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with a British Calibration Service Certificate.
Ask for details.

Bradley's compact 173 Digital
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any extras.
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Forinstance, there's a scale length
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There's guarded input giving high
common mode rejection > 140 dB at
line frequency.

There's display storage.

And 1-2-4-8 BCD.data output:

There is a standard ufisaturated cell as
an internal calibration reference. And
the.173 gives you automatic indication
otpolarity.

Ih one small package, the 173 gives
you a lot of DVM tor your money.
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latest Burndept Electronics radiotelephone
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continuing expansion in mobile radio com-
munications, the technical problems of
which are discussed in the report on
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How we made
thyristors

a commercial
proposition
for consumer
products

Three years ago a Mullard design
team was given the problem of
developing thyristors for motor speed
control in washing machines and drills.
Thyristors offered important advantages
over conventional power control
methods, but at that time, production
was confined to relatively expensive
‘industrial devices. The high unit cost
was essentially due to specialist
production techniques.

Two Requirements The Mullard team
set about designing inexpensive
thyristors, together with triggering
devices, for use on domestic mains
supplies. Two current handling
capabilities were identified as
being necessary to meet the range of

applications—6.5A for washing
machines and other heavy current loads,
and 2A for drills and lighter loads.
Within six months two consumer type
thyristors, BT101 and BT102, had been
developed for 6.5A applications, and
they were soon in mass production.
Now these devices, in the TO-64 stud-
mounted metal encapsulation, are well
established.

Low-cost Plastic After further design
work, a new plastic device, the BT100A,
was introduced to meet the lower
current requirements. Plastic power
device technology is highly specialised,
and only intensive effort over many
years has resulted in the highly
automated manufacturing techniques
which ensure extremely good reliability.

Computer Testing To cope with the
necessary high rate of production,
computer techniques were introduced to
record test results and to allow
automatic grading. The testing cycle was
significantly shortened by the use of
high-current pulses for directly heating
the thyristor crystal. This is one of the
best automated methods of testing
breakdown voltages at the highest
junction temperatures.

The result ? A range of thyristors-
capable of meeting all the consumer-
appliance manufacturers’ current needs,
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and of improving both the efficiency

of power-control and the usefulness of
the units controlled. They offer consumer
product manufacturers smooth,
continuous and efficient power control.

Worth it ? Right from the beginning

" we’ve had everything under our control,

so that we can be sure the product will
give consistent service. This also enables
us to relate quality with the best possible
price. Something which applies across
the very wide Mullard component

range. Our components find applications
as unexpected as Astronomy and
Zoology, giving us experience in many
technologies. Experience our customers
now take for granted.

Mullard

components for
consumer electronics

Mullard Limited

Consumer Electronics Division
Mullard House Torrington Place
London WC1E 7THD

CED73
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Wireless World

The Dehumanization of Broadcasting

Karl Marx, were he alive today, might have written that famous aphorism of his as:
“Television . . . is the opium of the people”. The fact that television is an opiate is
generally blamed on the programme producers: the broadcasting engineers are inclined
to take a superior, professional attitude and disclaim any responsibility for the material
that is passed through their channels. Indeed some engineers, particularly in
America, treat the programmes with open contempt. (The slang word “canned” used
for recorded programmes is an implicit grouping of the creations of art and.intellect
with beer, soup, baby-food and other mass-produced commodities of a sloppy nature.)
But it is too easy for the engineers to shelter in their sectarianism.- They must become
more aware of the effects of their work, their aims and attitudes, on the quality of
what is broadcast. These effects may be indirect but are nonetheless real.

Anyone who has worked -in mass-production industries will know that there is a
strong pressure on designers to fashion their goods not so much for the convenience
of the human customers as for the convenience of the production machinery. This,
of course, increases manufacturing efficiency. If the resulting goods are not exactly
what the customer likes he can always be persuaded to think that they are, by clever
advertising. Equally it is well known that people must be continuously pressurized
into buying goods which they may not really need, in order to keep the manufacturing
plant fully loaded and hence economic—and, incidentally, to avoid unemployment
and loss of consumers. The engineer, of course, has a vested interest in the design,
manufacture and operation of the production machinery.

A similar situation is now developing in broadcasting. The mental and spiritual
“goods” are becoming subservient to the broadcasting machinery, which is designed
and operated by engineers whose main purpose is to achieve the most efficient dis-
tribution of canned, pre-digested, brightly packaged, expertly timed, second-hand
experience to a mass audience.

At all costs the broadcasting machinery must be made efficient—and this seemed
to be the cry at the recent International Broadcasting Convention in London (see
p.484), where one of the main themes was the application of automation to broad-
casting. One American contributor proudly remarked that the on-line computer
programme for his computer-controlled broadcasting system had been “developed
and documented to the point where it can be used as a general purpose program for
any industry such as planning the production of manufactured goods.”

Automation is fine, in so far as it relieves people of monotonous work, reduces
operating costs and improves the technical quality of the broadcast programmes.
But "experience from industry shows that it is also a means by which the human
being is even more completely enmeshed and demoralized by the production mach-
inery. He is not driving but being driven, as Charlie Chaplin showed in “Modern
Times”, and now his brain is involved as well as his reflexes.

Nevertheless, one speaker at the I.B.C., on being asked why he had expressed
disquiet about too much automation in broadcasting, said “because it can be des-
tructive of human initiative and art”. This speaker was an engineer. So there is at least
one man who understands that the true work of engineers is not simply the perpetuation
of engineering.
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Elements of Linear Microcircuits

1. What a linear microcircuit is, how it issmade and packaged

by T. D. Towers*, M.B.E.

What are these microcircuits that have
revolutionized circuit design? In widest
terms, they are a sort of supercomponent
consisting of a number of circuit elements
inseparably associated in a small package.
In the ultimate they reduce the equipment
designer’s job to just fitting together a few
prefabricated circuit blocks instead of
designing a large complex of separate
discrete components. No longer need the
electronics experimenter puzzle out the
design of a two-transistor ‘Ridler’ d.c.
coupled pair for his tape replay amplifier;
he just buys a ready built microcircuit.

Linear and digital: the difference

There are two classes of microcircuits
(often called integrated circuits or just
i.cs): digital and linear. Digitals are
designed for on /off switching applications
and provide the equipment designer with a
range of complete logic elements, such as
AND, OR, NAND, NOR gates, flip-flops
and -some extremely complex computer-
type sub-systems. Linear ics are for
applications where the output is in some
way proportional to the input, and they
provide the designer with ready-made d.c.,
af., r.f. and wideband amplifiers.

‘Digital microcircuits became generally
commercially available in the mid-1960s
and have been exhaustively discussed in
the technical press since then. Linear i.cs
did not become readily available until
much later, and are only now finding wide
use. This series of articles is aimed at the
newcomer to the linear field.

Linear microcircuits can be ‘multiple-
purpose’ or ‘single-purpose’. Multiple-
purpose units are gain-blocks which can
be externally pin-programmed to perform
a large variety of different circuit functions
(usually by fitting different feedback
networks). The archetype of these is the
operational amplifier T or op. amp. . This
is a very high gain d.c.-coupled amplifier
with a response which is completely
defined by feedback. It was the earliest
linear microcircuit to become generally
available and is the best known,

*Newmarket Transistors Ltd.

tOperational amplifiers were dealt with at some
length by G B. Clayton in a series of articles which
appeared in the February to December issues of
Wireless World.

Most circuit designers prefer single-
purpose microcircuits, which are complete
in themselves and do not need additional
circuits designed around before they
can be used (as is the case with
multiple-purpose linear i.cs). Fortunately,
more and more single-purpose linear i.cs
are coming on the market, ranging from a
simple package of a matched pair of
transistors up to a complete 100-W audio
power amplifier.

Early developments

Before we look at current methods of
microcircuit manufacture, it is of interest
to look back over the past three decades
at the landmarks in their evolution.
Up unti World War II, the normal
methods of assembling electronic
equipment was to mount all the heavier
components on some form of chassis, and
then interconnect them with point-to-point
wiring, either directly or via tag boards.

The first major move towards present-
day microcircuits began with the minia-
ture proximity fuses developed for the
nose-caps of artillery shells in World War
II. These radio-controlled fuses were
closely packed assemblies using special
valves, but the technique never spread into
large scale commercial use because of the
bulky valve needed for amplification.

The development of microelectronics
really started with the invention of the
transistor in 1948. This got rid of the large
wasted vacuum space inside the valve, its
inefficient heater and the need for a -high
anode voltage. Assemblies could now be
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Fig. 1. Circuit of 1962 linear silicon
integrated circuit (Texas Instruments
SN521 operational amplifier).

much smaller, but they were still only
scaled-down versions of the old
point-to-point inter-wiring of discrete
components.

In the late 1940s, Sargrove in England
started a move away from point-to-point
wiring. He pioneered a development in
which a radio receiver was built on a
ceramic substratef on which resistors
and intercomponent wirings were printed
and fired rather than separately mounted.
This was one of the earlier experiments in
the integration of circuitry, but in spite of
it, point-to-point  wiring  continued
unopposed. '

Later printed circuit boards (more
correctly printed wiring boards) became a
commercial reality, and this form of
integrated wiring provided another big
step towards commercial microelectronics.

The 1950s also saw many different
approaches to miniaturization, apart from
assembling conventional miniature com-
ponents on a small printed circuit board.
They gave rise to names like ‘Cordwood’,
‘Tinkertoy’, ‘Micromodule’ and ‘2D’
which are now largely of historical interest
only. Details can be found in books such
as ‘Microelectronics’ by E. Keonjian.
(McGraw Hill, 1963.)

All these forms of microminiature
assemblies developed in the 1950s were
more expensive than-the standard printed
circuit board and they were only used in
equipment where cost was not the
governing element, military equipment for
instance.

Today’s microcircuits

In 1958 a development occurred which
changed the whole face of things. Kilby of
Texas Instruments came up with an
interconnected assembly of resistors and
transistors made by diffusion in tiny
silicon chips. The true monolithic silicon,
integrated circuit (s.i.c.) had been born.
The first of these was a mesa-type r.t.l.
(resistor transistor logic)- bistable and it
used only two chips interconnected by
bonding wires in a single package.

In 1960 the celebrated Fairchild planar
process for manufacturing transistors was
developed which gave a strong impetus to

{Some details of this development are given in an
article “Automatic Receiver Production” which
appeared in the April 1947 issue of Wireless World.
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the production of monolithic s.i.cs. Early
units were the easiest-to-make digital types
such as the 1961 Texas Instruments
Series-51 r.tl. But linear s.i.cs were not
long in arriving. By 1962, the Texas
Series-52 linear i.cs were on the market.
Typical of these was the SNS521
general-purpose single-chip 62dB differen-
tial amplifier the circuit of which is given
in Fig. 1. )

In the linear field, however, the general
use of linear s.i.cs can be said to have
started with the now well known Fairchild
#AT09 op. amp. which came on the
market in quantity in 1965. Since then
there has been a proliferation of
multiple-purpose linear amplifiers, parti-
cularly of the operational amplifier type.

But the linear /s.i.cs available by the
mid-1960s did not get the immediate wide
usage that their high technical specifi-
cations invited. This was partly because
production was small and the cost was
much higher than a designer could achieve
by using conventional component
circuitry. Also, run-of-themill circuit
designers were not skilled at using
wideband, high-gain operational amplifier
blocks for general purpose circuitry. They
would rather have had low-cost
single-purpose units.

In this climate, significant developments
began along different lines. Techniques
developed for producing prefabricated
assemblies of resistors, capacitors and
interconnections by printing on ceramics
(thick film) or vacuum evaporation on
glass (thin film) were married to special
miniature semiconductor devices suitable
for attaching to such substrates. Out of
this marriage came the hybrid active linear
microcircuit, which had advantages over
monolithics in some areas. The two main
ones were that the hybrid could be
fabricated economically in small batches
and that single-purpose units could be
made up readily.

By the end of the 1960s, many
semiconductor manufacturers had gone
into monolithic s.i.cs. Cheap standard
multiple-purpose linear i.cs had become
widely available, but there were not many
standard single-purpose units around. You
could get a special s.i.c. custom built, but
you would have to use very large
quantities for it to be economic. As a
result, many custom hybrid houses had
sprung up. using thick and thin
film techniques, to serve the smaller-run
equipment manufacturer who could not
use the existing standard monoliths and
was too small to have a special monolith
built for him. Almost as a by-product,
these hybrid houses also put on the market
standard commercial single-purpose
linears.

It is anybody’s guess how the demand
for linear microcircuits will divide itself up
in the future between standard
single-purpose, standard multiple-purpose,
and custom-built units. One estimate is
that ih the 1970s linear applications will be
met 50% by off-the-shelf single-purpose
standards, 25% by multiple-purpose
standards, and 25% by custom specials.
As to how far the units will be monolithic
and how far hybrid, again there is much

doubt. The chances are that most
multiple-purpose standards will be
monoliths, most custom units hybrid, and
single-purpose units a mixture of
monolithic and hybrid.

No reference has been made so far to
m.o.s.t. (metal oxide semiconductor
techniques ) microcircuits which use
fe.ts (field effect transistors) instead of
bipolar transistors as the basic circuit
elements diffused into silicon chips. They
are cheaper to produce than bipolar
monoliths, and have already found wide
use in low-cost digital applications.
However, they are not as yet well suited
directly to linear applications. and will not
be discussed further here.

As to hybrid technologies, thin film is
gradually being phased out for cost and
technical reasons, and most hybrids are
now thick film.

Monolithic silicon circuit manufacture

Manufacturing monolithic s.i.cs is a highly
complex business and many books have
been produced on the subject. If you are
seeking detailed information, you should
consult one of the standard texts, such as
Motorola’s. ‘Integrated Circuits—Design
Principle and Fabrication’, edited by M.
Warner (McGraw Hill, 1965). In this
article we will give only a sketchy outline
of how s.i.cs are made.

The process starts with an ingot,
usually about 250mm (10in) long and
25mm (lin) diameter, of highly refined
single-crystal silicon, shown in Fig.2(a).
The ingot is sawn up into thin slices of
which one is shown at- Fig.2(b), and the
s.i.cs are made’in these slices.

As shown in the enlarged view of a
single slice in Fig.2(c), a large number of
identical circuits are formed in a regular
pattern. Various techniques are used, such
as high-temperature diffusion of impurity
gases into the slice, selective surface
etching of photoresist masking, formation
of protective ‘glass’ (silicon oxide) surface
layers, and deposition of metallic
interconnections and lead bonding pads on
the surface by vacuum evaporation (thin
film) techniques. Depending on the area of
the individual circuit in the pattern, a
single slice typically produces anything
from 200 and 2000 identical integrated
circuits at the one time.

The slice is next scribed along the
dividing lines between the circuits and
broken up into individual units. A single
circuit then finally appears as at
Fig.2(d)—enlarged—in the shape of a
square chip between 0.5mm (0.020in) and
1.25mm (0.050in) across with visible

_metallization on the surface.

This chip is packaged by bonding it
face-up on a support such as the
multi-lead TO-5 header shown in Fig.2(e),
with the 'metallized bonding pads visible
on the face. Connections are then made
from the header leads to the pads by gold

yWe normally regard m.ost as meaning metal
oxide silicon transistor because this describes the
structure of the device. That is a metal gate (alu-
minium) insulated from the drain/source silicon by a
layer of silicon oxide. Ed.
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Fig. 2. Construction of silicon
integrated circuits: (a) basic silicon
crystal ingot from which process starts;
(B thin slice (wafer) cut from ingot; (c)
enlarged view of slice after processing
produces large number of identical
circuits inside the silicon formed by
repeated diffusion, oxidation, and
selective etching with final evaporation of
surface- metallization for interconnections
and bonding pads; (d) one of many
single-circuit chips obtained by scribing
and cracking the complete slice, and (e)
individual circuit chip mounted on header
with connections to header leads.

or aluminium wire about 0.025mm
{0.001in) diameter. After being tested, the
package is sealed. In the example shown, a
metal top cap is fitted by welding round
the rim.

From this necessarily brief summary, it
should be evident that the basic element in
a monolithic sdi.c. is a very small
processed thin chip of silicon about the
area of a grain of sugar. This makes it
clear why high-power dissipation presents
a major problem in s.i.cs, because of the
difficulty in getting the heat away from the
tiny chip. Normally, temperatures inside
the chip must be kept below about 150
to 180°C and because of its small size it
is hard to dissipate much power without
exceeding this limit. This also explains
why most of the commonly available s.i.cs
have a power rating somewhere round 100
to 500mW (very much the same as a
single transistor), and also why most of
the high power linear microcircuits on the
market tend to use the hybrid fabrication
to be described below.

Thick film hybrid fabrication

The assembly of a thick film hybrid starts
with a smooth ceramic (aluminium oxide)
blank substrate, ‘typically about 25mm
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(lin) square and 0.375 to 0.875mm (0.015
to 0.035in) thick, as shown in Fig.3(a).

On to this ceramic (which is an
insulator) a matrix of passive circuit
elements is screen printed and fired, just
like the decorations on a piece of pottery,
as shown in Fig.3(b). This produces an
identical pattern of resistors, capacitors,
insulating layers and metal interconnection
runs and bonding pads (the last for
attaching discrete components and
external leads) in each cell of the matrix.

The large substrate is then scribed
along the cell dividing lines and cracked
up into individual small Circuit substrates.
One of these is shown enlarged in Fig.3(c).
The next step is to attach any
subminiature discrete components
required, such as the transistor shown in
Fig.3(d), and the final substrate prepara-
tion is the attaching of external leads
shown in Fig.3(e).

After being tested, the hybrid circuit is
encapsulated in some form of protective
package, as shown in Fig. 3(f). It can be
seen that the dissipating semiconductors
can be dispersed over a relatively wider
-area than is possible in an s.i.c. chip so

-1 N —>
x [ x|x]|x
002in - X[ x1x|x
(2) 1in| -00Sin (b)
thick x[xIx]x
x|{x|x|x
1-—025in—
(c) EE (d)

(e) (f)

Fig. 3. Construction of thick-film hybrid
microcircuits: (a) Starting ceramic
substrate; (b) number of identical R,.C
and conductor networks printed and fired
on substrate; (c) single circuit substrate
scribed and cracked from complete
multiple-unit substrate; (d) discrete
components such as transistors attached
to substrate. (e) Leadout wires attached;
() circuit encapsulated in protective
package.

higher power dissipation is possible. .On
the other hand, it must also be clear that
the overall package size will tend to be
larger for hybrids.

The packaging of a microcircuit is of
importance not only because it is all that
the user sees of the device, but also
because it has such an important bearing
on cost and reliability. For this reason, the
rest of this article will be devoted to
packaging aspects.

/

Microcircuit packaging; the problems
Just as with transistors, microcircuit
packages are of two basic types, ‘hermetic’

(metal or ceramic and glass) and
‘non-hermetic’ (plastic). Non-hermetic are
much cheaper than hermetic, but have not
yet reached the stage where they can be
regarded as satisfactory in extremes of
temperature and humidity. Thus in high
reliability applications, hermetic packages
are the rule. Initially only hermetic
packages were accepted for professional
use, but recently plastics have improved so
much that they are creeping in for the less
demanding applications.

In commercial linear microcircuits, you
will therefore find three grades in the
market: (a) Entertainment or Consumer,
suitable for use from O to 7(PC and in low
humidity environments (and almost
always non-hermetic), (b) Industrial,
suitable for use from —20 to + 100°C
and in medium high humidity (mostly
hermetic), and (c) Military for —355 to
+125°C and high humidity environments
(until now always hermetic).

