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these components are truly enormous. For instance,
to obtain a frequency of 10c/s a tuned circuit of,
say, 25 henrys and 10xF would be required, and
components of this size cannot be varied very easily,
apart from the low Q that would be obtained.

There are two ways out of this problem. One is
to use two higher-frequency oscillators with easily
accommodated tuned circuits, and make one oscilla-
tor beat with the other. To obtain 10c/s, the two
frequencies could then be, say, 100kc/s and
100.01kc/s. The fundamental frequencies would be
filtered out leaving the 10c/s. This method has
its advantages, but the waveform at low frequencies
tends to become a little ragged, due to one oscillator
“pulling” the other into step during part of the
cycle, and in any case, two oscillators are needed.

The most common approach, and the one we have
employed, is to use a resistance-capacitance-tuned
oscillator. This can be rather more difficult than
the inductive type in several respects, but the tech-
niques are fairly well established and little trouble
should be experienced.

RC oscillators can be further sub-divided into
phase-shift oscillators and Wien-bridge types. The
phase shift variety, shown in Fig. 1, relies on the

Fig. 4.

pair, giving very high
input impedance.

>
Super-alpha

WV Fig. 5. Complete circuit diagram.

<4

Fig. 3. Wien bridge,
corresponding to left-
hand side of Fig. 2.
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COMPONENT LIST

R; 5.6kQ Ry 8.2k Caq 50uF 15V

R, 560Q Ry, 4.7kQ Csy 56pF

R, 4700 R4 1kQ Cos 500pF

R, 4702 Ry4» 68k} Cos 0.005uF

R; 27kQ Rys 20-30k Q* Ca; 0.05uF _

Ry 220Q R,y  400kQ* Csg 1uF 15V reversible elec-
R, 3.3kQ Rys 150Q trolytic or paper

R; 1kQ All resistors are +W, --109,, except Cos- 50uF 25V

Ry 10kQ where otherwise specified. . TR1 0OC44 \

Ry, 12kQ *Selected as explained in text, TR2 0C44

R;; 6.8kQ VR,, VR, 10k  2-ganglog. TR3 0OC42

R;s 1.2kQ VR, 1kO linear TR4 OC71

Ry, 330Q VR, 5000  linear TR5 OC71 )

Ry, 100Q VR;-VRy 100k} pre-sets TR6 0OC42 or equivalents,
Ry; 2700 4-5%, (RADIOSPARES) TR7 OC170

R 1.2kQ s TH, Standard Teiephones R53 TR8 OC170

Ry, 5.6kQ 2 thermistor Z, 0OAZ205

Ry 3300 " C; 2uF paper or electrolytic Zy OAZ205

Ryq 6800 - Co 0.2uF D,-D; OAS8!1

RZO 56Q sy C3 OOZ[LF Ml 50/.LA met.er

Ry, 5.6kQ 5 Cy 0.002uF Slow-motion drive (Jackson Bros.
Ro, 3300 s C; 0.002uF 4511 D.AF)

Ry, 5600 5 Cs 0.02uF Makaswitch shafting assemblies—3
R,, 100Q . C; 0.2uF off (Radiospares)

Ry; 47k Q) Cq 2uF paper or electrolytic Switch wafers 2-pole, 6-way—2 off
Ry 5.6k} Cy 50uF 15V (Radiospares)

R, 4.7kQ) Cip 50uF 15V Switch wafers 3-pole, 4-way—3 off
Ryg 1kQ Cy 50uF Y% (Radiospares) ‘

Roy 56k () Cio 50uF 15V Spacers for switch shafts—8 off
R, 33kQ Cis 100uF 6V medium (Radiospares)

Ry, 2.2kQ Ciy 100uF 15V Burgess microswitch V4TI or similar.
Rgso 2.2kQ Cy;s 8ul 15V reversible or  Coaxial sockets—2 off.

Rys 1kQ 2x16uF in series 3-pin battery plug and socket.

Ry, 1kQ Cis 0.001u.F ' Battery clip connectors.

Rys 47k Q) Cis 8uF 15V Paxolin boards -in Thick.

R 47k Q Cig 3-30pF  beehive trimmer Turnet tags (Radiospares).

Ry, 10kQ Cio 33pkK Suitable handle.

Ryg 47kQ Csyp 50uF 15V PP9 batteries—2 off.

fact that a sine wave emerging from a CR circuit
such as C, R, is shifted in phase with respect to
the input by anything up to 90°. In actual fact, it
is arranged that one such circuit shifts the phase
60° and a further iwo circuits are added to bring
the total phase shift to 180°. The input to the
transistor base is now in the correct phase to pro-
duce positive feedback from the collector, and pro-
vided there is enough of it, oscillation will ensue.
The voltage gain of the transistor must be at least
29, to overcome losses in the phase-shift network.

This kind of RC oscillator is not very attractive
if the frequency is to be varied, because it means
either a triple-gang potentiometer or capacitor, and
the most common type for signal-generator work
is the Wien-bridge oscillator. The basic circuit is
shown in Fig. 2.

The output from TRI1 is amplified and reversed

Sine~-wave

Fig. 6.
output at 10cfs. Dis- at

Fig. 7. Square wave
100kc/s. Rise
is 0.15usec.

Fig. 8.
wave.
tortion is less than time

0.259, over the range. coupled.
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10c/s square
Oscilloscope
amplifier is directly

in polarity by TR2, which feeds back to TR1 via
the Wien network R, C, R, C,. At a certain fre-
frequency, which can be shown to be equal to

1/(27 /R, C, R, C,), the signal voltage across R, C,
Is in phase with that across the whole network, and
one-third as great. The voltage applied to the base
of TR1 is therefore 180° out of phase with the col-
lector voltage, and provided the gain of the two
stages is three times, to make up the loss in the net-
work, conditions are right for oscillation.

If matters were left like that, however, the Wien
network would not have complete control of fre-
quency. The amplifier itself would tend to exercise
some influence over the phase angle, and the wave-
form would be anything but sinusoidal. The gain
of the two-transistor loop is therefore made as high
as possible, and negative feedback used. In Fig, 2,
Ci, Ry and R, perform this function, the values

Fig. 9. Input to dis-  Fig. 10.
discriminator,

stant-width pulses.

7. ¢ ‘ Output of
criminator diodes con-
across Dy, which re-

jects negative spike.
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BATTERIES™ >

BATTERY
SOCKET

being adjusted so that the total gain with feedback
is 3. It can now be seen that the Wien network,
R. and R, form a bridge, which is balanced at the
frequency where R=1/2xfC assuming the R’s and
C’s are equal. To maintain oscillation, the bridge,
shown in Fig. 3, must be slightly unbalanced in
order to supply an input to TRI.

Again, things are not quite as simple as this, and
further modifications must be made. In an LC
oscillator, the amplitude of oscillation builds up
until the transistor or valve begins to distort, when
gain falls and the amplitude is stabilized. Wave-
form does not suffer, as the LC circuit acts as a
“flywheel ” and smooths out the sine-wave. In an
RC oscillator there is no “flywheel,” and the oscil-
lation will either collapse or build up until the
result is almost a square wave. Some form of auto-
matic level control is clearly required, and a ther-
mistor is usually employed in the position of R,
Fig. 2. This is in the negative feedback path to TR2
emitter; if the output amplitude increases, more
current is passed through the thermistor, the resist-
ance of which is thereby reduced. This allows more
negative feedback to be applied, which reduces the
amplitude. In this way, the output is kept almost
constant.

A further modification is required because of the
low input impedance of TR1. This is of the order
of a few thousand ohms in a common-emitter
amplifier, even with an un-decoupled emitter resistor,
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N16swg. x 12 x 12 i
ALUMINIUM ANGLE

MOUNTING BRACKET
METER SCREEN

"
11" LONG DISTANCE PIECES

n 173
132 pia. x Y16
PAXOLIN DISC

6B.A. x Y4 LONG TO CLAMP
“EARS” OF BALL DRIVE\

4 Al
A el GRUB
ﬂ /SCREW
' of |
5 AN

e Bl e/ SPINDLE OF
VRI & VRZ

Vs  DIA. HOLES BRASS COLLAR

6B.A, DRILLED & TAPPED
INTO BRASS COLLAR

8B.A. SCREWS FOR SECURING BRACKET
& BALL DRIVE TO PANEL 3A;IDIA

MOUNTING HOLE
FOR VR, & VR,

FORMICA
PANEL

AN
165.w.g. ALUMINIUM
MOUNTING BRACKET

Fig. 11, Construction of frame and
battery holder. Covers are of
Formica to fit between front and
rear frames.

and with a convenient value of variable tuning resistor,
R,, the transistor shunts the bottom reactive arm of
the Wien bridge. A further transistor is therefore
used to increase the input impedance of the first
stage, the super-alpha-pair connection being em-
ployed. In the circuit shown in Fig. 4, the emitter
current of TR1 is the base current of TR2, which in
turn is less than the emitter current of TR2 by
roughly the current gain of TR2. The base current
of TR1 is therefore extremely small, negative feed-
back from the collector of TR2 serving to decrease it
still further. In this way, the input impedance is
raised to several hundred kilohms, and the Wien net-
work is not shunted. Variation of the resistance
arm of the bridge does not aifect base current and
gain to any marked extent, as it is already limited
by the above mechanism.

Attenuator

The input to the attenuator is set to 1V r.m.s.
exactly by the variation of negative feedback in the
emitter of TR4 (Fig. 5). This signal is then attenu-
ated in two 20dB steps to give outputs of 1V, 100mV
and 10mV maximum in 6002. A continuous control
of level is given by VR,.

Square-wave Shaper

After amplification in TRS5, the sinusoidal signal is
passed to TR6 and TR7 which, together, form a
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Schmitt trigger, the outpyy
being a 6-V p.p. square wave,
with a rise-time of 0.-15 usec
The circuit operates over the
whole range of the oscillator
and is useful for many applica-
tions, apart from audio testing,
C,s is adjusted to give neither
an overshoot nor an “under-
shoot” on the positive-going
edge. The output impedance
is 2k{).

The square wave is amplified
by TR8 and used to operate
the frequency-meter circuit.

Frequency Meter

This part of the circuit is
effectively an f.m. discrimina-
tor which needs no lining up.
It has been used for a good
many years In telemetry and
instrumentation, and has also
been used in f.m. tuners. The
output of the square-wave
amplifier is differentiated by
one of the capacitors C,,- C,,
and R,,, the result being a
series of positive and negative
spikes corresponding to positive
and negative-going edges of
the square wave. Negative
spikes are suppressed by D,
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COMMERCIAL LITERBATURE

A forty-page quick reference guide to Mullard Components
is now available from the Components Division of Mullard
Ltd., Mullard House, Torrington Place, London, W.C.1.
9WW 302 for further details.

Ferralon Plastics.—W. W. Chamberlin (Associated Com-
panies) Ltd., of Sartosis Road, Rushden, Northants, have
issued a loose-leaf catalogue illustrating the plastic covering
materials they manufacture for the radio industry. Some
300 finishes with several types of backing are available, and
a representative selection of actual samples appear in the

catalogue.
oWW 303 for further detaits.

Television downlead cables are described in a recent
leaflet from British Insulated Callender’s Cables L.td. Technical
details including constructional data and curves showing levels
of attenuation, in dB’s per 100ft, through Bands 1 to V are
included. Copies of this publication are obtainable from
21 Bloomsbury Street, London, W.C.1.
2WW 304 for further details,

A brochure describing the transistorized American Daystrom
“ pon~contact ” wire gauge is available from Daystrom
Ltd., Bristol Road, Gloucester. This instrument can handle
products with diameters within the range of 0.001 to 0.750in,

+ 0.0001in.
IWW 305 for further details.

American Valve Guide.—The Metropolitan Supply Co.
of 443 Park Avenue South, New York 16, have sent us a price
catalogue of the American valves and tubes they handle.
Called ‘* Buyvers Guide ” it includes some 3,000 types.

IJWW 306 for further details,

Two dual concentric loudspeakers are described in a
leaflet from Tannoy. Both speakers have a frequency response
of 25 to 20,000 c/s and the larger of the two, the ‘¢ Fifteen ”’
has a power handling capacity of 50 watts. The other speaker,
called the *“ Twelve”, is rated at 30 watts. Copies of this
leaflet are obtainable from Tannoy Products Ltd., West Norwood

T.ondon, S.E.27.
2WW 307 for further details,

The microwave and electronic instrument division of
Elliott Brothers (I.ondon) Ltd., have produced a catalogue on
their transistor curve tracer. This instrument can generate
the data necessary to trace and display the characteristic curves
of semiconductor devices on any general purpose oscilloscope.
Copies of this publication are available from Elstree Way,

Borehamwood, Herts.
IWW 308 for further details,

Radio receivers, radiograms and tape recorders
manufactured by the German organization Loewe Opta are
described and illustrated in a 24-page brochure available from
Highgate Acoustics, 71-73 Great Portland Street, London, W.1.
The publication is in English.

IWW 309 for further details,

Aerialite Ltd. have revised their ¢ Aerials and Accessories ”’
wall chart to. include their new range of ‘“ Golden Gain >
u.h.f. aerials and accessories. Copies are available from their
head office at Castle Works, Stalybridge, Cheshire.
2WW 310 for further details.

Decca Radar Ltd., Decca House, Albert Embankment,
London, S.E.1, have just released a brochure on a range of
manual and automatic (electro-mechanical) waveguide
switches for use in microwave systems, laboratory measure-
ments and test circuits. The outstanding characteristic of
these switches is that their isolation is greater than 100 dB
over the whole waveguide band.
2WW 311 for further details.

Publication AEP.25-7 from the Westinghouse Brake and
Signal Company Ltd., 82 York Way, King’s Cross, London,
N.1, is of particular interest to designers and engineers re-
quiring encapsulated rectifier units in bridge, centre-tap
or voltage-doubler arrangements. Among those described
are potted versions with current ratings from one to four

amperes having voltage ratings up to 420V.
2WW 312 for further details.
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A fixed station v.h.f. radiotelephone Type FMI20 is
described in a leaflet from Hudson Electronic Devices Ltd..
of 4 Sydenham Hill, London, S.E.26. These single-channek
equipments, which, to special order, can be modified for seven-
channel operation, employ f.m. modulation and have minimura
outputs of 50 watts (de-rated to 25W in the U.K.) throughout
the frequency range 71-175 Mc/s. A technical specification ig
included.
2WW 313 for further details.

A leaflet describing a new vacuum tweezer system from
the scientific division of the American Schueler & Company is
now available from Schuco International London Ltd., 46
Ravensdale Avenue, London, N.12. The system is completely
self-contained and the vacuum pencil tweezer, which has five
different vacuum pick-up tips, operates from a 220-240V a.c.
vacuum generator.
2WW 314 for further details,

Société Européenne des Semiconductors of 41 rue de
L’Amiral-Mouchez, Paris have produced a 12-page catalogue,
in English, covering their comprehensive range of silicon and
germanium semiconductor devices. These are listed in
tabular form and include construction, absolute maximum
ratings and typical characteristic details. Separate sections
are given for various types of transistors, diodes, rectifiers and
microminiature logic blocks. They have also prepared an
English wall chart for their diodes and rectifiers, and another

for transistors.
2WW 315 for further details.

Literature describing the complete lines of standard products
of the scientific quartz and metals division is availabie from
General Technology Corporation, 3510 Torrance Boulevard,
Torrance, California. Leaflet 7100 describes standard
quartz and pyrex accessories used for diffusion, doping
and heat treating operations in the semiconductor industry.
The division’s line of standard tungsten, molybdenum and
tantalum filaments, used for dielectric coating, metalizing of
plastics, etc. are described in leaflet 7200.
2WW 316 for further details.

