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SCIENTIFIC ‘firsts * are frequently surrounded by doubt
and rival claims since, when any problem claims atten-
tion there will often be many people in divers countries
working upon it and it is very probable that more than one
of them will arrive at the same conclusion at about the same
time, although, mayhap, by different routes. While this is
true, to some extent, concerning the discovery of the elec-
‘tron, it is reasonably certain that Joseph John Thomson
was the first to give conclusive proof of its existence, a
knowledge, the possession of which has brought about such
significant changes in our way of life and in the whole of
scientific progress in the last sixty years. The discovery of

the electron is brought to mind at this particular time since -

it was on 18 December 1856, exactly orie hundred years
ago, that J. J. Thomson was born in Cheetham, Manchester.

Thomson was without doubt, one of the great men of his
time for, in addition to the vast amount of research and
discovery he carried out personally, he was also a fore-
most teacher and leader of men. As an indication of this
it may be recalled that, in addition to winning the Nobel
Prize himself, no less than eight of his pupils received this
award, while twenty-seven were elected Fellows of the
Royal Society and some seventy-nine professorships were
held by them. Thomson himself received the honours usual
to a man of his achievements. He was awarded the Nobel
Prize for physics in 1906 for ‘the great merits of “his
theoretical and experimental researches on the discharge of
electricity through gases’ This work included, of course,
his expositions on the electron or ‘corpuscle ’ as he called
it. He was knighted in 1908 and was President of the
Royal Society from 1915 to 1920. In 1918, after being
Cavendish Professor of Experimental Physics at Cambridge
for thirty-fout years, he became Master of Trinity College.

Thomson’s own contribution to science was large. In
all, he published some 230 papers and eleven books, and
some of these were epochs. The positive discovery of the
electron can be dated from his 1897 lecture to the Royal
Institution while his Dover Address of 1899 can be
regarded as the manifesto for the twentieth century research
in experimental atomic physics. He also forecast ther-
mionic emission from heated metals and, in 1912, accom-
plished the first separation of isotopes, the existence of
which had been deduced by Soddy a year previously. s

Despite these great personal achievements it was,
perhaps, as the leader and source of inspiration of the
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Cavendish Laboratory that he did his greatest work for,
as J. A, Crowther has remarked, during his direction of
the Cavendish Laboratory research changed from a ° per-
sonal idiosyncrasy’ to the ‘normal completion of a
university training’. Thomson was appointed Cavendish

‘professor in December 1884, at the age of twenty-eight,

in succession to Lord Rayleigh who had accepted the
professorship for five years following the premature death
of Clerk Maxwell in 1879. Clerk Maxwell rarely had more
than two or three students at his lectures and only a
handful of experimental researchers, yet by 1890 there
were twenty research students in the Laboratory. These,
Thomson visited every morning to discuss their problems
and suggest solutions to their difficulties; a practice which
he maintained throughout his time at the Laboratory.
Thomson held the Cavendish chair for thirty-four years
until he was succeeded by one of his foremost students,
Lord Rutherford, in 1919. During this time the output of
the Laboratory was enormous; in the years 1896 to 1900

alone one hundred and four original research papers being

published. It is perhaps indicative of Thomson’s methods
that during the whole term of his directorate the annual
expenditure on special research equipment never exceeded
£550, although in some years there were forty research
workers in the Laboratory. The many fine investigations
and discoveries made during this period were carried out
with some of the simplest of equipment and, although
admittedly science is becoming increasingly complicated,
this point may well be borne in mind by the research
worker of today. It was also a dictum of Thomson that
students should,” within reason, attempt to arrive at their
own methods of solving problems and not be biased by
the approach of previous workers.

Sir J. J. Thomson died on 30 August 1940 and his ashes’
were interred near those of Newton, Kelvin and Rutherford
in Westminster Abbey.

As a footnote to this short account of the scientist whose
birth centenary is now being celebrated it is of interest to
recall that although Thomson came from a home of modest
means, he left a fortune of £82 000 which he had accumu-
lated by the judicious investment of his savings for, apart
from his Nobel Prize, he had never' received any large
sums of money during his lifetime. He was, indeed, in
many ways a fine example for the young man of today.
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The Production and Testing of Potted Circuits

By T. C. B. Talbot*

The development of a technique for the production of small batches of a hundred or less potted

circuits is outlined, and is illustrated by describing its application to the production of a typical

unit. Some limitations of the technique are pointed out and improvements for large quantity produc-
tion are suggested.

Finally, the. development and application of special test gear for use with potted circuits are
described.

WHILE several articles have appeared in technical
journals describing the properties of casting resins
and the general techniques to be used in potting circuits®?,
little has been published concerning the specific techniques
used in production.

It is the aim of this article to trace in detail the develop-
ment of a technique used in a small production run and by
way of illustration to describe its application to the produc-
tion of a typical electronic unit. It must be borne in mind
that the technique described has been developed specifically
for small batch production, where the cost of expensive jigs
and tools is not warranted; as a result, production costs
are high compared with conventional assembly methods
but these would be considerably reduced by application of
the further development and more advanced tooling which
would be necessary for large scale quantity production. In
the work to be described, only the injection moulding tools
for the production cf the polythene moulds in which the
circuits are potted are highly developed. All remaining
tools are comparatively simple and cheap.

The assumed requirements for the electronic equipment
were reliability, small size, and the ability to withstand the
vibration and acceleration forces experienced in modern
aircraft, and tp operate between wide temperature limits
and in humid atmospheric conditions. It has been shown
that potted circuits fulfil all these requirements but at the
expense of weight and the lack of economy inherent in
the ¢ throw away’ nature of the potted circuit’.

Initial experiments with several commercially available
casting resins led to the adoption of Bakelite Polyester
Resin SR17449. It was found that an inert filler was neces-
sary to prevent cracking of the potted blocks at low tem-
perature and the following mix gives satisfactory results: —

Bakelite Resin SR17449 100 parts by weight
Catalyst Q17447 1-66 parts by weight
Accelerator Q17448 2:25 parts by weight
Filler (200-mesh mica flour) 25 parts by weight

Using this mix, the setting time is about five hours at an
ambient temperature of 17°C and the exothermal tempera-
ture rise in a small block (about 4in®) during the polymeri-
zation reaction is of the order of 25°C.

In a complete equipment to which the technique was
applied, the majority of circuits are potted. A power unit
does not lend itself readily to potting owing to the bulk
of its components, and this unit is built in a conventional
form, using sealed components. The remainder of the
equipment is split into sub-units, which, in turn, are split
into potted sub-assemblies.

Sub-miniature ‘wire-in’ valves are used wherever possible,
but these are not cast in with their associated components
for three reasons; firstly because the valve is probably the
least reliable component in a circuit, secondly, because
its cost is high compared with its associated components,
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and finally, because it is normally the most significant
source of heat. Transformers, with the exception of those
sufficiently small in size, are also excluded from 'cast
blocks on account of their bulk and comparative cost. It
is also necessary to omit trimmer capacitors, potentiometers,
relays and a small number of critical components which
may be subject to replacement.

Fig. 1. Circuit of feedback pair

It is proposed to use for illustration of the technique the.
production of a feedback pair, the circuit of which is shown
in Fig. 1.

Assembly of the Block Prior to Casting

Components are mounted between two synthetic resin
bonded paper (s.r.b.p.) boards, suitably punched to accept
the component wires. Sheets of s.r.b.p. are punched with a
mairix of holes, symmetrical in both dimensions, spacing
of hole centres being 3/16in. This entails that component
wires are centred on standard dimensions in all types of
block, allowing the use of certain common tools. Suitably
shaped boards are then stamped from the punched stock,
a pair of these being used for each block. In one of the
pair (the terminal board) tinned eyelets are inserted in all
holes which are to receive components or spacing wires,
other holes being left blank. In the remaining board, eye-
lets are inserted only in those holes which accept spacing
wires. The spacing wires maintain the distance between
the boards after assembly and before casting. Four 18
s.w.g. tinned copper wires are normally used, but the
number may vary with the size of the block.

The components and spacing wires are now assembled
between the boards by hand, and the whole assembly ‘is
dropped into a spacing jig, consisting of an aluminium
channel section in which are milled two slots to accept the
boards, which are thus held at the correct distance until
the spacing wires are soldered in.

Components are adjusted by hand to lie centrally between
the boards and all wires are then soldered to their respec-
tive eyelets. The assembly may now be removed from the
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spacing jig and is sufficiently robust to withstand normal
handling without damage or distortion, although com-
ponents are retained only at one end.

Inter-connexions between ccmponents are now made by
soldering 30 s.w.g. tinned copper wire between the appro-
priate component wires as close to the outer surfaces of
the boards as possible. This wiring requires careful dress-
ing after insertion to ensure freedom from short-circuits.
The spacing wires are normally used to provide connexions
through the block where required.

The next operation is the removal of the excess of com-
ponent wires. On the terminal face, this is done by insert-
ing the block into a pin-cropping guillotine (Fig. 2). The
plate of the guillotine is drilled with the same matrix as
the punched s.r.b.p. sheet, and the holes are tapered down

Fig. 2. Pin-cropping guillotine

from the entry face to facilitate insertion of the block. The
knife of the guillotine operates against the rear face of
the plate, and cuts the terminal wires to a standard length
of 7/16in. Owing to the standard pattern of holes on the
guillotine plate, this tool is common to all blocks.

On the remote face of the assembly, all wires, with the
exception of two cf the spacing wires, are manually cut
as close to the board as possible. The two remaining spac-
ing wires are cut to a length of 3/16in from the face of
the board and are later used to locate the assembly in the
mould when casting.

Finally, the assembly is inserted intp a pin-straightening
jig which sets the terminal wires normal to the terminal
face. The pin-straightening jig is again drilled to the
standard matrix, but in this case the holes only just clear
18 s.w.g. wire and the entry taper is short, whereas on the
guillotine the holes are slightly larger and the entry taper
is longer.

Mould Production and Casting

The choice of material for the construction of moulds
is subject to several requirements. The moulds must be
produced rapidly and cheaply and they must be robust and
free from damage during handling. For one or other of
these reasons metal moulds are not particularly suitable
and it was decided to use injection mouldings in polythene
for the purpose. These fulfil the above requirements and,
in addition, as polythene is incompatible with polyester
resins, a mould release agent is not required.

A common moulding shell is used to give a common
outer profile for mcst moulds. Extension pieces can be
fitted to the shell to produce larger moulds. A variety of
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shell inserts are provided to give the individual internal
contours of the. mould. It should be pointed out that
different types of cast block have individual shapes. Most
are tapered to suit the draft of a sand-cast metal container,
but some types are of rectangular shape and are housed in
sheet metal containers in the main equipment.

Both the shell and the inserts of the moulding tool are
machined from brass. Part numbers of the respective blocks
are engraved on the face of the appropriate insert normal
to the direction of withdrawal.. These part numbers are
transferred in relief to the polythene mould and thence to
the cast block.