Unfortunately for the user, package
standardization for microcircuits is a long
way off. We are not yet in the comforting
climate of transistors where you can take
the same JEDEC standard TO-5 outline
device from several different manufactur-
ers and find that the case sizes varied by
only a few thousandths of an inch and that
the standard emitter-base-collector num-
bering of leads round the can obtained in
every case.

For linear microcircuits at the time of
writing there are over 700 different shapes,
sizes and lead configurations available. In
this chaos of packages offered, however,
some trends are beginning to make
themselves clear.

Monolithic s.i.c. packages show more
standardization than hybrids because they
have been around longer. But packages
which have reached some acceptance for
monoliths have had to be severely
modified to encompass the generally larger
hybrid element.

With regard to outlines, packages fall
into four main classes: (1) low-power
packages with leads to be inserted through
circuit boards and soldered on the copper
side; (2) low-power packages designed to
be mounted directly on the copper side
with leads attached flat to the

metallization by soldering or welding; (3)

medium-power packages with integral heat
sinks for printed circuit board mounting;
and (4) high-power packages designed for
attachment to substantial metal chassis or
heat sinks.

Low-power through-board-mounting
packages

The most common low-power through-
board-mounting microcircuit package is
the dual-in-line, abbreviated to d.il. for
the hermetic version and d.i.p. for the
non-hermetic or plastic version 5. Fig.4(a)
shows the main dimensions of the most

bAlthough d.i.p. always means a plastic package, we
often find that in the various manufacturer’s data
sheets we receive, d.i.l. is also used to describe plastic
packages. If your application needs a hermetically
sealed microcircuit always check the data sheet for
the type of package material used. Ed.
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Fig. 4. Typical common low-power linear
microcircuit packages for attachment to

n-copperside of printed circuit board:
(@) Dual-in-line; (b) single-in-line; (c)

‘Iultilead TO-5.
mmon package, the 14-lead dual-in-line.
ariants of the package may have
ything from 4 to 24 leads or more. The
interlead spacing of 2.54mm (0. lin) in the
line of leads is standard (to allow
cgnductor runs between the lead lands on
the board). The inter-row spacing of
7.62mm (0.3in) is standard for monolithic
sii.cs, but, for the generally larger hybrid,
other spacings such as 15mm (0.6in) are
common.

Dual-in-lines are not easy to unsolder
from circuit boards for servicing, and
tlgere is growing up another package style
for through-board mounting which is
easier to unsolder. This "is the
sﬁlgle-in-line, of which an example will be
found in Fig.4(b). This s.i.l. can be thought
of as half of a dual-in-line with the leads
straightened into the plane of the device. It
too, like the d.il, tends to use lead
spacings of 2.54mm (0.lin), and is more
common in hybrids than monoliths.

Historically the earliest monoliths were
developed by semiconductor manufactur-
ers and it was natural that they should
package them in modified transistor cases.
Fig.4(c) gives an illustration of the
multilead TO-5 which may have anything

om six to twelve leads. Because of the
close lead spacing and the difficulty - of
removal from a printed circuit board, it is
now not very popular with designers.

LLow-power copper-side mounting
packages

In these days of double-sided printed
circuit boards and the demand for space

(a) (b)

Fig. 5. Typical low-power linear
microcircuit packages for attachment to
copper side of printed circuit board: (a)
Flat pack; (b) ready-to-reflow.dual-in-line
with preformed leads.
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saving, several packages have been
developed for attaching to the copper side
of the board. Two are fairly standard.

The flat pack shown in Fig.5(a) was
developed by Texas Instruments for their
early si.cs. With the 'general adoption of
the dual-in-line package described earlier,
users who wanted to mount them on the
copper side of the board dressed their
leads out flat as shown in Fig.5(b).
This gave rise to the readv-ro-reflow
dual-in-line modification which manufac-
turers are now prepared to supply.

Medium-power microcircuit packages

The packages so far discussed usually
cannot dissipate more than a few hundred
milliwatts. Other packages had to be
developed for higher powers, particularly
in the linear field. These tend to-fall into
two main groups: (a) items designed for
powers up to about 5W without any
special substantial external heat sinking,
and (b) high-power packages capable of
dissipating up to 50 or 100W.

In the first, medium-power, category,
several packages will be met with.
Semiconductor manufacturers, accus-
tomed to standard two-pin TO-3 outline
power transistors, developed a multi-pin
version of this outline, of which Fig.6(a)
shows a typical example. On a printed
circuit board this can dissipate up to about
2W (and on a substantial heatsink 10W).

Another transistor case used for
medium-power microcircuits is the
multilead TO-8 transistor package, of
which Fig.6(b) is an example. This has
twelve pins arranged in a square, but a
sixteen-pin version is also available. This
package can dissipate up to about 1W in
free air and about 2.5W clipped to a
substantial heat sink.

(a) \
-, 7 \\
'/;'25'|n pins on
® i 0O'5in dia.circle
S &€
B N o
e 2 / o :a\.‘;\of

(d)

Fig. 6. Examples of medium-power
linear microcircuit packages; (a)
Modified multilead TO-3 power
transistor package (2-5W); (b) modified
multilead TO-8 intermediate power
transistor package (1-2W); (c) modified
dual-in-line with integral tongued heat
sink (IW); (d) modified dual-in-line with
integral heat sink for bolting to chassis

3BWw).

A different approach to a medium-
power package is the integral heat sink.
Fairly typical of this is the package
sketched in Fig.6(c). This is really a
dual-indine with the leads dressed for
reflow soldering and with a strip of metal
inside extending from one end for
better removal of heat from the chip
Permissible power dissipation can be
increased by soldering the metal tongue to
board metallization or some area of metal.
Packages like these are typically capable
of dissipations up to 1W.

The power dissipation capability of
integral heat sink package can be extended
by making provisions for bolting to a
metal heat sink. One well known example
of this is the chassis-mounting integral
heat sinc given at Fig.6(D). This package
is used for a linear monolithic amplifier
with a power output capability of 3W
audio, which has been widely marketed in
the United Kingdom. 3

High-power microcircuit packages

Package design becomes a critical
problem when we come to linear i.c.s.
capable of handling more than a few watts,
whether they be monolithic or hybrid. At
the time of writing no standard packages
have been evolved, but the main features

to be expected in such packages can be’

seen in the illustrative example of Fig.7.
This is a 50-W high-quality audio
amplifier. In the casing outline at Fig.7(a),
you can see that it is a fairly substantial
package, 100 X 50 X 25mm (4 X 2 X
lin), with flanges for bolting to a chassis
or heat sink. The terminals are stout pins
issuing from one side of the package, to
which connections can be made by
soldering or by crimped-tag flying leads.
The amplifier is of the quasi-
complementary class-B type and the
circuit used is shown in Fig.7(b). The main
power-dissipating elements are the two
output transistors. Some expertise is
required to mount these in the package to
ensure the most efficient removal of the
heat—quite a problem when you realise
that the power transistor chips are asked
to dissipate internally 30W apiece.

Sockets for microcircuits

In the early days of transistors, when
designers were a little uncertain how to
handle them, it was common to fit sockets
for them on printed circuit boards. We see
the same development with microcircuits,
and there is a lot to be said for it.

Sockets for standard dual-in-line,
single-in-line and multilead TO-5 packages
are nowadays fairly readily available from
electronics distributors. Apart from
distributors, some firms specialize in the
supply of microcircuit sockets, such as
Jermyn Industries in the UK. and Augat
or Barnes in the U.S.A. (with agents in the
UK.).

If you are buying microcircuit sockets,
remember that they come in two types:
“test” sockets specially designed for

HPlessey type SL403A.
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Fig. 7.  Typical commercial example of
high-power linear microcircuit (Sanken
Electric SI-10504, 50Watt Hi-fi power
amplifier). (a) Package; (b) hybrid
circuit.

continuous repetitive use, and ‘““‘produc-
tion”? sockets for once (or occasionally
twice) use in equipment. Obviously
production sockets will be cheaper than
the test type.

Availability of Linear Microcircuits

From this preliminary look at the linear
microcircuit field, it should be evident that
nowadays the designer can look to a large.
commercial armoury of such circuits
around which to build his equipment. As
later articles in this series will show, he will
find linear ic.s. for applications in
frequencies from dc. to 1,000MHz,
powers from 0.lmW to 100W and gains
from OdB(Xx 1) to 120dB (X 1,000,000).
The article next month will deal with what
is commercially available in the way of
linear i.c.s. and how to set about finding
them.

Editor’s Note. The arrival of the first
integrated circuit from Texas Instruments
in 1958, referred to by the author on p.
472, was foreshadowed by a report in
Wireless World in 1957 (November issue,
p. 516) dealing with early British work by
the Royal Radar Establishment and
Plessey. The title of our article, “Solid
Circuits”, later involved our reporter in
some legal business with Texas, as this
company subsequently used these words
as a trade name for their devices.
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Circuit Ideas

Loudspeaker transmit/receive

switch

In low-power radio transceivers it is
customary to use the receiver output
stage as the modulator when trans-
mitting, a switch being used to disconnect
the loudspeaker. The following circuitry
allows this switching to be accomplished
remotely without the use of a mechanical
relay, and has been used in a four-metre
portable transceiver in which all send/
receive switching is accomplished elec-
tronically. The basic circuit is shown in
Fig. 1 and has a very much lower insertion
loss than any diode or other system that
was investigated. The power loss is only
slight with a 3Q loudspeaker and is
unnoticeable with a 152 load. Almost any

Fig. 1. Basic electronic switch.

3 To.
modulation transformer
(no switching required)

transistors can be used but silicon planar
devices give the greatest attenuation
when the gate is off. Because of the fairly
low reverse emitter-base breakdown
voltage ratings of such transistors (about
5 to 6 V), some breakthrough occurs if
the input voltage swing is greater than
12 V pk-pk. When one side of the input or
output is referred to one pole of the
supply battery the circuit of Fig. 2 can be
used. If only one switched h.t. supply is
available, for example that for the trans-
mitter, the modification shown in Fig. 3
can be used. The diode ensures that Tr,
does not conduct when any audio peaks
cause reverse breakdown current to flow
into the base of Tv,.

D. A. TONG,
Kirkintiioch,
Dunbartonshire.

High-stability constant-current
source

A convenient two-terminal constant-
current source is a field-effect diode.
Devices may be selected to have a
temperature coefficient of less than
0.0005%/°C. However, the voltage co-
efficient of such diodes is typically
0.05%/V. This means that voltage vari-
ations may lead to larger errors in the con-

+12V

100k
+ 12V

. *

Complementary

100k
To transmitter

switched h.t.

In

output stage

100k

To receiver
switched h.t.

I Out

oV’

Fig.2

ov Flg.3

Fig. 2. Circuit Jor connection to two switched h.t. supplies. Fig. 3. Circuit arrangement

Sfor use with only one switched supply.
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stant current than temperature changes. A
way of isolating the diode from voltage
changes using an f.e.t. with its gate held ata
constant voltage is shown. The f.e.t should
be chosen to have a low V), consistent with
an Ipgg which exceeds the current passed

"'Vc
‘L Constant [
(0-47mA £ 20%)
s fP 2N4341
18V ——AAA
% Clj CL4710
\)
oV

F.e.t. current source.

by the current limiting diode. A 2N4 340 or
2N4 341 is suitable for use with the
CL4 710. The gate source voltage of a 2N4
341 changed less than 10% over a 30V
change in ¥V, giving a current stability of
0.0005%/V and 0.0005%/°C.

J. A. ROBERTS and J. R. JONES,
Swansea.

Cheap voltage reference

The base-emitter diode of most silicon
transistors can be reverse-biased and made
to operate as a zener diode. At currents of
about ImA a positive coefficient of
voltage with temperature is usually found

el

|

Temperature compensated ‘zener’ diode.

which is greater in magnitude than the
negative temperature coefficient of the
same diode when forward-biased. By
operating a transistor in an ‘amplified
diode’ arrangement the temperature
coefficients of this diode and the zener can
be made equal and opposite. With the two
in series a very cheap temperature
compensated zener diode can be produced
which is the equal of most of the reference
diodes available commercially for quite
high prices. Using two 2N2484 transistors
in a common heatsink a temperature
coefficient of less than 10 p.p.m. over a
ten degree temperature. range can be
achieved for 2mA current and 12V output.
Resistors of the order of 10k have been
used.

E. R. RUMBO,
Chippendale,
New.South Wales,
Australia.
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A design with a bridge output stage delivering 100W into 892

by Ian Hardcastle*, M.A., & Basil Lane

Regular readers of Wireless World will
recollect an earlier article of ours describing
a simple 15-W power amplifierf. This
article takes the design several stages
further to provide an output power of 100W.

In attempting to upgrade the original
design (reproduced in Fig. 1) two altern-
atives could be adopted, either to use 82
speakers and raise the supply voltage or
to use 442 speakers and accept a very high
output current.

Table 1 lists the requirements in detail
and from the data sheets of the output
transistor range (TIP29A to TIP36A) it
can be seen that the supply voltage equals
the breakdown voltage in the case of the
40 version,. and for the 802 version the
supply rail is well above breakdown. In
addition if we are to retain the same pre-
driver the supply voltage is also well above
the breakdown of the BC212L used. Any
alternative device used as a pre-driver
would represent a rise in cost as would be
the case for the output transistors in the
40 version. Here the large peak current
demands would necessitate the selection

* Texas Instruments Ltd.
+ “Low-cost 15-W Amplifier”,
October 1969.

Wireless World,

TABLE 1. Voitage and current require-
ments for 100 watt amplifier

load rms. peak pkpk rms. peak  power
impedance vohage voltage voltage current current supply
8¢ 28.3V 40.1V 80.2v 3.53A 65.0A 90V
4 20V 28.3V 56.6V 5A 7.06A 64V

of TIP35A/36A preceded by TIP29A/30A
to give the base drive required by the out-
put pair under peak output-current con-
ditions. In turn, base drive for these devices,
if derived from the existing pre-driver,
would set a collector current requirement
for this stage of around 20mA giving a
power dissipation beyond the capability
of the low cost small signal devices. In
addition the stage gain would be reduced
and by a chain reaction reduce the ratio of
open loop to closed loop gain giving a high
level of distortion. A way round this
problem is to insert another set of drivers
using a further pair of TIP29A/30A as
shown in Fig. 2.

To ensure sufficient overall current gain
around the quiescent point, resistors R,
to R, are added to the configuration to
increase the running current of the output

stage to a point where the devices have
developed useful gain. Since a 40 load
is being employéd the load coupling cap-
acitor must be large and its current rating
must be greater than 5A.

Finally the use of the 64-V rail means
that the transistors are operating at and
beyond the limits of their voltage ratings
making the production of such an ampli-
fier a risky business. Furthermore, the
unregulated - supply previously specified
would be unsuitable since its off-load
voltage could well rise too far. A fresh
look at the design is obviously required.

Argument for the bridge

At the sort of power levels under consider-
ation we are stuck with the output current
and voltage requirement already mentioned
and any attempt at reducing this (with say
an 80 load) will only result in a prohibit-
ively high rail .voltage to provide the large
voltage swings required. The reason for this
is that the use of the capacitor coupling
arrangement to the load limits these volt-
ages to peak values of 4+ or — half the
supply voltage. What is required is an
arrangement that eliminates the coupling

+Vee
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Fig. 1. Circuit of amplifier described in October 1969.
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capacitor without incurring the penalty’
of d.c.flowingintheloads.

Fig. 3 shows such an arrangement,
where four output transistors are arranged
as a bridge with the load connected across
the d.c. null. If an anti-phase signal is
applied to this configuration, on peak
positive signals Tr, and Tr, are turned
hard on, Tr, and Tr, are hard off, causing
the full supply voltage to appear across
R;. With a peak negative input, Tr, and
Tr, are turned hard on, causing the full
supply voltage to again appear across
the load but in the opposite direction.
Taking another look at Table 1, we see
that an r.m.s. voltage of 28.3V is required
to produce 100W in 8Q.

With the arrangement shown in Fig. 3,
each half of the output stage only has to
swing half of the required voltage. In this
instance 14.15V r.m.s., 20.05V peak, or
40.1V peak to peak. This now allows the
rail voltage to be lowered to S0V enabling
the same transistor families to be used in
the output stage as were employed in the
original 15-W design. In addition, if at any
time the power output of the amplifier
needs to be raised, the rail voltage can be
raised to achieve it. For example an 8Q2
load with 60-V supply would provide an
output power of up to 175W. Alternatively
for a 4Q load power in excess of 350W
should be obtained. )

Fig. 4 shows a block schematic of the
arrangement to be used in this instance
together with a full circuit diagram in Fig. 5.

Considering one half

Referring to Fig. 5, the left-hand power
amplifier will now be described, similar
arguments being applicable to the right-
hand amplifier. Readers will recognize the
configuration of the output stage, which
is similar to that of the early 15-W design.
The transistors TIP35A and TIP36A would
be suitable for use in this 100-W version,
but at the moment they are considerably
more expensive than the metal can versions,
the 2N3715 and 2N3791. It is possible
that at some time in the future the plastic
encapsulated versions will become cheaper,

Fig. 3. Bridge output stage with the
load across the d.c. null.

in which case they can be substituted
without any modification. The latter tran-
sistors have a minimum current gain of
20 at SA and hence a peak base current
of 250mA is required. This is above the
power dissipation capabilities of the smaller
plastic encapsulated transistors which
were previously used but the substitution
of a pair of TIP29A and TIP30A will serve
the same purpose without the need for
heat sinks, since the demand is well within
their free-air current and power ratings.
The current gain at their peak collector
current is at least 40, the peak base
current required being about SmA.

This particular type of transistor, when
operated at low quiescent collector cur-
rents has a somewhat low current gain,
and to obviate any difficulties likely to be
encountered by variations in gain in such
a situation, resistors R,, and R,, are used
to shunt the base-emitter diode of the
output transistors. Under quiescent con-
ditions, the collector current of the drivers
is now set at about 4.5mA giving them a
current gain of around 100. A point not
mentioned in the previous article dealing
with the 15-W version, was the necessity
for such resistors to be included to provide
a path for the output transistors’ collector-
to-base leakage current.

Readers who have built the 15-W
version, will find it advantageous to insert
resistors in a similar position, of value
1kQ.

Two additional functions are performed
by these resistors in both designs; they
ensure thermal stability of the output stage
and by providing a path for collector-base

~ +64V
R . : : ;
. Rl = TqurgeA Fig. 2. Possible modification
Y 47k Try of Fig. I'to obtain greater
(selected) TIP30A power.
i
Tr5
TIP29A Ris o
RV, Tra 010 2000p
2:2k BC182L
Riz
: 01Q
R13 Trio Re= a()
47k TIP35A
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Voltage amplifier
& phase splitter
A
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|

Twin voltage &
power amplifiers

Fig. 4. Block diagram of circuit
employed.

leakage, decrease the turn-off time of the
transistors thus reducing high-frequency
cross-over distortion and dissipation.

