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This Ediswan Radio DF Compass Tube ends
parallax errors for the simple reason that the scale
is printed on the inside face in actual contact with
the phosphor screen. The scale pigment used is
completely inert and unaffected by the electron
veam. It is a dense black and does not fade after
prolonged use.

Contrast is further improved by the aluminised
screen which greatly intensifies the brilliance of
the trace.

Anti-Dazzle Face AIll CRTsin this range have
a flat face,treated onthe outside with arobust
process which eliminates distracting specular
reflections and gives the impression of a soft matt
ground glass finish.
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EDISW AN 6-in. Aluminised Indirectly Heat-
ed Cathode Ray Tube for Radio DF Compass
and other applications. High Brightness
Level. Internal Scale.

Scale Applications The tube is available with
an octantally corrected scale (31C1) or a uniformly
graduated scale (31C2). Other versions can be
supplied printed with selected portions of the
Smith's Impedance Diagram.

Invitation We should welcome discussions with
designers and manufacturers who have specific
requirements involving special scales.

BRIEF SPECIFICATION
Heater voltage (volts) Vh 4-0-63
Heater current (amps) Ih 0-72-08

Anode voltage, rating (kV) a (max) 100
Anode voltage, typical operation (kV) V 95
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TRANSI STOR REFERENGE MANUAL OF TRANSISTOR CIRCUITS
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This new manual of transistor circuitry has been prepared by Mullard engineers, as

an up-to-date and readable volume which will be of use and interest to technicians,
service engineers, junior designers and electronics students.

It has a page size of 83" x 53" and describes more than 60 circuits—over 30
are made generally available for the first time—including both domestic and industrial

applications.

308 PAGES * 241 DIAGRAMS - U.K. PRICE 12s. 6d.

PUBLISHED BY MULLARD LTD.

Get your copy of the Mullard ‘“Reference Manual of Transistor Circuits’ today from your radio
dealer, or order direct from Mullard Ltd. (postage and packing 1s. Od. extra in U.K.).

MULLARD LIMITED * MULLARD HOUSE * TORRINGTON PLACE ¢« LONDON ¢ W.C.1.

Overseas readers should enquire of their local Mullard Agents.
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Radiation at Very Low Frequencies

IN the present state of the art there are often times
when the study and practice of radio may seem to
be a hard grind. “Under the sun there’s nothing
new ” and work consists of mastering known prin-
ciples and taking advantage of improved materials
to refine existing designs. But our subject is never
dull for long. The field is wide, the labourers are
many and new finds in old workings are constantly
turning up to fire the imagination and shift the
centres of interest. Hertz worked with centimetre
waves, and electromagnetic waves at frequencies
which would be audible if air were the propagating
medium were widely used in the early days.

From these extremes of frequency interest tended
later to converge to the intermediate values which
gave greater bandwidth and traffic-handling capacity,
lower capital cost for transmitters and greater
running economy. In recent years the interest, as
far as frequencies are concerned, has again become
divergent; to centimetric waves for narrower beams
and higher discrimination in radar, and to very long
waves for special navigation and communication
systems and for geophysical research.

In passing, it is of interest to recall the criticism
which was levelled at the Post Office for continuing
in their policy of building-a high-power long-wave
station at Rugby, when the new short-wave beam
stations were showing every promise of making it
obsolete. A similar situation is now arising between
the fact of the Commonwealth telecommunications
project and the promise of satellite communications.

Although the bulk of the world’s communication
traffic took to the new short-wave bypass, we have
reason to be grateful, now more than ever before,
that the Post Office, and authorities in other
countries, did not allow the old low-frequency roads
to fall into disrepair. The services of Rugby GBR
(16kc/s) and Criggion GBZ (19.6kc/s) are much
in demand all over the world not only for communi-
cation but for time and frequency comparison and,
because of their wide dissemination and high
stability, for navigational purposes. New stations,
working on similar frequencies with powers of 1MW,
have been built in the U.S. for communication with
submarines.

