15 inches 1.326 70 mA
36 swg 68.04 inches 0.529 150 mA
32 swg 137.52 inches 0.262 400 mA
30 swg 181.08 inches 0.199 500 mA
26 swg 381.6 inches 0.094 1 Amp

22 swg 921.6 inches 0.039 2.5 Amps.
18 swg 2714.4 inches 0.01327 7 Amps

Eureka Wire Data
Gauge Length per Ohm Ohmsper Yard Ohms per

Pound
40 swg 0.98 inches 37.18 177,744
36 swg 2.4 inches 14.84 28,308
32 swg 4.9 inches 7.25 6,950
30 swg 6.5 inches 5.57 4,000
26 swg 13.7 inches 2.64 900
22 swg 33 inches 1.10 153.6
18 swg 97 inches 0.37 17.8

Fig. 4. Some useful wire tables and data for
the constructor.
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Fig. 5.

if it is a carbon type its resistance can
be increased by carefully filing * flats ™
on its body. It is thus a good policy

to” obtain, if possible, resistors slightly

below the required value as they can
then be accurately *“pruned up” in
value. Remember that any resistor
which has béen filed should afterwards
be given a dab of paint over the
affected portion as a precaution against
dampness.

Another point is that odd values can
often be found in the, junk box. Sup-
pose a resistance of 900 ohms is wanted.
Quite likely a wide tolerance 1,000 ohm
resistor can be found which is low
enough for the purpose. Where pre-
cision resistors are not used, the series
multipliers should preferably be checked
on an instrument of known accuracy—
either at your local radio dealers (if they
are of the courteous type) or by a local
enthusiast if you belong to a club. On
the other hand, low value resistors can
be carefully filed to the correct value
if voltages of known value are avail-
able for application to the circuit. You
can, of course, take the series resistors
at “face value” but it is more satis-
factory, in the absence of precision com-
ponents, to check them on a friend’s
meter in the manner shown in Fig. 2.

To sum up: Precision wire-wound or
5% tolerance (the latter can be found
as surplus) resistors can be used without
need for adjustment. Components with
10 or 20% tolerances can be used but
should be checked and adjusted if maxi-
mum accuracy is expected.

If 500 or 1,000 volt ranges are pro-
vided the series resistance should be
made up of a series of several resistors
in order to avoid the possibility of flash-
over which can break down insulation

and damage the movement. Thus where
the series resistance is 1 megohm, four
250,000 ohm or two 250,000 and one
500,000 ohm resistors could be wired
in series. Since the voltage drop across
any given resistor is lower the risk of
arcing is reduced.

Although half, or even quarter, watt
types can be used, it is advisable to use
one watt resistors except on the very
high values.

DC Milliamp Ranges

The movement itself can be used to
measure DC without any external com-
ponents but it is restricted 1o the FSD
of the instrument. To increase the
range  of the meter for measuring cur-
rent it is convenient to place a parallel
resistance or shunt across the movement,
this shunt resistance by-passing the sur-
plus current. A basic multi-range milli-
ameter is shown in Fig. 3 ; by switching
in suitable shunts, higher currents can
be measured. On test, the current flow-
ing through the circuit is divided be-
tween the meter and the shunt — the
meter taking up to 1 mA in the example
given. The current not flowing through
the meter passes through the shunt;

Low/drgﬁgg shunt @
ARAAA L e

T
High range X10

Test resistor

AMAAA I
WWA

2 R,

= Rs “

8

Fig. 6. (A) Basic ohmmeter, showing in dotted
outline methods used to read higher and lower
resistances than those provided for within the
basic range of the instrument. (B) The shunt-
type zero adjuster, which gives more accurate
setting, as explained in the text.

AA A AAAA

1953 Radio Quartetly 29



TEST METER FOR THE CONSTRUCTOR
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Fig. 7. The basic AC voltmeter.

thus with 5 mA applied to the test ter-
minals, 1 mA flows through the meter
and 4 mA through the shunt. It fol-
lows that each shunt must have a lower
resistance than the meter in order to
provide an *‘ easier path™ for the sur-
plus current.

The heavier the current to be
measured the lower must be the shunt
resistance, which can be worked out
from the formula:—

_ Rm
Rs=8T1

where Rs = resistance of shunt ; Rm = resistance of
meter; N = the number of times the FSD is to be
extended.

As an example (using the 1 mA
meter of 100 ohms internal resistance)
the shunt for the 0-10 mA range —
needing a “ten times ™" scale — has a
resistance of

100 _ 100 _ 4.9y ohms

0179

Since the values of shunt resistances
are very small (some will be less than
an ohm) it is unlikely that components
of the correct value will be available.
But this need not deter the constructor
as they can be easily made-up in
various ways.

Ordinary enamelled or silk covered
copper wire is often used for meter
shunts. It has a low resistance, is easy
to use and costs little. For heavy cur-
rents (up to 5 amps) 18 SWG is satis-
factory and for ranges up to 500 mA.
30 SWG is suitable. These two gauges
of copper wire have resistances of 53
and 5.03 yards-per-ohm respectively.
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From this it will be realised that due
to the lengths required, copper wire is
not so convenient for the higher resist-
ance shunts.