Once the initial tooling is complete, moulds may be
produced in quantity with great rapidity. They are extremely
shock proof and durable, and will withstand rough handling:
through a long life. The moulding shell and insert and a
completed mould for a feedback pair are shown in Fig. 3.

In the bottom cf the well of the mould are two recesses
which accept the two 3/16in locating wires on the bottom
face of the assembly to be cast. The assembly is located
at the top by a 16 s.w.g. aluminium top plate, which picks
up two of the terminal wires on the assembly and which

Fig. 3. Moulding shell, insert, and completed mould for feedback pair

carries two dowels which engage in holes on the top face
of the mould. This accurately locates the assembly in the
mould. A portion of the aluminium top plate directly above
the assembly is cut away to provide an aperture through
which to pour the liquid resin. The plate is coated with
carnauba wax to prevent adhesion of the resin and is held
in place by two battery clips.

During an early attempt to cast a block of components,
it was found that the phenolic based varnish, which is
normally used to seal the cut edges of s.r.b.p. board against
the ingress of moisture, inhibited the polymerization of the
resin, and blecks using boards treated in this way failed
to set. Raw edges of board are not now sealed. Tests on
samples of unsealed boards which had been open to the
atmosphere for some time showed a deterioration in leakage
resistance between eyelets by a factor greater than 10.
Resistance between eyelets in some cases measured as low
as |SMQ. It is therefore necessary to bake the assembly
in an oven at 60°C for one hour immediately prior to cast-
ing. This is effective in restoring the insulation properties
of the boards.

Due to the comparatively short pot life of ‘the mix, it
is desirable to fill a number of moulds from a single mix.
After preparation of the mix, it is placed for a few moments
in a vacuum chamber, and the pressure reduced, to remove
bubbles of air. The mix is then poured into a funnel shaped
polythene hopper, and the moulds are passed under this,
one by one, and filled to the upper surface of the top plate
(Fig. 4). Care is taken to ensure that air bubbles are not
trapped in the assembly. In the slow setting mix used, air

bubbles have time.to settle out without agitation of the

mould, but further degassing in a vacuum chamber would
be required for a quicker setting or more viscous mix. Even
in the mix used, however, air bubbles do tend to be trapped
under the aluminium top plate and a right angled piece of
wire is used to rake the surface of the resin under the top
plate to remove these.
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During the polymerization reaction, the resin shrinks
slightly. This is apparent as a depression in the resin surface
in the pouring aperture of the top plate, giving a meniscus
effect. Shrinkage, however, is not sufficient to drop the
surface of the resin below the top plate and, hence, a flat
ledge appears around the top surface of the block where
it is in contact with the top plate. This ledge is used as a
bearing surface on which to clamp the block into its case.

When polymerization is complete and the resin has set,
the top plate is removed and the block is withdrawn from
the mould. It is then placed in an oven to harden off for
one' hour at 60°C. The final product is a hard, robust,
opaque block with in terminal wires appearing on the
terminal face (Fig. 5). It is resistant to corrosion, mould

Fig. 4. Filling apparatus

growth, and insect attack, and may be stored indefinitely
without special packaging, since it is completely impervious
to moisture absorption and surface condensation may be
quickly driven off before installation in a unit.

The Sub-Unit Case and Final Assembly

Since the terminal wires on the cast block are, of necessity,
close, the insulating path between adjacent terminals is
very short and the probability of their becoming bridged by
moisture in a humid atmosphere is high. In order to prevent
this, the use of a moisture proof container is desirable.
Furthermore, cases arise where electrical screening between
sub-units is necessary. To satisfy both these requirements
and to assist in cooling, it is convenient to use a sealed
metal container for each sub-unit. The quantity produced
did not warrant the tool cost of a die-cast container, so a
machined sand-casting in aluminium alloy is used. In order
to save space, the walls of the container are thin and tend
to be porous in places. The casting is therefore impregnated
with a thermosetting resin before use to ensure adequate
sealing.

To improve the cooling of the unit, the valves are housed
in thin walled drawn aluminium tubes which are mounted
in a flange on the casting and again sealed-in with a thermo-
setting resin (Fig. 6). This arrangement provides only a
narrow neck of metal and consequently a high thermal
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resistance between the valves and the body of the casting.
Cooling is enhanced by a draught of air forced along the
length of the amplifiers which are so mounted that the
greatest volume of air flows in the channel which is formed
between adjacent units, and into which the valve tubes
protrude. Bowed leaf springs are assembled into the valve
tubes to prevent damage to the valves by vibration.

Signals and supplies are fed to and from the sub-unit by
means of multiple glass-to-metal seals cemented into the
case with thermosetting resin, the outer terminals of which
are wired to miniature Jones type plugs mounted externally
on the case.

All cementing operations are carried out simultanecusly.
The parts to be sealed in are lightly retained to the case,
small self-tapping screws being used where necessary. The

f—1in. —y

Fig. 5. Feedback pair hefore and after casting
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Fig. 6. Cross-section of sub-unit

joints are then dusted with the thermosetting resin powder
and the assembly is brought up to curing temperature on
a hotplate, when the powder fuses and flows into the joints,
forming, when cured, a joint which is. satisfactory both as
regards hermetic sealing and mechanical strength. It has
been found that traces of grease inhibit the curing of the
resin, so the casting and parts to be sealed-in are thoroughly
degreased before assembly.

Sealing of the cover of the sub-unit to the main body
of the case is provided by a flat rubber gasket compressed
between the two. Considerable pressure is required to
obtain a satisfactory seal and this is provided by a number
of socket head cap screws around the unit which are
captive in the cover. Plugs screwed down on rubber washers
are provided on the cover to give access to the preset
controls inside the unit and also to provide a thread into
which an adaptor may be screwed for pressure testing. In
operation, the amplifier is sealed at atmospheric pressure
and is designed to withstand the pressure differentials
experienced at high altitude.

In the final assembly of a sub-unit, the cast blocks are
dropped into place in the container and held in place with
small clamps, and the valves are inserted into their tubes.
In order to prevent the valve wires being bent close to the
envelope, with the resultant risk' of cracking the seal, small
bakelite disks, 3/32in thick, containing holes on the same
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pitch circle as the valve terminations are threaded on to
the wires and seated down on the base of the valve. The
valve wires are now sleeved, and terminated by soldering
them to the appropriate pins on the resin blocks. The
remainder of the wiring is then carried out and any external
components added to complete the sub-unit. A typical sub-
unit containing four cast blocks and ten valves measures
11in by 2in by 2 7/16in and its weight is 231b.

Future Development

The process outlined above has been in operation for
some months and has been successfully used in a small
production run. The process, however, is slow and costly
and improvements are required before embarking on large
quantity production.

About 70 per cent of the assembly time of the blocks
prior to casting is taken up with the soldering of com-
ponent wires to their eyelets and the adding of inter-
component wiring on the boards. It is clear that the use
of printed wiring on the boards would give a material
improvement in assembly time and dip soldering follows
automatically as an additional improvement. Some form of
jigging of the boards and components will be necessary to
maintain the shape of the assembly before and during dip
soldering; suitable cranking or upsetting of the component
wires may be sufficient.

Use of one of the modern ‘foam’ resins for casting the
blocks would serve to reduce the weight of the equipment,
but there appears some doubt, as yet, about the ‘wetting’
properties of these resins.

Die-cast cases would undoubtedly be superior to the
present sand-castings, but the tools would be expensive
and would only be economical for a very large quantity.
In a die-cast case, the valve tubes would probably be cast
in, thereby considerably reducing assembly time.

Production Testing

It will be apparent that the nature of the potted circuit
demands a different approach to production testing from
the conventional circuit assembly. In a conventional unit,
faulty components can be changed at a very late stage in
the assembly and it is common practice, if fact, to test
nothing, apart perhaps from transformers, until the final
assembly has been completed. With potted circuits, how-
ever, testing must be carried out stage by stage in the
interest of economy. The block must be tested after
assembly of components but before casting, so that faulty
components may be replaced at this stage. In fact, only
the outer components of the block can be changed at this

stage, and if a component in the centre of the assembly

is faulty it is generally more economical to reject the
assembly rather than attempt a repair. Similarly, in view
of the fragility of sub-miniature valves, it is desirable to
test the block after casting and before the addition of the
valves.

A stage-by-stage test procedure has therefore been
evolved. It is obviously undesirable to solder and unsolder
valves to the terminals of the block at each stage, both in
the interest of time saving and of valve preservation. A
‘plug and socket’ technique has been devised, using the
cast block as its own plug, the terminal wires being the
plug pins. It is clear that a multiple socket, similar in
pattern to the punched s.r.b.p. from which the terminal
boards are stamped, will accept any type of block. A tool
was therefore made to mould such a socket in the poly-
ester resin, the resultant socket being a flat ‘biscuit’ 3in
square by lin thick, and containing 200 recesses on the
standard matrix. These recesses are so shaped that small
sprung socket contacts of the type used in miniature valve-
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holders may be inserted and locked in. Socket contacts are
inserted into the recesses appropriate to the terminal wires
of the particular block and the biscuit, thus assembled
forms an effective multi-pole socket for the block. The
socket is mounted on a small box which contains the valves
appropriate to the block under test and any other necessary
components, all of which are wired to the appropriate
socket contacts. A variety of test jigs of this form, one
for each type of cast block, has been produced, the differ-
ences being only in the disposition of the socket contacts
on the biscuit and the contents and internal wiring of the
jig.
Each jig is fitted with a 33-pole plug on one end face,
which mates with a socket on a versatile test set. By using
standard pins for such functions as power supplies on all
jigs, it is possible to provide enough facilities on one 33-pole
connector to test all blocks.

Fig. 7. Test rig for feedback pair

The test set contains power supplies, oscillators, attenua-
tors and a metering circuit to enable frequency response
measurements to be made over a wide range. The meter
can also be switched to measure other circuits currents
and voltages as desired. In the case of the feedback pair,
the test set, together with the appropriate test jig, is suffici-
ent to test the block, a measurement of h.t. current con-
sumption, mid-band gain and frequency response being
adequate. Where the block contains pulse circuits, trigger
circuits, blocking oscillators and the like, further test gear
is required. It has been found convenient for the batch test-
ing required in production to develop a special pulse
generator and oscilloscope, in addition to the test set, with
facilities peculiar to the cast blocks under test. These are
used in conjunction with the test set for testing more com-
plicated blocks, though in certain of the tests, the test set
acts merely as a junction box to couple the test jig with
the pulse generator and oscilloscope. The test rig is shown.
in Fig. 7 as laid out for the testing of a feedback pair. The
test jig with socket on top is seen on the right-hand side
of the test set.