The familiar transistor-potentiometer
biasing arrangement has been used again
to supply the necessary inter-base voltage
to the drivers, thus causing the output
stage to operate in class AB, giving a
nominal output quiescent current of 20
to 50mA. The pre-driver stage operates
at a quiescent current of 10mA, this
current being well within the current and
power handling capabilities of the devices
specified in the 15-W version. Referring to
Fig. 1, the reader will see that a bootstrap
resistor has been used as a constant-
current sink, this resistor being connected
between C; and Tr,. In this instance, at
the cross-over point, the input impedance
of the resistor tends to fall because the
voltage on the collector of the driver
transistor Tr; changes more than the
output voltage, thus a voltage imbalance
occurs at either end of the resistor and
the bootstrapping fails. An alternative
providing a more satisfactory constant-
current sink, is to replace the resistor by
an additional small signal transistor
suitably biased from a constant-current
source. Such an arrangement is shown in
Fig. 6 where the transistor Tr, has a
constant voltage at its base provided by
a potential divider chain formed by the
resistors R,, and R, with diode D,. The
voltage developed by D, approximately
matches the base-emitter voltage of 7r,
over a range of ambient temperatures gnd
thus ensures that the voltage across re-
sistor R,, and in turn the current sink
provided by transistor Tr,, remains con-
stant with changes in temperature. An
improvement in the cross-over distortion
figures (still present in spite of the output
stage operating in class AB) is obtained,
since the constant-cufrent sink is no longer
dependent upon feédback from the output
mid point.

This arrangement has been used for
the 100-W amplifier for the reasons dis-
cussed above, and also because there is
no output capacitor to transfer the output
voltage from the output mid-point down
to the earth rail. To provide such a point
suitable for the connection of a bootstrap
resistor, an extra capacitor and resistor
would have to be inserted. All in all a
comparison of costs between providing
the additional transistor, or providing the
capacitor-resistor arrangement shows that
they are about equal, but the improvement
in performance from using the transistor
constant-current sink more than sub-
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Fig. 5. Full circuit of 100-W amplifier. Resistors can be 10% types except R,.
stantiates any reason for its selection. is any changes of voltage across the load Vee
Additionally, small signal transistors are creating a d.c. unbalance in the bridge, Ry
far more readily available than the electro- because at all costs large direct currents "
lytic capacitors at the time of writing and must be prevented from flowing in the —
in the foreseeable future. Since our 100-W load. However such currents are unlikely 1Bt h S Trq Outputs
Figuration employs two identical power to occur since any temperature change
amplifiers, the cost of providing the con- affecting the left hand power amplifier ~—
stant potential divider chain for this will similarly affect the right hand power Ro

additional transistor has been reduced
by making use of the same bias chain for
both amplifiers.

Input stage

To complete the power amplifiers, a differ-
ent input stage is used from the ‘version
shown in Fig. 1. The long-tailed pair has
been replaced by a single transistor with
its collector connected directly to the base
of Tr,, the base-emitter junction of which
is partially shunted by R,, to reduce
variation in the collector current of Tr,
due to variations in the current gain of
the driver transistor. Resistors R, and
R, together with capacitor C, provide
an a.c. feedback path to the emitter of T,
and set the somewhat low a.c. closedloop
gain of 11. In our original article several
benefits were claimed for using the long-
tailed pair as an input stage. These included
good stability of d.c. level of output mid-
point, and high input impedance to the
input and feedback circuits.

In the 100-W amplifier, the stability of
the d.c. level of the two output mid-points
is certainly worse than that of the 15-W
amplifier. The reason for thisis that changes
of both the base-emitter voltage to Tr,
and the current gain in Tr, will affect the
d.c. output level. Under normal conditions
the results of these changes due to temper-
ature variations would be expected to be
small, for example, a 20°C change will
cause an output level shift of 40 mV and a
change in gain of Tr, and Tr, from 60 to
300 will cause the output level shift of
400 mV. However, this is not really
important since what we are interested in

amplifier. Such changes in both amplifiers
would simply result in a similar shift of
output mid point voltage at both ends of
the load, resulting in a cancellation of
effect and the preservation of bridge
balance.

The high impedance feature of the feed-
back circuits in the original design has
become unnecessary in the 100-W version,
since the closed loop gain has been made
small.

The advantage of having low value
decoupling capacitors is retained since
resistor R, is relatively large (470€) and
needs only a 32uF decoupling capacitor
to give a.low-frequency —3dB point at
10Hz—once again comparing favourably
with the 15-W version. If this arrangement
were used in a simple amplifier with a gain
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Fig. 6. Replacement of bootstrap
resistor by transistor.

Fig. 7. Single-stage phase splitter.

of, say 100 where the feedback loop en-
compassed the whole amplifier, a capacitor
of ten times this value would be required
to give the same —3dB frequency.
Despite the change of configuration
from long tailed pair to single transistor
the input impedance looking in at the base
of Tr, is still high, due to the presence of
the large in-phase feedback signal at the
emitter. As the entire amplifier is d.c.
coupled, the stability of the output mid-
point voltage needs to be ensured by a
d.c. reference provided at the base of Tr,.
Two alternatives present themselves at
this point. ‘

(a) To provide an independent potential
divider bias chain for Tr, and 77, the
doubling up being necessary to allow
compensation for individual variations
in Vpg of these two transistors together
with the potential drop tolerance in R,
and R,.

(b) To make use of the d.c. level present
at the output of the phase splitter as a
reference.

The latter alternative represents a con-
siderable simplification and has therefore
been chosen.

Phase-splitter stage

Readers will note that the phase splitter
used consists of a long-tailed pair formed
by the transistors Tr, and Tr,. Other
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alternatives could have been used, such
as a single transistor with equal collector
and emitter resistors (see Fig. 7) one phase
being taken from each output electrode.
The preference for the phase splitter was
set by the following considerations:

1. Voltage gain is obtainable from a
long tailed pair allowing a reduced voltage
gain in the power amplifier and making
a simpler design. In addition, a greater
ratio of open to closed loop gain is obtained,
giving lower distortion.

2. In the case of the single transistor,
the impedance seen by each of the identical
power amplifiers would be different since
the collector output impedance of the
phase splitter is higher than that of the
emitter. The long-tailed pair shows no
such disadvantage and provides identical
drive conditions for both power amplifiers.

3. A single transistor phase splitter
presents different d.c. levels at emitter
and collector thus complicating the prob-
lem of direct connection to the input of the
power amplifiers. In the case of the phase
splitter using a long-tailed pair, connection
is made to collectors at the same d.c. level
for both power amplifiers.

An examination of Fig. 5 reveals that
the bias arrangements for the two halves
of the phase splitter are different. Resistors
R; and R, are of an order of ten times the
value of R, and R,. One of the main
reasons for this difference is that the input
to the phase splitter is fed to the base of
Tr, and it is necessary to preserve a high
input impedance (to avoid loading the
output of the pre-amplifier). The source
impedance seen by transistor Tr, when
taking noise into consideration will be
low, since C,, the input coupling capacitor

and the impedance of the source acts as
a de-coupling network across R, and R,,.
Provision of a network of similar imped-
ance at the base of 7r, would mean that
the source impedance seen by Tr, would
be too high for minimum noise output,
and additionally, radiated interference
would be easily picked up by this device.
The values chosen for resistors R, and R,
provide the optimum low-noise condition,
capacitor C; being used to de-couple
the bias chain at high frequencies to
eliminate noise from radiation sources.

In most conventional long-tail pair
arrangements efforts are made to see that
both halves of the pair are balanced in
their current, voltage, and impedance
characteristics. In this way such an
arrangement takes advantage of the in-
herent self-balancing of d.c. conditions
available from such a configuration. Since
in this version of the long-tailed pair we
have ‘an impedance imbalance at the base
of each half of the long-tailed pair, gain
changes in the transistors arising from
temperature shifts is likely to result in a
drift in the relative d.c. voltage levels of
the two bases; this in turn appears at the
output of the long-tailed pair and hence
throws the power amplifiers into a state
of imbalance. In practice, this effect is
very small due to the selected high-gain
characteristics of the transistors specified
for Tr, and Tr,. As an example, if a mini-
mum gain transistor’s gain doubles due
to any changes in temperature, a differential
change in the base voltage of Tr, and Tr,
of about 120uV can be expected. The
resulting differential change in the output
voltage of the whole amplifier is likely to
beabout 1.7mV.

1 Fig. 8. Total harmonic

3 distortion at different

i power levels.

Fig. 9. Regulated power supply for
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As already mentioned, the input
impedance of the power amplifier is high
and thus though it shunts the collector
resistors of each half of the long-tailed
pair this need not be considered when
calculating the gain of the phase-splitter
stage. Gain is calculated by the ratio of
the collector resistors R, and R, to the
emitter resistors R, and R, and produces
a value of 15.3. Resistor R, is used to
connect the complete phase-splitter stage
to the positive rail. Since it is decoupled
by C,, ripple and noise is prevented from
appearing at the inputs of the power ampli-
fiers. Since the power amplifiers themselves
are fully hum-proofed, nois€ appearing
at the output source is extremely low.
One could argue that the de-coupling of
R, is not strictly necessary, since any hum
appearing at R, and R, will be in-phase
and will thus appear at the output of each
power amplifier still in phase, constituting
a null in the load. This condition would
only be true were the voltage gain of each
power amplifier equal. In practice this is
somewhat difficult to ensure, and anyway
the cost of the additional decoupling is
small ensuring low noise as well as inci-
dentally improving the high-frequency
stability of the amplifiers.

A further consideration in the selection
of the value of the collector resistors in
the phase splitter, was the requirement
to provide the appropriate d.c. level to
allow direct coupling into the power
amplifiers. This voltage is 28.5V allowing
the mean d.c. level of the power amplifier
output mid-points to be set at approxi-
mately +26.2V. Since a 50V supply rail
has been specified, one might expect this
output mid-point voltage to be nearer 25V,
however, the output voltage of the power
amplifiers cannot swing as close to earth
as it can to the positive rail because the
emitters of the current-sink transistor 77,
and Tr, are set at 1.5V.

As has already been stated it is un-
desirable for differences in the d.c. mid-point
voltage levels to occur because of the
resultant large direct currents flowing in
the load. Component tolerances tend to
create such a situation which is to a
large extent compensated for by adjust-
ment of the base voltage of transistor 77,
using the potentiometer RV,. This potentio-
meter allows the adjustment of the output
mid-point voltage in the right hand power
amplifier to the same level of the output
mid-point voltage of the left hand power
amplifier.

If low-cost wide-tolerance resistors
are used throughout the system it may
be found that the adjustment of RV, is
insufficient to correct any imbalance in
the output mid-point voltage. In such an
instance resistor R, should be reduced to
10k ¢ and a 4.4k ¢ potentiometer con-
nected in series with it giving an additional
adjustment to the left hand amplifier’s
output mid-point voltage.

High-frequency stability

Due to the high cut-off frequency of the
transistors used throughout this design
the whole amplifier has gain in the mega-
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hertz region and is therefore unstable.
Where straight resistive loads are to be
connected stability may be ensured by
connecting 100 pF capacitors between
the collector and base of Tr;, and Tr.
However, if the load displays parallel
capacitance the amplifier is again unstable
and capacitors C, and C, have to be added
and C,, and C,, increased to 330 pF.
Unfortunately, although this stabilizes
the amplifier, the maximum undistorted
output frequency is limited to about 10kHz.
Naturally this is undesirable and to
alleviate the situation and extend the
frequency response beyond 20kHz,
capacitors Cq, C,, C,, and C,, have to be
added. In addition, a small inductor L,
completes the stabilization arrangement.
This inductor can be made by winding 25
turns of 26 s.w.g. enamelled copper wire
in a single layer on ahigh value 1W resistor.

It may seem that rather a large number
of components have been: used to ensure
the high frequency stability of the amplifier,
but this situation has arisen as a result of
the large open-loop gain of the amplifier
and the large current and voltage swings
involved. Distortion characteristics for
the amplifier are shown as a graph in Fig. 8.
The main performance figures are given in
Table 2 and intermodulation distortion
readings in Table 3.

Construction

As is the case for the 15W amplifier des-
cribed in our previous article the layout
of this amplifier is not very critical. How-
ever, some simple rules should be observed
in the layout of the output stages. Trans-
istors Tr,,, Tr,,, Tr,, and Tr,, sheuld
be mounted as close as possible to one
another on the circuit board.

Short wires should be used to connect
these stages to the output transistors. If
possible separate leads from the emitters
of the n-p-n output transistors should be
taken directly to the reservoir capacitor.
Alternatively if the power supply and
reservoir capacitor are not close to the
power amplifiers these leads could be
connected to the circuit board at one point
close to the driver stages with the negative
lead from the power supply. A similar
arrangement should be made for the
emitters of the p-n-p output transistors.

As one may expect from an amplifier
of such an output there is considerable
heat dissipation in the output transistors.
In fact this amounts to about 25W, so
efficient heat sinking should be employed.
One heat sink should be used for each
output pair.

A method of corhponent layout em-
ployed in the prototype was to make use

TABLE 2. Performance Figures

power output 100W

power output (t.h.d. = 10%) 150W
frequency response ( + 1dB) 10Hz—20kHz
signal-noise ratio (R, .. =600Q) 89dB
signal-noise ratio (Rs,,,.co = 10k2) 84dB

input impedance at 1kHz 56k 2

output impedance at 1kHz 0.089

nominal input voltage (P, =1 00w @ 1kHz) 180mV
power-supply current {at 100W & 1kHz) 3.5Ar.m.s.
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A complete amplifier. The four electrolytic capacitors used in the circuit are small
enough to be wired directly to the Lektrokit board.

of the plain perforated Lektrokit board.

To avoid the inevitable rage and frus-
tration in the event of turning your amplifier
on for the first time and seeing large black
clouds of smoke rising, the following
setting up rules should be closely
observed:—

(1) Terminate the input with a 10k
resistor. Connect a voltmeter across the
open circuit output terminals.

(2) Set RV, and RV3 such that their
wipers are at the end of their tracks
connected to the collectors.of Tr, and Tr,.

(3) Set the wiper of RV, at its mid-
point.

(4) Connect a 3W Sk rheostat and a
250mA meter in series with the positive
supply lead. Set the rheostat to 5k@ and
connect the amplifier to its power supply.

(5) Turn the power supply on, and
slowly reduce the resistance of the rheo-
stat to zero. Should the current drawn
exceed 150mA turn off and check the
wiring.

(6) Connect a voltmeter across the
output points and adjust RV until the
output voltage as read by the meter reads
OV (+50mV).

(7) Switch off. Disconnect the rheostat
and current meter, and connect a suitable
resistive load. Switch on and re-check the
differential output 'voltage. Re-adjust as
necessary and then switch off.

(8) Connect a 100mA current meter in
series with the emitter of 7r,,. Switch on
and adjust RV3 until 50mA is indicated.
Switch off.

(9) Move the meter connections to the
emitter of 774 and switch on. Adjust RV,
until the meter indicates 50mA. Switch
off, and remove the meter.

(10) Switch on and re-check the d.c.
differential output voltage. The amplifier
is now ready to be used.

Overload protection

In an amplifier of this type, some form of
protection is essential and the method
shown in our earlier article is suitable
for use here, though the number of items
is doubled. In addition the fitting of fuse
F, is regarded as imperative in.view of

TABLE 3. Intermodulation Distortion

output freq ies & amplitud ion distortion

Hz v Hz v %)

1100 144 900 144 0.16

11k 14.4 9k 14.4 0.23

10k 24.0 1k 6.0 0.14

10k 6.0 1k 240 0.14

10k 240 120 6.0 0.15

10k 6.0 120 24.0 0.16

1k 240 120 6.0 0.135

1k 6.0 120 240 0.1456

the fact that the output stage can still
overheat under long-term overload con-
ditions. The value of this fuse should be 4A.

Power supply

It is just feasible that an unregulated
power unit could be used to supply this
amplifier, but it is important that under
no-load conditions the voltage does not
rise above 60V and at full power it does
not drop below 50V. Large currents are
drawn from the supply making these re-
quirements difficult to obtain and most
readers may favour a regulated unit. A
suitable design is given in Fig. 9, where
the 50V winding (rated at about 10mA)
provides a supply. which when rectified
and smoothed acts as a constant voltage
source. Resistor R, acts as a constant
current source for the zener diode ZD,
and the parallel arrangement of RV, and
R, in series provide a small measure of
adjustment. Transistors Tr, and Tr, pro-
vide the necessary current gain to minimize
the effect of the base current swing of 77,
on zener diode ZD,. The dissipation in
Tr,, reaches a maximum of about 35W,
and so it should be mounted on a heat sink
having a thermal resistance of less than
3.5°C/W. The leads from C,, to the
emitters of the four output transistors
should be kept as short as possible.

The three electrolytic capacitors used in
this power supply cannot be eliminated or

-safely reduced in size. Separate trans-

formers can of course be used to provide
the 50 and 42 volt secondaries.
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Avionics at Farnborough

Some impressions from the electronics show

Have you ever thought of all the things
that occur when a modern aircraft is
displaced slightly frqm its flight path by an
air disturbance or for some other reason?
As an airline passénger one is inclined to
think only in terms of seating comfort and
cabin service and to hope that the wings
won’t fall off or that engines wont pack
up. It is interesting to look at the aircraft
as a single unit, that is, to roll all the
sub-systems into one.

The small disturbance mentioned above
will cause a host of transducers of many
types to give out a signal or to change
their- existing outputs. Innumerable gyros
will measure the amount, rate and
direction of the disturbance; acceleromet-
ers will measure the size and direction of
the accelerations and decelerations
involved in three dimensions; aneroid and
other capsules will measure change in
height, airspeed and rate of climb or dive;
direction-finding aerials move slightly to
stay aligned on the beacon they are
tracking; doppler beats: are generated
proportional to the rate of the disturbance;
flux valves measure the angle of the earth’s
magnetic field relative to the aircraft, and
SO on.

This flurry of signals is fed to a number
of digital, analogue and hybrid computers.
Trains of pulses are generated during the
computations, analogue signals change in
phase and amplitude in such a way as to
describe the amount and direction of the
displacement, scores of small motors turn
to either drive pointers or to assist in the
calculations by turning a shaft which
mimics the aircraft’s angle in a particular
plane.

As a result of all these actions the gyro
compass now indicates the new heading
(true or magnetic) and updates all the
navigation computers which will provide a
read-out of position; the outputs of the
accelerometers are changed into signals
representing velocity and to distance flown
in a given direction for the navigation
system; the doppler radar will be giving an
indication of ground speed and drift from
which true track can be computed; and
signals will be fed to limited authority
motors in the flying control system to
cause the hydraulics to apply control
surface: movement to limit the size of the
displacement. With automatic control
the automatic pilot will apply control
surface movement, after taking into
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Designed
primarily for air
traffic control use
by Solartron the
interface
equipment shown
allows a standard
television tape
recorder to-be
used to record
radar data for
subsequent
analysis on a
radar display.
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account the flying characteristics of the
particular aircraft, in such a way as to
correct the displacement practically before
it occurs. During even a disturbance these
and many other actions occur. For
instance, signals from different sources, but
describing the same thing, are compared
and an error signal may be generated to
correct one of the sources.

Apart from these systems there is the
radar blind-landing and communication
equipment as well as the electrical,
electronic, hydraulic, pneumatic and
mechanical systems needed to control and
monitor cabin pressurization, fuel
management, undercarriage, flying con-
trols, flaps, dive brakes, engines,
temperatures, etc.: etc.

All these systems have to be powered
and the prime movers for this are of
course the engines. The outputs of the
engine-driven alternators have to be
controlled in frequency and amplitude and
distributed throughout the aircraft so a
great deal of electrical equipment is
required.

