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the new component that is a “must’” with every fine stereo system.

ne newAUdio Frequency Equalizer

guaranteed to improve any stereo system and

guaranteed to improve any listening area environment !

Highe {ikpsnn!
£ §

ROOM EQUALIZATION, SPECIAL EFFECTS, PLAYBACK and RECORDING

EQUALIZING FOR ROOM CHANGES: For example, here are some factors that would
call for definite changes in your Equalizer settings: (1) Draperies open or closed.
(2) Sliding giass door open or closed. (3) Room full of people. (4) Seating arrange-
ments changed. (5) Major changes in furniture arrangement. (6) Relocation of
speakers. . . . EQUALIZATION OF RECORDS: You can compensate for old 78 record
deficiencies (surface noise, absence of highs or lows, etc.) or favorite recordings
that have never sounded quite the way you felt they should sound. ... COMPEN-
SATING FOR RADIO STATIONS: Some stations are noted for excesses in either low or
high frequencies. Make out a Computone Chart for each of your favorite stations
so that you can easily achieve the ideal tonal response each time you change
stations. . . . EQUALIZING TAPES: Compensating for pre-recorded, or home-recorded,
tapes that are under or overemphasized in certain frequency areas. ... CHANGING
OVERALL BALANCE: You can make up for many deficiencies in recordings to more

SPECIFICATIONS and SPECIAL FEATURES

TOROIDAL and ferrite-core inductors, ten octave-bands per channel.
FREQUENCY response: +; db from 20-20, 480 Hz at zero setting.

HARMONIC DISTORTION: Less than 1% THD @ 2 v., Typ 05% @ 1v.
IM DISTORTION: Less than 1% @ 2 v., Typ: .05% @
SIGNAL-TO-NOISE RATIO; Better than 90 db @ 2v. mput
INPUT IMPEDANCE: Operable from any source 100K ohms or less —

(any Hi-Fi Pre-amp, Receiver or Tape Recorder.)
QUTPUT IMPEDANCE: Operable into 3K ohms or greater —

(any Hi-Fi Amp, Receiver or Tape Recorder.)

CIRCUIT BOARDS: Military grade G-10 glass epoxy.
RESISTORS: Low-noise selected carbon-fiim.

accurately duplicate the sounds of the original performance, or shape each curve
to your own listening interests to greatly enhance your enjoyment of your record-
ings. ... SPECIAL EFFECTS: You can boost or cut the loudness of a specific instru-
ment or groups of instruments to obtain more pleasing instrumental balance or
to add presence to a solo. .. . IMPROVING RECORDING OF TAPES: Use the Equalizer
for tape dubbing, to create a near-perfect tape out of one that may have serious
deficiencies. (Make your own corrected recording of records, station programming,
or other tapes, and no further ad;ustment of the Equalizer will be needed for
playback.) (See Operating Instructions). .

COMPUTONE CHARTS: After you have
achieved the equalization of sound that you prefer use the Computone Charts,
supplied with each Equalizer, to mark the settings, so that you can duplicate the
settings easily.

RANGE: 12 db boost and 12 db cut, each octave.

MASTER OUTPUT LEVEL: ““Frequency.spectrum-level” controls for left and
right channels, continuously variable 18 db range, for unity gain
compensation from minus 12 db to plus 6 db.

MAXIMUM OUTPUT SIGNAL: variable Master “‘frequency spectrum level”
Controls allow adjustment of optimum output voltage for each channel, to
exactly match ampilifier capability, up to 7 v.

SIZE: designed to coordinate with receivers, comes installed in handsome
walnut-grained wood receiver-size case, 5!/," x 18" x 11", or rack-mount
WARRANTY: 2-year parts and labor.

Send for FREE BOOKLET: “Why's ahd How's of Equalization™
Plus list of Franchised Dealers to Sole UK Distributor:

Soundcraftsmen Dept SW12

Gale Electronics & Desig

n Limited

39 Upper Brook Street London W1Y 1PE

WW—001 FOR FURTHER DETAILS
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When flashover is the danger.
Use EEV spark gaps.
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Younameit. EEV spark gaps can stop it
from happening.

Our range covers any voltage from
400-40,000V and handles powers up to
15kilo joules. Types are available in glass or
ceramic envelopes.

EEV spark gaps are very rugged and
will work in any environment, unaffected by
dust, damp or atmospheric changes. They are
also compact, consistently dependable and
long-lasting.

We make 2-electrode and 3-electrode
types, and the whole range covers many
applicationsincluding:

Photograph courtesy of CE.G.B.

Flash-over protection. Crowbar protection
circuits. Protection from transient phenomena
Protection circuitry for s/c drives for e
thermionic tubes.

Capacitor discharge circuits.

Firing circuits. Relaxation oscillator
circuits for gasignition equipment.
Quench circuits. TIG welding
equipment.

For data and any help you need,
write or "phone EEV at the
address below.

Right, GXQ400, a crowbar protection deviceand

GXU49, for protection circuits in ground/air
communications equipment.

EEVand M-OV know how.

THE M-0O VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel: 01-603 3431  Telex: 234356.Grams: Thermionic London. E
ENGLISH ELECTRIC VALVE CO LTD, Cheimsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. 0966,

WW—007 FOR FURTHER DETAILS
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New directions in sound

In the April 1958 issue we commented that the results of demonstrations of the new
stereo discs were “practically indistinguishable from the master . . .”. Such a test has
been applied on numerous occasions when demonstrating two-channel quadraphonic
(which we take to mean surround sound using four loudspeakers) systems. Inventors
of these systems deserve credit for their technical achievement in being able to mount
A-B comparisons between four-track master tapes and their two-channel-processed
versions; some of them are very effective. But is comparison with the master tape the
best test of a system’s capabilities?

Two things suggest it isn’t. One is the relative inability of the master to do a good
job in the first place. Acute sensitivity to listener position and—as Michael Gerzon
points out in this issue—the instability of phantom images make one query the use of
pan-potted masters as the starting point.

Possibly more important is compatibility. Whatever the quality of quadraphonic
performance, records must have stereo and mono compatibility. Differences between
two-channel systems, for -instance, really amount to differing priorities as to the -
relative quality of mono, stereo and quadraphonic reproduction. And much of the
current debate on the relative merits of systems could be settled once it has been agreed
whose interests to give what weight to. No one body in the record industry appears
to have accepted responsibility for doing this. :

This issue may well be settled by -the broadcasters. Weighing the “interests of a
minority against those of a majority is something broadcast authorities ought to be
used to. Given that a two-channel quadraphonic system must be perfectly mono com-
patible (not only because the majority of receivers in use are mono, but imperfect mono
compatibility is a much more serious thing than stereo compatibility), one problem
that poses itself is: how much degradation of the stereo image is going to be acceptable;
in the interests of a limited quadraphonic aundience?

This question is implicit in the detailed NQRC study*, now in progress. Another
question being studied, fundamental to choosing a surround-sound system, is the effect
of the number of transmission channels on quadraphonic performance—“directional
fidelity” in particular. This is clearly of utmost importance in broadcasting, if only
because it affects the magnitude of quality loss that must occur in delivering a com-
patible service.

What engineers should concern themselves with, it seems to us, is providing the best
possible method of conveying sound direction, within the constraint of a limited number
of channels, commensurate with agreed priorities in compatibility. (Given such a
means, decisions about whether to use the medium for drama, ambience portrayal,
pan- potted material or special effects such as “overhead” sound, then become the
provmce of others.)

This is basically what Nippon Columbia Co have been doing in developing their
new UD-4 system, with Peter Fellgett’s NRDC-backed UK group thinking along the
same lines but emphasizing a microphone technique that collects ambience in a
uniform way.

It will be interesting to see how the NQRC weigh the various priorities and how
relevant their priority mix, and hence their conclusion, is to other countries.

*See page 458, November issue.
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Charge-coupled devices

1—Introduction, early device structure and operation

by Ted Williams
Royal Radar Establishment

Wireless World, December 1974-

Charge-coupled devices, which consist of chains of charge-storage elements along which charge
packets are transferred, are already turning out to be the most significant advance in electronics since
development of m.o.s. circuits. Usually associated with imaging in solid-state cameras, their unique
performance characteristics, small size and high yield will produce far-reaching effects on signal
processing techniques and in digital memories. After the four or five years since inception, advanced
signal processors and memories are about to leave the drawing board. What gives the c.c.d. this
position is discussed in a series of articles written by two leading authorities in the UK. This article
describes operation of simple devices; a second article will outline fabrication processes and modi-
fications to improve performance. Later articles will discuss applications.

The charge-coupled device has aroused
considerable interest ever since it was first
conceived and tested in 1970.! Since then
the interest has never slackened. This is
borne out by the rapid commercial develop-
ment of the c.c.d.

1973—first device offered for sale by

Fairchild

1973—successfully built into simulated

radar systems

1974—c.c.d. TV camera became avail-

able; and

1974—first complete signal processing

system expected on the market.

Complete systems rather than individual
devices will be offered for sale because of

their much higher profit potential. Nowa-
days, many products, of which the pocket
calculator is one example, are being built
as complete systems by one manufacturer.
Selling devices no longer makes big profits
unless you have cheap labour; and in
Europe and America labour is not cheap.
The profit expected from the c.c.d. systems
business is enormous. One American
estimate? predicts that the annual systems
business will be worth over £100 million.
This optimism explains why the Ameri-
cans have put so much effort into c.c.ds.
In 1973, for example, the manpower effort
at companies like Texas Instruments and
Fairchild was built up to an extremely large

signal

processing

imaging

memories

radar home movies
t.v.cameras
sonar computers picture phone

low-light

t.v..and. phones g

communications level tv.

detectors radar page reader

team of scientists and engineers. With so
many people working on c.c.ds the chances
of success are very high. There is little doubt
that in the seventies the way to succeed with
a promising new device is to put big teams
to work on it.

There are three reasons why there has
been so much interest in c.c.ds: i
® Cheap technology makes them very

competitive.

@ Flexibility: analogue, digital, and optical

signals can be handled.

@ Applications are extensive (see chart).
Fig. 1 compares the c.c.d. shift register
element to the previous generations of
m.o.s. and bipolar devices. From this it
is clear that the c.c.d. element is much
simpler and consequently much cheaper
because no diffusions are required. This
absence of diffusions also makes inte-
grated circuit design much easier and, in
particular, very cheap high area density
arrays can be produced. :

A second article will show how this
basic technology does have some dis-
advantages, and how some process
innovations have been adopted which
overcome these problems. But to under-
stand the basic operation this article is
restricted to the first technology that was
developed for the c.c.d. In spite of its
limitations, this is still used for some of
the simpler applications.

These basic applications, together with
some of the more sophisticated systems
applications, especially imaging, signal
processing and memories, will form the
subject of further articles.

Device structure

Anyone who is familiar with the metal-
oxide-silicon transistor will have no
difficulty in understanding the device
structure and operation of a c.c.d., because
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Fig. 1. Comparisonofthec.c.d. shift register’
element with m.o.s. and bipolar elements.

Fig. 2. Cross-section of a complete two-bit
p-channel c.c.d.

it can be thought of as a multi-gate m.o.s.
transistor.

Fig. 2 shows the structure of a basic
two-bit, p-channel, c.c.d. shift register.
The silicon semiconductor substrate is
doped n-type (with electrons as the
majority carriers and holes as the minority
carriers), whereas the source and drain
diffusions are p-type (with holes as the
majority carriers and electrons as the
minority carriers). The oxide, or more
correctly - the silicon dioxide, which is
grown on top of the silicon substrate is
about 150nm thick; and the aluminium,
which makes up the contacts to the source,
drain, the input gate, output gate, and the
transfer electrodes, is 200nm thick.

A negative-voltage reverse bias is
applied via a load resistor to the drain
diffusion. This bias makes the drain a sink
for holes and a barrier to electrons. Holes
are injected from the earthed source dif-
fusion to the surface under the first
transfer electrode ¢, by switching on the
negative input gate voltage at the same
time as the first clock transfer electrode
negative voltage pulse. The time sequence
of the input gate pulse and the clock
pulses is shown in Fig. 3. This shows that
as soon as the second phase voltage is
switched on, ¢, is reduced to zero in a time
defined as the overlap time ¢

During ¢, the charge under ¢, will be
transferred to the surface under ¢,.
Similarly when ¢, begins to turn off, ¢,
is turned on and the charge is transferred
under ¢;. Then ¢, is switched on again
and the charge moves under ¢, for the
second time. At this point in time the
charge has now shifted through one bit
or three phases of the device. Referring
back to Fig. 2, at the end of the second

complete shift, or bit, the charge is.

transferred into the drain—the output of
the device. The final charge transfer is
accomplished either by switching on the
output gate in phase with ¢; or by leaving
a permanent negative d.c. bias on the
output gate.

Fig. 4 shows a top-view photograph
of a complete eight-bit p-channel c.c.d.
made at the Royal Radar Establishment.
Comparing this with Fig. 2 makes it easy
to identify the source and drain diffusions,
the input and output gate, and the transfer
gates. The three-phase clock lines are
linked together to minimize the number
of contact pads and to facilitate the pro-
duction of a complete depletion region
right across the device as shown in Fig.
2. (Production of a depletion region is
discussed later.) The oblong-shaped,
heavily doped n-type channel stop dif-
fusion prevents holes diffusing out from
the transfer electrodes to the contact pads.
Total device area or chip size was Imm?,
and the transfer electrode size was 12pym
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long (in the transfer directions) by 300um
wide with a gap between the electrodes
of 2.5um.

Digital operation

Digital operation of a p-channel device.

is illustrated in Fig. 5. This shows the
input signal applied as a square pulse to
the input gate with the source earthed.
The pulse generator which provides the

input pulse is triggered by the clock
generator through a divider board to give
a “one” pulse in phase with ¢, followed
by a series of n zeros. The output is
studied by connecting an oscilloscope to
the drain. The accompanying table shows
typical operating voltages for a p-channel
device.

Fig. 6(a) shows the digital output from
a 64-bit device. The value of n used for
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0 TABLE Digital operating conditions for the input gate pulse was 128 and equal to
an eight-bit p-channel c.c.d* twice the number of bits in the device.
Clock frequency 20KHz to EMHzZ The clock phase voltage pulse is also

oF U o shown. The output pulseis shown delayed by
Source earthed 64 time intervals—bits (“range bins” in
radar terminology)-—from the input gate,

Input gate, Vg —aav square wave digital pulse.
d)z S —1 [} Output gate, Vi, —6v
_—/:_ A ‘ Analogue operation _ .
i / ock voltages . Fig. 6(b) top shows a sinusoidal analogue
! 919293 - —sov signal input that was applied to the same
: --0 Drain bias —10v 64-bit p-channel device whose digital
| ' . operation was shown in Fig. 6(a). In this
/ ﬂ Drain load 1.2k0 case the analogue signal is applied via
®3 ' ! *Silicon substrate, n-type, 50 ohm cm, and a capacitor to a negatively biased source
X <100> orientation diffusion as illustrated in Fig. 7. As with

digital operation shown in Fig. 5, the
channel stop diffusion is earthed. But in
the analogue case the input gate has a d.c.
bias of about —5V. The output is observed
on an oscilloscope connected via a capaci-
tor to the drain. The bottom part of Fig.
6(b) shows the delayed time quantized
output of the analogue signal.

More details will be given about the
operation and the use of the c.c.d. as an
analogue delay line in a later article when
radar applications are discussed.

Digital testing
Testing new devices for c.c.d. action is
normally carried out digitally. The same
circuit that was used in Fig. 5 to show
digital operation can also be used for
digital testing. Using this test set-up the
digital characteristic of the device can be
rapidly obtained by plotting the output
from the drain, Vyyr, as a function of .
the input gate voltage, Vi, for a series of
constant values of the d.c. voltage applied
to the output gate, V,;. Fig 8 shows the
transfer characteristic for the eight-bit
device pictured in Fig. 3. As the input
gate voltage is gradually increased a
critical voltage is reached at which the
devices switch on and this critical voltage
is called V', the threshold voltage of the
. device. For the device shown in Fig. 8
ge%ue,i:tor ?mpm gate output gate O —10V Vy was —3.8V; V,; must also be set
. above this voltage, V', or the device will
not operate. As V,; is increased above
arain 12 Vr the_ output increases until Vg, the
c.c.d. —AAA O —10V saturation voltage, is reached. Above Vg
no further increase in output occurs; Fy
A < N+ ' does not vary for output gate voltages
) l I I above V. The output from the drain does
b b, Py vary with the output gate voltage and for
| |

source

- _ oscilloscope
divider 5V clock

board Q generator
1

A

o o Fig. 3. Input gate and the clock pulse time
sequence; t is the overlap between clock
phases.

Fig. 4. Eight-bit p-channel c.c.d. made
at RRE.

Fig. 5. Digital test set-up for a p-channel
c.cd.

output
Fig. 6. Digital input and delayed output
from a 64-bit c.c.d. compared to clock
waveform, (a). Analogue input and output
Jor the same device, (b). Note that

(a) (b) analogue output is quantized in time.

clock
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the device shown it reaches a maximum
for output gate voltages in the range
—6to —8V.

Understanding the threshold voltage

To understand the threshold voltage
consider what happens when a voltage
is applied to the metal gate electrode of
an m.o.s. structure, Fig. 9(a) shows a plot
of the charge density p(x) against distance
x through a cross-section of an m.o.s.
structure without any voltage applied to
the gate, that is V; =0. The semi-
conductor is n-type and the interface be-
tween the semiconductor and the oxide
occurs at x=0 on the diagram. The charge
trapped at the surface states, Qgg, is
shown schematically as a block of positive
charge of density, p(x), lying on the oxide
side of the semiconductor-oxide interface.
This -is because the majority of these
surface states come from positive ions in
the oxide and the maximum number of
these ions are found just inside the oxide.
Just as in a capacitor, when you apply a
positive voltage or charge to one plate of
the capacitor, an equal and opposite
charge is induced on the other plate, so
when a positive charge is present on one
side of the semiconductor—oxide interface
an equal and opposite negative charge
must balance it on the other side of the
interface. In the last case, as shown in
Fig. 7(a), Qs is balanced by Q,, a con-
tribution of negative charge (electrons)
from the n-type semiconductor in which
the electrons are the majority carrier.
The Q, charge is referred to as the
accumulation layer because it builds up or
accumulates as the surface state charge
increases in the oxide during and just
after the growth of the oxide on the semi-
conductor. Under accumulation conditions:

Oss +0, =0,(for V; =0).

Now, to move on to what happens when
a negative voltage is applied to the gate. As
this negative voltage increases, the electrons
in the accumulation layer are repelled and
gradually the accumulation layer is lost.
Further increase in negative gate voltage
after the disappearance of the accumulation
layer results in further negative charge
being repelled from the semiconductor-
oxide interface. This produces a depletion
region, as shown in Fig. 9(b). Charge Q,
due to the depletion region is shown as
positive because it has resulted from the
removal of electron majority carriers. The
depletion region is depleted of all charge
—both electrons and holes. (The depletion
region in an operating c.c.d. normally
extends all the way from the source to the
drain, see Fig. 2.)

Further increase in the negative gate
voltage results in attraction of positive
holes to the interface. The surface of the
silicon has now changed from being
dominated by electrons as in Fig. 9(a) to one
dominated by holes and is therefore said
to have inverted from an n-type surface
to a p-type one. Holes can now pass along
this p surface channel. Hence an m.o.s.
device, or in particular a c.c.d., that is
produced on an n-type semiconductor is
called a p-channel device. The size of the

-5V _
input
t
90V
R1 T
c;
o—q

source c.c.d.
N+
channel
stop
4

¢ P

Fig. 7. Analogue operation for a p-channel
c.c.d.

Fig. 8. Transfer characteristic of a c.c.d.
Output voltage from drain is plotted

against input gate pulse amplitude for a
series of output gate voltages.
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3 -4
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gate voltage determines the hole density
in the channel region and so this means
that the gate voltage controls or gates
the channel current.

The threshold voltage, V7, is the voltage
required to produce inversion or current
flow in’ the. channel. It is usually defined
as the voltage required to produce a
current flow of 1pA, because it is well
above the leakage current (or noise) levels
which are usually of the order of nano-
amperes. Vr for a p-channel c.c.d. nor-
mally lies in the region of 1.8 to 4.0V.
For n-channel devices, however, the
threshold is usually below a volt and a
second article will show how the proper-
ties of n- and p-channel c.c.ds compare.

Surface states

Surface states act as traps for electrons
and holes travelling along the surface of
the semiconductor and they have a large
effect on the operation of a surface
channel c.c.d., such as the one described
previously.

Surface states arise in many different
ways. Some of the major causes of surface
states are:

—impurity ions in the oxide

—defects at the semiconductor surface

due to impurities, or defects in the
crystal structure of the semi-
conductor, or a combination of both

—absorbed impurities on the surface

of the semiconductor.

charge

P ()

metal
gate
electrode

N—type
semiconductor

(a)
QgstQa=0
Vg=0

(b) DEPLETION p(x)

Qs+ Qp* V=0
Vg <0

(C) INVERSION

Qsst Qpt @+ Qs=
Vg <o

Fig. 9. Schematic diagram of the charge
distribution in an m.o.s. structure for three
cases: (a) zero volts on the gate,

(b) depletion, and (c) inversion.
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The surface states which arise from posi-
tively charged impurity ions such .as
sodium in the oxide are known to be the
major cause of surface states in the case
of c.c.d. Some of these ions are trapped
at the surface when the oxide is grown on
the semiconductor during c.cd. manu-
facture. Others remain in the oxide very
close to the interface, and then the
charges trapped on these states drift to
the surface when the device is switched
on. The negative voltage that is applied
. to the gate drives the positive charge to
' the interface, and the time taken by the
" charge to move to the interface is usually
seconds or minutes so these surface states
are referred to as slow states. Slow surface
states can often be observed in poor-
quality devices. A certain warm-up time
of a few minutes is required before the
device reaches a maximum due to the
electron trapping of these slow states.
Once the trapping slows down to its
equilibrium level the device reaches a
maximum.

Fast surface states are those which can
trap charge in a few milliseconds or less.
These fast states arise from all the three
sources discussed above and they control
to a large extent the high frequency limit
of operation of the device.

Charge transfer efficiency

The transfer efficiency gives a measure of
the efficiency of charge transfer in c.c.d.
It is the most critical parameter and much
more important than the threshold voltage.

The charge transfer efficiency is defined

as the fraction of the charge transferred
when a charge packet moves from under
one clock transfer gate electrode to the
next. Charge loss can be considered as
having two contributions:

—the fractional charge lost during the
transfer across the gap between the
electrodes, g, (or a)
the fractional charge left behind under
the electrode, the so-called residual
charge, g, (or €).

The charge transfer efficiency, n;, can
therefore be written as
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where g, is the charge under the nth
electrode and ¢,_; is the charge under
the n—1 electrode. The fractional charge
lost during transfer, g,, depends on

——surface state'density

—width of the gap between the transfer

electrodes

—strength of the input signal; that is,

the amount of charge injected into
the device from the source

—speed of transfer or the frequency of

operation of the device.
The residual charge, ¢z, is a function of
the above and also on the length of the
transfer electrode.

For optimum transfer efficiency g and
gy must be minimized. Only when the
transfer efficiency is high enough will the
c.c.d. meet the stringent requirements of
most of the systems applications for imag-
ing and radar.

To minimize both ¢ and g, the surface
state density must be kept as small as
possible by using careful selection of the
silicon material that is used for the devices
and the silicon processing that is carried
out. A second article will outline some of
these processing techniques and also dis-
cuss the buried-channel c.c.d. in which the
charge transfer is carried out under the
surface of the silicon so that surface states
are avoided altogether.

For the surface-channel device, the gap
width must be Kept to 3pm or below to
give a reasonable transfer efficiency and
must be maintained across the device.
In addition, if the gap can be made less
than 1uym and the electrode size can be
kept to 10pm or below, operation in the
frequency range 1 to 10MHz becomes
very efficient. New surface-channel tech-
nologies have been developed to produce
very-small-gap and gapless devices and
will be discussed in a later article. )

The input signal strength is very im-
portant when considering operating efficien-
cies. If it is too small, the transfer
efficiency is very low because surface state
trapping dominates. For this reason most
c.c.ds are operated in the fat zero mode.
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Fig. 10. Variation of optical transfer efficiency with voltage on input gate for an eight-bit
p-channel device. Dashed line shows electrical transfer characteristic for the same device.
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In this mode a constant trickle of charge
or level of channel current is maintained
either by not allowing the input gate
voltage to go below V7, or by exposure
of the whole of the device to a constant
light level so that a small number of
carriers are optically generated in the

channel. Of these two, the first is most .

commonly used where the signal is super-
posed on the small channel current
provided by the offset d.c. bias on the
input gate. ‘
Signal strength must also not be too
large and should be kept well away from
output level saturation. This is because
near saturation, thermally generated
carriers and any fluctuations in device
geometry, can result in the overflow of

-carriers from a potential well under one

transfer electrode to an adjoining well.
As a result the signal is smeared out and,

in the case of analogue operation in’

particular, vital information can be lost.

Dependence of transfer efficiency on
signal strength is clearly illustrated in Fig.
10 where the full line shows the transfer
efficiency plotted against the voltage on
the input gate. (The dashed line shows the
output voltage seen on the oscilloscope
using the circuit shown in Fig. 5, also
plotted against the input gate voltage.)
The centre of the flat plateau of constant
transfer efficiency coincides with half the
maximum output signal and this represents
the optimum working condition.

Transfer efficiency values shown in
Fig. 10 were measured with a scanmng
light-spot technique®. This method is only
one of several different measurement
techniques®* that have been used for
measuring transfer efficiency. The trailing
pulse technique is the simplest of these.
In this case the ratio of output pulse to
the next ¢, trailing pulse is used to
calculate the transfer efficiency. This tech-
nique has the advantage that it needs no
extra equipment and can be easily calcu-
lated at the same time as a new device is
being tested.

In the same way, none of the sophisti-
cated technologies that have been developed
for the c.c.d. is perfect for a wide range
of conditions. But the currently available
technologies to be described in another
article do improve the potential of the
c.c.d. and make it look a very attractive
proposition for many applications.

Acknowledgement This article is published
with the permission of the director of
RRE. Figs. 2, 3, 4 and 8 appeared in an
article published by the Institute of
Physics in J Phy D, August 1974.
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Rhombic u.h.f. TV aerial

Design for loft installation uses coaxial-to-wire impedance conversion

device

by A. B. Starks-Field, B.Sc., M.I.E.E.

The account which follows was triggered
by a chain of circumstances that originated
in the motor industry. Because of the in-
creasing level of ignition interference from
many of the modern cars (manufacturers,
please note!) the time came when I had to
do something about the picture on my 17-
year-old home-constructed 45MHz tele-
vision receiver.

A preliminary examination showed that
the flywheel synchronizer locking was no
longer able to cope. Because of the set’s age
I decided to pension it off in favour of a
600MHz receiver, and this in turn raised
the question of whether to build or to buy.
Being preoccupied with other matters, I
decided to buy and put up with the inferior
sound reproduction.

The choice of aerial was the next query
to raise its ugly head, and I say “ugly”
advisedly, because a roof-top Yagi is not a
thing of beauty; neither is it cheap, particu-
larly if one has to pay someone to erect it.
The alternative was a loft antenna of some
kind; this was attractive, for although I have
reached the years of discretion when roof-
clambering has lost its savour, I am still
agile enough to reach the loft where I have a
power point and can work in comparative
comfort. The indoor aerial has the further
advantages of being protected from wind
and weather and there are no swaying feed-
ers ultimately to break.

The next question was, which type to
use? My local (booster) BBC station radi-
ates a horizontally polarized signal and
(according to a field-strength contour map)
provides better than 10mV per metre in my
area. There are, however, notorious
“holes” in the district and, taking this and
the opacity of the roof into consideration, I
judged that I should need an aerial of some
significant gain and directivity; but what?

In my amateur days (G6YG) in the late
1930s my particular pipedream was to have
a shack at the hub of a set of rhombics all
pointing in the most useful directions. This
remained only a dream because of the rela-
tively small garden space available, but the
desire to use a rhombic has always re-
mained. Well, why not do so? The loft is
large enough to accommodate one about
11 wavelengths long and pointing towards
the local BBC and IBA stations.

According to Terman!, if a rhombic has
legs of six wavelengths each it has a gain of

65 times (approximately 18dB) and a hori-
zontal beamwidth null-to-null of about
22°, and about twice this in the vertical
direction. Yes, this should be satisfactory
for my requirement and because of its lack
of resonant components it performs reason-
ably well to less than half its optimum fre-
quency, so there is no bandwidth limitation.

However, we are not there yet. We
always thought of rhombics as terminated
with a 600Q resistor and using a parallel
wire feeder of 600Q characteristic imped-
ance (c.i.). The television receiver would be
required to work with a 70Q) c.i. cable and in
any case a 600Q c.i. feeder would be a diffi-
cult one to accommodate up the walls and
into the loft. A further point is that at this
impedance, using 18swg wire, the required
spacing is of the order of four inches which
is a significant part of a wavelength and so
the feeder is likely to receive or radiate. No,
some form of coaxial-to-wire impedance
conversion was required.

The first thing which came to mind,
rather reluctantly because of its resonant
quality, was a quarter-wave matching sec-
tion. Calculation indicates that if one wishes
to match 70Q to 600Q the c.i. of the match-
ing section has to be about 200Q. Looking
up the spacing indicated in the W.W. Radio
Charts for this impedance one finds that it
is very small, as shown roughly to scalein
Fig. 1.

Now at 600Q c.i. the spacing of 18swg
wires (as has already been said) is of the
order of four inches and the quarter-wave
matching section requires to be about 62in
long, with the result shown in Fig. 2. The
wires connecting the matching section to the

1

Fig. 1. Wire spacing for 200Q
characteristic impedance.
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Fig. 2. Matching a 70Q coaxial cable to a
600Q wire feeder; the spread is significant
compared with the wavelength.
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600Q line—which may, in fact, be the start
of the rhombic aerial—are a significant
length in terms of a wavelength, so that this
scheme clearly will not work. Are there
then any other ways of achieving this
transition? '

Going back to amateur days again, Fig. 3
shows a very popular aerial which we used
to call a Y-matched dipole. The significant
feature about this one is that the 600Q feed-
er was brought to a point below the aerial
where it then spread out to two points A and
B, where connection was made to a half-
wave radiator.

The selection of points A and B are such
that the aerial presents an impedance which
corresponds to the c.i. of the feeder wires at
the spacing of AB, probably something of
the order of 1000Q. The Y section is thus a
flared transition between the 600Q line and
1000Q and because of the continuous gra-
dation of c.i. does not produce a mismatch
and therefore no standing waves. As this
form of matching works from 600Q to
10009, then it seemed to me that in principle
it should also be effective from 70Q to 600Q.

I'have no doubt that some of my mathe-
matically minded colleagues could produce
a rigorous proof, but for the moment let me
suggest a mechanism whereby a true im-
pedance transformation is effected and at
least gives an approach for the mathema-
tician. Fig. 4 shows a series of lumped ele-
ments of part of the transition where C,
represents the capacitance per unit length
and L, the inductance per unitlength before
the flare. C;, L,, C;, L;, etc., are all parts
of the flare where C, progressively becomes
less as the flare progresses while L, pro-

Fig. 3. The Y-matched dipole.



478

gressively increases. One can imagine an
‘established current in L, charging C, at the
expense of the magnetic energy in L,. As
the voltage builds up in C, current starts to
flow in L, which in turn starts to fill C,.
This is the basic process of the running
wave. Now since C, is less than C, and L,
is greater than L, they will pass the same
amount of power at higher voltage and less
current. Likewise with C; and L;, so that as
the wave progresses it will acquire more
voltage and less current. By the time it
reaches the 600Q spacing of the flare the
impedance transformation will be com-
plete and the wave may be launched in a
600Q line. This, of course, is not the whole
story because if the flare is short compared
with a wavelength it does not work. Mathe-
maticians, please note that I think the transi-
tion must at least be }1 and preferably long-
er but I have made no attempt to prove it.
Of course, this sort of transition must take
place on the rhombic aerial itself as the
wirés spread out, but more of this later.
The above is, of course, argued in terms of
transmission but the reverse -is true in
reception.

Thinking in practical terms, then, what
sort of flare is needed from the 70Q coaxial
cable? Without fussing about minimum
size it appeared to me that the desirable
arrangement would be first to arrange a
transition from the semi-solid dielectric
coaxial cable to a convenient diameter of
airspaced coaxial, followed by some sort of
graded transition to an open-wire line. This
is because nature has decreed thatenormous
spacings are required to produce a coaxial
of c.i. higher than 150Q and negligible spac-
ings are required for an open-wire line of the
same impedance. The simplest way to do
this was to taper the polythene inner insula-
tion down to zero thickness and at the
same time to flare the outer in some way
to the diameter corresponding to about
150Q c.i. From this point onwards the
flare would be cut away to a tapered point
where it would be joined to one wire of the
rhombic. The inner would, of course, be
extended to join the other wire.

1 discussed this with a colleague and,
jointly, we arrived at the design shown in
Fig. 5. We then each built arhombic and its
transition into our respective lofts. I should
add that my collaborator is in a locally
notorious signal-strength “hole”, where
even diffracted signals are loth to reach.

The flare of the transition is made of
pieces of copper foil cut to form a cone
which has .a diameter of 0.6in at about 4in
from the start. Beyond this the copper cone
is cut away in a gentle curve to a point about
10in from the start. (Provided that sharp
discontinuities are avoided, the dimensions
are not critical.) The polythene inner insu-
lation of the coaxial cable is tapered down
to zero thickness at about 2in from the start
of the cone; thereafter, the bare wire
emerges to a suitable anchoring point (see
later). The wire should run through the
middle of the cone, but it was found that
this requirement is not ultra-critical (a 10%
deviation either way made no significant
difference) and the wire is sufficiently self-
supporting to remain iz situ without spacers.
The complete device is mounted on a Per-
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Fig. 4. Lumped constant representation of a transmission line.

2

Fig. 5. Coaxial to open-wire flare.

Fig. 6. Construction of the coaxial io open-wire flare shown in Fig. 5.

spex cradle which keeps the structure rigid
and provides means of anchorage for the

connections. As already stated, one end of -

the rhombic is connected to the end of the
tapered copper cone, while the other end
connects to the central bare wire. My
colleague, being more finished-product-
conscious than I am, decided to fit a con-
nector at the coaxial end, whereas mine is
simply joined directly to the down-lead to
the receiver. Fig. 6 is a photograph of his
version.

The next problem was how to check it
and see if it would work. We had available
to us a Rohde and Schwarz Polyskop
which covered the frequency range up to
1000MHz and is a combined frequency
sweep generator .and cathode-ray display.
Basically this instrument feeds the output

terminal from a high impedance source,
measures the voltage amplitude of the signal
at this point and displays the result against
a timebase synchronized with the frequency
sweep. Thus it can measure the effective
impedance of any device connected to its
output. .