It has proved convenient to further extend the use of
the test rig to the testing of complete sub-units and to the
testing of video transformers. For the testing of complete
sub-units, a test jig is used where the socket is replaced
by connectors on flying leads which mate with the plugs
and sockets on the sub-unit under test. In the case of video
transformers, a compallison bridge has been built into a
test jig box, the transformer under test being compared
with a standard. In this case the test set acts as spurce and
detector for the bridge.
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It can be seen from the foregoing that, by the use of a
highly developed and fairly complex test rig, the’ testing of
potted circuits is greatly facilitated and may be rapidly
carried out, at the same time ensuring a high degree of
reliability in the finished product.
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A ‘True Motion’ Radar System

A new system of marine radar presentation known as
True Motion Radar T.M.46 has recently been introduced
by Decca Radar Ltd and will be available early in 1957.

This system, it is claimed, is the first of its kind to
show directly on the face of the p.p.i. the true motion
of all objects within radar range as opposed to the con-
ventional relative movement.

The display of true motion is obtained by feeding
compass and speed information into a small resolver in a
Trackmaster unit which is either fixed to the display unit
or sited immediately adjacent to it. Speed and direction
of ‘own’ ship are here converted into movements East-
West and North-South. These movements control the
amount of current in the off-centring coils of the display
itself and affect the position of the electrical centre, that
is, the position of ‘own’ ship about which the trace
rotates. On a compass stabilized display when the elec-
trical centre moves in harmony with the course and speed
of ‘own ship’, the effect on the p.p.i. is to present true
motion, that is a ‘ bird’s eye’ view of the situation, since
the component of ‘ own ’ ship’s course and speed normally

The Decca ‘ True Motion Radar’ display and the
Trackmaster unit.
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present in the apparent motion shown on a conventional
display has been entirely removed.

The amount of movement imparted to the display
depends on the radar scale in use and is ‘automatically
adjusted when range scale is altered.

The speed of ‘own’ ship is fed into the Trackmaster
unit either by hand or automatically from the ship’s log.
Speed must be known to the same accuracy as is required
when constructing a proper motion plot by hand, so that
the accuracy requirement is not high.

The estimation of the course and aspect of other ships
is made by observing the afterglow trails behind those
ships’ echoes. A mechanical bearing cursor, with parallel
lines, can be used to read these courses when a high
degree of accuracy is required.

Special facilities are provided to read both range and
bearing regardless of the position of ‘own’ ship on the
face of the p.p.i. Range rings and a variable range marker
appear as concentric circles around ‘own’ ship and have
normal radar accuracy, being independent of any move-
ments imparted to the display.

An electronic bearing marker is provided to measure
bearings of other vessels irrespective of the position of
‘own’ ship and to measure these bearings with a greater
accuracy than is possible by conventional mechanical
methods. The marker appears as a radial electronic line
centred on the position of ‘own’ ship and bearings are
read from a calibrated dial.

Since ‘own’ ship is continually moving over the face
of the tube in the direction of the ship’s course, the range
of warning ahead is steadily being reduced and would
eventually be nil unless the position of “own’ ship were
reset. Resetting is effected simply and speedily by shift
controls and ‘own’ ship can be positioned anywhere on
the face of the tube. After resetting, the true motion
picture is again developed almost instantanecusly.

Speed of ‘own’ ship is fed into the Trackmaster unit
by setting the estimated speed on a calibrated dial. Alter-
natively, the output from certain types of transmitting logs
may be used if preferred.

A small error in speed will not materially ‘affect the
accuracy of range and bearing measurement.

The display may be operated to show either a con-
ventional °ship’s head up’ picture, a conventional com-
pass stabilized picture, or the true motion picture.

It is believed that the system described can bé a major
step forward in marine radar development, in giving to a
navigating officer at a glance other vessels’ true course and
speed without the need for any calculations with their
possibility or error, and therefore can make its contribu-
tion to greater. safety at sea, especially in view of the
increased traffic density in the world’s sea lanes in recent
years and the speed and size of modern ships.
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Cathode-Follower Type Power Supplies

By B. I. Perry*, B.Sc,, Ph.D., AR.CS.

The use of triode valves as rectifiers in variable voltage power supplies is discussed and compared

to the-simple series stabilizer. The performance of a combination of these circuits is given and made

the basis of a practical circuit which is of particular use in electrophoresis applications. A form of
low frequency instability sometimes associated with the circuit is noted.

THE use of grid-controlled valves for rectification is
well known?, though it is less usual to find hard valves
so employed. When a triode valve is used as a rectifying
element, with its impedance controlled by its grid voltage
(Fig. 1), the arrangement is usually referred to as a cathode-
follower type rectifier?. This particular circuit is similar to,
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Simple cathode-follower power supply

the simple series stabilizer (Fig. 2). Whern these two circuits
are combined a power supply of medium stability and con-
siderable flexibility is obtained.

The Cathode-Follower Type Rectifier

The main advantage of a cathode-follower type power
supply lies in the wide range of output voltage which is
available?, and the ease with which it can be controlled.
The output impedance varies little with output voltage, and
for the circuit of Fig. 1 is given by the expression :

ra 1+ ¢u

A= + Rr . REAN. . ... 21
o T+a N - M 1)

where r, and u are the usual valve constants, Rr the trans-

former secondary winding resistance, R. the smoothing

choke resistance and ¢ the fraction of V1 used to control

the valve. (In this case ¢ is approximately equal to V,/Vr).

Ll
K
Reference Vo. IR,
l Voltage
Fig. 2. Simple series stabilizer

At maximum output voltage (¢ = 1), equation (1) is very
similar to that for the output impedance of an ordinary
fixed voltage power pack, with the impedance of the rec-
tifier exchanged for an impedance equal to approximately
1/gm of the triode. In practice, the value of 1/gm may
well be less than 100€).

As ¢ tends towards zero the second term in equation (1)
is reduced from Rr towards Rr/(1 + u) and the effective
Z, is thus reduced. However, of the three terms in the
equation, the largest is usually the resistance of the smooth-
ing choke R.. This can be reduced in the same manner
that Rr is reduced, by placing the choke on the input side
of the control voltage potentiometer in the negative line

* Physics Department, Westminster Hospital.
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(Fig. 3). Th¢ output impedance then becomes:

B (Re Ry L@

Z°=l+p, 1+

As Z, is in part dependent on the expression 1/gn the
regulation of the power pack will be poorer at small values
of anode current when the value of gm is also small.

The Series Type Stabilizer

Expressions for the stability of the series type valve
stabilizer are well known®!, the simple incremental input-
output ratio for thg circuit of Fig. 2 being:

So=dVi/dVe=(ra/RL) + 1 + p ........ 3
For normal stabilizer loads this approximates to u, The
percentage stabilization ratio for this circuit is:
d_VI/ Vl
dVolV,
In this equation (as for all stabilization circuits*), when the
WA

=14+ p.Fx/VD R ()

Fig. 3. Cathode-follower power supply with improved output impedance
reference voltage approaches zero the stabilization ratio
approaches unity.

The principle of the series stabilizer can be incorporated
into the cathode-follower power supply circuit by using a
reference voltage to contro] the grid of the rectifying triode
(Fig. 4). The output impedance is then further improved,
being given by the expression:

7a Rr + R:

Z°=1+/u’+ 1+u

If a neon tube is used for the reference voltage a further
term has to be added due to its internal impedance. Z, thus
becomes:

ra Rr + R.
B S — + T -
1+ pu 1+
Where Ry is the internal impedance of the neon tube and
R the neon load resistor which is assumed large in com-
parison with Rx, Rr or Re. )

The percentage stabilization ratio for the complete circuit

of Fig. 4 is then:

dVI/VI_ . ‘o + 1
avav, LT SY) R Ryt 6.4 Rx

which reduces to equation (4) if R is greater than R., Rr,
Rx and ¢uRx.

Z, + (Ry/R)(Rr + R .... (D

R: + Rr + ¢ (R + Re + R1) 6)
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Fi'g. 4. Stabilized cathode-follower power supply, d.c. equivalent circuit
Typical values for the components of this circuit:
Rt 30082 v~ 390V .
R 7 500Q g, 12x10-3 ma(V
R N 85082 ry 1250Q
R, 30002 u s

Typical values for the constants of equations (5) and (6)
are given beneath Fig. 4. These assume a maximum output
voltage of 400V -needing a reference voltage consisting of
a chain of three neon tubes. Z, is then 180Q2 for ¢ = 10
and 1202 for ¢ = 0-1. The percentage stabilization ratio
for ¢ = 1-0 is 59 times and for ¢ = 01 is 2-2 times.

A Practical Circuit

A power supply incorporating the features of both the
series stabilizer and the cathode-follower type power pack
has been built for use in the Pathology Department of this
hospital. A general purpose bench power supply was
required having good regulation over a current range of
0 to 40mA and an output voltage variable from approxi-
mately 0 to 400V.

The circuit used is shown in Fig. 5 and.its equivalent
circuit is that of Fig. 4. The choice of circuit values needs
little comment except perhaps that of the series valves Vi
and Vi, Equations (5) and (6) show that a large value is
required for both the u (for improved voltage stabiliza-
tion) and the gn (for the lower output impedance) of the
series valve, and some compromise must be reached. In
addition, a valve with a low d.c. impedance is desirable so

TABLE 1
Pertinent constants for three valve types when used as cathode-follower rectifier

6BW6 | 12AT7 | 12BH7
(g, to (halves in | (halves in
anode) ‘ parallel) | parallel)
Anode voltage) for iz 1oV | *18V | 70V
=40mA |
u at g, 5-3 *70 166
=0 volts
gm 2:8mA/V | *lSmA/V‘ 12-:2mA/V
|
Total anode dissipation .. | 12-5W - sw | 7w
Total xhaximum anode I
current .. 75mA | 40mA 40mA

% These values are outside the anode dissipation of the valve but in a full-wave
rectifier circuit two valves are used and thus the total dissipation over half a cycle
can be doubled.

'that minimal anode voltage is required to pass maximum
load current at zero grid volts, thus enabling the secondary
voltage of the mains transformer to be kept to a minimum.
Also the valve must be able to dissipate the full output of
the transformer as would be necessary when operating with
a nearly shorted output at maximum load current.

The obvious first choice for V; and V; is a power triode
or’a triode-connected power tetrode or pentode. These
valves normally have a low u (<10) and in many cases
considerable anode voltage is required to provide 40mA
anode current at zero grid volts. For example, power
tetrode type 6BW6, triode connected needs an anode volt-
age of 110V for a cathode current of 40mA at zero volts
bias, at which conditions x is 5-3 and gm 2-8mA/V. A
larger 4 would be desirable and could be obtained from a
valve such as type 12AT7, but in this case the d.c. imped-
ance of the valve is excessive and the anode dissipation a
little low. The compromise was resolved using the double
triode type 12BH7. Two of these are employed with the
two halves of each valve connected in parallel. The
pertinent characteristics of these three valves are given in
Table 1.

The transformer and chokes are standard components
and the power pack is housed in a small “Imhof> case.
A 3iin meter on the front panel can be switched to read
either 400V or 40mA full scale. A 5V and 6-3V a.c. supply
is also provided on the panel.