The preceding few paragraphs were
presented so that the reader .who is not
familiar with aircraft systems could get
some idea of how complex -a modern
aircraft is. Not all systems were mentioned
and if a military aircraft had been taken as
an example, instead of a civil one, the
various weapon aiming systems would
have increased the complexity by a very
large factor.

. Britain’s avionic industry can design,
develop and build all the systems
necessary including the engines and the
airframe for any aircraft that is technically
feasible by today’s standards if it had the
money to do so. The only other countries
to have such a complete capability are
Russia dand America.

This lead cannot be maintained unless
the industry designs and builds aircraft
and at present its hopes are placed on
perilously few products. Topping the list is
of course the Anglo-French Concorde
which stands to win £4,000M worth of
export orders if it comes up to its design
performance. There is also the
Anglo-French Jaguar and the European
Multi role combat aircraft (MRCA)
controlled by an Anglo, German, Italian
company called Panavia. There is the
successor to the BAC one-eleven, the
three-eleven, which is a short /medium haul
jet airliner capable of carrying about 250
passengers which could be ready by
mid-1975. About £200M is needed by
BAC to get this project off the ground.
Also awaiting money and policy decisions
are two vertical take-off airliner projects
the Westland WE.O1 /02 which employs a
helicopter principle and the Hawker
Siddeley H.S.141, a modified Trident with
jet powered vertical take-off. If the British
aircraft industry is to stay with the leaders
it must have the money even if the costs
are offset to some extent by
Anglo-European co-operation. The bene-
fits for the country in terms of exports
could be enormous.

Not only can the British aircraft
industry build aircraft .but, as was
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exemplified by the static exhibition of
Farnborough, our own electronics
industry is fully capable of meeting all the
demands likely to be made upon it for the
equipment so essential to today’s
aerospace technology.

At the show Marconi introduced a new
computer called Myriad-3 which is
designed around t.t.l. logic and is intended
for handling radar data.

Myriad-3 is a parallel binary fixed-point
machine with single address operation
having a word length of 24 bits with
facilities for double-length working.
Extensive input/output facilities are
available in the form of optional plug-in
modules. Most single-length instructions
take about 3.2ys and the more
complicated instructions, such as multiply,
take around 1las. Storage capacity is up
to 256,000- words and two types of store
are available; a 32k word store with a
650ns cycle time and a 16k word store
with a 1.6us cycle time. Because the store
timing is controlled from within the store
unit, it is possible to have both types of
stere in a system, with the slower (and
cheaper) store carrying less urgent
information.

The basic machine comprises a number
of modular ‘building bricks’. The main
units are the central processing unit, store
units, power units, operators’ control unit,
programmers’ /engineers’ control unit and
a highway extension unit. A master
peripheral unit, designed to accept
standard control modules, accommodates
the input /output control circuits for
peripheral devices.

Among the many demonstrations on
the Min-tech stand was ‘the use of glass
fibre light guides in an experimental
optical communications system employ-
ing a gallium arsenide diode as the light

This floating beacon manufactured by
Burndept, which has already captured
orders worth £50,000 from Norway,
operates on a primary battery and
transmits on both the civil and military
aviation distress frequencies (121.5 and
243MHz) for a minimum of 48hrs at
0°C. It measures 670 X 85mm and
weighs 2.89kg.

A personal survival beacon, Sarbe 5,
introduced by Burndept for military use.
It allows two-way speech and a built-in
test system.

source and an exhibit which showed how a
c.r.t. and associated keyboard could be
used on board an aircraft to communicate
with a navigational digital computer.

Visitors to Farnborough were able to
navigate. their way round the airfield
without moving from the Sperry pavilion.
To do this, they went for a simulated run
in a Land-Rover equipped with the Sperry
Vehicle Navigator and Map Display
which is currently being offered for airfield
navigation duties.

The Land-Rover was driven in the

-normal way; the wheels revolving against

a dynamometer to provide a speed input
for a computer. Turning the steering wheel
produced heading change inputs for the

.computer, in place of the gyro or

flux-valve normally employed. A map
display unit was mounted on the bonnet
for the demonstration and the position of
the vehicle was indicated by hair line
cursors. A digital computer monitored the
process.

The helicopter version of the Solartron
Simfire seen at the exhibition is one of a
family of direct fire weapon effects
simulators developed as aids for combat
training. The system has two basic roles.
As a method of training helicopter pilots
in making the best use of ground and
cover to avoid ground fire; and as a means
of assessing the vulnerability of helicopters
to ground fire, for operational analysis
purposes. A laser-beam projector is aimed
by the operator at a helicopter target.
When the operator ‘fires’, a stream of
pulses is directed towards the target.
Detectors on the helicopter receive the
laser beam impulses and illuminate
indicator lamps which show the pilot that
he is under attack. The direction of the
attack is indicated by a lamp to the pilot
who can then take avoiding action. If the
helicopter target is held in the centre of the
beam for a period exceeding one second,
the helicopter is ‘killed’.

Texas Instruments, as part of their
Klixon range, were showing what they
describe as a solid-state vane switch—a
contradiction of terms if ever there was
one. The device is designed to sense when
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a supply of cooling air is stopped or
reduced in a piece of equipment. The
sensing element is a positive temperature
coeflicient thermistor built into a probe.

Sperry were showing a c.r.t. display
intended to replace a number of
instrument panel dials. The c.r.t displayed
characters and symbols to give aircraft
attitude, flight director information,
altitude, airspeed and weapon aiming
information either individually or as an
integrated display.

Decca Navigator, who were rightly
shouting about the recent order by
America’s Eastern Airlines for the
Omnitrac Area Navigation System, were
also displaying a new back-projection
navigation display.

Elliott Automation Radar Systems
introduced a new nose radar of advanced
design capable of terrain following,
mapping, ranging, and air-to-air operation
in strike aircraft while Elliott Flight
Automation had on display a digital
automatic flight control system for civil
use.

Ultra Electronics were displaying a
personal radio location beacon designed to
replace the larger beacon now in service
with the armed forces. Called Sarah-B the
beacon is capable of twin-frequency
working and it is built using thin film
circuit methods. It measures 110 X 75 X
25mm and weighs less than 20 oz.
Sarah-B transmits a tone on the distress
frequency of 243MHz and can be used for
two-way communication over short ranges
on 243 or 282MHz; battery life is in
excess of 24hr.

That completes our quick glance at a
small percentage of products that were on
show at Britain’s biennial avionics
supermarket at Farnborough.

Among the new items introduced by
E.M.1. was a video map generator (Type
VMI101) which is designed to be an
inexpensive adjunct to radar simulators or
for use with real time radar displays for
simulating stationary or moving clutter.
It will also produce a video map. Patterns
are generated by a flying spot scanner.

Elliott>s stand contained a vast assort-
ment of equipment for both military and
civil applications and the Digital Systems
Department introduced an airborne display
control unit. Facilities provided by this
unit include alphanumerics, lines and
circles with 10-bit angular and positional
accuracy. Individual symbols can be made
to flash or be made brighter, and several
displays, each showing a different picture,
can be driven simultaneously.

Plessey had an engine vibration monitor
on show which was designed for Concorde.
The system consists of eight piezo-electric
transducers, one mounted on both the fore
and aft bearings of each of the four engines.
An eight-channel display of the flight deck
gives immediate indication of increased
vibration, often the first indication of
serious engine trouble. Another item on
the Plessey stand was a stall warning unit
for use on the Hawker Harrier. Intended
for use when the aircraft is hovering, the
unit senses an incipient stall condition and
warns the pilot by shaking the rudder bar.
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London Broadcasting Convention

Some developments in broadcasting seen at the September

convention

With over 80 technical contributions the
biennial International Broadcasting Con-
vention in London in September attracted
1000 delegates. Most of the papers were
about television—the big stride nearly a
year ago when the U.K. passed out of the
405-line monochrome age into the 625-line
colour age overshadowing developments
in sound broadcasting.
Automation in broadcasting was one of
the major themes of the convention and a
good 25% of the papers dealt with some
aspect of automatic control of equipment,
ranging from closed loop servos for
particular operations (e.g. automatic
registration of colour-separation images in
television cameras) to a vast data
processing system using several digital
computers that controls the whole of the
NHK (Japan) broadcasting network and
even encompasses the audience. All this is
becoming necessary, apparently, because
of the increasing scope and complexity of
broadcasting operations and equipment
—human control is béginning to prove
inadequate—and, in turn, because of the
excessive cost of training and using
technicians for these operations. The
subject has become so important, and the
automation techniques are so varied and
complicated, that we intend to make a
special report on this aspect of the I.B.C.,
to be published in the November issue of
Wireless World.
Satellite broadcasting has its problems,
some of which have been discussed before.
One, discussed by P. L. Mothersole,
is that of mains isolation in television
receivers; a problem when thinking
in terms of adding a converter to
receive satellite broadcasts (such an
add-on unit would convert from f.m. to
a.m. as well as frequency). But with a new
receiver design a convenient way around
this is to have an insulated winding on the
line scanning transformer, at earth
potential, providing the low-voltage supply
that would be required for a converter. A
possibility which Mr Mothersole foresaw
is the use of a communal aerial and
converter system. This would avoid
mounting and aligning dish aerials in
domestic installations, and could also help
to keep cost down.

An interesting point touched on by
J. Redmond, director of engineering,
B.B.C., in his address was that ‘of sound

broadcasting from satellites in the h.f.
band. A study has shown this to be
technically feasible in the 21 and 26MHz
bands. The satellite would probably be in
a low-altitude orbit in such a scheme,
because of the high power needed from a
geo-stationary satellite—of the order of
tens of kilowatts. A power in the region of
1kW is thought feasible for a, low-orbiting
satellite, and no doubt folding aerials
would not present undue difficulties. Snag
is the expense of maintaining orbiting
satellites and with the limited number of
sets able to receive 21 and 26MHz
broadcasting authorities might feel there
would not be much return for an outlay
which could be as high as £10M p.a.

Speech clipping is used to increase the
average modulation level in transmitters
without overmodulation by reducing the
peak-to-average energy ratio in speech
waveforms. Normally this is done at
speech = frequency and results in
trapezoidal waveforms. As well as,
imposing a linear phase response on the
modulator this means a- much wider
bandwidth is needed and also power
supply requirements would need to be
increased. To avoid modifying older
modulators to cope with the clipped
speech, frequency translation can be used
to ease filtering. The problem is of course
that some harmonics of low-frequency
speech signals in the clipped waveform are
still within the speech spectrum and cari
not be filtered out. By modulating the
speech signal on to, say, a 20kHz carrier
(suppressed) and then clipping, filtering is
made easy. This is because the highest
upper-sideband frequency will be at, say,
25kHz—well away from the lowest first
harmonic at about 40kHz. The signal is
then demodulated in a product detector.
With this kind of system, Radio Liberty
(Federal Republic of Germany) has
produced a clipper with harmonic
distortion of less than 1%, even with an
overload of 16dBm.

Studio acoustics. The well-known
technique of making models to predict
acoustic properties of concert halls has
been applied to studio design and fault
correction by the B.B.C. Pioneered by
Spandock at the University of Munich,
this is the first time it’s been used with a
good  signal-to-noise ratio—at least

50dB—allowing models to be listened to
seriously. This method imposes severe
constraints on experimental apparatus,
severity depending on the scaling factor.
Not least of these is the problem of air
absorption, and to get the sound
attenuation right a relative humidity of 3%
is needed. The usual way of doing this is
with silica gel but it takes several weeks to
achieve the required dryness. In the B.B.C.
experiments H. D. Harwood and A. N.
Burd have reduced drying time to half a
day for the first drying and to 15 minutes
for subsequent drying by using an artificial
zeolite.

Using a scale model of a studio
reverberation time in the model agreed
with that in the studio to within + 10%
throughout the whole frequency range,
this difference being inaudible. The model
was also a success subjectively in that
addition of an ‘orchestra’, made from
polystyrene backed with felt, to the model
was clearly apparent in recordings made
from the model. An unexpected change in
tonal quality from the model occurred
when this orchestra was added, as well as
the expected change in reverberation time.
On checking against recordings made in
the real studio) this change was also
apparent and although there is no obvious
theoretical explanation for this change the
fact that the model predicted it is a very
satisfying validation of the modelling
technique:

Another interesting development in
studio design is the realisation that
reverberation time need not be
independent of frequency. Absorbers
needed to keep low-frequency reverbera-
tion time low (say 0.35s, the recommended
value for talks studios) are expensive to
make and install, bulky and make
modifications diffichlt. Availability of a
recently constructed studio with remov-
able bass absorbers made experiments on
how much bass r.t. could be increased
possible. As a result of various subjective
tests,f it’s now recommended that r.t. can
rise to 0.4s at 500Hz, 0.47s at 125Hz and
0.74s at 62.5Hz.

A discussion of new developments in
television will be published in the November
issue.

I Spring, N. F. & Randall, K. E. “Permissible bass

rise in talks studios”. B.B.C. Engineering, July 1970,
pp.29-34.
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Domestic Recelvers
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New techniques seen at the London trade shows.

Television

The design of domestic receivers is a com-
pound of two elements: the available market
and the available technology. To be more
precise, the sales people are not interested
in the electronic contents of the box provided
the complete product is attractive for rent-
ing (and, to a smaller extent, owning);
technical features, whether real or cooked
up, are seen merely as fodder for sales
promotion campaigns. The engineers have
at their disposal new devices and tech-
niques and would like to use them to the
full in elegant, tidy circuits, but, being
restricted by cost, usually end up with a
design which to them is an unsatisfactory
compromise.

What the engineers have in the back of
their minds, as a sort of Volksfernseh-
empfanger, is a flat box producing coloured
pictures and containing nothing more than
a few integrated circuits. We are certainly
on the way towards this ultimate, leaving
behind as we go valves, round tubes, mono-
chrome pictures, hybrid circuitry, dual
standards and discrete components. Mean-
while, in our present confused state of
transition, there exist side by side mono-
chrome and colour, hybrid and semi-
conductor circuitry, dual-standard and
single standard, picture tubes of different
sizes and shapes, single chassis and
modular construction, together with a
variety of “furniture” styles and elec-
tronic circuit techniques which seem like
tricks because they are individual to par-
ticular manufacturers and not yet standard.
In this confused situation it is difficult to
decide what is “typical”.

To begin with the most obvious thing,
the picture tube, the six main sizes available
last year (19in, 20in, 22in, 23in, 24in and
25in) have now been supplemented by two
more, 17in(monochrome)and 26in (colour).
There are in addition the various portable
battery sets with screen sizes of 12in and
smaller. The range, however, is not as
embarrassingly large as it seems, as the
19in and 23in monochrome tubes have
been superseded by the 20in and 24in
sizes respectively, and the 25in colour
tube, though still being used in sets, is due
to be replaced eventually by the 26in type.
The 17in monochrome tube really takes
the place of the 16in type that has been

widely used in transportable and small
“second sets”. Thus one sees a general
up-grading in size all round. Monochrome
tubes have deflection angles of 110°,
colour tubes 90°; but colour tubes with
deflection angles of 110° and, consequently,
a few inches off their length, are available
on the Continent and it is only a matter of
time before they appear in British sets.
The distribution of valves, transistors
and i.cs in receiver circuitry varies con-
siderably from maker to maker. British
Radio Corporation and Rank Bush Murphy
have all-transistor colour sets which are
virtually the same as last year’s designs,
and a new transistor colour receiver has
been introduced by Philips. In the hybrid
receiver circuits, colour and monochrome,
it is common practice to use valves for the
line and field scanning oscillators, for the
associated output stages and for the sound
output, but there is some variability with
other stages. In a Decca single-standard

‘monochrome chassis, for example, valves

are also used for the 1st and 2nd i.f. stages,
video amplifier, sync separator and line
pulse discriminator. This design is, however,
very much up with the times in having an
integrated circuit, the Motorola MC1351P,
for the sound intercarrier i.f. amplifier and
f.am. detector (followed by a transistor a.f.
output stage). Some current monochrome
sets are still all-valve designs except for
the uh.f tuner. Generally speaking the
U.K. manufacturers are not bothering to
put design effort into producing all-
transistor monochrome circuits, which will
only be found in the small imported portable
sets.

Integrated circuits, last year restricted
to the intercarrier sound and colour de-
coding functions* have now blossomed
out somewhat, and in the new Philips colour
receiver mentioned above there are four:
(1) intercarrier sound; (2) stabilization for

the tuner; (3) video pre-amplification, line

gated a.g.c., sync pulse separation, noise
protection for a.g.c. and sync channels; and
(4) PAL switch, identity circuit and colour-
difference demodulators. These devices are
available from Mullard under the general
type-number prefix TAA. But the general

*“Colour Receiver Integrated Circuit” Wireless
World, August 1968, p.263.

run of set makers is still rather wary about
using i.cs, mainly for the reason that, as
distinct from the digital computer field,
there is a lack of standardization and
“second sourcing” in the manufacture and
supply of devices.

Two noticeable trends in circuit design
this year are the use of variable-capacitance
diode tuning and the replacement of wound
components by equivalent circuitry using
transistors, resistors and capacitors. Vari-
able-capacitance diode tuning on both u.h.f.
and v.h.f. has been used fairly extensively
for some time in Continental television
tuners but this is the first time it has
appeared in sets on the British market.
Examples of the technique were seen in
receivers by Philips, Ekco, ITT and Teleton.
The reason why varicap diodes, as they are
called, have not been used here is a techno-
logical one and not, as might be thought,
because U.K. makers were slow to appre-

_ciate the advantage of diode tuning. Itis

to do with the way in which channels are
allocated.

In the UK., uhf. channels are assigned
to transmitters in groups of four. In most
cases the four channels are n,n + 3,n + 6
andn + 10,orn, n+ 4,n + Tand n +
10, n being the lowest channel number for
each station. For example: the channels
assigned to Emley Moor are 41 (n),44 (n+
3), 47 (n+6) and 51 (n+ 10). Those as-
signed to Winter Hill are 55 (n), 59 (n+4),
62 (n+7) and 65 (n+ 10).

It will be seen that in each case the
highest channel is spaced 10 channels from
the lowest, which means that with the
8-MHz channel spacing laid down by the:
European frequency plan the highest
channel is 80MHz away from the lowest.
Now, for a receiver tuned to the lowest
channel, the highest channel becomes
the image frequency. This is because
the agreed vision if. is 39.5 MHz. If the
oscillator is tuned ‘“high” as is usually
the case, the image frequency is 39.5
Hz “on the other side of” (above) the
oscillator or 79 MHz above the wanted
station.

This figure is only 1 MHz short of the 80
MHz separation between n and n + 10 and
a signal radiating at n + 10 if allowed to
enter the pass band of a receiver tuned to



486

n channel would beat with the oscillator
and cause severe interference at if., unless
measures were taken to eliminate or greatly
attenuate signals at image frequency. In
the case of an oscillator tuned “low” the
wanted channel and image channel would
be in reverse, i.e. n + 10 and nrespectively.
The presence of interference channéls at
image frequency is unavoidable because
four of the forty-four available channels
have to be allocated to several hundred
stations, which necessitates the same
channels being shared by many stations.
The two stations quoted already share their
channels with up to six others.