Where copper wire shunts are used
it is advisable to wind them on paxolin
strips, reversing the direction of the
winding at intervals to minimise mag-
netic effects. Probably a better scheme
is to wind the resistances astatically on
bobbins and so avoid the danger of
magnetic fields affecting the movement
and causing errors. The best way of
doing this is to fold the required length
of wire in two, starting the winding
with the centre (fold) and working the
two halves together so that both free
ends will appear on the outside of the
bobbin.

Unfortunately, copper wire has
another disadvantage. It has an appre-
ciable temperature co-efficient of resist-
ance (approximately 0.004) so that
changes in temperature affect its resist-
ance considerably. A given length of
such wire will, in fact, increase its re-
sistance by 0.004 per ohm per rise of
one degree at 20 deg C. An increase
of temperature of some two degrees

AC
RS
>
Knife-edge
4 2
! o
b 1E0reky
€ Jope measure oo :’gfl};’ .

Fig. 8. Set-up used to calibrate the low AC
voltage range.

centigrade will affect the accuracy by
nearly one per cent. And this does not
take into account any heating which
may be due to the current flow through
the wire.

For more accurate and stable read-
ings, a material less likely to be affected
by temperature changes is wanted;
* Eureka ” resistance wire is the answer.
This is the trade name for a wire alloy
(60% copper, 409 nickel) which has a
temperature co-efficient of only 0.00005

SEPTEMBER



TEST METER FOR THE CONSTRUCTOR

— a much better proposition. Apart
from this, it is of higher resistance than
ordinary copper wire so that shunts can
be made more compact. On average,
Eureka wire has 27 times the resistance
of enamelled copper wire. To enable
readers to calculate the lengths required
for shunts, details of useful gauges in
copper and Eureka wire are given in
Fig. 4.

When selecting a wire for shunt wind-
ing, it must be such that there is no
question of overheating on test which
would result in changing values and
consequent errors. Generally 36 SWG
up to 50 mA, 30 SWG to 250 mA,
and 22 SWG beyond is satisfactory.

Quite often, both types of wire are
used — Eureka wire for shunts between
1-10 ohms and copper wire for shunts
less than one ohm. With its smaller

resistance-per-inch it will be easier toe

use copper wire for the very lew value
shunts but be careful not to stretch the
wire in handling as this will increase its
resistance due to the lowering of the
cross-sectional area.

With the wire tables and shunt for-
mula the necessary resistances can be
wound. But owing to small mathe-
matical errors and other factors the
shunts may not be of exactly the right
value when actually placed in position.
This can be easily remedied.

Rig up a battery and potentiometer
with the meter (see Fig. 5) — they can
be any convenient value but care should
be taken not to damage the meter. With
14 or 2 volts do not use a potentiometer
of less than 5,000 ohms. With the
potentiometer at maximum resistance in
circuit, connect up and adjust until the
meter registers exactly full scale deflec-
tion. ie., 1 mA. Then, without disturb-
ing the setting of the potentiometer,
connect the shunt — very short pieces of
copper wire can be used to make the
connection.

If the shunt is for the ten times (0-
10 mA) range, the meter should read
one-tenth the scale — 1 mA. The shunt
can then be adjusted until the pointer
is exactly on the correct setting. Note
that the resistance of Eureka wire can
be altered by the simple process of run-
ning solder along it until the right value
is obtained.

When the 0-10 mA range shunt has
been adjusted, leave it in position and
adjust the potentiometer until full scale
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Fig. 9. Suitable Multi-Meter designed for many
receiver tests. A more elaborate instrument is
shown in Fig. 10.

Table of Values

Fig. 9 Values for the Circuit above.
Current Shunts

Rcl = 1111 ohms
Rc2 = 1.0l ohms
Re3 = 0.1 ohms
Voltage Multipliers
* Rvl = 9,900 ohms -
Rv2 = 100,000 ohms
Rv} = | megohm
Ohms Range Values
Rp = 250 ohms, wirewound
RL = 1,200 ohms

Switch positions

170-10 mA; 2, 0-100 mA; 3, 0-1000 mA; 4, 0-10 V;
5, 0-100 V; 6, 0-1,000 V; 7, Ohms range ; 8,
meter Off. '

reading is obtained. Then connect up
the 0-100 mA (or hundred-times) shunt.
Since the meter already has a 0-10 mA
shunt across it, it is reading full scale
at 10 mA ; with the 0-100 mA shunt
also connected it follows that 10 mA
will be indicated at one-tenth FSD. On
the original meter scale (marked 0-1
mA) this will appear at 0.1 mA.

This process continues until all the
shunts are adjusted. It is useful to
check the shunts by comparison with
a meter of known accuracy but the sys-
tem described is a good substitute
method. On the other hand, much
trial-and-error work can be avoided if
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the constructor has access to an accurate
resistance bridge.