Fig. 5. Stabilized cathode-follower power pack, full circuit diagram
& 5V 2A sv
—0
g 63V 2A 63V
—C
E 63V 2A Heaters V|V, I@, Pilot Lamp
350V
60mA v, Vy
12BH7 == == )i2BH7
P s CET P s
o+
350V k”"ﬁ“r F—— AT
g ( 56kQ Sz
] I6HT 24 90C] 680K
t’ByF Output
Va 3
32uF 2 15082 680K el
SO0k
Linear
8uF \A
T 15082 680KQ
R
L, IOH300Q
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Performance of the Circuit

The load characteristics for various zero current voltages
are shown in Fig. 6. The average output impedance over
the middle current range of these curves is approximately
20002, with a higher value at smaller currents due to
decrease of valve mutual conductance and also at larger
currents, due to grid current limitations. This value com-

350

— ]

W
9]
o}

200

100

OUTPUT VOLTAGE ( V,) Volts

Lc;qd characteristic for minilmum output

[ oo o volts
T

(e] 10 20 30
LOAD CURRENT (L) mA

40

Fig. 6.

Load_ characteristics, stabilized cathode-follower power supply
ig. 5), at various fnitial (no load) voltages

300

290

280

270

OUTPUT VOLTAGE (1, )Volts

260
[e]

10 20 &l

LOAD CURRENT (7,) mA

Load characteristics for the circuit of Fig. § for various reference
voltage arrangements, at an iuitial (no load) véltage of 300V
Curve A: reference voltage supplied by battery instead of neon tubes

Curve B: .reference voltage supplied by battery, with smoothing choke
moved to output side of refergnce voltage H

reference voltage supplied by neon tubes as in Fig. S
no reference voltage (neons in Fig. 5 removed)

Fig. 7.

Curve c:
Curve D:

pares well with the calculated ones which use values for the
valve constants derived from a steady and not alternating
anode voltage.

Fig. 7 shows the effect of altering the type and position
of reference voltage supply upon the load characteristics.
The best regulation is obtained when the neon chain is re-
placed by battery a. The effect of placing the smoothing
choke in the more conventional position (after the refer-
ence voltage) is shown by curve B; the output impedance
increases from 150 to 470L2. The characteristics of the prac-
tical circuit of Fig. 5 (curve C) is seen to lie between curves
A and B. If an unstabilized source is used for the control
voltage, the load characteristic worsens very considerably
(curve D). )

The effective stabilization of the circuit at 300V, no
load, is shown in Fig. 8. It shows, as a pen recorder trace,
the effect of a 5V change in the a.c. input voltage in the
circuit of Fig. 5; (a) with the neon tubes removed, and (b)
as run normally with the neons in circuit. The percentage
stabilization ratio is approximately 4 times. The calcu-
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lated value from the values of Fig. 4 is 5-6 times. Run
for a period of 24h at 300V, the variation of output voltage
was within one per cent.

An Inherent Instability

If the circuit of Fig. 3 is re-drawn as a feedback circuit
(Fig. 9) it can be seen that oscillation will occur if the
transfer characteristic of the passive four-terminal network
has a value greater than the inverse gain of the cathode-
follower. At resonance:

‘ 'RL+Rc
S = \/ LCRy

[T T T

T«

HH A [EFIEERN=2 ERARE!
!

ol 1] L 6 L]
v [ LT / (4 L —I 1 l I [ &
aal ] N1 3a NENREEEN

' — il
> I I > _E EEES !f;/ SR

2 . Sl 2 H' T

o | i |
FT 1 ol
IJ l I e
I in /minute | in/minute
Fig. 8. The effect of a 5V change in input voltage on the output of the
circuit of Fig. 5

(@) Final circuit, neons removed
(b) Final circuir, neons replaced

<O

Fig. 9. Stabilized cathode-follower power supply, a.c. "equivalent circuit

The value of the transfer characteristic is then:

\/( - LCRy? >

(Ri + R)(RLRLC + LY

This expression must be smaller than 1/G, where G is the
cathode-follower gain. At small values of load resistance
(Ryp), the expression tends to unity. As Rr—>o¢, it
becomes :

Ve IV w=we = VII + (LICR]

Therefore [V’ [ V1| »=w, can be reduced towards upity by
increasing C or decreasing L provided that in the latter case
R. is not decreased or the smoothing adversely affected. If
the power pack is stable on no-load it would seem at first
sight to be stable over all its operating range. Unfortu-
nately, the gain of the cathode-follower varies with Rr
being considerably reduced at small values of load current.
Thus, although stable at no load conditions, a small range
of instability may exist at middle current values. This
remaining oscillation can be removed by decreasing the
effective load on the cathode-follower by increasing the
value of C” (Fig. 9).

l Vo’/ VI" w = we
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Assessment of Cathode-Follower Power Supplies

As previously suggested, the main advantage of the
cathode-follower type power supply is the ease with which
the output voltage can be varied. When the properties of
the series type stabilizer are added to it, its performance
compares very favourably with its nearest fixed-voltage
counterpart, the simple neon tube stabilized power pack.
Both percentage stabilization ratio*and output impedance
are better and the cost is very little altered, the normal
rectifier being replaced by the triode valves and a small
metal rectifier added. The capacitor and transformer
ratings may, in fact, be considerably lower than in other
stabilizer circuits having a comparable output.

The cathode-follower stabilized power pack, when
designed for current ranges up to about 60mA and output
voltages up to 250V is a very flexible and useful circuit.
The voltage range can be considerably extended if a longer
chain of reference-voltage neon tubes is not thought un-

desirable, or if a suitable external source of reference-
voltage is available. It does, however, seem particularly
suited to lower voltage applications. A power supply unit
embodying these principles and which is particularly suit-

‘able for electrophoresis applications is being manufactured

by Messrs. A. Gallenkamp and Co. Ltd, Sun Street,
London, E.C.2.
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A Television Line Selector Unit

By P. L. Mothersole*, Grad.1LEE.

This article describes a line selector unit, designed to enable a normal triggered oscilloscope to be
used as a television line waveform monitor.

The difficulties of obtaining a jitter-free display are discussed, and methods described to overcome

them.

IN television experimental work it is frequently desirable
.to display a single line of video signal on an oscillo-
scope. With a normal repetitive oscilloscope display. all
lines are superimposed, and .it is impossible to observe
phenomena connected with one particular line.

The separate display of a single line, or a group of
lines, can be achieved by using a triggered oscilloscope
with the trigger having a variable delay from some fixed
point in either the complete picture cycle, or the frame
cycle.

If one particular line is to be displayed then the p.rf.
of the trigger pulse must be the same as the picture
repetition frequency, e.g. 25¢/s for the 405- and 625-line
systems.

When investigating waveforms associated with a frame
time-base and its synchronizing circuits it is often desir-
able to superimpose the odd and even frame waveforms.
The p.rf. of the trigger pulse is then required to be 50c/s.

This article describes a unit designed to enable any
-normal triggered oscilloscope to display a selected line
waveform. The p.r.f. of the output trigger pulse can be
25 or 50c/s.

Delay Circuit

The delay circuit must be operated by every other frame
synchronizing pulse to produce an output p.r.f. of 25¢/s
and be free from jitter. A normal trigger delay circuit
{e.g. sanatron) is satisfactory for delays up to about 30
times the final sweep time, ie. delay 3msec, sweep time
100usec. A line s€lector must, however, provide a delay
of over 0-02sec with a sweep time of 100usec. When sweep
-expansion is used to examine part of a line the final dis-
play time may be 10usec or less.

* Mullard Research Laboratories.
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To obtain a jitter-free display of a particular line wave-
form, the line synchronizing pulse may be used to trigger
the oscilloscope. A conventional delay generator can be
used to operate a gate circuit to which is applied the
normal synchronizing waveform. Single line synchroniz-
ing pulses are passed through the gate.

A selector system operating on this principle is shown
in Fig. 1. The frame synchronizing pulse is separated
from the input waveform and used to trigger a sanatron
delay circuit. The delayed edge triggers a gate pulse
generator which opens a gate for the duration of one line,
in this case 90usec approximately. The appropriate line
synchronizing pulse passes through the gate and may be
used to trigger the oscilloscope. Any jitter associated with
the delay generator and gate circuit cannot produce jitter

Fig. 1. Selection of a synchronizing pulse wvsimg a gate circuit

Sync

Input | 4
! -— GATE
3 Selected
90 Line Pulse
SYNC o] SANATRON - Output
SEPARATOR DELAY > |GATE PULSE
IGENERATOR

—

w

Py

i
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on the oscilloscope trace since this is triggered by the line
pulse of the displayed line.

An alternative method is to use the line synchroniZing
pulses to trigger back the delay generator. This saves the
complexity of a gate pulse generator and coincidence gate.
A convenient method is to add the differentiated line
synchronizing pulses to the linear rundown waveform of
a Miller circuit, triggered by the frame synchronizing
pulses. This principle is shown in Fig. 2. The combined
waveform is d.c. coupled to a cathode coupled Schmitt
trigger circuit. The trigger point of this circuit is deter-
mined by its d.c. level and will be initiated by the leading
edge of the line synchronizing pulse. The negative edge

" e
Sync warn
tnput ||
> SYNC MILLER SCHMITT
TRIGGER

———
Output Trigqgr
Pulse

AUCCOTTLLOLLE - L C L AT HTINTITITR

SEPARATOR VALVE

2

1
I
1
]
|
[-
I
|
|
|

-—

Fig., 2. Selection of a synchromizing pulse using a trigger circuit

of the output pulse may therefore be used to trigger the
oscilloscope. '

The above systems are satisfactory only for the display
of waveforms at a p.r.f. of 25¢c/s. A pr.f. of 50c/s is
often required for investigating faulty interlacing in frame
circuits. The frame pulse cannot be used to initiate the
delay since it is often the frame pulse and the preceding
lines that are under investigation. Most laboratory pattern
generators can provide a 50c/s square or sine wave output
locked to the frame pulse, and this waveform may be
used to initiate a delay circuit. Since a trigger pulse
derived from the line pulses cannot be used, a stepped
delay is only possible if the twice line frequency
(20-25kc/s) pulses are used.

In practice the oscilloscope trace duration will be
about 600usec, to cover the complete frame synchronizing
waveform. The maximum ratio of delay to sweep time
is therefore about 30 and a conventiona] delay circuit can
be used. '

Complete Instrument Requirements
InpuT

The instrument must be able to handle signals of either
polarity, at a high or low impedance level, and provide
an 80() termination if required. A synchronizing separator
should be incorporated, to enable it to operate from a
composite video waveform. The input circuits must handle
signal voltages between 0-5 and 50V. This may be covered
in two ranges, 05 to 5V, and 5 to 50V. The input
impedance on this latter range must be high ‘to enable
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the instrument to operate from the cathode of a c.r.t. in
a television receiver.

Facilities must be provided to operate the delay circuit
as a conventional trigger delay with an output p.r.f. of
50c/s when a 50c/s input is available. This input may
be a sine wave or square wave with an amplitude between
1 and 10V. Provision should also be provided to derive
this input from the mains input.