We therefore decided to connect a short
length of coaxial cable to our flare, termin-
ating it with a 560Q resistor, and in effect
measure the input impedance of the
coaxial cable. Over the range of frequencies
where the termination is correct, the
Polyskop trace should be level, and if not,
the trace should show a series of undulations
where the frequencies corresponded to
those at which the cable is a multiple of
quarter-wavelengths long. As would be
expected at low frequencies the standing
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wave ratio, which is in effect what the test
is showing, was bad, but over the range of
about 550 to 680MHz it was only 3:2 which
is quite satisfactory. We found this was
little different from the cable terminated
with a standard 70Q load. However, the
surprising thing was that it started to
increase again above this frequency.

It then dawned on us that the fault lay not

- in the flare but in the terminating resistor

which, together with its end wires, was too
long. Standing waves were being built up
on it, resulting in various values of effective
terminating impedance.

On the entry to the rhombic aerial this,
of course, is of no consequence as it is
simply a continuation of the flare, but it
suggests that the spacing at the far end
should be reduced to about 3in which is
the length of a resistor and is sufficiently
small compared with a wavelength. The
termination would then be about 4000,
the nearest preferred value being 390.

However, by the time these conclusions
were reached my own aerial was installed
and it is unfortunate that I have left the end
spacing at about 4in and terminated with
560Q but this is clearly not critical.

Let me say at this juncture that so far
I have made no attempt to explore the
transition v.s.w.r. situation in greater depth,
as the construction of the arrangement
described was essentially a practical
exercise and an unavoidable interruption to
my other electronic interests! One day I
hope to experiment, but in the meantime
some interested reader might care to take
the matter further.

One possible approach is shown in Fig. 7.
This consists of a flare from 70Q to 600Q
spacing, followed by a length of 600Q line
and then a reverse flare to the terminating
resistance. I suggest that the terminating
flare should be brought down to about
300Q spacing and terminated with two
150Q resistors as shown.

The whole could then be tried on a Poly-
skop or some other device which permits
the checking of the v.s.w.rs. If any reader
happens to live in an area where there are
two transmitters on reciprocal bearings,
a flare could be fitted to both ends of the
rhombic and a coaxial lead brought down
from each. In theory the lead which is out
of use should be terminated in 50Q or 70Q

3000
spacing

el

6000 spacing

Fig. 7. Improved arrangement for checking
farematching.
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Fig. 8. Rhombic aerial dimensions. Note
that n does not have to be an integer.

as the case may be; however, the loss on an

open-circuited coaxial may be enough to

terminate the aerial adequately.

One further point that may occur to
readers contemplating building this device
is that here we have the classic situation of
a balanced aerial being fed with an un-
balanced feeder and is therefore one in
which squint might be introduced.

The only contribution I can make at the
moment is a practical comment. After
installation I discovered that the local
600MHz transmitters were farther east than
I had thought and that an additional
error had put them just about on the edge of
the expected beam. (So much for being in
a hurry!) However, subsequent correction
to the geographical line-of-sight made only
a slight improvement in the original
received signal. My knowledge of field
theory is somewhat limited, but I would
have thought that, because of the large
voltage transformation' to the point of
maximum spread (12 or 14:1), squint is un-
likely to be significant. The phase con-
siderations are unaffected and my present
belief is that the capacitance between the
lines and nearby objects (wiring conduit,
water pipes, etc.) would mask any basic
effects. However, it would be interesting to

explore the field with a directional probe

and examine all the perturbations in
orientation.

But enough of theory. The more practical
will want to know something of received
picture quality. In fact this was eminently
satisfactory, all ‘three local transmissions
(two BBC and oné IBA) coming in clearly
with no noise either on sound or on vision.
Here, perhaps, I should add that my own
experience does not in itself settie whether
it is a good aerial or not, firstly because I
am probably in a fairly strong region of
field strength and secondly because I had no
previous u.h.f. aerial with which to compare
it. My colleague, however, is in a field
strength “hole” and has hitherto used alog
periodic aerial previously described in
Wireless World®. This, at his location,
gave a very poor signal-to-noise ratio. The
rhombic on the other hand, has given a
startling improvement; an estimated gain
of about 10dB signal-to-noise.

I have not dealt with the construction of
the rhombic itself as there is plenty of
literature concerning the design of such
aerials. Those unfamiliar with such a device
will see from Fig. 8 that the construction
is extremely simple and eminently suitable

for medium-sized lofts. Larger aerials still -
are obviously possible where space permits

and may be desirable in extreme fringe
areas. In regions where the signals are
vertically polarized, the aerial should, of
course, be turned over on its side.

In conclusion, I should like to thank my
colleague Mr R. A. Tyler for his help and
also the Editor of W.W. for his valuable
suggestions concerning the presentatlon of
this article.
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( Meetings )

LONDON

2nd IEE—“Early development of the television
camera” by Prof. J. D. McGee at 17.30 at Savoy
PL, WC2.

4th IEE—“High power radar studies of the
ionosphere” by Dr. J. V. Evans (Tenth Appleton
Lecture) at 17.30 at Savoy PL., WC2.

Sth RTS—“The Canadian domestic communication-
satellite system” by R. F. Chinnick (Shoenberg
memorial lecture) at 19.00 at the Royal Institution,
Albemarle St., W1.

9th IEETE/Inst. MI—“The applications of elec- -
tronics to the design and testing of automobiles”
by T. R. Aston at 18.30 at the IEE, Savoy P, WC2.
10th TEE—*“Electroluminescence” by A. Vecht at
17.30 at Savoy Pl.,, WC2.

10th IEE—“High power stepping devices” by Prof.
P. J. Lawrenson and Prof. R. J. A. Paul at 17.30
at Savoy Pl., WC2. )

11th IERE—Colloquium on “The graduate elec-
tronic engineer in Britain and Europe” at 10.00
at 9 Bedford Sq., WC1.

11th IEE—*“Some applications of digital techniques
to television broadcasting” by F. H. Steele at
17.30 at Savoy Pl., WC2.

12th IEE/R.Ae.S.—Symposium on “The application
of digital avionic systems in aircraft” at 9.45 at the
Royal Aeronautical Society, 4 Hamilton PL., W1.

13th IEE—Colloquium on “Techniques at' high
voltages™ at 10.30 at Savoy Pl., WC2.

16th IEE—“Exposition of quadraphony” at 14.30
at Savoy Pl., WC2.

17th AES—“Audio oscillators” by P. J. Baxandall
at 19.15 at the IEE, Savoy Pl., WC2.

18th IERE—Colloquium on “Electronics and the
motor vehicle” at 10.00 at 9 Bedford Sq., WC1.

18th IEE—Colloquium on “Integrated circuits for
analogue functions” at 14.30 at Savoy Pl., WC2,

18th - IEE—“Transformer multiflow hottest-spot
rating proposed standard specification” by E. T.
Norris at 17.30 at Savoy Pl., WC2.

BRIGHTON

12th IEETE—“Simply and or not—a review of
elementary logic gates” by E. Keeler at 19.30 at
Royal Albion Hotel, Old Steine.

EXETER

5th IEETE—“Computers and programming” by
L. M. Goddard at 19.30 at Exeter College, Hele
Road.

GUILDFORD

4th IEE—*“Nuclear power—its promise and prob-
lems” by H. H. Gott at 19 30 at the University of
Surrey, Stag Hill.

HULL

11th SERT—“Trinitron tube” by speaker . from
Sony (UK) Ltd at 19.30 at Hull College of
Technology.

LEEDS

12th IEETE—“New developments in integrated
environmental design” by R. D. Parker at 19.00
at Kitson College, Cookridge St.

MAIDSTONE
2nd TEE—*Electronic aids to night vision” by Dr. P.
Schagen at 19.00 at S.E.E.B. Maidstone Dist.

Offices, Parkwood, Sutton Road.

READING )
5th IERE/IEE—“The application of electronics in
telephone exchange switching” by F. W. Croft at
19.30 at the J. J. Thomson Physical Laboratory,
University of Reading, Whiteknights Park.

Tickets are required for some meetings: readers
are advised therefore to communicate with
the society concerned.
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News of |
the Month

Low-light
camera

The determined intruder is not easily
defeated, but the use of invisible
“light” with television cameras must
pose a pretty problem to him. We were
recently shown a system developed by
ADT which uses radiation at a wavelength
of 1.1 microns (effectively total dark-
ness), or a slightly more visible 0.8
microns, to irradiate the scene, reflected
radiation being picked up by a silicon
diode array.

The use of the diode pick-up tube is
claimed to offer advantages over the
conventional method of a vidicon camera
used with an image intensifier, the main
one being that the signal-to-noise ratio is
markedly improved. As the diodes have
their peak sensitivity at the radiation wave-
length used, a very small aperture can be.
used, with a consequent increase in the
depth of field. Readers may remember that
a similar pick-up tube used on a normal
moon-shot suffered a dismal fate when it
was accidentally aimed at the sun. ADT

have fitted an automatic iris which varies
the aperture from f1.2 to f360 sufficiently
rapidly to protect the diodes against
burn-out. :

Apart from the obvious security value,
the system is expected to find application
in hospital surveillance, where the absence
of visible lighting would be of great
benefit to patients.

Quis
custodiet

The Design Centre in Haymarket, London
will be reconsidering their security
arrangements during the next few days,
following the disappearance of one of
their “high-technology” displays. An
electronic transmitting key and control
unit made by security experts Distloc,
and used for remotely locking and un-
locking strong doors, van doors, cash
registers, petrol pumps etc, have been
taken from their display case. Distloc
promise enough flashing lights and clanging
bells around any future exhibits to send
any prospective purloiner on a hallucina-
tory trip.

Electric gas
cookers

Electronic spark ignition units are not new,
but the application of electronics to spark
ignition for gas appliances is relatively
recent. Ignition for fuel gases, unlike
petrol vapour, demands a high degree of
efficiency. This can be provided by the
capacitor discharge principle. One of the
major advantages of using these electronic
spark ignition units is that ordinary pilot
lights are rendered unnecessary. In Cali-
fornia, legislation aimed at saving natural
gas by the elimination of gas-fuelled pilot

The low-light television surveillance system by Electronic Protection Services, Hillgate
House, 26 Old Bailey, London EC4, a subsidiary of ADT of America (see accompanying
news item).
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lights has recently become law. During the
preparation of the bill, it was estimated
that between 10 and 15% of natural gas
used by domestic appliances throughout
the state was consumed by pilot jets.
Plessey Windings has received a sub-

supply of electronic spark ignition units.
The Caloric Corporation, one of the major
cooker manufacturers in the USA, is
incorporating the units in its latest gas
cookers.

Energy conversion
alternatives

Methods of producing electrical power

Development and operating costs and the
impact on the environment will be com-
pared for a variety of systems using coal
or coal-derived fuels. Conventional fossil-
fuelled power plants operate at efficiencies
of up to 40%, but greater efficiencies are
possible. For example, a potassium Rankine
system added as a “topping cycle” (addi-
tional heating stage) to a plant may increase
efficiency to 50%. The study will compare
a variety of energy systems. These include:
advanced steam plants; open and closed
cycle gas turbine systems; combined
systems such as a gas turbine system used
with a steam plant; supercritical carbon
dioxide systems; liquid metal Rankine top-
ping cycle magnetohydrodynamic systems
and fuel cells.

Scotland goes
stereo

From the start of programmes on October
14, some of Radio Scotland’s music and
light entertainment programmes and certain
Radio 4 items are now broadcast in stereo
from the Kirk o’Shotts v.h.f. transmitter.
Radio 2 and Radio 3 are already in stereo.
The stereo signals will be re-broadcast by
the relay stations at Ashkirk (serving much
of the border country), Ayr, Campbeltown,
Forfar, Millburn Mair (Vale of Leven),
Rosneath (Gareloch) and Toward. Some of
these stations are a long way from Kirk
o’Shotts so the quality and the consistency
of the re-broadcast stereo signals will not
be known until some time after tests have
been carried out. The programme link to
Scotland uses p.c.m.

Business abroad for
Britain

The UK is rapidly expanding its electronics
operations in North America. In response

nology, commercial and medical electronics,

- the EMI Group is now progressively

!
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establishing a network of manufacturing
and marketing facilities throughout the
USA. Their latest move is the acquisition
of Electron Technology Inc. of Kewny,
New Jersey, who manufacture specialised
glass components for the electron tube
industry.

Back home, the tape division of EMI
has recently launched a new ferric oxide
cassette tape which is 30% cheaper than
high quality chromium dioxide cassettes
but is claimed to produce results at least
as satisfactory as chrome formulations.
The new Emitape X1000 is the result of
two years’ research and development using
a new ferric oxide micro-particle. The main
technical improvements claimed compared
to low noise tapes are: an increase of 3-4dB
output in the 8—15kHz region; improved
overload characteristics; wider dynamic
range; -improved h.f. response and lower
intermodulation distortion.

Channel link in
service

Expansion of Britain’s busiest single
international route, the 38-mile radio
“hop” across the English Channel, has
taken. a further step forward. Under the
Post Office’s plan to double the route’s
call-carrying capacity the first 60 tele-
phone circuits of a new microwave link
are now carrying calls to France. The new
link, which will eventually be handling up
to 1,800 calls simultaneously is the first of
two to be provided in the Post Office’s

drive to expand telephone and telex ser- .

vices with Europe.

The route from the microwave station
on Kent’s Channel coast to its French
counterpart can at present carry 2,160
telephone calls simultaneously. The new
microwave links will boost this to 5,760.
Under present plans, the Post Office
expects to add 1,000 circuits of the extra
capacity during the next five months.
Further groups of circuits will be pro-
gressively introduced next year.

Broadcasting conference
opened '

The first session of a Regional Admin-
istrative Conference for the re-planning of
medium- and long-wave broadcasting in
Regions 1 (Europe and Africa) and 3
(Asia and Australasia) opened at the
beginning of October at the Geneva
International Conference Centre. More
than 400 delegates from 70 member
countries of the International Telecom-
munications Union took part in the
conference which lasted for three weeks
(see August issue pp. 266271, “The
future of medium- and long-wave broad-
casting”, which described the problems
facing the conference). This first session
concentrated on formulating the technical
and operational criteria and the planning
methods which will serve as a basis for the
preparation by the second session of fre-
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On the left the chassis of a 1923 medium- and long-wave receiver and on the right its
present-day equivalent. These are two Philips radio receivers on show in a display
covering the story of radio at the newly opened extension of the IBA’s Broadcasting

Gallery, Brompton Road, London.

quency assignment plans covering the
Lf./m.f. broadcasting bands in Regions
1 and 3. The second session is to be held
from October 6 to November 22, 1975.

Technical and operational criteria took
into account propagation data, modulation
standards and channel spacings, protection
ratios (including noise levels), transmitting
antenna characteristics and transmitter
powers and planning methods.

Giro errors
detected

Holland’s largest commercial bank is in-
stalling a new British electronic error
detector and control unit to further safe-
guard the accuracy of its Giro payment
transfers. The units are plugged in to the

Not a telephonist’s nightmare, but a giant
mobile telephone built in the USA by
General Telephone and Electronics Cor-
Dporation to promote a new concept to
conserve petrol, “‘dial before drive’’.”
Motorists are urged in a TV commercial
to phone before setting out in their car

to check that the trip is really necessary.
The giant phone is mounted on a VW
chassis and can be driven up to 35 mph

bank’s electric typewriters which are used
to prepare the optical character reading
input for the payment transfers. Each unit
can be added on to a standard office type-
writer without requiring any electrical
interconnection and can be operated directly
from the typewriter keyboard to carry out
computer compatible check digit verifica-
tion and a variety of totalling or other
functions according to a pre-determined
programme.

It is important to safeguard the accuracy
of the two different bank account numbers
which are being debited or credited with the
money value involved in each transaction.

~Normally, any transposition or trans-

cription errors are discovered as soon as the
data reaches the central computer, but
at that stage the problems involved in
investigating and rectifying errors in
account numbers are such that it becomes
increasingly important for any errors to be
detected at the original point of entry when
the source documents are still at hand.

Stereo f.m. radio
in Australia

The Federal Cabinet in Canberra has
authorised the introduction of stereo-
phonic frequency modulated radio in
Australia and the establishment of new
radio stations in both Sydney and Mel-
bourne for the Australian Broadcasting
Commission. The new f.m. stations will
be operated by the musical broadcasting
societies of New South Wales and Victoria
and will aim to be self-supporting. A
number of stations could be licensed over
the next few years. The initial steps will
enable the Government to assess the
demand for public broadcasting.
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Camera on
Mars

The first tests of the camera that will photo-
graph Mars from ground level when
NASA’s Viking spacecraft lands on the
planet in 1976 have been successful. The
camera has very small photo-diodes posi-
tioned in the focal plane where film would
be in a conventional camera. An image is
reflected from a mirror through lenses onto
the diodes. The mirror rotation essentially
scans the image and each time it moves
through one cycle, a- single vertical line is
scanned in the field of view. The entire
camera is then slightly rotated and the next
vertical line is scanned., Several minutes
are needed to obtain a complete photograph
because the image information is sequenti-
ally acquired at about five lines per second.
Colour photos are produced by combining
data from three diodes (blue, green and
red sensitive).

Each Viking spacecraft consists of an
“orbiter” and a “lander”. The lander’s
imaging system consists of two cameras
providing colour, black-and-white, infra-
red and stereoscopic views of the Martian
surface. The instruments are facsimile
cameras designed for operation in unusual
conditions. One of the most important jobs
will be to characterize the area near the
lander, so scientists on Earth can select
spots from which samples should be
obtained for chemical and biological
analysis in the miniature laboratory on
board each lander. The imaging system
will also provide photometric information
from near-by materials that will help deduce
composition and particle sizes. It wil
monitor the Martian atmosphere opacity
and record the position of the sun and
brighter planets, to allow precise location
of the lander on Mars.

Domestic satellite
launch

The United States second commercial
domestic communications satellite was
launched aboard a Delta rocket during
October. Final positioning of the satellite
is in a synchronous orbit over the equator
south of Los Angeles. ‘

Each of the satellite’s 12 independent
fixed-gain amplifiers has a bandwidth of
36MHz. A duplicate receiver is on board
that can be switched on if necessary—the
onboard wideband receiver is common
to all transponders and is necessary for
proper functioning,.

lon engine
survives

An electric rocket engine which short-
circuited on a NASA spacecraft nearly
four years ago has been restarted in space,
prompting scientists at the Lewis Research
Centre, Cleveland, to resume the Space
Electric Rocket Test (SERT II) mission
on a part-time basis. Launched in 1970,
the SERT II mission was intended to
demonstrate the feasibility of -electric
propulsion for future space missions such as

Engineers are dwarfed by the US Air
Force’s newest and most sophisticated
weather watcher, a 17-ft-tall giant called
the Defence Meteorological Satellite. The
spacecraft uses a single on-board control
system which steers both the launch
vehicle and the satellite.
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planetary probes or station-keeping in
Earth orbit. The aim was to operate an jon
engine for six months in space.

Presumably, the sliver of molybdenum
which caused the October 1970 short-out

- of thruster 2 is now gone. Spinning the

spacecraft to obtain a better Sun angle for
the solar arrays created a small amount of
artificial gravity which could have dis-
lodged the chip. Since then thruster 2 has
been operated successfully several times
for short periods of up to 60% of maximum
thrust, proving the long term reliability
of this thruster system design.

In the ion thruster, used for orbital
manoeuvre secondary engines, an electrical
discharge in mercury vapour provides a
dense “plasma” of electrons and positive
ions. The ions are accelerated out of the
thruster by a strong electric field to produce
the desired thrust. Such a thruster has also
been under development by the Space
Department of the Royal Aircraft Estab-
lishment, Farnborough. The first use of this
thruster will probably be for north-south
station-keeping on a communications satel-
lite. In this role, its thrust will be used to
balance the gravitational effects of the sun
and moon which would otherwise cause
the satellite’s position to oscillate daily in
a north-south direction. With no oscillation,
such: a satellite could broadcast directly to
individual households using fixed, inexpen-
sive aerials.

Telemetry
transmission

The telemetry links that will be used in
Europe in the near future for satellites,
missiles and launchers, will operate from
2.2 to 2.3GHz (in S-band). So states the
introduction to a description of the new
S-band telemetry transmitter specially
developed for ESRO (ITT Electrical Com-
munication, Vol. 49, No. 3, p.251). For
satellites, phase modulation is used with
a peak modulation index that can reach
several radians. Missiles and launchers,
however, use frequency modulation. Typic-
ally, the modulating signal can be a message
of the p.c.m./phase shift keying type modu-
lating the carrier directly or alternatively, a
composite signal containing subcarriers
modulated by various analogue or digital
signals representing telemetry and distance
measurement information. The spectral
bandwidth -of the modulating signal may
well be several megahertz for large capacity
satellites -and this puts severe constraints
on the phase modulator.

Output power for the transmitter depends
on the information rate and on the link
budget and this varies from one satellite to
another. A telemetry transmitter on board
a satellite can work alone or as part of a
coherent transponder. In the first case it is
fed with a signal delivered by the oscillator
of the phase lock loop of the associated
receiver which is thus in phase with the
signal received by the transponder. This
enables Doppler effect on the carrier to be
measured so that the radial velocity of the
satellite can be determined.
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Surround-sound psychoacoustics

Criteria for the design of matrix and discrete surround-sound systems

by Michael Gerzon

Mathematical Institute, University of Oxford

There are a number of different mechanisms by which the ears localize sounds, including several
low-frequency, mid-frequency and high-frequency mechanisms, as we[l as information derived
from the reverberation of sounds. With only a few transmission channels available, one cannot
hope to satisfy them all, but most existing “‘discrete’” and ‘‘matrix’’ systems do not satisfy more
than one or two criteria. The approaches associated with the Nippon Columbia UMX system and
the NRDC ambisonic system are the only ones so far to adequately allow for several criteria.

When stereo was introduced commercially
in the 1950s, it had been subjected to
experiments and theoretical studies for
25 years, by Fletcher! in the USA,
Blumiein®* in England, and de Boer® in
the Netherlands. Despite a remarkable
anticipation of modern “matrix” four-
speaker systems by Blumlein®> in 1931,
virtually no work had been done on four-
speaker surround sound before its recent
commercial introduction. We are thus only
beginning to understand how it works, and
it is the object of this paper to describe the
fruits of this new understanding. Not
surprisingly, hastily introduced com-
mercial systems have proved to be
sub-optimal.

Because the mathematical description
of surround-sound systems is far from
elementary, this aspect is not dealt with
here; references?t© 10 contain such infor-
mation. In this article the principles of
surround-sound psychoacoustics are des-
cribed, ie. the relationship between the
sound field presented to the listener and
what he actually hears.

Lord Rayleigh discovered': '* that the
human hearing system appears to use
different mechanisms to localize sounds
at frequencies below and above 700Hz.
Other evidence by Rayleigh!® 3, Stevens
& Newman' and Roffler & Butler’s and
others suggests that above about 5KHz,
yet other localization mechanisms come
into play, relying on the pinnae (the flaps
on the ears) to modify sounds from
different directions.

To make matters even more complicated,
there is considerable disagreement both
among theorists and experimenters as to
the localization mechanism used within
each band of frequencies, quite contrary
results being obtained in different cases'.
It seems that the ears must use a number
of different methods of sound localization,
possibly deciding on a “majority verdict”
in the case when different mechanisms

would, if used in isolation, give differing
results.

In the presence of such contradictory
information, the apparent localization of a
sound also depends on the experience and
expectations of the listener and on the
type of attention he is paying to the sound.

‘This can easily be demonstrated by

reproducing via a stereo pair of good loud-
speakers a sound positioned half-way
towards the left speaker, but with the
speakers connected out of phase. A
suitably positioned listener can then hear
the sound to be either between the

Quadraphonic quandary

While this article was written before
publication of B. J. Shelley’s article
Quadraphonic Quandary (Wireless
World, July 1974 pp. 235-6), it does
deal with many of the queries he
raised on the aims and methods of
quadraphonics. You may find it
instructive to decide how far his
particular criticisms are answered
here. But note two points. Firstly,
that two of the systems earlier pro-
posed by the author on purely mathe-
matical grounds (two-channel peri-
phony and, via a tetrahedron of
speakers, four-channel periphony) are
here shown to be inadequate on the
type of psychoacoustic grounds
suggested by Shelley. And secondly
that disagreements among experi-
menters about quadraphonic psycho-
acoustics are no new thing; Harwood!6
documented how little agreement
there is on ordinary stereo localiza-
tion. These disagreements may well
be due to the conflicting directional
cues at the ears inherent in all two-
speaker stereo and in badly designed
quadraphonic systems.

speakers or beyond the left speaker (some-
times, both at once!).

Because most matrix four-speaker
systems give highly ambiguous sound
position information to the listener’s ears,
the results obtained will depend on the
individual listener. Some listeners will learn
to assign sounds to their “correct”
positions with experience, and others will
not. As a degree of subjectivism is a poor
basis for any technology, the general prin-
ciples behind various different sound
localization mechanisms will be examined,
with a view to extracting from these
common features that can be used in
designing surround-sound reproduction
systems.

To design surround-sound systems we
do not need to understand the full
intricacies of the sound processing
mechanisms in the ears and brain. As far
as engineering is concerned, all we need
know is what type of stimulus (i.e. sound
field information) is needed to create a
given subjective impression, and then we
can design apparatus to produce a
stimulus of the required type.

However, it is also necessary to have
a description of the required stimulus that
is simple enough mathematically to handle
in detailed calculations. Otherwise we will
only be able to design a system by guess-
ing a circuit configuration and then
“number crunching” the data in a com-
puter to see whether it will work. As there
are many millions of possible system con-
figurations, it is extremely unlikely that
such a design procedure would happen to
hit upon the best possible result, or even
something approximating to it. Such
considerations rule out from our account
such phenomena as the Haas effect, which
says in essence that the earliest arrival of a
sound at the ears determines its apparent
direction. This is difficult to analyse
mathematically, as well as being an un-
reliable guide to the subjective sound
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direction when sounds arrive from all
round.

First, what is the aim of surround
sound reproduction?

Recreating a sound field

Ideally, one would like a surround-
sound system to recreate exactly over a
reasonable listening area the original
sound field of the concert hall, or in the
case of popular or electronic music, a
sound field envisaged by the record pro-
ducer, with many different sounds in
different directions at different distances.
Unfortunately, arguments from informa-
tion theory can be used to show that to
recreate a sound field over a two-metre
diameter listening area for frequencies up
to 20KHz, one would need 400,000
channels and loudspeakers. These would
occupy 8GHz of bandwidth, equivalent to
the space used up by 1,000 625-line
television channels!

The best that can be done with the two,
three or four channels currently available
is as follows. For each possible position of
a sound in space, for each possible
direction and for each possible distance
away from the listener, assign a particular
way of storing the sound on the available
channels. Different sound positions corres-
pond to the stored sound having different
relative phases and amplitudes on the
various channels. To reproduce the sound,
first decide on a layout of loudspeakers
around the listener, and then choose what
combinations of the recorded information
channels, with what phases and ampli-
tudes, are to be fed to each speaker. The
apparatus that converts the information
channels to speaker feed signals is called
a “decoder”, and must be designed to
ensure the best subjective approximation
to the effect of the original sound field.

In commercial “discrete” practice, the
process of assigning positions in the sound
field to the available channels, known as
“encoding”, is done using four channels.
Sounds not in the four corner positions
are, in this procedure, assigned to just
those two of the four channels representing
corner directions adjacent to the desired
direction. This only handles distant sounds
in a horizontal direction, and it is by no
means evident that this is the best way of

Fig. 1. Omnidirectional and velocity
microphones (picture b) receiving the
same low frequency information as the
human hearing system (picture a).

assigning such a sound field to four
channels. Similarly, it is not evident, and
not in fact true, that feeding these channels
directly to a square of speakers gives an
optimum recreation of the original sound
field.

Thus any surround-sound system gives
rise to two distinct but related psycho-
acoustic questions:

@® Is a given method of encoding the sound
field ever capable of good subjective re-
creation of the sound field? That is, does
the encoding method used permit the
possibility of designing some decoder
giving good results?

® Given a good method of encoding, what
is the best design of decoder for use with a
given layout of loudspeakers?

Low-frequency localization
The distance between the human ears is
half a wavelength of a sound having a
frequency of 700Hz. At frequencies
appreciably below this, the head offers
no obstacle to sound waves, and so the
amplitude of sound reaching the two ears
is virtually identical'> -, The only in-
formation available at these low fre-
quencies for sound localization is the
phase difference between the two ears,
and in 1907 Rayleigh! indeed showed
that this was used to localize sounds
below 700Hz. .

There has, however, been disagreement
as to how this low-frequency phase
difference information is used to deduce

-sound position. One school of thought,

represented by Clark, Dutton & Van-
derlyn® and Bauer®, derived a theory
assuming that the listener does not move
his head, whereas Makita??, Leakey? and
Tager® assume that the brain uses addi-
tional information from variations at the
two ears- caused by rotations of the head
within the sound field.

It is possible to construct a “super-
theory” including the above two classes
of theories as special cases. Essentially,
the sum of the waveforms reaching the
two ears is the sound pressure that would
be at the position of the centre of the
listener’s head were he absent. This
information is the same as that picked up
by an omnidirectional microphone (see
Fig. 1). The remaining directional infor-
mation at low frequencies reaching the
listener is the difference of the waveforms
at the two ears, which is the velocity of
the sound field along the ear-axis (see
Fig. 1). This is the information picked
up by a sideways-pointing velocity or
figure-of-eight microphone.

The fixed-head theories thus assume
that the information picked up by an
omnidirectional and by a sideways-facing
velocity microphone is all that is available
to the brain. The assumption that no use is
made of amplitude differences at the two
ears amounts to assuming that com-
ponents of the velocity microphone infor-
mation that are 90° out of phase with the
omnidirectional information are not used
in deducing the direction of sounds. The
“moving head” theories assume that the
velocity microphone information may
point in any direction, but still assume
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that 90° out-of-phase velocity microphone
information is not used.

It is not difficult to compute the
“omnidirectional” and “velocity micro-
phone” information produced by a
quadraphonic reproduction system, and
hence. to calculate whether the useful
information at low frequencies reaching
the ears is the same as for live sounds
(see Fig. 2). :

Such calculations reveal that, for low
frequencies, no existing two-channel matrix
encode/decode system reproduces all the
useful information as it occurs in live
sounds, although the Cooper/Nippon
Columbia BMX system’ satisfies the
hypotheses of Makita and Leakey. More
remarkably, conventional discrete four-
channel sound also does not satisfy low-
frequency criteria other than those of
Makita and Leakey. This is because
phantom inter-speaker sound images with
this system give too large an omni-
directional component of the sound
field?, which causes front-centre and side-

centre sounds to be very poorly
localized?.

The poor positioning of phantom
images suggests that discrete four-

channel systems shouid not be used as a
standard of excellence by which other
systems are judged. There are better ways
of representing the set of possible
directions around the listener via four
loudspeakers® 25, The National Research
and Development Corporation has re-
cently been developing, with the author, a
two-channel decoding apparatus for
BMX or RM-encoded sounds, to feed
four loudspeakers so as to satisfy the
low frequency criteria shown in Fig. 2,
and also the mid-high frequency criteria
described later.

The three-channel system discovered

|

[ X

Y~ —— )

Fig. 2. Low-frequency quadraphonic
localization information available to the
ears.
Omnidirectional information:
Q=Ly+ Ly + R+ Ry
x-velocity information:
X=Real(—L, + L, + R — R)
y-velocity information:
Y=RealLy + L, — R — R)
For “‘live’’ sounds we must have
Q?=1X+ Y).
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Fig. 3. Tetrahedral loudspeaker layout
shown embedded in a cube.

independently by the- author'®, Gibson
et al’’, Eargle’, Madsen (unpublished)
and Cooper®, is capable of correct low
frequency results, as is the four-channel
QMX system® and the tetrahedral with-
height system of the author® ‘® ¥, which
is reproduced via the speaker layout of
Fig. 3. It is also possible to design a
decoder for discrete recordings so as to
satisfy all low-frequency requirements.

It is well known that velocity micro-
phones give an exaggerated bass for very
close sounds. Because the ears use velocity
microphone information to localize sounds,
close loudspeakers modify the directional
effect at the ears. In particular, 90° out-
of-phase velocity components caused by
phase shifts are converted to phase
differences between the ears. This causes
the very low frequencies of phase-shifted
sounds to be rotated around the listener.
This effect has been observed by Bauer
et aP® via two speakers, but can be re-
moved electronically. The degree of the
effect is inversely proportional to loud-
speaker distance.

Statistical methods may be used to
apply the above theory to listeners not
placed in the centre of the loudspeaker
layout. The details are involved, but give
results somewhat similar to the mid-high
frequency theory of sound localization
described next.

Mid-high frequency localization

Above 700Hz, the wavelength of sound
is sufficiently small that the phase re-
lationships between the loudspeakers are
no longer of primary importance in sound
localization. Under these conditions, what
matters is the directional behaviour of the
energy field around the listener. It is
possible to show that, because of the
positive nature of energy (in the mathemati-
cal sense), one can only exactly recreate
the energy field of a live sound source
through a small number of loudspeakers
if the sound happens to be at the position
of one of these. Thus at mid and high
frequencies, not all of the ear’s localization
mechanisms can be satisfied in a practical
reproduction system.

" (two-channel) or

However, it is possible to analyse the
directional energy field into omnidirectional
and vector components analogous to those
used for the sound amplitude field at low
frequencies. If one assumes that the
effect of head movement is used by the
brain, these sound energy components
can be used to estimate the probable
subjective mid- and high-frequency sound
direction. For a sound reproduced through
several speakers, this direction may be
calculated as the direction of the sum of
vectors, one pointing at each speaker,
each having as length the energy of the
sound from that speaker. Calculations
using this theory indicate that various
four-speaker sound reproduction systems
give the mid-high frequency soundlocaliza-
tions shown in Fig. 4, which agrees well
with experimental data?®.

Note that if the number of channels
equals the number of speakers (as for
“discrete” and QMX via four speakers),
then phantom inter-speaker sounds are
drawn toward the nearest speaker.
Cooper®" 32 has called this the “detent”
effect, but it is not significant for his BMX
TMX (three-channel)
systems. A similar “pull” by the speakers
is found for tetrahedral with-height repro-
duction (Fig. 3), but not when a cube of
speakers is used.

The ratio of the length of the above-
defined energy vector to the total re-
produced energy should ideally be unity;

-in practice the larger it is the better

defined the sound image—it is this that
makes TMX better than two-channel
BMX.

This mid-high frequency theory holds
only so long as the ears do not have too
great a directionality in their response
to sounds. The data of Sivian &
White'” and Rolls" on the ear’s
directionality show that above about
5kHz a new theory is needed.

Localization above 5KHz

In 1907, Rayleigh found that when
the head was stationary the ability to
distinguish front from rear relied entirely
on high frequencies. This has been con-
firmed by Stevens & Newman" and
Roffler & Butler’, who showed that the
ears could localize sounds in the plane
of symmetry of the human head quite
accurately despite the two ears receiving
the same sound waveform! This ability
disappeared when the pinnae were masked.
Conversely, many workers have found
that dummy head recordings (which in-
corporate the effect of the pinnae’s
acoustic obstruction) give good spatial
localization when reproduced either via
headphones or via loudspeakers with the
pinnae masked®. Perhaps using the ulti-
mate “purist” microphone technique,
Edmund Rolls of Oxford University has
made similar recordings using micro-

‘phones inside the ears of real heads!