It is arranged for stations sharing chan-
nels to be sited geographically remote from
each other, and mutual interference can also
be alleviated by the use of directional aerials.
Despite this, u.h.f. tuners have to be
designed with specially selective r.f. circuits
to reject signals outside the pass band,
particularly those at image frequencies.
By arrangement between BREMA (the
association of set manufacturers) and the
broadcasting authorities the specification
for the magnitude of rejection or attenuation
of image frequency signals is fixed at 53
dB. All makers try to achieve this.

Using valves and three variable tuned
r.f. circuits controlled by a ganged capacitor,

53 dB image rejection is relatively easy to
obtain over the uh.f. bands. However,
because of production spreads it is difficult
to track the capacitance of four varicap
diodes (three r.f. tuning and one oscillator)
over the required frequencies to obtain
the specified selectivity.

On the Continent, in Germany for
instance, transmitter density is much less
and the receiver if. is different (38.9 MHz
vision), therefore the problem doesnotarise.
The German specification for image rejec-
tion is 40 dB. This less stringent require-
ment allows the designer to use one less r.f.
tuned circuit, and the incorporation of three
varicap diodes instead of four, making
tracking relatively easier.

In the varicap-diode tuner designed by
Philips (Fig 1) the basic problem has been
overcome in two ways. First, matched sets
of five diodes with similar voltage/capaci-
tance characteristics are selected for indi-
vidual tuners. The fifth diode is employed to
equalize the oscillator voltage over the
tuning range. Secondly, a special image
frequency rejection tuned circuit is built in.
This is coupled to the aerial input inductor
in the emitter of the r.f. amplifier transistor.
It is automatically tuned to the image
frequency as the aerial input is tuned to the
wanted station.

P I R.F. amp
o7
)
Ly
vz &
C4 Dy}
HH i
- . 0 !
S :
Fig. 1. Skeletal
diagram of Philips
u.hf. tuner. L, and AFC.

C, are associated -

with the image
rejection circuit.
Varicap diodes
D,-D, provide tuning
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of the aerial input,
bandpass primary
and secondary, and
oscillator respectively.

Push-button channel selector (left) and pre-set potentiometers (right) of the Philips varicap-
diode tuner (Fig. 1), as used in the Philips G8 colour television receiver.
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The big advantage to be had from using
varicap diodes is, of course, that tuning
is possible by means of a single simple
potentiometer. The Philips receiver uses six
preset potentiometers, each associated
with a press-button switch, and so provides
a six-programme station selector.

Two additional bonuses in the hands of
the set designer are the smaller size of the
tuner unit itself and the realization that the
uiit can be mounted anywhere in the cabi-
net. The press-buttons need be only simple
switches remotely connected to the tuner
via low-voltage wiring. In the Philipsreceiver
the tuner unit is actually mounted on thei.f.
printed panel and it appears in the unusual
position in the centre of the chassis. The
effort required to operate the “programme-
change” buttons, as Philips call them, is
surprisingly light when compared with
mechanical systems.

The varicap diodes, being voltage-
dependent devices, are susceptible to varia-
tions in supply voltage. Since any variation
in supply voltage would have a serious
effect on tuning accuracy it has been found
necessary to stabilize, not only the receiver
power supply, but alsé the voltage line
feeding the tuner itself. The tuner incorpor-
ates a simple i.c. stabilizer (see above).

In order to take station tuning out of the
viewer’s hands and make it into a preset
adjustment, the six tuning potentiometers
are concealed by a plastics cover at the rear
of the receiver. Any tendency for the tuning
to drift during reception is counteracted by
an af.c. circuit which provides the large
pull-in range of 1-2 MHz either side of the
correct tuning point. To prevent the receiver
being “captured” by a strong transmission
during programme changes the af.c. is cut
while a button is pressed.

Avoidance of wound components was
illustrated by a technique used in an ITT
colour receiver, type CVC5, which is based
on a Schaub Lorenz design that has been
available in Germany for about a year.
The circuit has R-Y and B-Y synchronous
demodulators that dispense with the usual
transformers needed to drive the electronic
switching circuits (see for example, W.W.
May 1969, p.223). The arrangement used
is shown in Fig. 2. The demodulators proper
function in the manner of a symmetrical
phase discriminator. To one side of this is
applied the subcarrier reference oscillation
(for R-Y, via the 62pF capacitors; for B-Y,
via the 56042 resistors), while to the other
side is applied the signal voltage to be
demodulated (at the common point of the
33pF capacitor in each case). At the
common point of the 4700 resistors in
each demodulator the demodulated colour
signal appears without the reference oscil-
lation because the reference oscillation is
balanced out in the bridge network. As can
be seen the R-Y demodulator is preceded by
a transformerless PAL reversing switch
which operates on the chrominance signal
from the delay line, not on the reference
oscillation.

It has become customary with transistor
colour receiver circuits to use RGB drive to
the c.r.t. cathodes, as this requires lower
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voltage swings than do colour-difference
signals, which are matrixed with the lumi-
nance signal by the c.r.t. In the new Philips
set referred to above, for example, matrixing
is carried out in the decoder i.c. (4) atlow
level and the RGB outputs receive several
stages of amplification through separate
channels before being applied to the c.r.t.
cathodes. This method relies on accurate
setting of the grey scale for good
monochrome reception and for this reason
the colour drive adjustments are preset at
the factory.

Colour television sets usually include a
circuit for preventing the beam current of
the colour c.r.t. from rising above a certain
upper limit, the purpose being to save the
tube’s shadow mask from becoming over-
heated and consequently distorted in shape.
In any case the ishadow mask carries the
major part of the beam current, and with
certain types of picture content the elec-
trical energy converted into heat could
become excessive. Normally the beam
current limiting is arranged as a form of
automatic brightness control, but during
operation this causes an error in colour:
saturation and also a loss of detail in the
darker parts of the picture. To avoid this
undesirable side effect, Decca, in .their
latest colour receiver chassis, have
designed the beam limiter as a form of
automatic contrast control. Fig. 3 shows
how it is arranged. A potential propor--
tional to beam current is derived from the
cathode of the line output valve and this is
applied through the vision detector and other
circuitry (not shown) to a video emitter
follower and then to the a.g.c..circuit. The
direct voltage from the a.g.c. circuit is fed
back to bias the first vision.if. amplifier
transistor and so control if. gain in the
normal manner, but is further controlled
by the beam limiting circuit. Thus if the
current through the line output valve starts
to become excessive the effect is to.reduce
the amplitude of the if. signal and, conse-
quently, reduce ‘the drive to the c.r.t. and
hence the beam current.

Numerous small u.h.f. televisionreceivers
from Japan were shown at the various
trade shows we visited. Three new models
from Standard included an all-transistor
3in portable, the SRV 307, employing 29

From sub-carrier
oscillator

¥

7 Fig. 2. Transformerless synchronous
demodulators and PAL switch used in
the ITT type CVCS colour television
receiver.
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latest Decca
colour receiver.

transistors and 23 diodes. This works from
an internal supply of nine U11 cells or from
a car battery. A mains adaptor is available.
The weight, with batteries, is 2.4kg and
the price is £77 4s 6d. The other two sets
were the same price and were 7in and 12in
mains/battery portables. Sanyo showed a
5in portable set, the 5TC1 weighing only
4kg with built in cadmium/nickel cells
(12.5V). Using the batteries 16 hours of
reception is possible: charging takes 4
hours. This set uses 25 transistors and 22
diodes, and costs £69 15s including a mains
adaptor. The Toshiba 11 TBB is an 1lin
receiver selling at £79 10s. All these models
gave clear stable pictures in the London
service area with modest loop or telescopic
aerials. The continuous tuning employed
on these sets was easy but,inter-station
noise was considerable.

Teleton (European distributors for the
26-company Mitsubishi combine) still
haven’t produced the 12in colour portable
that was rumoured in last year’s survey.
Other circuit features noted: The B & O
Beovision 3200 colour set has a circuit
which automatically cuts out the colour
sub-carrier notch filter in the luminance
channel when- the set is receiving mono-
chrome transmissions. This colour set also
has the unusual features of a separate high-
frequency loudspeaker, and bass and treble
controls. In the ITT CVCS5 colour receiver
the saturation and contrast controls are

Control voltage to o}
vision i.f.ampifier '

mechanically ganged, and there are separate
diode detectors for vision and intercarrier
sound. The e.h.t. pulse winding on the line
output transformer of the latest Decca
colour chassis is underneath the primary
winding instead of on top—a cost saving
feature. Automatic line hold, dispensing
with the usual manual control, is employed
in the Philips and ITT colour receivers.

Sound receivers and

reproducers

The mere appearance of integrated circuits
in receivers is no longer a matter for surprise,
but as the art of usingi.cs progresses makers
may find alternative or novel uses. A case
in point is the use of the TAD100 circuit in
the new Dynatron amplifier and a.m./f.m.
tuner (HFC91), announced earlier this
year. This ic. is intended as anif. amplifier,
detector, local oscillator and af. pre-
amplifier, but in the Dynatron circuit the
stage normally used for audio amplifica-
tion is used instead as a d.c. amplifier-
feeding an a.m. moving-coil tuning meter.
(Same meter acts as tuning indicator on
f.m. straight from the discriminator.)

This tuner incorporates diode tuning on
v.hi. for four circuits, two back-to-back
diodes each, with three pre-set potentio-
meters and another linked to the tuning
scale. The scale covers 88-100MHz, giving
greater spread than with 108MHz top
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frequency, but the pre-set potentiometers
extend to 108MHz, in anticipation of this
model being sold in the U.S.A. and Canada.
Supply voltage for the tuning circuits is
regulated with a TAAS50 i.c. between
supply rail and ground. The three pre-set
controls together with the displayed range
allows a local station to be pre-set as well
as the three national services, but we have
seen some sets with four pre-set controls.
(Incidentally, some local stations will be
using 45° slant polarization with conse-
quent benefits to car and ‘pienic’ radio
reception—see p. 492.)

Interstation muting is achieved by
switching back-to-back diodes in the
signal path to the decoder from a d.c.
amplifier following the discriminator
(Fig. 4). Other features of this design are
dual-gate f.e.ts in the f.m. tuner, four-i.c.
Gorler fam.-i.f. amplifier, ceramic filter unit
with the TAD100 a.m. i.f. amplifier, twin-T
high- and low-pass filters and negative
feedback tone controls in the pre-
amplifier. Extensive use is made of BC148
transistors (11) with BC149s as low-noise
input transistors. The audio amplifier is a
conventional quasi-complementary circuit
giving 45 + 45 watts into 3 ohms, or reduced
powers into higher impedance loads, at
low distortion (0.2%). It is typical of modern
designs using silicon transistors which allow
a high voltage supply with consequent
high-power output. A thyristor overload
protection switch reduces output to a safe
level when safe operating limits of the tran-
sistors are exceeded, lighting an indicator
lamp and reducing the supply voltage to
the pre-amp emitter follower. Price of this
tuner amplifieris £165.

A notable trend in this kind of quality
tuner is the omission of a ferrite aerial for
a.m. reception—or at least provision of a
separate coil pack for an exterior aerial.
This was also noted on the new B & O
Beomaster 1600 which, apart from the
addition of f.e.ts and an f.m.-if. ceramic
filter, is a re-styled version of the 1400.
This new am./fm. model, with a power
output of 15+ 15 watts, and including two
short-wave bands, costs £122. Another new
a.m./f:m. tuner-amplifier from B & O is the
Beomaster 1200. A new design, but along
fairly conventional lines, it uses a cascode

Bendix is used in new
Kellar amplifiers.

Circuit shown gives
o

o-HH
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f.e.t. input circuit and diode tuning. Sensi-
tivity is better than that of the 1600(14V for
26dB s/n ratio f.m., 7uV for 3dB s/n ratio
am.) and power output is 15+ 15 watts.
Price £108.

Latest Teleton tuner-amplifiers (made by
Mitsubishi) acknowledge the difficulty in
seeing vertical tuning scales in ‘low-line’
models by using a horizontal scale—in one
case both types are used.

The Dynatron stereo decoder is fairly
typical of current practice. Designers seem
to have settled on the balanced switching
demodulator, this only partially demodu-
lating the L-R signal of course. Correction
to give 40dB separation is made in a
common-mode amplifier (one transistor in
each channel with emitters bridged with a
resistor). The Dynatron circuit has the
added luxury of twin-T filters in each
channel to reduce sub-carrier level.

First commercial amplifiers using. a
hybrid thick-film integrated circuit for the
power amplifier are designed by Stanley
Kelly, joint managing director (with Sidney
Larholt) of Kellar Electronics Ltd
(Maryland Works, 9 Brydges Road,
London, E15 INA). One of the series of
amplifiers is used in the new Kellar cassette
tape recorders using the Dolby ‘B’ system
for noise reduction above 2kHz. The
system gives a signal-to-noise ratioimprove-
ment of 10-15dB (see p. 519). As well as
using this system with the 25425 watt
cassette tape recorder, it will be available
separately for reel-to-reel tape recorders
(to be shown at the Audio Fair). We expect
the Dolby ‘B’ system to appear in equip-
ment from various makers later this year—
Decca, Rank and Metrosound are rumoured
to be working on this.

The hybrid thick-film module used by
Kellar—a Bendix circuit originally designed
for industrial applications—has made
possible a low-cost 15+ 15 watt amplifier.
Marketed under the name Nova by L. L.
Electronics at £33 and with low distortion
(about 0.2%) this could be the best value
for money in terms of watts per £ at this
power level. The circuit uses a conven-
tional quasi-complementary output stage
and complementary driver with discrete
transistors on the thick-film circuit. Module
measures 20 X45X80mm. A slightly

larger 50-watt module is available, circuit
is shown in Fig. 5, and will be used in an
amplifier to be released shortly.

In designing the regulated power supplies
for this amplifier, Stanley Kelly found that
by using two series transistors (OC22s)
each feeding one amplifier, instead of
operating them in parallel, and arranging
feedback from one side of a long-tailed pair
circuit, he obtained a worthwhile increase
in channel separation.

Another Nova Design, the 10+ 10 watt
amplifier, currently using an AD161/2
output pair, is due for re-design around a
Siemens TAA420 integrated circuit.

Another hybrid high-power amplifier is
made by RCA (type TA7625) which
operates from a split power supply and has
a built-in limiting circuit.

Among the new tape recorders there is
a profusion of cassette machines and
medium quality reel-to-reel types. Three
models from Sharp are of particular interest,
having servo control of motor speed: a
cassette recorder with slider controls for
setting the recording level (model RD423,
price £57 10s) and two Sin reel-to-reel
recorders with switched speed change
(model RD513, price £39, and its push-
button-control counterpart, the RD514,
price £42). In each of these recorders the
d.c. drive motor is in the collector circuit
of a control transistor, the base circuit of
which is fed from a generator coupled to
the motor shaft. Speed change from 33 to
11 ip.s. is accomplished by a switched
resistor change in the bias circuit.

Sanyo ‘mow have thirteen cassette
recorder models available ranging in price
from £19 15s to £99 15s—some of these
have an f.m. radio too.

Along with several new tape recorders,
ranging in price from £55 15s 7d to £157
14s, Grundig displayed the TK 3200 three-
speed battery recorder with a stick micro-
phone priced at £178 3s. At 74 i.p.s. the
frequency response is said to be 40Hz to
16kHz and wow and flutter as 0.1%.
Signal-to-noise ratio is claimed to be better
than-48dB at 1} i.p.s. Outputs are 500mV
(into 15k(2) with provision for driving an
external 412 speaker with 2W or the internal
speaker with 0.8W. This is a single channel
recorder.



Wireless World, Octpber 1970

Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his-correspondents

Mobile radio and

amateur bands
I refer to the letter under the above heading
which appeared in your September issue.
The second paragraph implies that some
unofficial arrangement exists concerning
the 70-MHz amateur band. The Electronic
Engineering Association seems unaware
that the amateur service has been allocated
frequencies between 70 and 71 MHz since
1956. Indeed, recent issues of your journal
have carried news of propagation experi-
ments by amateurs using these frequencies.
It is implicit by the terms of the Radio
Regulations that where the amateur service
is the secondary user then this is subject to
non-interference with the primary service.
The last’ sentence of the third paragraph
of your correspondent’s letter shows a
lack of knowledge of the occupancy
of the 420-450 MHz band. There are, of
course, a number of amateur television
stations using frequencies in this band, but,

in addition, there are a far greater number’

of stations occupying the band for experi-
mental work in connection with moon-
" bounce, meteor scatter and satellite com-
munication. Stations operating under the
terms of the Amateur (Sound) Licence B
are present in large numbers on both the
2-m and 70-cm bands.

The final sentence of the E.E.A. letter
mentions “amateur associations”. I would
point out that the Radio Society of Great
Britain is the organization recognized by the
Ministry of Posts and Telecommunications
as representing the stations of the amateur
service in the United Kingdom.

There are regular discussions between
the Ministry and the R.S.G.B. concerning
licensing matters and frequency allocations
and we have no doubt that at the correct
time thé Society will be approached by the
licensing authority.

J. A. SAXTON,
President,
Radio Society of Great Britain.

Crisis in

microelectronics

Your September editorial draws attention to
the difficulties of the integrated circuit in-
dustry, but the conclusion one should draw
depends rather on one’s standpoint. The

U.S. microelectronics industry obviously
has-excess production capacity for the fore-
seeable future, and the present marketing
situation cannot be changed rapidly. Dr.
F. E. Jones cites import duties as a reason
for British companies not manufacturing in

the Far East. From a quick enquiry I get the

impression that duty on radio components
entering Britain is at most 17% which is not
decisive in comparison with price differen-
tials quoted in your Editorial, and nil from
Commonwealth territories. So why not use
Hong Kong? In addition, I feel that more
could be done to establish the facts about
American manufacturing costs and selling
prices, unless it is the desire of the British
i.c. industry to befog the issue. If American
i.cs which are packaged in the Far East are
taken back into America on conditions
which assume that the major part of the
manufacture has taken place in America,
then surely there is no doubt about the
country of origin. But even if there is doubt
about the country of origin in the manu-
facturing sense, it must be possible to estab-
lish the country in which the manufacturing
company has its registered office. Before we
worry too much about the difficulty of as-
certaining the true country of origin, let us
knqw at least the selling price in U.S.A.
If there is still a possibility of Britain

-joining the Common Market there might

be a case for a European production facil-
ity. So far as concerns Britain as an isolated
unit, however, the sensible thing might be to
cut one’s losses and abandon the whole of
the British microelectronics industry as now
understood. This sounds a rather stagger-
ing proposition, but surely the financial loss
to be cut would be no greater than losses
which have been cut on unsuccessful mili-
tary development projects. When Isay “the
industry as now understood” I mean an
industry producing logic units and simple
linear amplifiers. These are the type of thing
which can be bought cheaply from U.S.A.,
and so far as military strategy is concerned
there could well be either a factory operat-
ing under licence or an assembly and en-
capsulation plant in Britain. But I doubt
however whether this is a serious concern:
one plane load of integrated circuits could
be enough to last for some time—longer
than a nuclear war!

On the other hand, I think that large scale
integration should be pursued in this coun-
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try because by their nature large-scale-
integrated-circuit chips are usually tailor-
made for a particular purpose. It is no
novelty for an industry to cut down on the
manufacture of a basic product in order to
progress to more advanced products.
Another point is that we must not be
mesmerized by the idea of integrated cir-
cuits using present techniques, which are
essentially collections of junction semi-
conductor devices. There may be a big
future for solid state devices which do not
depend on junctions, and Britain might have
the chance to take the lead in this field. The
Gunn effect has already been put to exten-
sive use. The DOFIC appears to have faded
into obscurity after a brief appearance, but

‘perhaps there may yet be possibilities of

developing it further. There is also the
acousto-electric amplifier based on the
interaction of electrons and phonons in
materials such as cadmium sulphide. These
may well play a large part in the future of
electronics and should not be overlooked
in a moment of panic about the marketing
of devices which although scientific marvels
to the layman can now be manufactured as
a matter of routine.