A 576-page booklet listing and illustrating the products of
Precision Instrument Components, which range from anti-
backlash gears and ball-bearing to universal multi-ratio gear
boxes and worm and wheel assemblies is now available in the
sterling area from the manufacturing licencees and distributors
Reliance Gear Company, of Almondbury, Huddersfield.
Other things of interest, include instrument differentials with
less than 10 minutes of arc lost motion, breadboard develop-
ment parts, helical gear assemblies and servo gear boxes. The
Reliance Gear Co., who already have an extensive range, have
informed us that the American tie-up has increased their stock
range by some 20,000 items.
2WW 317 for further details.

Plastiglide’s comprehensive range of swivelglides, plastic
guides and ferrules specially designed for the furniture and
radio and television industries are listed in a new 80-page
publication from Plastiglide Products Ltd. of 58 Birming-

ham Road, Stratford-upan-Avon,
2WW 318 for further details.

Imhofs have just issued a booklet describing their range
of over seventy standard handles—many of which are listed
for the first time. Full dimensional details are given, together
with illustrations of each type of handle. Also listed in
this booklet is a wide range of miscellaneous accessories
including hinges, locks, catches, castors, etc. Copies of this
publication are available from Alfred Imhof Ltd., Ashley
Works, Cowley Mill Road, Uxbridge, Middx.

IWW 3198 for further details,

The International Nickel Company (Mond) Ltd. have
published a new leaflet entitled “ The properties of the
platinum metals.” This gives the latest published data on
the basic properties of the six metals in the group and
covers the principal characteristics, which make platinum
metals so important to industry. The other metals in the
group—palladium, rhodium, ruthenium, iridium and osmium
which. possess individual characteristics—are also described
in the publication. Copies are obtainable from the publicity
department at 20 Albert Embankment, London, S.E.l.
2WW 320 for further details.,
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NEW LOW-NOISE TRANSISTOR CIRCUIT FOR
ELECTROSTATIC MICROPHONES

By P. J. BAXANDALL, B.Sc.(Eng.)

Amplitude-modulated R.F. Bridge Method with Many Advantages

THE conventional way of using an electrostatic {or
condenser) microphone is shown, in its simplest
form, in Fig. 1. The resistance R is made so large
that, even at low audio frequencies, insufficient cur-
rent can flow into or out of the microphone capacit-
ance C, during one audio cycle, to cause a significant
alteration in the stored charge Q. Since Q=CV, it
follows that if Q is kept constant, the voltage V across
the capacitance must vary when acoustic pressure
causes C to vary. With the values shown, the
response will be 3 dB down at about 30 ¢/s. From
the point of view of signal-to-noise ratio, however,
it is advantageous to use an even higher value of

MICROPHONE
(sopy T

Fig. 1.  Conventional
electrostatic micro-
phone circuit.

T

resistance than that dictated by the required low-
frequency response.

When, in 1957, the writer first considered the prob-
lem of using an electrostatic microphone with purely
transistor circuitry, it was quite obvious that the im-
pedances involved in a circuit of the Fig. 1 type were
far too high for it to be practicable simply to replace
the valve by a transistor.* _

However, by operating the electrostatic micro-
phone element in a radio-frequency circuit, so that
its capacitance variations are caused to modulate an
r.f. carrier, the above-mentioned high impedances

0
E

* It is interesting to reflect, however, that the notion of tran-
sistorizing the Fig. 1 circuit now seems to be much more nearly
a satisfactory practical proposition than it did in 1957. This is
because some types of silicon planar transistor are now available
which will operate satisfactorily, in very high impedance circuits,
at_cellector currents of a smail fraction of a microamp.

Whilst the signal-to-noise ratio obtainable when using such a
transistor in the Fig. 1 type of circuit would probably be rather
inferior to that given by a valve, there are signs that other ampli-
fying devices may in due course become available which will
overcome this limitation. Omne such device is the insulated-gate
?elfd e)ffect transistor (ref. 1) and another is the insulator valve
ref. 2).

538

are completely avoided and a very good performance
can then be obtained with semiconductor circuits.

The general idea of using radio-frequency circuits
for electrostatic microphones is, of course, quite old,
and both frequency modulation and amplitude modu-
lation have been employed.

F.m. systems have the disadvantage that random
noise f.m. on the oscillator output inevitably gives rise
to noise at the audio output terminals. Since the
wanted f.m. is usually of quite small deviation, this
noise f.m. can prevent the overall noise performance
from being up to the highest professional standards.

In an am. system, however, by using a balanced
bridge circuit, random noise modulation of the oscil-
lator may be prevented from reaching the audio out-
put terminals, and it was mainly for this reason that
the author rejected f.m. systems right at the begin-
ning and concenrrated on a.m. bridge circuits—and
if a bridge was to be used, then there was everything
to be said for employing the transformer ratio arm
principle first proposed by A. D. Blumlein.

R.F. Bridge Circuit

The broad ouiline of the system adopted is, then,
to have a radio-frequency oscillator with a centre-
tapped output winding, the micraphone element and
a capacitor of equal value being connected in series
across this winding, forming a bridge network. An
r.f. out-of-balance voltage is then obtained between
the junction of the capacitances and the winding
centre tap, of magnitude dependent on variations in
the microphone capacitance with acoustic pressure.
This amplitude-modulated r.f. voltage is subse-
quently demodulated to recover the wanted audio
signal.

In the first experiments, the centre tap of the oscil-
lator winding was earthed and the bridge output was
tuned to parallel resonance by an inductor to earth
from the junction of the capacitances. This output
was fed straight to a diode detector, the bridge being
set slightly out of balance to give some carrier output
and thus ensure linear demodulation. Quite encour-
aging results were obtained, though it was found im-
portant to select the right type of diode if excessive
detector-circuit noise was to be avoided. Ordinary
point-contact diodes were hopelessly noisy, but
G.E.C. EW78 silicon junction diodes (now obsolete)
gave consistently good results (10 samples tried), the
noise output then being only slightly above the ther-
mal noise level. '

It was soon realized, however, that by emploving
a proper phase-sensitive detector and operating the
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bridge in a nominally balanced state, larger long-
term drifts in the bridge balance could be tolerated
and the possibility of degradation of the noise per-
formance by oscillator noise would be reduced.

It was further realized that by using series instead
of shunt tuning of the bridge output, and by employ-
ing transistors as low-impedance switches in the
phase-sensitive rectifier, the output impedance could
be made low (e.g., 600 ohms), and balanced, without
the need for an audio transformer in the micro-
phone. Also it was expected that the noise perform-
ance would be excellent, For these reasons experi-
ments on circuits using diode detectors were
discontinued.

Fig. 2(a) shows the essential features of the cir-
cuit finally adopted. This circuit was first success-
fully demonstrated in July, 1959, and is the subject
of British Patent Application No. 6118/61.

Starting at the left-hand side, there is a single-
transistor 1-Mc/s oscillator. This circuit was chosen
as being the simplest that would do the job. It takes
about 5 mA at 6 volts, and operates in class B. By
using class C operation, the efficiency could have
been improved, but an extra capacitor would have
been required in the emitter circuit—and one of the
considerations is that every component saved is a
help when it comes to building the circuit inside a
small microphone casing.

The output winding of the oscillator is bifilar,
so as to obtain very tight coupling between the two
halves and thus to ensure that the voltages at the
two ends will be very accurately in antiphase. The
two halves of this winding form two arms of a
bridge, the microphone and an air-dielectric trim-
mer forming the other two arms.

If the bridge is slightly unbalanced, owing to a
change in microphone capacitance, a small 1 Mc/s

WIRELESS WORLD, NOVEMBER 1963

sine-wave voltage will appear at the junction of the
capacitances, and will have a magnitude propor-
tional to the change in microphone capacitance.
The phase of the voltage will change by 180° as
the bridge swings through the balanced condition.
Thus, assuming the bridge to be perfectly balanced
initially, the output waveform will be that of a sup-
pressed carrier radio transmission when the micro-
phone is acted upon by sound waves. '

A very important point is that, looking back into
the bridge output, the above modulated r.f. wave-
form comes from a source of quite low internal
impedance, i.e., the reactance of the two capaci-
tances in parallel, which is about 1,500 ohms—very
different from the values of many megohms asso-
ciated with conventional circuits.

Advantages of Tuning the Bridge Output:—By
series tuning the bridge output by means of the
inductor shown, the impedance seen looking into
the right-hand terminal of the inductor is made
even lower—Q times lower, in fact—but the bridge
output e.m.f. is the same as before. Now, for a
given em.f., the lower the internal impedance of
the source of the em.f., the greater is the available
power. The fact that in this system the tuned
bridge, regarded as a source of modulated r.f. output
signal, has such a low internal impedance, is the
main reason for the excellent signal-to-noise ratio
obtainable.

Of course, if there were no resistive losses, that
is if the Q were infinite, the internal impedance of
the tuned bridge would become zero, and infinite
signal power would theoretically be available, at
least for very slow changes in microphone
capacitance.

In a practical microphone system the Q of the
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series tuned circuit must not be made too high, other-
wise the response of the system at high audio fre-
quencies will be reduced, owing to sideband cutting,
just as in a radio receiver. The resistor shown in
series with the tuning inductor limits the Q to an
appropriate value, in the region of 15.*

The rest of the circuit is concerned with the
democdulating process, which is carried out by a

simple phase-sensitive rectifier employing two
junction transistors.
These transistors are used simply as on-off

switches, which are operated by a reference voltage
derived from the oscillator and fed in between their
bases and emitters through the transformer shown.
When a transistor is driven “on” at its base, it
becomes capable of passing current in either direc-
tion between emitter and collector, or, in other
words, it can function as a bidirectional switch.
This is a great advantage possessed by transistors,
as compared with valves.

Thus the two transistors, driven alternately into
conduction by the 1 Mc/s reference voltage, per-

Fig. 3. Phase-sensitive-rectifier emitter-voltage waveforms:—
(a) 1.5V d.c. applied to output terminals. (b) 20 kc/s sine-
wave voltage applied to output terminals.

form the same function as the two-way switch
shown in the simplified diagram of Fig. 2(b).
Consider one instant of time at which current is
flowing from left to right in the inductor of Fig.
2(b), the switch being supposed, at this instant, to
be in the position shown. Then, while this con-
dition holds, the tendency will be for. the top plate
of the top reservoir capacitor to be charged posi-

tively. . During the next half cycle current will be -

flowing from right to left, but the switch will have
changed over to the lower contact, so that the ten-

dency will now be to charge the lower plate of the

lower  reservoir capacitor negatively, and so on.

* If the microphone amplifier input impedance is high com-
pared with the output impedance of the microphone, then the
resistor may be omitted without loss of h.f. response and with an
improvement in signal-to-noise ratio. The d.c. input resistance of
the amplifier is likely to be almost zero, however, owing to the
input transformer, and.if the damping resistor is omitted, a very
small amount of unbalance of the bridge will give a large rectified
current. For this reason it is considered better to retain the
damping resistor even if an amplifier with a high a.c. input
impedance is used.
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Thus, all the time, the action of the circuit will be
to tend to make the top output terminal positive
with respect to the bottom one. It is easy to see
that, if the bridge is unbalanced in the opposite
direction, giving 180° difference in the phasing of
the inductor current with respect to the operation
of the switch, then the opposite polarity of d.c.
output is produced.

Some Practical Points:—During most of the experi-
mental work the circuit was exactly as shown in
Fig. 2(a). No special arrangements were made for
adjusting the phasing of the signal and reference
in the phase-sensitive rectifier, though a slight
phase adjustment is available by slightly detuning
the series tuned circuit.

Later on, to improve the linearity of the demodu-
lation process, the drive voltage to the base of each
of the switching transistors was increased by about
a factor of two, up to 3.5V rm.s. This exceeds
the base-to-emitter voltage rating of the transistors
used, so two miniature point-contact diodes were
added to prevent driving the bases too far positive.
Small capacitors were shunted across the base
resistors, now 4.7k{}, to give a small reference-phase
correction, thus allowing the series tuned circuit to
be set exactly at series resonance. These measures
improved the linearity at the expense of a small
loss of signal-to-noise ratio. The measured results
given later in this article were obtained with these
modifications present, but the simpler arrangement
1s thought more appropriate for general use.

It may well be asked why the oscillator frequency
was made 1 Mc/s, and several considerations were,
in fact, involved. The frequency must be high
enough to give a good noise performance andia con-
veniently low output impedance. A high frequency
also makes r.f. filtering easier—the filter must have
negligible attenuation at the highest audio frequency
and 100 dB or so at the carrier frequency. On the
other hand, the higher the carrier frequency the
more difficult it becomes to get a really clean per-
formance from the switching transistors. One has
a natural bias towards round numbers and 1 Mc/s
seems about as good a choice as can be made.

The procedure adopted for setting the circuit up
correctly is the following. A 0-1 mA meter is
connected across the phase-sensitive rectifier output,
and the bridge is set slightly unbalanced to give a
small reading on this meter. The slug of the series
tuning inductor is then adjusted for a maximum
milliammeter reading. Finally the bridge is
balanced for zero reading.

Sensitivity of Microphone Circuit:—With reference
to Fig. 2(b), the no-load r.f. output voltage of the
bridge is given by:— C

A .
3 vV, oC A
V2 - ? >< E" ere eee ees (1)

where 8C is the amount by which the microphone
capacitance departs from its balanced value.

With no audio load on the final output terminals,
no power can be supplied to the input of the phase=
sensitive rectifier, since there is nowhere for it to
go. Consequently V, must be such that the peak

value of the fundamental component of the square
3 - 1\. . .
wave on the switch is equal to V,, thus giving zero
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employed can be of very small physical size, how-
ever, thus permitting the final version to be built
inside a microphone casing 2 in diameter and 6 in
long. The smallest size of Mullard “red series”
Vinkor is very satisfactory for the oscillator coil

D. C. Supply via Signal Cable:—In the early stages
of the work, the d.c. supply for the oscillator was
fed in along a separate pair of wires from those
used for conveying the audio-frequency output—
the wires may be seen in the photographs. More
recently, however, the d.c. supply has been fed in
along the audio frequency cable, the necessary
arrangements for doing this being shown in Figs.
4 and 3, for the microphone circuit and the micro-
phone amplifier circuit respectively. The amplifier
is that described in reference (3), suitably modified
to apply the required d.c. voltage to the incoming
line. The amplifier will give an output of 10 mV
rm.s. for any input between 0.15 mV r.m.s. and
150 mV r.m.s., the harmonic distortion being under
0.2% throughout the whole of this 60 dB range.
With this scheme the only microphone cable
required 15 an ordinary twisted and screened pair,
such as might be used, say, with a moving-coil

microphone—and it may be made up 1o at least 100

vards long if required with no appreciable difference
in performance.
It will also be seen, in the Fig. 4 circuit, that the
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separate transformer originally used for feeding the

reference voltage to the phase-sensitive rectifier has

been eliminated, an appropriate centre-tapped

winding being added to the oscillator transformer.
(To be continued)
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‘“ Wireless World Diary”’
THE answers to 1,001 technical and general questions
(from addresses of UK. and overseas organizations to
television standards and from u.h.f. television frequencies
to valve and transistor connections) will be found in the
80-page reference section of the 1964 “ Wiveless World
Diary”. Now in its 46th year of publication the Diary
—giving a week to an opening—is published by T. J. &
J. Smith Ltd, and is available from newsagents and
booksellers or direct from this office. It costs 5s 6d in
rexine or 7s 6d in morocco leather, including purchase

tax. Overseas prices are 4s 8d and 6s 5d and postage
is 4d. '
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WESCON 1963—This Year's Electronics Exhibition in San Francisco

COLD statistics do little to convey the impact of
the Western Electronic Show and Convention on a
European visitor. In the rambling halls of the Cow
palace at San Francisco jostle 850 manufacturers of
electronic equipment, occupying some 1,200 *° booths ”—
a description which aptly conveys the rectangular,
regimented units which make up the stands, markedly in
contrast to the imaginative jumble of European shows.
Over the four-day period of Wescon some 35,000 engin-
eers, technicians and buyers passed through the Cow
Palace, and at the twenty technical sessions over seventy-
eight papers were read.