Measuring Resistance

No instrument of this kind is com-
plete without at least one resistance
range. Such an ohmmeter is actually
a current reading meter, the basic cir-
cuit being shown at Fig. 6(a). The
movement is placed in series with a
resistance (part of which is made vari-
able) and a small battery, the values
being such that with the test prods
shorted out the resistance can be
adjusted to enable a full scale reading
to be obtained.

If, however. instead of shorting the
test probes, a test resistance is placed
across them the meter will register
something less than full scale due to the
current flow being restricted by the extra
resistance in circuit. As an example:

Using the 1 mA meter and a 1.5v.
battery, a resistance of 1,500 ohms
would enable a full scale reading to be
obtained with the probes shorted. If,
instead. a test resistor of 1,500 ohms is
inserted the total circuit resistance would
be 3,000 ohms and the current flowing
would be 0.5 mA. In such a case the
scale reading of 0.5 mA becomes
synonymous with **1,500 ohms.” By work-
ing out a few such simple examples the
ohms range scale can be calibrated. For
instance, still using Obhm's Law (I =
V/R). if a 4,500 ohms test resistor is
used the total circuit resistance would
be 6,000 ohms and the current would
be 0.25 mA so that this reading on the
scale also indicates **4.500 ohms.™

This system can be used quite satis-
factorily for normal (medium) resist-
ance measurements and many commer-
cial multi-meters provide only one
resistance range—giving readings up to
100,000 ohms on a 1.5v. battery. To
provide readings above this, a higher
external battery and higher series
resistor is required. Whilst such a range
is adequate for much general testing it
is always useful to be able to measure
higher and very low resistances. On
the standard range discussed accurate
readings of low resistance is not pos-
sible and it is also difficult to obtain
accurate readings at the high resistance
end due to the cramped calibration
scale.

The system mentioned is not practic-
able for low resistance measurements
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due to the fact that the voltage drop
(or change in current) is so small as to
be practically indiscernible. It is pos-
sible, however, to obtain a larger voltage
drop across low value resistances by
passing more current through the test
circuit and this is done by fitting suit-
able shunts in parallel with the move-
ment and series resistor.

The application of this principle is
simple. In the previous examples a
1.500 ohms series resistor, with 1.5
volts. gave us 1 mA full scale deflection.
If a =10 range is wanted, this resist-
ance must be reduced from 1,500 to 150
ohms (a shunt of 166.6 ohms); for a
= 100 range the resistance should be IS5

Fig. 10 Circuit of the Test Meter.
Current Shunts

Rcl = 11.11 ohms
Rc2 = 1.01 ohms
Rc3 = 1.0 ohms

Voltage multipliers

Rvl = 900 ohms
Rv2 = 9,900 ohms
Rv3 = 100,000 ohms
Rv4 = 1 Megohm
Rv5 = 8,250 ohms
Rv6 = 90,000 ohms
Rv7 = 450,000 ohms

Ohms range resistors

Rol = 9,000 ohms

Ro2 = 111.1 ohms

Ro3 = 10.1 ohms

RL = 925 ohms

Rp = 300 ohms, wirewound
Rs = 200 ohms

Swirch positions

(St): 1, ohms; 2, 0-1000 mA ; 3, 0-100 mA ;
4, 0-10 mA ; S, 0-1 mA (normal scale, no shunt) ;
6. 0-1 VDC: 7, 0-10 V DC; 8, 0-100 V DC;
9, 0-1000 V DC ; 10, 0-10 V AC ; 11, 0-100 V AC ;
12, 0-500 V AC.

(S3) : 1, high ohms (x 10) ; 2, normal ohms range ;
3, low ohms (1 - 10); 4, very low ohms (1-100).

NOTE : When making tests, S2 must be at appropriate
position (AC or DC|Ohms).

Switches

S1 Twelve-way, two pole (if SIC is included, this
should be twelve way, three pole).

S2 Two-pole, two-way

S3 Four-way, two-pole

Sp Meter onfoff. Can be of the press-button type
or standard low resistance make and break

type.
Miscellaneous

M = Moving coil movement 1 mA FSD, 100
ohms internal resistance

IR = 1 mA instrument rectifier

El = 15 voli grid bias block

E2 = 1.5 volt cell, high current type.

Cl = 4 uF (only needed if Output Meter

facilities are required).
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Circuit covering all the possibilities discussed in the text, resulting in a very versatile

instrument giving both AC and DC readings over a wide range, as well as resistance values.

ohms (a shunt of 15.15 ohms). To
obtain higher resistance readings the
series resistor and the voltage are in-
creased in direct proportion; thus to
obtain a “ x 10> scale both must be
increased ten times — 15,000 ohms and
15v. This is about the practical limit
since a * x 100” range would need a
150v. battery ; in any case the “ x 10”
range gives readings as high as most
constructors will require.