D. A. BELL,

The University of Hull.

Class AB amplifiers

I am grateful to Mr. Mitchell for his letter in
the September issue concerning my class
AB amplifier, but there are some points
which he makes which, I feel, should not
pass without challenge.

In particular he states that a Darlington
pair output stage has a lower mutual con-
ductance than the output transistor on its
own. While, in theory, this could follow
from the fact that the second transistor
imposes an impedance in the emitter circuit
of the first, this situation does not arise

under any but near zero source impedance

systems, as I have illustrated in the transfer
characteristic graphs on the next page.

Curve A is the transfer characteristic of a
simple (MJ481) transistor with a source
(base input circuit) resistance of 10 ohms.
Curve B shows the performance of the
arrangement but with a source resistance
of 100 ohms. Curve C is that of the same
output transistor, but with an input Darling-
ton configuration using:a BC182 input tran-
sistor. There is no measurable difference in
performance, in this configuratiod, with
source resistances of 10, 100 or 1,000 ohms.

In the event, the slope of the Darlington
pair, at 200 mA, which was my chosen
quiescent current, is 3.6 amps/volt as com-
pared with 2.8 amps/volt for the simple
output transistor.

The presence of as little as 100 ohms
input circuit resistance reduces this to 1
A/V, which confirms the point I made in my
article, which was concerned, implicitly,
with the circumstances which would exist in
a practical design.

The second point on which I differ from
Mr. Mitchell concerns the conditions of
operation of a class A stage. I believe this
classification should be restricted to systems
in which each component of the output
stage operates in its linear region over the
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whole of its effective output swing. The mere
fact that one or other of the output tran-
sistors is not completely cut off is not
enough to satisfy this requirement.

Although I had not mentioned this point
specifically in the article, the use of the
amplifier in true class A does bring about a
reduction in the distortion typically to below
some 0.01%, at power levels below 15 watts,
over the frequency range 100 Hz-5kHz,
and the distortion content then decreases
linearly with reduction in output signal
magnitude.

My decision, in the design of the ampli-
fier, to employ a variable resistor, as a
.source of bias, between the bases of the
output transistors, rather than a more com-
plex temperature compensation network
was based partly on the convenience of
adjustment of such a biasing system, as
compared with, say, a string of diodes (two
forward biased silicon diodes will, in fact,
‘give almost the correct quiescent current,
and this arrangement was used in some of
the prototypes in use by friends) and partly
on its lesser proneness to catastrophic
failure than transistor ‘‘amplified diode”
systems.

My curve B indicates the relative
insensitivity of the single transistor output
stage to vatiations in forward bias
(and the choice of 200 mA quiescent
current very much reduces thermal effects,
even with an 8-ohm load!) as well as the
excellent transfer linearity of such a system
which contributes to the lower harmonic
distortion figures obtainable with such
an output stage in comparison with the
more normal push-pull configurations.

Both Mr. Mitchell and Mr. Gibbs (letters,
Aug. 1970) have taken me to task for my
observation in the article that “the use
of a complementary pair of emitter fol-
lowers ‘driven from a low source imped-
ance’ appeared to offer the best way of
minimizing the several problems” described
in the introduction.

The article in question was in fact
written as one, rather lengthy, article
which was divided in two for convenience

of publication, and this division, coupled
with some editorial deletions, resulted in
the  observation above being given an
unexpected degree of prominence. Since
I was, at this stage, reviewing the thought
processes which had led to the choice of
this output stage configuration, it would
have been better if I had continued “and
this type of stage was therefore chosen as
the starting point for this design”.

In the event, both the preliminary
calculations and the initial experiments
indicated that it was neither practicable
nor desirable, from the point of view of
linearity of operation, that the output stage
should have a low source impedance and
the solution suggested by Mr. Mitchell
in his letter, that of a relatively high driver
impedance with a low inter-base impedance,
was the configuration which had been
adopted in the final design.

In reply to the letter from Messrs Smith
and Walker in the September issue I would
point out that the total harmonic distortion
was quoted at 1000 Hz, because this is
the recommendation of the B.S. and DIN
specifications. The t.hd. figures, at full
output, at 100Hz and 10kHz, are typically
0.04% and 0.06% respectively. At low
frequencies the harmonic distortion is
mainly influenced by the impedances of
the power supply bypass capacitor and
the decoupling and ‘bootstrap’ capacitors,
and an improvement can be made, if
necessary, by increasing the value of these.

At high frequencies, the distortion con-
tent is mainly determined by the deliberate
and necessary reduction in the open-loop
gain, and feedback factor, required to
maintain good reactive load stability,
although the circuit layout and stray
capacitances have some effect.

I apologise for the omission of the band-
width limits for the noise figure measure-
ments. These were effectively those
imposed by the amplifier gain/frequency
characteristics, as would be measured by
a very wide bandwidth millivoltmeter. The
use of a more restricted bandwidth, say
20Hz—20kHz, would allow an apparent
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improvement in the specified noise figure.
(It is, in fact, quite inaudible.) However,
on looking through back numbers of
Wireless World 1 find that other authors
have been equally remiss in omitting
measurement bandwidths when quoting
noise levels. This point will, perhaps, be
noted in the future. i

I regret that the measurement para-
meter “square wave transfer distortion”
was not accompanied by some further
explanation. In practise, transfer distortion
is measured by comparing electrically the
waveforms at the input and output of the
system under test, and then expressing
the error arising in the transfer as a per-
centage of the input waveform, as measured
on an r.n.s. calibrated voltmeter such as
that used for conventional t.h.d. measure-
ments. Any convenient waveform may be
used for this purpose.

Typical values for transfer distortion
with conventional audio amplifier designs
using a 10kHz square wave and a resistive
load range from 0.2% to 10%. Square-
wave transfer errors as high as 30% are
fairly common under reactive load con-
ditions, and this, in conjuction with the
relatively high distortion levels sometimes
found at low volume levels, may account
for much of the so-called ‘transistor sound’.
Unlike harmonic distortion, transfer dis-
tortion with reactive loads may worsen
as the amount of negative feedback is
increased.

J. L. LINSLEY HOOD,
Taunton,
Somerset.

Sine-wave power

oscillator
The basic requirements for any circuit are

_that it should be comprehensible, designable

and as simple as possible. The old rule,
simplificate and add lightness, still applies.
Mr. Armer’s circuit (August p.402) and his
explanation, do not seem to satisfy this.

It is rather easier to examine this circuit
if the earth point is moved: indeed itis prob-
ably easier to use it if a second variation is
adopted. Fig. A shows the circuit rearrang-

—12V
L
Ly
&
L3
TI 4
—l— +12V

(a)

ed for conventional analysis, and Fig. B
shows it with the collector of the transistor
at an a.c. earth. In both circuits the tuning
capacitor has been transferred to be in
parallel with only the larger part-winding,
simply to makethe circuit look conventional.

Before discussing how it works, let us
look at the numbers. L, is tapped to give
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400, H in the one part, 200:/H in the other.
The total inductance is thus 200 X
1+ \/Z)zuH, or 1.16mH. This tunes with
C,=0.05,F to 21kHz. It would seem that
the frequency is not determined, as Mr.
Armer suggests, by L, and L, in parallel.
They are, in fact, in series, to give the
reactance plot shown in Fig. C.

The feedback path when neither the diode
nor the base emitter junction are conducting
very much is a low-pass half-section with
a cut-off frequency of below 1kHz and an
impedance of about 75f2. When either
diode is conducting it reduces to an induc-

-12V

—_——— +12V

(b)

tance of about 180, to give a 90° phase
shift.

The load for 13W must be in the region
of 10¢. The reactance of C, is about 1600,
so that the Q of the circuit is very small
indeed. Furthermore the value of I (L)}
for the 400uH section would seem to require
aferrite core of some 30cm? volume.

In a push-pull circuit L, would be identi-
fied as a constant current supply choke.
Here its value is just low enough to avoid
really awkward high voltages as the tran-
sistor is cut off, provided that the cut-offis

X

0 f

(c)

slow, and thus lossy. What Mr. Armer
means by the statement that the base cur-
rent controls the collector current while the
transistor is saturated I cannot understand.
The only way this can be doneis by limiting

emitter current and drawing much of it off

into the base. But 2A base current?

Mr. Unsworth (<1000:1 Attenuator™—

same page), in offering us an output of
0.768V, appears to neglect the fact that the
8 should be significant. He obtains his 0.7-
0.8V across an R which is loaded by rough-
ly 100R. Thus if we look at the first step,
nominally 0—0.1 we shall have, in fact,
0—0.099. Moreover, V,,, must be loaded
by something like S000R—I have not work-
ed it out—if the system is to be plausible.

T. RODDAM,

London.
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R.S.G.B. Exhibition

Where have all the experimenters gone?

Seduced by sales talk every one!

Not so long ago under the heading of
“Components, < €Bnplaints and Com-
placency” we urged manufacturers to turn
a sympathetic ear to the component needs
of the home constructor. It would seem,
however, that as far as the amateur radio
enthusiast is concerned we should not
have wasted the ink and the paper. There
were only seven entries from the whole
amateur radio fraternity for the home
constructed equipment competition held at
the recent R.S.G.B. Exhibition. A
lamentable turnout.

Is it true that the ham of today does no
more than gossip on the air while
twiddling the spun aluminium knobs and
peering at the gleaming Perspex dials of a
shiny piece of commercially constructed
equipment? If so the frequency bands
allocated to amateurs are being wasted
and should be re-allocated to a more
deserving cause.

Today’s home constructor has never
had it so good. He can obtain at
reasonable prices sophisticated com-
ponents which were not even available to
industry a few years ago. Is it that today’s
amateur does not want to risk his money
on experiment? Or are the days of trial
and error design over?

The winner of the Horace Freeman
award for home constructed equipment
this year was George Goldsmith, from
Jersey, with a finely engineered
communications receiver for the amateur
bands. It employed both valves and
semiconductors and incorporated three
crystal filters. Sensitivity was 0.4,V for a
10dB signal-to-noise ratio. Other
prizewinners were M. F. Taylor, of

The communications
receiver built by George
Goldsmith which this
year won the Horace
Freeman Trophy. It has
a hybrid circuit and
operates on the amateur
bands.

Reading, with a 2-m transceiver and J. R.
Jessop, of Pinner, with a finear amplifier.
This year the John Rouse Trophy was not
awarded as there was not a single entry
from the under-16 age group, a necessary
qualification for this award.

The exhibition itself is still affec-
tionately known as the R.S.G.B:
Exhibition, rather than by its somewhat
pretentious title (International Radio
Engineering and Communications
Exhibition). This year it sprouted the
additional title Radiocom 70 as well.
Attendance was just over 7000; about 800
less than last year. This may have been
due to the show being held in August
instead of later in the year as in the past. We
do not question the value of the exhibition
which, as a meeting place for the electronics-
radio fraternity, is almost second to none. It
is patronized by all types of people from
home constructors and amateurs to
engineers and academics. It is a pity that
working equipment demonstrations were
so thin on the ground this year. There
were many bargains in surplus equipment
to be found even though one exhibitor
admitted that the exhibition gave an
opportunity to get rid of a “pile of junk”.

The Ministry of Posts and
Telecommunications had a display which
illustrated how interference can spread in
large urban areas and the problems
incurred in tracing, measuring and
suppressing it. This year the Radio -and
Space Research Station had a stand which
showed the work they are doing in the
field of propagation of radio waves ovet a
very wide band of frequencies.




News of the Month

Ceramic stores for
information displays

Some interesting work currently being
carried out at Bell Labs in America has
resulted in a sort of re-usable slide for
projection purposes. Images stored on the
slide can be erased and replaced with a
new image at will. At the present stage of
development the device, or ‘ferpic’ as Bell
Labs call it, would only be suitable for use
in displays of written téxt and figures
which do not require to be quickly altered.
Not a great deal of information has been
released but it does not take a great deal
of thought to see that if the speed can be
increased and if the devices can be
manufactured at reasonable cost the ferpic
could have a bright future.

The material used in the construction of
the ferpics was first announced by an
American concern called the Sandia
Corporation. The device is a sandwich. A
very thin plate of fine-grained ferroelectric
ceramic is coated with a photoconductive
film which in turn has a system of
transparent electrodes deposited on it. The
whole is then bonded to a flexible
transparent substrate.

The release from America which
describ& the operation of the device is

rather sketchy and it is not clear exactly
how the device works. Quoting directly
from the American statement; “To change
the stored 'information in this simple
structure, a new technique, called
‘strain-biasing’ was developed by -Bell Lab
scientists. The ferpic sandwich is flexed so
as to stretch or strain the material.

“In an ordinary film slide an image is
stored in the form of wvariations of
transparency across the film. In a ferpic
the image is stored as a variation of the
‘Birefringence’ of the ceramic plate, i.e., as
a variation in the way the plate transmits
polarized light.

“In one mode of operation, a scanned
laser beam records an image on the
photoconductive film—one picture ele-
ment at a time as in a TV picture. A
voltage applied to the transparent
electrodes develops a field across the
ceramic. When the field is removed, the
image remains stored on the ceramic plate.
The image stored in the ferpic device can
be viewed by putting light polarizing
sheets over it, or the image can be
projected on a screen using polarized light
in a conventional projection system.

“To erase the image, the entire structure
is flooded with light in the presence of a

.Representatives of
the Services,
Ministry of
Defence and
industry watching
a demonstration
of the Eidophor
large-screen dis-
play system at the
College of Air
Traffic Control,
Hurn Airport.
This equipment
was used by
N.A.S. A.during
Apollo 11 and 12
missions, and its
pictures were re-
transmitted by
practically every
TV network
throughout the
world.
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reversed electric field; the plate is then
ready to store another image.”

Bell Labs is exploring this device in the
hope of obtaining efficient, low-cost
solid-state information displays with
features that are difficult to obtain in
present display systems. Because the image
store in the ferpic device can be projected,
very large displays can be obtained. Also
ferpic slides can retain images for a long
time without electrical power, fading only
slowly.

Slant polarization

for local radio

Certain B.B.C. local radio stations will
be using slant (45°) polarization instead
of horizontal polarization. This follows
successful tests by B.B.C. research depart-
ment engineers in Kingswood and Notting-
ham areast. Reception in cars and in the
open air with vertical aerials will be
improved through the effective increase in
transmitter power equivalent to about
6—9dB, at least doubling signal strength
on average. Hitherto, satisfactory reception
with vertical aerials has been largely a
matter of luck. As a consequence, hori-
zontal roof aerials will give a reduced
signal—about 70% or — 3dB. If necessary,
this could be recovered by slanting the
aerial (clockwise by 45° when looking at
the transmitter) but the national v.h.f.
services, not using slant polarization,
would suffer a loss.

Stations using slant polarization are:
Manchester—95.1MHz; and early in 1971
Blackburn—96.4MHz; Derby—96.5MHz;
Leicester—95.05—95.2MHz and Not-
tingham—94 .8MHz.

B.B.C. make the point that some roof-
level aerials may not be correctly oriented

‘for the local station and some adjustment

may be needed for best results.

Mullard’s golden jubilee

As part of their Golden Jubilee
celebrations Mullard Ltd. are to stage a
3-week public exhibition in the Electronics
Centre of their London headquarters,
Mullard House, Torrington Place,
London, WC 1E THD.

The exhibition will trace the history of
electronics—linked with the company’s
own history—over the past 50 years.

The exhibition opens on October 5th,
and will run until October 24th, opening
every day (except Sundays) between 10.00
and 18.00 (21.00 on Thursdays).
Admission will be free. Later, the
exhibition, probably in a modified ‘form,
will tour Mullard establishments
throughout the country.

The main window of the Electronics
Centre will coptain examples of vintage
electronic equipment contrasted with their
modern counterparts and supported by
displays of Mullard components used in
their manufacture.

Within the Centre one of the main
attractions will be a radio transmitter built
and operated by Mullard ‘hams’. Some of
the company’s earliest valves will be used

TSpencer, J. G. Tests of mixed polarization for
v.hf. sound broadcasting. B.B.C. Engineering,
July 1970, pp.4-12.
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in its construction. It is also hoped to
show part of the original 2LO transmitter
used by the B.B.C. for its first public
broadcasts.

Another main feature will be entitled
‘Mullard Through the Decades’: This will
show electronic products and their
components of each era, beginning with
the first Mullard high-power transmitting
valve. Displays in the ‘Today’ section will
feature many working exhibits including a
microwave oven. Another section will
provide a glimpse of some of the likely
future applications of electronics. The
exhibition will also include a section
where visitors can test their skill and
reflexes in various electronic games.

L.T.A. completes 405-line
network

The coming into service of a local v.h.f.
relay station at Newhaven, Sussex, on
August 3rd marked the completion of the
I.T.A. network of 405-line v.h.f. television
transmitting stations. No further additions
to this network, which operates solely in
Band III, are currently envisaged. All
LT.A. station building plans are now
concentrated on the rapid expansion of
the new 625-line network of u.h.f.
transmitters.

Since the original opening of the
first L.T.A. Band III station at Croydon,

south-east London, on September 22nd,
1955, the 405-line network has expanded
steadily and now comprises 47
transmitting stations, of which 20 are
manned, and 27 remotely controlled. The
network provides television coverage for
approximately 98.7% of the population of
the United Kingdom.

Want to use a satellite?

The National Aeronautics and Space
Administration is offering the use of six
satellites which have long since fulfilled
their original task but are still operational.

The six spacecraft are: OGO-1
(Orbiting Geophysical Observatory), ten
experiments still operational, highly
elliptical orbit 111,000 by 39,000 miles,
inclination 58; OGO-3 similar orbit to
above, 13 experiments operational;
Explorer-31 (direct measurements expl-
orer) with five operational experiments and
Explorer-33 (Interplanetary monitoring
probe) orbit 410,600 by 109,000 miles,
orbit period 32 days;. finally the orbiting
solar observatory satellites OSO-3 and
OSO-4 are also available.

Interested scientific bodies should
contact Code SG N.A.S.A. Washington
D.C. 20546.

As a matter of interest the oldest
satellite still transmitting useful informa-
tion is the Canadian Alouette-1 which was
launched on September 29th 1962.

Apollo colour TV camera

Under a $196,500 contract R.C.A. will
deliver two colour television cameras to
the National Aeronautics and Space
Administration which can be used under

the extreme lighting conditions found on
the moon. The cameras, which weigh ten
pounds each, not only operate in dim
lighting conditions but they can be pointed
directly at the sun without sustaining any
damage!

The cameras employ silicon intensifier
tubes, the imaging surface being made up
of almost 400,000 silicon diodes. The
colour system (525 lines per frame and 60
fields per second) is as used in earlier
Apollo missions with a colour filter wheel
arranged so that monochrome pictures
corresponding to the red, .blue and green
brightness levels are transmitted
sequentially for recombination at the
ground station.