Wescon is a national exhibition, but due to its location
at either San Francisco or Los Angeles is supported
principally by West Coast manufacturers. As a result,
the exhibition tends to reflect the West Coast preoccu-
pation with the aerospace programme and its peripheral
industries. Technically there are no startling advances to
be reported from this year’s Show, and the general mood
appeared to be one of consolidation rather than spectacular
gain. In answer to increasing competition many major
manufacturers are diversifying into new product areas in
an effort to keep up expansion rates. Texas Instruments
for example stressed the output of its apparatus division
and materials and control division at the expense of
semiconductors, traditionally their strong line. They
introduced their Model 659A semiconductor integrated
circuit tester. This has a capacity of 36 tests on devices
with up to 14 terminals with test times variable from
30msec up to 5 sec, making it possible to perform 36 tests
in 1.5 sec. Also from Texas was an automatic transistor
switching time test system, which will record switching
time from lnsec to 10usec. This company also demon-
strated their Model 2505 variable rise and fall time pulse
generator, with repetition rates up to 25 Mc/s, pulse
widths from 40nsec to lusec and rise/fall times from
20-500nsec.

Fairchild Semiconductors also showed an integrated
circuit tester which tests both logic functions and input-
output conditions on d.c. integrated circuits. Other
Fairchild products shown included two semiconductor
test systems, the Series 250 ‘€ go-no-go >’ multi-parameter
tester and the Series 900 card-programmed data logger.

Hewlett-Packard showed increased diversification of
not only instruments but also, via HP Associates, at
Wescon for the first time, semiconductor products
including step recovery diodes and fast switching diodes.

High-frequency Semiconductors:—Solid state de-
vices for use in the microwave region will shortly be a
reality, as semiconductor manufacturers become in-
creasingly aware of the potentially large market in micro-
wave equipment. V.h.f. transistors, varactors and tunnel
diodes operating in the v.h.f.-uhf. range are now
commonplace, and form the basis for a new family of
devices. These will, according to some observers, even-
tually replace valves, ferrites and mechanical devices now
used in radar and microwave communication systems

Philco, for example, introduced a tunnel diode amplifier
which is reported to provide a maximum noise figure of
4-5 dB and 18-20 dB of gain over bandwidths up to 20%.
Current work at Philco includes microwave switching with
diodes in the range 2,000 Mc/s to 20,000 Mc/s.

Motorola introduced an integrated circuit linear
amplifier for r.f., i.f. and wideband applications from
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d.c. to 300 Mc/s. This consists of a matched transistor
pair interconnected with a diffused silicon bias resistor
and a silicon oxide bypass capacitor.

Sylvania exhibited a series of p-i-n microwave switching
diodes and a line of silicon epitaxial diodes for applications
in the v.h.f.-u.h.f. region. Also on show was a diode
switch with a turn-on time of 5nsec at 4,300 Mc/s.

Westinghouse were showing three new fast switching
diodes and have a family of experimental high-frequency
high-power devices at the laboratory stage.

Silicon planar transistors are now moving into the
v.h.f. and u.h.f. bands. Powers of 10 to 30 watts were
commonplace and the best of the v.h.f. power transistors
with cut-offs of 100 to 700 Mc/s can produce around
6 dB gain at 100 to 200 Mc/s and oscillate up to 500 Mc/s.
This order of performance seems to be achieved by
variations on the °‘interdigitated ” approach. In this
technique, the emitter island is given a winding coastline
to provide a large periphery, and in effect amounts to
paralleling many high-speed geometry transistors. Thus
the power-handling capability can be increased at no
sacrifice to frequency response. Some of the manufac-
turers in this field were Bendix, Fairchild, Texas, Motorola
and Clevite,

Microcircuitry:—These techniques formed a signifi-
cant area in the semiconductor field, no fewer than 33
firms showing integrated circuits, not to mention the
thin film exponents. Though techniques are advancing
steadily here, low vield seems to plague silicon planar
integrated circuits, most manufacturers considering a
109, vyield better than average. General Electric were
showing a simple reference amplifier series, RAL to RA3,
comprising two active elements, a transistor and a Zener
diode. GE report superior temperature stability and
economic advantages over conventional devices for this
unit. Fairchild were showing their epitaxial micrologic
elements designed for digital computer logic applications.
These comprise, among others, buffer elements, flip-flops,
gates, half-adder elements and half-shift registers. Fair-
child claim that using a modified form of NOR logic,
this family of elements permits the synthesis of all
computer logic functions. Westinghouse (Molecular
Electronics Division) were offering a custom-built
integrated circuitry facility. This organization is capable
of designing and fabricating ‘‘ molecular ” block functions
using the customer’s circuit as an analogue. Active
equivalents available include diodes and field effect
transistors using the silicon planar epitaxial technique.
Signetics Corporation offered custom-built integrated
circuits of a more limited nature in that customers could
choose variations on a series of basic integrated circuit
dice.

The thin-film solution to the microcircuit problem still
has advantages over integrated circuitry.in some appli-
cations and several firms were showing flip-flops and
other logic elements.

Laser Techniques:—Lasers were well represented at
Wescon, no fewer than 23 manufacturers showing their
versions of these devices. The trend here is to make
lasers commercially available (as distinct from laboratory
devices), many firms quoting deliveries of 60 to 90 days.
The RCA Lasecon (laser detector and converter) tube
uses periodic permanent-magnet focusing and has a
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semi-transparent photo cathode. Nominal frequency
range (modulation) of the Lasecon with an L-band
helix is from 1 to 2 Gcfs but, by using r.f. mixing,
it can detect modulaticn from 0 to 4 Gce/s. RCA’s
GaAs laser, providing an emission wavelength of 8,400
angstroms, is also available. General Telephone and
Electronics were showing their GaAs laser system.
The type SL-6320 produces a coherent radiation at
8,450 angstroms when operated at 77°K. General
Telephone and Electronics also had an interesting
demonstration of laser communication possibilities.
This was a system which achieved simultaneous trans-
mission of two stereophonic radio channels over a single
laser beam. Information is impressed on the carrier by
duplex polarization of the light beam. The Perkin-
Elmer Model 5200 gas laser is designed for both laboratory
research and systems applications. Standard wavelength
with the mirrors supplied is 6,328 angstroms, but it can
also generate 1.15 or 3.39 microns. Light output of this
device is polarized and in the fundamental mode the unit
delivers 0.5 milliwatts. The Hughes Model 202 designed
for experimental use in the laboratory or in industry,
emits at 6,943 angstroms; total beam energy of 1 joule
minimum, with 750 joules input and a nominal beam width
of 10 milliradians. TRG Inc. reported that its Model
104 laser is being made commercially available. This
pulsed ruby laser system is capable of outputs up to 3
joules at 6,943 angstroms.

Computers:—Though not catering specifically for the
computer industry, Wescon attracted a representative
selection of manufacturers in this field. The accent
generally was on low cost general purpose computers with
wide industrial as well as scientific applications. Digital
Equipment Corporation for example had an interesting
application for their PDP-5, said to be the most economical
computer using a ferrite core memory. Allied to a pair of
Nuclear Data analogue-to-digital converters, the PDP-5
was shown operating as an extremely flexible pulse
height analyser. The usual disadvantages of a special-
purpose analyser is inflexibility of its wired programme;
the PDP-5 overcomes this to a large extent and has the
additional advantage of being useful for a wide range of
computation tasks when pulse height experiments are not
being run. Having a memory cycle of 6 microseconds
the PDP-5 can use some 3,800 of its 4,096 memory
locations as channels and, since two A-to-D converters
are used, multi-dimensional studies are quite feasible.
Also from Digital Equipment Corporation, the PDP-4
was illustrated as an automatic checkout for digital
modules. Shown with a Tektronix 567 oscilloscope, this
computer was capable of performing an a.c. test such as
rise-time, fall-time, pulse height, etc. in 100m sec, and a
d.c. test in 50msec. A typical programme would run
through 45 tests in less than 6 seconds. The LGP-30
computer, being shown by General Precision was oriented
to the small organization, low volume application in
business or engineering. Also having a memory of
4,096 words, the LGP-30 employs a magnetic-drum
memory and has a minimum access time of 6msec. More
ambitious, the Packard-Bell PB 440 computer has a
memory capacity of 32,000 words and a 5usec cycle time
of its ferrite core memory. Among the peripheral devices
available from Packard-Bell were their M20 and M?21
analogue-to-digital converters. Having a pure binary or
BCD output, the M21 is capable of 70,000 conversions a
second with a conversion time of 1.2usec.

Instruments:—Electronic test and measuring equip-
ment formed a large part of the Show and here also the
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mood was one of steady advance rather than startling
innovation. Electro Scientific Instruments demonstrateq
a genuinely new range of instruments. Their new Model
120 Double Ratio Set was particularly impressive,
Capable of 0.2 parts per million resistance comparison,
this direct-reading double ratio bridge makes 1:1 or
10:1 resistance comparisons and eliminates lead and
connection resistance errors by the use of the Wenner
balance technique. The Model 701 capacitance measuring
system features one part per million resolution (with
direct readout in capacitance deviation) and an overall
accuracy of 0.01%. The 242 resistance measuring system
has been married to a punched tape data logging system
giving an integrated systems capability with 0.019,
accuracy. Mikros, a subsidiary of ESI, were showing for
the first time their EM-20 electrostatic electron micro-
scope. This has 10 to 40kV accelerating voltages, auto-
matic vacuum system and built-in camera, as well as
interchangeable lenses. Maximum resolution of this
microscope is around 35 angstroms.

Atomic frequency standards have moved out of the
research area into general engineering applications as
demonstrated by Space Technology Laboratories. The
products division of S.T.L. was showing its portable
rubidium frequency standard Model 1000B. Having a
short-term stability better than 1 part in 10! and long-
term stability 1.5 parts in 1011, this unit obtains its stability
by utilizing the atomic resonance of rubidium 87.

Tektronix showed a new addition to their oscilloscope
range, the Model 647. Fully transistorized and meeting
severe environmental specifications, it accepts plug-in
pre-amplifiers which give it a bandwidth of z.f. to 50
Mc/s at 10 mV/cm, as well as sweep delay facilities,
Hewlett-Packard’s Model 140A is a versatile general
purpose z.f. to 20 Mc/s oscillescope accepting a wide
variety of plug-in units in both axes. The Type 1415A
plug-in unit was particularly interesting in providing pulse
reflectometer facilities in the time domain. The Analab
dual-trace storage oscilloscope uses a truly integrating
storage tube as distinct from the bi-stable variety. The
model 1220 will store images for several months and will
store repetitive signals up to 100kc/s. The Singer-
Metrics Panoramic SPA-12 spectrum analyser operates
from 10 Mc/s to 64,000 Mc/s. Having sensitivities varying
from —105 dBm at S band to —45 dBm at 64 Gec/s,
the SPA-12 has a wide dynamic range, a precise 0—40
dB if. attenuator and a 5-inch c.r.t. The same firm was
also showing a portable fully transistorized spectrum
analyser. The TA-2 accepts plug-in modules and with
the AR-1 unit has a frequency range of 20 c¢/s to 35,000
¢/s; maximum sensitivity being 30pV full scale. E.H.
Research showed a range of pulse generators including
the new solid state Model 123. This pulser combines a
maximum repetition rate of 20 Mc/s with rise-times of 5n
sec and a 25-W average power pulse train. John Fluke,
exponents of differential voltmeters, were demonstrating
their new 831A Microvolt Potentiometer. Basically ‘a
Lindeck type potentiometer with built in null detector,
the 831A extends the measurement capability of a differ-
ential voltmeter to 5uV full scale to an accuracy
at +0.05%.  Full scale ranges go from 54V to 50mV
and input impedance is infinite at null.

The Exact Electronics Type 200 is an interesting solu-
tion to the problem of waveform synthesis. With this
instrument it is possible to build up a complex repetitive
or transient waveform which is composed of 50 individual
segments directly and independently controlled in ampli-
tude, slope and time duration. A family of plug-in
generators provides a selection of the controlling para-
meters for each increment. D.L.
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LETTERS T0O

THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondeni:

Transistor Cut-off Frequencies

THE purpose of this letter is to draw attention to some
errors in the article under the above title in the September
1963 issue.

The significance of, and inter-relationship between the
various cut-off frequencies has been discussed by a
number of writers. Perhaps the most classical treatment
is that of Hyde (ref. A). Some other relevant references
are included in the review paper (ref. B) quoted below.
This latter article, while not being a substitute for the
accurate, formal treatments of Hyde and others, presents
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the following useful interpretaticn of the significance
of the various cut-off frequencies.

For an ideal, intrinsic transistor, with or without a
drift field, the collector current response to a unit step
in emitter current has the general form shown by the
heavy line in Fig. 1. This waveform may be determined,
with difficulty, by analysis or, more easily, by direct
measurements on an analogue. Experimental observa-
tions on actual, rather than ideal, transistors show
similar collector current waveforms.

Subsequent mathematical manipulations may be simpli-
fied by the use of simple functional approximations to
the time waveform:

An accurare approximation is to use the delayed expon-
ential shown by the dashed line. ™This approximation
is very accurate for times greater than 7y, plus some small
fraction of l/wy. The corresponding frequency varia-
tion of «(jw) includes the time delay as an excess phase
term, viz.:

1_7{7_;* exp(—jwip) .o .o Y

for all frequencies up to a few times w,. Obviously, from
equation (1), wy as defined in the time waveform is
identical with the = cut-off frequency as defined by Tilsley.
A simple approximation is to use the non-delayed
exponential shown by the dotted line. This approxima-
tion may be written, for a unit step in emitter current, as
I(5) = ofl —exp(—wrt)] .. . (2
‘where wr has a value such that the total charge Q which
must be stored in the transistor to allow a given output
current to flow, is the same for both the accurate and the
approximate case (see Fig. 2).
It is but a short step to show that 1/wr may be identified

a(fw) =
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with the d.c. transit time, Q/I,(0), and that this approxi-
mation for a(jw),
- a’l)
o =
(o) = § i €)
can be given an RC significance .in equivalent circuits.
Now, for an ideal transistor,

B = ) @

and if either the accurate approximation for (), eq. (1),
or the simple approximation, eq. (3), is substituted into
eq. (4), the magnitudes are identical in the vicinity of
wg (the B cut-off frequency) and for a decade or more
beyond «g (see Fig. 3).

Further insight into the relationship between w, and
w; may be obtained from an accurate polar plot of
a(jw). As shown in Fig. 4 wy is the frequency at which
the o(jw) locus cuts the 3dB circle, whereas «w; is the
frequency at which the real part of the ajw) locus is

From these and other considerations the following
detailed criticism of Tilsley’s work emerges.

(1) fu f1 and fp are not ““all virtually the same fre-
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quency.” The frequency f, always exceeds f;; the dis-
crepancy is 229%, for low-drift transistors and may reach
100%, for high-drift-field transistors.

(2) fg is related simply and directly to f; and noz fy,
viz.

S8 = f1/Bx . ) .

(3) The relationship (by eq. 4) between « and B involves
vectors and Tilsley’s calculation of a B magnitude of
2.3 when || is 0.7 is erroneous.

(4) The derivations given in the article are based on the
simple RC approximation to «(jw) (shown by the dotted
line in Fig. 4). It is certainly not valid to use this low-
frequency approximation to establish relationships
between high-frequency parameters. As an exercise
in circuit theory, Tilsley’s equation

Jf1= fa.'\/zao_l . .
is quite correct, but this circuit theory is applied to an
inaccurate physical model and the result just cannot
account for the observed differences between f; and f,.