At “extremely low” frequencies’ there is world-
wide interest and much international co-operation in
the investigation of electromagnetic phenomena of
terrestrial and extra-terrestrial origin. Lightning
flashes produce transients with e.lf. components
of considerable magnitude, and correlation has been
established with perturbations of the geomagnetic
field. But by far the most interesting develop-
ment in the elf. and v.f. ranges has, in our
opinion, been the investigation of “ whistlers,” which
can be heard under favourable conditions and in
high latitudes by connecting an aerial directly to
the input of an audio amplifier. These have been
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shown to have their origin in lightning flashes and
to owe their peculiar sound to the different rates of
propagation with frequency of the components of the
original pulse waveform in following the lines of
force of the earth’s field through a dispersive
medium. This gave the first intimation, later con-
firmed by rocket exploration, of the existence of
belts of ionized particles extending to heights of
many earth radii.

While much new knowledge has been collected
by patient observation and analysis of natural
phenomena, more rapid progress would be made if
controlled impulses and burst of radiation at specific
frequencies could be launched, particularly from the
polar regions. But the resources of conventional
radio engineering find themselves hard pressed in
trying to emulate lightning as far as power and
radiator dimensions are concerned. Many ingenious
suggestions have been put forward, for example, that
v.lf. signals might be superimposed on the elec-
tricity grid system. Unfortunately, grid systems are
seldom to be found where the scientists want them.
An experiment, reported on page 614 of this issue,
makes use of a 10,000 ft. aerial wire suspended
from a helicopter in what must surely be the biggest
mobile-marine transmitting station ever devised.
Even so, the aerial is no longer than that used at the
Marconi transatlantic receiving station at Towyn in
the early 1920s.

To our way of thinking, the most ingenious sug-
gestion put forward so far is that due to M. G.
Morgan?, of the Thayer School of Engineering, Dart-
mouth College, Hanover, New Hampshire, U.S.A.
This is to use the whole of Deception Island in
the South Shetland Islands as a slot aerial, using
the surrounding sea as the ground plane conductor.
The island is the rim of a submerged volcano and
has one gap leading to an inner lagoon. An expedi-
tion of the Falkland Islands Dependencies Survey
is now on its way with equipment to check that
the rock formation is a good enough insulator and
to measure the impedance of the “slot,” which has
a calculated resonant frequency of 5kc/s. If the
answers are favourable it is hoped to try to energize
the “aerial” at points opposite to the lagoon
entrance by current entering the sea on each side
of the saddle, and thus to launch waves upwards
into space.

We wish every success to this enterprise, which
has shown that the older arts of radio are still as
capable of stirring the pulse as those of its younger
offspring, electronics.

! Designated as the range from lc/s to 3kc/s at the January
1960 Conference on Propagation of E.L.F. Electromagnetic Waves,
Boulder, Colorado, U.S.A., and reported in the National Bureau
of Standards Technical News Bulletin, Vol. 44, No, 5, May 1960.

: I.R.E. Trans. on Antennas and Propagation, Sept. 1960.
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Practical Aerial Measurements

By F. C. JUDD*

INVESTIGATING PERFORMANCE OF AERIALS BY MEANS OF SCALE MODELS

CALCULATING the radiating and/or pick-up
properties of any aerial is a tedious process and does
not take into account its environment once in situ.
For this reason alone many engineers and organiza-
tions who specialize in aerials use scale models

operated at very high frequencies for determining

performance under working conditions. Practical
experiments of this nature are fascinating to say the
least, and may be carried out by anyone with a few
simple items of equipment plus a little knowledge
of basic principles of radiation.

The aerial “table” described in this article was
constructed mainly for investigating the perform-
ance of aerials used for amateur radio transmitting
and for live demonstrations during lectures.

For this article the reader is asked to assume that
all reference to the performance of an aerial is in
the radiating sense. The characteristics and per-
formance of an aerial during reception are for all
practical purposes reciprocal and identical. It is
easier to think and talk in terms of radiation.

In general the object of the aerial designer is to
produce standing waves on the radiating elements of
an aerial so that radiation takes place in a known
manner and where required. For example, reson-
ance may be obtained with a quarter wavelength of
wire if one end is on a theoretically infinite conduct-
ing sheet (e.g. copper) placed perpendicular to the
wire. The reflection from the sheet then produces
an image of the quarter-wave wire, as, say, a pencil
standing on a mirror appears to be carried on into
the mirror. The system resonates as freely as a half-
wave length of wire but with halved radiation resis-
tance.

The diagram of Fig. 1 shows how reflection from
the earth takes place and how the angle of reflection

HALF-WAVE
AERIAL

QUARTER-WAVE Y
AERIAL

ANGLE OF
DIRECT RADIATION

‘ANGLE OF
REFLECTED RADIATION

REFLECTED
AERIAL

Fig. 1. Direct and reflected radiation from aerials ad-
jacent to earth.