A lamp, which
simulates the
brightness level of
the sun, being
pointed directly
into the lens of
the new Apollo
TV camera.
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The sketch shows a device called
EROWS (Expendable Remote Operating

Weather Station). The eight-foot
arrow-like structure implants itself in the
ground after being dropped from an
aircraft. The device is turned on remotely
and it begins to transmit information on
wind speed and direction, atmospheric
pressure, temperature, humidity, precipita-
tion and cloud cover. EROWS is being
developed by Honeywell for the U.S.
Air Force.

European component
standardization

A ‘Harmonized System for Electronic
Components’ is being introduced in
Western Europe in which a set of
common specifications and quality
assurances will remove all technical
barriers to inter-country trading. The
system is similar to, and fully compatible
with, our own BS 9000.

Agreement has already been reached
on all the major aspects of the Harmoniz-
ed System and at the invitation of the
Tripartite Committee for Standardizatign,
the Comite Europeen de Coordination
des Normes Electrotechniques (CENEL),
which comprises all E.F.T.A. and E.E.C.
countries, has accepted overall responsibil-
ity for launching the system in these
countries.

The responsibility for the quality
assurance aspects of the Harmonized
System is to be handled by an indepen-
dent committee known as the Electronic
Components Quality Assurance Commit-
tee (ECQAC). It is hoped that the system
can be introduced on a world-wide basis
later.

Radar base at Lahr

On August 18th Marconi handed over
a radar base to Brigadier General R.
E. Mooney who was acting on behalf of
the No. 1 Canadian Air Group. The
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station, at Lahr in West Germany, is
situated on a rather difficult site being
ringed with mountainous country and
suffering a high annual rainfall. The base
will provide air traffic control terminal
services for the Canadian bases at Lahr
and Soellingen. In emergency the base will
provide the German airfield at Bremgarten
with assistance. Air traffic problems in the
area are complicated by the civil airports
at Strasbourg and Basle which are not
very far away.

The radar installation, which cost
£425,000, consists of a type S654
surveillance radar together with a
temporary aerial which will be replaced by
a dual beam aerial next year, a secondary
radar system and a central operations
control room. Under the contract the
Canadian Marconi Company, acting as
sub-contractors, modified the existing
precision approach radar for remote
operation from the central control room.

Announcements

“Compendium of Degree Courses 1970, providing
information about more than 279 sandwich, full-
time and part-time courses, is available from the
Council for National Academic Awards, 3 Devon-
shire Street, London WIN 2BA.

The following courses are to be held at Hendon
College of Technology, London N.W.4, “Thyristor
applications”, six lectures commencing 15th
October; “Electronics for non-electrical engineers”,
fourteen lectures commencing 13th  October;
“Construction and operation of digital computers”,
sixteen lectures commencing 15th October. Fees
are £3, £6 and £8 respectively.

Two-day and three-day colour television training
courses are being conducted at the Thames Hotel,
Bridge Street, East Molesey, Surrey, by Electronic
& Colour Television Training Ltd, of 180 St. Johns
Road, Woking, Surrey. Fees 15gn and 20gn.

Coincident with next year’s Electronic Components
Show at Olympia (May 18-21) an Electronic
Components Conference is to be held at the Royal
Garden Hotel, Kensington, under the auspices of
the Electronic Components Board.

Truvox Ltd, which became part of the Racal group
with the acquisition of Controls & Communications
Ltd, has ceased manufacture and their range of
audio products will not be available in future. The
service department will continue to operate from
Hythe, Southampton, providing an adyisory service,
repairs and a supply of spare parts.

Philips and Brown Boveri—An agreement has
been reached between Philips’ Telecommunicatie
Industrie, of Hilversum, Holland, and Brown,
Boveri & Company Ltd, of Baden, Switzerland,
by which the two companies will co-operate in
the manufacture and development of sound broad-
cast transmitters.

REMO is the brand name of a new company,
Rectifier Modules International Ltd, of Remo
House, Rye Street, Bishops Stortford, Herts. The
range of products will begin with three basic types:
e.ht. rectifiers and modules, encapsulated rectifiers
and rectifiers to meet British Post Office
specifications.
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Mobile Radio Communication

Congestion of bands: Proposals for

improving the service

The number of private mobile radio
licences in the U.K. which at present
stands at about 85,000, is likely to double
every five years according to figures given
at a recent conference on mobile
communications arranged by the Society
of Electronic & Radio Technicians.
Sectors of the frequency spectrum
allocated to this mode of communication
are already saturated and equipment
manufacturers and users are desperately
seeking means whereby they can increase
the number of available channels.

Speaking before 130 delegates at the
conference at Brunel University, Uxbridge,
J. R. Brinkley, of S.T.C. suggested that
one way out of the dilemma would be to
extend the present uh.f. mobile band
(450-470 MHz) to 420-512 MHz. This
would entail, at the top end of the
extended band, sharing television channel
21 in Band IV. Channel 21 has been
assigned to 15 B.B.C. TV transmitters
including three high-power stations at
Rowridge (I.o.W.) Divis (N. Ireland) and
Sandy Heath. D. B. Balchin, from the
Ministry of Posts and Telecommunica-
tions, pointed out that the TV band was
fixed by international agreement. There
would be great difficulty in sharing this
band with mobile radio. Undeterred Mr.
Brinkley asserted that frequency sharing
with TV broadcasts had been success-
fully introduced in America in three
densely populated areas. The situation in
the U.S.A. is somewhat different to the
U.K. in that densely populated areas in
the U.S. are more widespread than in this
country. These areas are each served by a
large number of relatively low-power
transmitters. Therefore there would be
little likelihood of interference from a
mobile operator sharing the frequency of
a TV station located several hundreds of
miles away, but unused in his own area.
In the UK. on the other hand, an
attempt is made to saturate the whole
island with television signals, with most of
the area covered by 8 high-power
transmitters.

Users as a whole, however, cannot be
unaware that v.h.f. television Bands I and
III may be phased out of use for the
existing programmes and the two
broadcasting organizations are expected to
present a convincing case for retention of
the v.hf. bands for broadcasting before
their charters come up for renewal in
1976. Otherwise industry will have its
sights firmly fixed on this substantial
sector of the frequency spectrum. The
threat by mobile radio to amateur
frequencies was pointed out in “World of

conventional receiver.

Amateur Radio”, in the July issue.

The conference posed the question,
whose need is greater, mobile radio or
television? This is a choice which may not
necessarily have to be made because
several delegates spoke of new
technologies, or the updating of old ones,
which can provide a greater number of
effective communicating channels within
the existing frequency allocation. There is,
for example, the possibility of reducing the
w.h.f. channel spacing (currently 25kHz)
to 12.5kHz. This would virtually double
the number of .available channels but an
increase in noise would result from a
reduction in deviation ratio.

Frequency modulation is in general
used on u.hf. but systems might be
improved by changes in the modulation
characteristic. E. W. Crompton of the
Home Office (police and fire services)
described work his department was
currently carrying out on double sideband
diminished carrier amplitude modulation
(d.s.b.dc) which has the desirable
feature of concentrating most of the
transmitted energy in the sidebands and
not in the carrier as with conventional
am. and f.m. A more complex detector
than the simple diode demodulator would
be required' but the post detector circuits
could be relatively simpler than in the
Delegates were
played a tape recording of speech from the
output of a d.s.b.d.c. receiver with a 14V
signal input. Noise was virtually absent
but the intelligibility of the speech left
much to be desired. Mr. Crompton
postulated that more than one information
channel could be accommodated in a
single transmission by quadrature
modulation of a subcarrier, in the same
way that colour TV systems carry
chrominance information, and the use of
synchronous detection.

A system was described for dialling
from a vehicle into a private telephone
exchange and another for using the mobile
radio as a data link. This latter can
provide information on the location of up
to 1000 vehicles by a hyperbolic system
employing four fixed stations disposed
round the vehicle movement area. By
measuring the phase shift of a 2.7kHz
audio tone and collecting 600-2700-band
data in a small computer at the base
terminal, the system is capable of giving
the positions of up to 2000 vehicles per
minute.

! Macario, R.C.V. “How Important is Detection”
Wireless World, April 1968.
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Electronic Building Bricks

5. The electronic circuit

by James Franklin

In order to  transmit and process
information, say in a television set or a
computer, we must provide means for
moving the lectrons which we are using
to represent the information. In Part 3 we
looked at the general nature of this
movement—conduction. The medium
most widely used for electron conduction
is one in which the process can take place
most freely-——a metal—and which is also
reasonably cheap, which means copper. A
path for electron conduction is called a
circuit, and the simplest form of electronic
circuit is a continuous loop of wire as
shown at Fig. 1. Almost all “electronic
building bricks” are elaborations of this.
To cause the free electrons in a
conducting path such as Fig. 1 to move,

Fig. 1. Basic electronic circuit, a
continuous loop of wire or other
conduction path for electrons.

one must apply a force to them. Two
forces which will act on electrons are the
electric field (e.g. the region of “attraction”
surrounding a plastic comb which has
been rubbed to make it pick up pieces of
paper) and the magnetic field (e.g. the
region of “attraction” surrounding a
magnet). For.circuits we use principally
the electric field. In practice this field is
produced by the rotating generator (to
which we make connection through the
electricity mains) and the dry battery.
These, of course, are both devices for
converting some other form of
energy—mechanical in the generator,
chemical in the battery—into electrical
energy. Because the electric field they
produce is a force used for moving
electrons it is known in the context of
circuits as an electro-motive force (e.m.f.).
A strong electro-motive force' will move
more electrons in a given time than a weak
electro-motive force.

The unit by which this force is
measured is the volt® Thus in a given

*Named after Alessandro Volta, (1745-1827), Italian
physicist and inventor of the electric battery, which
was originally known as a Voltaic pile

circuit, 2 volts will move twice as many
electrons in a given time (cause twice the
current to.flow) as 1 volt. There is a very
precise scientific definition of the volt, but
most people know from experience the
relative strengths of different “voltages”
by what can be “driven” by them—4}
volts from a torch battery, 9 volts from a
transistor radio battery, 12 volts from a
car battery, 240 volts from the electricity
supply mains—and these give some
practical idea of the e.m.f. presented by
the volt. (Anything above about 50 volts
will give you a nasty jolt!)

Fig.2(a) shows how a source of e.m.f. is
inserted into the Fig.1 circuit to cause the
free electrons in the metal to move. The
insertion of the e.m.f. source breaks the
loop of wire, but the electrons flow through
the source, as indicated by the dotted
lines. We may also insert some electronic
component or device in the circuit, as
indicated. The flow-rate of electrons
(current) in the whole loop containing the
e.m.f. source and the component can be
measured by inserting a meter as shown at
(b)—and, of course, to allow the current
to continue to flow this meter must not
break the circuit Such a meter for
measuring current will be calibrated in
amperes (Part 3) or, for small currents,
milliamperes (thousandths of an ampere)

Component

Source of e.m.f.
(battery)

()

Meter for electron flow-rate
(millammeter)

Component

Source_of e.m.f.
R

(b) :

Fig.2. The Fig.1 loop with (a) a source of
electro-motive force and an electronic
component inserted; and with (b) a meter
included to measure current.
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or microamperes (millionths of an
ampere).

As will be seen from other articles in
Wireless World, circuits are normally
drawn in a simplified form by the use of
symbols. To draw the physical form of the
wires and components, as was done in the
early days of radio, would be extremely
laborious for the more complex circuits,
and in any case is unnecessary, except
sometimes as an aid to the construction of
equipment. All the essential information
about the functioning of electronic circuits
and systems—and this is what we are
really interested in—can be given in the
simplified, generalized form known as a
theoretical circuit diagram (or just “circuit
diagram™). Thus the simplified form of
Fig.2(b) is shown at Fig.3. It will be seen

Direction of
electron flow

Fig.3. Theoretical circuit diagram, using
graphical symbols, representing the actual
circuit shown in Fig.2(b). (The rectangle
symbolizes a particular type of component,
to be explained later.)

&
Fig.4. Graphical symbol for a source of
electro-motive force giving an alternating
current (a.c.).

that this takes no account of the physical
size or shape of the wire, the source of e.m.f.
or the meter. We have a generalized repre-
sentation that could mean any type of
conductor (e.g. areas of metal film), any
type of em.f. source (battery, rotating

.generator, thermo-electric device, electro-

static machine) and any shape or size of
meter. Thus with the removal of non-
essentials, our attention is concentrated
on the functional aspect. }

It wil be seen that diagram Fig.3
contains some extra information, the +
and — signs on the e.m.f. source. Without
going into the full meaning of electrical
“positive” and “negative”, it is sufficient to
say at this point that these signs on this
particular source indicate (a) the direction
in which the electrons are made to move
round the loop by the e.m.f. and (b) the
fact that this direction is always the same.
A source of em.f. producing such a
uni-directional current is called a
direct-current (d.c.) source—a practical
example is a battery— and the positive side
of this source is identified as that towards
which the electrons travel.

Another type of e.m.f. source used in
electronics causes the electrons to flow
alternately in opposite directions. This
type of flow is called alternating current
(ac.), and the theoretical circuit symbol
used to represent an a.c. source—which
might be.a power-station generator or a
laboratory testing instrument (oscilla-
tor)—is shown in Fig.4.
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Personalities

Professor A. L. Cullen, O.B.E.
Ph.D., D.Sc. (Eng), Pender
professor of electrical engineering,
University College, London, is to
receive from the Paul Instrument
Fund Committee the sum of

£10,717 over three years for the

construction of a wideband
microwave impedance bridge of
high accuracy, using a new and
very precise absolute impedance
standard. Professor Cullen, who
graduated at Imperial College,
London, in 1940 and was for six
years at R.A.E. Farnborough,
occupied the chair of electrical
engineering at Sheffield University
fronr 1955 until his appointment to
University College in 1966.

George Millington, M.A., B.Sc,,
F.LE.E., who recently retired from
the Marconi Company, has been
appointed consultant to the
Directorate "of Radio Technology
of the Ministry of Posts and
Telecommunications. Mr. Milling-
ton is well known for his studies of
radio-wave-propagation  phe-
nomena and was at one time
international vice-chairman of the
C.C.IR. study group investigating
the problems of ground-wave
propagation. A graduate of Clare
College, Cambridge, he joined
Marconi’s in 1931 and headed the
company’s propagation section for
many years. '

W. F. Hawes has been appointed
general manager for marketing by
Pye Telecommunications Ltd. Mr.
Hawes, who is 49, was formerly
overseas marketing manager and
succeeds J. C. Turnbull who has
become managing director of the
recently formed Pye Business
Communications Ltd.

Alec Kravis, O.B.E., who is 51,
has been appointed sales manager
of the Radio Communications Divi-
sion of Marconi Communication
Systems Ltd. He has been with the
Marconi Company since 1950 and
was at one time project co-ordinator
in Research Division for advanced
communication and radar projects.
In 1964 he was appointed project
co-ordinator for space communica-
tion studies, and when Marconi

won the contract for the first
British military satellite communi-
cation stations Mr. Kravis was
made project manager. After the
completion of this project he
became manager of administration
and techmical services in the
Research Division, and since 1967
has been in the Computer
Division, as deputy manager.

Donald W. Morrison, B.A., who
joined the Sprague organization
earlier this year as special assistant
to G. V. Tremblay the’president of
Sprague World Trade Corp., has
been appointed managing director
of Sprague Electric (U.K.) Ltd, of
Yiewsley, Middx. From 1960 to
1967 Mr. Morrison was director of
marketing and general manager for
the Far East of A.M.F.
International after which he spent
two years as regional manager for
Europe with the . American Air
Filter Co.

Alan Hall has joined Marconi
Communication Systems Ltd as
sales manager of the Specialized
Components Division at Billericay,
Essex. After studying at Sheffield
University Mr. Hall, who is 45,
served in the Royal Signals from
1945 to 1948. He worked as a
sales engineer with Solartron
Electronic Group and with
Muirhead, then as assistant to the
technical manager in the Electronic
Component Division of Johnson
Matthey at Burslem, and latterly
as sales manager for Oxley

Alan Hall

Developments Co. Ltd, of
Ulverston, Lancs, Mr. Hall is an
amateur radio trasmitter using
the call G3UWA.

The appointment of John 8.
Walker as managing director is
announced by Cosmocord Ltd, of
Waltham Cross, Herts, manufact-
urers of Acos electro-acoustic
products. Mr. Walker has been
associated with the electronics
industry for nearly 20. years. He
was until recently with De La Rue
Instruments, before which he spent
10 years with Texas Instruments
Ltd, where he was in turn
responsible for the application
laboratories and for research and
development.

Ernest M. Hickin recently joined
Microwave Associates Ltd where
he is now responsible for
co-ordinating all the technical
activities of the Luton-based
subsidiary of Microwave Assoc-
iates Inc., of Burlington, Mass.
Mr. Hickin was previously for six
years with GEC-AEI Telecom-
munications Ltd at Coventry as
chief radio engineer, Transmission
Division, having earlier been
responsible for transmission
research at the GEC Hirst
Research Centre, Wembley. He is
vice-chairman of the I.LE.E. South
Midland Electronics & Control
Section.

J. D. Rhodes, B.Sc., Ph.D., an
authority on microwave selective
linear-phase filters, has been
appointed design consultant to the
Valve & Microwave Group of
Ferranti Ltd at Dundee, Scotland.
Dr. Rhodes, who is 26, is a
lecturer in the Department of
Electrical & Electronic Engineer-
ing at Leeds University, where he
graduated and obtained his
doctorate. He then spent one year
as a post-doctorial fellow before
going to work for Microwave
Development Laboratories Inc.,
Natick, Mass., U.S.A. There he
was engdged upon general research
and development into microwave
techniques with the emphasis on
linear-phase and elliptic function
filters. During 1969, Dr. Rhodes
returned to Leeds to take up his
present post at the University.

J. E. Diggins, M.B.E., who joined
Racal in 1963 as an electronics
engineer at Bracknell, is appointed
deputy managing director of
Racal-BCC Ltd, the largest
company in the Racal group. In

1966 he headed a team of
engineers whose task was to
develop a hew h.f. mobile

radio-telephone. The project was
so successful that a separate
company was formed, named
Racal-Mobilcal Ltd, and produc-
tion transferred to a new factory in
Reading. E. T. Harrison is
managing director of Racal-BCC
Ltd, in addition to being chairman
and managing director of the
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Group. Following Mr Diggins
appointment G. J. Lomer has
become general manager in
addition to being technical director
of Racal-Mobilcal Ltd. D. C.
Elsbury, formerly chief inspector
and quality assurance manager of
Racal-BCC, Bracknell, becomes
production director of Racal-
Mobilcal and E. Phillips, formerly
production manager of Racal-
Mobilcal becomes chief inspector
and quality assurance manager of
Racal-BCC Ltd.

The appointment of J. O. M.
Jenkins, M.Sc., as applications
engineer for digital integrated
circuits is announced by Siliconix
Ltd, of Swansea. After graduating
in electrical engineering at the
University of Swansea, Mr.
Jenkins, who is 30, went to the
Steel Company of Wales in 1961.
In 1966 he relinquished his
appointment to study for his
Master’s degree at Cranfield
Institute of Technology following
which he joined Mullard,
Southampton, to work on the
development of integrated circuits.

James A. Scott, appointed sales
manager of K..W. Electronics
Ltd., Dartford, Kent, was
previously assistant to the sales
manager of the radio navigational
aids division of Standard
Telephones & Cables Ltd. After
studying at Oxford Technical
College Mr. Scoft, who is 41,
joined the Scientific Civil Service
at the Atomic Energy Research
Establishment at Harwell. Follow-
ing transfer to the Overseas Civil
Service he held executive positions
in the security services radio
branch and in the civil aviation
department in Kenya, until the
independence of that country. He
held an amateur radio call sign in
Kenya, and now operates in this
country with the call G3CMIL.