(5) It might be argued that the foregoing comments
are somewhat academic, and that even a 1009, dis-
crepancy between f; and f, is not large in comparison
with the  spread in cut-off frequencies for any given
transistor type. However, from a purely applications
viewpoint, Tilsley’s misconception on the significance
of fs is of vital importance. While admitting that the
gain-bandwidth product is f; (actually it is fr), he suggests
that the bandwidth of both common emitter and common
collector stages is limited to fg. This figure only holds
for the completely unrealistic case of a current soutce
feed; for practical wide-band amplifiers relatively low
source impedances are used and the stage bandwidth is
much greater than fg and can approach 0.5fr.

(6) A final comment concerns the use of the symbols
wr and w;. In this letter I have adopted Tilsley’s con-
vention but my personal preference, and a convention
adopted by some other writers, is to use 1/w; as the transit
time for an ideal transistor and 1/wy as the transit time
for an actual transistor.

D. E. HOOPER

Harwell, Berks.
Electronics Division, UK. A.E.A.

References
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The author replies:

Other letters have been received, and in replying to
Mr. Hooper, I hope that I am answering other corres-
pondents.

The article was intended as an introduction to the
difficult subject of the high-frequency behaviour of
transistors and since it catered for readers unfamiliar
with this subject, it is almost inevitable that those who have
made a special study of this field would find it over sim-
plified and to that extent inaccurate.

(i) Perhaps the central point is my assertion that
Ja» f1 and fr are all roughly the same frequency. If «
is plotted as a complex quantity at different frequencies,

then a curve of the form o = a, sech 4/jwrp is obtained
for the internal current gain, where «, is its low frequency
value, and 7p is the minority carrier diffusion time
constant across the base region. This is shown in the
diagram. In the article I was simplifying this to the
dotted semicircle, and this is equivalent to taking only the

first two terms of the expansion of sech 4/jwp in series

0

erequency
4

form. It is true that drift transistors deviate even further
from the semicircle and perhaps I should have mentioned
that then my approximation would be a very rough one.
At normal frequencies of operation, and up to f,, I
maintain that this semicircular approximation is per-
missible as a first approach, and with this simplification
fo f1 and fr are indeed identical. I consider that the
more refined theory which gives f, = 1.22 f; more suitable
for an advanced treatment, and for this Mr. Hooper’s
own paper in Proc. I.R.E. of Australia is excellent.

(ii) Since, in the approximation I have used, f1, fx and
f« are taken as the same frequency, it is immaterial

whether one writes fg = Iy o fg =%

(iii) In the fs section of the main text of the article
(as distinct from the “ Derivations > section at the end),
I purposely avoided any j terms which might not have been
understood by all readers. My sole intention here was to
show by using nothing more than simple arithmetic that
B will fall off much more rapidly than =, and that it is not

unreasonable for fg to be about Ja:

3

In the * Derivations ” section, which I hoped would
be read by those wishing a somewhat fuller treatment,
I presupposed a knowledge of j and gave the correct proof.
(But this, of course, also assuming a semicircular locus
for ).

Mr. Hooper may consider this oversimplification to be
wrong, but I hope he does not think that I didn’t know
any better!

(iv) The expression f; = fy 1/2x,—1 is also based on the
semicircular locus, which Mr. Hooper considers to be
founded on an inadequate physical model. Here again
I must stress that I was reducing the subject to its very
simplest terms consistent with obtaining useful results
for those approaching the subject for the first time.

(v) Mr. Hooper is quite correct. I was considering the
case of current-fed stages, which is a common assumption
in elementary treatises. As he says, wide-band amplifiers
fed from low source impedances can give much higher
gain-bandwidth products.

I feel that the differences between the results obtained
from the greatly simplified approach I adopted and those
obtained from the fuller and more exact treatment Mr.
Hooper proposes, are of importance only to those who
already have a good understanding of this subject, and to
whom the article would be quite superfluous anyway.

I would prefer readers to understand an approximate
treatment than to be unable to follow a more exact one.

This one can find in any good text-book.

D. N. TILSLEY

Noise in Audio Amplifiers

I FEEL there are certain false approximations and surmises
used by Mr. Tharma (“Noise in Audio Amplifiers,”
Sept. issue) which can influence some of his conclusions.

In order to obtain data on tape noise spectrum he has
adapted curves given in his reference 2, which relate to
measurements taken with full track system at a tape
speed of 15in/sec and equalized to N.A.B. standards,
which he has merely bodily lowered by 10dB in order to
compare results with a }'track system at 3.75in/sec. ,

First, the reduction in output e.m.f. produced by

- quartering the track width will be 12dB (actually this will

be more since 1 track standard is less than this fraction of
zin tape) and not 10dB as estimated. The reduction in
tape speed has no effect on the head output e.m.f. for the
same recorded low frequencies. From Tharma’s reference
g (page 193) the output e.m.f. of a magnetic head is given
yi—
V = 4.44 @ f N (Volts)

where @ is the total useful flux; f = frequency and N the
number of turns in the head windings.

Secondly, the reduction in tape speed will lower the
pass band of the system and would thus alter the ““ charac-
ter >’ of the noise spectrum. Fig. 8 and Fig. 10 show the
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noise spectrum extending to beyvond 15kc/s which is
applicable to the original reference at the higher tape
speed but can be considered to exceed normal perform-
ance at 3.75in/sec.

Thirdly, the derivation of the head output e.m.f. for a
2H head by use of the expression V, = 3 /L, mV at
'1 kc/s, seems vague in the lack of inciluding any known
magnetic tape flux value. Reference is made to °full
modulation on tape ” but this has not been defined. If
full modulation means a system in which all the para-
meters have been adjusted for maximum output (at the
stated frequency) i.e. maximum sensitivity for a particular
tape medium, then the figure of 4.2mV for a 2H head
seems unduly low.

Fourthly, the reference data on tape noise spectrum
was originally subjected to N.A.B. equalization of 50
psec (turnover point 3.2 kcfs, where the ear is most sensi-
tive) and cannot therefore be used to give a true com-
parison with a 3.75 in/sec system the equalization of which
is normally 140 usec to 200 usec (1.3 kc/s—800 ¢/s).

Finally, the reference tape noise spectrumn was obtained
with a particular tape (Irish 211) which was subjected
to a bias level corresponding to * peak output for a lkc/s
signal.” The resulting data is therefore only applicable
to ““ zero modulation noise > and it specifically excludes
“ modulation noise > which exists only in the presence
of a signal and is a function of the instantaneous amplitude
of the recorded signal. The data, therefore, cannot be
used to arrive at a dynamic signal-to-noise ratio, but
would be applicable for an assessment of a basic back-
ground tape noise during modulation pauses. If a * zero
modulation > tape noise quantity is shown as a ratio of a
signal at maximum recording level, a typical figure will
be 60 dB. However, for the same medium a “ modulation
noise ”’ ratio carried out to DIN 45 519, sheet 2, will
indicate a  signal-to-modulation ” noise ratio of only
35dB.

London, N.W.7. R. G. T. WARREN

The author rveplies:

Mr. Warren’s comments are very interesting, but
these do not affect our conclusions.

Inaccuracies of a few dB in the tape noise spectra are
not significant as the noise spectra of the amplifiers are
about 15dB below tape noise.

The differences between the spectra with AC107 and
EF86 do not depend on the actual signal output from
the head. So our conclusions are valid, irrespective of
whatever heads or signal levels are chosen.

Obviously, as the amplifier noise is well below tape
noise, it is also very much below modulation noise.

P. THARMA

Tape Guides

HAVING read with interest the recent correspondence
on materials for tape guides, I'd like to suggest an
explanation.

Although ideas in electrostatic forces have been intro-
duced it seems probable that such forces would still be
quite small compared with the simple mechanical fric-
tion, and it is thermal conductivity rather than electrical
conductivity which may influence the result, Similar
effects are well known to mechanical engineers in rela-
tion to bearing metals.

When tape is driven past a tape guide, work is done
in overcoming the force of friction between the two
materials. The work done is equal to the distance
moved by the tape and the friction force opposing the
motion, This work is converted into heat in the small
areas of contact which rise in temperature until equili-
brium is reached between heat generated and heat dissi-
pated. Because the contact areas are small the
temperature rise may be sufficient to melt the contact
“peaks” on the tape guides. The corresponding area
of tape involved is so much greater that heat is more
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readily dissipated and melting is much less likely to
occur and even more less likely to be detected.

This phenomenon of local melting, followed by ad-
hesion and tearing is commonly observed in metal bear-
ings which have been overloaded or underlubricated.
The lubricant in well-designed bearings not only in-
creases bearing support area and substitutes fluid fric-
tion for friction between solids, but also helps greatly
to conduct the heat away without excessive temperatures.
Lubricants are not easily applicable to tape guides. The
high temperatures generated by rubbing solids is well
known by the famous method of starting a fire by rub-
bing dry sticks together, dry sticks are poor thermal
conductors. ‘

If the above ideas apply, one would expect that the
most suitable materials for tape guides would have a high
melting point and preferably a high thermal conduc-
tivity as well as low coefficient of friction. The familiar
highly polished, heavily chrome-plated metal guides
satisfy this requirement well. Glass apparently succeeds,
despite poor thermal conductivity, because of its high
melfting .point compared with synthetic materials like
p.tf.e.

When local melting of tiny rubbing areas on tape
guides takes place, irregular adhesion is likely to follow.
the irregular dragging force in the tape would then be
expected to cause elastic oscillations or flutter in the
tape movement as has been observed.

London, N.W.10. W. G. EALY

Eiectrostatic Attraction

BEFORE we spend time pondering upon the scientific
implications of the tingling sensation experienced by
Mr. Priestley (p. 501, Oct. issue), when he touched his
wife’s hand, could he please confirm that he was not on
his honeymoon at the time?

Send, Surrey. P. J. LEE

N.T.5.C. Colour

MAY I “rise to defend” the N.T.S.C. colour system,
as used in my country for some years, especially to
correct what I regard as a few misconceptions as
expressed in the article in the September issue of W.W.?
For one, the service problem: having recently had
occasion to make a survey along these lines in connec-
tion with my own work, I can report that the unani-
mous opinion of dealers’ service managers, and indepen-
dent technicians, is that colour sets require “far less
service than black-and-white”! (Direct quote from
several.) This may be due in part to somewhat more
careful construction, or closer quality control inspec-
tion, but it is a fact. My own experience verifies this.

As to assorted distortions and differential fadings,
etc., I may hold the world’s record for continuous long-
distance colour TV reception; my best colour station is
over 200 miles from my home in the Arkansas Hills.
During more than eight years of every-day observation,
I have had very little trouble with colour, per se; in
fact, one ot my tavourite *‘ prop stories” concerns the
time when a signal faded completely out, leaving a
Cheshire-cat-like bright red sweater worn by a lady as
the only distinguishable object on the screen! Experi-
mentally turning the colour off eliminated this, leaving
nothing but snow! There have been difficulties, of
course, but no more than in black and white, and very
few of them attributable solely to colour. Colour trans-
missions have, in general, been of excellent quality,
especially the live shows. There have been some diffi-
culties on the taped shows, but the consensus of opinion
among transmitter engineers seems to be that this is due
mainly to inexperience on the part of network operators,
and not to any basic faults in the equipment. TFape
transmissions, as of now, are generally slightly inferior
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in quality to live transmissions, but this can, and un-
doubtedly will, be remedied in the future.

I favour the inclusion of what we call “Color” (in-
tensity of colour, or saturation of colour) and “ Hue”
(the actual “colour of the colour” or tint) controls, for
customer operation. Just as brightness and contrast
controls allow for an infinite range of adjustment on
B/W pictures, from very pale to very dark, so do these
controls allow the user to set up the picture to suit his
own individual ideas! This, I should say, makes for
better customer satisfaction with the whole idea. I’ve
seen, in making service calls and demonstrations, how
wide the range of “proper adjustment” can be! One
will set up the screen with colours barely visible; an-
other to what your author describes quite aptly as rude
almost indecent health!

The only difficulty I've encountered, in actual field
work, is of the type I ran into when setting up a colour
TV for one married couple whose contentiousness was
known far and wide. I set up the screen according to
my own ideas. He promptly said, “It’s too blue “; she
replied, “No, too green!” So I tried to find a com-
promise setting. No luck. Finally, in desperation, I
showed them both how to work the colour controls,
and said quietly, “ There it is—from now on you can set
it up to suit yourself! ” and disappeared into the wood-
work! So they argued happily all that winter about
whether the faces were bluish or greenish! This was
not as bad as it sounds, as they had about run out of
fresh subjects for argument anyhow, and they are now
getting along better (outside of viewing hours) than
ever before!

A final word as to cost. From what I have seen of
the prices, we can expect to see colour TV sets ranging
from $400.00 upwards. Most manufacturers use the
same chassis in all models, the sole difference being the
cabinetry used. Motorola is in production on the new
90-degree rectangular colour picture tube, using a
modification of a previous chassis aside from the special
circuitry required to attain good convergence in the
corners; most others use the original R.C.A. shadow-
mask tube. As far as I can gather, aside from these,
there are no plans to produce in commercial guantities
any types of colour sets other than these two. Set-
makers are still busily conducting colour schools for
servicemen, and these are well attended. Dealers are
reporting greater colour sales than ever, and one large
dealer actually had more colour TV sets on his sales
floor than black and white!

Mena, Arkansas, U.S.A. JACK DARR

Wireless Telegraphy in the Royal Navy

WHILE supporting the principal contention of “Free
Grid ” in your issue of April 1963 (“ Unbiased,” p. 203)
that wireless telegraphy was used by the Royal Navy for
several years before the first installation in a merchant
ship, I feel that he tends to overstate his case when he
claims “the R.N. was using wireless . . . in 1893.” It
is true that Sir Henry Jackson probably already had the
idea of wireless telegraphy in 1893 (a good many people
had); he was unable to put the idea into practice for at
least two years.

My researches into this period are, as yet, not suffi-
ciently complete to give an exact date to the first R.N.
experiments, but we already know the year from Sir
Henry’s own statement: “In 1895, systematic experi-
ments were commenced by me with a view to utilizing
the effect of Hertzian waves on imperfect electrical con-
tacts, for naval signalling purposes.” (Proc. Roy. Soc.,
Vol. 70A, p. 254: 1902.) This means that the first trials
were about a year later than those of Lodge and roughly
contemporary with those of Marconi.

Nevertheless, the Royal Navy was the pioneer of
maritime radio, and not only on a basis of early experi-
ment. The practical value of wireless telegraphy at sea
was demonstrated as early as 1899, when Marconi sets
were installed in three cruisers for the annual manceuvres
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(see G. Marconi “Wireless Telegraphy ” Nature, Vol,
61, pp. 377-380: 1900). This is approximately two
years before the first Marconi installation in a merchant

vessel.
Scampton, Lincoln, ROWLAND F. POCOCK

Television in Hospitals

THE regulations governing the hiring of television
receivers make special provision for the short-term needs
of patients in private rooms. It would not be illegal for
me to hire a television set for my wife, who will be in
hospital for the next fortnight, although I may not hire
one for myself for less than three months.

I am concerned, however, with the possible, not the
permitted. One large hiring service will not consider
contracts below three months, another quotes a mini-
mum charge of £8. I have been urged to have a 625-
line set, although it was admitted that I should then
have to pay for an aerial. It is not certain whether a
receiving licence would also be needed: if so, the total
cost amounts to roughly £1 a day, even without the
pleasure of watching Band IV test programmes.

Surgical cases are usually adequately identified: after
all, the surgeon does not want them to disappear without
paying his fee. Since even the Board of Trade has
shown some consideration for hospital patients, could
not the rental companies risk a few portable sets for the
prudent sick who have insured themselves against the
long wait for the public ward.