The pinnae localization mechanism is
not well understood, but appears to rely
on the fact that sounds from each
direction arrive inside the listener’s ear
with a distinctive colouration. Thus, if
we can reproduce that colouration in a

-criteria cannot be satisfied.
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Fig. 4. Perceived localization vs intended
direction of sounds in degrees, according
to the mid-high frequency theory of this
paper, for various systems via a square of
speakers as in Fig. 2. Triangles indicate
speaker positions. QMX data only applies
Jor a full bandwidth system. Compare

with Figs 19 and 20 of reference 26.

recording, we can reinforce the sense of
direction created; to the author’s know-
ledge, this has not yet been done in
surround-sound recordings.

Reverberation to aid localization

It is possible to locate sounds more
accurately in a moderately reverberant
room than when there is no reverberation.
Although the mechanism is not under-
stood, it is found that correctly recorded
reverberation also aids sound localization
during reproduction’, although poor arti-
ficial reverberation makes the sound
image more indistinct. The author has
computed the distribution of reverberation
energy around the listener given by various
recording techniques’, and it is found
that the most accurate sound localization
is obtained when the energy is uniformly
distributed, and not concentrated too
much in any one direction.

Thus if a surround-sound system is to
work optimally, it must be capable of
capturing all nuances of reverberant sound
and of reproducing these uniformly around
the listener. Certain popular commercial
matrix systems assign the original sound
field to the two available channels in such
a discontinuous manners ¢ that these
“Variable
matrix” or “logic” decoders, which work
by pushing the whole sound field towards
those directions in which the sound is
momentarily strongest, clearly cannot
reproduce those nuances of reverberation
needed by the edrs to localize sounds.
The  “detent” effect of discrete repro-
duction (Fig. 4) also prevents uniformly
distributed reverberation.
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Integrated injection logic

The development of new techniques in
circuit integration has apparently been
concentrated in the field of m.o.s. devices,
and the amount of information appearing
in the technical press about m.o.s. has
tended to obscure the latest arrival on the
bipolar logic field—integrated injection
logic (i%.. for short). Its characteristics
are impressive and it seems set to take over
from conventional t.t.l. circuitry when pack-
ing density and low power dissipation are
the essential requirements of a system.

As a result of the elimination of passive
components in the basic gate and areduc-
tion in the number of devices per gate, up
to 3000 gates can be fabricated in one
chip—an increase by a factor of ten over
t.t.l. chips. The speed of i2.l. is lower than
that of t.tl. (delay around 30ns instead of
10ns) but the speed-power product is only
about 0.4pJ or less for i%l., compared
with 100pJ. Cost is lower than in i.cs
using the m.o.s. technology, particularly
so as the same chip can contain both
digital and analogue circuits.

The circuit takes the form of a radically
rationalized direct-coupled-transistor-logic
(d.ctl) element. In the diagram at (a), a
typical d.c.t.l. gate (on the left) is shown

driving one input of two other gates. Re-
arranging the interface gives (b) in the
drawing, which can be further simplified
by replacing the base resistor by an active
current source and by substituting a multi-
collector transistor for those with common
bases. The result is (c), where the input
emitter is termed the injector, the whole
circuit being contained within the area
of a ttl multi-emitter input transistor.
The combining of the two base emitter
junctions of the interface gives protection
against the effect, when junction voltages
on different chips differ, of one gate
monopolizing the current output from the
previous gate, starving others connected
in parallel.

The basic gate can operate at a current
of around InA and a logic swing of 0.6V,
which means interface circuits are needed
between i2.1. and other logic systems or
linear devices. Variations of voltage and
current can be obtained for different
applications.

The new logic family can be used in a
similar range of work as other 1.s.i. systems.
It was originated by Philips at Eindhoven,
Netherlands, and at about the same time,
but independently, by IBM at Boblingen.

=

(b)

pEE

injector

(c)
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Weather satellite ground station—2

Reception of cloud cover pictures; limiter and phase-locked loop system

by G. R. Kennedy

In an fm. receiver, the signal limiter
amplifies the signal so that any amplitude
variations are minimized, in order that the
detector may see a constant amplitude
frequency modulated carrier. All f.m.
detectors respond to some degree to a.m.
as well as f.m. The principle of most
limiters is amplification by a saturation
amplifier. The process is sometimes re-
ferred to a clipping, although this implies
a truncated sine output, with flat-topped
sinewaves. Ideally, true fim. receiver
limiters should produce undistorted sine-
waves. The amplitude variations in the
if. signal may be due to relatively slow
changes in the received carrier strength
as well as due to faster impulse noise. The
input signal, and if. signal strength may
vary over a wide range, and hence the
limiter must have a wide dynamic range.
In order to limit amplitude changes at
low signal input levels as well as at high
levels, considerable gain must precede the
limiter. A single-transistor limiting stage
(Fig. 12) will not handle a wide range of
limiting levels, and several cascaded stages
must be employed.

Transistor Tr,, is biased so that with a
small input of a few hundred millivolts
the transistor saturates. The saturation
knee-voltage may be varied by altering
R,;, within the limits imposed by thermal
runaway. Considerably more efficient
limiting can be contrived using one of the
commercially available integrated circuit
limiters, made by such manufacturers as
RCA and Motorola, or by employing an
ic. wide band amplifier and limiting the
output above the knee voltage with diodes.
Fig. 13 shows the simple connection of
the RCA CA3076 limiter integrated
circuit. The pin connections refer to the
lead numbers of the ecight-lead TO-5
package. The CA3076 will operate up to
20MHz, and at 10.7MHz provides 80dB
voltage gain with a limiting knee above
50pV input. Fig. 14 shows two wide-band
amplifiers connected for limiter service.
The short circuits between 3 and 4, 6 and
7, and 8 and 9 of each i.c. connect diodes
internally which limit the output voltage
to about 25mV for any input voltage
between 300pV and 3 volts r.m.s. up to
30MHz. The overall gain is about 100dB.
Phase-lock loop detector
For weather satellite applications the
phase-lock loop detector is outstanding in
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performance’. The a.m. rejection and phase-sensitive detector (p.s.d.), and the

deviation linearity are far better than for
conventional ratio detectors. Although
limiters have been described, an integrated
circuit phase-lock loop detector such as
the Signetics NE565 does not need elabor-
ate limiting preceding it, since the a.m.
rejection is 40dB or so. However, phase-
lock loops built from discrete components,

such as a synchronized Wien bridge may -

not have such outstanding a.m. rejection.
The basic block diagram of a phase-lock
loop is shown in Fig. 15. The pll is
a closed-loop servo where the input is a
frequency signal, the error device is a

feedback path is a voltage-controlled
oscillator (v.c.0.) fed through a low-pass
filter which in turn is fed by the error out-
put after amplification. The output is taken
from the p.s.d. output either before or
after filtering, depending on whether
further filtering and buffering is required.
The sense of the feedback path is such that
a difference in phase (and hence, instan-
taneously, frequency) between the input or
reference signal and the v.c.o. or control
frequency, produces an output which
alters the v.c.o. frequency to reduce the
error. Since the phase detector is a sum-
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Fig. 14. Two-integrated
circuit wideband ampli-
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Fig. 15. Phase-locked loop block diagram.

filtered
output

and-difference device much the same as
the mixer in a superheterodyne receiver,
there are sum-and-difference products pro-
duced at the p.s.d. output. The low-pass
filter removes the higher frequency com-
ponent, and allows an Lf. error voltage
to drive the v.c.o. If the loop is in lock with
a constant frequency reference, and the
reference changes in frequency, the v.c.o.
will change frequency in sympathy. If the
reference input is frequency modulated,
then, the p.s.d. output will vary with the
reference frequency modulating frequency.
The p.s.d. output can be made extremely
linear with error and hence f.m. deviation,
so that the p.s.d. output is an accurate
f.m.-detected output signal. The phase-
sensitive detector cannot have an infinite
bandwidth. There comes a point where
the frequency difference between the ref-
erence and v.c.o. frequencies is so large
that the loop is not in lock, and the v.c.o.
runs at its natural frequency f,. As the
reference frequency approaches the v.c.o.
frequency at a given point the loop will
lock up and the v.c.o. will run at the
reference input frequency. This will happen
at the same difference frequency, higher or
lower, than the v.c.o. natural frequency.
The difference between these frequencies
is called the “capture range”. This is
shown diagrammatically in Fig. 16. There is
frequency hysteresis in the p.LL operation
so that if the reference frequency alters
away from f,, the loop will remain in

lock beyond the capture point frequencies.
The difference between the point where a
locked loop will lose lock for an increas-
ing or decreasing frequency from f,
is the “tracking” or “lock range”. This is
shown in Fig. 17. It then follows that as an
input frequency sweeps high-to-low or

‘low-to-high, the locking of the loop will

not be symmetrical about f, (Fig. 18). The
apparent asymmetrical operation of the
loop is important when the bandwidth of
the receiver and the likely Doppler shift
of the satellite received frequency are
considered. If the receiver bandwidth is
insufficient, the phase-lock loop may drop
back at an extreme of carrier frequency
deviation. This will cause the v.c.o to re-
turn to f,, and lock will not be required
until the deviation has returned through
the appropriate capture point. There is
therefore a longer period of dropped lock
—and hence picture deterioration—than
might be thought by simply regarding the
tracking range. The capture range should
be sufficient to lock on the expected
satellite frequency deviation plus Doppler,
but not too wide to allow transient lock on
very strong out-of-channel signals which
may break through even the narrow band-
width if amplifier stage. The use of the
p.Ll. has an unexpected advantage when
receiving grossly fading signals: if the loop
does drop lock, the return of the v.c.o. to
f, causes the picture display to return to
mid grey. This is the least conspicuous
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Fig. 16. Phase-locked loop capture range
(a) reference frequency rising (b) reference
Sfrequency falling (c) resultant capture
range. The v.c.o. natural frequency is f,.

tone for picture interference.

A practical circuit, using a Signetics
NE565 p.ll for an if. of 470kHz, is
shown in Fig. 19. Here a single-rail supply
is used, with appropriate biasing of the
differential input, pins 2 and 3. The input
is 470kHz deviated at a rate of 2.4kHz
and may be to either of the input terminals
for optimum a.m. rejection. The input for
the NE565 should not exceed 400mV.
Pins 8 and 9 set the v.c.o. frequency.
Frequency f, is given approximately by

Se~ 4R,C,

fis in Hz, R in ohms, C in farads. Resistor
R; is usually set to be below 20kQ, and
ideally at 4kQ. Capacitor C; decouples
some of the input frequency from the oui-
put, which is taken from pin 7 and C;
decouples the supply at the device pins, C,
is the loop filter capacitor and sets the
capture range of the loop.

Fig. 20 shows typical values of C,
for an NE565 p.ll. operating at 470kHz.
For a 470kHz input at 300mV pk to pk
deviated + 10kHz the output at pin 7
is approximately 30mV pk to pk with a
considerable amount of 470kHz output,
which must be filtered out. Fig. 21 shows a
two-stage 2.4kHz filter. The performance
is as follows: input 30mV pk to pk; output
at max. gain setting 7.5V pk to pk at
2.4kHz; overall gain 47dB; bandwidth
1.9kHz: 3dB points 1.2kHz, 3.1kHz.

where
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Fig. 17. Tracking range diagram for the
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Fig. 18. Asymmetrical locking diagram
of the phase-locked loop. (a) reference
frequency rising (b) reference frequency
falling.

Cyclonic depression in the North Atlantic
between Greenland and the UK taken on
Saturday, 21 Sept, 1974. The satellite
was 68-114-A, ESSA-8.
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A digital clock and calendar

Part 3. Concluding the clock calendar project with leap-year logic
and a power supply design
by J. K. F. Nosworthy and N. J. Roffe

Fig. 10 shows the circuitry for the years
counter and the associated leap-year logic.
The years counter itself is straightforward,
consisting of four sequential decade counters
IC,;_js- Drive 1s of course derived from
the output of the months section. Reset is
to 0000, presenting no problems, and this
is actuated conventionally from the terminal
output.

Leap-year detection follows the principles
already set forth. Reviewing these, it will be
seen that it is necessary to examine the last
two digits of the year in order to decide
whether or not the year is an ordinary leap-
year, and all four digits in the event that the
last two are 00 (century) in order to decide a
century leap-year. For the first and third
digits, to cover all contingencies, all possible

digits from 0-9 need to be examined; for
the second and fourth digits, only even
numbers (including 0) need to be examined.

Examination of the year being displayed
is by the array of NAND gates IC,; ;5 s0
far as the last two year digits are concerned
(i.e. examination for ordinary leap-years)
and by a duplication of these to deal with
the first two digits for century leap-years.
All these gates are fed either direct from the
binary-coded outputs of the years counters,
or via inverters IC,, ,;,, according to their
particular logic requirements. Breaking the
gates down into groups, IC,, ,, deal with
the fourth digit; an output being passed by
IC, (a) or (b) for a O or a 4 respectively;
IC,; (a) or (b) for a 8 ora 2; IC,,(a)fora 6.
The output in each case, if it occurs, is a

low, and this is inverted by IC,; to a high
before being passed to an input of IC,, or
IC,;. IC,, and IC,; repeat the screening
process on the third digit; if this is odd, it
will enable, via the A6 output from IC,,,
both IC,, (d) and IC,; (a); so that if a fourth-
digit 2 or 6 has been screened through by
IC,; (b) or IC,, (a) an.output will be derived
from IC,,;,s . Similarly, if the third digit is
even, the A6 output from IC,, via IC,, will
enable IC,; (a, b, ¢); so that if a fourth-digit
0, 4, 8 has been screened through by IC,,
(a) or (b) again an output will be derived
from IC,,. In each case the output from
IC,, or IC,; will be alogic 0; and since these
are open-collector i.cs with ‘a common
collector load R;, wired-OR logic applies
so that the input of invertor IC,; will be
driven to logic 0.

+Z§,° A final piece of detection must be applied
| to the last two digits of the year; that is the
ot ‘ A Rs detection of a specific 00. This must be
T 880 detected if it occurs in order that the
“repeat” circuitry for scanning the first two
As I~ & Yo+ digits may be actuated in the case of a
s Bs L century leap-year. This is done by IC,,
7480 an 8-input NAND gate fed with the appro-
Cs ICy3 ICy, priate outputs of counters IC;; and IC.
Ds 7404 7401 If the output from IC, is favourable, it
. & enables (after suitable inversion) the top
12 gate of IC,; to accept a signal from the first
Ae two digits screening circuitry, indicating
the presence of a century leap-year. If IC
- Be output is unfavourable, it will leave the
7470 second gate of IC,; in operation so as to
Ce B}_ﬁ allow an output through from the last two
Dg 1 +Vee 5Y
input %GRBGO RB
Az |§§St;:gr 150
1cs 57 1> o I _E}
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7
=l VAN B e
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Tor e g e vear AsBsCsDs 8 Fig. 10. “Years’’ counter and ‘‘leap-year”’
A7:B7C7:D7:4 .. o~ o logic. Gates are identified from the top of
AeBsCeDe the diagram, e.g. IC,y, is associated with
Tees “0’’ and ICy,, with **2”. The input A to
IC,, 55 is A6 from IC,, .
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digits screening circuitry, for indication
of ordinary leap-year. In either case, which-
ever gate a signal comes through, it will
cause a resultant output of logic O since
again IC,; is an open-collector type and the
common collector resistor R, gives
wired-OR logic.

Finally, the resultant leap-year signal is
inverted by IC,, to give a high, and this is
used both to drive the alternative February
line on the ROM matrix (see Fig. 9) and
to drive TR, for illumination of the l.e.d.
which indicates a leap-year. (TR, is inter-
posed between IC,, output and the lLe.d.
because the direct output from IC,, would
not give sufficient brightness owing to its
current-sink limitations—an alternative,
if any spare sections of i.cs were available,
would be to parallel several of them up to
increase the current availability.)

Main power supply

The circuit for this is given in Fig. 11. The
principle adopted is that the function of
the main power unit is to produce a minimal
24V  supply, thoroughly smoothed as
regards mains ripple and major supply
transients but not necessarily precision-
regulated. This supply is fed to the various
units, and these each contain their own
on-card i.c. regulators, providing for each
unit a precisely regulated supply rail which
is readily adjustable to individual unit
requirements. This two-stage approach also
ensures really efficient inter-unit decoupling
which, as any user of digital i.cs has doubt-
less found out the hard way, is absolutely
vital!

Two separate outputs are in fact pro-
vided; the reason being that, on considering
the requirements for the stand-by battery
facility, it is found that several portions of
the clock do not have to be kept powered
during a mains power cut. These are
principally the nixie decoder/drivers, which
consume quite a fair amount of current,
also various ancillary portions such as the
BBC accuracy comparator. The display
itself can also be dispensed with during a
power cut; and obviously these economies

to crystal oven

are desirable in order to lengthen stand-by
battery life. The 24V output is therefore
split into one line which must always be
kept alive, i.e. backed up by the batteries,
and one which is powered solely from the
mains. The two outputs are respectively
labelled (2) and (1).

For the stand-by battery supply, man-
ganese dry-cells are used. Rechargeable
batteries were considered, but lead-acid
was thought to be too messy and labour-
demanding and alkaline cells, which would
have been ideal as they could have been
left on permanent floating charge, were
unfortunately ruled out by expense. Since,
therefore, a floating-charge principle cannot
be used, it was necessary to devise a change-
over system which would operate in the
event of main failure; and for this we have
adopted the principle of steering diodes.
The mains-fed supply is arranged to be of
slightly higher voltage than that from the
batteries, and the two are commoned via
diodes (D;, D,). Under mains operation,
therefore, the diode in the battery line will
be reverse-biased, so that no current flows
from the batteries, whilst the one in the
mains-fed line will conduct. In the event
of mains failure or serious mains under-
voltage, the situation is reversed; the battery
series diode supplying output current and
the mains-fed diode preventing this from
flowing back through the rectifier circuit.
The principle is simple, foolproof and gives,
of course, an instantaneous changeover.
The only precaution which must be observed
during design and initial set-up procedure
is to ensure that the voltage limits are fairly
carefully set so that, whilst the battery diode
is held firmly off by the over-voltage of the
mains-fed supply, this over-voltage is not
so large as to give rise to an unmanageable
falling transient as the batteries cut in. A
point which is not perhaps immediately
obvious in this connection is that the mains-
fed supply must be substantially free from
ripple, as otherwise its instantaneous voltage
becomes a variable—hence the necessity
for including a series regulator (TR, ) in the
mains-fed supply line.

output 1

output 2

+

»l e | IC,y
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The standing drain from the batteries is
very small, and their shelf life is long; but
it was thought nevertheless desirable to
provide a warning indication of when they
were becoming exhausted. This is done by
a 709 op-amp which continually compares
the battery voltage with that set by a refer-
ence zener D, fed from the mains-operated
supply. Preset R, adjusts this reference
voltage to the level at which it is desired
that warning shall be given (this can be
decided on by reference to the battery
manufacturer’s data—we have actually
decided on 20.5V). While the battery voltage
is above this level, a positive output is
derived from the op-amp which turns TR,
on and illuminates LP,. When, however,
the battery voltage falls below that selected
by R, ,the op-amp output swings tonegative,
TR, cuts off, turning on TR, which lights
LP; . We used the 709 op-amp in preference
to the more obvious 710 voltage-comparator
because we found the latter to be trouble-
some during the changeover period, which

_is of course very slow—the 710 tended to

give parasitic oscillations during this time.
The 709 is used on open-loop gain and the
100pF used as output frequency compen-
sator gives the necessary slight hysteresis.
The back-to-back zeners strapped across
the op-amp inputs merely limit the maximum
input voltage in ecither direction to a safe
level. The op-amp and its circuitry are fed
from the 24V line by a 15V regulator, since
24V is considerably higher than its
maximum V| rating. In this application,
the provision of a negative op-amp supply
rail is not necessary, and the — V connec-
tion is simply grounded.

Switch S; is provided so that the opera-

“tion of the comparator circuit may be

checked from time to time. In its normal
position (up) it supplies battery voltage to
the op-amp, as described above. Depressed,
it supplies instead an auxiliary reference
voltage derived from D, by R;. This is set
to be slightly lower than the voltage from
R,, so that it simulates a low battery
voltage and operates the warning indicator.

To save stand-by battery current during
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Fig. 11. Main power supply, with battery-condition indicator.
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power cuts, the indicator circuitry could be
fed from output (1) instead of from output
(2). However, if this is done LP, will not be
illuminated during a power cut, neither
will any other indicator; and since the display
will also be off, there will be no indication
that the clock is functioning at all. We
thought this to be undesirable.

The main power supply feeds all the -

units except the nixie display and the
BBC accuracy monitor. For the former,
the usual 180V is required, with no stand-
by battery facility; we do not give the circuit
here since it presents no difficulty. (It is,
however, interesting to note in passing that
our solution for the regulation requirement
was the use of a good old-fashioned cathode
follower—solid-state circuitry still has a

+5V
output

-0

Fig. 12. Circuit of high-current 5V
regulator for on-card use.

few outposts to conquer!) For the latter,
again no stand-by facility is required; and
since it requires a dual-rail supply for its
op-amp, we found it simplest to power it
via a small separate on-card supply, using
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a sub-mniniature mains transformer and an
MC1468 dual-tracking regulator.

For remaining on-card regulation of
the 5V logic rails, either LM309K potted
regulators have been used or, where higher
output current is required, the -circuit
shown in Fig. 12. The theoretical maximum
current available from this circuit is 2A,
representing a dissipation in the series
transistor of 40W, but practical limitations
of heat-sink restrict this to about 1.5A.
It should be noted that the output voltage
control R, is used to tap down the zener
reference source instead of, as is more
usual, the output voltage—this not only
gives better stability, since errors in output
voltage are not attenuated before being fed
back, but it also allows the use of a 5.6V

Fig. 13. Temperature controller ;
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Parts list for oscillator chain (Fig. 2)

Resistors

R, 1MQ

R, 2.2kQ

R; 1.5kQ

R, 22kQ

R; 47kQ preset

R, 22kQ

R, 470Q

R, 1kQ (see corrections)
R 8.2kQ

R, 12kQ

R, 1kQ

R, 5.6kQ

R, 2.2kQ

Ry 1.5kQ

Ry 5.6kQ

Ry 560Q

R,; 470Q

Ry 5kQ multi-turn preset
Ry 4.7kQ

Capacitors

C, 0.1pF

C, 0.1pF

C,; 39pF preset

C, 200pF

Cs 30pF preset (sec correction)
Cs . 500pF preset (see correction)
(o 300pF

Cs 0.1uF

C, 0.01uF
Semiconductors

D, 1N4004 (used as varicap)
D, 6.8V zener diode

Tr,,  2N3819
Tr3’4'5 BC108

Trg BC477
Transformer
T, Denco IT

Parts list for BBC comparator

(Fig. 4)

Resistors

Ry 10kQ

R, 47kQ

R, 10kQ) preset
R; 470kQ

R, 2.2kQ

R,s 39kQ

R, 1kQ .

R, 2200

Ry 39kQ

R, 560Q

Ry 390Q

R, 12kQ

R, 100kQ

Ry 12kQ

R, IMQ

R 2.2kQ

Ry 12kQ

R, 47kQ

Ry 1.5kQ

Ry 10kQ preset
Ry 100kQ preset
Semiconductors

Tr, 2N3819
Trg 2N3819
Tr, BC109

Tr s BC479

Try,; 2N3820

Try, 2N3819

I1C, Signetics NE561B
1C, 709 operational amplifier
D, 1N4001

D, i1N4001
Capacitors

Cp 1—6pF preset
Cy 33pF

Cp 1-6pF preset
Cp; 2400pF

Cu 0.01pF

Cys 0.01pF

Cy 0.1yF

C,, 1000pF

Cis 0.1pF

Cp 0.1pF

Cy 10pF

Cy 0.1uF

C,, 0.1pF

Cy 5000pF

C,, 0.1yF

Cs 200pF

Cis 0.1uF

C,; 2uF
Transformer

T, Denco IT Blue
T, Denco IT Yellow
Meter

M, 200-—0—200A

Parts list for main power supply

(Fig. 11)

Resistors

R, 150Q

R, 150Q

R; 680

R, 2kQ preset

R; 2kQ preset

Ry 100kQ

R, 100kQ

R, 68kQ

R, 68kQ

R, 1.5kQ

R, 4.7kQ

R, 330

R, 4.7kQ

R, 33Q
Miscellaneous

LP, 24V, IW lamp
LP,; 12V, 0.1A lamp
F, 2A antisurge

F, 3A antisurge

F; 3A antisurge
Capacitors

(of 0.1pF

C, 0.1yF

C; 0.1pF

C, 3,300uF electrotytic
C; 10pF electrolytic
Cs 10,000uF electrolytic
c, 5,000pF electrolytic
Cs 0.1pF

C, 4.7aF :
Cy 100yF electrolytic
C, 0.1pF
12 ~0.1pF
Semiconductors
B, 4 X Rec 31 (Radiospares)
D, 26V zener diode
D, 24V zener diode
D,, IN5401
D; 3.9V zener diodes
C, Reg 15V (Radiospares)
IC, 709
Tr; 5 ; 2N3055

Parts list for oven supply (Fig. 13)

Resistors
Ry 15kQ
Ry 3.9Q
R, 1kQ R
Ry 470Q '
Ry 1kQ preset
Ry, 4.7kQ
R, 2.2kQ
R, 2.2kQ
23 2.2kQ
24 27kQ
25 IMQ
Miscellaneous
F, 2A fuse
F; 2A fuse
Capacitors
Cy;s 5,000uF electrolytic
Cu 2,200pF electrolytic
Cis 0.1uF
Cy 0.1pF
C;; 0.1uF
Semiconductors
B, 4 X 1N5401
D, C106B1 (s.c.r.)
Dy 1N4001
D, 27V zener diode
Dy 12V zener diode
Dy, 3.3V zener diode
D, 3.0V zener diode
D, ST4
Tr, MPS13
Trs ¢ 2N3054
IC, 741
Transformers
T, 240V Prim, 24V Secondary
Parts list for temperature controller
(Fig. 14)
Resistors
R, 1kQ, 10W.
R, 4.7kQ preset
R, 2kQ
R, 2.2kQ
Ry 47Q
R, 22kQ
R, 2.2kQ
R;; 20kQ, 5W
R, IMQ preset
R 150kQ
R, 1.5MQ
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Miscellaneous

F, 2A fuse
Capacitors

Ci 32uF, 450V electrolytic
Co 100uF electrolytic
Cy 470uF electrolytic
C, 0.1pF

C,, 47yF electrolytic
Cy. 0.1uF
Semiconductors

D,, 1N4005

Dy; 20V zener diode
D, 2N6073 '
IC, MFC4060A

1C; JA424 (Jermyn)
IC, 1 MC3301P

Tr, 2N2646

TH, THB11

zener, which is the best choice from the
point of view of temperature coefficient.

Temperature control

This is necessary both in the case of the
crystal, which is of prime importance, and
in the case of the oscillator circuit as a
whole. We found, in fact, that it was neces-
sary to maintain the crystal itself within
very fine limits of temperature (of the order
of 0.01°C) and the oscillator circuit as a
whole within +0.25°C in order to achieve
our designed accuracy of frequency
stability.

For control of the crystal temperature,
we had the good fortune to be given a suit-
able oven by Marconi Ltd, to whom we are
therefore greatly indebted. The temperature
controlling element in this oven is stable
within +0.0014°C. We did, however,
encounter one difficulty with it—we origin-
ally fed its heater element, which consumes
36W when active, from a.c. (50Hz), but
found that this induced hum modulation

into the crystal. The obvious answer was -

to provide a d.c. source; but this in turn
gave the problem of switching transients
each time the thermostat switch cut in or
out. The final solution was the power supply
shown in Fig. 13, giving a stable heater
supply with very slow switching action
(approx. 3s rise and fall times). Switch-on
is accomplished by the thermostat switch
grounding the base of Tr,, which therefore
ceases to conduct; the short-circuit which
it represents in the conducting state is
removed from the output of op-amp IC;;
IC, output therefore swings positive
because its input potentials are unbalanced,
thus charging C,, through R;; which takes
about 3s. The potential on C,, controls the
series Darlington pair Tr;4, giving the
required output of 24V at the emitter of 7v,,
the output stabilizing, of course, when the
potential at the slider of R, equals that of
D,, reference zener. It is worth noting,
incidentally, that D,, is fed from within
the feedback loop—a concept which has
been discussed previously in this journal?.
Turn-off of the supply is achieved by the
reverse action; thermostat switch opens,
Tr, base is switched via R,, ,,, Tr, con-

ducts and discharges C,, via R, (and a
further discharge path is provided through
the output circuitry of IC, as the output
voltage dies). Zener diode D,, limits the
voltage handled by the thermostat switch
to approximately 1.5V; D,, limits the
maximum voltage applied to the base of
Tr,; Dg has the not very obvious function
of preventing C,, discharging back through
the base-collector circuit of 77 should the
incoming mains supply be switched off—
we lost a couple of transistors before we
woke up to this hazard! Zener diode D,
limits the maximum output voltage to
approximately 26V in case of any other
accident. Resistor R,;, D,;, R,; and D,
form a final safety circuit. The thermostat
switch is arranged mechanically so that
gross overheating of the oven forces its
live contact by thermal expansion against
the live terminal of the heater winding. This
passes atrigger current to D, , which latches
in across the supply and blows F;.

For control of oscillator temperature,
we decided that the most practical course
was to temperature-stabilize the entire clock
case using proportional temperature control.
A 250W mains-fed heating pad is used
and control is by the circuit of Fig. 14.

Conclusion

As we said at the beginning of this article,
construction of this project has taken
almost three years. Looking back, it is
sobering to realize how much this branch
of technology has changed during even
this comparatively short period. In fact we
chose a fortunate moment to commence the
project, being the period when bipolar
digital i.cs had dropped to an acceptable
price level but before their successors in
technology (c.m.o.s.) had begun to be too
demanding of attention. We have already
given the reasons why we as a school
undertook the project, and our aims in this
respect have certainly been vindicated.

_Perhaps one proof of this lies in the fact

that, of the two co-authors of this article,
one is a master at the school and the other
a former pupil. '
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Corrections

Fig. 2. Resistor Ry should be connected in the
emitter lead of Tr;, below the emitter con-
nection with 7r,. Two trimmer capacitors
appear with the designation C;. The correct C;
is connected across L; and the second trimmer
across the secondary of 7 should be Cy. The
control output of the varicap control unit should
have a 100kQ resistor connected in series.

Fig. 4. A connection should exist between the
top end of R;; and the junction of R;, and C;; .
Fig. 9. Outputs to IC; should be labelled 4, , B,
D, (not C; Yand 4, .

(HF prediciion;j

MUF (maximum usable frequency) at a given
hour varies from day to day. HPF (highest
probable frequency) and FOT (optimum work-
ing frequency) curves enclose the decile range
of this MUF variation. The prediction is that
on 24 days of a month (30 days) observed MUFs
will lie between HPF and FOT, on three days
MUPFs will be greater than HPF and on the
remaining three days MUFs will lie below FOT.

The above assumes a quiet ionosphere; on
disturbed days MUFs will generally lie below
predicted quiet FOT. Prediction of dis-
turbed days in these notes, based on a 27-day
recurrence pattern, has been about 70% correct
over the last two years.
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[Letters to
the Editor

‘

THYRISTOR CONTROL OF
D.C. MOTORS

We read with interest the article on thyristor
control of d.c. motors by F. Butler in the
September issue. The article itself was
excellent but perhaps might be a little mis-
leading, especially as on page 328 he states
“Merely by up-rating the semiconductor
devices the scheme appears to be applicable
to large motors, certainly up to tens of
horsepower”. This is not strictly true for
thyristor controllers using the “thyristor
across the bridge technique” and unfortu-
nately most users, power supply authorities
and thyristor drive manufacturers would
similarly disagree with that conclusion
simply from the viewpoint of harmonic
interference injected into a single phase
supply.

However, the uninitiated reader might
well fall into another trap as, again on the
same page, Mr Butler refers to the require-
ment for “an overriding control which will
limit the circuit current to a safe value”.
Alas, this could well be an understatement
because many other would-be users have
condemned thyristor motor speed con-
trollers because “when they switched on
the supply the fuses blew and kept on blow-
ing”. What they had forgotten of course was
that the d.c. shunt wound machine, without
some form of acceleration control and
current limiting, presents almost a
short circuit across the supply system with
the inevitable result that the fuses blow.

To sum up, the article is indeed praise-
worthy but should be regarded with a cer-
tain amount of caution, the maximum
horsepower, from a reasonable design
point of view anyway, being of the order of
2h.p.—certainly not tens as stated in the
article.

P. A. Bennett,
Allen Bennett Ltd,
Sheffield,

Yorks.

Mr Butler replies:

Some of the points raised by Mr Bennett
were discussed in my original article. How-
ever, they are worth stressing a little more
forcibly, as he has done, and his letter gives

me the opportunity of adding a few com-
ments on matters which were omitted or
glossed over in my paper.

As regards power limitations of thyristor
drives, a glance through the advertisement
pages of technical journals shows that
systems up to 260kW (350h.p.) are readily
available from companies such as Laur-
ence, Scott and Electromotors, Maudsley
and Hugh J. Scott: No doubt the larger
installations operate from three-phase
supplies, but in principle there is nothing
against the use of single-phase sources,
subject only to restrictions imposed by
supply authorities.

A valid criticism of thyristor controllers
is concerned with waveform distortion.
To avoid this, variable phase-angle control
must be abandoned and the “missing cycle”
system used instead. In this system, thyris-
tor firing either occurs at the start of a
particular half-cycle or not at all. Though
more acceptable to the supply authority,
the scheme does not always appeal to the
user because of the violent torque fluctua-
tions at low speed and low power.

Starting problems with large d.c. motors
are just as bad whether operation is from
d.c. mains or from a.c. through a thyristor
controller. In the first case, full field current
is applied and a manual or automatic starter
feeds armature current through a stepped
resistor, sections of which are shorted out
as the motor gathers speed. It is damaging
if not dangerous to overspeed this operation.

With the thyristor controller, the motor
must be started with fully retarded firing
pulses; the control must then be advanced
slowly or.some overriding current-limit
control must be fitted. The Mullard trigger
modules MY 5001 and MY 5051 together
give these facilities The simpler arrange-
ment I described is perfectly satisfactory if
used sensibly. Its only weakness is that the
motor speed tends to drop as the load is
increased. To counter this, a feedback loop,
such as I mentioned in the article must be
added. This, too, is available with the
Mullard units.

The vital elements in my controller are
the auxiliary power diodes and thyristor
load resistor. These prevent the repeated
fuse-blowing which is the bane of the
simpler controllers. Another point, not
previously mentioned, concerns the power
factor of a thyristor drive. Delayed firing
pulses obviously cause a lagging current to
be drawn from the supply, though it is
doubtful if matters are worse than when
using under-loaded induction motors.
Because of the distorted current waveform,
precise correction by shunt capacitance
across the supply line is impossible.