DEeLAY RANGE anD P.R.F.

When the output p.r.f. is 25¢/s the stepped delay must
cover a complete frame pericd (0-02sec). The delay must be
switched to select trigger pulses from odd or even frames.

With a p.rf. of 50c/s, the continuous delay should
cover half a frame period (0-Olsec), the phase being
switched to cover ghe complete frame period. With a p.r.f.
of 50c/s the output jitter, expressed as a percentage of
non-interlace, must be less than 5 per cent.

OutpuT PULSE

Two output pulses should be provided, one to trigger
the oscilloscope, the other for application to the grid of
a cr.t. in a video monitor to mark the selected line. A
puise amplitude of 30V and a duration corresponding to
half a line width (50usec approximately) has been found
satisfactory.

Complete Circuit Description

A block diagram of the instrument is shown in Fig. 3,
and the circuit diagram in Fig. 4. The mode of operation
of the unit is controlled by the system switch, S1, shown
in the video position (line selector p.r.f. 25c/s).

The low impedance input terminal is coupled through
a capacitor to the first triode (Vi) grid. An 80} resistor
may be switched across this input to terminate the cable
if required (Ss). The high impedance input terminal is
connected to a compensated resistive divider providing
about 10 : 1 attenuation of applied signals. The triode Via
operates as a phase-splitter, with equal anode and cathode
loads. The phase of input to the cathode compensated
pentode video amplifier, Vi, is selected by the phase
switch, S..

The amplified negative-going video signal is a.c.-coupled
to the pentode limiter Vi, and d.c. restored by grid current.
Since the video component is beyond cut-off, negative
synchronizing pulses only are produced at the anode. This
waveform is integrated by Ry and Cs and d.c. coupled to
the triode limiter Va, This valve is held in grid current
by the d.c. coupling but cut-off by the integrated frame
pulse. The positive pulse at the anode is differentiated
and coupled to the pulse shaper Vi.. This valve is held
cut-off by the positive_cathode potential, its anode being
at h.t. potential.

The short suppressor grid base pentode, Vs, is connected
as a Miller integrator. The control grid is held in grid
current, but the anode current is cut-off by the d.c. con-
nexion from the screen to suppressor grid (RxRss) and the
positive cathode potential. The anode potential is there-
fore close to the h.t. and the gate diode Vi, almost con-
ducting.

The negative frame pulse from Vi, anode initiates the
anode rundown, the rate of fall being determined -by the
grid aiming potential (VR1) and the time-constant of the
circuit Res, Rz and Cu. The Miller valve is reset when
the anode bottoms by the transitron action due to the
screen suppressor connexion, Cis, Ru. The grid time-
constant is adjusted for a 25¢/s p.r.f. (VR1), the complete
cycle just occupying a double frame period (0-04sec).

To change from odd to even frames, a single run-down
may be lengthened to miss one trigger.pulse. This is con-
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veniently done by momentarily lowering the aiming
potential. The capacitor Ciz and the press-button switch
S. enable this to be done.

The Miller valve’s anode is d.c.-coupled via. Rs3 to the
control grid of a Schmitt trigger circuit, VsVz. Also
applied to this grid are the negative line synchronizing
pulses differentiated by Ci. The trigger level of the Schmitt
is determined by the d.c. level of Vi control grid. This
potential is varied by the dglay controls VR, VRs. At the
start of the run down Vg is conducting, Vz. cut-off, its
anode at h.t. potential. When the circuit triggers, the nega-
tive going output is differentiated and coupled via the gate
diode Vi, to the nionstable pair, VizVe. In the stable
state, Vi, is cut off by the cathode current of V. The
time-constant of the circuit (CziR4) is arranged to produce
a SOusec positive pulse at Vs anode.

This pulse is coupled to the output valve, Vs, which
operates as a phase-splitter with equal anode and cathode
loads.

When the system switch, Si, is switched to the 50c/s
position, the 50c/s sine or square wave input signal is
applied to the input phase splitter. The video amplifier
and pentode limiter operate as before. The integrator cir-
cuit is by-passed by C=, and the Miller circuit is initiated
by the negative-going edge. The Miller valve’s grid circuit
time-constant is shortened to enable the circuit to reset
in one frame period, the output p.r.f. being 50c/s. The
Schmitt trigger circuit is triggered by the Miller output
only. The delayed .output pulse being determined as before
by the d.c. level of the circuit.

The total continuous delay in the 50c/s position cor-
responds to a half frame period, (0-0lsec). Full coverage
may be obtained by using the input phase switch to produce
a 180° phase change in the square wave triggering the
Miller circuit.

An additional position is provided on the system switch

to enable the 50c/s trigger pulse to be derived from the

Fig. 5(a). Test card ‘C’ with marker pulse, (b) corrcspbnding yideo waveform

W
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Fig. 6(a). Test card ‘C’ with marker pulse, (b) corresponding video wave-
form, (¢) expanded portion of vidco waveform

mains input. Due to the ‘spongy’ mains lock in pattern
generators this last position is not suitable for very
expanded oscilloscope displays.

The circuits are designed to operate from a' +300V
supply, the consumption being SOmA. The power supply
is conventional, using a single series valve, Vi, a control
amplifier, Vo, and reference tube, Vio.

Results and Conclusions

The instrument described has had many months of
continuous use on both 405-line and 625-line systems. It
enables test signals to be examined in detail and photo-
graphs of test card ‘C’ with the marker pulse together
with the corresponding video waveforms are shown, Figs.
5 and 6. From the video waveforms, the overshoot and
high and low frequency response can be accurately
measured.

Instruments providing the facilities described in this
article are believed to be indispensable in any television
development or research laboratory. It is also felt that
an instrument of the type described would be very useful
in television service work.
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Microwave Measuring Devices

By H. H. Klinger*, Dipl.—Ing.

The article reviews the principles and characteristics of microwavé measuring devices for radio ]mk

systems_and in particular deals with devices required for developing testing, installing and monitor-

ing link systems, e.g. measuring oscillators, frequency meters, impedance measuring devices, calibrated
attenuators, wattmeter multipliers, and low-pass filters.

VERY high frequencies have attained considerable
importance due to the development of the technique
of radio link transmission. Suitable measuring devices
are required for these frequencies and their applications.
Their essential characteristics are the use of coaxial trans-
lines,

mission waveguides, coaxial circuits and cavity

Fig. 1. Two-stage measuring oscillator 3W58 for frequencies 300 to 1 000Mc/s
(Above). Outside view of assembled oscillator
(Below). Inside view oi assembled oscillator

resonators as measuring circuits. In the following, an
account is given of measuring devices for radio link trans-
mission systems in the decimetre and centimetre range
which have been developed by Siemens & Halske A. G.
for this purpose.

Measuring Oscillators

Suitable measuring oscillators are of primary importance
for carrying out exact measurements at high frequencies.
They must possess a high stability of frequency and
amplitude and be highly insensitive to fluctuations in the
supply voltage and to mechanical vibrations. In addition,
frequency and output must be finely and reproduceably
adjustable over a wide range.

The two-stage measuring oscillator type 3W58 (Fig. 1)

* Siemens & Halske A. G., Erlangen.
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was developed for the range of 300 to 1000Mc/s. It has
a disk triode type 2C39A operating as an oscillator valve
in a grounded-grid circuit. The resonant circuits are
coaxial transmission lines adjusted by short-circuit pistons.
The high stability of frequency of this device, its fine and:
reproduceable frequency adjustment to 10~° and an

additional fine adjustment—range of variation up to
Tuning
17 5 i i
OSCILLATOR ST AMPLIFIER V?_LE";‘EGS —C
30010 (— e 1 390 T leasurement
tOO0OMcehs IOOOMe/s DEMODUL ATO! [_(*
v.t LGHARMONIC
L OSCILLATOR ENERATOR KEYING
moduiation | eh et sTacE
110/220V e
50c¢/s UNIT
OSCILL ATOR
e ——
u s
GEARING M)}
S | g
I ]

AMPLIFIER ‘E‘w

Fig. 2. Basic diagram and construction of measuring oscillator 3W38

+3x10~*—are of advantage, particularly for node
measurement in measuring circuits, for measurements on:
steep filter curves and for the determination of the high
figure of merit of cavity circuits. The oscillator works
practically non-reactively, owing to its two-stage design
(oscillator and buffer-stage) so that the transmission-
frequency changes but slightly even with high output and
variations in load. Simple manipulation is accomplished
by single button control notwithstanding the multi-stage:
design of the oscillator. Fig. 2 shows the basic diagram
of the test oscillator which may be self- or externally-
modulated. Pulses with a p.r.f. of 1000p/s are produced
in the modulation element for self-modulation. The pulse
ratio may be adjusted from 1:1 to 1:10.

The measuring oscillator type 3W59 for the range of
1500 to 2700Mc/s has a disk triode type 2C40 in a
grounded-grid circuit with coaxial tuners. This device is
suitable as current source for impedance matching
measurements on aerials, transmitter and receiver cables.
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as well as for measurements on microwave components
-and sensitivity measurements on receivers.

The test oscillator type 3WS513 was developed for the
range of 2400 to 4 S00Mc/s. A reflex klystron is used as
an oscillator. A coaxial transmission line with a capacitive
short-circuit piston is used as resonant circuit. The reflector
voltage of the klystron is varied simultaneously with the
tuning so that the correct supply voltage is used on the
klystron independent of frequency. A 50c/s voltage is
used for wobbling the frequency of the output voltage.

Indicating instrument

P ¢ 7 Ry ]
@/f//[////Z/ o, £

Mc/s +—=5000Mc/s

11

N
Z=60Q

line

Coaxial transmission

Waveguide 58 x29

J ‘I' I

Fig. 3. Diagram of frequency meter 3F120/121 for the range 1 500 to
5 000Mc/s

The maximum high frequency power is about 100mW.
An accurately adjustable waveguide attenuator with a
range of 120dB is installed for using the device as a
receiver test oscillator. The oscillator can be self- or
externally-modulated with rectangular pulses.

The measuring oscillator type 3WS515 for the frequency
range of 4400 to 9 100Mc/s is similar in design.

Frequency Meters

Frequency measurements up to about 2 000Mc/s may
be attained by using coaxial strip tuners arranged in a
ring as resonant circuits, in which case an accuracy of
measurement of 0-5 to 1 per cent is obtained. A greater
accuracy of measurement corresponding to 10~* is obtained
with frequency meters in which tunable coaxial quarter-
wavelength lines serve as resonant circuits, one end being
short-circuited while the other end is open. Figs. 3 and 4
show the circuit diagram and construction of the fre-
quency meter type 3F120/121 for the range of 1500 to
5000Mc/s (type 3F120 with coaxial through-section
and type 3F121 with waveguide through-section) respec-
tively. The through-section and the crystal rectifier,
arranged in the measuring head of the frequency meter,
are loosely coupled to the resonant line near the short-
circuited end. The high accuracy of adjustment and
measurement of this device is mainly achieved by a spindie
drive made of invar-steel, for the tuning of the coaxial
transmission line,

A still higher accuracy of measurement corresponding
to an error +5x10~° can be achieved with the frequency
meter type 3F112a/b in which a cylindrical cavity resonator
excited in the fundamental mode is used as a measuring
circuit. It is intended for service and laboratory measure-
ments for radio link systems in the range of 2400 .to
2700Mc/s. The frequency may be tuned within this
range by an axial plunger in the cavity.