580

is determined by either the height or the length of
the aerial above ground. As the height or length
is increased the relative phase angle between the
direct and reflected wave will vary, thus modifying
the strength of radiation in different directions.

360°

270" 90°

RADIATION EQUAL
INALL DIRECTIONS
(2)

180

RADIATION STRENGTH N
VERTICAL PLANE

45°

GROUND

(b)

Fig. 2. Radiation field from vertical aerial; (a) in hori-
zontal plane, (b) in vertical plane.

Radiation from any aerial system is determined
by resonant length, or by the physical assembly of
2 number of radiating and/or reflecting and direct-
ing elements (beam aerials). For example, the radia-
tion from a single vertical A/4 radiating element is
uniform for all directions around the aerial (hori-
zontal plane). In the vertical plane the field strength
varies as the angle from the ground increases, being
maximum at ground level and zero in the true verti-
cal direction as shown in Fig. 2.

In free space, clear of any conducting or semi-
conducting obstacles, an aerial generally behaves
according to accepted theories, but in th% presence
of other conductors and earth, the true radiation
pattern may become very much modified. Since
the height of an aerial above ground will never be
very great (compared with an imaginery position in
free space) the earth and its conductivity always
play a great part in forming the actual radiation
pattern. The term “earth” or “ground” applies
also to aerials on aircraft since the body of an air-
craft may be regarded as “earth” and usually has
considerable effect on radiation.

The Theory of Similar Aerials.—The difficulties in-
volved in plotting, other than the ground radiation

* Amateur Radio Station G2BCX
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field of aerials operating in the lower portion of the
radio frequency spectrum, make it almost imprac-
ticable to attack the problem. It becomes necessary,
therefore, to devise some other system, other than
calculation, for investigating true radiation patterns.
The use of scale models is not an entirely new idea,
for the method was used before the war by the
B.B.C. and others, although the scale reduction of
the models was limited owing to lack of suitable
sources of r.f. power for very high frequencies’.

From a practical point of view a half-wavelength
aerial resonant at say 10 centimetres (3,000Mc/s)
would behave in the same way as an aerial of similar
type operating at 10 metres (30Mc/s) or even at 100
metres (3Mc/s), provided all other conditions were
maintained, i.e. height above ground, conductivity
of ground, dielectric constants and/or conductivity
of materials used for the manufacture of the aerial
and the effects of surrounding objects. Most of these
can be simulated in scale models and the results of
small differences ignored, although at certain very
high frequencies the construction of an accurate
model does become more difficult.

The problem of suitable methods of feeding the
aerial also arises and at frequencies above about
200Mc/s the radiation field, particularly from
balanced aerials such as the dipole, may become
asymmetrical owing to inaccurate matching of aerial
to feed system. (Some asymmetry may be noticed
in the dipole pattern of Fig. 9.)

The method does, however, provide a means of
establishing the pattern of the radiation strength in

LS o hast]

Fig. 3.
(scale 4mmft) used by the author. The aerial shown
in lower centre is a scaled-down 6é-element, stacked
array for a normal frequency of 30Mc/s.

The 3,000-Mc/s model aerial testing table

W IRELESS WORLD, DECEMBER 1960

Fig. 4.

Typical
Type CV67.

3,000-Mcjs  Klystron oscillator, the

both the vertical and horizontal planes, as well as
the effect of surrounding buildings and similar struc-
tures. Measurement of gain in beam aerials may be
carried out and the effect of physical modifications
rapidly ascertained. Many commercial concerns use
the scale model method for determining radiation
patterns, etc., the U.S.A. Bureau of Standards for
example have a “ Model Antenna Testing Range ”;
many aircraft companies use scale model aerials in
conjunction with model aircraft to the same scale® *.

Suitable Frequencies.—The writer’s earliest experi-
ments were carried out with an operating (model)
frequency of 144Mc/s and many types of aerials
commonly used for the radio amateur bands of 1.8,
3.5, 7 and 14Mc/s were scaled down for measure-
ment of gain and radiation. More than 30 model
aerials were constructed, most of the tests being
carried out over normal earth. Attempts were later
made to construct a “table” which could be used
indoors but even at a frequency of 800Mc/s reflec-
tion from walls, etc., was found to be troublesome
and imposed considerable restriction on accuracy.