J. R. Tillman, D.Sc., Ph.D,,
M.IEE, deputy director of
research at the Post Office

Telecommunications Headquarters,
London, has been appointed a
visiting professor in the Depart-
ment of Electrical and Electronic
Engineering of the City University,
London. Dr. Tillman joined the
Post Office Research Station in
1936 and was appointed deputy
director of research there in 1965.

B. A. Paine, B.Sc., is appointed
managing director of Booker
Bowmar Ltd and its subsidiaries
Reliance Controls Ltd and
Bowmar Instruments Ltd A
graduate of California State
Polytechnic College, Mr. Paine,
who is 37, was, until his new
appointment, operations manager
with Spectral Electronics Corp., of
Southern California. He succeeds
L. M. Butler who has gone to
California to become president and
general manager of another
Bowmar company.
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Television Wobbulator

3. Construction and operation

by W. T. Cocking, F.1E.E.

The whole equipment has been built into a
standard case (Olson Type 75B) with the
power supply assembled on the back
panel (43in X [1in). This was mounted
at one end on a hinge so that it could be
opened out, but this proved to be quite
unnecessary and would not be done in a
seccond model. It is mentioned merely
because the hinge may be evident in some
photographs.

All other parts are mounted directly or
indirectly on the front panel, which is of
the same size as the back panel.
Connection between the two is made by
an 8-way cable terminated by an 8-way
connector. Another identical connector is
screwed beneath the box which contains
the marker oscillator and the two joined
together by short lengths of No. 16 wire.
The cable is long enough to enable the front
unit to be withdrawn from the case and
turned over, and it can then be
disconnected by slacking off eight screws.

In this way good screwed connections
are obtained and, by using two connectors,
there is no possibility of making wrong
connections on rejoining them as thére
would be if wires were disconnected
independently. _

Components are not critical and an indi-
cation is given of a supplier of certain parts
which have been used in the model
described. Only one component is really
important—the Motorola IN5145—and
this was obtained from Celdis Ltd. (37/39
Loverock Rd., Reading, Berks, RG3
1ED). The photographs show most of the
constructional details. The marker os-
cillator is built on a piece of plain
Veroboard with a 0.l14n matrix of
holes and measuring 24in by 27in. The
variable capacitor used (Home Radio type
VC20, Jackson U101/SS, 25pF) is a split
stator type of 25pF each half; only one
half is used. It is screwed to the
Veroboard, on which the other parts are
mounted in the usual way. A long 6BA
screw for mounting to the box is fixed in
each corner of the board and nuts are run
on, not only to fix the screws to the board
but so that the spacing of the underside of
the board from the case can be adjusted.

The screening case for it is a metal box
measuring 3in X 3in X 2in (Home Radio
Z127). This must have four holes drilled in
its bottom to take the four screws from the
Veroboard. A 3-in hole must be drilled in
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General view of ithe wobbulator showing all the external controls

one side as a clearance hole for the
capacitor shaft extension and in the same
side four 6BA holes for the screws by
which the box is attached to the front
panel. It is mounted with spacers so that
the box lies lin behind the panel. It is
desirable to tap the holes in the side, since
this saves getting nuts on to the screws in
rather awkward positions. An extension
shaft of insulating material is used for the
capacitor with the usual metal coupler
inside the screening can.

A nother hole in the bottom is fitted with
a grommet to take two power-supply leads
and the twisted pair for the r.f. output.
One connector is screwed to that side of
the can which is at the bottom when it is
mounted on the front panel.

The main assembly is on a piece of
plain Veroboard, again with a 0.l-in

‘matrix of holes and measuring 33in X

6Zin. It is held to the panel by brackets.
The layout is not
connections within a tuned circuit should
be kept short.

Printed circuits do not lend themselves
at all well to development work and
instead we used plain Veroboard with
Cir-Kit for “wiring”, for it permits easy
alteration. It proved very successful, and
we retained it in the final model. Cir-Kit
comprises copper strip and is available in
widths of Lin and {in. It is coated on one

critical but all

side with an adhesive and a paper backing
to prevent it from sticking together. A
piece of the required length is cut off the
roll, the backing paper is peeled off and it
is placed on the board in the required
position and pressed firmly down. The 4in
was used only for the earth, 17V and 70V
lines, the in being used for everything
else.

It works very successfully as long as
there is no push or pull on it which tends to
separate it from the board. A component on
the top of the board, therefore, should not
be spaced from the board but should rest
on it and its leads should be bent over
flush with the board on the under side, so
that the component and its leads tend to
clamp the Cir-Kit strips to the board. It is
wise to let a lead cross the copper strip
and project a little on the other side. If it
should be necessary to remove a
component a knife blade can then be
slipped under the projecting wire while the
soldering iron is applied and the lead bent
up without disturbing the copper strip.

The adhesive softens with heat and this
can cause trouble when unsoldering a lead
from a very small piece. It is then
sometimes easiest to pull out the copper
strip while it is hot and replace it with a
new piece.

Connecting leads and any components
on the under side of the boards should be
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attached only at places where the leads
from parts on the top of the board are
providing a firm anchorage for the strip to
the board. In other places, a connecting
lead should be anchored to the board by
enlarging two holes, passing the lead
through one from bottom to top and then
through the other from top to bottom.

It is worth while to check all components
before mounting them, including
semiconductors. Using the Model 8
Avometer on the ohms range most diodes
and base-emitter junctions show from
about 400 Q to 2k Q in the forward
direction and appear to be open-circuit in
the reverse direction. Other ohmmeters
may give very different resistance values,
but as long as the resistance in the forward
direction measures much less than in the
reverse direction there is a presumption
that all is well. This applies to zener diodes
as well as ordinary types, and also to the.
varactor diode.

Setting-up

Until further notice the vision-sound switch
is to be in the vision position. No i.f.

Lower part of -wobbulator.

amplifier need be connected. Connect a

voltmeter across R,; Turn R,, for zero-

a.c. drive to Tr; Check that as R, is
rotated the voltage across R,; can be
varied from almost zero to 70V. Set Ry
for about 20V.

Disconnect the voltmeter and connect
the c.r.o. between earth and the junction of
Ry, R, and D,. Turn up R,, to apply a.c.
drive to Tr;. Use the linear timebase of the
oscilloscope and synchronize it to _the
waveform (50Hz). The waveform should
at first appear sinusoidal but, as the
amplitude increases, it should more and
more tend to very rounded positive half
cycles with peaky negative half cycles. If
the amplitude is too great or the bias on
Tr 3 is wrong, or both, there will be flats on
the bottoms of the negative half cycles.
This occurs when D; conducts it and it
shows that the safety circuit is functioning.
Adjust R,, and R,, for the maximum
possible amplitude of the waveform
without overloading. This will be about
50V p-p.

It is important to realize that the
oscilloscope is connected to a high
impedance, point (about 0.4 MQ ) with the
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result that unless the oscilloscope is of
much higher impedance the voltage
measured by it will be a good deal less
than the true voltage. If R is the input
resistance of the oscilloscope, the voltage
indicated by it should be multiplied by
140.4/R. We used an oscilloscope of IM{2
input resistance and measured on it
a maximum of 38V p-p, making the true
voltage S3V approximately.

Connect the c.r.o. to the “Output to
cro. Y-amp” socket and set ‘its Y
sensitivity to about 1V, or a little less, for
full vertical deflection. Connect its X-input
to “Output to c.ro. X-amp” socket.
Connect the signal generator to “Input
from s.g.”. The signal generator should
have an open-circuit output impedance of
75 Q) and an open-circuit output of at least
200 mV. Set it at full output at 36.5SMHz.
Turn R to maximum. Set the internal
marker oscillator control so that the
variable capacitor vanes are fully
unmeshed. Set the core of L, so that its
top is a little below the top of the former.

There may now be visible on the trace
anything from none to three markers. If
there are three the largest will usually be
from the internal marker oscillator and the
next from the signal generator. This may
be checked by adjusting their controls
independently; the markers will then move
along the trace independently. The third
marker is much smaller in amplitude and
is always about half-way between the
other two. Also it moves when either of
the other markers is moved and in the
same direction, but at half the rate. It
arises because a frequency equal to the
sum of the two marker frequencies is
generated in the D, circuit and it beats
with the second harmonic of the wobbly
oscillator. Its frequency is precisely half
way between the two marker frequencies
and it is useful in adjusting for linearity,
for this third marker should be precisely
haif way between the other two markers
on the trace.

For the moment we are concerned only
with the marker at 36.5MHz provided by
the signal generator. If it is not visibie
adjust R,, to bring it on to the trace, and
in any case adjust this control to bring this
marker as nearly to the centre of the race
as possible.

Unless the phase adjustment is by
chance set correctly, each marker will be
double. Adjust ‘‘Phase” to make the
markers on the forward and return sweeps
coincide.

Check that increasing the marker
frequency makes the marker move along
the trace to the right. If it moves to the
left, reverse the leads to one of the 7-V
transformer secondaries.

Adjust the signal generator towards
30.5MHz while watching the trace. The
marker may disappear from the left-hand
end of the trace before this frequency is
reached or it may not have reached the
end at this frequency. In either case adjust
R, to bring the 30.5-MHz marker
precisely to the end of the trace. This is
when the end of the trace comes to the
middle of the marker, so that only half of
the marker is visible.



Wireless World, October 1970

Now turn the s.g. towards 42.5MHz.
There are now several possibilities. The
marker may disappear beyond the
right-hand end of the trace at some
frequency above 42.5MHz. If it does this
readjust R,; and R,, so that when the s.g.
is set in turn to 30.5SMHz and 42.5MHz
the marker is precisely on the ‘left and
right hand ends of the trace respectively.

If the marker stops before 42.5MHz is
reached, it may still be possible to make it
reach the end while still keeping 30.5MHz
at the other end, just by adjustment of R,,
and R,;. More likely, however, the third
‘possibility will arise. This is that the
marker . will stop before 42.5MHz is
reached but, while its left-hand half will be
undistorted, its right-hand half will be
drawn out into an oscillation for the rest
of the trace. If this happens unscrew the
core of L, a little and repeat the process.

Having obtained a sweep covering
30.5MHz to 42.5MHz, calibrate the
internal marker oscillator against the
signal generator. It is sufficient to do this
in 1-MHz steps. It is convenient to use the
blank half of the dial with the slot of an
adjacent screwhead as an indicator, and
place a pencil mark on the dial for each
calibration point.

Set the s.g. to the required frequency
and turn the dial of the marker oscillator to
superimpose its marker on that provided
by the s.g. When the two are nearly equal
in frequency a low-frequency oscillation
will appear right across the trace and it
will disappear at a very critical setting
when the-two are precisely equal. Mark
this point on the dial, move the s.g. by
IMHz and repeat, and so on until the
calibration has been completed.

The calibration is easily checked in this
way at any time, and if the marker is
needed at any frequency in between
calibration points it can be set there by
reference to the s.g. When the marker is
calibrated, the setting up procedure is very
much easier because a marker can be set
at each end of the range, and it is
unnecessary to be continually turning the
signal generator from one end of the range
to the other, possibly by a tedious
slow-motion control.

Set the internal marker oscillator so
that its marker is off the trace. Set the s.g.
to 36.5MHz and adjust the core of L, for
maximum amplitude of the marker.
Check that the amplitude is about the
same at 30.5MHz and 42.5MHz and is
about 70% of that at 36.5MHz. Readjust
the core if the amplitudes at the two
ends are not almost the same. The
adjustment is not critical. ;
~ The next step is to check the linearity.
This is done with the aid of the third
marker. Set the s.g. and the internal
marker to 30.5MHz and 40.5MHz and
see that they lie precisely on the two ends
of the trace; slight readjustment of R,; and
R,, may be needed because of temperature
drift. Measure the distance of the small
centre marker to each of the two end
markers. The two distances should be the
same. If they are not adjust the core of L,
very slightly and readjust R,, and R ,,, and
measure the distances again. If the
distances are more nearly equal continue
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General view of the power supply unit.

adjusting the core in the same direction,
each time readjusting R,, and R,, until
they become equal. Of course, if the first
adjustment to the core makes matters
WwOrse, it needs adjusting the other way.

As an example, it was found in one
instance that the distance of the centre
marker to the left was 35 arbitrary units,
whereas the distance to the right was 32
units. About one turn only of the core was
needed to bring the distances to ‘equality.

The wobbulator is now set up on vision
arid can be used with an if. amplifier to
depict its response curve. Proper
alignment of the vision amplifier with its
trap circuits must be achieved before any
attempt is made to align the inter-carrier
sound channel.

There are certain traps for the unwary
in doing this. The first is a short-circuit on
the mains supply! Never for one moment
forget that the normal television receiver is
live to the mains. To avoid the risk of
shock, damage to equipment and even to
obtain proper operation of equipment,
there is really no alternative but to use a
double-wound 1:1 ratio mains transformer
to feed the television set. It is certainly the
only safe thing to do. Otherwise the if.
strip must be removed from the set and
operated from a separate power unit
containing a transformer.

Most television sets are designed to
operate with the video detector giving an
output of 2V to 4V. Care should be taken
to see that the peak-to-peak output with
the wobbulator is of this order. However,
the input from the wobbulator must never
be so great that overloading occurs.

It is essential that the connection of the
video output to the wobbulator should not
cause feedback in the if. amplifier. A
well-screened lead is necessary and it is
sometimes better to tdke the output from a
video stage than from the detector itself.
In the case of the Wireless World Colour
Television Receiver it was found to be
best, and certainly most convenient, to use
the sync separator feed. This is a long
screened cable which plugs into the sync
separator board, and so it can just be
unplugged and plugged into the
wobbulator.

The rf. output from the wobbulator
must be by coaxial cable and its length

Here the markers are at 34MHz and
40MH: and half way between them there
is a very small marker at 37MH:.

This arises from the sum of the main
markers (74 MHz) beating with the
second harmonic of the wobbly oscillator.

Taking the output from the luminance
delay line of the W.W. Colour
Television Receiver results in an inverted
trace.

The normal input coupling time constant
of the oscilloscope is 0.25 sec. These
photographs show the result of reducing
it, at (a) to 0.04 sec and at (b) to
0.001sec. Notice the double trace in the
vertical direction in (a) and the gross
distortion in (b).
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should be as short as possible. It is not
practicable to match the cable perfectly at
each end. At mid-band only about 4ft. of
cable is needed for a quarter-wave section.
It is well, therefore, to arrange the
apparatus so that the cable is no more
than 2ft. long if possible. It is not often
practicable to feed into the tuner of the
television set, so that the first i.f. circuit,
which is normally in the tuner, can be in
circuit. It is useful, therefore, to have a
dummy tuner built to the circuit of Fig. 1
to connect the wobbulator to the i.f. strip
The cable from the dummy tuner to the if.
strip must, of course, be the same length
as that from the real tuner to the i.f. strip
in the receiver.

Very often additional attenuation to
that provided in the wobbulator will be
needed. This is conveniently obtained from
Belling Lee coaxial attenuators, which are
available with attenuations of 3, 6, 12, 18
dB; they plug into each other and to the
normal cable plugs and sockets. It is
particularly convenient to have three 6-dB
(L729/6) types available. Whenever
possible one should be between the
wobbulator cable and the dummy tuner.
This is the point at which the cable has its
greatest mismatch, because of the tuned
circuit in the dummy tuner, and this
mismatch. is greatly reduced by
introducing an attenuator at this point.
Even when there is sufficient range on the
internal attenuator, it may pay to include a
6-dB attenuator at the cable end, and use
a step or two less internal attenuation.

For the sound channel the overall.

picture including the discriminator is
obtained by feeding the a.f. output of the
sound detector to the “Input from if.
amplifier” socket. For the alignment of the
early circuits, however, it is advisable to
make up an a.m. detector to the circuit
shown in- Fig. 2 and to take the output

The voltage waveform at the collector of
the BF177 wave shaper is shown in these
Dphotographs. At (a) the waveform is
shown with a sinusoidal timebase and the
double trace is due to phase shift caused
by the connection of the oscilloscope.
Adjusting the phase control removes this
(b). The waveform with the more
JSamiliar linear timebase is shown at (c).
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Coil data

Details of windings: L, 10t: L, 10t; L, 1t; L, 14t; L 1t; L, 2t: L, '10: and L 2t.

Formers are Neosid 722/1 with terminal bases 5027 and Neosid long screw cores
4 x 0.5 x 12.7. The former diameter is £ in. with an available winding length of 3 in.
Except L,, all coils are wound with No. 24 enamelled wire ; L, is wound with No. 32.

In every case the start of the main winding is nextto the base of the formerandis the
‘hot’ end of the coil. All coupling coils, except L,, are adjacent to the main winding at
the earthy end. L, and L, are bifilar. Wind L, first, close-wound with the start soldered
to its pin. Leave the other end free. Solder the wire for L, to its start pin and wind it in
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‘between the turns of L,. The turns of the latter will spread out to accommodate the
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wire and it will unwind very slightly. Terminate L, on its earthy pin and then L, on its
earthy pin. Note that the “hot” and earthy pins of the two coils are not adjacent. It is
important that the same ends of the two coils should be earthy. Reversed connections
to one coil will prevent the proper frequency coverage from being obtained.

The pin spacing of the bases does not fit the hole spacing of Veroboard. Itis advisable,
therefore, to make a metal-template so that the Veroboard can be drilled in spite of
the existing holes. The base is fixed to the board by putting small washers or loops of

wire around four of the pins and soldering.
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Fig. 1. Circuit of dummy tuner. The coil
L can be 15 turns of No. 30 wire wound
on a former like those used for the
wobbulator coils.

from this. It is connected to the collector
of the last sound if. transistor, for
instance.

To operate the wobbulator on sound,
set the vision-sound switch to sound. Set
the s.g. to 39.5MHz, and then set the
marker oscillator to zero beat with it. This
can be done even if there is no visible
marker on the trace, because near the
proper setting the low-frequency beat
between them extends over the whole
trace. It is necessary to do this because the
calibration of the marker oscillator does
not hold when it is switched to sound. It
produces 39.5SMHz when it is set roughly
to the 40.5-MHz calibration point. If one
wishes one can put on a special-39.5-MHz
point for sound, but it is so easy to set the
marker against the s.g. that it seems
unnecessary. The change occurs because
there is a change of loading on the marker
oscillator between the two positions of S,.

Turn the “Mid-band frequency control”
R, fully clockwise (if it is wired so that on
vision a clockwise rotation shifts a
response curve to the right) and then
gradually back until the sound response
curve appears. This is the correct one. If it
is turned further another of less amplitude
will appear, and if .one goes on turning
others will come into view, and there may
even be several overlapping ones. The first
and, usually, largest is the proper 6-MHz
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Fig. 2. Circuit for connection between
earth and the last sound i.f. collector
to view the overall response apart from
the discriminator.

inter-carrier beat between 39.5MHz and
33.5MHz in the vision if. detector. The
second occurs between 39.5MHz and
36.5MHz, when the separation is 3MHz,
and it is the second harmonic of this
produced in the detector which passes
through the sound i.f. amplifier. The others
occur for separations of 2MHz, 1.5MHz,
1.2MHz, IMHz and so on, with the third,
fourth, fifth and sixth harmonics.
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