London, W.8. THOMAS RODDAM

The arrangement to which Mr. Roddam refers is not inherent
in the regulations, but is a concession granted at discretion to
local dealers who must themselves apply to their regional office
of the Board of Trade.—ED,

RADIO COMMUNICATIONS EXHIBITION

THIS year’s International Radio Communications Ex-
hibition, previously known as the Radio Hobbies Ex-
hibition, which opens at the Seymour Hall, Seymour
Place, London, W.1 on October 30th for four days, is
the sixteenth in the series sponsored by the Radio
Society of Great Britain. The show will be officially
opened by F. C. McLean, B.B.C. Director of Engineer-
ing, at 12.0 on the first day.

The R.S.G.B. will be operating two stations at the
show one using the Society’s headquarters call GB3RS
and the other using GB2ZVHF. The latter call has been
granted by the Post Office especially for use at mobile
rallies, etc. As this is the jubilee year of the Society
a display of historic equipment is included.

As will be seen from the following list of exhibitors
there are a number of “users ”—both professional and
amateur—as well as manufacturers and suppliers of
equipment taking part.

A feature of the exhibition is the annual competitions
for home constructed and commercial equipment. On
the W.W. stand will be demonstrated some of the
recently described pieces of equipment including the
W.W. oscilloscope, stereo balancer and audio signal
generator.

Admission to the show, which opens daily from 10.0-
9.0, costs 3s,

Aveley Electric.

R.S.G.B.
Amateur Radio Mobile

Ralfe Radio.

Society. Roding Boys’ i i
British  Amateur Television Gro%p). ye" Society (Radio
Club. Royal Air Force.
B.B.C. Royal Navy.
Daystrom. . Royal Signals—Special T.A.
Electroniques (Felixstowe). Communications Regt.

Enthoven Solders.

G.P.O. Engineering Dept.
Green & Davis.
Hammarlund.

J-Beam Aerials,

K.W. Electronics,
Minimitter Co.

Philpott’s Metalworks.

Salford Electrical Instruments.
Selray Book Company.

Short Wave Magazine,
Stern-Clyne.

Webbs Radio.

Withers Electronics.

Wireless World.
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U.K.-LEire Section of LE.E.E.

THE Institute of Electrical and Electronics Engineers,
formed by the amalgamation of the American Institute
of FElectrical Engineers and the Institute of Radio
Engineers, is a “ non-national” society with interests in
all parts of the world. The European Region 8 is
regarded as being bounded by the Urals and the north
coast of Africa and already includes sections in the
Benelux countries, Egypt, France, Israel, Italy, Norway
and Switzerland. The formation of a United Kingdom
and Eire Section is now announced with headquarters
‘at 2 Savoy Hill, London, W.C.2, where the I.LE.E. has
offered facilities for meetings, and office assistance.
Officers of the new Section are Dr. R. C. G. Williams
(chairman), Sir Harold Bishop and Sir John Hacking
(vice-chairmen), Dr. R. L. Smith-Rose (treasurer), F. S.
Barton (secretary) and R. C. Winton (assistant secretary/
treasurer). Pending the establishment of an executive
commiittee, an advisory committee drawn from the power
and electronics sides of the profession will act on behalf
of the I.LE.E.E. Board of Directors. Its constitution is
as follows: Dr. T. E. Allibone, Sir Edward Appleton, Sir
Noel Ashbridge, Prof. H. E. M. Barlow, S. L. M.
Barlow, F. S. Barton, P. A. T. Bevan, Sir Harold Bishop,
C. O. Boyse, Dr. R. C. Cuffe, B. Donkin, Dr. P. Dun-
sheath, B. de Ferranti, Sir Archibald Gill, Sir John
Hacking, D. P. Sayers, Dr. R. L. Smith-Rose, Dr.
R. C. G. Williams (chairman) and A. J. Young.
~Membership of the new Section is approximately
1,100. Total membership of the LE.E.E. is 160,000
and of the I.LE.E. 50,000.

Compatiblé S.S.B. Modulation

THE B.B.C. are to test compatible single sideband
(¢.s.s.b.) modulation equipment developed in the Eind-
hoven research laboratories of the Philips Group. If
these laboratory tests prove satisfactory, the B.B.C. may
apply to the P.M.G. to operate an experimental ¢.s.s.b.
transmitter in the h.f. band.

This method of modulation, which basically, is an
-amplitude modulation system having the advantages
of s.s.b., yet can be detected with a conventional envelope
detector (as in a domestic receiver) without introducing
distortion, has been known for a number of years.
Probably the best known of the earlier systems, which
have been developed for h.f. and m.f. applications, is
that of Leonard R. Kahn and a paper by him titled
“A compatible single sideband modulation system”
appeared in the Proceedings of the Radio Club of
America in. March, 1958. The system the B.B.C. is to
test, which has the same objectives as the Kahn system
although it makes use of some different theoretical
principles, is described in the paper “A method for
obtaining compatible single sideband modulation” by
van Kessel, Stumpers and Uyen in the February, 1962,
issue of the E.B.U. Review (No. 71A).

The Netherlands radio authorities have already under-
taken some experimental transmissions and it seems
to be clear from these and other experiments that the
system has several advantages over the conventional
amplitude modulation systems, These include a better
signal-to-noise ratio for an identical transmitter power
(and will therefore increase the service area of the trans-
mitter) and a reduction in adjacent channel interference
(assuming the correct sidebands are chosen and the
transmitters are strategically placed).

The results of the B.B.C.’s tests will be made available
to the C.C.I.R.
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COMPAC Complete

ON the 10th October the final splice in the 8,700-mile
Commonwealth Pacific telephone cable (COMPAC) was
made off Leeward, Oahu, one of the Hawiian Islands
in the Pacific. Extensive testing and “lining up” of
the cable and the shore-based stations, which control
the repeaters, is under way and the system is expected
to come into operation early in December, }inking
Canada with New Zealand and Australia. This is the
second phase in the U.K. to the Far East telephone link
and, using the transatlantic cable CANTAT—which was
commissioned in December 1961—and a new 3,000-mile
microwave link spanning Canada, will provide 80 simul-
taneous telephone channels between the U.K. and
Australia. London and Sydney telephone operators will
be able to dial right through to subscribers at each end
of the link and any of the 80 telephone channels can
carry up to 22 telegraph circuits.

The cost of COMPAC, which has been jointly
financed and organized by Britain, Canada, New Zea-
land and Australia has been put at £26,000,000. The
third phase of the project is the laying of the South-
east Asia Commonwealth cable (SEACOM), which will
connect Singapore, Hong Kong, North Borneo and
New Guinea to Australia and is scheduled for com-
pletion in 1966.

Modifications to Rugby GBR

TO improve the constancy of signals radiated by GBR
(Rugby) at 16kc/s, modifications have recently been
made to the aerial coupling circuit. Frequency is
normally held to a few parts in 10'° but changes of aerial
radiation impedance due to icing, low clouds and move-
ment in high winds can cause not only 509 fluctuation
of radiated power but also changes of phase, amounting
to as much as +45°.

Formerly, long-period changes have been compen-
sated manually by adjustment of a variometer forming
part of the aerial inductance. Now the variometer is
servo-controlled, the phase of the aerial current being
compared with a reference derived from the outpur of
the final amplifier. The new system is capable of
responding to changes of tune during a single telegraph
element of 20msec and with a residual phase error of
less than +1°.

To complete the stabilization the main aerial tuning
coils, wound with 6561/36 Litz cable on 16ft-diameter
wooden spiders, have been stiffened to overcome phase
jitter caused by electromechanical vibration at about 3
to S5c/s during on-off keying,

The overall performance is now such that the aerial
current is constant to 0.1% and the phase relative to
the crystal drive is generally within 0.5° with occasional
excursions to 1°,

The station is widely used as a frequency standard
and for comparison of time signals.

British Weeks in Europe.—The Export Council for
Europe has announced that next year’s ““ British Weeks ”
are to be held in Diisseldorf (23rd-31st May) and
Copenhagen (25th Sept.-4th Oct.). Comprehensive
handbooks have been prepared and are available from
the Export Council for Europe, 21, Tothill Street,
London, S.W.1.
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B.C.A.C. changes to U.K.A.C.—At the annual general
meeting of the British Conference on Automation and
Computation Council held in London on 9th October,
agreement was reached to adopt the new name of
United Kingdom Automation Council. J. F. Coales,
O.B.E., Reader in Engineering at Cambridge University,
was elected chairman of the Council in succession to
Sir Walter Puckey. A list of the 33 professional institu-
tions—including the British Computer Society, the
Brit.L.R.E., the I.E.E., the Inst. of Physics & Phys. Soc.,
and the Society of Instrument Technology—which con-
stitute the membership of the Council may be obtained
from the honorary secretary, F. Jervis Smith, c/o
I.EEE., Savoy Place, London, W.C.2.

TV for Kuala Lumpur.—A Band III 625-line tele-
vision service is scheduled to start in Kuala Lumpur,
Malaya, next month. This is the second city in Malaya
to have television, as a service was started in Singapore
last April, and is part of the first phase of the Malaysian
Television Service. Pye T.V.T. Ltd. supplied and
installed the Kuala Lumpur 5kW transmitter and E.M.I.
Electronics Ltd. have been awarded a contract to supply
£100,000 worth of studio and o.b. equipment. The
transmission and studio equipment for the Singapore
service, which now operates on two Band III channels,
was supplied by the Marconi Company (reported in the
April issue). The associated o.b. equipment is Japanese.

African Communications.—The International Tele-
communication Union (I.T.U.) has sent a small mission
to Addis Ababa to assist in establishing the future tele-
communications network of Africa. The aim of the
mission is to bring about increased direct communica-
tion facilities between African countries. The LT.U.s
assistance was requested by the Executive Secretary of
the United Nations Economic Commission for Africa.

AF.CEA.—The new president of the Lendon
Chapter of the American Armed Forces Communica-
tions-Electronics Association is Capt. J. R. Penfold of
the U.S. Navy. As the membership of the Chapter
includes many British electronics engineers several
members of the executive committee are British.
H. Schwartz (Decca) is 2nd vice-president, and Sir
Reginald Payne-Gallwey (consultant), L. T. Hinton
(8.T.C.) and W. C. J. Nixon (G.E.C.) are associate vice-
presidents.

Apprenticeship Awards.—At the M-O Valve Com-
pany’s apprentices’ open evening (4th Oct.) completed
indentures were presented and also two special awards
for the year’s best apprentices—M. A. Corden (elec-
trical) and C. R. Maund (mechanical). In addition to
craft apprenticeships, which now also include glass
engineering, the firm offers technician and student
apprenticeships, the latter leading to the Dip.Tech. in
applied physics or electrical or mechanical engineering.

Schools Lectures.—Among the series of lectures at
the Royal Institution for sixth form boys and girls from
schools in the London area is one by Sir Lawrence
Bragg on electricity and magnetism. It will be given at
5.30 on 5th November and repeated on the 6th, 12th
and 13th. Prof. R. L. F. Boyd will lecture on the
exploration of the upper atmosphere by space vehicles
on 26th November and again on the 27th and December
3rd and 4th. Applications for tickets should be made
to the Royal Institution, 21 Albemarle Street, London,
W.1.

The Electronic Engineering Association has now
issued Section 2 of its “ Guide for joints on electronic
equipment ” dealing with “crimped joints for general
purpose electronic cables.” Copies of this guide are
available from 11 Green Street, London, W.1.

Total attendance at the Berlin Radio Exhibition,
which closed on 8th September, was 417,500. At the
last exhibition in 1961 there were 387,500 visitors.
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L.F.A.C. Werld Congress.—The International Federa-
tion of Automatic Control held its second world con-
gress in the Swiss Industries Fair building in Basle,
Switzerland, over the period 26th August-4th Septem-
ber. J. F. Coales, from Cambridge University, has been
appointed the new president in succession to Professor
E. Gerecke, who retired at the congress on the com-
pletion of his term of office. The next I.F.A.C. Congress
is to be held in London in June, 1966,

U.H.F. Television Stations.—According to the latest
edition (No. 8) of the list of European television stations
issued annually by the European Broadcasting Union
there are now about 150 u.h.f. television stations
operating in Western Europe. Over 90 of the stations
are in the Federal Republic of Germany and some 50
in Italy. The publication, which lists the stations in
all four television bands, is obtainable from the EB.U,
Technical Centre, 32, avenue Albert Lancaster, Brussels,
price 50 Belgian francs, and includes six bi-monthly
supplements.

The end-of-the-year vacancies on the board of the
LE.E. Electronics Division are being filled by the fol-
lowing: P. A. T. Bevan (I.T.A.) and Prof. A. L. Cullen
(Sheffield Univ.) as vice-chairmen, and Dr. R. L. Beurle
(Nottingham Univ.), H. V. Beck (Marconi Inst.), W. J.
Bray (G.P.O.), E. M. Hickin (G.E.C), Dr. D. W. Hill
(Royal College of Surgeons), J. Redmond (B.B.C.), Dr.
K. F. Sander (Cambridge Univ.) and S. G. Young
(G.P.0O.), as ordinary members.

H.M.S. Leander is the first of several vessels of the
Royal Navy to begin testing a new anti-submarine
device known as Variable Depth Sonar. This device is
towed behind the ship and can be lowered to consider-
able depths to enable a sonar beam to be transmitted
below the reflecting temperature discontinuity layers
which often impede the.passage of sonar transmissions
from hull-mounted apparatus. The equipment, which
was developed in Canada by E.M.I.-Cossor Elec-
tronics Ltd., in conjunction with the Canadian Defence
Research Establishment, has proved very successful in
trials undertaken by the Royal Canadian Navy.

Another Anglo-American Link.—The transatlantic
telephone cable TAT-3, linking Britain to the United
States, came into service on 16th October, just five
weeks after C.S. Long Lines, the American cable laying
ship, left Southampton with 1,700 n.m. of S.T.C. cable
to complete the American end of the project. Details
of TAT-3 were given in the October issue, p. 502.

Band III B.B.C. Station.—The B.B.C. is to build a
Band TII television station at Winter Hill, Lancashire,
to reinforce the existing Band I service from Holme
Moss. Temporary arrangements are being made to
enable transmissions, on Channel 12, to start at the
beginning of next summer and the permanent installa-
tion—which, incidentally, will share the same site as
the present I.T.A. station—should be completed in 1965.

The Electrical Research Association, of Cleeve Road,
Leatherhead, Surrey, has issued a booklet “E.R.A.
Electronics™ to show more clearly what the Association
is doing in the electronics field. It describes briefly
the work being done on the electrical properties of
thin'films, on component reliability, etc.

The third Industrial Photographic and Television
Exhibition opens at Earls Court on 11th November, for
six days. It is open daily from 9.30 to 6.0 (4.0 on

Saturday).

ILMAC 1966.—The third international exhibition and
congress of laboratory, measurement and automation
techniques in chemistry (ILMAC) will not be held
until 1966. The dates are 17th-22nd October and the
venue Basle,
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NEWS FROM INDUSTRY

International Computers and Tabulators Ltd. have
acquired the computer department of Ferranti for a
consideration of £6.25M (1,900,000 fully paid shares
and £1.5M in cash). The personnel of the Ferranti
computer department, which total over 1,900, have been
invited to join the I.C.T. organization. Basil Z. de
Ferranti, M.P., who will remain a director of Ferranti,
has been appointed deputy managing director of I.C.T.
The digital systems department of Ferranti, at Brack-
nell and Oldham, which designs and manufactures
digital and data-transmission equipment principally for
military and other special applications, will not be
transferred to I.C.T., nor will the industrial control
systems department at Wythenshawe.

Electric and Musical Industries Ltd. have announced
that their group profits for the year ended 30th June
topped the &£5M mark. Net profit amounted to
£2,405,000 and showed an increase of £89,000 on the
previous year’s results. Incidentally, the directors said
the electronics side of the business for the year had been
very disappointing.

Net profit of Telefunken G.m.b.H. for the year ended
31st March ameounted to £1,750,000 (DM 19,600,000)
and represents an increase of £187,500 (DM 2,100,000)
on the previous year’s results. Sales compared
with 1961/62 increased by 11% to £73,661,000
(DM 825,000,0005.