The heterodyne frequency meter type 3F113 (Fig. 5)
was developed for particularly accurate measurements in
the range of 950 to 5 000Mc/s. An approximate measure-
ment may be made by a built-in resonant frequency meter.
This contains two scales, one for the direct reading of the
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frequency with an error of 0-5 per cent and the second one
giving the order of the harmonic required for the fine
measurement of frequency. For the exact measurement
the 10 to 50 harmonic .of a highly stable local
oscillator (frequency range 95 to 105Mc/s) is compared
with the frequency to be measured. The resonant circuit
of the highly stable local oscillator for the fine measure-
ment consists of a low-loss temperature compensated co-
axial circuit of high capacitance across which is ccnnected
a small variable capacitor with a linear frequency scale. A
precisicn drive enables the frequency to be read
to an accuracy of 5 x 107%. The frequency of the
local oscillator may be standardized against a
built-in crystal-controlled multi-frequency cali-
brator. with an absolute error of 5 x 10-%. This
calibrator has scale divisions of 1 os 0:2Mc/s.
The frequency of the local oscillator may be so
shifted that the frequency -scale coihcides
absolutely with the crystal standard at the multi-
frequency calibrator points.

Wattmeters

High frequency power in the range up to about
3 000Mc/s may be measured with high accuracy
with the thermal wattmeter type 3US81. The r.f.
power is dissipated as thermal power in a
resistive termination closely matching the charac-
teristic impedance of the coaxial line so as
to produce a temperature difference proportional to the r.f.
power. The temperature of the resistor is measured by the
aid of two copper windings arranged on the outside of ‘the
conductor, the difference in the resistance of these windings
being indicated by a bridge with amplifier attached (Fig.
6). The change in resistance is proportional to the high
frequency power to be measured so that the instrument
may be calibrated directly in milliwatts. The terminal
resistance changes its value so slightly that the wattmeter
may also be used as a voltmeter with a resistance of 60Q.
A power of 16:7TmW corresponds to a voltage of 1V. The
calibration of the instrument is done with direct current.
The minimum readable power is about 2mW at a measur-
ing range of 200 to 500mW (full scale). Large high fre-
quency powers, up to 10 or 25W, may be measured by
using wattmeter multipliers (type 3U82 or 3U83) (Fig. 7.

Impedance Meters

The slotted coaxial transmission line is the standard
device for determining impedances in the decimetre range
(300 to 3000Mc/s). Fig. 8 shows the coaxial measuring
transmission line type 3R221 for the range of 600 to
6 000Mc/s. The v.s.w.r. along the line is measured by

Fig. 4. Frequency meter 3F120 for 1600 to 5 000Mc/s
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R.F through section, Z =60Q

£ ,—-( Earphone
T\
Meas.
oL MIXER V.F ¥ R
Frequency meter STAGE AMPLIFIER AMPLIFIER
5.1072 Mec/s T’ |
i/ax  3/4ax Sensitivity +
L Calibr.
,9
HARMONIC
Harmonic number GENERATOR
n
%5=95 to JOSMC/SL Fig. 5. Basic diagram of the
heterodyne frequency meter
CETETAL BASIC 3F113 for 950 to 5 000Mc/s
OSCILLATOR MULTIPLIER FREQUENCY
1 H1Mefs 100 GENERATOR| (2.107%)
Y Mc/s
| [ | .
CRYSTAL 02 |
M Y MIXER MIXER
e ) STAGE STAGE
1
R | Harmonie a
. GENERATOR 6 A
1 —— -
CRYSTAL ! 10/220V =—Q—~0—0 ; 0—{ powen
OSCILLATOR - _— 50c/s _L SUPPLY
0-2Mc/s requency calibrator UNIT
(5:10°) e [
\
On

Flg. 6. Basic diagram of the thermal wattmeter 3U81 for the range of
0 to 3 000Mc/s and cross-section of the méasuring head

Fig. 7. Thermal wattmeter with terminal resistor (left) and wattmeter
multiplier, with blower for cooling (right)

B

means of a crystal rectifier probe with adjustable depth
inserted into a slot in the line. The position of the probe
can be read accurately to 0:0lmm on a drum fitted with a
vernier. An indicating amplifier is necessary for precision
measurements requiring considerable decoupling between
the oscillator and measuring circuit. A d.c. voltage ampli-
fier, e.g. type Rel 3U13, is used for the purpose in measure-
ments with unmodulated high frequency voltage, and a
level meter, e.g. Rel 3D311, with modulated high frequency
voltage.

Waveguide measuring circuits prove to be of increasing
importance in the centimetre range (3 000 to 30 000Mc/s)
when the wavelength of the electromagnetic oscillations
begins to be less than the circumference of the outer tube
of the coaxial conductor. The waveguide measuring cir-
cuit type Rel 3R224 (Fig. 9) was developed for the range
of 2 600 to 12 400Mc/s. This measuring circuit possesses
interchangeable waveguides with five different cross-

Fig. 8. Coaxial measuring circuit Rel 3R221 for the range of 600 to
6 000Mc/s
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sections -adapted to the different frequency ranges and
fitted with slits into which the probe dips. The field along
the measuring section may be explored with the probe by
means of a carriage with a friction drive. Suitable indi-
cating amplifiers as mentioned in the preceding examples
are necessary for precision measurements. The location of
the probe on the measuring circuit can be read with an
accuracy of 0:0lmm on a ground glass by means of a
vernier and a special optical system.

E

Fig. 9.

Wavegulde measuring cnrcmt Rel 3R224 for the _range of 2600 to
12 400Mc/s wnh interc wa

@

V 7

77y 5
|J Standard

0500

—= —r“ Oscillator
V7777,

Meusurma l

A

Equivalent
circuit diagram

Fig. 10. Basic diagram of the rcflection factor meter 3R29 for 50 to
1 000Mc/s and of the reflection factor meter 3R225 for 300 to 3 000Mc/s

Rapid determination of the amount of resistance match-
ing between an oscillator and the characteristic impedance
of supply cables and aerials must frequently be carried
out. ¢ Reflection coefficient meters > have been developed for
this purpose, the performance of which corresponds in
principle to the balance attenuation method well known
in low frequency engineering (Fig. 10). A coaxial circuit
to which the high frequency voltage is applied coaxially
in the centre replaces the differential transformer usual at
low frequencies. The bridge output voltage is taken from
the junction ‘standard-measuring specimen’ in the sym-
metry plane of the coaxial circuit and rectified by a built-
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in rectifier. The ratio between bridge output voltage and
bridge input voltage is a measure cf the reflection coefficient.
In order to enable very small values of the reflection co-
efficient to be measured the device is fitted with a chopper
relay which converts the d.c. voltage on the rectifier of the
bridge into an alternating voltage at 50c/s. This a.c. is fed
through a two-stage stabilized amplifier to the indicating
instrument which is calibrated directly in values of the
reflection factor for constant bridge input voltages. The

reflection coefficient meter type 3R29 is for frequencies of
50 to 1 000Mc/s. The reflection coefficient meter type 3R225
is a corresponding instrument for the range of 300 to
3 000Mc/s. The special advantage of these indicators is
that the accuracy of measuring increases with decreasing
values of the reflection coefficient.

Accessories for coaxial measurement: short-circuit stub, 60}
20dB attenuator, 60f) terminating resistor, 10dB
attenmnator

Fig. 11.
capacitive divider,

Fig. 12. Accessories for waveguide mecasurement: termimating resistor,
attenuator, coupler waveguide-coaxial line, short-circuiting stub

Accessories

Accessories such as calibrating circuits, potentiometers,
terminal elements, low-pass filters and attenuating elements
are required for installing measuring sets. These acces-
sories are made either as coaxial or as waveguide elements,
depending on the technique basically applied. The acces-
sories for the coaxial technique comprise, apart from the
usual connecting lines and plugs and sockets, 60) terminal
resistors, coaxial ohmic and capacitive potentiometers,
variable attenuation elements, short-circuit lines and transit
voltage testers for frequencies up to 5000Mc/s (Fig. 11).
As accessories for the waveguide technique (rectangular
waveguides with an inside cross-section of 58 x 29mm)
a terminal resistor for a load of 2W, variable attenuatien
elements with an attenuation range from 0-3 to 40dB, a
reactive waveguide with short-circuiting stub and a coupler
waveguide-coaxial line for the frequency range from 3 300
to 5 000Mc/s have been developed (Fig. 12).
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The Design of Cold-Cathode Valve Circuits

(Part 3)

By J. E. Flood*, Ph.D,, A.MIEE. and J. B. Warman®*, AM.LEE.

Gating Circuits Using Diodes

The previous sections have almost entirely been confined
to triode circuits and the reader may wonder why diode
circuits were not discussed first, since the valve itself is a
more elementary device. This has been done deliberately,
however, because the diode has its own properties that make
it complementary to the triode, but with its own special
applications. A common failing of engineers just com-
mencing to design cold-cathode valve circuits is to regard
the diode as inherently inferior to the triode, which they
attempt to use for all purposes. This approach results in
circuits that are not only expensive but clumsy, because
arrangements always have to be made to extinguish triodes.