When making these calculations, the
meter resistance must be taken into
account. Note also that part of the
limiting resistance must be variable;
dry batteries drop in voltage through use
and age and so some adjustment must
be available. Also, a new battery may
be slightly higher than the rated value

1953

and a little extra resistance is then avail-
able to allow for this. The total resist-
ance of Rp and R1 is such that with
Rp at full resistance FSD is obtained
when the battery is new and at full
voltage. When it ages, the position of
the Rp slider can be adjusted to enable
the correct current to flow. Since it is
generally recognised that 1.2v. is the
Jowest a 1.5v. battery can be used with
any degree of reliability the circuit
resistance can be arranged so that when
the battery falls to this level it is
impossible to get FSD on the meter,
thus providing a hint that the battery
needs replacing.

The potentiometer is of low value to
avoid the danger of meter damage due
to excessive current flow. It will aiso
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be clear that the potentiometer should
be adjusted each time resistance
measurements are made ; this by short-
ing the test probes and adjusting until
FSD is registering. The resistance is
thus called the Zero Adjuster.

Although often used in home built
(and some commercial) test sets the
series-type zero adjuster has one dis-
advantage. In the circuit of Fig. 6A,
when the battery is delivering its full
1.5 volts, the total circuit resistance will
be 1,500° ohms for full scale reading.
With a 1,500 ohm test resistor (giving
3,000 ohms total in circuit) the meter
will read half scale (0.5 mA). Now
when the battery runs down less resist-
ance is needed to obtain a similar
deflection. For instance if the battery
is down to 1.25 volts, half scale is
obtained with a total resistance of 2,500
ohms in circuit. As the limiting resist-
ance total must be 1,250 ohms to obtain
FSD at 1.25 volts, it is obvious that half
scale deflection will be obtained with a
test resistance of 1250 ohms (2.500-
1,250) applied. In other words the mid-
way potnt on the meter scale could be
calibrated as “ 1,500 ohms " or *“1.250
ohms ” according to the condition of the
battery.

Greater accuracy can be obtained by
using the shunt-type zero adjuster as
shown in Fig. 6B, where RL is the
normal series current limiter and Rp/Rs
comprise the shunt. One variable could
be used in place of Rp/Rs but if the
potentiometer is semi-fixed as shown
smoother control of zero adjustment is
possible.

The value of Rp and Rs depends on
the resistance of the meter and of RL,

taking into account battery voltages of’

between 1.5 and 1.2. For simplicity.
assume RL to be 1,000 ohms; then 1.5
mA will flow without Rp and Rs in
circuit. The shunt, then, must take care
of the 0.5 mA excess current, and as
this is half that which the meter can
handle, the shunt must be twice the
resistance of the meter, by Ohm’s Law.

In practice, Rp is made of 'a value

such that (in sertes with Rs) it will not
be so high that FSD cannot be obtained
when the battery is low. In all final
calculations, Rm must be considered. As
this is in parallel with the shunt—which
will be ‘of different value according to
the condition of the battery—some com-
promise must be made. However, by
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taking the mean of the extremes (Rm
in parallel with Rp at maximum and Rp
at minimum) and subtracting it from
the nominal 1,000 ohms of RL, substan-
tially constant resistance ranges can be
obtained.

To conclude this discussion on
resistance measurement, a few notes on
suitable components would not come
amiss. The zero adjuster should be of
the wire-wound type, preferably with the
Ohms On/Off switch combined, if this
is part of the system (see later). If low
resistance ranges are used, the shunts
must be capable of carrying heavy cur-
rent without overheating, and so they
should not be made with less than 30
SWG wire. These shunts can be made
in the same manner as described for the
current-range shunts.

Owing to the heavy currents flowing
when the shunts are in position (this
would be 150 mA in the 100 range), the
battery should be of a type designed to
withstand such current drain.

To check the accuracy of the resist-
ance range shunts, it is necessary to
obtain a resistor of known value which
will give a reading somewhere about
mid-scale on the respective ranges. In
the instrument to be described later,
mid-scale on the fundamental range is
1,000 ohms, so that the =+ 10 range
has a mid-scale point of 100 ohms. With
the shunt in circuit. the probes are
shorted and zero adjustment carried out.
Then the 100 ohms test resistor is
inserted—if the reading is not mid-scale
the shunt must be adjusted, noting that

. each time the shunt is altered in value

the meter must be re-adjusted for zero
setting.

On the =+ 100 range, if used, the
central reading would be 10 ohms, and
the same process is repeated, except that
a 10-ohm test resistor is used. Inciden-
tally, the test resistors (in this case 100
and 10 ohms) can be made up from 30
SWG Eureka wire and measured on the
basic and = 10 ranges respectively.

AC YVoltage Ranges

If required, AC measurements can be
made available. Here the requirements
are less exacting. A low voltage range
(say 0-10v.) is desirable for measuring
heater voltages; a high range (say
0-500v.) is useful for checking mains
voltages and rectifier input voltages ; an
intermediate range (say 0-100v.) will be
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Fig. 11. Suitable panel layout for the instrument for which the full circuit is given at Fig. 10.

useful where the constructor needs
accurate measurement of heater circuits
in AC/DC equipment.