A Practical 3,000-Mc/s Model Aerial Table.—To
avoid inaccuracies due to unwanted reflection and to
allow time for the complete formation of the electric
field from a radiating aerial, the field strength meter
and its aerial should be at least five wavelengths
distant from a radiating aerial under test. The
higher the frequency the shorter becomes the free
space wavelength and at 3,000Mc/s it becomes
possible to construct equipment suitable for indoor
demonstration, as well as for reliable estimation of
field patterns.

The aerial table shown in Fig. 3 was constructed
in three sections to form a total area 4ft 6in square.
Plywood, backed with thin aluminium sheet was
used for this and forms an effective ground plane or
artificial earth. The table contains a section of a
typical residential area modelled at 4mm/ft and is
constructed mainly from materials that simulate as
near as possible those normally used for full-size
structures.

Mounted directly under the centre of the table
is a 3,000-Mc/s Klystron oscillator (CV67), com-
plete with power supplies and modulator, which
provides r.f. power for the model aerials, the r.f.
output being taken to an aerial via a specially de-
signed rotating coupling flush with the top of the
table. The Klystron and its associated assembly
can be turned through 360° by means of a slow-
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Fig. 5.
V3 = EF91; Klystron (see text); T! = modulation transformer, ratio | to |; T2 — tapped a.f. transformer.

motion drive and hand wheel located at the side of
the table.

Klystron oscillators, such as the CV67 shown in
the photograph of Fig. 4, may be obtained from
Government surplus supply sources. Other Kly-
strons suitable for this work include the CV36
(2,850Mc/s), CV116 (3,540Mc/s), CV23 (3,300Mc/s)
and the CV238 (3,050Mc/s). The latter two are
low voltage types and require 250 volts between
anode and cathode and 100 to 200 volts for grid
bias and the target anode. The others operate with
up to 1,500 volts on the target anode and take an
average current of 5m/A. These Klystrons have
fine and coarse tuning adjustment plugs fitted
around the resonant cavity and provide an r.f. out-
put of 100 to 150 milliwatts.

Klystron oscillator, power supply and modulator used by the author. VI — 250V rectifier; V2 = 1,250V rectifier;

The Klystron oscillator and modulator circuit
used by the writer is shown as Fig. 5. Component
values may have to be modified slightly, although
those given should be close enough to enable the
circuit to function reasonably efficiently.

On either side of the table and on a line through
the axis of the rotating coupling, two supports carry
an inverted “V?” frame. This is based on an
arrangement used by the U.S.A. Bureau of
Standards, which permits the field-strength meter
and its associated receiving aerial, which are
mounted at the apex of the frame, to move through
an arc of 180°. This arc extends from ground level
on one side of the aerial to ground level on the
other.

The frame may be locked in any position so

:I
;: +250V D.C.
1
i1 ADJUSTABLE R i,
i PLUNGER u
N
1] —-I_:-
== —
H b
il g K
: !
M zmé
I
A Al _—
ATl | CRYSTAL S=ar
o e 1 :I DIODE : : M
R i i
______ =3 | |
I L |
i el
1 -] ATTENUATOR
i 500k
"
H
11 J
70401 COAXIAL = F[s L
METER 5
—HT.

—a

Fig. 6. Receiver and field-strength meter used for aerial measurements at 3,000Mcfs. VI = EF91, V2 = EL9]; Tl = loud-
speaker transformer; T2 = | to | ratio a.f. transformer; MI meter rectifier or diode.
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that a horizontal radiation pattern can be plotted
for any vertical angle with respect to earth.

The Receiver and Field Strength Meter.—The
3,000-Mc/s receiver consists of a tunable resonant
cavity and a crystal diode from which the demodula-
ted signal is fed via an audio amplifier to a variable
attenuator.  Various surplus 3,000-Mc/s radar
tuning units may be adapted for this purpose and 120
used in conjunction with an amplifier circuit similar

to that of Fig. 6. The audio signal level is indicated
by a sensitive meter calibrated in 15 equal divisions,
this being equivalent to the ruling of Chartwell Polar
Co-ordinate paper, Sheet No. 4001. The attenuator

is directly calibrated in decibels. The Klystron g
modulating signal is about 1,000c/s so that a loud-
speaker may be connected in place of the meter for
practical demonstration purposes.