Since my article was written I have built
a universal grinder, the wheel-head drive
being from a variable-speed d.c. motor of
2hp. Grinding wheels between 1 and 6in
diameter can be run at the optimum speed,
which can be measured by a non-
contacting tachometer. A colleague, Mr B.

Reid, developed a very useful instrument

for this purpose. Unfortunately, variable
speed grinders contravene the Factory
Acts, so that they cannot be used industri-
ally (overspeeding can result in burst
wheels). The drive unit for this machine
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has given no trouble. Another colleague,
Mr John Lennan, has built a 1kW con-
troller to supply a 1h.p. motor used to drive
a 6-in centre lathe. This, too, has given
trouble-free service and I can see no reason
why larger units cannot be built with every
confidence. Fractional-h.p. motors pose no
problems at all.

COMPONENT
IDENTIFICATION

As an engineer, I welcome, as I am sure
many of my fellows do, the now almost
universal adoption of the BS 1825 resist-
ance code. In this, and similar systems,
the decimal point and multiplier are com-
bined, so that a one-point-five ohm resistor
is expressed as “1R5”, and a point-one-
five ohm component as “R15”.

This is fine, but why, then, is a one
hundred and fifty ohm device specified as
“150R”? Surely, “K15” would be more
logical, as it conserves the three-
character format, and is no less informa-
tive. This system may of course be
extended to capacitors and inductors,
“n10” neatly replacing “100p”.

Such a modification to accepted prac-
tice is only justifiable if widely publicised
and understood. I would welcome readers’
comments on my suggestion.

S. J. Pardoe,
Altrincham,
Cheshire.

HORN LOUDSPEAKER
DESIGN

A number of readers have pointed out
that in many cases the minimum space
necessary to enclose the rear of the bass
loudspeaker apparently exceeds the
optimum cavity volume for giving the
correct upper cut-off frequency, often
by a factor of four or five times. Since
the cut-off frequency is inversely propor-
tional to the cavity volume, this will have
the effect of giving a serious “trough™ in
the overall frequency response before the
mid-frequency horn takes over. The
answer is to reduce the cavity to the
correct volume by means of a circular
plaster or wood moulding leading from
the rear of the loudspeaker diaphragm to
the throat of the horn. This technique has
been well described by John Crabbe
(Wireless World, Feb. 1958, my ref. 19).

A further point raised by several readers
is the lack of detailed constructional data
for the practical horns described in part 3.
This was a deliberate policy on my part,
because earlier experience had shown
that no design seemed to suit more than a
very small number of -constructors.
Indeed, T have already received a number
of letters proposing alternative designs
and configurations, and asking for my
advice regarding their performance—
advice which in most cases is quite im-
possible to give.

Nevertheless, I am very sympathetic

f
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towards those readers who require
detailed constructional information, and
I hope to make available early next year
detailed drawings of a moderately-sized
cor:ler horn which gives a very satis-
factory performance.

J. Dinsdale, -

Olney,

Bucks.

As ref. 20 in the interesting series of
articles on acoustic horn design by Mr
Dinsdale (March, May, June issues), I
would like to reinforce the warning on
differential time delay given by Mr Hamill
in the September issue. Experience with a
16-ft bass horn (described in “Acoustic
Compensation”, Hi-Fi News, November
1964) confirms that the reproduction of
transients is most subjectively accurate
when 1f. and h.f. path delays are similar,
although if some differential must be
endured results are less unnatural if h.f.
energy is received first. Experiments
suggest that, as a rough émpirical guide,
the time differential introduced should
not exceed 1/f,, where f, is the crossover
frequency. Thus, for f, at 400Hz, up to
2.5ms would be allowable, equivalent to
a path difference of nearly 3ft.

R. N. Baldock,

Harrow,

Middlesex.

DIGITAL
SPEEDOMETER

Having designed and partly constructed a
digital speedometer before coming to Saudi
Arabia this summer, I was interested to
note the similarity of approach in the
design offered by Messrs Bishop and
Woodruff (September, October issues).
Perhaps you would allow me to make the
following comments.

Firstly, by expanding the display to
three digits and altering the count period
generator to inciude a switched resistor,
the display could indicate either miles or
kilometres per hour, together, perhaps,
with a suitable indicator to show which is
being displayed.

Secondly, in my design I used an optical
pick-up from a modified speedometer, and
by doing this was able to dispense with the
frequency multiplier. This reduces the
circuit complexity quite considerably, but
requires knowledge of the individual
speedometer gearing to calculate the
correct number of slots in the rotating
disc. I have also considered the use of
storage and calculation logic to display
acceleration. But this seems to be adding
much cost and work for very little gain.

I have been thinking about the addition
of variable retard or advance to a
thyristor ignition circuit. Perhaps an auto-
mobile engineer could tell us whether such
a control on the dashboard would be of
advantage in the fields of performance or
economy?

During the petrol crisis last winter I
connected a reed relay and light bulb to
indicate each stroke of the electric petrol

-pump. Although the pump frequency

varies with engine speed, and thus the dis-
play cannot give a true indication of
m.p.g., it is certainly a constant—and
effective—reminder of the absolute rate of
flow of fuel!

N. H. Jennings,

Dhahran,

Saudi Arabia.

CALCULATOR AS
SIGNAL SOURCE

At the risk of appearing frivolous, may I
suggest a possible secondary application
for the mnow ubiquitous electronic
pocket calculator?

Recently, while re-aligning a pre-war
a.m. broadcast receiver, it became neces-
sary to convert wavelength (in which the
set’s tuning scale was calibrated) into
frequency and this simple calculation was
carried out on a Sinclair “Cambridge”,
which I keep handy in the workshop. With
the set switched on it was noticed that
a high pitched buzzing emanated from the
speaker whenever the calculator was
operated and that this note could be al-
tered in pitch as the various function keys
were depressed.

Analysis of the “r.f. field” with an oscil-
loscope indicated a strong square wave
radiation extending up to 3MHz. Sub-
sequent experimenting suggested that the
calculator acts as a very effective signal
injector and my “Cambridge” has in fact
been used as such (in addition to its nor-
mal intended use, of course!) in the repair
of long- and medium-wave radio re-
ceivers for the past few months. It would
be interesting to hear other readers’ com-
ments—other calculators currently avail-
able may yield quite different results and
may possibly radiate at frequencies above
3MHz. ]

A.D. Thomas (GWSDXA),
Cardigan,
West Wales.

F.M. TUNING
INDICATORS

I have followed with interest the corres-
pondence on f.um. tuning indicators, and I
think readers may be interested in my
approach to the problem.
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My circuit arrangement has the ad-
vantage of the two-lamp system, ie. it
indicates direction of mistuning and also
has the additional advantages of maximum
sensitivity at the tuning point and requires
no judgement to be made by the operator.

These features are obtained by putting
the two lamps (l.e.ds) in the feedback loop
of an op-amp (741). The high open-loop
gain of the 741 and the forward voltage
drops of the l.e.ds combine to produce a
very sensitive null detector. The af.c.
reference voltage is fed to the non-inverting
input of the 741 and the af.c. voltage to
the inverting input via a second 741 as an
amplifier/buffer. When the set is on tune
the output of the 741 will be at mid-rail
voltage and neither Le.d. lit, but only a small
tuning error is required to swing the output
to the “knee” of the le.d. characteristic,
turning it on and so indicating mistuning
in that direction. The le.d. current in the
off tune” state will be automatically limited
by the built-in current limit of the 741. To
reduce the sensitivity to usable levels a
shunt resistor is connected across the Le.ds,
otherwise the output level will tend to sit
so that one or other of the l.e.ds is conduc-
ting. The gain of the buffer and the value ’
of the input resistor, which sets the l.e.d.
current, are chosen to suit the a.f.c. voltage
available. Typical values are given on the
diagram. This circuit is used with an RCA
CA3089 i.f. chip, which has the a.f.c. output
in the form of a current. Silicon diodes
across the af.c. resistor limit the range of
the a.f.c. in a similar manner to the design
by J. A. Skingley and N. C. Thomson
(W. W. April, 1974).

The capacitor across the first 741
removes the modulation components from
theaf.c.

M. G. Smart,
Sunbury-on-Thames,
Middlesex.

DOPPLER IN
LOUDSPEAKERS

Mr Edgar’s novel approach (August
Letters) made me think again about this
matter, and I came to the conclusion that
not only does Doppler effect physically
exist, when loudspeakers are playing (as
James Moir confirms in your October
issue) but that it exists in general whenever
two or more sounds are in the air together.

7
100n ___|<__
Mr Smart’s tuning —iF ” Le.ds
indicator circuit 47k Vd
10k v JQ\L(\Q’\'
a.f.c.voltage
or current O M\ = +V
741 b AAN -t
+ 220
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O-
voltage 2%
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The fact that in most cases the effect is
negligibly small does not affect the prin-
ciple. Or can someone explain why (e.g.)
a large-amplitude low-frequency waving of
the air to and fro does not frequency-
modulate a small-amplitude high-frequency
wave (from another source) being carried
. by that sinusoidally moving air?
“Cathode Ray”.

MAKING P.C.
BOARDS

For some years now I have been using
Letraset for making printed boards.
Perhaps your readers would like to know
of this method. As a start I can recom-
mend sheets number 557, 556, 804. About
three years ago I contacted Letraset in
the UK. and they showed interest. Per-
haps if someone produced a greater variety
of connections then the wuse of this
method would become more popular.

1 would like to put these points forward:
1, clean the copper board well, e.g. with
steel wool and warm water, then dry com-
pletely and allow to reach room tempera-
ture, which should be at least 20°C. 2,
use light pressure when rubbing; do not
burnish, just press down with finger. 3,
when making joints, “overlap”. 4, to cut
just use a sharp knife. 5, mistakes are
easily removed by scraping with a plastic
tool on tape, but beware of this as it
could leave a trace of adhesive which will
prevent etching.
H. Wedemeyer,
Yanse,
Norway.

LOUDSPEAKER
DAMPING

Mr Marshall refers in a letter in the
October issue to a contribution (Tran-
sients and Loudspeaker Damping) I made
in May 1950 on the subject of the damp-
ing factor of arhplifiers. Reference to the
contribution indicates the degree of mis-
understanding commonly involved in
thinking that high damping factors are
significant.

Briefly, motion of the loudspeaker
voice coil is “damped” by the motionally
induced current circulating in the voice
coil-amplifier circuit. The amplitude of the
current is controlled by the fotal imped-
ance of the circuit, amplifier + voice coil
+ wiring. The amplifier output impedance
obviously has no significant effect on the
total current when it is only some 10%
or less of the total circuit impedance. Thus
extremely high damping factors, i.e. very
low amplifier output impedances, are of no
engineering significance in damping the
oscillation of the voice coil; indeed they
may impair the performance of a loud-
speaker. The contribution includes some
oscillograms showing the actual effect of
amplifier output impedance on the
transient oscillations of the voice coil of a
typical loudspeaker.

It is also worth noting that while the
amplifier output circuit impedance may
have some effect on the transient oscilla-
tions at low frequency, the cone is so
loosely coupled to the voice coil in the
middle and high frequency bands that the
cone or small areas of the cone can con-
tinue to oscillate although the voice coil
is stationary.

As the contribution demonstrated, there
appears to be no engineering advantage
in achieving damping factors much
greater than about ten. In many instances
there are positive disadvantages in using

" amplifiers with high damping factors.

James Moir,
Chipperfield,

Herts.
TRIALS—AND
TRIBULATIONS!

A photograph of a charming young lady
holding one of the new push-button dial-
ling telephones (STC Trimphone, I believe)
appears on p. 374 of your October issue.
The caption states that if the London trials
“go as the Post Office expects” the new
phones will be made available progres-
sively in other parts of the country.

If one compares the telephone keyboard
with that used on calculators it will be seen
that only four figures—4, 5, 6 and 0—are
in the same positions. (See, for example,
the calculator advertised on p. a53 of the
same issue.) It does not require much
imagination to foresee the sort of con-
fusion which could arise if the two instru-
ments—calculator and push-button phone
—are side by side on a desk.

The calculator keyboard has been stand-
ardized for some time. Whey then should a
telephone manufacturer and/or the Post
Office introduce a wvariant? It can, of
course, be argued that the Trimphone
keyboard with the zero after figure 9 is in
keeping with the sequence of figures on the
normal telephone dial. With the logic of
this one would agree, but with the calcu-
lator becoming increasingly a tool of
everyday life, would it not have been
logical for the new phone keyboard to con-
form with what is established practice in
another branch of electronics?

‘Harold Barnard,

Leigh-on-Sea,
Essex.

AUDIO VISUAL
GROUP

May I inform you that the British Kine-
matograph, Sound and Television Society
has, for some time past, been planning to
improve services to existing members
working in the audio visual field and to
fill a suspected need of potential members
for an organisation that will provide
papers, presentations, technical articles
and technical information on audio visuals.

Although the Society originated as a
film orientated organisation it has widened
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its scope by entering the television and
sound fields where appropriate to its aims
and objects and now has considerable
experience and some reputation in the
proper integration of these three separate
techniques. Where better then to find the
resources and the skill in the efficient use
of film, television, video, sound and vision
techniques used in combination?

The very nature of the Society’s under-
taking requires the closest co-operation
with all- organisations catering to the
separate needs of those techniques that
go to make up audio visuals, and the
BKSTS has every intention to provide
its members not only with their brand of -
information but information on  the
activities of other organisations bearing on
audio visuals.

In this -connection I hope that we can
be of mutual service to Wireless World
and to its many readers, some of whom
may be looking for an organmization to
serve their needs in the dissemination of
technical information which, in these days,
comes and goes in such prolific quantity
and at such a rapid pace.

The BKSTS Audio Visual Working
Party has, as its brief, the task of improving
existing services and of creating a climate
that will encourage an increase in our
2,000 strong membership.

Robert R. E. Pulman,
BKSTS Audio Visual Working Party,
London, WC1.

ELECTROSTATIC FORCES
ON PICKUPS

Like Mr Hide I have also found ‘when
using an SME arm under a plastic cover
that the arm would occasionally lift from
the playing surface. I have found that a
cure could be effected by damping the
cover by means of a damp cloth or by
using an anti-static cleaner to clean
the cover (similar to the method of pre-
venting dust accumulation on TV
screens). ‘

However, 1 also suffered from snap,
crackle and pop, and, blaming this on
central heating and arather dry atmosphere,
I now use a wet sponge in a tray on the
baseboard of my plinth, inside the cover.
This overcomes the spurious clicks and no
longer is the pickup arm liable to lift
from the record, presumably because the
slight' increase in humidity inside the
plinth inhibits the development of electro-
static charges on record or cover.

Previously the pickup could be lifted off
the record simply by rubbing on the
outer surface of the cover (not to be
recommended with an expensive stylus
and one’s favourite disc) when the pickup
could be induced to lift and return to
position to the outside of the record. With
this primitive humidifier device in situ no
amount of rubbing on the cover will induce
the pickup to miss a note.

Alec West,
Milton Keynes,
Bucks.
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WESCON 1974 convention

Electronics in medicine @ microprocessors @ speech recognition

by Aubrey Harris

University of California

The 1974 WESCON (Western Electronic
Show and Convention), the big electronics
event of the year in the Western United
States, was held September 10 to 13 in
Los Angeles. Many of the papers this year
stressed practical applications and only
a small number of new items were dis-
played in the show: the big semiconductor
manufacturers were notably absent.

One of the areas in which electronics
is becoming more and more needed, and
accepted, is the field of medicine. Per-
haps the earliest application of electronics
was in the use of x-rays last century, but
since then a whole host of uses have been
developed: electro-cardiograph and electro-
encephalograph apparatus, pacemakers,
hearing -aids, myo-electric control and

many measuring and monitoring equip- .

ments. These latter are of particular
importance for such uses as alerting
medical personnel in the event of a change
in vital body functions of critically ill
patients.

A paper by J. R. Singer, T. Grover and
A. Poggio, “Progress in blood flow

Fig. 1. Hydrogen protons in the blood
being aligned during their passage
through a magnetic field.

Fig. 2. Representation of the proton or
group of protons as a spinning top

which precesses about the direction of a
magnetic pole. A top precesses about the
gravitational field in a familiar way.

(a) The proton has spin like a top and
precesses about the magnetic field. (b) The
description is very similar even though the
proton motion is invisible.

measurements” described their work in
this area using nuclear magnetic resonance
(n.m.r.). This technique has advantages
because blood flow can be determined
without inserting probes or other devices
into the subject to be tested. A large
percentage of blood is water, and it is the
magnetic properties of the hydrogen
nuclei of the water molecules which are
used in the measurements.

It is known that the hydrogen protons
in the blood are magnetic and possess
spin, and each proton is like a gyroscope
or spinning magnetic top. When placed in
an external magnetic field, the “magnetic
tops” align themselves north-to-south with
the external field. In fact, this alignment
is not immediate but takes about three
seconds in pure water and in venous blood
(because of the paramagnetic nature of the
haemoglobin  molecules) the protons
require only 0.5 sec to align (Fig. 1).
When the alignment has taken place the
protons as a group behave as a gyroscope
and precess. That is, just as a spinning top
will do, the axis tilts out of the vertical

hydrogen protons
(random alignment)

blood flow
hydrogen
protons
aligned
line of force A
inthe is of
earth’s gravitational axis
field P
angle
of |
\ precession
)
/
] precession

motion

(a)

and describes a cone due to the force of
gravity. In the case of a fluid in a mag-
netic field, the hydrogen protons precess
in a similar way (Fig. 2).

The tilt may be increased to a greater
extent by applying a radio frequency field
in such a way that the magnetic action of
the r.f. provides torque to tip the spinning

- protons. A coil carrying a few milliwatts of

pulsed r.f. power produces a rotating mag-
netic field (during each pulse) and when
the rotation is equivalent to the rate of the
spinning protons they will tip. In these
experiments the r.f. was at I0OMHz.
Another coil is used to detect the tip-
ping and is arranged to be perpendicular
to the excitation coil, some 3cm away.
The precessing protons, being magnetic,
induce small signal voltages in the detector
coil which, after amplification, can be
measured. Protons tipped by the r.f. will
produce a different output in the detector
coil compared to untipped protons; this is
because of the different angles which the
axes of the tipped and untipped protons
make with the axis of the detector coil.

magnet

blood vessel

- -

3\ .
. magnetic
AN / field
~ .

(b)
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Fig. 3. Schematic arrangement for
determining blood flow using nuclear
magnetic resonance. The time taken (1)
Jor protons ‘‘tipped’’ at the excitation
point to reach the detector coil is used to
calculate flow. Typical spacing (d) is
3em.

Fig. 4. Block diagram of ‘‘acumonitor”’
Jor use in acupuncture.

Fig. 5. Voice entry encoder: the perceptual
space and its relationship to the sine

(U,) and cosine (U,) functions. Filter
Jfrequencies are also indicated.

Thus, it is possible to determine at the
pick-up coil when protons in the blood
which have been tipped by an r.f. pulse
are passing the detector point. The flow
rate may then be determined by noting the
time taken for tipped protons to move
between the excitation and detector coils,
and, knowing the spacing between the two
points, the average flow velocity may be
determined (Fig. 3).

One problem in using this system under
clinical conditions is the cost of the large
magnet required, which has a magnetic
flux density of about 2500 gauss. These
may be produced in quantities economic-
ally but are expensive in small, experi-
mental numbers. It is hoped that this
restraint can be soon overcome.

A related series of papers under the col-
lective title of “Psychotronics” was chaired
by Dr Thelma Moss of the Neuropsychia-
tric Institute of the University of California,
Los Angeles. Although not strictly
directly related to electronic equipment, a
tremendous interest was aroused amongst
engineers at WESCON with about 1200
of them attending an evening meeting on
the subject. This serves to emphasize the
growing appreciation and realization by
many professionals that there is a large
number of events and “happenings” which
cannot be explained by our present scien-
tific knowledge.

My apologies to those of my readers
who are disbelievers (or pre-believers) of
such esoteric manifestations as are
described hereunder; I, too, was among
your erstwhile millions—now, no longer
S0.

The areas covered included a laboratory
investigation of telepathy, some new work
in Kirlian photography, a remarkable
demonstration of changes in human
physical states by Jack Gray using his
own personal energies of an, as yet, un-

explained nature, and some work on an

“acumonitor” by B. E. Taff. He explained
that. there has been increasing interest in
the past few years by the medical pro-
fession in the Western world in acupunc-
ture, the ancient Chinese method of
preventive medicine and pain reduction.
Their theories state that there are 12
meridians in the body, acting as prime
“energy circuits”: for perfect health the
energy in these circuits must be balanced
properly between the meridians. Acupunc-
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‘ture is used as an aid in obtaining the
correct balance. The meridians are thought
to be a fourth (and distinct) body system
in addition to our blood circulation, lymph
and nerve systems. The actual nature of
the “energy” in the meridians is not clear
but has been shown to be real.

There are various methods of stimula-
tion for correcting the energy imbalance
in the circuits: (a) by chemical means, (b)
by massage or pressure (acupressure), (c)
by needles (acupuncture), (d) by electrical
energy injection, and (e) by laser beams.

These latter two require a good deal of
understanding and sophisticated equip-
ment; however, it was demonstrated in the
USSR that a mild intensity laser beam
directed at the meridian above the lip
caused immediate cessation of an epileptic
seizure. Work has been directed at devices
capable of determining the location of the
meridians. The Russian scientist V. G.
Adamenko wrote in 1972 about a device
called the “tobiscope” enabling measure-
ments of resistance points on the body to
be made, which show a one-to-one corres-
pondence with the known oriental acu-
puncture meridians. The device appears
as a metal cylinder with a probe at the
top, insulated from the metal body. In use,
an operator holds the cylindrical part and
applies the probe to the skin of the subject.
The operator completes the electrical cir-
cuit by maintaining contact .to the sub-
ject’s body with his free hand.

Networks of low resistance can be
traced which correspond within a milli-
metre or so to the acupuncture meridians.
These networks are differentiated from
skin probing of other areas of the body
by a ten-to-one resistance ratio. Approxi-
mate measurements recorded are 0.5 to
1.5 X 10° ohms at the meridians and
about 10° ohms on other areas. Due
regard is taken of shunt low resistance
paths due to moist skin. For this work
low values of direct current were used
(a few microamps at four volts) but some
experiments have also been successfully
made with a.c. at 1000Hz.

A more sophisticated device designed
and developed by Taff is the “acumonitor”
mentioned above, basically a single chan-
nel d.c. analogue/digital metering device.
It has stainless steel electrodes, one a
2mm probe and the other a hand-held
circuit return. A block diagram is shown
in Fig. 4: the actual circuit is still pro-
prietary. The probe signal is fed through
several stages of ic. fet. operational
amplification providing an input impedance
of about 2 X 10®ohms. In searching for the
acupuncture meridians an alarm is set to
trigger whenever potential is indicated at
over 37 millivolts andresistance under2.5 X
10° ohms. However, parameters are also
visually displayed with an led. digital
display.

The “acumonitor” has been used on a
subject under stimulation, to measure
changes in readings at specific locations.
In one test, voltage measurement increased
by a factor of five and resistance decreased
by 40% during two-minute stimulation of
the subject by a 15-mW helium-neon laser.

Ever since the introduction in 1948 of

the first solid-state active device, the
transistor, there has been a significant
impact every few years or so, with the
development of more highly sophisticated
devices—i.cs, m.s.i., 1.s.i. The latest in this
line of development is the microprocessor.
The term microprocessor (often abbre-
viated to pP) is used to describe the
central processor unit functions of a com-
puting device implemented by one or a few
m.o.s./Ls.i. chips. Significant differences
between the yP and the minicomputer are
the lower cost, reduced power require-
ments and often, lower speed. An impor-
tant advantage of the pP over the other
forms of ls.d. is its capability of being
programmed.

There were some 19 papers on P pre-
sented in what was called the “micro-
processors revolution”. M. M. Saba and
J. D. Grimes, in their contribution
“Microprocessors: a component for all
seasons”, showed that the pP has really
arrived and is now considered a single
component characterized by such features
as data word sizes of 2, 4, 8 or 16 bits,
macro instruction cycle times between
300ns and 60ps, instruction sets between
50-100 items, memory address space
ranges from 256 words to 65 kbytes, fre-
quently requiring from ten to 40 s.s.i. or
m.s.i. packages to interface them with
other sub-systems. The pP presents itself
as a powerful, inexpensive computing
device, the implications of which upon
the electronics and computing industries
are not yet appreciated.

The uses to which the pP is now being
applied are basically in the areas of
calculation and control-type functions. It

is often used as an alternative to hard- -

wired random logic and has been found an
inexpensive alternative to the mini-
computer, where speed is not of the
essence. Such applications are, for
example, point-of-sale and graphic ter-
minals, and credit card verification
systems. According to a report by
Quantrum Science Corporation there were
100,000 units in the USA at the beginning
of 1974; and the number is expected to
increase to 800,000 units by the end of
1975. By 1976 the cost of a unit is pre-
dicted as ejther $10 or $130-—depending
on who you want to believe.

" In reviewing the present and future
trends of the market for microprocessors,
Robert F. Wickham indicated that their
role would be in “dedicated” systems such
as computer peripheral controllers, office
equipment, computer terminals, com-
munications controllers, as well as test and
measuring instruments offering programm-
ability and “intelligence”.

In the equipment show a remarkable
piece of equipment was shown by Percep-
tion Technology Corporation. It was
“voice entry”, a device which provides a
direct interface between the human voice
and a computer system, making it possible
for any person to address a machine in
appropriate words chosen from one’s own
language.

This apparatus could be useful for con-
trolling equipment or machine systems in
situations where both hands and feet are
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already occupied or where there are
restrictive physical limitations, such as in
the cockpit of a test vehicle or where
operations upon micro-components must
be made while viewing the device through
a microscope. Further uses are in direct-
ing materials, handling, sorting and in
controlling physical access by personal
(voice) identification. As the input is an
audio signal, remote control of systems
is possible by telephone.

The basic unit, designated the VE-100,

"is suitable for table top or rack mount-

ing and costs $6,198. This provides an
interface to a computer (such as a
PDP/8E with 8k of memory) which is
necessary for operation of the unit. The
vocabulary is normally the digits “zero”
to “nine” plus control words “enter”,
“cancel”, “reset”, and “function”. The
machine can be trained to recognize other
words. =

Machine recognition of speech regard-
less of the speaker’s- characteristics is a
formidable problem and many systems
so far have had a high rate of inaccuracy
and speaker dependence. A novel solution
is provided by the use of a set of trans-
formations to map speech spectral para-
meters into a perceptual space.

The problem of accuracy of recognition
can be appreciated when it is observed that
the variation, in spectral terms, of a given
phoneme between different speakers is
often greater than the difference between
two distinct phonemes. The problem is
compounded because, even with a single
speaker, monitoring shows that spectral
differences occur at different times, con-
texts and circumstances which are com-
parable to the differences between
speakers.

Speech parameters can be described by
spectral distribution and to a general
degree may be represented by points in a
two-dimensional perceptual space approxi-
mating a circle (Fig. 5). A combination of
more than one frequency will be indicated
by a point within the figure. (This is
somewhat similar to the representation
of coloured light in the CIE chromacity
diagram. However, the speech spectral
distribution curve is continuous.) The
co-ordinates of the curve approximate
to sine and cosine shapes, and are
derived from Fourier transformations. In
the equipment the functions U, and U,
are reproduced by six active bandpass
filiers, one at each of the frequencies
noted, each with a Q of 1.67 and two
filters with slope at 24dB/octave at 300Hz
and 500Hz to provide the required shaping.

Phonetic segments are determined by
noting changes in energy levels and tran-
sitions between voiced and unvoiced
states. Then segments are fed to an 8 X 8
matrix space in the computer and these are
compared with stored speech information
in matrix form. A number is assigned to
each of the comparisons of a given
segment with all the stored patterns. The
number is related to the closeness of the
dominant vowel in the input vs. the stored
pattern; the closer the number is to zero,
the better the match. In a given word up
to four segments will be recognized and
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Fig. 6. Wavetek model 152 programmable
Jfunction generator.

Fig. 7. Tektronix 31/53 data acquisition
system.

compared for the matching process.

The system consists of speech process-
ing circuits, a mini-computer and an
interface between them. In operation an
input word is processed and its identity
verified within 160ms of the end of the
spoken word. During this interval the
spectral distribution of the speech signal
is determined by the filters, whose outputs
are rectified, smoothed, sampled every
10ms and input to a memory. The com-
puter tabulates them to form the data
points of the perceptual space. A com-
parison is then made with the related,
stored pattern and operates on a decision
algorithm built upon a broad statistical
base, thus gaining a large degree of
speaker independence and accuracy.

Regarding this latter aspect, accuracy
is claimed to be from 90% to 99%. The
higher figure may be achieved by “train-
ing” the system, by repeating via the input
microphone the desired vocabulary and
voice.

A new approach in programmabile func-
tion and waveform generation was
demonstrated by Wavetek. The Model
152 equipment (Fig. 6) allows, either from
a manual keyboard on the instrument or
remotely by an ASCII code, control of
frequency, amplitude, waveform, d.c.
offset, and trigger mode, as well as con-
tinuous phase variations of functions from
1Hz up to 100kHz, with harmonic distor-
tion of less than 0.1%. (The models
158/159 have frequency ranges from
1Hz to 3MHz and can be programmed
for 180° phase changes only.) Sine,
triangle, ramp and square waveforms may
be generated with output voltages of from
10 millivolts to 10 wvolts p-p into
50 ohms load impedance.

The programmable function generator
has many applications in automated test-
ing, where its output parameters may be
controlled remotely from a computer in
response to previously set up programmes
and to adapt to special conditions. Remote
programming is accepted into the unit as
7-bit parallel ASCIH coded characters;
up to nine instruments may be con-
nected to a common line, controlled from
one source. The unit will respond to
input up to 1 Mbyte per second; the
selected output function becomes stable
within 1ms in all cases. With the variable
phase feature, this parameter may be con-
trolled with 4-digit resolution referred
either to its own sync output or an
external sync source.

Tektronix were displaying the DM43, a
precision digital multimeter for use with
the 465 and 475 portable oscilloscopes.
The meter has 31 digits, five 7-segment
lLeds and will display voltages from 1V
to 1200V, resistance values from 0.1Q

to 20MQ, temperature from -—-55°C to
-+150°C and also differential time delay
measurements, which are resolved at an
increased factor of ten times compared
to the precision delay time dial on the
oscilloscope.

Time measurements are made by select-
ing the first of the two points by means of
the oscilloscope’s delay time position
control. The meter is set to zero at this
point. Next the delay time position con-
trol is used to select the second point and
the delay is read out directly on the
meter. This direct time readout capability
has application in checking the critical
timing of digital systems.

Temperature probing of semiconductor
power components can be accomplished
while signal waveforms for the device are
monitored at the same time. Test leads
used for voltage, resistance and tempera-
ture are independent of the oscilloscope
into which the meter is incorporated. Front
panel pushbuttons provide separate selec-
tion of function and range.

. Tektronix displayed for the first time
the 31/53 Calculator-based Instrumenta-
tion System, which is capable of data
acquisition, transformation and analysis
(Fig. 7). Its main feature is its ability to
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log, compare and analyze measurement
data as it arrives. The user can also store
the data. The unit has many of the
capabilities of the minicomputer, but it is
cheaper and easier to use, as there is no
need to learn a computer language to
operate it. In many existing systems infor-
mation is gathered by reading meters,
strip charts or printed lists. Then it is
interpreted or compiled and entered by
hand into a calculator or a computer for
statistical analysis or for storing on cards
or tape. In the 31/53, the process data
gathering, data analysis, documentation
and permanent storage can be handled by
the single calculator system. It combines
the concept of a stand-alone data recorder
and data analysis computation.

The system includes the Tektronix 31
calculator, a mainframe power source, an
interface plug-in, standard software for
data acquisition and analysis, and stan-
dard options and accessories. The cost is
$3,995.

Data acquisition is accomplished by
selected instruments from Tektronix’s
TM 500 line of modular measurement
instruments. The system = mainframe
allows these modules to be plugged-in in
any desired configuration.
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Electronic changeover

switching

The circuit shown in Fig. 1 effects a
changeover function when only a single
pair of contacts is available. When the
switch is open, only input A is admitted
to the output via R,. When the switch is
closed, input B is admitted to the output
together with an inversion of the input A
signal, which cancels the direct signal A
and leaves only signal B present. A gain
of two is given to input B by the op-amp
circuit, to bring the system gain to unity
for both inputs A and B by compensating
for the attenuation of signal B through R;

Ry
A 6k8
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20k% 4 —/ A
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6k8
2 ANA—
Ro R
10k 20k Fig.1
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- —AAA——
RS
_L AANA———>
5n x ')
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Fig. 2 —-15V off

and R, (assuming source impedance at
input AK6.8kQ. The degree of attenua-
tion of the unselected input depends on the
tolerances of R,, R;, R, and R;, and if
more than about 30dB rejection is re-
quired, some trimming may be necessary.

Electronic switching can be accom-
plished by substituting an f.e.t. to replace
the switch, as shown in Fig. 2. The 5nF
capacitor prevents the f.e.t. from cutting
off during the positive half-cycles above
about 100Hz which exceed the f.e.t. pinch-
off voltage when in the on state.

In certain multi-changeover switch func-
tions the operational amplifier could be a
section of a progrtammable op-amp.

M. J. Sells,
Reading.

Improved simple d. to a.
converter

Readers may have difficulty in getting a
satisfactory performance from D. James’
digital to analogue converter (W.W. June,
page 197) over a reasonable temperature
range especially if the 7490 is driving other
t.tl. This is because of the necessity for
equal logic 1 output voltages from the
7490 as well as matched v,, for the transis-
tors. A better performance with similar
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economy can be achieved by using a 7407
hex buffer as shown in the accompanying
diagram. The effect of changes in v,
with temperature can be minimized by
connecting the non-inverting input of the
op-amp to the output of an unused buffer
at logic 0. The 7407 could be replaced
by a 7405 if temperature compensation
is not required or for the addition of a
less significant digit.

R.J. Chance,
Birmingham.
+5V
ok
4K7

19k Vv

39K

79k

741 >
+

RIAA-equalized pre-amplifier
The amplifier shown in the diagram was
designed to combine the advantages
claimed by proponents of either side of a
recent correspondence in this magazine.
It has the low noise (less than —70dB
ref. 5SmV input) and high overload
capability (almost 30dB above 3mV input)
of a series feedback-pair design, and the
low distortion (0.05% i.m. distortion at
2V r.m.s. output) of the Liniac.

The first stage is basically a Liniac-type
circuit with emitter resistors, one of which

150k

reduces the d.c. gain, and thus the
amount of d.c. feedback applied, improving
transient response over the usual feedback
pair arrangement. This feeds into a second,
X 10 stage, which, contrary to normal
practice, has part of its emitter resistance
undecoupled, preventing shunting of the
first stage high impedance dynamic load
by this second stage input impedance. _
S.F. Bywaters,

University College,

London.
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Dual limit comparator

using single op-amp

This circuit was designed to give a positive
output when the input voltage exceeded
plus or minus 8.5 volts. Between these
limits the output is negative. The positive
limit point is determined by the ratio of R,,
R, , and the negative point by R, , R;. The
forward voltage drop across the diodes
must be allowed for. The output may be
inverted by reversing the inputs to the
operational amplifier. The 709 is used
without frequency compensation.