The measurement of current in AC
circuits is seldom required, since con-
tinuity tests are all that are necessary—
used in conjunction with voltage checks.
This is just as well, because on the
higher current ranges it is necessary to
use a current transformer, shunts being
quite unsuitable. Such transformers are
difficult to obtain and are not an easy
proposition for the home constructor.

The AC voltmeter is essentially the
same as the DC voltmeter already
described, except that a small instru-
ment rectifier is used (Fig. 7). On the
higher ranges, the existing meter scale
can be used, as the AC scales will be
substantially linear. On the low AC
voltage range, however, the scale shape
will be distorted owing to the forward
resistance of the rectifier, which becomes
an appreciable fraction of the total
meter resistance. Thus, the resistance of
the rectifier varies according to the
current flowing through it. This can be
overcome by the use of a potential
transformer to step up the test voltage
to a higher value, so that it can. be
applied to a meter range which has
adequate swamp resistance. In this way,

a satisfactory scale shape and low tem-
perature errors are obtained. The con-
struction of a suitable transformer is,
however, not for the inexperienced.

The average constructor will find it
convenient to calibrate the low AC
range on the existing scale plate. There
are several methods of so doing, but a
popular one is by tape measure! You
will need a source of AC somewhere
above 10 volts (such as two 6.3 volt
windings on a power transformer con-
nected in series), a heavy duty wire-
wound potentiometer (of between 50-100
ohms), a length of Eureka wire, a knife
edge (a razor blade is suitable) and a
long tape measure. The set-up is shown
in Fig. 8.

The actual resistance of the Eureka
wire is of little importance, but 34 SWG
(3.6 inches per ohm) is satisfactory. The
knife-edge 1s arranged to be at point
*“A,” so that the full length of the wire
is across the meter. The tape measure
should be secured beside the wire as
shown, and the wire cut to a specific
length of not less than five feet.

Having set up the bits and pieces,
apply the AC voltage and adjust the
potentiometer until the meter reads full
scale (the range-switch, of course, must
be set to the 0-10v. range). The rest is
simple arithmetic ; if the length of wire
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is 5 feet (60 inches) and equals 10 volts,
then 9 volts will be obtained when the
knife edge is connected to 9/10ths of
five feet (54 inches), 8 volts at 4-5ths
(48 inches), 7 volts at 7/10ths (42 inches),
and so on. Put in another way, the
tape measure calibration provides an
equivalent comparison of six inches per
volt.

As each adjustment is made, note the
relevant scale reading on the existing
scale so that it can later be calibrated
for the 0-10v. AC range. It will be
noted that the scale become progressively
more cramped as the lower voltages are
applied.

Practical Instruments

It should now be possible for the
reader to piece together a simple multi-
meter using the current, voltage and
resistance circuits described. The switch-
ing of the various ranges calls for a few
comments, and so two practical circuits
will be described.

The actual selection of ranges can be
made by switching or by plug and
socket. The former is more convenient,
but both systems are used commercially.
Some users prefer plug and socket selec-
tion on the grounds that one is less
liable to make mistakes in range selec-
tion and so reduces the risk of damaging
the meter. One disadvantage with the
plug and socket method is that, on the
Current ranges, as soon as the plug is
withdrawn from the range socket, the
shunt is out of circuit and the meter
will be destroyed, due to the heavy
current flowing through it. This, of
course, could only occur when range-
changing is attempted with the test
circuit - connected —a  practice not
recommended on gny instrument—but
it does show that a moment’s thought-
Jessness could ruin the movement.

This also applies to simple switching
systems where there will be no shunt in
circuit between the make-and-break of
successive switch positions. It is pos-
sible to arrange the switching so that
the rotor of the switch makes contact
with the following position before it
disconnects with the previous position.
Switches for range selection must be of
the low contact resistance rotary type,
this being particularly important with
the Current ranges. Simple on/off
switches such as those required in the
second instrument to be described must
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also have low contact resistance. All
these meter switches could be of the
types specially made for the purpose,
but failing this, an efficient self-cleaning
type of the Yaxley pattern are usually
satisfactory.  Standard toggle switches
are not recommended for the simple
make-and-break positions, as any resist-
ance in the contacts will cause erratic
readings and general inaccuracy.

As a useful refinement, a press-button
switch can be incorporated ; it being of
the type which is pressed and rotated, it
being necessary to rotate in the opposite
direction to release it. One advantage is
that no reading is possible until the
switch is depressed—the time lag neces-
sary to perform this operation enabling
the user to re-check that the range
selection is correct. Other assets of this
system will be obvious. If such a switch
is incorporated, it should be placed in
the positions marked “Sp” in the
circuit diagrams of Fig. 9 and Fig. 10.