Basic circuits for orR arid AND gates using cold-cathode
diodes are shown in Fig. 26(a) and (b). These circuits can
use small inexpensive diodes such as the 2N1 and NT2. In

(@)

(b)

=t
o+l =Vn

positive gating

bias (¥, )
()
f A, < T
" v~V
o
8d
positive gating
bias (%)

Fig. 26. Gating circuits using cold-cathode diodes

(@ A OR B gate
(b) A AND B gate
(c) A AND NOT B gate

Fig. 26(a), a voltage V (which exceeds the striking voltage
Vs) applied to either input terminal will cause a valve to
fire. The voltage which then appears at the output is
(V — Vuw). If this is less than V., the other valve cannot
fire and the input terminals remain isolated from each
other, The aND gate shown in Fig. 26(b) operates on the
pulse-plus-bias principle. The signal voltage ¥ applied to
each input terminal should be less than V., so that neither
input alone can fire the valve. When a pulse is applied from
terminal A after the bias from terminal B, the voltage
applied to the valve is 2V. The valve then fires and a
voltage (2V — V) appears at the output. For the circuit
to operate as described, one obviously requires:

V<V <2V

¢ Siemens Brothers & Co. Ltd.
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When gating circuits were considered previously, it was
shown that or. and AND circuits ‘could be simply designed
using triode valves, but it was very difficult to give a NoT
condition. The diode, however, can be used for a NoT
condition as simply as for an aND condition; this is shown
in Fig. 26(c). If a positive V; (greater than V) is applied
to input terminal A the valve will fire and a voltage (V, —
Vw) is delivered to the output terminal as a pulse via the
capacitor. However, if a positive bias voltage V', is applied
to terminal B the p.d. developed across the diode will be too
small to fire it and no voltage appears at the output

terminal.
Pulse
c —o
Pulse
A
@
% (a)
8
positive bias
condition
Pulse
AO—— I._o
c
Pulse
B
P
% (b)
c
positive bias
condition
Pulse
c G
(c)
8 4
positive bias positive bias
condition condition

Fig. 27. More complex gating circuits
(@) A AND B OR C
(l}) A OR B AND NOT C
(c) A AND B AND NOT C

To operate as described, the conditions applied to the
circuit must comply with the following :

Ve <V. <V,
and
Vy — V) < Vs
The circuits shown in Figs. 26(a), (b) and (c¢) can be com-
bined to perform more complicated logical functions. Some
examples are shown in Fig. 27. In all these circuits, the

diodes extinguish automatically when the input voltages are
removed.
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Diode Trigger and Counter Circuits

The cold-cathode diode can be used as a trigger circuit
because its strike voltage V. is greater than its maintain
voltage Vm. Thus, if a signal causes the valve to fire by
making the p.d. across it more than Vs, the valve will still
conduct after the signal is removed provided that the p.d.
across it still exceeds ¥'m. For this action to be reliable and
to provide a useful output voltage, the difference between
V. and V' should be large; diodes such as the XC14 and
2N3 are suitable and are sometimes called °difference
diodes’. The chief difficulty encountered when using a
diode in trigger circuits is to provide isolation between the
input and output terminals, because these have to be con-
nected to the same pair of electrodes. This difficulty does
not arise when a triode is used, because the input signal is
applied to the trigger-cathode gap and the output taken
from the anode-cathode gap. Most cold-cathode trigger
circuits and counters have hitherto been designed using
triodes, but the recent introduction of difference diodes has

i —0 + ¥,
MR, Y MR
7 . ——
’ Al | -
MR, 4 . 4
MR,
t tr
AN PN
— RI 4
Admr, == i T
d} I

‘.

Fig. 28. Trigger circuit stages using ‘difference’ diodes

When such circuits as counters are to be designed, tt is’
sometimes possible to design a simpler circuit by considering
the counter as a whole rather than as a number of intercon-
nected trigger circuits. A very simple counter circuit using
diodes® is shown in Fig. 29. If, initially, diode Vi is ‘on’
and the remainder are ‘off °, the cathode of Vi only is at
a positive potential. Rectifier MR, is conducting and the
capacitor C; charges up to the cathode potential of Vi. A
negative pulse applied via capacitor C: extinguishes Vi and
its cathode potential falls to earth. The capacitor C: retains
its charge, so the cathode of V; becomes negative and recti-
fier MR: is biased off. When the pulse disappears, the
anode voltage of the valves rises towards the h.t. voltage
and the p.d. across V: (whose cathode is negative) becomes
sufficient to fire this valve. The pulse has thus transferred
the conducting condition from V; to V. and subsequent
pulses will transfer it further along the chain.

A very simple pattern register using diodes* is shown in

+V,

Fig: 29. Chain counter using diodes

V| V2 V3 4 VS V6
NESHCE
MR,
] l

) (A (% — c Cs mpm Ce
v i
A1 - 7T T T
4
S | I |

Fig. 30. Pattern register using diodes

led to the development of practical trigger circuits using
diodes.

One way of obtaining the necessary isolation between
input and output circuits is to use rectifiers. Two stages
of a trigger circuit which make use of this technique!’ are
shown in Fig. 28. If, initially, the diode V; is ‘on’ and
V; is ‘off ’, the cathode of V; is providing a positive out-
‘put voltage (V. — Vm) which charges capacitor C: via Ri.
When a positive pulse is applied via Ci, rectifier MR, con-
ducts, the cathode potential of V; is raised and this valve
extinguishes.

The pulse applied via C; also makes MR; conduct and
raises the anode potential of V. above the h.t. voitage V.;
this biases-off rectifier MR; and fires the valve. The pulse
has thus transferred the conducting condition from V; to
V.. The output voltage from V: can be applied to another
similar stage or can be connected back to the anode of V1.
This circuit is reliable and versatile. It can be used as a
standard building block to conmstruct a variety of more
complex circuits, such as counters and pattern stores.
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Fig. 30. Marking signals are stored as charges on capa-
citors and are transferred from one capacitor to the next
when the diode between them is fired by an applied pulse.
Two pulse supply lines are required for stepping the store;
alternate pulses appear on each line. Assume that, initially,
capacitor C; is charged by momentarily closing switch S
but all the other capacitors are uncharged. Application of
pulse P; raises the anode potential of V; sufficiently for the
diode to fire and a current flows which discharges C: and
charges C». The next pulse (Py) is applied to C: and causes
V, to fire and transfer charge from C, to C;. Meanwhile
capacitor C: can be recharged by closing S1 again to insert
another marking in the store.

Each pulse P; causes charge to be transferred from C:
to Cs, from C; to Cs and so on; each pulse P; causes charge
to be transferred from C: to Cs, from C; to C., from Cs to
Cs, and so on, These pulses occur alternately and cause the
pattern of stored charges to circulate round the ring.

If the current which flows during a pulse causes charge
to transfer from capacitor Cy to Cn41, the reduction in volt-
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age across C, equals the increase in voltage across Cuia
because the capacitances are equal. Thus, if the p.d. across
C, falls from V, to V., while that across C.4 rises from
zero to Van:

Verr=Vu— Vi .o 8)

It is assumed that, during this process, the p.d. across the
diode remains at its miaintain voltage Vam until the valve
extinguishes. If the voltage of the applied pulse is V;, then
at the time at which the valve extinguishes its anode voltage
is V» + V' and its cathode voltage is Vap.

SV =Vo+ Vo' — Vo oL )]

Solving equations (8) and (9) gives:
Vot =3 (Vo + Vo — Vam) ........ ao
Vi =4Wu—Vo+ Vam) ........ an

It can easily be seen that if V, = V, — Van, then:
Vita = Vu and V' = 0.

Thus, if the pulse height is correctly chosen, all the p.d.

across one capacitor is transferred to the next and the stored

charge remains unaltered as it progresses along the chain.
1

Fig. 31. Use of diode for clamping

In practice, the valves extinguish before their current
has fallen to zero and the valves have slightly different
values of Vam, not all the capacitances are equal and some
charge is lost due to leakage resistance. It might be thought
therefore that repeated operations of the circuit would
cause the stored voltage to decay until it was finally in-
sufficient to fire the diodes. In fact, the circuit has a
compensating action.

If, for example, one valve has a high value of Vam, the
voltage transferred to the subsequent capacitor is low, but
a positive voltage is left on the previous capacitor. This
supplements the p.d. produced next time the stage is
operated so that repeated circulations cause the p.d. trans-
ferred to the subsequent capacitor to build up towards the
correct value V', — Vam. If a capacitor leaks, its stored
voltage falls below the correct value and a negative voltage
is left on the capaciter after the stage has operated. As the
store rotates, the negative potential becomes distributed
over all the unmarked stages and equilibrium is reached
when leakage of negative charge from the unmarked capa-
citors equals the leakage of positive charge from the
marked capacitors. The stored pattern thus continues to
rotate, but the mean d.c. potential of the valves drifts away
from earth. This is undesirable in practice and is prevented
by the clamping rectifier MR; which restores the anode
potential of V. to earth on every revolution of the store.
Clamping one stage is also effective in restricting variations
in ‘the mean potentials of all the other stages. This circuit
operates reliably up to at least 1 000 steps/sec.

Miscellaneous Diode Applications

Cold-cathode diodes can be used for clamping the poten-
tials of various points in circuits, for example as shown in
Fig. 31. When the triode is ‘on’, its cathode potential is
high and the diode is conducting. The circuit thus pro-
vides a low output impedance.

Another useful application for diodes occurs when pulses
for operating cold-cathode vaJves have to be transmitted
over. lengths of multi-conductor cable. Unless the con-

ELECT RONIC ENGINEERING

530

ductors are screened, capacitance coupling between them
causes considerable crosstalk because of the high imped-
ance of the terminating circuits. Interference picked up on
one lead due to pulses on other leads can be prevented
from disturbing the circuits connected to it by means of a
series diode as shown in Fig. 32. Provided that disturbing
voltages are less than the striking voltage Vs, the valve will
not fire and no voltage appears at the output. The correct
signal voltage (Vi) will exceed Vs and so cause a voltage
(Vx — V) to appear at the output.

Diodes can also be used, when required, for reducing or
increasing the amplitudes of pulses used in cold-cathode
valve circuits. A series diode, as shown in Fig. 32, can be
used for reducing the size of pulses. Thus, if the input
pulse is 110V and ¥V, is 60V, the .output pulse height is
50V. A series diode is often preferable to a resistance
potentiometer because of its much lower output impedance.
The amplitude of pulses can be increased by using the
circuit of Fig. 26(b), but with a diode having a large
difference between V, and V.. If a fixed bias V', greater

_ __longgesd ___ o

subject to pick up S
V= Vin

Fig. 32. Use of series limiting diode

than Vu, but less than V is applied to terminal B and a
pulse is applied to terminal A, a pulse of larger amplitude
can be obtained from the output terminal. Thus, if Vs =
180V, Vi = 80V, Vp = 150V and a 40V pulse is applied to
the input terminal, then a pulse of height 110V will appear
at the output terminal. Two methods are available for
extinguishing the valve at the end of the pulse. The first
method requires the time-constant C.Ry te be small, so that
the output voltage decays an appreciable amount during
the pulse. This causes a negative overshoot at the end
of the pulse, which reduces the anode voltage below V,
and extinguishes the valve. This method is only applicable
when the pulse can sag sufficiently for its overshoot to
make the p.d. across the valve less than V. When this
cannot be done, as in the example given, another method
is available. The second method is to shunt the load
resistor with a capacitor as described in Part 1. The capa-
citor is charged by the pulse so that, when it ends, the
cathode of the diode is at a positive voltage, the p.d. across
the diode is less than V' and the valve is extinguished. 'If
the input pulses can be superimposed on a suitable d.c.
potential, then the circuit can be directly coupled and Ry
and C, eliminated.

Multi-Cathode Valve Circuits

The circuits described so far have used simple diodes
and triodes, but no survey of cold-cathode valve techniques
would be complete without mentioning the use of multi-
electrode cold-cathode counter valves®%2.2.25 These valves
have a single central anode and a number of cathodes
arranged in a ring with guide electrodes between each pair
of cathodes. By applying suitable negative pulses to the
guide electrodes, the glow can be transferred from each
cathode to the next, thus producing a counting action.
A counter circuit using a multi-cathode valve can operate
faster than one using separate triodes. However, in order
to operate a multi-cathode valve at high speed a thermionic
valve must be used to drive it. When a cold-cathode valve
is used for the driving circuit, the driving valve used limits
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Fig. 33. Experimental directors in Rich d teleph e

both the speed of operation and the output voltage obtain-
able. The output voltage obtainable from the cathodes of
the counter valve in theory cannot exceed the driving
voltage applied to its guides, and in practice cannot
approach this figure, so it is often difficult to obtain
sufficient output voltage to operate cold-cathode valves
reliably.