As an alternative to the Klystron for a source of
r.f. power there are many conventional valves that
will oscillate at a 1,000Mc/s or more. If lower fre- : 1
quencies are used, however, the model aerials will ¢ A . 300°
be correspondingly larger but still suitable for open- :
air operations. Only a few milliwatts are needed
to drive the aerials and ensure full-scale meter
readings, so that radiation will be quickly absorbed A [

210

240

270

1A

and will not travel very far if experiments have to
be made out of doors.

n
Plotting Radiation Patterns.—Clear surroundings z \ GROUND | |
are very necessary and the equipment should becare- N[~~~ T\
fully sited several wavelengths (at operating fre- — &
quency) away from other conductors such as elec-
trical wiring, metal window frames and pipes. Gain 208 S sy
measurements may be made with respect to a i0° 360° 350°
N St andard dipole,” the radiated power from this Fig. 8. Radiation patterns of two vertical half-wave
bemg. taken as a reference and rggardeq as 0dB. afrials as describedpin Fig. 7fand measured atfthree
The importance of clear surroundings will be ap- - gifferent vertical angles.
preciated when attempts are made to simulate by
means of models the conditions imposed by the o o o
presence of buildings and other structures. Two- 130 :
dimensional “solid” patterns of a radiation field are AN N
more interesting than the conventional polar dia- —_— 240°
grams, especially for demonstration and from these =l
a very clear conception of radiation directivity may c pan— 47

be obtained. These two-dimensional shapes are
produced by taking patterns from an aerial every
few degrees in the vertical or horizontal plane,
whichever is applicable, each pattern being drawn
on thin cardboard, cut out and glued together in 8 —/L— s
the correct order as shown by the example of Fig. —_— £N
7. A selection of patterns taken from model aerials \
on the testing table described in this article are AL
shown in Figs. 8, 9, 10 and 11. The model aerials )
are shown in the photograph of Fig. 12. 7. .

d NG > o
60 ~Ls . 300

270

ALIATLI3YIG

Fig 7. Solid radiation pattern of two vertical half-wave vV 3 i H
agerials spaced one wavelength apart and fed in phase. ; Vi

—_
a
w

Jos f , 5*,0
209 5 5&0
10° 360° 350

Fig. 9. Gains of 3- and 8-element Yagi aerials compared
with a half-wave dipole measured at 3,000Mc/s.
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]
T
1o~ 10-TURN HELIX
1

AND GROUND PLANE

FSM.
Fig. 1C. Radiation patterns and gains compared with half-
wave dipole of single-turn helix with ground plane and
ten-turn helix with ground plane.

Fig. 11. Vertical radiation pattern of a scale model 2-
element *‘ Quad *’ aerial.

Fig. 12. Some of the scale mode! aerials used for the
measurements described in the text.
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Models provide a unique system for testing and
estimating the performance of aerials for all the
lower radio frequencies up to at least 30Mc/s and
offer an excellent method of demonstration during
lectures. The writer has used over 100 different
models and several aerials suitable for amateur
radio transmitting have been developed with the
aid of the testing table. Using scale models, a
number of enlightening experiments were recently
carried out to determine the radiating properties
of “loaded aerials” suitable for mobile operation
on the 1.8~ and 3.5-Mc/s amateur radio bands and
for certain applications at frequencies around
30Mc/s.

REFERENCES

' The Admiralty Wireless Handbook, H.M.S.O.

* G. H. Brown and R. King. “High Frequency Models
in Antenna Investigation.” Proc.l.R.E.—April, 1934.

* F. Charman, BEM. “High Frequency Model
Aerials,” Proc.R.S.G.B.—Spring, 1949,

Additional Sources of Information

L. E. Radburn, Tele Tech—September/51.

R. D. Rhodes, Electronics—March/49.

J. T. Tiley, Electronics—February/52.

F. C. Judd, Short Wave Magazine—January/50.

J. D. Kraus, Electronics—April/47.

BOOKS RECEIVED

The Radio Amateur’s Handbook, 1960 edition, com-
piled by the American Radio Relay League, West Hart-
ford, Cennecticut, U.S.A. First published in 1926 and
now widely recognized as the standard manual of ama-
teur radio communication. Chapters devoted to con-
struction of equipment have been extensively revised to
include the latest s.s.b. and radio-teleprinter techniques
for amateur use. Several chapters are devoted to basic
principles clearly explained. Pp. 584 plus 32 pp. of
tabulated data on valves and semiconductors with over
1,300 illustrations. Obtainable from leading technical
booksellers, also from Radio Society of Great Britain,
New Ruskin House, Little Russell Street, London,
W.C.1; price 32s 6d (34s by post).