K. Pickard,

Otley, Yorks.

diodes 1N914 s

Novel power amplifier

This circuit obtains a differential output
from a type 741 operational amplifier, by
using its power supply pins. These out-
puts are used to drive power Darlingtons,
which use high voltage supplies. This type
of differential output is possible due to
the op-amp power supply rejection ratio
(typically 30uV/V) and its class B output
stage. The output pin of the 741 is loaded
with R;; to obtain maximum current
swings at the 741’s supply pins.

The # 15 volt supplies required by the
741 are obtained by resistor divider chains
R;, R, and R;, R, and transistors Tr, &
Tr, transfer their outputs to the 741’s
supply pins by their emitter follower
action.

Quiescent current drawn from each
high voltage rail by the 741 (typically
1.7mA) flows through the transistors pro-
ducing a voltage across their collector
loads that is fed to the base of the power
Darlington output transistors to set their
quiescent current. Darlington pairs are
used to prevent loading of the voltages
developed by the current variations

through T, and Tr, .

The capacitor connected between the
741’s output and the power Darlington’s
output, supplies stabilizing negative feed-
back to the last-mentioned. The capacitor
across R;, provides high frequency roll-
off.

For other supply voltages, change the
divider resistors but maintain the 5mA
through the divider chain. Any general-
purpose transistors for 7r, and Tr, may
be used and the Darlington pairs may be
made up from discrete types of transistors.
Higher gains can also be used by changing
R, and Rj, and C, to maintain maximum
frequency response with stability.

Components shown in broken lines
are for optional zeroing of output offset,
if’ the circuit is used in a servo system for
example. With component values as
shown, 30 watts can be delivered into
eight ohms from d.c. to 100kHz (with
X 10 gain) with less than 0.29% distortion.
Kenneth Griffiths,

Yatton, Somerset.

O +30V
R3 R
3k3 680
Ra [ T ° '/_K
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3k3 ZT84 ,\1/3/'(\, Q/ MJS00
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Micropower low-noise
amplifier

This amplifier has ultra-low power require-
ments (1.35V, 4pA), low noise (about
10pV pk-pk equivalent input noise with
10MQ source impedance), 10MQ input
impedance, and a high voltage gain of
2000. It was designed for use in implanted
transmitters which detect brain and heart
potentials.

Tr‘1
2N 4250

Cy

4n7 Tr3
2N 4250

O —O
C

10M 50i::
Try
2N4250

“bias line

High input impedance is attained by
current-starving 7r; , which operates in the
200nA region. The 2N4250 transistor was
chosen because its gain remains high
(B X 200) at very low voltages and currents.
It is, in addition, a low-noise transistor.
The low current in 77, limits the band-
width of the amplifier to about 5kHz, but
this is acceptable for biological work. The
input impedance is determined primarily
by the 10MQ bias feed resistor. The
transistors 7r, and Tr; provide additional
gain.

The amplifier had gain constant to
within 10% over a —10°C to +100°C
temperature range. It is self-biased, with
Tr, clamping the bias line, to prevent low-
frequency instability. The low-frequency
roll-off is determined primarily by C,,
but when changing this capacitor C,
should also be altered in the same ratio.
This will prevent another form of low-
frequency instability which occurs when
C, is too small. Capacitor C; adjusts the
high-frequency cut-off point, and may be
omitted if desired. As shown, the ampli-
fier has 3-dB points at 3 and 80Hz, suitable
for heart-beat monitoring.

C. Horwitz,
University of Sydney,
Australia.

WW Diary

The Wireless World Diary for 1975 is now
available from booksellers price 62p or
direct from the publishers, T. J. & J.
Smith Ltd, Deer Park Road, London
SW19 3UT, at 72p including postage and
packing. .
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Liquid-cooled power amplifier

by I. L. Stefani and R. Perryman

The amplifier to be described in this article was developed as part of a research programme in
which it was employed to excite magnetic specimens. The original model was designed to produce
peak currents slightly in excess of 10 amperes at frequencies ranging from zero to SkHz, but
operating experience indicated that the equipment was capable of being uprated by a substantial
amount, and it is thought that publication of the constructional details might be of use to workers

in other fields.

The need to operate with d.c. and at
very low frequencies indicated that some
form of transistor bridge should be used,
and after one or two simple air-cooled
arrangements had been tried, it was
decided to experiment with liquid cooling.
The first tests used power transistors
mounted in pairs in two water-filled copper
tanks, and while this arrangement enabled
the ratings to be raised by some 30%,
the onset of thermal runaway was rather
sudden and it was felt that the small
increase in output was a poor return for
the extra complications. The tests proved
to be useful, however, as they pointed the
way to a more satisfactory form of
liquid cooling. The following points were
noted:

Natural circulation was slow and hard

to start.

Stagnant layers of fluid collected round

the transistors.

Relatively large thermal gradients

appeared to exist in the transistor

cases.

As a result of these observations a new
series of tests was undertaken with the
output transistors mounted in such a way
that each received a turbulent flow of
liquid close to the active element. Forced
circulation and a fan-assisted heat
exchanger were also incorporated, al-
though flow from a tap was found to be
very effective.

The electrical circuit was initially
designed round two complementary pairs
of emitter-followers connected so that
each pair formed one half of a bridge,
but it was subsequently thought that
performance could be improved if the out-
put elements were used as current-
boosters assisting emitter-followers of
lower rating. A scheme of this type was
employed by 1. Hardcastle and B. Lane!
and its success influenced the final

1. High power amplifier. I. Hardcastle and B. Lane.
Wireless World, Oct. 1970, p. 477.

decision to adopt this arrangement. Diffi-
culties were encountered with output voltage
stabilization and with the design of a gain
control which did not cause a shift in the
d.c. balance at the output. These points
will be taken up later.

Various liquids were considered for the
coolant, but the final choice was water

. with a little “Prestone” inhibitor added.

Output stage
The general layout of the liquid-cooled
output stage is shown in Fig. 1. Cool
liguid is pumped into a small tank to
equalize the pressure applied to the
branches and the coolant is then passed
through four short lengths of polythene
tubing to the transistor bank. After cooling
the transistors the warm fluid is returned
to another tank from which it flows to a
fan-assisted heat exchanger of the type
commonly used for car heating. The com-
plete fluid circuit is outlined in Fig. 2.
Fig. 3 shows the constructional details
of the flow and return tanks which are
identical except for the lengths of the inlet
and outlet pipes. The transistor mount-
ings are cut from lin brass plate to sizes
given in Fig. 4, which also shows the
manner of bending the pins and the
construction of the cover plate. The
skewing of the bent portions of the pins
prevents contact between adjacent tran-
sistors when they are mounted in a bank.
Before assembly, leads should be soldered
to the pins, and the brass surfaces should
be sealed with a little “Silcoset” sealing
compound. Great care should be taken
when sealing the transistors to the mount-
ing blocks for if any seepage occurs in
the regions of the base pins, the high cur-
rent gains will make the booster stage
virtually uncontroliable. Normal motor
gasket sealing compounds have not been
found to be satisfactory.

When the amplifier is operating, cool
liquid is pumped into the lower tank where

mounting output tank

biock

insulated

input tank

soldering tag

transistor polythene tube

Fig. 1 Mechanical layout of liquid-cooled
power output stage

expansion

heat tank

exchanger

amplifier

1"dia. brass

intet 3"
outlet 2

V/a copper
approx 25°

Fig. 3 Dimensions and constructional
details of flow and return tanks.
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it divides into four streams, each stream
passing through a &in dia. hole in the
mounting block to strike the transistor
at a point immediately opposite its active
element. The water subsequently passes
up the &in wide slot to the Lin diameter
exit hole and back to the return tank.

The output circuit

The operation of the output stage
may be readily understood by reference
to Fig. 5, which shows emitter-followers
Tr, and Tr; supplying a small current
to a load. The resistors R, and R, have
little effect on the performance of the
transistors other than to cause a slight
reduction in their maximum voltage
swings, but the voltages developed across
these resistors may be used to operate
current boosters in the form of com-
plementary power transistors 7r, and 77r;.
The collector of each booster acts as a
current source and forces a large current
into the load without substantially aitering
the voltage drop associated with the
emitter-follower. Thus the load current is
large and the effective source impedance

- Ya'thick

1
1/4'copp<=_\r tube

I
32 thick

N "
3/|o P : "5 t
/32 slo

Fig. 4 Dimensions of transistor mountings.
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Fig. 5 Elements of the output circuit.
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Fig. 6 Circuit of the complete output bridge.
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is low. In the actual amplifier the tran-
sistors 7r, and Tr; are replaced by
Darlington-pairs mounted in TO3 cases.
This raises the sensitivity so that the
booster operates directly from low power
driver and output stages built into a
printed circuit. When two output and
booster stages are connected together to
form a pair of bridge arms, the biasing of
the emitter-follower bases requires the
provision of a constant-voltage circuit
capable of being preset to give an output
between 1.2 and 1.5 volts. This biasing
circuit is used to adjust the standing
current passing through the power tran-
sistors which form the bridge arms. (See
Fig. 5.) The complete output bridge is
shown in Fig. 6. .
The driving stages

The transistors driving the emitter-
followers must be operated with their
emitters joined to one of the supply busbars
or it will not be possible to provide sufficient
voltage swing to operate the bridge properly.
(See Fig. 5.) This means that the driving
stages are prone to drift and some means of
correcting this tendency must be devised.
The method used is the application of
feedback in two separate forms: first, the
mid point of the output is stabilized via
(Fig. 6) Tr, and resistor R, which regulate
the standing current passing through the
input stages, and second, conventional
voltage or parallel feedback is used. The
feedback circuits are drawn in heavy lines
in Fig. 6, which shows the basic arrange-
ment of the power stages. The 470pF
capacitors connected to the driving stages
prevent high frequency instability and
emitter resistors in the booster stages
produce a certain amount of thermal
stabilization. The 0.25Q resistors have to
carry large currents and they are con-
structed from short lengths of Eureka
wire wound into helical coils.

Finally, in order to facilitate setting up,
it is advisable to insert manganin shunts
or removable links in the bridge arms at S
for monitoring the standing currents. The
amplifier now in use has small ammeters
permanently connected to manganin
shunts.

The preamplifier

The duties of the preamplifier are three-
fold. First, it is required to provide a voltage
gain, and second, it should enable this gain
to be varied. Finally it must convert the
single-ended input to a balanced output.
The first and third functions present no
difficulties, but the second is a possible
source of trouble as the d.c. passing
through the gain control produces a voltage
drop which alters with the setting and is
considerably magnified in passing through
the amplifier. Matched f.e.ts were tried out
in the controlled stages but the degree of
balance did not prove sufficient to prevent
severe drift with changes of temperature.
The final arrangement used a rheostat to
partially short-circuit the output of a care-
fully balanced double-transistor amplifier
stage. The mean voltage drop using this
scheme is independent of the control
setting. The circuit, with component values,
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Fig. 7 Preamplifier circuit.
is shown in Fig. 7.

Setting up and testing: With water flowing
through the output boosters and the 10kQ
bias trimmers turned right back, the supply
voltage should be turned on and the feed-
back resistor R, adjusted until the mean
output voltage is about 15V for a 30-volt
supply. The gain control should then be
turned to the short-circuited position and
the 1kQ balance control on the preamplifier
adjusted until the voltage between the out-
put terminals shows zero onad.c. voltmeter.
When the gain is turned to a maximum
this voltage will usually change and it
should be returned to zero by means of the
470Q balance control. The bias controls
should then be carefully turned clockwise
until currents of 1 to 2A flow in each of
the pairs of bridge arms. After allowing the
stage to warm up the trimmers should be
rechecked. Exhaustive testing has not been
carried out because the amplifier has been
in continual use for well over a year, buta
few test results are given as an indication
of the performance.
Max. open circuit voltage - swing
when using a 32V d.c. supply: 58V
(20.5V r.m.s.)
Max. output current swing (limited
by the power unit): 34A (12A r.m.s.)
Max. power: greater than 230W
Output impedance: less than 0.5Q
Frequency range: approximately
0-110kHz
For general use it is advisable to install
some means of protection. Possibly a flow-
operated switch and thermocouples on the
transistor mounting blocks should be
considered.

Finally, it should be recorded that the
amplifier in its present form does not heat
up very much. This suggests that it might

be possible to uprate the design by a sub-
stantial margin; the simplest method would
appear to be to raise the supply voltage and
adjust some of the circuit component
values accordingly.

(Sixty Years Ago)

It always seems a pity when legendary
phenomena are explained in terms of modern
scientific theories, and many people would
ascribe this iconoclastic trend to the last 30 or
40 years. But it seems that we were at it fong
before that, as witness this extract from the
December, 1914 issue of The Wireless World,
in which W. B. Cole implies that Joshua was a
bringer of “bad vibes”.

“. .. it seems quite clear to the writer that
Moses, who was learned in all the wisdom of
the Egyptians, imparted to his successor
Joshua the knowledge of the principle of
resonance, and that Joshua, discovering that
the wall of Jericho responded to a certain note,
made use of this principle.

“During the week he kept his men busy walk-
ing round the city in order to keep the inhabi-
tants within (verse 1). The Israclites were
strictly enjoined to maintain silence, so that the
priests who blew with the trumpets might make
the necessary acoustical experiments, and to
tune all their trumpets to the same pitch. The
seventh day all was ready. The people com-
pletely encircled the city and at a given signal
the priests blew with their trumpets, the people
shouted, the same note, and the effect of this
choir of 40,000 men (Josh. iv, 13) caused the
wall to collapse.”
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Measurement and detection with
current differencing amplifiers

Introducing a set of tested circuits presented in cookery-card form

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams

Paisley College of Technology

Three sets of Circards deal with a new kind of i.c. building brick—the LM3900 current differencing
amplifier. Sets 16 and 17 cover signal processing and generation circuits respectively, and set 18

on measurement and detection will be issued shortly.

Pattern recognition is one sign that a
technology is reaching maturity. The early
stages following new advances are a suc-
cession of bright ideas, half-worked-out
theories and unrelated developments. This
is inevitable as workers in many areas take
from the original material that which meets
their needs—or appeals to their prejudices.

In circuit design the same configura-
tions appear under many guises and
names, developed quite independently and
for different applications. If we can re-
cognize these similarities and construct
the -appropriate family tree this is worth-
while in itself.

But we can do more. If two circuits
are similar in form because related in
function, then by finding any other circuit
designed for one of the functions there
is a good chance that it can be modified to
provide the other. A good designer is one
who picks the best brains.*

The present topic is a particularly good
illustration of this thesis. The problem
is to measure some property of the
amplitude of an a.c. waveform. Four cir-
cuits have their properties listed in the
table and circuit diagrams representing a
basic feedback form of each are shown in
Figs 1 to 4. The configurations are
identical, the differences lying only in
whether conduction is through a diode or
a switch, and whether the load is re-
sistive or capacitive. This identity of form
is far from apparent in practical versions
since there are so many additional com-
ponents and sub-circuits to optimize the
response or effect coupling between other
circuits/transducers.

The half-wave rectifier uses a diode as
does the peak rectifier. It begins conduc-
tion through the diode as soon as the input
goes positive remaining in conduction for
the phase angle range 0 to 7 for sine-wave
input. The mean value of the output is
normally required, and a moving-coil meter
is suitable as the deflection is proportional
to the mean current.

*To quote Tom Lehrer:

Plagiarise Plagiarise

Remember why the good Lord made your eyes
So don’t shade your eyes )

But Plagiarise Plagiarise Plagiarise

—only please to call it Research

When the resistive load is replaced by a
capacitor, conduction of the diode only
takes place for those instants when the
input voltage exceeds the voltage stored on
the capacitor. For a steady-state a.c. signal
this corresponds to the positive peak of
the input, and assuming no discharge of
the capacitor in the intervening period
the conduction angle is vanishingly small
and is centred on s/,. The resulting con-
stant voltage across the capacitor is
measurable with any d.c. volimeter whose
input current requirements are so small
as to avoid significant capacitor discharge.

To accommodate varying signal ampli-
tudes some discharge must be permitted
since a small amplitude would otherwise
never be sensed if following a larger input.
The resistive path leads to a compromise
time constant between maximum holding
time of the peak voltage and minimum
recovery time after large peaks. Con-
versely, the half-wave rectifier suffers from
capacitive effects at high frequency with
stray capacitance leading to partial peak
rectification. The resulting output/fre-
quency characteristic often shows a rise of
1 to 3dB prior to the cut-off frequency
limits of the amplifier.

The sampling circuit replaces the diode
of the half-wave rectifier by a switch which
closes for a brief interval at some phase
angle determined by external circuits. The
output is zero for all instants except the
sampling instant. With capacitive loading,
provided the switch closure is for a period
of time greater than the time constant of
the capacitance together with the amplifier
output resistance, then the capacitor volt-

Four types of circuit, listed here, to
measure the amplitude of an a.c. wave-
form—see Figs. 1 to 4.

Circuit load Conduction Conduction Voltmeter
angles, ¢, ¢, device

Sample R arbitrary switch instantaneous
Ag—0
Half-wave R On diode meaq/d.c.
rectifier moving coil
Sampleand € arbitrary switch dec.
hold 4¢-0
Peak rectifier ¢ LI diode d.c.
22

?

o

o

7

(o]

i

0

:

o]

-

Figs. 1-4. Types of circuit used to

measure amplitude of a.c. waveforms (see

Table). Complete circuits are given in

cards 7 and 8 in set 18.
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Fig. 5. LM3900 c.d.a. is well-suited to
measurement of time period and frequency.
An input capacitor can alternatively be
charged through a diode to form a “‘pump”
circuit (see card 10).
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Fig. 6. Defining operating conditions for
testing a zener diode with a c.d.a.
(see card 5).

age becomes equal to the input voltage
(again a compromise since the sampling
period should not be so long as to allow
a significant change in the input). If the
switch is closed periodically at the same
instant in  successive cycles then the
sampling time may be reduced, with the
capacitor voltage increasing to the re-
quired level over a number of periods.
With the switch open, as it is for most of
the time, the capacitor stores or holds the
sampled voltage, provided the measuring
instrument is suitably buffered.

The sampling circuits are readily con-
structed with current-differencing ampli-

fiers, and long hold times are possible.
With careful adjustment the output drift
can be < 5%/hour under controlled con-
ditions which is a good performance from
such a general-purpose circuit. The accu-
racy is less impressive since the current-
mirror match is involved, and it cannot
compete with standard op-amp circuits
in this respect.

Measuring period and frequency

The measurement of time period and
frequency is another field to which the
circuit is well-suited. A pulse waveform
of constant width and height but variable
frequency is fed as in Fig. 5 to the ampli-
fier with parallel RC feedback. The mean
voltage across the capacitor is then directly
proportional to the input frequency. Alter-
natively frequency and pulse height may
be kept constant when the output becomes
a measure-of pulse width. The availability
of two inputs extends this capability to
the measurement of frequency difference
or sum. Alternatively an input capacitor
may be charged and discharged through
a diode network to give the equivalent of
a diode pump/transistor pump type of
frequency meter (tachometer).

The d.c. characteristics of the amplifier
can be used to simultaneously define the
operating conditions of diodes, zeners
etc, while providing a low outputimpedance
point for ease of measurement (Fig. 6).
Finally, the circuit may be used in con-
junction with an external network of
resistors and diodes to perform quite com-
plex logic functions such as exclusive-OR.
Though offering no competition for the
usual logic families for large-scale applica-
tions, they are very convenient for providing
a small number of logic functions in an
existing system. The wide range of supply
voltages particularly commend them for
such applications.

- R 4
Examples of the redesigned circards, taken from a recent set.
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Titles of cards in set 18 of
Circards are
1 Measurement and detection
2 Logic circuits
3 Phase-locked loop
4 Transducer driving
5 Semiconductor device testing
6 Negative resistance circuits
7 Peak/mean rectifiers
8 Sample and hold circuits
9 High-frequency circuits
10 Tachometers

What are Circards?
Circards are a new method of collating and
presenting data about circuits in a compact
and easily retrievable way. The sets of 203 X
127mm (8 X 5in) double-sided cards are de-
signed for easy filing in standard boxes and for
easy access at the desk or at the bench, where
transparent plastics wallets keep the cards in
good condition.

Each card normally describes operation of
a selected circuit, gives measured performance
data and graphs, component values and ranges,
circuit limitations and modifications to alter
performance. Suggestions for further reading
are included together with cross references to
related circuits. The Circard concept was out-
lined more fully in the October 1972 issue of
Wireless World, pp. 469/70.

How to get Circards
Order a subscription by sendmg £13.50 for a
series of ten sets to
Circards
IPC Electrical-Electronic Press Ltd
General Sales Department, Room 11
Dorset House
Stamford Street
London SE1 9L.U
Specify which set your order should start with,
if not the current one. One set costs £1.50,
postage included (all countries). Make cheques
payable to IPC Business Press Ltd.
Circuits covered so far in Circards are
1 active filters
2 switching circuits (comparator and Schmitt
circuits)
3 waveform generators
4 a.c. measurement
5audio circuits (equalizers, tone controls,
filters)
6 constant-current circuits
7 power amplifiers (classes A, B, C and D)
8 astable multivibrator circuits
9 optoelectronics: devices and uses
10 micropower circuits
11 basic logic gates
12 wideband amplifiers
13 alarm circuits
14 digital circuits
15 pulse modulators
16 current-differencing amplifiers—signal pro-
cessing
17 c.d.as—signal generation
18 c.d.as—measurement and detection

Future sets will cover monostable cir-
cuits, two-transistor circuits, multipliers
and dividers, code converters, d.c. ampli-
fiers and choppers, amplitude modulation
and detection, transistor arrays, ad.f.
oscillators and voltage-to-frequency con-
verters.
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Capécitors
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A survey of present day capacitor technology and applications

by R. A. Fairs

Rank Radio International

This is a survey of the properties and parameters involved in the construction and use of capacitors
and dielectrics. Simple equivalent circuit analysis is also explained. The second half of the survey
deals with different types of capacitors: electrolytics, paper, plastic film, mica and ceramic. The
construction of each type is described together with particular properties of each type and their
circuit application. Finally an applications chart relates the different properties and parameters.

Progress in semiconductor technology
has led to an increasing dependence on the
role of commercially available capacitors
in a circuit. A glance at any electrical net-
work reveals that about 30% of the com-
ponents used are capacitors; and that
about 40% of all failures encountered are
due to misuse in circuit application of
these capacitors.

The impedance of a capacitor, Z,
largely controls its behaviour 1n any circuit
application. The manner in which this
impedance deviates from that of a true
capacitor requires the construction of an
equivalent circuit for practical capacitors.
This can be done quite simply and Fig. 1
shows the familiar parallel plate capacitor
together with its equivalent circuit.

We can reduce this circuit to a simple
resonant circuit (Fig. 2) whose impedance
curve (impedance vs frequency) when plot-
ted on log-log. graph paper is a hyperbola
whose shape and orientation depends on
the values of L., R, and C (Fig. 3).

We can make the following observations:
® fsmall Z=1/27fC=X,

@® fresonant Z=R_ (20kHz—~>1MHz)

® flarge Z=2nfL ,~X,,

The resonant frequency of capacitors
varies considerably from about 20kHz for
electrolytic capacitors to around 1MHz
for plastic film types and is even higher for
ceramics. Fig. 4 shows the impedance
curve of a tantalum electrolytic capacitor.
The prime cause of the curve deviating
from a hyperbola is temperature differ-
ences which affect the parameters of a
capacitor in a non-linear fashion, so in
some applications manufacturer’s data
must be consulted.

The inductance of the capacitor is
largely controlled by the dimensions of
the external leads and the method of con-
nection to the capacitor section. In tubular
capacitors the ratio of the length of the
capacitor section to its diameter is also
significant. To minimize the effect of
inductance, most electrolytic capacitors
have low inductance windings. Fig. 5
shows a reduction in inductance by a fac-
tor of 26 by this method.

As a rule of thumb the inductance of a

Rp
Ls R C

Fig. 1. Equivalent circuit of a typical
capacitor: L—equivalent series
inductance, R,—equivalent series
resistance, R,—leakage resistance (or
parallel loss resistance), C—apparent
capacitance.

Ls C Rg

Fig. 2. Simple series resonant circuit
where Z=R?+(X,,—X_)?

7/

IMPEDANCE, Z

Z
N /7
FREQUENCY (f)

Fig. 3. Impedance versus frequency curve
of the simple resonant circuit shown in
Fig. 2.

IMPEDANCE, Z

(210))

1
(~~50kHz)
FREQUENCY (f)

Fig. 4. Impedance curve for a tantalum
electrolytic capacitor.

normal capacitor, length lcm, is of the
same order as a piece of 22 swg wire of
length 1cm.

For capacitance value a temperature co-
efficient (t.c.) is defined by:

_ACX 10
C.At

change in capacitance X 10°

t.c.

B orig. capacitance X change in temp.
=appm/°C

where ppm==parts per million.

By defining the temperature coefficient
in this manner it is independent of the units
of capacitance.

It is usual to operate capacitors well
below their resonant frequency, and thus
neglect the effects of inductance. Fig. 2
simplifies to an equivalent circuit which
is universally used, that of a “lossy”
capacitor in Fig. 6.

By considering this circuit one can
develop terms which are extensively used
throughout the capacitor industry. From

standard
- winding
[ L=125uH
N low-inductance V
8 10 winding 7’
2 L =0-048uH L7
< v 7
[a) 7’
w 15 /\ 4
o ~ Id 7’
= N b R4
= SO PR -
Ak - e
0.05_91___.__:-‘_-;.___—’

I

1 ] 1 )]
100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

Fig. 5. Impedance reduction obtained by
low inductance winding.

11 AAN—
1l
C Rg

Fig. 6. Equivalent circuit of a ““lossy”
capacitor operated well below the resonant
JSrequency. :
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the phasor diagram, Fig. 7, we make the
basic definitions:

Loss angle, 6

Phase angle, ¢
Impedance, Z= JX+R?

true power

Power factor (p.f.)=———2-""~
apparent power

P .
=—f=cosg=sind
7 Josh=s

resistance

Dissipation factor (d.f.)=
reactance

=&: tanéd

4

For small R, d.f~p.f. (since sind==tand
for 6<0-15)

This relation holds for almost all com-
mercially available capacitors.

It is easily seen that for a good capaci-
tor, 4 must be small, but exactly what
variations occur with frequency and capa-
citance value will be important in capacitor
application and requires some diclectric
theory explained in the appendix.

Leakage current

This quantity is dependent on the parallel
loss resistivity (R,,) of the capacitor, which
has a negligible effect on the equivalent
series resistance, R, except for low fre-
quencies. It can be shown that

1
R =
7 wCR,

+R,

The relationship can be understood by
considering a perfect capacitor discharging
through a resistor as shown in Fig. 10.
The behaviour of the circuit is described by:

.49, _
Cert‘sz0
¥ Le,Q::QE

0 RC

(log.Q)i=(—t/RO)}
or: 0=Q,e ~¥RC 0y

dQ I —iRC
[="%—_"0 2
d& RC @

Eqgn. (1) shows that the leakage current
varies with time, and thus a fixed value of
the current, I, is only realized after a fixed
time. For electrolytic capacitors this time
is usually 15 minutes.

The quantity RC is known as the time
constant of the capacitor and is of the
order of days for polystyrene capacitors,
and several seconds for electrolytics.

Dielectric absorption
The rate at which a capacitor charges is
important. A perfect capacitor when con-

nected to a d.c. supply of E volts would
charge according to

I=(E/R}e "€ ®)

In practice, deviation from (3) occurs
because if a fully charged capacitor is
discharged and allowed to remain open
circuit for some time a new charge accu-
mulates within the capacitor showing that
a fraction of the original charge has been
“absorbed™ by the dielectric. A time log
therefore exists between the rate of

" charging and of discharging the capacitor.

Dielectric strength
The voltage at which the dielectric breaks
down is a measure of the dielectric
strength of the medium. This depends on
the test conditions and the thickness of the
material. It thus imposes a stress on the
medium and is usually measured in volts/
metre. Of associated importance is the
insulation resistance which will follow
approximately eqn (4)
___ R

Ry eK(T—1) ®
where  R;y=insulation resistance at
temperature 7" and R,=insulation resist-
ance at temperature ¢ K is a constant
(0-1 for paper capacitors and 005 for
mica and ceramic capacitors).

Energy losses ,
For a perfect capacitor, C, operating at ¥

volts, the energy stored is given by eqns
(5) and (6).

E=("vdo )
=[fvdew=cfbyar=1201 (©

However, the phase difference between
the vectors E and D defined in the appendix
causes a hysteresis loop (similar to the
B, H curves observed for ferromagnetic
materials), between the charge O, and
applied- voltage V. The energy dissipated
per cycle of the loop will be given by
eqn (5) and will vary with the frequency
of the applied field, so that the total
energy stored in the capacitor will be less
than the result predicted by eqn (6).

General considerations

For a parallel plate capacitor working in
vacuo, the capacitance, C, between the
plates, ignoring edge effects, is given by

C=e,A/d @)

where €, is the permittivity of free space,
A_is the area of plates, d is the distdnce
between plates.

When a dielectric is placed between the
plates the capacitance of the system

changes to C’ where C? is related to C by
]
€ =£=permittivity of dielectric  (8)
or dieleciric constant.

From these equations we see that to
obtain the highest capacitance in the
smallest volume, € must be high, and d
must be small. Translated into manufac-
turing techniques this requires a thin foil
of high permittivity capable of withstand-
ing the stresses imposed by the working
conditions of the capacitor.
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Fig. 7. Phasor diagram related to the
equivalent circuit of a “‘lossy’’ capacitor.

1 1 1
10° 104 10°
FREQUENCY, f (Hz)

Fig. 8. Loss angle versus frequency for a
polar dielectric material.

One has already seen that the cost of
obtaining a high permittivity, iltustrated by
Fig. 8, is its frequency dependence.

The most important considerations in
choosing a capacitor for particular appli-
cations are: capacity/physical size, and
shape; working voltage; frequency charac-
teristics (effect of frequency in impedance
and dissipation factor); insulation resist-
ance; environmental conditions (tempera-
ture and humidity considerations) and
cost.

A brief survey of the types of capacitors
available now follows.

Electrolytic capacitors

Capacitors of this type are physically the
largest available; their CV product (capaci-
tance value X working voltage) is also
large. Typical application of these capaci-
tors is to be seen in power supply circuits
and coupling between audio amplifier
stages.

The large capacitance evolves from the
use of a very thin dielectric film (about
Inm thick). Such a film is realized prac-
tically by oxidizing a suitable metal
(usually aluminium or tantalum). The
method employed is that of anodic oxida-
tion, ie. by making the metal the anode
when immersed in an electrolytic bath.

The resulting dielectric film is extremely
strong possessing a dielectric strength of
the order of 10’ Vm’, although imper-
fections in this film lead to leakage being a
typical characteristic.

For aluminium electrolytic capacitors,
the oxide is produced on a 99.99% pure
aluminium foil at an oxide thickness pro-
portional to the working voltage of the
capacitor. This voltage is often called the
polarising voltage and its function is
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maintain the oxide film at a specified thick-
ness, thus giving consistent capaci-
tance value.

The foil, now known as the anode foil,
is then concentrically wound with another
aluminium foil (about 98% pure) which
acts as a cathode. The two foils are
separated by a layer of highly porous
paper and the whole assembly immersed in
an electrolyte (usually ethylene glycol)
which promotes the forming of oxide film
when the capacitor is in operation.

The capacitance section is then placed
in an aluminium can which is hermetically
sealed. A typical arrangement is shown
in Fig. 11.

To give an increased capacitance value

in the same physical size the aluminium
oxide may be etched. This process
effectively increases the area of the die-
lectric and increases its permittivity from
about 7 to about 10. However, electro-
lytics made in this manner are unable to
withstand high currents, compared with
the plain foil type.
Tantalum capacitors. These capacitors
employ tantalum oxide as a dielectric
which has a higher permittivity than
aluminjum oxide (typically up to 25), and
as a result give a high capacitance in a
relatively small size.

There are three distinct types of tan-
talum capacitors available: solid tantalum,
wet sintered tantalum and tantalum foil
(the construction of this is similar to that
of an aluminium foil and will not be dis-
cussed).

The electrolyte used is solid manganese

dioxide used in solid tantalum types or
aqueous phosphoric or sulphuric acid
used in the latter two types.
Solid tantalum capacitors. Capacitors of
this variety are constructed by sintering
tantalum powder particles around a tan-
talum anode, the resulting ‘assembly is rigid
after manufacture and is known as a
“slug” (Fig. 12).

By controliing the temperature and time
of the sintering process one may control
the size of the slug, its density and its
oxide content. The purity of the tantalum
used is also important since it largely
controls parameters such as leakage cur-
rent and power factor.

The cathode of the solid tantalum
capacitor is formed by dipping the slug in
a solution of manganese nitrate which
when passed through ovens at 300°C
decomposes to a semiconductor layer of
manganese dioxide, this is then coated
with graphite and silver.

A schematic diagram of a complete
solid tantalum capacitor is shown in
Fig. 13.

The final encapsulation of the solid
tantalum capacitor can be in several
forms, the most common ones being:
polyester sleeve with epoxy end seals,
dipped epoxy coated, metal case with resin
seal or epoxy resin moulding.

Wet sintered tantalum. The slug used is
similar to that employed in the solid
tantalum variety; the distinct difference

between the two types being in the
cathode system. Fig. 14 shows these
differences.
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Table 1. Comparison of tantalum capacitor types

Parameter Solid Wet Foil
Maximum d.c. voltage rating 100V 125v 450V
CV product inflexible inflexible fiexible
Closest capacitor tolerance +5% +5% +10%
Volume efficiency* i 2 1 3
D.C. leakage current per CV (AF~'V ™7} 0-02 0-0005 0-01
Temperature stability** 1 2 3
Frequency characteristics** 1 2 2
Reverse voltage 1V o] »3V
Cost* 3 2 1
* *% 1 indicates highest* or best**
2 indicates intermediate stage between 1 & 3
3 indicates lowest* or worst¥*

Table 1 provides a general comparison
for the three types of tantalum capacitors
discussed, however for more precise .
- - . _—— manganese dioxide
information it is necessary to consult s \‘/
manufacturer’s data. " &0 O3

[ ERAE
. ) |

Reliability. (a) solid tantalum: very \ ‘\QDC)%Q: i) .

. 3 o \\D ¥——— tantaium pentoxide
reliable, working failures generaily due to v YOO,
misuse; intrinsic failure due to oxide St

. . tantal
crystallisation, (b) wet sintered tantalum: antatum

failure due to vapour transmission of the
electrolyte through the capacitor seal,
causing a fall in capacitance and degrada-
tion in the dissipatien factor; hence her-
metic seals are desirable. Aluminium and
tantalum foil types also suffer from the
same defect.

graphite, silver
and solder cathode
connection

Fig. 12. Solid tantalum capacitor slug .
Jformed by sintering tantalum powder
particles around a tantalum anode.

Paper capacitors
In this type of capacitor a thin sheet of

(a)

AN

I ]
10° 10° 10°
FREQUENCY, f (Hz)

(c)

(d)

Fig. 9. Loss angle versus frequency for a
non-polar dielectric material.