Profits before taxation of Decca Ltd. and its subsidiary
companies were stightly up this year (ended 31st March)
at £2,958,000 as against £2,930,000 in the previous
year., Net profits were, however, slightly lower at
£1,444,000 as against £1,482,000 due to increased
taxation.

Waveforms Limited, makers of the “Graph” range
of oscilloscopes, has been acquired by the Metal Indus-
tries Group. The future activities of Waveforms are
at present under review and for the time being all
operations of the company will be conducted from the
M.I. subsidiary Avo Ltd. of 92-96 Vauxhall Bridge
Road, London, S.W.1.

Anglo-French Agreement.—The Marconi Company
has signed an agreement with Compagnie Francaise
Thomson-Houston to produce jointly a new secondary
surveillance radar ground interrogator system. The
equipment for this system, which is to be known as
SECAR, uses transistors throughout, with the exception
of the high-power output stage. Technical discussions
between the two companies have been in progress since
the end of last vear and the main units are now in
course of production.

£1M Orders a Month.—Sir Gordon Radley, chairman
of English Electric-L.eo Computers Ltd., has announced
that his company has received orders at the rate of
£1,000,000 a month since April this year when the
company was formed, following the merger of Leo
Computers Lrd. and the data processing division of
English Electric.

A series of one-day exhibitions is being arranged by
Cossor Electranics Ltd. to display their latest test gear,
v.h.f. communications equipment, delay lines and other
apparatus. The first two shows of the series are to be
held at Queens Hotel, Manchester (13th November) and
Grand Hotel, Bristol (26th November). Invitations may
be obtained from the sales manager of the instrument
division of Ceossor Electronics Ltd., The Pinnacles,
Harlow, Essex.
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d’Aviation),

The Solartron Electronic Group have received an
order to the value of £70,000 from the Air Ministry
for six specialized direction-finding simulators. These
simulators are to be used to train airfield controllers
in the operational aspects of surveillance and secondary
radar d.f. equipments., Solartron have also received
an order from the Royal Navy for a “surface tactical
and blind pilotage trainer,” which has been designed
to provide simulated radar information to several
“model ” ships simultaneously.

Standard Telephones and Cabies Ltd. have been
awarded a £200,000 contract for a new microwave tele-
phone link between London and Bristol. The London
terminal of the new link, which will operate in the
4,000Mc/s frequency band and provide 960 telephone
circuits, will be the new Post Office radio tower.

Kelvin Hughes have installed one of their radar
systems in the new British Railways ship Avalon. The
complete installation comprises two independent, but
switched, radar sets with 12in and 16in relative-motion
or true-motion displays fitted in the ship’s combined
wheelhouse and chartroom plus an additional weather-
proofed 12in relative-motion display on the flying bridge.
Kelvin Hughes are also to supply twenty-five sets of
radar equipment to Northern Trawlers Ltd.

The French Centre National d’Etudes Spatiales is
to build four satellite ground stations. The control and
tracking equipment for the stations, which will look like
the American N.A.S.A. “ Minitrack” centre, is to be
supplied by C.S.F. (Compagnie Générale de Télégraphie
Sans Fil), in conjunction with the electronics division of
the aircraft engine company S.N.E.C.M.A. (Société
Nationale d’Etude et de Construction de Moteurs
and C.F.T.H. (Compagnie Frangaise
Thomson-Houston).

Pye Ltd., in association with Technograph & Tele-
graph Ltd. (formerly Technograph Electronic Products
Ltd.), have formed a new company, Pye Printed Motors
Ltd. Its object is to manufacture permanent magnet
servo motors, with printed circuit rotors, under licence
from Société d’Electronique et d’Automatisme and Cie
Electro-Mécanique of Paris.

To facilitate quick execution of orders from small
electronics firms, maintenance departments, etc., A. H.
Hunt (Capacitors) Ltd. have appointed a number of
regional distributors. These are: Harper Robertson
Electronics Ltd. (Glasgow); A. C. Farnell Ltd. (Leeds);
Holiday & Hemmerdinger Lid. (Manchester); Gothic
Electrical Supplies Ltd. (Birmingham); Lugton & Co.
Ltd. (London); Stewart Aeronautical Supply Co. Ltd.
(Redhill); Wireless Electric Ltd. (Bristol). Bulk sup-
plies will continue to be handled by the manufacturers.

Clyne Radio Ltd., Premier Radio, and Stern Radio
Ltd., have amalgamated and are now trading under the
name of Stern-Clyne Ltd. The company opened its
seventh branch, at 26 Merchant Street, Bristol 1, on
12th October.

Television sales to retailers of the Zenith Corporation
of Illinois topped the million mark in the first nine
months of this year. This is the fifth successive year
for Zenith to pass the million a year mark with television
receivers.

The English Electric Valve Co. have appointed Max
Paul Frey, of Berne, their exclusive agents for Switzer-
land.
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BELLING - LEE NOTES

No. 46 of a series.

Is an aerial balun really
necessary at u.h.f, ?

A balun is a device for coupling a balan-
ced circuit to an unbalanced one (hence
its name), or vice versa. By a “ balanced
circuit ” is meant a circuit which is
comprised of two halves of equal imped-
ance, each of which also has a common
impedance to earth and to other electrical
circuits. A balanced circuit cannot
be connected directly to an unbalanced
one without becoming unbalanced.

Now a conventional television aerial in-
corporating a centre fed dipole, and this
includes Yagi arrays, is essentially a
balanced arrangement. It can, of course,
become unbalanced by bad design, or
by induction if mounted too close to
anything which disturbs the surrounding
field asymmetrically; mounting it vertic-
ally inevitably disturbs the balance to
some extent, however slight. If this
occurs, the two halves of the aerial are
no longer of equal impedance and the
current distribution therefore becomes
different in each half, and if a balanced
transmission line (the feeder or down-
lead) is connected directly to it, the un-
unbalanced component of the aerial
current appears in the line, unbalancing
1t.

considerably more skill and care in its
installation if the balance is not to be
upset, e.g. by stray capacitances; also,
unbalanced receiver inputs are easier
and cheaper to produce.

Fortunately, the amount of unbalance
of a coaxial cable is small if the diameter
of the cable is small compared with the
wavelength of the signals to be handled,
and this is normal practice in domestic
receiving systems. An unbalanced
current does flow in the outer conductor
(screen), and this in turn means that the
current distribution in the two halves
of the aerial dipole is unbalanced, which
affects the nulls and overall pattern of
the aerial’s polar diagram; in the case
of a transmitting aerial, it also means a
waste of power. The effect will be a
minimum if the feeder cable is correctly
matched to the aerial, i.e. if the charac-
teristic impedance of the cable is of the
same value as the centre impedance of
the aerial.

The accompanying polar diagrams,
recording the performance on channel 33
(567 Mc/s) of a typical 10-element
(reflector, dipole, and 8 directors) u.h.f.
aerial connected to a coaxial cable with
and without a balun, show how slight
the effect of a normal coaxial (unbalanced)
line is when the aerial and cable are
correctly matched for impedance. The
small amount of spoliation has 1o
practical  significance  under  normal
domestic reception conditions where local
noise is predominantly thermal, and the

VOLTAGE POLAR DIAGRAMS
8 Director array — 567 Mc/s

with balun

In practice, in order to achieve optimum
reception, it is usual to mount television
aerials clear of disturbing influences and
s0, for all practical purposes, balance is
maintained. However, in this country,
a coaxial feeder is usually employed for
conducting the signal energy to the
receiver, and this is not a balanced trans-
mission line. The reasons for this
practice are that a balanced line needs

without balun

back-to-front ratio and directivity are
imperceptibly affected as far as the
ordinary viewer is concerned. Of course,
if there is an appreciable impedance mis-
match (say, greater than 2 : 1) anywhere
in the response band of the aerial, the
effect will be magnified and it may then
be necessary to fit an impedance matching
transformer; in this event the trans.
former can be designed to function also

Y%

as a balun. The alternative is to alter
the centre impedance of the folded dipole,
which can be done by varying the cross-
section of its limbs “along their length,
and if this is done correctly, a good
impedance match to the cable can be
achieved without a transformer. A balun
then becomes unnecessary for a domestic
aerial.

COMPLETE RANGE OF
U.H.F. AERIALS

Belling-LLee make a range of
wh.f. aerials from a simple 3-
element (reflector, dipole and one
director) to an 18-element (16
directors) and a double 10-element
broadside array. These aerials
provide uniform gain over the four
local channels; the graduated di-
pole is correctly matched to the
cable, requiring no balun. They
are extremely easy to install.
For example, note the removable
cable termination, which allows
the feeder to be made up on the
ground.

BELLING-LEE

Belling & Lee Ltd.
Great Cambridge Road, Enfield,
Middx.

Tel: Enfield 5393

Most Belling-Lee products are covered by
patents, registered designs, or applica-
tions.
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of the Raytheon group, were also showing marine radars
and microwave relay systems designed and built in Italy.

Litton Industries, the American company were show-
ing inertial navigation equipment and electronic test
equipment in the aircraft exhibition. This equipment
has been shown before but they did announce that the
depth of their range of 10 to 1 potentiometers has been
reduced to half an inch.

A number of British, European and American com-
panies had stands. Solartron and EMR, both members
of the same group each had a stand, and a wide selec-
tion of equipment was shown by Philips of Eindhoven.
A particularly impressive display of measuring instru-
ments was seen at the Marconi Instruments stand. All the
instruments on show had been seen at other exhibitions
this year, but advance information on new additions to
their range of modular electronic instruments was avail-
able in their new catalogue which had just been printed.

The Marconi Instruments stand formed part of the
luxurious Marconi Italiana stand. The Marconi Com-
pany of Chelmsford also had space on this stand. A

great deal of interest was shown in the Marconi Italiana
all-transistor multichannel radio link equipment, Type
MH141. Designed to work in the 5925 to 8500 Mc/s
band, the frequency deviation is 200kc/s per channel
and the capacity is 300 to 400 channels.

While discussing colour television systems with
engineers from Radiotelevisione Italiana at their stand it
very rapidly became clear that their choice for the Euro-
pean standard was PAL. This preference was stated
most emphatically. Very different from the way B.B.C.
engineers expressed themselves in July during the
demonstration to the E.B.U. ad hoc colour group.

While there were very few visitors on the first day
of the fair the grounds were crowded on the 2nd day,
and after a fall in numbers on the third and fourth days
the number of visitors, particularly the technically
qualified, began to rise very substantially. A slow start
was perhaps to be expected at an exhibition lasting so
long—fourteen days—but to judge by the way the num-
bers had increased by the fifth day the total over the
period will be very substantial. R.B.

BOOKS RECEIVED

Essays in Electronics, by “ Cathode Ray”. A collec-
tion of twenty-two articles previously published in
Wireless World. This book is complementary to
“Second Thoughts on Radio Theorv> and is the
author’s own selection from his writings during the past
eight years. Pp. 301. Iliffe Books Ltd., Dorset House,
Stamford Street, London, S.E.1. Price 42s.

British Standard 1991: Part 6: 1963.
tions for letter symbols, signs and abbreviations in
electrical science and engineering, including electronics
and telecommunications. Pp. 51. British Standards
Institution, 2 Park Street, London, W.1. Price 12s 6d.

Batteries. Edited by D. H. Collins. Proceedings
of the 3rd International Symposium held at Bourne-
mouth, October 1962. The full papers and discussions
recording developments in primary and secondary cells,
solar batteries and fuel cells. Pp. 464. Pergamon
Press Ltd., Headington Hill Hall, Oxford. Price £6.

Der Transistor, by H. Salow, H. Beneking, H. Krémer
and W, v, Miinch. Volume 15 in the series Technische
Physik in Einzeldarstellungen. Reviews (in German)
the physical basis of transistor action, the technology of
production, general circuit theory and a final chapter on
special types, including tunnel diodes, phototransistors,
unipolar and double base diodes. Pp. 426. Springer-
Verlag, Berlin/Gottingen/Heidelberg. Price DMS82.

Ultrasonic Delay Lines, by C. F. Brockelsby, B.Sc.,
AR.CS., AM.IE.E, J. S. Palfreeman and R. W. Gib-
son, B.Sc. (Eng.), Grad.I.Mech.E. Surveys the develop-
ment and gives the basic design principles of liquid,
solid (including wire) and other forms of electroacoustic
time delay devices used in radar, colour television and
correlation techniques. Pp. 297. Iliffe Books Ltd.,
Dorset House, Stamford Street, London, S.E.1. Price
65s.

Les Fonctions de la Variable Complexe, by A. Kauf-
mann and R. Douriaux. Advanced mathematical text-
book (in French) on the theory and applications of
complex quantities and functions in engineering, in-
cluding electrical networks. Pp. 427. Editions Eyrolles,
61 Boulevard Saint-Germain, Paris V¢, Price NF81.60,
by post.
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Recommenda-

B.B.C. Engineering Division Monographs.

No. 47. “Vertical Aperture Correction Using Con-
tinuously Variable Delay Lines ”, by D. Howorth, B.Sc.
Tech., Grad. LE.E.

No. 48. “ The Development of B.B.C. Internal Com-
munications ”, by J. M. Chorley, AMIEE, and J. S.
Norwell,

No. 49. “ Apparatus for Measurement of Non-linear
Distortion as a Continuous Function of Frequency 7,
by H. D. Harwood, B.Sc., A.lnstP., AM.ILEE., in-
cludes some interesting results from the application of
this method to loudspeaker testing,

The prices of the above, which are obtainable from
B.B.C. Publications, 35 Marylebone High Street, Lon-
don W.1, are 5s each by post.

Printed Wiring and Printed Circuit Techniques.
Survey of the materials, processes and recommended
standards involved in production. Pp. 49. Prepared
by the Electronic Engineering Association and printed
by Iliffe Books Ltd., Dorset House, Stamford "Street,
London, S.E.1. Price 5s (5s 5d by post).

INFORMATION SERVICE FOR
PROFESSIONAL READERS

To expedite requests for further information on
products appearing in the editorial and advertisement
pages of Wireless World each month, a sheet of reader
service cards is included in this issue. The cards will
be found between advertisement pages 40 and 41.

We invite readers to make use of these cards for all
inquiries dealing with specific products. Many editorial
items and all advertisements are coded with a num-
ber, prefixed by 2WW, and it is then necessary oniy
to enter the number(s) on the card.

Readers wili appreciate the advantage of being able
to fold out the sheet of cards, enabling them to make
entries while studying the editorial and advertisement
pages.

Postage is free in the U.K., but cards must be
stamped if posted overseas. This service will enable
professional readers to obtain the additional informa-
tion they require quickly and easily.
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First International Telemetering Conference

SINCE 1950 when the first joint meeting was
held in Philadelphia, proponents of both the military
(largely “aerospace”) and the industrial sections
of the art have met in the U.S. in the National
Telemetering Conferences. This year a major step
forward was taken with the inauguration of the
International Telemetering Conference in London.
This was sponsored in America by the Institute of
Aeronautics and Astronautics, the Instrument
Society and the I.E.E.E., and, in the U.K,, by the
Brit. I.R.E. and the I.LE.E. The L.E.E. were the
“host ” organization, the Conference being held in
the Institution building at Savoy Place.

Scope of the Conference:—Because of the many
technologies involved telemetry is a wide and com-
plex subject. Also, because of the way in which
these technologies interlock, it is not easy to arrive
at clear-cut divisions for discussion. This occasion
was no exception, and it was evident that the joint
programme committees had encountered this prob-
lem which had been made more difficult by the
need to compress a total of 59 papers into what was
effectively a period of only three and a half days.

Nevertheless the original conception of two main
types of telemetry was brought out from time to
time, particularly in connection with what was per-
haps the most controversial issue raised during the
Conference—Has telemetry reached maturity?