Mullard Reference Manual of Transistor Circuits.
More than 60 circuits of audio amplifiers (including
p.a.), hearing aids, simple radio receivers, oscillators,
switching circuits, stabilized power supplies, etc., with
component values, coil winding data and constructional
hints. Prepared by the staffs of Mullard Research
Laboratories, Applications Research Laboratory and
Semiconductor Measurement and Application Labora-
tory. There are nine introductory chapters on transistor
characteristics, equivalent circuits, bias and stabilization
and limiting values. Pp. 308; Figs. 241, Mullard, Ltd.
Torrington Place, London, W.C.1. Price 12s 6d (13s 6d
by post).

British Semiconductor Guide—1960. Characteristics
of 963 semiconductor devices including transistors,
diodes and rectifiers and photosensitive devices, with
introductory articles on considerations determining the
use -of valves and transistors, and on transistor para-
meters and specifications. Pp. 66. Heywood & Co.,
Ltd., Drury House, Russell Street, London, W.C.2.

Einfihrung in die Microwellen-Electronik. Teil II
Lauffeld-rohren by Drs. Kerner Kleen and Klaus Pdschl.
Mathematical treatise on the principles and operation
of travelling-wave tubes in general and special types,
including backward-wave oscillators and amplifiers. Pp.
192; Figs. 125. S. Hirzel Verlag, Birkenwaldstrasse 185,
Stuttgart N.

WIRELESS WORLD, DECEMBER 1960

My amaricanradinhictans cam


www.americanradiohistory.com

100-kc/s
Crystal Marker

EMBODYING A NEON MODULATOR
FOR HARMONIC RECOGNITION

By F. G. RAYER*

THE use of a 100 kc/s crystal marker, to provide
frequency checking harmonics at 100 kc/s intervals,
is quite well known. Such a marker is most often
employed in conjunction with a communications-
type receiver to give exact calibration, or check
points at 100-kc/s intervals. Amateur transmitters
can employ a marker of this kind to locate the band
edges, or for calibrating or adjusting a transmitter
VFO. When used with a reasonably accurately
calibrated receiver, this method is an acceptable one
for frequency determination with amateur trans-
mitting equipment.

The usual simple type of crystal marker has the
disadvantage that it is not always possible to
distinguish its signal from other signals, especially
when tuning to higher harmonics. Even with the
receiver aerial removed, other carriers are heard cn
the crowded short wave bands, so that the crystal
marker’s signal cannot always be located immedi-
ately and without possibility of error. To avoid
this, the circuit shown in Fig. 1 is provided with a

*Amateur Radio Station G30GR.

The completed crystal marker showing the top plate
screwed to the chassis box.

neon “modulator.” This strikes two or three times
a second, pulsing the 6BA6 control grid negative,
so that the marker signal can always be identified
at once. Such a “modulator” does not produce
sidebands which would confuse tuning. In addition,
the 6BA6 acts as an harmonic amplifier, so that the
marker can be used up to about 30Mc/s.

The crystal oscillator stage consists of a 6AMS,
with a 100-pF pre-set capacitor for frequency ad-
justment. The degree of adjustment is quite small,
but it allows the crystal frequency to be checked
against the B.B.C. 200kc/s Light Programme, or the
National Physical Laboratory standard frequency
transmissions on 2.5Mc/s, 5Mc/s, and 10Mc/s.
Other valves, such as the CV138 or EF91, etc., may
be used in this stage. The type of neon is of little
importance, provided it will operate with about
150V to 250V. Various other valves could also be
utilized instead of the 6BAS6.