Fig. 10. Perfect capacitor before discharge
through a resistor.

Fig. 13. Schematic of a complete solid
tantalum capacitor (a) tantalum
impregnated with manganese dioxide (b)
graphite layer (c) resin outer coating (d)
tantalum shown cut away to indicate
anode terminal and tantalum pentoxide
layer (e) solder layer completely
surrounding cylinder (f) welded anode
connection (g) cathode connection.

paper
impregnated )
with electrolyte

hermetic sea)
(rubber or resin)

wound foil sectio

aluminium
can

wound

aluminium |
section

foil and wires

Fig. 11. Construction of an aluminium electrolytic capacitor.
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paper is impregnated with another suitable
dielectric to prevent moisture absorption
(sec Table 2 for details of typical die-
lectrics used). The electrode of the capaci-
tors is usually aluminium and two basic
types of capacitor exist, one being the
metal foil variety which functions at high
voltages and currents, the other being the
metallized variety where the dielectric is
coated with a thin layer of aluminium or
zinc; this method of construction leads to
a size reduction due to the thinness of the
metallized film but has a disadvantage in
that pulse handling is bad.

Encapsulation of paper capacitors is
usually by moulding the capacitor element
In resin or encasing it in metal cans, the
latter being hermetically sealed to prevent
evaporation of the dielectric. -

Reliability. The power factor of paper
capacitors is dependent on the type of
impregnant used. In some cases it may be
large and will always increase rapidly with
frequencies above 10kHz.

A defect in the dielectric of a capacitor
will cause an electric arc between the
electrodes which will destroy more of the
surrounding dielectric and result in catas-
trophic failure.

The disadvantage is not seen in metal-
lized film types because the heat generated
by the arcing process will rapidly vaporize
the electrode section, this clearing the
short. Metallized film construction is thus
not confined to paper capacitors but is
used extensively in plastic film types. A
schematic diagram of the process is shown
in Fig. 15.

Plastic film capacitor

Plastic films are used extensively in
capacitor manufacture due to their high
reliability and low cost. A number of
leaves of plastic film are interleaved with
aluminium electrodes rolled into a coil and
encapsulated by a metal case or plastic
encapsulation. A typical plastic film
capacitor is shown in Fig. 16.

Historically, the first plastic film capa-
citor consisted of polystyrene film, which
produced a realiable capacitor, although
expensive. Nowadays, numerous plastic
films are used and Table 3 gives a synopsis
of the relative advantage of the four most

.electrodes

It should be noted that it is not possible
to vacuum deposit a metallized film on
polystyrene film due to its low melting
point.

Mica capacitors

Mica is a naturally occurring silicate which
due to its platelike crystal structure, can
be laminated into thin sheets suitable for
capacitor construction. Being chemically
inert and possessing a high permittivity
(6-5 to 8-7) mica is capable of a precise
electrical performance.

The construction of a mica capacitor is
shown in Fig. 17, and consists of a number
of small parallel capacitors to form the
main capacitor.

Metallized film techniques in mica capa-
citors have led to the silver mica capacitor
becoming extensively available ‘in the
capacitor market. In this capacitor, silver
are fired directly onto the
sheets of mica giving better stability due to
the defined distance of the electrodes and
the lack of air pockets in the capacitor
(and hence their associated instability).

Encapsulation of the capacitor is com-
monly by means of a moulded epoxy resin
although this does produce a fatigue con-
dition on the capacitor due to the heat of
the moulding which affects the reliability
of the capacitor, In contrast the dipped
mica capacitor, being encapsulated by
dipping in resinous material below
atmospheric pressures gives better elec-
trical characteristics than the moulded
types and high reliability.

Ceramic capacitors
Ceramic capacitors may be divided into
two classes; the high permittivity type
(high K, €==1000) and low permittivity
type (low K, €= 10).

Characteristics of the two types are
widely different. The low K types possess

low power factor, small linear temperature -

coefficients, and operating frequency
capabilities of up to 1000MHz. The high
K types have high power factors (depen-
dent on the applied a.c. and d.c. fields
due to electrical hysteresis) and non-linear
temperature coefficients. By a suitable
choice of materials a dielectric can be
useful in circuit applications where an
otherwise detrimental temperature drift

common types. would occur, eg. tuned circuits and
Table 2. Dielectrics for paper capacitors
Dielectric Permittivity Permittivity Comment
with paper
(P1) {P2)
Natural products (oils, waxes, etc) 2.2 to 6.0 =4 Low dielectric stress due to
difference of P1 and P2
Synthetic halogenated products 5.0 =5 More even dielectric stress
due to equality of P1 and P2
Plastic polymers 2.5 =35 Possible voids form in
polymerisation; low cost
Table 3. Plastic film dielectrics
Characteristic Polystyrene Polyethylene Polycarbonate Polypropylene
terephlalate
Structure non polar polar polar non polar
*Permittivity 2.4 3.3 2.8 2.25
Production of film extrusion melt casting extrusion or extrusion
solvent casting
Film-thickness {um) 8 35 1.5 8

*decreases with frequency for polar material

513

(d)

(c)

(b) (k)

(m)

Fig. 14. Schematic of a wet-sintered
tantalum capacitor (a) fine silver (b)
anodized sintered tantalum anode (c)
tantalum wire (d) solder seal (e) tantalum
to nickel weld within header (f) nickel
wire (g) solder seal between header and
external anode lead (h) glass-to-metal
seal (j) internal seal (k) electrolyte (1)
anode boot (m) cathode.

metallized
electrodes

burnt out
areas

dielectric breakdown point

//////////% 2%

breakdown point

metallized burnt out
electrode area
7/
w
v}
<
[
3 V.
e} b o o e
S 2
] . 1
10 20
TIME (ps)

Fig. 15. Process of self healing of a
metallized dielectric capacitor. The
voltage trace is typical during the process.
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plastic
film dielectric

metal

lead entire edge of
foil soldered together

also to lead

Fig. 16. Constructional features of a
plastic film capacitor.

filters.

The high K ceramic capacitors are able
to give a large capacitance in a small space
and find application in decoupling and by-
pass capacitors.

Manufacture

The ceramic materials used in capacitor
manufacture are made from natural
minerals such as steatite, titanium dioxide,
and alkaline earths. The ingredients, after
being finely ground are compressed,
heated to 900° C to remove any impuri-
ties; then reground and finally recast in a
carefully controlled atmosphere of about
1300° C.

Ceramic capacitors are found in either
disc or tubular form. The electrodes are
a film of silver fired on to both surfaces of
the ceramic. Encapsulation is usually by
means of a wax impregnated phenolic
dip.

Of particular interest is the barrier layer
ceramic capacitor. In this type the high K
thin film ceramic plates are fired in a de-
oxidising oven so as to convert the plates
into a conducting metal. The capacitor
assembly is then fired in a reoxidizing
oven so as to restore the external surfaces
in the assembly to a dielectric. Normal
silvering is now applied resulting in two
high capacity capacitors connected in
parallel.

Capacitor comparison chart

1 mica

foil

This technique enables high capacitance
to be obtained in a relatively small space.

Further reading and acknowledgement

Most manufacturers provide excellent
information on capacitors, among those
of particular interest are technical litera-
ture by: Waycom, Philips, Plessey, Lemco
and Erie.

Of deeper and of a-more theoretical
nature are “Fixed Capacitors” by
Dummer (Pitman) and “Dielectrics” by
P. J. Harrop (Butterworths).

The author wishes to thank the staft of
the Components Laboratory, Rank Radio
International for their consistent help and
enthusiasm.

Appendix

It is known that when a dielectric is polar-
ized the electric field (£) within the die-
lectric is vectorially displaced according
to eqn.l.

€, E=D—P (A1

where: € ;= permittivity of free space

D =dielectric displacement of the

medium
P=npolarization of the medium
This equation can be physically inter-

preted by considering a dielectric as a
collection of atoms, positively or nega-
tively charged, each separated by a small

-_l l_CD b
—ire
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Fig. 17. Construction of a mica capacitor
and its equivalent circuit.

Ctotal =
CA+ CB+ CC+CD

nCa

equivalent circuit

distance, and arranged in some regular
pattern to form what is known as a lattice.
The dielectric may be fundamentally
classified as polar or non-polar according
to whether or not it possesses a per-
manent dipole moment (a dipole consists
of two charges equal in magnitude, g, but
of opposite sign, separated by a small
distance, a. The dipole moment is the
quantity ga). Under the action of an elec-
tric field, E, the lattice of the dielectric
is distorted (or displaced) and its dipole
moment is altered in magnitude and direc-
tion. The dielectric is said to be polarised.

It is also useful to define the “polariz-
ability” of the medium, X, from

P=Xec,E (A2)
hence from (A1) and (A2), D=(1+X) E.

This defines the permittivity of the die-
lectric, € (see general considerations for
the physical importance of this para-
meter) by € =(1+ X).

The loss angle, 6, is defined as the
phase angle between E and D, but is com-
plicated by the fact that X is not depen-
dent on a single variable but on four
physically distinct mechanisms viz: elec-
tronic polarizability (e), atomic polariz-
ability (a), dipole polarizability (d), space
charge (s) :

X=ae+pa+yd+os
where (a.B.y,0 are constants dependent
on the dielectric).

Polypropylene Polyester Polycarbonate Mica Paper Polystyrene Ceramic Electrolytic
aluminium tantalum
metatlized  film/foil metallized  fitm/foil metallized  film/foil metallized  film/foit disc/tube monolithic | foil foil solid & wet
Insutation resistance 10 510M 5.10M 10M 5.10°M 10°M 10 3.10% 2.10°M 10%M 10 10'M practical measurement by leakage current
Q VETy poor poer poor
Dissipation factor 0.0003 0.0003 0.01 0.005 0.005 0.001 0.02t0 001 0.005 0.0003 0.002to 0.02 0.08 0.01 0.0005
: 0.0005 100.02
Tolerance (%} 5 2 .5 5 5 2 05 10 5 0625 10 20 10 10 5
Temperature range (°C) 401085 4010100 5510125 —55ta12 5510125 —55t0 125 —b5t0125| —30t0 100 3010100 { —40t070 |-55t0125 —b5to125| —20to80 —40t0125 —40ta150
Size per CV small small ’ smalt smail small smail small small large large smail small verysmall  small
Stability fair excellent | fair fair fair fair excellent fair fair excellent fair fair fair verygood  excellent
Cost per GV low low i tow fair fair fair fair fair fair high low low fair high high !
Capacitance range 0.001 100pF 0.001 100pF 0.601 5pF 5pF 0.01 0.001 100pF opF 0.001 typically 1t0 110 LV produst
{1JF unless indicated) to 100 t0047uF | to10 to001uF | t0 100 t0001pF | t00.01pF | to 100 to 100 to 0.8yF to 1uF 010 22,000 1000 inflexible
{3500 max
normally)
Voltage la.c.) 250t0 440 6316500 |63t0400 90t160 |[40t250 63to160 25010630 250t0830 | — 63 to 250 — — — —
v tde 75001000 10010 1500| 100101500 16010400 | 63t0 1000 10010400 | 6310630 | 500105000 — 63t 1000 |63t010000 6310450 | 6310500 6310300 1to50
Temperature -170 —120 400 400 150 —50te 100 300 300~ —150 non linear positiveto | 1500- 1000 200 to 1000
coefficient PPM/°C {non linear} —100 1000 neg (non linear)
Appx. resonance MHz 0.1 1 0.1 PR | 01 1 1.0 01 0.1 1 10 100 0.05 01 0.1
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The Moscow way of licensing

At a time when the h.f. bands are less
frequently open to DX I find that a high
percentage of all my contacts seem to be
with amateurs in the USSR where activity
and standards of operating are high and
where many amateurs seem to be using
home-built  transceivers. Considerable
official encouragement is given to amateur
radio in the USSR including access to sur-
plus equipment and technical information.
But at the same time by British standards
the licensing is very much on an *“in-
centive” basis and demands considerable
effort on the part of those wanting licences.
A recent survey of Russian licence con-
ditions in Electronics Australia shows
that the Muscovite’s path to a first-class
licence is long and arduous. In essence the
procedure is: complete a basic electronics
course; join a radio club and take a test
(including a 10 w.p.m. Morse test) which
licenses you to listen on the amateur bands
and log stations; after six months you can
take a “third-class” test (more difficult
examination on simple transmitter theory
and practice and 12 w.p.m. Morse test).
If you pass this you are permitted to oper-
ate a 10-watt transmitter on sections of the
3.5 and 7MHz bands c.w. and 28MHz
phone. These licences can be renewed only
by the operator moving to a higher class.
To do this requires another (“second-class*)
examination and a pass allows operation
of a 40-watt transmitter on 3.5 to 420MHz
c.w. (phone restricted to 28MHz). Finally
to obtain a “first-class™ licence requires the
applicant to -send and receive Morse at
18 w.p.m., be able to design transmitter
and receiver circuits, and build and service
advanced transmitters and receivers, If he
or she (for some 10% of Russian amateurs
are “YLs”) passes, then permission is given
to operate 200 watts on 3.5 to 420MHz
c.w. or phone (there are no 1.8, 50 or
70MHz bands available in Russia — I am
not certain about microwave bands).

V.h.f. going factory-built

Not so long ago it was common practice
for v.h.f. enthusiasts to claim that their
bands had become the last refuge of those
who liked to build their own equipment
(although in practice reception usually
depended on a home-built converter in

front of a commercially-built h.f. com-
munications receiver). But there is plenty
of evidence to show that factory-built
equipments are today becoming almost as
widely used on 144MHz as on 14MHz.
In the last two or three years there has
been an influx of v.h.f, transceivers such
as the Yaesu FT-2 series, Trio TR7200
and TR2200 and kit units such as the
Heathkit HW202, 144MHz transverters,
Inoeu and Icom units such as the IC22
and IC210 with its phase-locked v.fo.,
the Liner 2 transceiver that has enormously
increased the amount of s.s.b. on 144MHz,
and a growing number of 144MHz hand-
held units for working direct or through
repeaters.

One wonders whether, in the face of this
invasion, the home-builders will tend to
retreat to the w.h.f. bands or subscribe to
the growing interest in microwaves.

Ionospheric storms in a
quiet year
Recent months have been marked by pro-
nounced 27-day repeats of pretty severe
magnetic storms. They start off with a
steep rise in maximum usable frequencies,
leading on to auroral effects and then
followed by several days of disturbed con-
ditions and low m.u.f., particularly on the
North Atlantic paths. It has of course
long been recognised that the 27-day
repetition period of these storms allows
them to be predicted with good accuracy
during the decreasing phase of the sun-
spot cycle. But one certainly has the feel-
ing that the storms have been more severe
this year than one would expect in what
many regard as “a year of the quiet sun”.
For example, October 12 saw a high
m.u.f. with the 28MHz band opening well
to Australia and Japan; this was soon
followed by Aurora openings on v.h.f. and
then a lengthy period of subdued h.f.
conditions.

Clamping down on Citizen’s
Band violations

The American FCC appears to be taking
seriously a series of measures aimed at
better regulation and supervision of 27MHz
CB operation where in the past the Class
D regulations have been honoured mostly
in the breach. For example the Com-
mission has recently set up four specially
equipped and trained enforcement teams;
obtained a well-publicised series of
criminal convictions for gross violations;
established temporarily some 40 special
inspection stations to check the use of CB
equipment by lorry drivers (of 36,000
vehicles checked about 7,000 were carry-
ing 27MHz CB equipment, more than half
unlicensed and many others exceeding the
power regulations). There are current pro-
posals in the United States to prohibit the
sale or importation of linear amplifiers in
the 20 to 40MHz range as these are being
widely used to run high-power CB stations.

However, there are also proposals to
increase the number of 27MHz channels
(adding 27-23 to 27-54MHz), to permit
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the use of omnidirectional aerials at
heights up to 60ft (20ft will still be the
limit for beams) and to relax some of the
restrictions on hobby use of Citizen’s
Band.

Type approval of
amateur gear?

One aspect of so much amateur equipment
now coming from factories rather than
being built on the kitchen table is the
question of whether this is likely to lead to
the introduction of some form of type
approval, type acceptance or recognised
“performance standards”. Probably the
main question is that of the levels of
spurious emission outside of amateur bands,
a factor that has been emphasised by the
more general use of mixing processes rather
than straight frequency multiplication in
transmitter practice. It is by no means
unusual, even in reputable designs, for
there to be spuriae of the order of —40dB
or so with reference to wanted output. This
may or may not result, for example, in
interference to television reception or to
other communication services; much
depends on what additional suppression is
provided by the operator in the form of
filters or resonant aerials. But there is an
argument that if equipment is sold for
amateur operation should it not be ex-
pected to be suitable, without additional
suppression, for use at all normal loca-
tions?

One answer might be for the licensing
authorities to insist that all equipment
conformed to a published performance
specification, but where would this leave

the amateur who wishes to modify equip-

ment and lacks measuring equipment to
ensure that the performance is still within
spec?

The ARRL Board of Directors recently
decided that if any form of type approval
is instituted in the United States the
League would urge continuation of the
amateur’s right to build, to modify and
to adapt surplus equipment to his own use.

In brief

The installation of the RSGB president for
1975 (C. H. Parsons, GW8NP) will take
place at Cardiff on January 17 .. . Nobel
prize winner Sir Martin Ryle holds the
amateur callsign G3CY . . . The final
RSGB 144MHz contest for 1974 takes
place on December 8 . . . Microwave oper-
ating awards are issued by the RSGB
for the first contact an amateur makes
over the following distances: 13-cm band
500km; 9-cm  400km; 6-cm  300km;
3-cm 150km; and 15-mm 150km .. .%I
would like to voice my personal firm
support of the Amateur Radio Service,”
from a recent address by Richard E.
Wiley, chairman of FCC . .. Over 1,000
repeater stations have been licensed in the
United States, making this the fastest
growing segment of amateur radio, and it
seems likely that restrictions on the linking
of repeater stations may be lifted, together
with those relating to cross-band operations.

PAT HAWKER, G3VA
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Sweep/function generator

Line, square, triangle and swept wave-
forms, as well as fixed-amplitude pulses
are available from the model 195 generator.
A frequency range from 2Hz to 200KHz
in three ranges, with a linear/logarithmic
frequency control is offered by the instru-
ment which will span three decades on any
frequency range. Slow, medium and fast
sweep rates are provided, with high- and
low-level sine outputs, and a voltage-con-
trolled frequency input permitting remote
control of the frequency. The three sweep
rates give sweep times of 25s, 250ms and
2.5ms, and the frequency accuracy is
claimed to be +2% of full scale. The
instrument measures 18.7 X 21.6 X 7.3cm
and costs £79. Dana Electronics Ltd, Col-
lingdon Street, Luton, Beds.

WW300 for further details.

Direct current calibrator

The 609S is a d.c. source for calibration
from nanoamp levels up to 100mA in five
ranges. An accuracy of + 0.05% of setting
4 0.005% of range + 0.2nA is quoted for the
instrument, which has a regulation for the
load and supply of 5ppm/V. Output noise
for the 100, 10, and ImA ranges is less than
Sppm of full scale, and 10ppm of full scale
+ 0.1nA for the 100 and 10 uA ranges. The
unit, which measures 22 X 16 X 19cm,
is powered by ten U2-type batteries, but an
interchangeable mains power unit is
available. Time Electronics Ltd, Botany
Industrial Estate, Tonbridge, Kent.
WW302 for further details

Pulse transformer

The 1060 series of miniature pulse trans-
formers manufactured by Nano Pulse
Industries has been designed for use with
triac and s.c.r. circuits. Standard types in
the range have either two or three windings
and ratios of 1:1, 1:1:1 or 2:1: 1 respectively.
Minimum inductances can be either 1.5 or
SmH with maximum leakage inductances
between 0.5 and 2.3uH. Tekdata Litd,

Westport Lake, Canal Lane, Tunstall,

Stoke-on-Trent, Staffs ST6 4PA.
WW306 for further details

Cable identification system

A system comprising the model H8030-
30TC pulse transmitter, and the model
TCD-2- pulse detector is capable of

identifying each phase anywhere along
cable runs. A series of coded pulses are
transmitted by the H8030-30TC on “A”
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and “B” phases, these pulses combine
and return on “C” phase. In three-
conductor cables, each phase can be
identified by moving a pick-up coil around
the cable, and by observing the meter on
the TCD-2 detector. Hipotronics Inc,.
Brewster, NY 10509, USA.

WW311 for further details

Multichannel VU meter

A new instrument called the VUE-SCAN
replaces conventional VU meters and
accepts up to 28 channels of audio infor-
mation which are displayed simultaneously
as illuminated vertical bars on a television
monitor screen. The bars are always present
as a background reference. The lower two-
thirds of the screen has a blue filter and the
remaining upper third has a red filter. As the
level of a channel increases the bar repre-
senting that channel increases in height and
intensity. Any channel which moves into
the red position is identified as over-
modulated. Audio Designs & Manufactur-
ing Inc, 16005 Sturgeon, Roseville, Mich
48066, USA.

WW304 for further details

Digital clock

Emihus Microcomponents have designed
a universal digital circuit specifically for
use in mains driven electronic digital clocks,
timers and time-base circuits. The circuit,
which uses p.m.o.s. technology, has two
designations—EDC6051 and EDC6052.
Common features to both are: 50Hz, 60Hz
or 100kHz control frequency options;
three inputs for setting minutes, tens-of-
minutes and hours; stop control feature,

WWwW300

WW311

Ww306
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reset facility, 12- or 24-hour display,
am./p.m. indication, and -eight-decade
counting in 1, 2, 4, 8, b.c.d. option. The
EDC6051, however, includes a 24-hour
alarm setting and a “snooze alarm” feature.
The circuit is contained in a 28-pin d.il.
package. Emihus Microcomponents Ltd,
Clive House, 12 Queens Road, Weybridge,
Surrey.

WW303 for further details

Rotary wire stripper

The model 70 wire stripper has been
designed as a production line machine and
is capable of handling most types of wire
up to 0.20lin outside diameter. A solid
carbide swing blade is adjusted to suit the
wire thickness. The machine is mains-
powered, measures 53 X 33 X 10in and
weighs 74b. A. Levermore & Co Ltd,
40 The Broadway, London SW19 1SQ.
WW309 for further details

Milliohmeter

The Toneohm 400A is a mains-operated
milliohmeter offering five ranges from
30 milliohm to 3 ohm. The readout is
indicated on a panel meter, and in the form
of a resistance dependent audio tone.
Accuracy is quoted as 5% of f.s.d. and the
maximum probe voltage is 0.7V. Calibra-
tion is by means of a preset control on the
front panel of the meter which measures
155 X 10 X 10cm and weighs 1.1kg.
Polar Electronics, P.O. Box 97, Les Villets
Forest, Guernsey, Channel Islands.
WW301 for further details

WW308

Radio power meter

A mobile r.f. power meter, TF2512, from
Marconi is a 50 ohm direct reading
absorption power meter having a 10W and
30W full-scale range. Frequency range is
from d.c. to 500MHz, with an accuracy
of 5% up to 250MHz and + 7% up to
500MHz. A thermocouple sensing element
provides true-mean-power measurements
from any applied waveform. Changing the
power range is achieved by altering the
meter sensitivity, therefore it is impossible
to damage the thermocouple by inadver-

tently switching to the wrong range.
Marconi Instruments Ltd, St Albans,
Herts.

WW310 for further details

Knobs

Sifam have introduced a range of knobs
and accessories which are available in
11, 15, 21 and 29mm base-diameter sizes
with or without indicating line. All the
accessories are made from nylon except
for transparent dials which are made from
a polycarbonate. Black and grey shades
are standard with green, blue or yellow
caps and pointers. Sifam Ltd, Woodland
Road, Torquay, Devon TQ2 7AY.
WW308 for further details

Pattern generator

A pocket-sized uw.hf/vh.f. 625 line pat-
tern generator has been announced by
Labgear. The wunit produces a blank

raster, 12 horizontal/13 vertical lines, and
an eight-bar grey scale. Both uhf. and
v.hf  outputs

are available from the
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generator which has amains/battery facility.
The instrument measures 4.5 X 10 X
17.5cm and is available from Labgear
Ltd, Abbey Walk, Cambridge CB1 2RQ.
WW315 for further details

C-band amplifier

A solid-state amplifier for use in line-of-
sight communication systems has been
introduced by Raytheon. The model
VCM-5004 delivers one watt minimum
between 7725 and 8275MHz. The design
incorporates a power output monitor, self-
contained input-output circulators and
current regulators. Noise figure rating for
the device is 33dB, gain 27dB minimum,
phase linearity +2°/40MHz, and ampli-
tude linearity + 0.2dB/40MHz. The ampli-
fier operates in a temperature range from
0 to +55°C and measures 5.75 X 4.75
X 1.25in. Raytheon Company, 130
Second Avenue, Waltham, Mass 02154,
USA.

WW307 for further details

Electronic teleprinter

The ITT-Creed model 2300 is the first tele-
printer to feature l.s.i. circuits and first to
feature a clutchless print mechanism. It
offers a cost reduction of about 20% on the
previous ITT machine, at the same
time featuring an interchangeable key-
board and a link option board to cater for
the different Telex systems. The machine
is lighter, smaller and more reliable than its
predecessors, as well as being cheaper.
Ability to work into any Telex system is
achieved by a plug-in board system that
includes a diode matrix board from which

WWw301
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selected diodes are clipped out for indi-
vidual systems (as well as for identification
codes). “On the fly” printing is used where
a rotating wheel in front of the paper is
struck from behind the paper—a technique
previously applied to data printers. An
impregnated porous wheel (Porlon) resting
on the character wheel provides inking
and is claimed to have a life six times that of
anormal ribbon.

Operating speed can be 50, 75 or 100
bauds and the 5-unit (Telex code) electron-
ics have the potential for conversion to an
8-unit code for data terminals. ITT Creed
Ltd, Hollingbury, Brighton BN1 8AL.
WW312 for further details

Graphic equalizer

A graphic equalizer called the Dual 11s
comprises two identical 11 band equalizers
in one case. Each unit uses overlapping
LCR filters arranged for boosting and
cutting each channel by up to 12dB. The
instrument features a noise figure of better
than —90dBm and total harmonic dis-
tortion of less than 0.01%. The equalizer
is available as either a rack-mount unit or
fitted in a portable case from Klark-Teknik
Ltd, Summerfield, Kidderminster, Worcs
DY11 7RE.

WW313 for further details

High voltage capacitors

Perdix Components are now offering
a range of high-voltage capacitors for
applications where a military grade is not
required. Standard types are available
from 2kV d.c. working to 150kV d.c.
working and capacitances from 500pF to
0.5uF with a tolerance of +20%, +10%
or +5% in the operating temperature
range —40to + 80°C. Perdix Components
Ltd, Perdix House, 31 Green Lane,
Chislehurst, Kent BR7 6AG.

WW314 for further details

Capacitance meter

The ESP direct-reading capacitance meter
provides measurement in the range IpF
to 10pF. No balancing is required and the
value is indicated on a linear scale. The
instrument is powered by a 9V battery
whose condition is continuously monitored
by a lLed. which will not light if the
battery voltage drops to a level which will
affect the performance. The meter is priced
at £25 plus v.at. and is available from
Electronic Services & Products Ltd, 2a
Badby Road, Daventry, Northants.
WW319 for further details

TV camera tubes

The latest Mullard television camera tubes
for use in surveillance systems are claimed
to operate in light levels of 10~2 lux, which
is equivalent to half moonlight conditions.
They consist of Vidicon tubes coupled to
image intensifiers by means of fibre-optic
plates. Each device contains its own high
voltage power supply, a target signal ampli-
fier and an automatic brightness level
control. The brightness level control
produces a signal that operates the camera
iris enabling the tube to operate in varying
light conditions. Mullard Ltd, Mullard

House, Torrington Place, London WC1.
WW 316 for further details

Decade resistance box

The D61/A is a six-decade resistance box
offering a nominal accuracy of 1% from
lohm to 1,111,1100hm in steps of lohm.
The junction between ecach decade is
brought out to a socket, allowing the box to
be used as a potential divider. Metal film 1%
resistors are .used except for the lohm
decade which uses a + 0.05millichm
type. Maximum permissible current varies
from 700pA at 1Mohm to 2.2A at lohm.
D. H. Davies, 4 Middleton Drive, Guis-
borough, Cleveland.

WW317 for further details

Fusible resistor

A new and patented thick-film fusible
resistor from Erie is claimed to supersede
the conventional wire-wound types in
which solder has to melt. The resistor has
a “flip top” mechanism which ejects aninert
top to provide the fusing action. Two speeds
of “flip tops™ are available; red types fract-
ure in five seconds at 15W and ten seconds
at 9W while blue types fracture in 20 and 30
seconds respectively. Both types are flame
retardant and designed to withstand 100%
overload for one minute. Erie Electronics
Ltd, South Denes, Great Yarmouth,
Norfolk.

WW318 for further details

Solid State
Devices

Names of suppliers of devices in this
section are given in abbreviation after
each entry and in full at the end of the
section. .

Power transistors

International Rectifier have announced a
range of discrete and Darlington, high
voltage, power transistors. A feature of the
new range is the use of glass passivation
which allows “on-the-junction” hermetic
sealing which in turn prevents the ingress
of impurities.
WW350 for further details

International Rectifier

U.hf. transistor

The MRF621 has been designed for 12.5V
operation between 406 and 512MHz. The
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transistors will provide 45W at 470MHz
from a 12.5V collector supply. Minimum
power gain is 4.8dB with a collector

efficiency of 55%.

WW351 for further details Motorola
Diode bridges

The SCBHOSF-4F series are fast recovery
bridges in an “Alpac-T” aluminium

package. P.i.v. ratings are from 50 to
400V with an average output current of
10A and a quoted recovery time of
250ns.

WW352 for further details Bourns

Regulator

A hybrid 1.c. regulator, in a TO-3 package,
called the MIVR 42050-055 will deliver
up to SA at 5V +0.1V without the need
for external components. The device
incorporates  short-circuit  protection,
voltage shutdown and current foldback.
Power rating is 120W at 25°C.
WW353 for further details

1GHz decade counters

A new range of decade counters com-
prises the SP8665B 1GHz, the SP8666B

GDS

-1.1GHz, and the SP8667B 1.2GHz coun-

ters, with guaranteed operation over the
temperature range 0 to 70°C. The counters
feature a self-biasing clock input, and a
clock inhibit input for direct gating
capability. The devices have a typical
power dissipation of 550mW with a 6.8V
supply.

WW354 for further details

Linear i.cs

Recent additions to the RCA range of
linear i.cs are the TA6480 tv sound i.f.
and audio output system, the CA1352 tv
video amplifier, the CA3131 5W audio
amplifier, and the CA810 7W audio power
amplifier with thermal shutdown.
WW355 for further details

1024-bit r.a.m.

Sample quantities are now available of the
2102 1024-bit static r.a.m. which has an
access time of 650, 450 or 350ns in the
temperature range O to 70°C. The devices
are constructed using the Fairchild
n-channel isoplanar process and are pro-
duced in a 16-pin d.i.l. package.

Plessey

RCA

- WW356 for further details Fairchild
Suppliers
International Rectifier, Hurst Green,
Oxted, Surrey.

Motorola Inc., Semiconductor Products
Division, European Headquarters, P.O.
Box i, 16 Chemin de la Voie-Creuse, 1211
Geneva 20, Switzerland.

Bourns (Trimpot) Ltd, Hodford House,
17 High Street, Hounslow, Middx
TW3 ITE.

GDS (Marketing) Ltd, Michaelmas
House, Salt Hill, Bath Road, Slough,
Bucks.

Plessey Semiconductors, Sales Office,
Cheney Manor, Swindon, Wilts SN2 2QW.
RCA 1Ltd, Solid State-Europe, Sunbury-
on-Thames, Middlesex.

Fairchild Semiconductor Ltd, Kingmaker
House, Station Road, New Barnet, Herts.
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Realand
Imaginary

by “'Vector”

\ )

How quo was my
status?

In the October issue the Editor sprang to
the stirrup to bring us the good news that
active steps are being taken to improve
our professional status. As one whose
status only departs from the zero line to
swing negative I fervently applaud this
noble project.

In his communiqué the Editor empha-
sized the importance of status and, as ever,
Sir is so right. I remember one instance at
a Farnborough Air Show. I’d been invited
to a wining and dining session by a couple
of high-powered aviation executives who
were under the impression (rightly) that
our Chairman was in the market for a
private heavier-than-air machine. They
were also under the impression (terribly
wrongly) that T had some pull with the Old
Man. (Actually they’d confused me with
another chap of the same name who was a
big wheel in our company.) The rendez-
vous they’d chosen resembled a morgue
with waiters, but the food was cordon bleu
stuff so I let them stay confused. Not until
the coffee-and-liqueurs stage had been
reached was the conversation ever-so-
delicately steered around to executive
aircraft, whereupon the truth was revealed
and it wasn’t long before I was cast forth
into outer darkness.

Upon reflection, this last bit isn’t quite
true, for the hotel forecourt, like its cus-
tomers, was well lit. I was halfway across
it when my way was barred by a drunken
Irishman who was built roughly to the
scale of the Giant’s Causeway. Without
ado he seized my lapel in one massive paw
and swept his other arm around in a
magnificent arc which encompassed the
assembled battalion of Mercs, Jags and
Rolls-Royces.

“If yez ask me,” he said, thrusting his
seven o’clock shadow to within three
inches of mine, “if yez ask me, dese are
nudding but a bunch of **:¥kdek gtatys
symbols!” And releasing his grip he
lurched off into. the night. So did I, but in
the opposite direction; I didn’t want to be
in the immediate vicinity if a Rolls sud-
denly went off bang. But I couldn’t help
agreeing with the expressed philosophy.
An engineer with a five-year-old Mini

doesn’t stand a dog’s chance with the
dollies on the Air Show stands when these
counter-jumpers with their hired status
symbols are around. So vive le status!

The brisk, ambitious lad who is con-
templating entering electronics should
have no great difficulty in acquiring a
status which is instantly recognizable
throughout the profession, but there are
short cuts to the top of the tree. As a first
step he should hang on at university for as
long as the state and his parents can be
coerced into subsidizing him. During this
foetal phase he should collect as many
degrees as possible, including, naturally,
a Ph.D. This won’t necessarily give him
the engineering capability of replacing a
busted fuse but it looks very fetching on an
application for a job. A word of warning,
however. I believe that in the USA Ph.Ds
are so thick on the ground (I use the term
“thick” to mean a high population level
and not in its “thick as two planks” con-
notation) that only the medical profession
uses the word “doctor”. So if you do get
one, don’t emigrate to the States.

If you must go into the electronics indus-
try, join a big firm. Having got a Ph.D. on
the payroll they won’t know what to do
with you, so you can easily get yourself
lost in the organization. Join as many
learned societies as you can and spend
your time in the sanctuary of the firm’s
library, writing papers for their Proceed-
ings. Provided that you make them com-
pletely unintelligible the learned societies
will publish them and you’ll soon establish
an enviable reputation for appearances in
the literature. You are now well on your
way to becoming a world authority on the
sex life of the electron (or whatever your
chosen subject is) and invitations to speak
at conferences and symposia will flow in.
Choose your acceptances with care, selec-
ting those which coincide in venue and
timing with the Motor Show, the Boat
Show or whatever function forms your
particular interest. Many symposia are
held abroad, usually in some warm, exotic
locality; with care, you can spend nine
months of the year overseas, living on
your expense account. Your firm will be so
bucked at all this they they’ll create you a
Plenipotentiary Scientific Consultant which
merely means that what you’ve formerly
been doing under cover can now be done
in the open.