As with all good debating points, a considerable
number of arguments were put forward on both
sides, one outcome of which was to enable a picture
to be obtained of the relative state of development
reached in specific areas. Thus it became clear
that, defining maturity as a state of complete de-
velopment, this was much more likely to be achieved
with public utility telemetry (i.e. pipe line control
and electricity distribution systems) than with
systems for aerospace vehicles. Public utility re-
quirements and hence telemetry design can be frozen
at an early stage, whereas aerospace vehicles and
their instrumentation systems are almost invariably
under continuous development. For public utility
and similar applications telemetry systems have
been produced which could be described as mature
at the time they came into use.

The last point was brought out clearly in “ Thirty
Years of Grid Telemetering ” by Mr. P. F. Gunning.
Equipment described in this paper gave the per-
formance demanded of it and did not have to be
replaced by new systems until fresh operational
requirements arose. For instance the “phototele-
meter,” introduced in 1935, remained in service for
nearly 20 years. This and other grid telemetering
systems associated with the 30 years period covered
by Mr. Gunning were shown working in their origi-
nal form in the conference exhibition at Savoy Place.

Technical Thought and Practice:—The speakers
whose names have already been given were those

WIRELESS WORLD, NOVEMBER 1963

LONDON, 23RD TO 27TH SEPTEMBER 1963

who set the scene in the opening session of the
Conference. From there on presentation was in the
hands of rapporteurs with the object of giving the
maximum possible time to discussion.

Most of the American papers were concerned with
aerospace matters, notable exceptions being papers
on oceanographic and biomedical telemetry, and a
description of a supervisory control system for a
large natural gas pipeline network stretching from
the Mexican border to the eastern seaboard of the
northern States.

Working Speeds

The last system was of particular interest in that
it was the first of its kind in the United States and
had only been brought into use comparatively re-
cently (installation was in 1962). Although not oper-
ating in the 150,000 bit/sec range of the Goddard
Data Central scheme, this pipeline telemetry system
was entitled “high speed” by virtue of its working
speed of 1,000 bauds (bits per sec). Several speak-
ers remarked on this value and contrasted it with
the much lower speeds adopted in the past for many
public utility applications, especially for the main
electricity supply links in the United Kingdom.
Obviously speed of operation is limited by the band-
width which is available. This clearly has an
economic aspect—cost increasing with the band-
width which is made available. However it was
stated in the paper that in 1960 the Bell System
Dataphone provided a data handling facility with a
system rate 80 times that of an ordinary telegraph

circuit at only four times the cost, and that overall

the “ per-bit rate ” became cheaper with increase in
bandwidth. )

In the circumstances therefore the fact that a con-
tract was awarded to a British company in 1960 to
supply a 1,200 baud system for a pipeline in Asia
became significant. The main features of the system
were outlined by a representative of the firm con-
cerned (Serck Controls Ltd.) during the discussion
period.

This account was followed by one from Ferranti
(Edinburgh) of an X band microwave radio link using
pulsed magnetrons operating directly from digitally
coded telemetry signals. The link had been supplied
for another Serck Controls installation—for the Das
Island offshore oil project—and all the equipment
from both firms had had to be designed to with-
stand the extremely adverse environmental conditions
of the Arabian Gulf. A set of demonstration equip-
ment was shown in operation at the concurrent Inter-
national Telemetering Exhibition at the Hilton
Hotel. This set incorporated a representative
selection of Serck Controls telemetry equipment
working in conjunction with Ferranti radio link units
of the Das Island type.

At this point it is apposite to consider the position
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reached with “public utility” telemetry in Europe,
and in the United Kingdom in particular, and—in
the light of comment at the Conference—to compare
it with that in north America. More than one
speaker from the U.S. did not hesitate to say that
“power industry” telemetry systems in the U.K.
and Europe were ahead of their American counter-
parts. This situation was also evinced by the Hilton
Hotel exhibition where all the British and European
firms in general were concentrating to a great extent
on industrial telemetry in one form or another,
whereas the American exhibitors were concerned
more with aerospace techniques and equipment.
There will, of course, always be a number of funda-
mental differences between the two fields. Neverthe-
less, there is an increasing tendency for many basic
techniques to become common to both.

P.C.M. and T.D.M.

One of the most outstanding examples of this trend
is the adoption of pulse code modulation and time
division multiplexing for telemetry systems for

American aerospace vehicles such as the Minuteman

missile, and, in parallel, for the more sophisticated
industrial telemetering and telecontrol systems. The
main differences lie in the degree of complexity of
the individual pulse group “words” together with
the redundant pulses (e.g., parity bits) included in
them for error checking, recognition, etc., and in the
methods used for scanning synchronization.

Thus the p.cm. code used for the Minuteman
missile is based on a 27-bit word. The last three bits
of the 27 are used to give word identification; as for
instance in the “telemeter word” where two 8-bit
analogue data blocks converted into digital form are
separated by an 8-bit digital block containing
guidance and control data. For the Compagnie des
Compteurs system for electric power networks a 25-
bit word is used, but in this case 9 bits are utilized
for checking—5 bits (numbers 9 to 13) for the com-
plementary value of the address, itself sent as a 5-bit
group, and 4 bits (numbers 22 to 25) for transmitting
in natural binary code the number of “ones” in the
word. It is of interest that the code structure
adopted for the U.S. high-speed pipeline system is
considerably more complex than this, two 36-bit
words being contained within an 82-bit message
block. The actual information is carried by the first
36-bit word and the second consists of the same
number of bits to give a complement check of the
information word. The remaining 10 bits are spaced
on each side of the two main groups to provide 5-bit
start and 5-bit stop signals. It will be appreciated
that such a large amount of redundancy should pro-
vide the high degree of system integrity which is
considered necessary for this type of application. It
was stated that “no information was preferred to bad
information,” i.e., the latter is rejected whenever
errors are detected, a measure which is usually pro-
vided for in most public utility supervisory schemes.

The other main element of time division multi-
plexing, namely, synchronization, is achieved either
as a direct locking action or by some form of “start-
stop ” or periodic correction applied at the receiving
end. A method which appears to fall in the first
category is employed in the Westinghouse binary-
coded decimal (“Westronic”) system in which a
master generator at the central contro!l station drives
transistor scanning systems at both master and out-
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stations. This equipment was shown at the I.T.
Exhibition, where it was intimated that this was a
three-frequency system in that the synchronizing
drive signals were transmitted on a “middle fre-
quency.” The other two frequencies are used to
transmit information by conventional two-tone
methods, signals being held in a temporary store or
register at the receiving end from which they are
transferred to the final (control) register through
standard gating circuits, provided synchronism over
the scan period has been “proved” and parity
checking has been carried out satisfactorily. System
operating speed lies between 100 and 250 bauds, the
upper limit being extended to 350 bauds when
required subject to the additional communication
bandwidth being available.

The G.E.C. (Electronics) “ Teledata” equipment

- i3 typical of frequency division multiplexed systems

designed to work over G.P.O. or equivalent circuits.
The gear is fully transistorized and its working
range of —10°C to +45°C may be taken as being
representative, somewhat higher figures being given
for the transmitter section and for storage and trans-
portation. In its standard form the system provides
24 basic channels, demultiplexing being carried out
by conventional bandpass filters.

One system of interest, described at the Confer-
ence, had been developed by S. Smith and Son
specifically for use in coal mines, and to meet the
requirement for intrinsic safety. The intelligence
which has to be passed from the working areas to
a central control station on the surface may either
be in analogue or on/off form, and time division
working using a solid state multiplexing switch was
adopted. Solid state devices are, in fact, employed
throughout, their low working power level making
a significant contribution to satisfying the intrinsic
safety criterion.

In the equipment shown a relatively small num-
ber of data channels—six—were provided; trans-
mitting units and receiver being linked through a
phantom transformer arrangement in order to econo-
mize in the number of conductors required. Power
supply to the remote units, and their signals.in the
reverse direction, are carried over this common
cable network. The phantom transformer system
is stated to give the necessary d.c. isolation between
the receiving equipment and the underground units.
Construction of the underground transmitter units
is based on plug-in printed circuit boards contained
within 4 in thick steel cases. External connections
are made through waterproof plugs and sockets
specially developed for this project, and having ex-
tremely low contact resistance and extraction force.

Mechanical Engineering

An outstanding paper falling in the °Industrial
System” category was concerned with the tele-
metering system evolved by the Central Electricity
Research Laboratories for the study of the vibration
behaviour of steam turbine blades under working
conditions.

Several unique problems were encountered during
the development of the steam' turbine telemetering
equipment, particularly with regard to the high tem-
pertures (150°C) and accelerations (5,000 g) and the
presence of steam and water. The “capsule”

(Continued on page 567)
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sender units are mounted in the grooves provided
in the turbine blade discs for balancing purposes.
Power is conveyed into the capsule by induction
transfer between a stationary primary winding and
a number of secondary pick-up coils on the rotating
disc. A gap of % in or more exists between the
two winding cores, and a nice design compromise
was required between the low coupling factor due
to the gap demanding a high frequency and the
increase in eddy current loss with frequency. A
frequency of about 50 kc/s has been adopted; with
three capsules an input of 70 W is necessary to feed
them with a total supply of 4% W. The modulated
radio signals are picked up in a comparable fashion.
Designed for a nominal frequency of 30 Mc/s, a
small output loop in the outer face of the capsule
‘transmits to the stationary tranmission line coupling
loop. This ingenious parallel line feeder/aerial
system is terminated by its characteristic impedance,
and gives uniform pick-up sensitivity over its whole
circumference except at the termination. This par-
ticular difficulty was overcome by placing a com-
pensating capacitive pick-up at the receiving end
termination.

In operation, capsule lives in excess of 2,000 hours
have been shown to be possible. Trouble due to
“temporary g” failures—temporary fade-out of
signals—has occurred. The mechanism involved is
not clear, but an explanation was put forward by
Mr. M. K. Kingery, of the Arnold Engineering
Development Center. The experimental programme
undertaken in this connection was, in effect, to
“squeeze potted transistors”, which resulted in their
characteristics being ““ destroyed ” for the time being,
but recovering after an appreciable hysteresis period.

The paper on piston engine research telemetering,
by Associated Engineering Limited, showed how
development had gone along parallel lines to those
adopted by C.E.R.L. The sender, working at 86
Mc/s, is small enough to be fitted inside the piston
of a standard 4-cylinder 1,500 c.c. petrol engine, is
encapsulated, and supplied from a mercury cell
mounted on the gudgeon pin so that the acceleration
forces are across the width of the cell and the plate
faces and not perpendicular to them. The cells are
constructed with high temperature seals; despite the
high acceleration and temperature conditions an
operating life of 5 hours is obtained.

With a much more severe radio propagation prob-
lem than C.E.R.L., fluctuations in signal strength
are countered by the employment of a very wide,
fast-acting a.g.c. system which has to cope with the
60 dB change which occurs between the two
extreme positions of the piston relative to the crank-
case aerial. In the receiver the Foster-Seeley
discriminator covers a bandwidth of 400 kc/s with
a constant slope, while a high gain a.f.c. system is
provided which has a range of some 5 to 6 Mc/s.

Biomedical Telemetering

The paper on biomedical telemetering by Prof-
essor Mackay of the University of California was of
considerable value on several counts. Not the least
of these was the comprehensive list of references
beginning with his original contribution (with B.
Jacobson) “ Endoradiosonde ”, published in Nature,
June 15, 1957.

Professor Mackay indicated that work on the
“radio pill” had been going on for over ten years.
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The first experiments were carried out with “ passive
transmitters™ in the period before suitable transistors
became available. By using a resonant combination
of an inductive pick-up and a condenser, variations
in the resonant frequency due to changes in the
physical quantity being measured could be detected
as with the grid-dip wavemeter, and these instru-
ments were, in fact, employed for sensing these
changes.

The development of the transistor type of trans-
mitter was also traced with particular reference to
reduction in size. The possibility of producing such
a unit capable of being implanted in the human eye
without damage appears to represent the achieve-
ment of a point well along the asymptote to the
infinitesimal.

Oceanogfaphy

The rapidly growing recognition of the need to set
up oceanographic telemetering networks on a world-
wide basis is a natural result of the corresponding
increase in the importance of oceanography. In
particular, the U.S. contributions to the session on
*“ Geophysical and Biomedical Systems ” showed that
an advanced stage of planning has been reached on
an international scale. Technically the systems have
much in common with those used for public utility
supervisory schemes. A widely distributed group of
buoys telemeter the required data e.g. temperature,
pressure, salinity, etc. back to a shore station which
interrogates them at suitable intervals. Because of
the ranges involved and associated system design
considerations, it is planned to use frequency bands
in the 4-23 Mc/s section of the h.f. band for oceano-
graphic telemetering. The h.f. band is, at present,
probably the most congested of any, and the
demands for space in it continue to grow. Con-
sequently the oceanographer will be competing for
bandwidth with a large number of users, many of
them representing public services. Nevertheless his
claims appear to be such that at least a part of his
requirements may well be met in the near future.

A far from tenuous link exists between oceano-
graphy and earth satellites such as the Canadian
“ Alouette ” topside ionosphere sounder. Its main
purpose is to measure, as implied by its functional
name, the electron density distribution from above
the ionosphere. The paper given on this satellite
elicited major interest, especially with regard to the
ground-based telecontrol system used with it.
Reliability had proved to be extremely high.
Launched from the Pacific Missile Range in
California on September 29th, 1962, less than 0.1%
failure had been experienced on telecontrol com-
mands over this period. The telecontrol system is
based on a 7-tone command unit, the tones, lying in
the audio range, are applied sequentially as amplitude
modulation of the v.h.f. carrier. The decision to
adopt telecontrol had been found to have been amply
justified, not least for the way in which power could
be switched off during the gaps between station
passes to keep within the power capacity limitations
of the solar cells. The overall policy which had been
adopted was influenced strongly by the need to make
the command, telemetering, and tracking systems of
the satellite compatible with the chain of N.A.S.A.
Minitrack stations; and had as a guiding principle

the concept of “keeping the complexity on the
ground ”. ‘ R.EY.
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Why Coaxial Cables?

By ‘“CATHODE RAY”

EVER since I wrote a two-part treatise on r.f.
cables 13 years ago and it was reissued in the book
“ Second Thoughts on Radio Theory,” I have
complacently assumed that the subject was covered.
Those who were at home with hyperbolic functions
had plenty of books from which to choose, and
those who weren’t could, I hoped, get what they
wanted from my simpler though less elegant treat-
ment. So I was surprised and slightly disconcerted
the other day to get a letter from someone who
declared that he had read the said treatment in
“ Second Thoughts ” and it hadn’t helped him.

He went on to ask quite a lot of questions, and
although I felt a few points were in fact covered by
what he had read he did succeed in convincing me
that there was a gap in available teaching on the
subject.

It is no good (it seems) to clarify, beyond even the
capacity of the dimmest to misunderstand, the

Fig. 1. Section of type of
parallel-wire cable some-
times used for linking tele-
vision set with aerial.

mysteries of reflection coefficient, standing wave
ratio, characteristic impedance, quarter-wave trans-
{ormers, etc., if you omit to mention what it is all
in aid of.

This is how, 13 years ago, I began:

“ Now that television is going ahead in a big way,
more and more people are having to become ac-
quainted with the fact that for connecting the aerial
to the set one cannot just use any old bit of wire.”
If I’d had my ear closer to the ground I might have
heard the insistent rejoinder “ Why not?”’ But
I just went on: “ One has to use a special sort of
“ feeder ” cable, and it must have the right imped-
ance.” Again, I missed the cries of “ Why?” and
plunged straight into the technicalities of impedance.

Now, after a delay that only a cable to the stars
and back would provide, but without its attenuation,
comes the simple query: Why is a coaxial cable
needed? Why not the ordinary electric sort?