The unit illustrated was built into a universal
chassis 4inX7inX 2in, with back plate, obtainable
from Home Radio (Mitcham) Ltd. The layout em-
ployed is shown in Fig. 2. To simplify work the

ANV—ON— T, 150/250V

10k
8-2M
X %E |l.000p
100p
—>output
0P
IOOp;_
100ke/s 470k
I.OOOp:l: ik To"“
¢ ] —HL
HEATERS - _,‘ 63V
Fig. i.  Circuit diagram for the 100-kc/s crystal marker.
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marker was built on the 4inX7in back plate and
when completed it was fitted on to the chassis box.
For lining up with other equipment it was most
convenient to have the heater switch, supply leads,
and output at one end of the chassis box. If the
marker is connected to its supply only when used, no
switch is required, but if it is permanently con-
nected, the h.t. circuit has to be switched, as in
Fig. 1, to stop the neon striking.

It is essential that the 100-pF pre-set capacitor is
isolated from the chassis. It is also necessary that
the 0.1-4F capacitor, in parallel with the neon,
should be without appreciable internal leakage, or
the neon will not strike. For the same reason the
associated 1,000-pF capacitor should be a mica type.

The crystal connections shown in Fig. 2 are for
a Quartz Crystal Co’s. octal-based Q5/100 crystal
unit. This has so low a temperature coefficient that
for normal purposes no temperature control is
needed, and the crystal stage of the marker is a
modified Colpitts intended for use with this crystal.
With the component values given, the accuracy of
the marker would usually be sufficient even without

checking the frequency against the B.B.C. or MSF
(Rugby) transmissions.

Power for the unit can often be drawn from the
receiver; if not current may be available from a small
power pack, or from some other item of equipment.
Coupling between the marker and receiver will be
sufficient, for lower frequencies, if the marker out-
put lead is placed near the receiver aerial terminal.
For the high harmonics, the output lead is connected
directly to the receiver.

To check against the B.B.C. or MSF transmis-
sions, tune in the signal, and adjust the marker
coupling to the receiver so that its signal is of similar
strength to that of the station. In some parts of
the country this may mean that no aerial, or a very
short length of wire, will suffice. The receiver BFO
should not be used, and if the MSF transmissions
are chosen they should be at those periods (of the
hour) when no modulation is present.

When the 100-pF capacitor is far from its correct
setting, the difference in frequency between the
crystal marker and the station transmission will be
audible as a low pitched flutter. As the capacitor

TAG
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This underside view
of the top plate
should be studied in
conjunction with
Fig. 2 for identifica-
tion of the com-
ponents.
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is adjusted towards correct capacity, the rapidity of
flutter will decrease. If a tuning meter or indicator
is fitted to the receiver, this will rise and fall as the
marker and station signals fall in and out of step,
and the best setting for the capacitor can easily be
located. The B.B.C. 200-kc/s transmissions are
easily received in many areas, frequency is main-
tained to a very high order of accuracy, and ad-
justing the marker against this frequency is particu-
larly simple.

For checking receiver calibration, the receiver

BFO should be switched on, and the aerial removed.
The gain controls will need to be quite low for
harmonics such as those used to mark the edges of
the 1.8Mc/s to 2Mc/s or 3.5Mc/s to 3.8Mc/s bands.
For higher harmonics, such as are required to indi-
cate the edges of the 28Mc/s to 30Mc/s band, the
receiver gain controls will need to be near maximum.

For signal generator or VFO calibration or ad-
justing, the BFO should be off, so that the generator

“or VFO signal can beat with the crystal marker’s

signal.

Amateurs’ National Convention
VARIED R.S.G.B. PROGRAMME AT CAMBRIDGE

THE fourth post-war National Convention of the
Radio Society of Great Britain—held at Cambridge
from September 15th-17th and attended by some
200 members and guests—was notable for the very
full programme of technical lectures and discussions,
in addition to visits to places of technical interest and
those social functions which are traditional at
amateur radio conventions.

The links between radio amateurs and radio
astronomers have always been close; indeed the first
steerable radio telescope was built by an American
amateur and a British amateur played an important
role in establishing the radiation of radio signals by
the sun. The Cambridge convention fittingly in-
cluded talks by Prof. Martin Ryle (who holds the
call G3CY) and Dr. F. G. Smith, of the Mullard
Radio Astronomy Observatory. The programme
also included visits to the Observatory to see the
unique development of aperture synthesis and
EDSAC II, the University’s computer on which the
observations are analysed. One of the radio tele-
scopes now records signals automatically in digital
numbers for feeding direct to EDSAC.