Other forms of status in industry are
often more apparent than real. Long ago,
firms tumbled to the fact that the tea-boy
works better if he’s called a Stimulant
Provision Officer and that the arrangement
operates to some extent in lieu of more
pay. It works up to a point, but when
everybody in the organization is an
admiral you’re back to square one, for
status is relative, not absolute. There are
other, more reliable, guidelines. In any
given Product Division there may be a
dozen managers; at tea break, eleven will
send their secretaries for a cuppa from the
automatic dispenser while one will get a
pot of tea on a tray brought by a waitress.
Guess who’s the big wheel?

Offices are another status symbol. Titles
who share an office with half a dozen
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other titles don’t rate in the hierarchy, but

conversely, the news that youre to be
given an office on your own does not
necessarily mean that you’ve arrived. It
could merely be that Works and Bricks
have discovered a disused store cupboard
and you’re being bunged in there to get
you out of everybody else’s hair. Only
when you move into a room big enough to
house six, with carpet on the floor and a
shapely blonde secretary installed in an
outside office, can you feel that you’re in

the big league. From then on, promotion -

will take you to more and more opulent
structures; from the Chairman’s doorway,
for instance, you can just glimpse his desk
on a clear day while, for all you know, a
couple of tigers may be lurking in the pile
of the carpet.

But as the Editor points out, status-
recognition within the profession is rela-
tively straightforward; it’s recognition by
the public that’s the problem. They brush
shoulders with us in the street in total un-
awareness that we’re the chaps who’ve
brought fulfilment to their lives. Withov*
us they’d never have known those tend
moments with Ena Sharples, neither cot
they ever go on safari to Mummerset
help the Archers with the carrot harvest.
Little do these lesser mortals know that
supermen are standing alongside them in
the queue. That, if we chose to turn from
electronics to some honest form of toil,
we would divorce them for ever from sight
and sound of Messrs Wilson, Heath,
Thorpe, Savile, Blackburn, Waring et al.
If they did know this, I'm sure they would
make due obeisance.

The tragedy is that, away back in the
Stone Age of radio, we—at least our
forebears—had the adulation of the gene-
ral public and lost it. If you have access
to the early volumes of W.W., take a look
at the photographs and youll see what I
mean. There he sits, this superman of old,
stonefaced in front of a pile of iron-
mongery and curly wires; twin-banded
earphones are clamped on his head; or
hand is adjusting a stud-switch while t
other is poised over a morse key. Clearl, -

=

=~

matters were at crisis point when the pic—k/"

ture was taken; a message from Mars,
perhaps? Or an SOS from mid-Atlantic?
The general public never saw these
wizards in the flesh but gazed in awe at
their pictures, knowing that they con-
versed not in mortal tongues but in an
alien dot-dash language of their own. Then
along came the loudspeaker and the micro-
phone and killed the mystery stone
dead. I think the headphones were the
key feature; shorn of those we became
indistinguishable from the common herd.

So the problem resolves itself into one
of instant recognition; here, I think we
might learn from the Armed Services, with
their insignia. Couldn’t we, for instance,
borrow the hand grasping a bunch of
straws that the RAF use to distinguish
their electronics personnel? On second
thoughts, no; it isn’t showy enough.

Personally, I think something along the

lines of Batman’s uniform is called for.
That really should do something for our
public image.
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When flashover is the danger.
Use EEV spark gaps.
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Younameit. EEV spark gaps can stop it
from happening.

Our range covers any voltage from
400-40,000V and handles powers up to
15kilo joules. Types are available in glass or
ceramic envelopes.

EEV spark gaps are very rugged and
will work in any environment, unaffected by
dust, damp or atmospheric changes. They are
also compact, consistently dependable and
long-lasting.

We make 2-electrode and 3-electrode
types, and the whole range covers many
applicationsincluding:

Photograph courtesy of CE.G.B.

Flash-over protection. Crowbar protection
circuits. Protection from transient phenomena
Protection circuitry for s/c drives for e
thermionic tubes.

Capacitor discharge circuits.

Firing circuits. Relaxation oscillator
circuits for gasignition equipment.
Quench circuits. TIG welding
equipment.

For data and any help you need,
write or "phone EEV at the
address below.

Right, GXQ400, a crowbar protection deviceand

GXU49, for protection circuits in ground/air
communications equipment.

EEVand M-OV know how.

THE M-0O VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel: 01-603 3431  Telex: 234356.Grams: Thermionic London. E
ENGLISH ELECTRIC VALVE CO LTD, Cheimsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. 0966,

WW—007 FOR FURTHER DETAILS
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LOW CO!

ANALOGUE

FREQUENCY

3Hz to 300kHz in 5ranges.

'}}E&Q RO OKIIAKOR TYPE 1015%0m el ACCURACY +2% 4+ 0.1Hz up to 100kHz,
| 1 — ne | A o '«‘\ i increasing to 3% at 300kHz.
‘ | i ) SINEOUTPUT  2.5Vr.m.s.downto <200pV.

~ DISTORTION < 0.2% from 50Hz to 50kHz.

SQUARE OUTPUT 2.5V peak down to <200pV.

SYNC. OUTPUT 2.5V r.m.s. sine.

METER SCALES 0/2.5V &-10/4+10dB on TG152DM.
SIZE & WEIGHT 7” highx103” wide x51” deep. 8 Ibs.

TG152D TG152DM

Without £46 With £56
metet. meter.

FREQUENCY 1Hzto 1MHzin 12ranges. Acc. £ 2%
) 4+0.03Hz.
SINE OUTPUT 7Vr.m.s.downto <200uV with Rs
600 Q2.
DISTORTION <0.1%to 5V, <0.2%at7V from 10Hz
to 100kHz.
SQUARE OUTPUT 7V peakdownto <200uV. Rise time
<150n8S.
SYNC. OUTPUT > 1V r.m.s. sine in phase with output.
SYNC. INPUT + 1% freq. lock range per voltr.m.s.

METER SCALES 0/2V,0/7V & —14/+6dBm.on
. TG200M & DM only.
SIZE & WEIGHT 77 highx 103" x 53" deep. 10 ibs.

TG200 TG200D TG200M TG200DM
Sine O/P Sine & Sq. O/P. Sine O/P Sine & $q.0/P

£55 f£58 £65 f£68

DIGITAL

SN SSLY
,_\ ' TEED melonion oicacs Gsoniaror Tvet tomes FREQUENCY 0.2Hzto 1.22MHz on four décade
( o00 (500 o (m X @ controls.

‘ ‘ A ACCURACY +0.02Hz below 6Hz
‘ ‘ ‘ +0.3% from 6Hz to 100kHz

+1% from 100 kHz to 300 kHz

Fhre, e = TN +3% above 300 kHz.
a '.-:f: e R ¢ SINE OUTPUT 5V r.m.s. down to 30pV with Rs=600 Q
e DISTORTION <0.15% from 156Hzto 16 kHz.
net WL <0.5% at1.5Hz and 150kHz.
METER SCALES 2 Expanded voltage & —2/+4dBm.
0¢ - SIZE & WEIGHT 7~ highx 101" wide x 7" deep. 12 bs.

TG668B TG66A

v ins
r?':)tctjzrly £1 50 l?a?tery&model. £1 70
LEVELL ELECTRON'CS LTD. Prices include batteries and U.K. delivery. VAT extra.

Moxon Street, High Barnet, Herts. EN5 5SD Optional extras are leather cases and mains power units.
Tel: 01-449 5’028/440 868'6 Send for data covering our range of portable instruments.

WW—008 FOR FURTHER DETAILS
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After we've introduced
our new models, well let them
speak for themselves.

On the left, our new portable dual-trace With the result that Heathkit equipment is of
oscilloscope, the SO-4510. On the right, our new very high quality. And being specifically designed to
function generator, the SG-1271. permit easy servicing, makes a very good mvestment.

Both are in our assembled instrument catalogue, For full details just post the coupon and we’ll
although soon they’ll also be available in kit form. send you your free Heathkit catalogues. Or call in at

And, coming from Heathkit, the world’s largest ~ the London Heathkit Centre, 233 Tottenham Court
makers of electronic kits, they have a lot of advantages. Road, or at our showroom in Bristol Road, Gloucester.

Every component, for instance, has to be a lot Meanwhile we’ll just let the facts speak for
more rugged and reliable than the components in themselves.
run of the mill equipment. Heath (Gloucester) Limited, Dept W W/124,

Bristol Road, Gloucester, GL2 6EE. Tel: (0452) 29451.

0

1@
FREQUENCY MuL1# b ATIEWAT T

o p’ ——
8 s 73
outeut
o

nERATOR
vion DUNE
THRIT FUNE

nua e

$G-1271

SO-4510 .
. Frequency range of 0.1 Hz to TMHz.
gc'lls MHz bandwidth. Sing, squ?r’e or%riangle waveforms.
1 uz\x/;racq o Calibrated attenuation from 0 to 50 dB in 10dB steps.
S ST TR SET VI o Output 10 volts peak to peak.
Allmajor circuitry on five removable circuit boards for easy Frequency accuricy.of +:3% ofllscaleiomil
servicing. thend) E .

Time base sweep to 100 ns/cm.
Vertical delay lines provide at least 20 ns of pretriggered
waveform for complete signal display.

_ To:Heath (Gloucester) Limited, Dept WW124, Gloucester, GL2 6EE. D BT
j kitsD o AW

Please send me my free Heathkit catalogues of assembled instruments

Name __ Address \:E:w_%

‘
e
"tpes

HEATH e
Postcode Schiumberger

L------------------------.------------------------

h‘----



Wireless World, December 1974

PRESTIGE RANGE

® High accuracy and stability

Clear Sperry Display
® Automatic zero-ing
® High noise rejection (78 db CMR)

®m Extremely versatile

Bl Competitive prices.

Anders provide what is probably the largest
range of meters available from a single source
in Europe: MC/MI, dynamometer, vibrating
reed, electrostatic, etc. in over 100 case styles
and sizes, a few of which are shown below.

Vulcan Moving tron. 4
models, 1-67, 1-8°, 2-77,
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

a3

ANDERS IMEANS METERS...

Popular models and ranges are stocked in depth
while a specially equipped instrument depart-
ment enables swift production of non-standard
ranges and scales, to suit individual customer
requirements, in large or small quantities.

c".—'_q_ﬂ‘ ; . —— ) g i
L) 0
'\\\\\\“\\m\m iy, i,

o ”4,,//@

\*‘A

Kestrel Clear Front. 7
models, 1-3” — 5-26"
scales. DC moving coil,
AC moving coil rectified,
AC moving iron.

! oo

Recorders 60 or 120 mm.
charts. Non-ink marking.
DC moving coil and AC
rectified.

Regal-Range 100° Profile 350 edgewise Stafford Long Scale 240°. Lancaster Long Scale
flattened arc. 2 models 4-3” scale. 6 models, 3-5"—11-5" 240°. 2 models, 47, 5-5”
2.5” and 3.2” scales. Taut DC moving coil and AC scales. DC moving coil, scales. DC moving coil
band. DC moving coil and moving coil rectified. AC moving coil rectified, and AC moving coil
AC moving coil rectified. Horizontal or vertical AC moving iron. Also 98° rectified.

mounting. scale.

Send for fully illustrated catalogue

nnnEﬂs ElE“an(s I.lml'En 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors of FRAHM Resonant Reed Frequency
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers’ requirements.

WW-—068 FOR FURTHER DETAILS



7 British colour tv
‘ Mullard quality

The standards of performance and
reliability demanded of today’s colour
television sets mean that component
quality—even of low cost devices
produced in millions-must be of the
highest order. An average colour set
incorporates well over 700 individual
electronic devices, and if it is to
achieve its reliability target the failure
rate of its components must be
equivalent to only one fault in six

e



standards go on getting higher.
helps keep up the good work...

million component hours.

Unreliable products mean more
servicing, more replacements, more
guarantee claims . . . dissatistied
customers . . . SO you won't save any
money by leaving component quality
to chance. Unknown components
mean that your goods inward testing
has to be much more stringent too.

Remember that quality can't be
‘tested into’ a component after it's
been made. It's a function of every
step from initial design and raw:

material specification right through
each production process to the
finished product.

We have developed a series of
quality assurance criteria which are
applied throughout the Mullard
organisation wherever actions or
decisions can affect quality, however
indirectly.

e Quality targets are clearly defined
for all components.

e Test specifications cover all
approved applications.

® Procurement specifications define

”

°

essential quality requirements for
outside suppliers.

e Manutfacturing specifications are
precise on all factors affecting
quality.

® Accelerated test procedures are
continually re-evaluated and
stringent control is exercised on
early life failures.

e Regular quality cost analysis is used
to show whether costs incurred are
to the best advantage of the user.

Mullard has an unrivalled name for

the quality and reliability of the

components it produces. We intend to
keep it that way.

Mullard




New Course in Digital Deﬂgn"

Understand the latest Design of Digital Systems

developments in calculators,
computers, watches, telephones,

television, automotive instrumentation. . . .

Each of the 6 volumes of this self-instruction
course measures 11%’' x 8%’ and contains 60
pages packed with information, diagrams and
questions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and
computers.

After completing this course you will have
broadened your career prospects and
considerably increased your fundamental under-
standing of the changing technological world
around you.

Also available — a more
elementary course assuming
no prior knowledge except
simple arithmetic.

Digital Computer
Logic and
Electronics

E Seft evitratonat Course

Book1

In 4 volumes:

1. Basic Computer Logic
2. Logical Circuit
Elements
3. Designing Circuits to
Carry Out Logical
Functions
4. Flip flops and Registers
Offer Order this together
with Design of Digital
95 mc Systems for the bargain
P&P  price of £9.25.
Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digital
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its
contents, also covers many more advanced topics.

A Self-Instruction Cou

rsein 6 Volumes

1 Computer Arithmetic

2 BooleanL

ogic

3 Arithmetic Circuits

‘l Memories & Counters
5 Calculator Design

6 Computer Architecture

Design of
Digital Systems

Book 1 .:u:x

£595

including packing and
surface post anywhere in
the world (VAT zero

rated). Payments may

be made in foreign
currencies. Quantity
discounts are available

on request. Total packaged
weight does not exceed 4lb
—please allow enough
extra for air mail.

———————————— —-—————————————|
Designer These courses were written so that you could teach To: Cambridge Learning Enterprises,
Manager yourself the theory and application of digital logic. FREEPOST..St. Ives, Huntingdon, Cambs PE17 4BR.

. Learning by self-instruction has the advantages of . X .
Enthusiast being quicker and more thorough than classroom Piease send me.....set(s) of Design of Digital
Scientist learning. You work at your own speed and must Systems at £5.95 each,

Engineer respond by answering questions on each new piece *or.....set(s) of Digital Computer Logi¢ and
Student of information before proceeding to the next. ‘Electroriics at £3.95 each

Guarantee-no risk to you

if you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions
asked.

*delete as applicable.

*or.....combined set(s) at £9.25 each.

No need to use a stamp—iust print FREEPOST on the envelope.

- o it ) - ——— -

___________ e =]
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TUA
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MANUFACTURERS OF
ELECTRONIC &
AMPLIFICATION
EQUIPMENT, ALSO
QUALITY TRANSISTOR
EQUIPMENT.

OPEN MON-SAT
9.30am-6.00pm.

TRANSISTOR UNIVERSAL AMPLIFICATION CO.LTD.
163 MITCHAM RD-LONDON SW17 9PG 01-672 3137/9080

NEW TUAC POWER MODULES

offering more power and
quality than ever before

5X5 X 3in. .

% 60 watts RMS
continuous sine
wave output

% 2 R.C.A, 150 watt 15
amp transistors

£11-50
_f132

Specification on all power modules: All output
power ratings + 1dB: Output impedance 8-15
ohms; THD at full power 2% typically 1%; Input
sensitivity 60mV into 10k(2; Frequency response
20Hz—20kHz + 2dB; Hum and noise better than
—70dB.

TL100
5X5x3in.

* 100 watts R.M.S. con-
tinuous sine wave out-

I)gfxzyn. £9.30

% 30 watts RMS continuous sine wave output
% 2 R.C.A. 40 watt output transistors

* 4 R.C.A 1560 watt 15
amp output transistors
* 125 watts RMS
continuous sine wave
output —— -

7X 63X 3in.

£17-00

put
* 2 R.C.A. 150 watt 15 amp
transistors

* Rugged layer wound driver transformer
% Short—Open—and Thermal overload
protection

* Only 6 connections

TUAC DISCOTHEQUE MIXER
WITH AUTO FADE £26-50 ...

PANEL SIZE 18 X 41 in. DEPTH 3in.

© Disc :

Designed for the discerning D.J. of professional
standard. Offering a vast variety of functions.
Controls: Mic Vol; Tone, over-ride depth; auto/

N | - VX N
Specification: Deck Inputs—50mV into 1mQ;

Deck Tone Controls *Treble +20 —10dB at
12kHz. Bass +22 —15dB at 40Hz; Mic input—

Power supplies
vacuum impreg-
nated Transformers
with supply board
incorporating pre-amp
supply:

Manual Sw; Tape Vol: L & R Deck Faders: Deck
Volume; Treble and Bass; H. Phon Vol Selector;
Master Vol On/Off Sw. Max output IV RMS.

Control—Total

100mA.,

200 ohms upwards. 2mV into 10kQ; Mic Tone
| Variation Treble 15dB. Total
Variation Bass 10dB; Tape input—30mV into
47kQ; Power Requirements—30-45 volts at

PS 125 +50 volts for one TP125  £11.50
PS 100 +45 volts forone TL100 £10-50
PS 60 + 40 volts for one TL60 £9-30.
PS.30 + 50 volts for one TL30 £6-85
PSU 2 for supplying disco mixer £4.65

NEW!

HOW TO ORDER
BY POST
Make cheques/P.O’s payable
to TUAC (WW). OR QUOTE
ACCESS/BARCLAY CARD
NO. and post to
TUAC LTD (WW)

163 MITCHAM ROAD,
LONDON SW17 9PG.
We accept phone orders
against ACCESS/Barclay
Card Holders.

Phone 672-3137.

3 CHANNEL
LIGHT MODULATOR

® R.CA 8Amp Triacs @ 1000W per channel
® Each channet fully suppressed and fused

@ Master control to operate from 1W to 100W
® Full wave control—12 easy connections

£1 4-90 Single Channel Version £6-60

ALL PRICES INCLUDE V.AT.

POST & PACKING FREE

PREAMPLIFIERS

All TUAC audio modulés are constructed on glass fibre P.C.-board,
are ready assembled and fully tested. Low noise silicon and FET
transistors together with H.S. carbon film resistors are used
throughout. Extensive research has gone into various wide range
tone control circuits producing superb sound quality from any

signal.
VA08 Vol, Treble, Mid and Bass controls. Hi, IMP, FET.
I/P, suitable Mid. Guitar, Radio, Crystal/Ceramic
P.U. Sensitivity 4mV. Treble + 35dB at 16kHz. Mid +20 —15dB
at 1Hz, Bass +20 — 10dB at 40Hz. £4 90

Vol. Treble and Bass controls. Sensi-
tivity 8mV. Treble 428 —15dB at
12kHz. Bass +.18dB at 40Hz.

VAO6 £4-15

Stockists—Callers only.

A1, MUSIC CENTRE, 88 Oxford St. Manchester 1. Tel. 061-236-0340.
BRISTOL DISCO CENTRE, 86 Stoke Croft, Bristol 1. Tel. Bristol 41666.
CALBARRIE AUDIO, 88 Wellington St, Luton, Beds. Tel. Luton 411733,
S0CODI, 9 The Friars, Canterbury, Kent. Tel, Canterbury 60948.

WEC LIGHTING, 35 Northam Road, Southampton. Tel. Southampton 28102.
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50/70 watt all silicon amplifier
with built-in 5-way mixer using F.E.T.’s.

SOUND SENSE =VORTEXION

Wireless World, December 1974

VoRTEy,
Sw "-sol,g"“

VORTEXION Design and manufacture public address equipment to meet a range
of specific requirements for AIRPORTS, HOTELS, THEATRES, GOVERNMENT
AUTHORITIES, LOCAL AUTHORITIES, SUPERMARKETS, SCHOOLS, SPORTING COMPLEXES,
POP GROUPS AND THE LOCAL VILLAGE HALL.

The high fidelity amplifier illustrated has bass cut controls
on each of the three low impedance balanced line microphone
stages and a high impedance gram stage with bass and treble
controls, plus the usual line or tape input. All the input stages are
protected against overload by back to-back low self capacity
diodes and all use F.E.T.'s for low noise, low intermodulation
distortion and freedom from radio breakthrough.

A voltage stabilised supply is used for the pre-amplifiers
making it independent of mains supply fluctuations and another
stabilised supply for the driver stages is arranged to cut off when
the output is overloaded or over temperature. The output is 75 %
efficient and 100 V balanced line or 8-16 ochms output are selected
by means of a rear panel switch which has a locking plate
indicating the-output impedance selected.

The mixer section has an additional emitter follower output
for driving a slave amplifier, phones or tape recorder, output
0.3 V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH
BUILT-IN 4-WAY MIXER using the circuit of our reliable 100
Watt Amplifier with its elaborate protection against short and
overload, etc. To this is allied our latest development of F.E.T.
Mixer Amplifier, agam fully protected against overload and radio
breakthrough. The mixer is arranged for 2-30/60 Q balanced line
microphones, 1-HiZ gram inputand l-auxiliary input followed by
bass and treble controls. 100 volt balanced line output OR 5-15 Q
and 100 voltline.

100 WATT ALL SILICON AMPLIFIER. A high quality
amplifier with 8 ohms-15 ohms or 100 volt line output for A.C.
Mains. Protection is given for short and open circuit cutput over
driving and over temperature. Input 0.4 V on 100 K ohms.

THE 100 WATT MIXER AMPLIFIER with specification as
above is here combined with a 4-channel F.E.T. mixer. 2-30/60 Q
balanced microphone inputs, 1-HiZ gram input and 1l-auxiliary
input with tone controls and mounted in a standard robust stove
enamelled steel case. A stabilised voltage supply feeds the tone
controls and pre amps, compensating for a mains voltage drop of
over 25 % and the output transistor biasing compensates for a
wide range of voltage and temperature. Also available in rack
panel form.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon
model with F.E.T. input stages to reduce intermodulation distortion
to a fraction of normal transistor input circuits. Standard model
l-low mic. balanced input and HiZ gram. Outputs available
8/15 ohms OR 100 volt line.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier
for mains and 12 volt battery operation, charging its own battery
and automatically going to battery if mains fail. Protected inputs,
and overload and short circuit protected outputs for 8 ohms-

15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, 1 gram
and 3 low mic. inputs or 4 low mic. inputs.

200 WATT AMPLIFIER. Can deliver its full audio power at
any frequency in the range of 30 ¢/s-20 K¢/s. Can be used to drive
mechanical devices for which power is 120 watts on continuous
sine wave. Input 1 mW 600 ohms. Qutput 100-120 V or 200-240 V.
Additional matching transformers for other impedances are
available.

F.E.T. MIXERS and PPM’s. Various types of mixers
available. 3, 4, 6 and 8 channel with Peak Programme Meter.
4,6,8and 10 Way Mixers. Twin 3, 4 and § channel Stereo, also

twin 4 and 5 channel Stereo with 2 PPM's. °
\g

s
vo RTEXION '»\"’i'\o{\
o » rd

Vortexion Ltd., 257-263 The Broadway,

Wimbledon, SW19 1SF. “‘

Telephone: 01-542 2814 and P\ g

01-542 6242/3/4. ‘O‘ e

Telegrams : “Vortexion ““6 &
"

London SW19 “ 00,39

WW—011 FOR FURTHER DETAILS
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The first of a new range of high
quality loudspeakers

This model employs three active drive
units, the total range of which extends
beyond the nine audible octaves.

By giving attention to all components and
design detail the colouration and
distortion is negligible and the energy
distribution is as constant as possible.

Five year warranty

Because of the precision required in
manufacturing loudspeakers to a
consistent specified performance, we
can confidently predict that the Achromat
400 will have a long and trouble-free life
when correctly operated.

We can therefore offer a five-year warranty
on this loudspeaker system.

Stand

The Achromat 400 will give its most
accurate reproduction in normal
conditions when spaced at a distance of
10-20 cms above the floor.

The Goodmans Loudspeaker Stand CS3
is recommended and gives the option of
vertical or 5° tilt positioning.

Goodmans

Achromat'400

*from Shorter Oxford Dictionary
Achromatic 1. Optics-free from colour, not showing colour
‘ 2. Biol.-of tissue, uncoloured (1882) ie after staining
Achromatization -the action or process of removing colour

Specification
Drive units
Bass unit 26cm dia
long-throw
Mid-range unit 44mm dia
viscous damped dome radiator.
Fiush mounted
HF unit 25mm dia
viscous damped dome radiator. g5
Flush mounted
Frequency range 40-22,000 Hz + 5dB
Nominal impedance 8 chms.
The loudspeaker is suitable for use with ampilifiers
rated at 4 or 8 ohms.
Recommended amplifier music power rating
2510 75 Watts
Sensitivity 12 Watts for 96dB at 1 metre
Effective enclosure volume 39.5 litres
Dividing frequencies 900 and 3,500Hz
Weight 16.5 kg (36 Ibs) net
Recommended Retail Price £79.47+VAT

Stand £ 6.64+VAT

For illustrated details please write to
Goodmans Loudspeakers Limited wl.a
Downley Road, Havant, Hants PO9 2NL  ameroer ot emomarous -

1

b—300—

WW—054 FOR FURTHER DETAILS
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ure looking
for trouble
uneedn't look
any further.

It's not only technicians who can see the
finer points of Eagle multi-meters.

Every handyman notices them too.

They're easy to read.
They're tough.

Their construction comes up to labora-
tory standards.

Even our inexpensive pocket sized
models have features you'd usually only find
on professional equipment.

Take a look through our catalogue.

You'll see over twenty models.

Specifications that would impress the
most experienced technician.

And a price range that takes in amateurs
as well as professionals.

We guarantee every one for two years.

With parts to service themin no time.

So you can confidently find fault in

anything. 3
Eagle

The name on Britain's widest range of
electronic equipment.

I— Please send me the Eagle electronics
| catalogue containing the complete range
| of test equipment. '

Name

Ww4

Eagle Internatlonal Precision Centre Heather Park Drive
Wembley HAO 1SU Telephone 01-903 0144

.|
|
|

Address : }

| I
|
]

WW-—064 FOR FURTHER DETAILS
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New automatic digital bridge
fromWayne Kerr

WAYNE KERR

ariage Hange

Facitty

€ 1

Wayne Kerr's new B900 is one of the best Direct measurements of Q, dissipation and dc volts.
value-for-money bridges in the world. 2,3,& 4-terminal. Automatic lead compensation.

Itis universal, has a wide range, and gives 4- Quadrant: +ve or —ve C,L,1/C,GandR.
immediate digital readout of resistive andreactive  Overall coverage:
terms—simultaneously. 100 - 200MQ nH - 20kH

On alltenranges, for every type of measure- 0.001pF - 20,000uF 10pU - 200y
ment available, the displays provide a complete Accuracy: 01% (102 -200M),0.3% (10mQ-100)
indication of the numerical value (up to 19999), in allquadrants. Frequency: 1kHz Outputs: Analogand TTL.
polarity,decimal points and units—automatically For more information phone Bognor (02433) 25811,
andinhalfa second. or fillin the coupon.

ESEET T T e

| Please send.me details of the B90O.

I For the attention of Mr.

Company name and address.

WAYNE KERR

A member of the Wilmot Breeden group.

WW— Dec I

Postto Wayne Kerr, Durban Road, Bognor Regis, Sussex PO22 9RL

Ses g e agaliit s g inguihgln |

r-—— —— e —
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LL..P. (eiectronics) Ltd

SHEER SIMPLICITY!

Tape o.p BASS
Tuner ..
Gram __ :g_q
Tape o | oS
’ N
) fuse
0 Half HYS Half HYS HY50
1 o]
&
1
‘ TREBLE
. BALANCE
< VOLUME /
Stereo.Mono switch
-v +y
—L
T v PSUSO |

Ov

Mono electrical circuit diagram with interconnections for stereo shown

The HYS is a complete mono hybrid
preamplifier, ideally suited for both
mono and stereo applications. Internally
the device consists of two high quality
amplifiers—the first contains frequency
equalisation and gain correction, while
the second caters for tone control and
balance.
TECHNICAL SPECIFICATION
Inputs
Magnetic Pick-up 3ImV.RIAA
Ceramic Pick-up 30mvVv

Microphone 10mv

Tuner 100mVv

Auxillary 3-100mv

Input impedance 47k at 1kHz.
Outputs

Tape

l100mv

Main output Odb (0.775 volts RMS)
Active Tone Controls

Treble $12db at 10kH2

Bass 212db at 100H2z
Distortion 0.05% at 1kHz
Signal/Noise Ratio 68db
Overload Capability 40db on most

sensitive input

Supply Voltage +16— 25 volts.
PRICE £4.50 + 0.36 V.A.T. P & P free.
TWO YEARS

I.L.P. Electronics Ltd,
Crossland House,
Nackington, Canterbury,
Kent CT4 7AD

Tel (0227) 63218

The-HY S50 is a complete solid state hybrid
Hi-Fi amplifier incorporating its own high
conductivity heatsink hermetically sealed
in black epoxy resin, Only five connec
tions are provided: Input, output, power
lines and earth.

TECHNICAL SPECIFICATION

Output Power 25 watts RMS into 882 The PSUSO can be used for either mono

Load Impedance 4--16§2 or stereo systems.

Input Sensitivity Odb (0.775 volts RMS)

Input Impedance 47k

Distortion Less than 0.1% at 25 watts Output volitage 25 voits
typically 0.05%

Signal/Noise Ratio Better than 75db

TECHNICAL SPECIFICATIONS

Input voltage  210—240 volts

Frequency Response 10Hz—50kHz ¢ 3db Size L.70, D.90, H.60 mm.
Supply Voitage ! 25 volts PRICE £5.00 + 0.40 V.A.T. P & P free.

Size 105 x 50 x 25 mm.
PRICE £5,98 + 0.48 V.A.T.-P & P free.

GUARANTEE ON ALL OUR PRODUCTS

Please Supply

Total Purchase Price

| Enclose Cheque [0 Postal Orders 0 Money Order O
Please debit my Access account [0 Barclay card account 0
Account number

Name & Address

Signature

WW—086 FOR FURTHER DETAILS
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Bestselling voltage regulators now in plastic

Following the sweeping
success of SGS-ATES'
integrated fixed voltage
regulators in TO-3 metal can,
these circuits are now also
available, ex stock, in SOT 32
plastic package.

Designated L129, L130 and
L131, they are suitable for low
cost applications in
professional, industrial and
consumer equipment requiring
compact components with
low/medium output current,
such as

- desk calculators

- video displays

- computer peripherals
- touch tuning and remote
control for TV sets
- TV subsystems, such as
video IF, sound IF, sync and
chroma stages
A particularly interesting area
of application is in local
regulation systems. The main
advantages of this circuit
technique over traditional
single point regulation are the
reduction in common ground
and inter-circuit coupling, high
noise immunity and the
elimination of problems due
to line voltage drops.

“ )|
-20°to +85°C vV |°, reg. typical [ 0°to +70°C
L129 5v 850mA | TDA 1405
L 130 I12V 720mA TDA 1412

L 131 i15v 600mA[ TDA 1415 |

~ l J

= 1=

(United Kingdom) Ltd.

Distributors in the UK: Distronic Ltd., Harlow. 02796-32947 - Electronic Component Supplies Ltd
Windsor, 07535-68101 - Hawnt Electronics Ltd., Birmingham, 021-3584301 - |{TT Electronic
Services, Harlow, 02796-26777 - REL Equipment & Components Ltd.. Hitchen. 0462-50551 -
Quarndon Electronics Ltd., Derby, 32651.

WW-—012 FOR FURTHER DETAILS

Special features of the
circuits include
- tight tolerance on the output
voltage
- load regulation less than 1%
- ripple rejection 60 dB typical
- internal overload protection
- short circuit protection
The L129, L130 and L131 are
designed to operate in the
-20°C to +85 °C temperature
range. For the standard
operating temperature range,
0°C.to +70°C, these plastic
voltage regulators are
available with type numbers
TDA1405, 1412 and 1415.
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ELECTRONICS

LIMITED

* small package
* prompt delivery
* low inductance
These latest additions to the
Series 51016 range come in
four working voltages
(160 Vdc-630 Vdc), have a
capacitance range of 0.01 v F
to 10 vF and have a flame-
retardent and solvent-
resistant coating. Kinked
lead versions for p.c. board
stand-offalso available.
Axial lead requirements
can also be met from Series
61013 and 51012 ranges.

= ERIE ;
NEWSFLASH!

New! Straight-lead
metallised Polyester
Film Capacitors

Redcap

Polymeric Resin
Dip Coating

Sitver Terminated
Monobloc Chip
Capacitor
Soldered >
Termination

Solder Coated
Wire

Transcap Minigture
Ceramic Disc Capacitors

»high capacitance-to-size ratio *low cost
xearly delivery 10,000 pF-0.22 uF.
Primarily for decoupling applications, these
Transcaps, together with the standard
temperature-compensating, Hi-K and High
Voltage devices offer complete disc ceramic
capability.

Monobloc Monolithic

Ceramic Capacitors

x high capacitance

+good delivery *premium quality

Designed for professional applications
where size and stability of performance are
paramount.

Available in BS 9000 approved moul-
ded finish as well as dipped (‘Redcap’) and
chip configurations. Ideally suited for
coupling and decoupling of integrated
circuits.

Improved Ratingson
Aluminium Electrolytic
Capacitors

* early delivery

+ high ripple current capability
* high temperature ratings

* high capacitance-to-size ratio

Tubular Polarised (types 201 and 211)
manufactured to BS 9078-NOO1 and
to DIN 41332 Ripple rating standards
with temperature ratings up to 85°C.

General Purpose Polarised
(types 311, 312 Dual Section and 321),
first introduced in 1973 as a concise
yet wider range to conventional sizes.
Now being stocked in much larger
quantities to meet growing demand.
Eight working voltages (6.3 Vdc-
160 Vdc) at 85°C with improved ripple
current capability.

IMMEDIATE SMALL
ORDER SUPPLIES

For quantities of up to 1000 Trans-
caps, Monoblocs and Aluminium
Electrolytic Capacitors ex stock and,
in due course, for the new Straight
Lead Polyester Film Capacitors con-
tact our Supplies Division.

FOR FULL DETAILS ON
ALL COMPONENTS RING
TECHNICAL SALES TODAY
ON GREAT YARMOUTH
(0493) 56122

Erie Electronics Limited,
South Denes, Great Yarmouth,
Norfolk. Telex: 974 21.