We now come to a practical applica-
tion of the preceding notes. The circuit
of Fig. 9 shows a very simple DC instru-
ment which should satisfy the needs of
a great many readers whose constructional
activities fall short of the more com-
plicated pieces of equipment. Those
whose main interest is building receivers
and similar gear will find this test meter
perfectly suitable.

Using a 0-1 mA, 100-ohm, movement,
provision is made for three current and
three voltage ranges, with a single ohms
range. Using the formulae previously
given, these ranges could be modified or
added to according to personal prefer-

.ence. A movement with a different

basic sensitivity could be used, providing
the shunts and multipliers are re-
calculated.

The current ranges are 0-10 mA (shunt
Rcl), 0-100 mA (Rc2) and 0-1000 mA
(Rc3). The voltage ranges are 0-10v.
(multiplier Rv1l), 0-100v. (Rv2) and
0-1000 (Rv3). The ohms range uses a
series-type zero adjuster which will pre-
vent full-scale readings when the battery
has dropped to 1.2 volts. With this
range, resistances up to 100,000 ohms
can be measured.

For range selection, an eight-way
single pole rotary switch is used, and in
order to simplify the switching, four
sockets are required for the test probes.
The negative probe is always plugged
into the Common socket, whereas the
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TEST METER FOR THE CONSTRUCTOR

Positive probe is plugged into either the
Current, Voltage or Ohms plug accord-
ing to the tests to be made. Ordinary
wander plugs in the meter ends of the
probe leads are used for selection.

This simple instrument will more
than repay the small cost of building.
It will be noted that the various ranges
are all exact multiples of the basic range
(in tens), so that conversion is automatic
—ijust a matter of adding noughts.

A more elaborate instrument—the one
mentioned earlier—is shown in Fig. 10.
This provides four DC current ranges,

four DC voltage ranges. three AC
voltage: ranges and four resistance
ranges.

Selection is by switching throughout,
the main selector being SI, which is a
12-way, two-pole rotary type, and
carries all ranges except those for ohms,
Current shunts are assembled on one
section and the voltage multipliers on
the other; the functions and values for
all resistors is given with the circuit
diagram.

Switch S2 is to bring the rectifier into
circuit for the measurement of AC volt-
ages. Switch 83 is a four-way two-pole
rotary for selection of the Ohms ranges.
It should be noted that switch Slc must
be closed when using the ohms ranges,
but open when using the voltage and
current ranges. It can be conveniently
ganged to the S1 assembly or. alterna-
tively, S1 can be a three-pole unit using
the additional wafer for Slc. This
switch could be separate, but ganging to
S1 is recommended, as this will prevent
accidentally leaving Slc set with the

zero adjustment shunt in circuit when
measuring voltage or current. Sp can
be of the push-button type already men-
tioned, or may be a low resistance on/off
type. The two additional test terminals
marked “ Output ” are optional, but may
be useful when using the AC voltage
section for use as an output meter in
lining up sets, checking frequency
response, and so forth.

If, when making output tests of this
kind, it is considered better to disconnect
the loudspeaker, then a dummy load
must be provided across the voltmeter
terminals, ie. across the “TEST” ter-
minals—the probes being across the
“OUTPUT ” terminals. As most sets
use tetrodes or pentodes as single-ended
output valves, it is generally satisfactory
to use a 10,000 ohm resistor for the
load ; if in doubt about load impedance,
consult the data on the output valve
being used. Under these conditions, the
100v. AC range at FSD will equal an LF
output of 1 watt and the 500v. AC range
will give a full-scale reading correspond-
ing to 25 watts AF. There is little point
in calibrating a * watts ” scale, since for
most purposes one needs only a relative
reading for comparison checks.

As regards construction, this will
depend on personal taste. A suggested
layout is shown in Fig. 11, but it is not
critical by any means. The reader now
has all the necessary information to.
build up a useful test meter—either from
the two designs shown or by working
out his own multi-meter around the
basic circuits to suit his own personal
ngeds. There is no reason why every
radioman should not have a test-set.

SOLON INSTRUMENT MODEL

Introducing a new SOLON electric
soldering iron, designed for compact

assembly work. Weight 3% oz, /‘
Length 9 in. Bit 3/I6 in. dia.
25 W. 220/240 V.

For RADIO—
TELEVISION -
ELECTRONICS etc
Complete with 6 ft. 3 core Flexible. Detachable bit.
Stainless Steel Retainer. Detachable Hook for ease

of handling. Operative within 24 min. from cold.
IMMEDIATE DELIVERY - BY POST * ANYWHERE !

JOHNSONS (RADIO) 46 FRIAR ST.,WORCESTER. Tel.5740

19/8

by post

HHome Radro of Mitcham

For all your

Components and Receivers

The NEW up-to-the minute EDDYSTONE
catalogue will be available shortly. Send P.O. i/3d.
and make sure of your copy now.