Prof. Ryle described the two main aerial arrays
which would be capable of detecting a one milli-
watt transmitter on the moon and which in June
identified radio sources 4,500,000,000 light-years dis-
tant—the world’s one-way DX record! Present
investigations are concentrated on 38 and 178 Mc/s,
though work is also being carried out on 81.5 and
408 Mc/s. By aperture synthesis, the 3,200ft,
38 Mc/s fixed array used in conjunction with the
relatively small moving section gives results equiva-
lent to a paraboloidal reflector of 1,500ft diameter.

The low-noise maser, parametric amplifier and
electron beam amplifier are not exactly standard
amateur practice yet (though some interesting work
on parametric amplifiers has been carried out by
amateurs in the United States and also, on a more
limited scale, in this country) but A. H. W. Beck
and Dr. F. G. Smith graphically summarised recent
research in these developing fields. The Adler tube,
with its remarkable ability to separate signal from
noise and then to lose the noise, appears particularly
promising in view of its relative simplicity of adjust-
ment, wide bandwidth and 25dB or so gain to 3,000
Mc/s—if only prices fall to suit amateur pockets.
At the other end of the radio spectrum, Dr. B. H.
Briggs, of the Cavendish Laboratory (formerly

WIRELESS WoORLD, DECEMBER 1960

G2FJD) described investigations into the strange
phenomena of the “ whistling atmospherics.”

The rapidly increasing interest in single-sideband
transmission ensured a lively audience for a survey
of modern amateur practice by G. C. Bagley
(G3FHL)—one of the few British amateurs who can
already claim more than ten years’ experience of this
type of operation. Another topic attracting increas-
ing attention stems from the results now being
achieved by members of the British Amateur Radio
Teleprinting Group which sprung into being after
the first British amateur teleprinter contacts were
made last year in the 3.5 Mc/s band.

A most effective demonstration of the present ad-
vanced state of amateur television transmission in
the U.K.—which appears to lead the world in this
specialized branch of amateur radio—was presented
by members of the British Amateur Television Club.
Two 27in receivers displayed the 405-line transmis-
sions from G3NOX/T at Duddenhoe End, some 15
miles from Cambridge. This station, one of an active
network of stations reaching well down into Essex,
transmits on 436.3 Mc/s with an er.p. of 5.7 kW.

The pictures were of impressively high standard;
so incidentally was the programme technique dis-
played by the team of operators who had pooled
resources to provide three camera chains. Trans-
missions from this group of stations are made regu-
larly on Saturday evenings and can be received over
distances of up to about 30 miles on standard
television receivers fitted with 70-cm converters. At
the end of the demonstration, viewers at Cambridge
were able to question the operator (I. M. Waters,
G3KKD) at the television transmitter via a duplex
radio link on 70cm and 2 metres.

Throughout the Convention transmissions were
made on amateur bands from 1.8 Mc/s to 144 Mc/s
under the special call-sign GB2CAM.

The convention was rounded off by a dinner at the
Guildhall with guests including the Mayor of Cam-
bridge, who had assisted the event in many ways,
Dr. F. G. Smith, Brigadier E. J. H. Moppett and
Major-General E. S. Cole, now Director of Tele-
communications at the War Office, but formerly
better known to amateurs as G2EC, SUIEC and
SVIEC. General Cole spoke of the effective work
of the R.S.G.B. in preserving amateur frequency
allocations and of the value of radio communication
in encouraging international friendships.—J. P. H.
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DUSSELDORF EXHIBITION OF AUTOMATION

OCCUPYING thirteen exhibition halls of various sizes
having a total floor area of nearly 10 acres, the Inter-
kama exhibition and congress was held from 19 to 26
October. 470 exhibitors, 188 from countries other than
Germany, displayed equipment for test, measurement,
process control, data logging and the myriad other
functions required by industry today. There were
sections devoted to French, East German and British
firms (this latter arranged by S.I.LM.A.), but these
were not the only displays because many “foreigners”
showed their products on the stands of their German
agents, or had stands of their own elsewhere in the
exhibition.

Industrial Control and Automation

The simplest type of control system uses 2 man, who
makes adjustments by reference to a continuous-reading
instrument, as part of a servo loop. The next step
is, naturally, the closing of the loop without the man,
so that automatic control is achieved. A practical illus-
tration of a closed-loop control system was given by
Eckhardt, with a liquid-flow meter and control valve.
The sensor uses the Faraday effect of the generation
of a potential on a conductor moving in a magnetic
field: an 