WW—080 FOR FURTHER DETAILS
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Wide
ralnge of TTL

to Post Office
Spec

The Mullard
range of T'TL
integrated circuits
approved and provisionally
approved to the stringent Post
Office Specification D3000 now
comprises 22 types. They are being
supplied to Post Office contractors
and are to be offered to other
equipment manufacturers who are
concerned with very high standards
of reliability.

All types in the D3000 range are
functionally equivalent to types in
the well-known GFB7400D series.
Encapsulation is ceramic 14- and
161ead dual-in-line.

The specification includes
important overstress and endurance
tests with exacting internal
inspection requirements. It assures
an extremely high standard of
reliability and long life performance,
and users can expect a component
life of forty years with cumulative
failures not greater than 2 per cent.
For a leaflet summarising the range

use reader enquiry service no.
WW069.

1 type numbers 437BGY and

Mullard Communications Contact

COMMUNIGATIONS

of news from Mullard

FW MODULE
FOR MORBILE

The highly successful w.h.f. the number of assembly operations
amplifier modules manufactured Furthermore, as the modules are
by Mullard are to be followed up untuned, no adjustment is needed
by two v.h.f. types. These are in the test room. For provisional
data please use reader enquiry
service no. WW070.

438BGY covering the frequency
ranges 148-174MHz and
68-88MHz respectively.

Apart from their frequency range, D
both the v.h.f. modules provide the
same performance: minimum
output power 18W for an input of
150mW with a typical efficiency of
45%. Input and output impedances
are 500, and the nominal
supply voltage is 12-5V.

Among the opera-
tional features are the
ability to withstand
severe load mismatch
and the provision for
control of the output
power by variation of the
supply voltage. The
operating temperature
range is from -40° to
+90°C.

By basing equipment
on the modules, manu-
facturers can cut design
time and also reduce

'Phot,ogrraph by kind permission of New Scotland Yard.



Space-saving circulators

Significant savings in space and
weight can be made in com-
munications and radar equip-
ment by using Mullard miniature
circulators. Despite their small
size, they feature the same low-
loss characteristics and wide
bandwiths as their full-size
counterparts.

There are eight ferrite 3-port
types capable of handling up to
300W in the u.h.f. region, and four
microwave types rated at 50W.

The u.hf. types are divided into

Which
Ferrite,

A useful aid to
finding the right type

of ferrite inductor or transformer
core for any particular application
is provided by a new wallchart from
Mullard. All preferred design types
in their various shapes, sizes and
materials are clearly summarised.
For a copy please use reader
enquiry service no. WWQ71.

100W and 300W families. Band-
widths fall within the spectrum 470
to 1000MHz, and isolation is
typically 25dB. Connectors are
N-type with the option of
HF 7/16 DIN 47223 connectors for
the high power circulators.

The four microwave circulators
are broadband types providing

coverage through the S, C and X
bands, and isolator versions are
available of each type. Isolation
depends on the band and is typically
between 23 and 27dB. Connectors
are SMA coaxial.

For further information please
use reader enquiry service no.
WWo072.

SEMICONDUCTORS
FOR
- ULTRA-RELIABLE
EQUIPMENT

Manufacturers =
of equipment that
has to meet the
reliability standards
of the aerospace and
communications market
and, therefore, need semi-

-conductor devices that have

a minimum chance of
failure during equipment
life are invited to contact
Mullard.

The company supplies
transistors and diodes to
meet these stringent
demands. Both Mullard
semiconductor plants have
BS2000 approval and can
supply devices to BS9300

- ‘Q specification or, when a
higher degree of assyrance
is needed, to BS2300 ‘P’

ication. Several million

Mullard Communications Contact

released in 1973 by
Mullard-more than by any
‘other company.

Where odgﬁonol checks
are required, Mullard can
provide precap visual
inspection, mechanical and
environmental tests and
100% ‘burn-in’

If your equipment
demands semiconductors
with special quality
assurance, write to Mullard,
reference CPS/C25, giving
details of your requirement.
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Mullard Communications Contact
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NEW CORES SPECIHCALLY
FOR SWITCHED MODE POWER

Designers of switched mode
power supplies no longer have to
use transformer cores of a
material and shape which are
meant for quite different
applications. A new range of
ferrite cores being introduced by
Mullard, the FX3700 series, is
intended specifically
for the job.

Insulation and
safety, the special
stresses of switched
mode operation,
winding economics,
modes of circuit failure,
mechanical specifications
and BSI requirements have
all been carefully considered in the
design.

The cores may be used in units
where the input is derived from
rectified mains or from batteries,

and are suitable for designs
covering a wide range of outputs.
When used in 25kHz push-pull
circuits at the unfavourable end of
the application spectrum (supplying
low voltage, 5V, output) d.c. output
powers from 50W to 500W can be
obtained. Higher outputs can be
obtained in more favourable
applications, and the cores
can, of course, also be
used in single-ended
circuits.

An application note
is available which not
only simplifies trans-
former design but helps to
save time, money and trouble
elsewhere in the circuit. For a free
copy and data on the cores please
write to Dept. C1.H., Ref: CPS/C23,
Mullard Ltd., New Road, Mitcham,
Surrey CR4 4XY.

/

JUST THEWAY
'YOU WANT THEM

_ Mullard

\:1\

You can get Mullard 400mW and 1W
Zeners selected for voltage and other
parameters to meet your own exact
specifications. Voltages can be within 1%
if you want them that way.

Quantities of up to 2,000 can be
supplied with fast delivery through the
Moultard IFT Service. Bulk selections
of over 2,000 pieces can be made to
negotiated delivery times through the
SELECT 61, 79 and 88 Services.

400-MILLIWATT TYPES

B2Y88: DO-7 glass encapsulation

27 to 36V

SOSWIFET Service and SELECT -
88 Bulk Selection Service.
DO0-35 miniature glass
encapsulation

4-7 to 75V

SELECT 79 Bulk Selection
Service

1-WATT TYPES

BZX61: DO-15 plastic encapsulation
7-5 to 75V
SDSWIFT Service and SELECT

BZX79:

61 Bulk Selection Service

)

Please use reader enquiry service no. WW073 for data on all of the above types.

Linear
power

forSSB

Three highly linear r.f. power
transistors for single-sideband
applications from manpacks to
ship-to-shore transmitters are
available from Mullard.

In all three the intermodulation
products are typically more than
30dB down on full rated output.
Under some conditions this figure
is even better than 40dB.
Furthermore, all three are
electrically rugged and can

withstand severe load mismiatch.

The most powerful member of
the family is the BLX15. Operating
from supplies of up to 50V in the
range 1-6 to 28MHz, it can supply
150W p.e.p. singly or 300W p.e.p. in
push-pull. Also, the full power
rating is maintained up to 108MHz
in the c.w. mode.

The two companion types, the
BLX13 and BLX14, operating from
24/28V supplies over the range 1-6
to 28MHz can supply p.e.p. outputs
of 25W and 50W respectively.

All three transistors are in
plastic ‘capstan’ packages. For full
data please use reader enquiry

| service no. WWO074.

Key to colour
cameratv
reliability

Millions of burning hours are being
registered by Plumbicon* colour
camera tubes in television
broadcasting in the U.K. Some
programme companies are
reporting lives of over 7,000 hours.
In telecine equipment, lives of over
10,000 hours are not uncommon.

If you are ‘tubing up for colour),
Plumbicon tubes from Mullard are
a wise choice. There are 36 types to
choose from. Use reader enquiry
service no. WWO075 for a wallchart.

*Registered trademark. for television camera tubes.




SINGLE-CHIP
ERROR DETECTOR

What is virtually a complete
sophisticated error detection
system is contained in one
18-lead DIL integrated circuit
recently announced by Mullard.
Designated type GZF1202, it is a
LOCMOS (local oxidised silicon
complementary MOS) device,
and consequently has a low
power consumption and can be
used with TTL components.
In operation, a GZF1202 at the
transmitter and another at the
receiver divide the message by
a polynomial expression and
the remainders are
compared. If they are
different, an error has
occurred. The
message is trans-
mitted in its
original form
with the re-
mainder added
to the end.

The GZF1202 provides for the
use of six standard polynomials, and
is thus suited for use in a variety of
applications from modem interfaces
to peripheral equipment such as
disc stores. Samples of the IC are
available for evaluation and data
can be obtained
by using
reader
enquiry
service
no. WW(076.

| and types such as the BFY90,

A HUNDRED-T

TIMES BRIGH

HOUSAND

Image intensifiers which enable you
to see on an overcast moonless
night, by amplifying light by as
much as 100,000 times, are fully-
engineered items in regular
production at Mullard.

The intensifiers manufactured
include single- and multi-stage
electrostatically focused types and
electrostatically focused
microchannel inverter types. For
information on the range and its

Mullard

Components for communications — broadcasting, telecommunications, radar, navaids, military

TER

special features use reader enquiry
service no. WWQ77.

Mullard Limited Mullard House Torrington Place London WCI1E 7HD

Mullard Communications Contact

(omtact Column

SECOND
GENERATION
BROADBAND
TRANSISTORS

The Mullard company is no
newcomer to the supply of
components for TV distribution
systems and similar applications.
For nearly a decade it has made
available broadband transistors,

BFW30 and BFW16A are now well
established.

With demands for lower and
lower cross-modulation distortion
and more and more channel
capacity, a second generation of
Mullard broadband transistors has
appeared. Prominent among them
is the BFR94. This has an fr of
3GHz which is maintained at
currents up to the unusually high
region of 125mA. In this transistor,
low cross-modulation, inter-
modulation and second-order
distortion are combined with
excellent broadband and low-noise
performance.

Moreover, the low cross-
modulation behaviour is straightfor-
ward and does not depend on
operation at critically favourable
collector currents and output
voltages. A shift-due to a change in
temperature, say—does not
therefore result in a rapid rise in
cross-modulation distortion.

Another second-generation
broadband device, the BFR96, can
be used to drive the BFR94. It
covers the range 40 to 860MHz,
power gain is typically 8dB and
typical output voltage is 600mV.
Other types of transistor of similar
interest are the BFR90 to BFR93.
Data on all types mentioned can be
obtained through the reader en-
quiry service no. WW078. by ‘Electron’

&7

Telephone: 01-580 6633 M.010
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Bnitish...
Wherever there 1s appreciation of fine sound

reproduction, insistence 1s upon British

loudspeaker systems. &%=
52*:‘3 Renowned among the

discerning for their outstanding quality, the products of

Mordaunt-Shart Ltd. are specified by

B professionals and by enthusiasts the world over.

Choose them for your home - where the finest ==
most concerns you. %S’

@ ..at its best.

Mordaunt-Short Ltd

Designers and Manufacturers of Quality Loudspeaker Systems

To receive immediately full information and the name and address of the
Stockists nearest to you, please complete this coupon and return it to us direct.

Name Address

Mordaunt-Short Ltd. The Causeway, Petersfield, Hampshire, GU31 4JT. Tel: Petersfield (STD 0730)4631-5 WA
WW-—062 FOR FURTHER DETAILS

nombrex| | Thesymbol of
sod quality.

Hi-Fi Speakers

Ml The KR range consists of five

‘K outstanding speaker designs with

| power ratings from 18 watts (music
power) to 90 watts
(music power).

NEW l
MODEL 45
DIRECT READING FREQUENCY METER

PricE £42.50 + var

@ MEASURES FREQUENCY FROM 10 Hz TO 100 kHz.

@ MEASUREMENT INDEPENDENT OF SIGNAL WAVE FORM,
@ ACCEPTS INPUT LEVELS FROM 10mV TO 5V.

@ FOUR DECADE SWITCH RANGES.

@ SENSITIVITY CONTROL.

@ CALIBRATION CONTROL.

@ POWERED BY 3 VOLT BATTERY.

Trade and Export enquiries welcome.
Send for full technical leaflets.
Post and Packing 50p extra.

NOMBREX (1969) LTD., EXMOUTH, DEVON
Tel: 03-952 3515

Made from selected high-
density Swedishchipboard,
the cabinets are hand-
‘made, hand-finished and
matched in identically
grained pairs.

To ensureconsistent sound
quality, all speakers are
individually tested before
leaving our factory.

Ask for a K.F, demonstration
and hear for yourself.

KR10. A two way, two unit system, typical of K.F. quality and design.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW-—065 FOR FURTHER DETAILS

WW—031 FOR FURTHER DETAILS
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Four easysteps to improve
your instructional video system.

First purchase a good monitor The ITC PM 1717
for example, is perfect. It guarantees clarity,
brilliance and definition; even if the picture comes
straight from the moon. And our price is strictly
earthbound, just £140. With the special video effects
we have in mind,you'll need the ITC PM 171T monitor.

Now add the VP 315 video pointer. This
advanced unit superimposes an arrow indication
on your video system picture. The joy-stick control
panel makes arrow positioning simple. And the
arrow can be shown in black or white in a steady
or flashing model either horizontal or vertical,in any
size you want. We bring it to you at only £285.

v PrQs NPO$

édeve i¥ 2 8¢

MON  DATE NIS
SEC * WwSEC wnSEC VSIZE MSIZE  MATT  PwR

3 00D =g

e

Next purchase the VTG-33F time and date
generator it gives legible reading from 100th of a
second, through seconds, minutes, hour,day, month’
Perfect for any countdown. The precise timing is
provided by the electronic crystal controlled
IC circuitry This generator is compatible with any
new or existing television system, colour or black
and white. And costs just £280.

(Prices subject to VAT)

Lastly, step into Dixons Technical. That's —I
where you can buy all the above hardware. I
While you're in, look over all the other space-
age equipment we have for improving your
video system.We'll give you a personal
demonstration, help you choose the
equipment you need, then install it.

Please send full details for the

| [TC PM 171T Monitor [J
The VTG-33F Video Display Generator [
| The VP 315 Video Pointer (]

Name

I Address

I To: Dixons Technical,
3 Soho Square,
London W1.

Tel: 01-437 8811 OF SOHO SQUARE

Dlxobgq

WW/35/12
¥ r ¥ r N I ]

“Also available showing seconds, minutes, hour, day, month, year This model is
very suitable for time lapse video recording.
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Youve asked

foritl g

Time and again we are asked for reprints
of Wireless World constructional
projects: tape, disc, radio, amplifiers,
speakers, headphones. Demand
continues long after copies are out of
print. To meet the situation we have
collected fifteen of the most sought after
designs and put them in one inexpensive
book. And we’ve updated specifications
where necessary to include new
components which have become
available. A complete range of
instruments is presented, from the
Stuart tape recorder and Nelson- Jones
f.m. tuner, through the Bailey, Blomley
and Linsley Hood amplifiers, to the
Bailey and Baxandall loudspeakers

— some of which have been accepted as
standard in the industry.

high fidelity
designs

£1 from newsagents and bookshops
or £1.35 (inclusive) by post from the publishers.
A book from

WirelessWorld

ioh filelity -
degSlgns i

= e e s S e S S S e S S S —— — — — — — —

I To: General Sales Department, Room 11, Dorset House,

| Stamford Street, London, SE1 9L.U =
= Please send me ..copy/copies of High Fidelity Designs |

| at £1.35 inclusive. I enclose remittance value £....................
| (cheques payable to IPC Business Press Ltd.).

l NAME.
(please print)

l ADDRESS

Company registered in England No. 677128
Regd. office; Dorset House, Stamnford Street, London SE1 9L U

| ST T
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POWER UNITS

NOW AVAILABLE WITH 3
VARIABLE OUTPUTS

Type VRU/30/25—£166.75 + 8% vAT
Input 200~-250V. 50Hz
or 100-120V. 60Hz to order
Output 1:0-30V. 25A. D.C.
Output 2:0~70V. 10A. A.C.
Output 3:0-250V. 4A. A.C.

Other units are also available
with outputs of:

0(1—162%\6 16?;(\- ALL CONTINUOUSLY
0 VARIABLE
0240V 3A.

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

L]
val’lGJ-lo LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01-890 4242

WW—020 FOR FURTHER DETAILS |

The symbol of
sound quality.

Power ratings
from 8 watts
(music power)
to 20 watts
(music power).

Ilustrated here is
the new MP6.

Unit Audio

Superbly made speaker
enclosures containing high quality
units designed to improve your
listening pleasure.

Ask for demonstrations of the
KR®6, PF6, PF8, MP6, MP138.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW—032 FOR FURTHER DETAILS

DIGITAL GLOCKS

BYWOOD DIGITRONIC I

The DIGITRONIC |11 is the latest addition to the range of digital
clocks and kits available from BYWOOD. The solid-state heart of
the clock is the CAL-TEX CT7001 with the Beckman (Sperry)
orange neon seven segment display for the readout. The clock has
time, date and: alarm functions with a snooze alarm disable feature
for use on cold, wet mornings.

The recommended retail price of the clock is £46.50 plus VAT
but the special offer price is only £30.00 including VAT, a saving of
over £20, a Christmas present from us to you.

BUT! The offers do not end there. Each coupon also counts as an
entry to our competition, the winners will be given the choice of
another DIGITRONIC 111 or the return of their £30. The five lucky
winners will be picked at random from all the correct entries on
19th December 1974 and we hope will receive their clock or cheque
in time for Christmas.

Competition is only open to customers purchasing on the special
offer, offer and competition open until 5pm 18th December, coupon
must accompany all orders—if somebody has already used the
coupon phone us, we may be able to help. You don’t have to answer
the competition to get the special offer.

The competition is based on the fact that leap years are the only
things that upset the DIGITRONIC I11 as they do not take Feb.
29th into account. To help envisage how often this happens we
would like you to tell us how many leap years there have been in
England between Jan. 1st 1474 and Dec. 31st 1974, i.e. in the past
500.years.

For further details on our products please send SAE to —

I SPECIAL OFFER COUPON

BYWOOD ELECTRONICS l

B0

‘181 Ebberns Road,
Hemel Hempstead, l
Hertfordshire.

Tel. 0442-62757. l

SPECIAL OFFER
COMPETITION

58 B9 s |

DAGITRONIC T

[ TT—
_£46.60-+VAT ™

OFFER PRICE £30.00

To: Bywood Electronics,
181 Ebberns Road,
Hemel Hempstead,
HP3 9RDW.

FROM —

...............................

| enclose cheque/cash/P.0./M.O. to the value.of
£30.00, please sand me a DIGITRONIC 11l clock.

My competitlon answer Is that there have been
....... leap years In the past 500 years.

Offer and competition closing date is 5 pm
18th December, 1974.

Clocks will be despatched in time for Christmas.




e New MULTI-PEN
Linstead RECORDERS
Twin Stabilised
Power Supplies

MODEL
MC 641

with even
greater
performance.
Each comprising: 1000V £s.
Two powerful bench supplies. 0.3 sec.fs.

Continuously variable. el
it oty vz et | IMIULTICORDER

In one compact robust case.

“Multi-channel, 2 - 6 with full range
zero set.

*Multi-pen — felt tipped. 6 colours.

* 16 switched chart speeds, 2.5 mm/hr
to 1200 mm/min

*Choice of Z fold or rolt chart.

*Five plug-in preamplifiers
switched ranges 100 uv - 500 V{.s.
sensitivity. Also 100 mV for OEM.

OEM version ENVIRONMENTAL EQUIPMENTS
LTD

Eastheath Avenue, Wokingham, Berkshire
RG112PP. Tel: Wokingham 784922

WW—009 FOR FURTHER DETAILS

{ = aehghtwork
|| of wiring ~
with the N[W\'

oo~ OftLFADHESIVE
| WIRE STAPLES

Countless uses in industry and offices

*QUICK AND EASY TO APPLY —
EVEN IN AWKWARD PLACES
4 °kSAVES DAMAGE TO WOOD AND PAINTWORK
22010 30V0 10 1A, i kSTICKS ON INSTANTLY : HOLDS WIRE FIRMLY

2 x 0 to 20V O to 0.6A
with twenty 1 volt steps and fine

control,
Voltage set by eontrols. s

Current continuously monitored,
0 to 100mA, 0 to 0.5A. plus VAT
Current limiting protection.

.d

R R R R R R R OO B oot £ OONCS

Set by switches and fine control, % . .
Micars-sovitchatls far volts, 1 You'll save enormous time and trouble with the
41 e S el £7 9-90 4 new Brandauer adhesive staple. Just peel off the
Indication of overload. plus VAT B backing strip and press staple into place. Then
1 bend clips over to hold wire firmly in position.
l/”f?ﬂﬂ/ ! yql Imessing a/vith pints, tackg, solEering (i)(r
; rilling. No damage to woodwork, e.g. skirting
snﬂ'}seu lﬁits fg{nlfrsssm 4 boards. Use the Brandauer Staple for any wall,
Linstead Electronics, Roslyn Works, Roslyn Road frame or cabinet wiring jobs_ it's wonderfully
oty B e A BRI s ecrcmmtrct | easy for fitting in those awkward corners.
Denmark, Snnlylukp'll IBS H:;rr?ng::dlmozl( 2100, Copenhagen Send now for details to;
e B A { SPECIAL PRODUCTS DISTRIBUTORS LTD. |
Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 A ntwerp \g 81P|ccad|||y’|_0ndon WlV OHL Te] 01- 6299556‘;&]

WW-—057 FOR FURTHER DETAILS WW-—046 FOR FURTHER DETAILS
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For 220-250V Mains

‘Measuring range 4,5 to 55Hz with
resolution of 0.5Hz

Accuracy:
at 50Hz
on other readings

Flange

Barrel

current consumption 10ma max.

Price £7.50 plus VAT

REED TYPE FREQUENCY METERS*

+0.25Hz

Flush mounted square
85mm
80mm dia.

Depth from the panel
(incl. terminals) 71.5mm

*Made in USSR
AVAILABLE FROM STOCK FROM

AC CLAMP
VOLTAMMETER
ua1*

Current ranges:
10-25-100-250-
500 amps

Voltage ranges: 300-600V
Accuracy 4%
Scale length 60mm

Max diameter of conductor
60mm

Price, complete with imita-
tion leather carrying case,
leads and spare fuse

£13.50 plus VAT

L Telephone 01-727 5641

Z & | AERO SERVICES LTD

44A WESTBOURNE GROVE, LONDON W2

Telex 261306

TAKE A CLOSE LOOK

at a professional recorder that offers high performance,
excellent reliability and is very easy to maintain. Ask
yourself why so many commercial radio stations and
| recording studios are doing their best to wear them out,
and not having much success. Decide if you need mono
or stereo, console transportable or rack mounting versions
and then inquire about prices.
We are sure you will be very pleasantly surprised.

BIAS ELECTRONICS LTD. 01-540 8808
572 KINGSTON ROAD, LONDON SW20 8DR

The symbol of
sound quality.

Indoor Column
Speakers

|deal for Clubs, Cinemas,
Concert Halls, Churches etc. ;
particularly suitable where
acoustic difficulties are
experienced-especially
feedback.

Alternative finishes

available are Black Vynide
or Teak.

Power ratings from 10 watts . .
RHAS 10 30 vtta RS, | "ALa-0neafarunge ot d et avsae

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW—028 FOR FURTHER DETAILS
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Barr & Stroud’s new EF3 Electronic Filter System already available, provide filtering with variable cut-offs

means no more compromises when you buy variable between 0.01Hz and 10.0kHz, stop-band attenuation

filters. Now you can get the filter you need today, of 48dB/oct. (96dB/oct. in cascade), and pass-band

and additional plug-in units tomorrow. Today —the response from dc to 500kHz. Get full details of

basic main frame and your choice of two modules to EF3, the big breakthrough in electronjc filtering from

operate in low-pass, high-pass, band-pass, band-stop, BARR & STROUD LIMITED

band-separate, band-combine or cascade modes. 1 Pall Mall East, London SW1Y 5AU < BARR AND >
Tomorrow — other interchangeable modules to meet Tel: 01-930 1541

your newest requirements. The first two modules, Telex: 261877 Glasgow and London
WW-—015 FOR FURTHER DETAILS

type PL100

Professionally designed to cater for a wide spectrum of low-
frequency measurement and display needs, this British plotter
features high-grade, versatile performance at a realistic price.

ALL SOLID STATE ELECTRONICS
TRANSDUCER POWER AND INPUT FACILITIES
PLUG-IN FRONT END FLEXIBILITY

High gain — 1 mV and 1 pA/cm

Differential — 50 pV/cm

Linear Level — 500 pV/cm

Logarithmic — 2 and 5 voltage decades

Time Base 11 sweep speeds—5 sec 500 mins

Linearity —0.1%
Repeatability — +0.1%
Writing Speed — 200 mm/sec

BASIC PLOTTER

£253

Contact us for brochure and demonstration. Prices subject to VAT.

J.). Llovd Instruments Limited

Brook Avenue, Warsash,Southampton SO3 6HP. Tel:Locks Heath 4221
Telex No: 477042 - JAY JAY -SOTON

WW—014 FOR FURTHER DETAILS
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I RADFORD

AUDIO MEASURING INSTRUMENTS

LOW DISTORTION OSCILLATOR SERIES 3

A continuously variable frequency laboratory oscillator
with arange 10Hz—100kHz, having virtuaily zerodistortion
over the audio frequency band with a fast settling time.

Specification:

Frequency range: 10Hz—100kHz {4 bands)

Output voltage: 10 volts r.m.s. max.

Output source resjstance: 150 ohms unbalanced

{optional 150 ohms unbalanced.
plus 150/600 ohms balanced/floating)
0-100dB (eight, 10dB steps plus
0-20dB variable)

Output attenuation accuracy: 1%

Output attenuation:

Sine wave distortion: Less than 0.002% 10Hz—10kHz
{typically below noise of measuring
instrument)

Square wave rise and fall
time: 40/60 n.secs.
Monitor output meter: Scaled 03, 0-10, and dBV.
Mains input:” 110V/130V, 220V/240V
Size: 17" (43cm) X 7” {18cm) high X
82" (22cm) deep
Price: 150 ohms unbalanced output: £250
150/600 unbalanced/balanced floating output: £300

DISTORTION MEASURING SET, SERIES 3

{illustrated above)

A sensitive instrument with high input impedance for the
measurement of total harmonic distortion. Designed for
speedy and accurate use. Capable of measuring distortion
products down to 0.001%. Direct reading from calibrated

meter scale.
Specification:

Frequency range:
Distortion range {f.s.d.}:
Input voltage measurement

5Hz—50kHz (4 bands)
0.01%-100% (9 ranges)

range: 50mv—-60V (3 ranges)
Input resistance: 47K ohms on all ranges
High pass filter: 12dB/octave below 500Hz
Power-requirement: 2 X PPS, included.
Size: 17" (43cm)} X 7" {(18cm) high X 83"
{22cm) deep
Price: . £200

Now available in reasonable delivery time

" 'RADFORD LABORATORY
INSTRUMENTS LIMITED

Bristol BS3 2HZ
Telephone 0272 662301

a27

magnetic shields

soft ... magnetic alloys
and cores

SHIELDS We manufacture a'wide range of Mumetal
shielding cans and boxes and fabricate
shields for CRT’s, transformers etc.,
to customers’ own designs. These are
made to the highest standards and
have optimum properties {as sole
UK/European manufacturers of Mumetal
we have years of experience). For
large quantities we recommend the
‘Telform’ process which provides
maximum uniformity, extra close
i tolerance and maximum performance.
| For R & D and prototype work — try
‘Telshield’, do-it yourself, wrap-
around foil. Supplied in handy
packs costing around £5.00 ~ it's
ssimple and quick to use.

e )
ALLOYS
Typical initiat i Brem, 0 Curle
magnetic permeability permeabality- terric {rom saturation He Loss at Bsay point
properies {dc us) Inductioh (Tesla) (A7m){dfmIfeycie) (C)
= - == (T :

_Mumstsl 5% 000 240 000 0.77 1.0 3.2 3%
Mumetal Plus 69000 300000 0.77 08 13 3%
Supetmumelal 127 000 350 000 0.77 0.55 0.9 350
Onthomumetal T 2.4 7.6 3%
Sstmumetal 65000 00 1.5 20 12 5%
Radiomatal 50 8000 30000 1.6 8.0 40 525
Super Radiomers! 11000 1000007 1.8 32 20 525
Radiometal 36 3000 20 000 1 16.0 76 275
Hytho Radiometal 3500 60000 A 8.0 45 525
Hyrem Radiometal 70 000 A5 8.0 50 525
HCR Alloy - 100 000 154 10 85 525
Permendur 1006 7000 2 135 1270 975
Supermendut 70000 2.35 19.0 170 978
Pegmandur 24 250 2000 2.35 950 925

vicatioy

We manufacture a wide

range of strip wound, high
permeability cores in the
Mumetal, Radiometal, Permendur
and HCR groups of alloys.

WW—049 FOR FURTHER DETAILS

These cover a wide range of
appljcations including : current,
pulse, telecommunication, earth
leakage transformers, relays,
magnetic amplifiers, synchros,
high speed genérators, and
transducers. Ali Telcon products
are made to the highest standards
and undergo stringent testing
before despatch.

Telcon Metals Ltd. Manor Royal,
Crawley, Sussex, Crawley: 28800
WW—018 FOR FURTHER DETAILS
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STARWET

Spectrum Analyser
Module ST858

RCTURED g;;s

AR
RANS! and
GARDNE'};S,"LIC"‘"‘" Engl

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two
calibrated ranges Sensitivity Better than 50 mv for 0.5V per cm
Resolution Better than 25 KHz. Dispersion From less than 1 MHz

®
l able for to 400 MHz variable Input Via 50 ohm BNC connector on front panel
Output 1 Coax cable for connection to Y input on scope Output 2
Coax cable for connection to sync. input on scope Power require-
ments 240 voits AC 50 Hz 10 watts. {Other voltages and frequencies
uro ean available as required) Size Width 11in {28cm.) Height 4.375in.
® 0’ {11.2cm.) Depth 8.5in. {21.6cm.) Nett weight 7.5Ibs (3.4 Kg) Gross

weight 10lbs (4.5 Kg.)

[ J
and Amerlcan For further details contact the sole distributors of

STARWET equipment:

voltages... CHILTMEAD L TD

7-9 ARTHUR ROAD, READING, BERKS
Minimod, the versatile British made range of (rear Tech College) Tel. Reading 582605

encapsulated power supplies first introduced in 1973, WW—084 FOR FURTHER DETAILS
has now been extended to cover European and North
American mains voltages (and is interchangeable with
most American types). Normally available ex-stock,
all units are fully stabilised with fold back current
limiting — the 5V models have over voltage crowbar too!

STANDARD MODELS

Output Short Circuit % Regulation { \

Type Output Current Current mA Line and Load 5

Number Voltage Amps {Typical) {Typical) \/ERSA O\/\/ER
PUO1 5101 0.5 370 0.3

PUO2 51+0.1 1.0 770 0.5

PUO3 15-0-15+0.2 0.10 37 0.1

PUO4 15—0-15+0.2 0.20 84 0.1

PUOS 12-0-12+0.2 0.12 45 0.1

PUO6 12-0-12+0.2 0.24 120 0.2

Input voltage ranges 103 - 126V, 200 - 240V.
210 - 250V. Frequency 50 - 400 Hz all types.

Comprehensive specification given in brochure GT 29b
which is available on request.
Acclaimed as the World's leading
% SPECIAL DESIGN SERVICE ' telescopic tiltover tower In the
Custom built units for applications requiring different | field of radio communication
specifications are produced as part of our Models from 25 to 120’
standard service. Try us first.

Look for the name

STRUMVIECH

Specialists in Electronic Transformers & Power Supplies.

Strumech Engineering Co Ltd

GARDN EHS Coppice Side. Brownhills. Walsall. Staffs

TRANSFORMERS LIMITED

Gardners Transformers Limited, Christchurch, Dorset, BH23 3PN
Tel. Christchurch 2284 (STD 0201 5 2284) Telex. 41276 GARDNERS XCH

WW—056 FOR FURTHER DETAILS WW-—027 FOR FURTHER DETAILS
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the complele capacilorrange

The electronics industry’s standard radial lead
metallised polyester capacitor. Designed for all
general purpose applications.

63V.d.c.0.22 to 10 mfd.

100V.d.c. 0.01 to 6.8 mfd.
250V.d.c.0.011t02.2 mfd.

400V.d.c. 0.01 to 1 mfd.

630V.d.c. 0.01t00.47 mfd.

1000V.d.c. 0.01 t0 0.22 mfd.

Very good delivery.

Wokingham Road,
WAYCOM LIMITED
Tel: Bracknell 22751 Telex: 848402
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HIGH WYCOMBE 30931/4
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- Transducer and ‘Recorder \

$_ amplifiers and sys'rems_<

MiNi -

BAL

OO

FYLDE  woames

reliable high performance & practical controls
individually powered modules—mains or dc
option single cases and up to 17 modules
in standard 19" crates small size—low weight

=V LD E
)

Fylde Electronic Laboratories Limited

49/51 Fylde Road, Preston PR1 2XQ
Telephone : PRESTON 57560

WW—021 FOR FURTHER DETAILS

\_

ENGINEERS

This 76 page
REE book
shows how’
YOURSELF FOR A

BETTER JOB - MORE PRY!

This helpful guide to success should be read
by every ambitious engineer.

Send for this heipful 76-page FREE book now.
No obligation and nobody will call on you. It
could be the best thing you ever did.

@ E ECUT OUT THIS COUPON [ Il NN BmN
CHOOSE A BRAND NEW FUTURE HERE!

Tick or state sudject of interest. Post to the address below.

ou want promotion, a better job, higher
pay “New Opportunities” shows you how to
get them through a low-cost home study course.
There are no books to buy and you can pay-as-
you-learn.

Computer Programming

I Build-As-You-Learn General Radio and TV

PRACTICAL RADIO AND Engineering a I
ELECTRONICS (with kit) Radio Servicing, Maintenance

Electrical Engineering and Repairs a

Electrical Installations and Wiring Transistor Technology a

Electrical Draughtsmanship
Electrical Mathematics
Electronic Engineering
Computer Electronics

ALDERMASTON COLLEGE
Dept BWW95, Reading RG7 4PF QK l BWW95 l

NAME (Block Capitals Please) l
ADDRESS

C. & G. Installations and Wiring O
C. & G. Electrical Technicians O
C. & G. Telecommunications a
Radio Amateurs’ Exam. etc., etc. [J

Doooboooo

Other subjects
Accredited by C.A.C.C.

Age
Member of A.8.C.C.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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The quality of the sound you
2ar from your hi-fi depends on the
ality of transcription from the
cord-so you won’t want to skimp on
ality. When you choose your
rntable deck, you'll probably choose
arrard.

Fifty-five years of Garrard
perience and know-how in producing
p-quality record playing equipment is
ncentrated in the range of record
aying units now available, There are

ee modules complete with attractive
1ses and lift-off covers, ready-wired
r instant installation.

The SP25 Mk IV is the most
opular budget unit on the market. It
atures the famous Garrard four-pole
mchronous motor to ensure smooth,
nstant speeds, the finely engineered
ckup arm with resiliently mounted
unterbalance weight, calibrated bias
mpensation and damped cueing.

— M ‘v
— " g '“ﬂlmlmlw//

The 86SB represents just about
the best buy in hifi today. It
incorporates belt drive, the fa