187, LONDON RD.,

”0M£ RAD/ MITCHAM, SURREY

MIT. 3282.
Open until 6.30 p.m. every day (Weds. 1.0 p.m.)
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IMPROVING HF RECEPTION

Simple but Effective Aerial Tuning Unit

This article shows how it is possible to boost up signals at the front
end of any receiver by means of a tuning unit designed to bring the
aerial to resonance. If constructed as described, it will be found to
be very much a worth while addition to the DX operator’s equipment.

HE more one accumulates radio
gear, the more one realises that it is
the small auxiliary pieces of equipment
which *“ make all the difference” and
which one would not be without once
they are built and put into service.
One such piece of equipment is the
aerial tuning unit — simple enough to
construct, requiring about an hour’s
work, yet capable of boosting up the
S points considerably on the HF bands.
For maximium sensitivity in the RF
stage, the aerial feeder must be matched
to the receiver input circuit. By match-
ing the feeder to the receiver, greater
signal strength will be obtained, par-
ticularly on the higher frequencies.
There are several ways by which this
matching can be obtained, but the most
popular system is the pi-section coupler.
This type of coupler will enable a wide
range of aerial impedances to be
matched to the receiver input and the
circuit will be familiar to the trans-
mitting amateur as the now widely-used
output tuning arrangement for the PA
stage. The circuit is shown in Fig. 1.
The device consists of a series induc-
tance, tapped at appropriate points, with
two parallel variable condensers, one
each side of the inductance. The
coupler is provided with this variable
capacity adjustment because the impor-
tant factor of the signal-noise ratio
is dependent in large measure on the
degree of aerial-receiver coupling.
Another advantage of providing a varia-
tion of tuning is that the coupling can
be slackened off in cases where a very
strong local signal blocks the receiver
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or causes cross-modulation effects.
Construction

The method of construction depends
on individual requirements. The model
as described here was built up on a
strip of aluminium measuring 77 x 57,
the reason for this type of construction
being that it is bolted to the main
station control panel. By using smaller
components (those shown were items
picked out of the * spares box”) the
size could be reduced considerably.
Also it is possible that most readers
would find it more convenient to build
the tuner into a small metal box, such
boxes being readily obtained for a few
shillings at most radio components
stores. Using miniature variables, the
unit could probably be accommodated

_in a box measuring about 6” x 4” x 2”.

The coupler was built for use with
a random length long-wire receiving
aerial and the circuit shown can be
used with this type of aerial or with
an aerial using an unbalanced coaxial
feeder system, the connections being
clearly shown in the diagram. Where
a balanced line is used, it will be
necessary to include a second tapped
coil. as shown in Fig. 1(b). The switch
should. of course, be of the two-pole
type, and the variable condensers must
be insulated from the panel or box by
suitable washers or spacers.

Where coaxial feeders are in use it
is advisable to fit normal coaxial type
connectors and plugs for the input and
output terminals. In any case, the tuner
should. for best effect. be placed in a
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IMPROVING HF RECEPTION

convenient operating position and as
near to the receiver as possible.

The coil is wound on any convenient
former of about %’ to %” diameter.
The tappings are made in the usual way
by twisting the wire double for about

half an inch at the various points as -

the winding is wound on. It will be
possible to solder these twisted ends
direct to the switch tags in several
cases. The gauge of wire and number
of turns is not critical and, indeed, some
experimenting with the tap positions
may pay dividends to those prepared to
undertake some cut-and-try juggling.

Operation

There is nothing complicated in using
the tuner. It is adjusted for maximum
signal strength by switching the coil to
different positions for coarse tuning and
then rotating the variable condensers for
the finer adjustments. Although the

tuning may be fairly sharp it should not’

be necessary to re-adjust the settings of
the condensers except when changing
bands or when re-tuning the receiver
from one end of a band to the other.

Do not expect miracles from the
aerial tuning unit! On the other hand
it will be found to give appreciable extra
gain on the HF bands (from, say, the
14 mc amateur band or 25 metre broad-
cast band) upwards. The advantage will
not be fully realised on strong signals
but it is definitely possible to pull
hitherto unreadable weak signals out of
the background noise and enable them
to be copied. And, remember, that it
is the weak ones which often turn out
to be the DX plums.

On frequencies lower than about 9
me, the tuner will offer no real advan-
tage but there is no need to disconnect
it from the receiver. It can be left in
position irrespective of the band to
which the receiver is tuned. It is
advisable, however, to set the variable
condensers to minimum capacity and
switch the coil to the minimum number
of turns in circuit. Under these con-
ditions the residual reactances in the
tuner will have negligible effect on
receiver performance.
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Circuits for the front-end tuner discussed in

the text. An aerial coupler of this sort will

nearly always give much improved results and

is very desirable for serious DX work on the
! S/W bands.

Table of Values
Circuit of the Aerial Tuner Unit

C1,C2 = 100—-160 puuF variables.
S1 = Single pole, four way rtotary switch
(for unbalanced line)
S2a, b = Double pole, four-way rotary switch
(for balanced line).
Li. L2 = 30 turns, 26 SWG enamelled copper
wire, tapped at 3, 8 and 16 turns.
(L2 only required for balanced
 feeders). Wound on 3i-{in. dia.
former.