It may not have escaped notice that my questioner
was concerned about coaxial cables, whereas my
treatise was entitled “ R.F. Cables.” Although the
two things have a large overlap, they far from
completely coincide. Not all r.f. cables are coaxial
and not all coaxial cables are for r.f. (which stands
for radio frequency). But it was clear that the
inquirer meant r.f. coaxial cables. I pointed out
to him that parallel-wire cables or transmission lines
are preferred for some r.f. purposes.

Talking about purposes, although I mentioned
television—because it is by far the most familiar
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—there are others. Wherever r.f. power or signals
have to be transmitted over a significant distance
with as little loss as possible, that is where r.f,
cables or lines are used. In radio communications
and radar equipment, for example.

What, in this context, is a significant distance?
It would be quite wrong to give the answer in yards,
or even metres—unless the frequency or wavelength
was known. The general answer would be: Some-
thing more than a very small fraction of a wave-
length. How about 5 yards—or, what is nearly
the same, 5 metres—for example? If this was
anything over, say, one twentieth of a wavelength
it would be significant. 20 times 5 being 100, that
works out to include all wavelengths less than 100
metres. If you think in frequencies, you will divide
300 million by this and say: Oh, yes! 3 Mc/s. As
a matter of fact it isn’t quite so simple as that, because
300 million is (in round figures) the number of
metres travelled by light and radio waves per second
m empty space. Along a cable, which is what we
are talking about, they travel slower. How much
slower depends on the kind of cable, and that we
don’t know; but 200 million metres per second is
near enough for most r.f. cables. Recalculating the
lowest frequency for which 5 metres of cable is
certainly a significant distance, we get 2 Mc/s.
For some purposes even one-twentieth of a wave-
length would be too large a fraction, and 2 Mc/s
therefore not the lowest frequency for which 5
metres of cable would matter..

I can imagine my questioner asking, Why?

The waves take time, however short, to move from
A to B, so there is a phase difference between the
two points, and it is this phase difference that is the
significant thing. For most purposes even one
twentieth of a cycle (18°) is appreciable.

(2)

And so we find that a few inches don’t matter very
much at the frequencies used for television—at
least, on the present bands I and III—but they
matter a lot with centimetre waves, At the other
extreme, a mile of cable would introduce only about
one fourteenth of one degree of phase difference at
power frequency (50 c/s.).

Going back to where we got involved in this ques-
tion of distance, we should note that the first require-

Fig. 2. (o) Unbalanced
and (b) balanced termin-
ation for parallel-wire
line.
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ment of the cable is that it should transport r.f. power
with negligible loss. There are three different ways
in which it can lose power. The most obvious,
perhaps, is in the cable itself; due to the resistance
of the conductors to current flowing through them
and the behaviour of the insulating materials to
capacitive currents. There can also be loss by radi-
ation—and, to ‘the extent that there is, liability to
mntereference entering such cable used to link a
receiver with its aerial. Lastly there is the more
involved subject of impedance mismatching. This
doesn’t so much actually waste power as limit the
amount transmitted, to something less than the
maximum possible.

It is in these respects that the cables used at power
frequencies—or even telephone frequencies—are
likely to be found wanting. Not that the resistance
of the conductors is likely to be excessive, though one
does have to bear in mind that at very high frequencies
the surface rather than the whole substance carries
most of the current. (There is no time just now to
explain why; if you don’t know, look up ° Skin
Effect ”” in any good book on radio.) But dielectric
losses are of major importance.

That is easy enough to understand, because
every inch of the cable is a capacitor into which
current is driven by any voltage between the two
conductors., The amount of such current, for a given
voltage, is directly proportional to the frequency.
So at 50 Mc/s it is a million times as much as at
50 c¢/s. If the space between the conductors were a
vacuum there would be no waste of power (though
of course the capacitance current has a profound
effect on the behaviour of the cable), and the same is
very nearly true for air. But one can’t keep the
conductors apart by a vacuum, or even by air;
something more substantial is needed, and whatever
is used wastes a proportion (called the power factor)
of the power flowing to and fro through the cable’s
capacitance.

At 50 c/s so little power does tlow this way that
there is no need to worry much about its power
factor; if the material is chosen to resist voltage
breakdown successfully, its. power factor should be
low enough. Not only is power factor enormously
more important at r.f., in proportion to the fre-
quency, but the power factor of some materials itself
increases with frequency. That is why such care
has to be taken to choose cable insulating materials
for r.f., and especially for v.h.f. and microwaves.
The development of polythene during the war
deserves the description ‘° breakthrough >’ more
than many things so described, because it combines
extremely low v.h.f. power factor with flexibility
over a wide range of temperature.

Even the best solid material wastes some power
—and costs some money—so there is a double
incentive to use as little of it as possible. In most
types of r.f. cable it is limited to disk or cup shaped
spacers at intervals-along it, or it takes the form of a
continuous spiral cord—there are many ingenious
designs. Obviously there must be sufficient solid
material so placed as to prevent the conductors from
touching or (in power feeders) getting close enough
for a flash-over, but the requirement is. more rigor-
ous than that because it is necessary to maintain
the capacitance per inch at the same figure throughout
or there will be mismatching trouble.

Power feeders such as those used to take the
output from a television transmitter up the tower
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to the aerial need not be flexible (in fact, should not
be) and are on such a scale that they can be buili
up of rigid rods and cylinders, with very little solid’
insulation. . When many kilowatts of power are to
be carried, one doesn’t want to waste even a few per
cent of it. ‘

Next, there is the reason for the coaxial form.
Why not use ordinary twisted flex? Well, in the
first place flex is usually insulated by p.v.c., which
has much too high a power factor. Presumably that
could be got over by substituting polythene. Next,
the conductors are so close together that the capaci-’
tance per inch is large, tending to cause a large loss,’
and also resulting in an inconveniently low impedance
for matching the things the wire is connected to.
Probably, too, the capacitance would not be very
constant, and certainly it would be increased wherever
the wire was placed close to metal structures. ”

Some of these disadvantages are reduced by spacing
the wires apart as shown in Fig. 1, and parallel-wire

Fig. 3. (a) Constant-voit-
age and (b) constant- -
current generator and ]
load systems and their 4
simplest equivalent forms,

(b)

feeder of this kind is used for television receivers,
etc., where cheapness is important. But the need
to keep it away from other conductors is even greater,
and the absence of twist results in greater radiation
and possibility of interference. On a larger scale,
parallel wires or rods separated mainly by air and
supported by insulators rather like overhead tele-
phone wires are sometimes used at radio frequencies,
but rarely at very high ones.

 That brings us to the questions of radiation and
interference. They are both the same question
really, so far as the characteristics of the line are
concerned; a line that radiates a lot is open to accept
a lot of interference, just as the receiving ability of
an aerial can be found by measuring its radiating
ability, and wice versa. Although far more people
use r.f. lines for receiving than for transmitting, the
two-fold question can perhaps be discussed more
easily in terms of radiation.

Radiation is proportional to the rate at which the
electric and magnetic fields are changing: that is to
say, the frequency. But frequency is decided on
other grounds than minimizing radiation, so is not a
possible variable for that purpose. Even a very fast-
changing field will not radiate much, however, if it is
very close (in terms of wavelength) to its source.
It has to spread out. That is why aerials are shaped
as they are. Exactly the opposite is in mind when
transmission lines or cables are being designed.
Fields are inevitable—and indeed essential to the
functioning of the line—so the only solution is to
make them cancel one another out as completely as
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possible at all points more than a small fraction of a
wavelength from the conductors.

At such low frequencies as'50 c¢/s it is not unusual
to connect things together with a parallel-wire line,
one wire of which is earthed, as in Fig. 2(a). It
happens when we use one of the untwisted types of
flex for our domestic appliances. If all the current
goes via the wires and none via earth, then the wires
carry equal and opposite currents; and because they
are very close together the mutual cancellation of
their magnetic fields is effective everywhere beyond
a very small fraction of one wavelength (at 50 c/s,
3,750 miles!). But because one wire is earthed and
the other is ‘ live ’, there is an unbalanced electric
field between the latter and earth, and consequently
a capacitive current that way. So the balance of
currents is upset, the mutual cancellation of magnetic
fields is imperfect, and there is a spread-out electric
field between the live wire and earth as well as the
concentrated one between it and the earthed wire.
However, the earthed wire provides some screening,
and in any case the capacitive current at 50 c/s is
negligible, and even if it weren’t the radiation at that
frequency is negligible.

At v.h.f., however, the wavelength is at least a
million times shorter, and the frequency (and there-
fore the current via a given capacitance) a million
times greater. Moreover the wires have to be spaced
farther apart if the impedance of the line is not to be
inconveniently low—and, in r.f. power lines, if there
is to be no flash-over. So there is liable to be a
very appreciable inequality in the currents in the
wires, and therefore a resultant magnetic field.
And the wider spacing would reduce cancellation
even if the currents were equal.

Consequently at such frequencies the practice is
to earth the centre point, as in Fig. 2(b), so that the
wires are at equal and opposite potentials. Then,
provided ‘they are both at practically equal distances
from any earth, the current balance is maintained
and the magnetic fields cancel at distances that are
large compared with the spacing between the wires.

To meet other requirements this spacing is likely
to be appreciable compared with a wavelength, and

Fig. 4. Modification of Fig. 3 (a) when generator and load are
in different places, necessitating a ccaxial cable to join them.

so therefore is radiation from this type of line. It is
particularly unsuitable if used close to earth—and
that, of course, includes all earthed conductive
objects.

So where it is important to keep radiation or
interference down, the coaxial type is preferred.
It has the extra advantage that no centre-tapping
is needed; the outer conductor is earthed. So only
the inner conductor is at r.f. potential, and as it is
entirely surrounded by the outer conductor the
electric field is confined to the space between the
conductors, and in spite of the unbalanced connec-
tion there is no current unbalance. Consequently
there is maximum mutual cancellation of magnetic
fields, aided by the fact that the outer conductor
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is all round the other instead of at one side of it.

Lastly, impedance. Here the governing principle
is that when a constant e.m.f. or current is provided
by a source, it delivers the maximum power to a
load when the impedance of the load is the conjugate
of the impedance of the source, and the total power is
then shared equally between source and load.
That may sound rather alarming, but it is quite
simple really. Fig. 3 shows the simplest case, in
which the impedances are resistances. (a) is the
voltage form, in which E is the constant e.m.f.,
in series with a fixed source resistance Ry and the
load resistance R;. The theorem says you get the
maximum power in R; when R, = R,. (b) is the
constant-current form, which is equivalent; the circuit
of any actual power generator, such as a radio
transmitter, can be boiled down into either of these
two forms. You would naturally choose the one that
was easier to calculate. In general, however, there is
some reactance as well as resistance in the source,
and the bit about the conjugate means you would
have to tune that out by means of an equal amount
of the opposite kind of reactance across or in series
with the load. (Remember, at any one frequency
there is a parallel reactance equivalent to any series
reactance; and in this case you choose the one that
is easiest or cheapest to provide. Calculations are
easiest if both are in series in (a) and in parallel in
(b).).

The proof of the theorem is by simple calculus and
is given in the textbooks on circuit thecry.

The situation we are considering is where the load
is some distance from the source, so that an r.f.
cable has to be used between them, as in Fig. 4.
This cable makes no difference to the power delivered
to R, if (i) its characteristic resistance R, is equal
to R, and Ry, and (ii) it is loss-free. Condition (ii)
is not entirely possible, but we have already seen
how the loss can be minimized, and the makers of
the cable usually state it in dB per 100 feet. Con-
dition (i) is ideal because it not only fulfils the
impedance-matching theorem but also ensures that
the loss in the cable is kept to the unavoidable
minimum. However, the cable, or part of it, can be
used not only to convey the power across a distance
but also to act as a transformer, effecting a match
between unequal source and load impedances. By
suitable choice of R, one can make the resistancc of
load plus cable equal to R, and source plus cable
equal to R;, so achieving perfect matching at both
ends. As explained in the treatise on the subject,
the greater the transformation ratio the greater the
amount of power surging to and fro (indicated by
the standing-wave ratio, SWR) besides the steady
flow of power from source to load. As a proportion
of all the power through the cable is lost, the total
loss is thus greater than it need be; so the transformer
effect is used only when the distance to be covered is
not more than a wave-length or two, or else a quarter-
wavelength of special line is used as a transformer to
match the resistances at either or both ends to the
main cable.

Paradoxically as it may seem, the impedance of
the cable would be a pure resistance if the cable were
perfectly loss-free. In practical low-loss cables
it is almost entirely resistive. The value of R,
depends on the inductance and capacitance per unit
length, which in turn depend on the sizes and spacing
of the conductors and the material between them;

(Continued on page 573)
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jormulae are given in the books for coaxial and
parallel-wire lines. The range of R, that can be
provided is limited by the dimensions that are
practical to about 200 Q to 650 Q for parallel-wire and
40 Q to 140Q for coaxial; and to keep loss to a mini-
mum they should not be very far from 600Q and
75Q respectively. That is another reason why, if a
widely different value is needed for impedance-
matching purposes, its length should be limited to
the minimum needed for that purpose—quarter
of a wavelength. Yet another reason is that the
length of an unmatched (or transforming) line is
critical in relation to wavelength, whereas the
precise length of a2 matched line doesn’t matter and
it can be used for quite a wide range of frequency.
Quarter-wave transformers are sometimes used at the
aerial end, but other matching devices are more
usual at the other end.

Although I am trying not to go over well-trodden
ground, it may be helpful to be reminded that the
correct R, for a A/4 section to match R, to R, is
v'RiR,. It may also be helpful to repeat that a
mismatch between source and load restricts the
power reaching the load; the extent to which it does
so is shown in Fig. 5. But if R, is greater than Rq
the efficiency (proportion of total power reaching the
load) is greater than the 509, obtainable with a
perfect match, so if power efficiency is more import-
ant than maximum power this kind of mismatching
is deliberately used. R; lower than R not only
reduces the amount of power in the load; it

reduces the efficiency too, so has nothing to re--

commend it. _

A mismatch at the load end of the line, or anywhere
along the line, results in standing waves set up by
power reflected towards the source; this increases
the power lost in the line, and may also cause
“ ghosts ” in television pictures, false * blips ” on
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Fig. 5. Graph showing restriction of power due to mismatching.
This is a different matter from loss of power.

radar screens, etc. Mismatching oceurs wherever
there is a change of R,, and because R, depends on
spacings and dimensions one should take care to
avoid sudden changes in these. For instance, where
a coaxial line is joined to another or to socme equip-
ment, a coaxial plug and socket designed to have the
same impedance should be used. Nowadays one
can get special (hermaphrodite) coaxial terminals
that connect with their own kind, abolishing the
need for distinctive plugs and sockets.

I believe I have now covered all the questions
put by my correspondent. If any other readers
who have joined in are complaining about the lack
of explanation of standing waves, etc., may I suggest
they read °° Foundations of Wireless,” 7th edition,
Chapter 14?
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The high daytime MUFs, characteristic of winter
conditions on routes largely in the northern hemisphere,
are reappearing. It is interesting to note that on
southerly circuits to Africa and South America the
highest frequencies in the h.f. band will be of use again,
even though the sunspot cycle is close to its minimum.

The prediction curves show the median standard
MUF, optimum traffic frequency and the lowest usable
high frequency (LUF) for reception in this country.
Unlike the MUF, the LUF is closely dependent upon
such factors as transmitter power, aerials, local noise
level and the type of modulation; it should generally
be regarded with more diffidence than the MUF. The

WiRELESS WORLD, NOVEMBER 1963

MEDIAN STANDARD MUF
---------- OPTIMUM TRAFFIC FREQUENCY
LOWEST USABLE HF

LUF curves shown are those drawn by Cable and
Wireless, Ltd., for commercial telegraphy and they serve.
to give some idea of the period of the day for which
communication €an be expected.

During the period 13th-23rd September radio con-
ditions were at times violently disturbed by solar flares
associated with a large sunspot. Several Dellinger-type
fade-outs were followed by a severe ionospheric storm
between 20th and 23rd September,
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