The cost of building the wunit will
depend on materials already to hand.
But even assuming that everything has
to be bought, the total cost of compo-
nents, based on average prices of suit-
able parts now available, should not
come to more than about eight shillings.
Good miniature variables are now avail-
able extremely cheaply.

Those who have tried similar aerial
tuners will readily agree that for the
initial outlay, a unit of this sort is one

. of the most valuable pieces of * extra-

equipment >’ in the station.
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SOMETHING ABOUT QSL’s

The QSL is the Verification of the QSO

Everyone with an active interest in Amateur Radio knows what is
meant by QSL cards — what they are, and why they have such a
fascination for the keen listener and amateur station operator. This
article discusses the subject in general terms, and shows why nowadays
QSL cards are of such importance to those amateurs (SWL's and
transmitters alike) who wish to qualify for the various achievement
certificates awarded for prowess in the Amateur Radio world. New
readers should note that the June issue of RADIO QUARTERLY contained
a List of the QSL Bureaux of the World.

CONTACT over the air with a
fellow-amateur,  although  real
enough at the time to the operators at
both ends, leaves no evidence of the
QSO once it is concluded. It is to
G2UYV, a British operator, that we owe

Nowadays it is probably only the
newly-licensed amateur who sends a
card by post direct to evervone he
works ; then after a while, when he
begins working DX. he may only QSL
stations outside Europe. Even this can

the invention, many years ago, of the
QSL card, which is now accepted as the
tangible proof, or souvenir, of the QSO.
He confirmed in writing, by means of a
post-card, the date and time of each
contact, together with details of his
station, and asked in return for a
“QSL” or written acknowledgment. of
the reception of his signals.

It was not long before many other
operators ‘were copying his example,
and the voice of Amateur Radio quickly
spread the idea to the remotest parts of
the globe; and today there are few
amateurs who regard a DX contact as
complete until the QSL to verify it has
been received.

The Radio Amateur Call-Book, pub-
lished quarterly, gives the call-signs,
names and addresses of the majority of
the 100,000 amateurs throughout the
world.  This publication, which is
readily obtainable, now renders it
unnecessary for most operators to give
their address over the air, and they
usually request their QSL “ via the QTH
in the Call-Book.”
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become rather expensive. and operators
usually send most of their cards in
batches to the QSL Bureau in their own
country, where they are sorted, and
either sent to their inland destinations
or passed in bulk to the bureaux of the
countries to which they are addressed.
and where they are then dealt with.
Some operators only send cards to DX
contacts of the rarer kind. to new coun-
tries, and to those amateurs who par-
ticularly ask for them. The greater
percentage of the world's QSL traffic
flows through the various bureaux. and
on his card many an operator asks for
his QSL to be sent via the one in his
own country.

Need for QSL Cards
From early days QSL cards have been

The QSL cards illustrating this

article are a selection from those

received by a British short-wave

listener from amateur transmitting
stations abroad.
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air, getting a card as proof of it is
another matter. Everyone who works
that particular station will no doubt
send a QSL (many by air mail), and in
addition he will be greeted with maybe
hundreds of listeners’ reports, everyone
asking for his card in return. Most of
the rare-DX operators are, however,
pretty good at sending QSL’s. even
though the station may very often be
located in"an otherwise uninhabited spot.
and many weeks may elapse before the
amateur returns to *‘ civilisation ”, and is
able to get the necessary cards printed
for those who were lucky enough to
work him. In such cases, it can mean
several months of patient waiting before
the prized card eventually arrives.

The various national societies decide
by consultation whether these remote
parts, mainly islands, are to be counted
as a separate ‘‘ country " or otherwise ;

and there are quite a few operators who -

have worked nearly 250 out of the

present possible total of about 269
recognised countries.

During recent times, for Amateur
Radio purposes, the world has been
divided into 40 different Zones. There
are few who can claim the WAZ
(Worked All Zones) Certificate, due to
the lack of amateur activity in the Zones
that cover Tibet and certain parts of
China, Mongolia and Siberia; and at
the present time, owing to the restric-
tions imposed on amateurs in the
USS.R, it is no longer possible to
contact all 40 Zones.

W' (Elsewhere in this periodical will be found

an up-to-date list of Countries, listed in order

of Prefix, and giving the Zone in which each
is located.)

Besides the main certificates already
mentioned, practically every national
society now has its own particular
awards ; for example, WAS (Worked
All States of the U.S.A)) and WABC
(Worked All British Counties)}—the

Py
by
i

:‘* -‘.

Prized QSL's from some of the more remote and elusive islands of the world : Swan Island, Mauritius;
“Tristan da Cunha ; and on the right, Marion Island, the Galapagos, and a card from PKS5AR when
ownﬂn‘? portable on Timor Island. All the QSL cards illustrating this article belong to a Bri