Multi-cathode valves have found their greatest applica-
tion in straightforward scaling circuits®-®*, However, they
have been used successfully in circuits performing more
complicated operations*®*¥. Because of the limitations
described above, the multi-electrode valves appear to be
more compatible with thermionic valve circuits than with
cold-cathode circuits. For this reason, and because the
fixed number of cathodes results in a certain inflexibility
unsuited to sophisticated arrangement, most complicated
cold-cathode valve digital circuits have been designed to
use simple diodes and triodes.

Equipment Using Cold-Cathoede Valves

Cold-cathode valves have been used in a number of
simple circuit applications for about 20 years™, but only
during the past 10 years have equipments been designed
using large numbers of them in complicated digital circuits.
An obvious application for cold-cathode valve circuits is
to common-control apparatus in telephone exchange
systems. This type of equipment has to perform a large
number of operations in a short time; when electro-
mechanical switches are used they wear rapidly and require
frequent maintenance adjustment. An example of such
equipment is the director which is used in the telephone
exchanges of some large cities like London and Manchester.
The director translates the digits dialled by a telephone
subscriber to represent an exchange name (e.g. CEN, BRI,
etc.) into another set of digits which determine the route
over which the call is to be set up. The British Post Office
designed some experimental electronic directors® which
were installed in Richmond (London) exchange in
December 1951 which have been in full public service since
May 1952.

The equipment installed at Richmond, which includes
six electronic directors and their common translator, is
shown in Fig. 33. The field trial has proved the reliability
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of cold-cathode vyalve circuits and has demonstrated the
practicability of using this type of equipment to give a
satisfactory 24-hour service with a lower fault-rate than
on the best electro-mechanical equipment®. Many other
applications of cold-cathode valves to telephony are being
developed in various laboratories’-34:%,

In addition to applications in telephony, cold-cathode
valves have been used successfully for computing pur-
poses” and in industrial equipment?. Another important
application has been to telemetering for the control of
electric power supply systems®-,

During recent years, improvements have been made in
cold-cathode valves themselves, in the design of circuits.
using them and in suitable mechanical mounting methods
for incorporating them in equipment. The last point is
not unimportant, as can be seen by comparing Fig. 34 with
Fig. 33. The directors shown in Fig. 33 are, of course,
experimental modeis, but they use large (octal base) cold-
cathode valves, about 300 of which are mounted on each
rack. Fig. 34 shows a recently designed telephone operator’s
keysender which uses subminiature cold-cathode valves.
Over 100 valves, in addition to two relays, are mounted on
a telephone-type mounting plate of the size which normally
accommodates 24 relays.
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APPENDIX
PuLse SupPLIES

The use of pulsed-anode supplies for extinguishing cold-
cathode valves and for co-ordinating the operations of
different stages in complicated digital circuits was discussed
in Part 1. Where several pulse supplies are required it is
usually convenient to derive them from a common master

Fig. 34. Telephone operator's keysender using sub-miniature cold-cathode
valves mounted on a 23-way relay plate
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-S5OV bias

Fig. 35. Pulse supply circuit using a series stabilizing valve

pulse generator, such as a relaxation oscillator driving a
cyclic counter whose stages deliver pulses at the appro-
priate times, which drives pulse supply circuits arranged to
deliver the pulses at the required output voltage and power.
Since the pulses constitute the anode supply voltage for
cold-cathode valves, their voltages must be adequately con-
trolled and it is usual for the pulse supply circuits to take
the form of series-or shunt-stabilizer power supplies which
are switched on and off by the master pulse generator.
Fig. 35 shows a pulse supply circuit which uses a series
stabilizing valve V.. This valve derives its reference poten-
tial from the d.c. power supply via a potential divider
whose ratio can be adjusted to give the required output
voltage. When a positive input pulse causes valve V; to
conduct, the reference potential is reduced below the bot-

Remote Control of Oil Pumps

A remote control device, operated from a tanker moored

at the end of submarine cargo loading lines 31 miles out
at sea, which is capable of stopping the cargo loading
pumps on shore, has recently been installed at a cost of
£10 000 at Lutong Refinery in Sarawak, British Borneo.
This equipment, now in service, was developed jointly by
the Shell Petroleum Company Limited and the General
Electric Company Limited.
- The shallowness of the water prevents tankers from
coming close to the shore, and the four loading moorings
are situated 34 miles out. They are connected to the shore
by underwater pipelines. As a tanker approaches the moor-
ings, one of the seven available portable transmitter/
receiver units is taken aboard. In addition to providing a
radiotelephone service with the shore terminal, this portable
set can transmit on a pump control channel.

Loudhailing facilities are incorporated and a remote con-
trol -unit enables the equipment to be operated up to a dis-
tance of 300ft from the main instrument. The radio tele-
phone channel transmits on 80Mc/s and the pump control
on 80-2Mc/s. The radio telephone shore station transmits
on 86Mc/s and selective calling enables this channel to be
operated on the party line principle.

To stop the pumps in an emergency, the pressing of a
control button on the operating panel of the portable set
overrides the telephone channel and brings the pump con-
trol channel into operation. On reaching the shore pump-
house the. signal is fed to the particular engines pumping
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toming potential of V,. The output voltage from the cathode
of Vi is thus less than the maintain potential of the cold-
cathode valves it supplies and these are extinguished. But
for the rectifier MR;, the stray capacitance of the load
would prevent the cathode of V; falling immediately the
reference potential was removed, with the result that the
valve would be cut off and the output voltage decay only
slowly. However, when valve V; is turned on, its fall in
anode potential causes MR, to conduct and this rapidly
discharges the stray capacitance.
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to the tanker on which the button was pressed. Electrically
operated valves are then activated and stop the engines.

The signal transmitted on the pump contrel channel con-
sists of one of four tones, each mooring being allocated a
specific tone, which is selected by a four-position switch
on the portable unit. The receiving equipment, which is
located near the shore pump house is therefore able to
determine from which mooring the emergency signal has
been received. A signal is then passed to the pumphouse
control panel, where a system of selector switches and
indicator lights feeds it to the particular engines pumping
to the tanker on which the button was pressed. The control
panel alsoincreases the power of the signal to enable it to
work the solenoid-operated valves, which, mounted one on
each engine, are the actual means of stopping the pumps.

The pumphouse receiving equipment comprises two com-
plete receivers working simultaneously so that in the event
of one developing a fault an emergency signal can be
handled by the other, and at the same time a warning light
indicates which receiver is defective.

The control panel, built by Pool & Partners of Marple,
Cheshire, to Shell specification, enables the various pumps
and moorings to be correlated. It also provides a means
of testing the equipment and a light-and-horn indication to
the pumpman that an emergency stoppage has occurred.

The solenoid-operated control valves were supplied by
Electro-Hydraulics Limited of Warrington, and are the
ﬁr;t valves of this type and size to be made intrinsically
safe.
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Efficiency-Diode Line Scanning Circuits
A Simplified Design Method

By K. G. Beauchamp*, A.M.Brit.I.R.E.

A rapid method of circuit and transformer design is given in which a series of ‘abacs’ is used to
evaluate the design constants.
The method also facilitates the prediction of new design. figures, should any of the initial constants
be altered, and the effects on performance obtained.

THE theory of efficiency-diode scanning circuits has been
previously described in some detail in several excellent
papers, notably those of Friend', Schade? and Jones®. The
latter gives a very useful design procedure applicable to
modern wide-angle scanning circuits and the following
treatment is based largely on this.

The design of an efficiency-diode circuit is often com-
menced on the basis of several known constants, viz: h.t.
supply potential ¥y, (volts), cathode-ray tube accelerating
potential E (volts), type and size of tube chosen etc., all
of which form part of the overall design specification for
the television receiver.

It is the object of this article to show how, with the aid
of a series of abacs, the design commencing from these
initial design constants, may be facilitated and the effect of
any changes in design constants on circuit performance
quickly predicted.

Scanning Coil Sensitivity

A suitable commencing point for the design lies in con-
sideration of the scanning coil chosen. For a given scan-
ning angle, # (degrees) and e.h.t., E (volts), the peak-to-peak
scanning current required Iy (amps) is given approximately
by the relationship:

. I;VL; . 1
S = RaVE
where

k = a constant
d = mean diameter of scanning coils

| = length of coils, measured along
an axis parallel to the c.r.t. beam

y = scanning coil inductance (henries).

For a given ampere-turns in the coil the sensitivity is
governed largely by the length of the scanning coil I
This in turn is dependent on the scanning angle 6, due to
the necessity of avoiding neck-shadowing or cut-off of the
c.r.t. beam.

It can be shown from geometrical considerations that
the maximum length of coil ! pessible in order to avoid
this is:

(similar units)

Imax = Dftan(8/2) ............... @

where D = internal diameter of the c.r.t. neck at the Z-Z
linie, i.e. at the point of junction between the
c.r.t. neck and bulb.

For 6§ = 65°, and D = 36cm, (the conditions met with
in most modern 14in and 17in tubes) /max = 51-5mm.

Some increase on this figure is possible if the ends of the
coils are flared to fit further up the tube neck, and in the

* A.E.I1. Research Laboratories, Aldermaston, formerly with the G.E.C. Television
Laboratory, Coventry.
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‘design data that follows a figure of 53mm is assumed for

Imax in order to take this effect into account.

The assumption is also made that saddle-type scanning
coils are used. Where, castellated cores are used the current
figures arrived at may be reduced by some 5 per cent to
allow for the greater sensitivity obtained with this form
of construction.

The abac of Fig. 1 has been prepared from empirical
data and shows the relationship between scanning coil
inductance L, (or total turns Ny), the peak-to-peak scan-
ning current Iy, and the e.h.t. E, for the conditions described
above.

This abac can be used for either series or parallel con-
nexion of the two line coils, but in the latter case the
current I, refers to the total current supplied to the two
coils in parallel, the inductance figure also referring to the
parallel connexion.

Fig. 1. Relationship between scanping coil inductance, scanning current
and e.h.t. applied to the c.r.t.
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Transformer Design

It has been shown that the performance of the line-
scanning transformer is largely controlled by the coupling
factor k obtained between scanning coil winding Lis and
pentode winding L1, (Fig. 2).

Jones® has shown that for maximum energy transfer the.

relationship between Ly and L. is dependent on k as given
by:

y "
_\/ﬁ _ -—W ........ e e e .

However, in order to avoid leakage reactance resonances
in the completed design, it is advisable to depart from the
optimum value of L,-; and this may be reduced by a factor
a, thus:

Li:/Ly =

L;.- (actual)
* = Li2 (optimum)
Using modern core materials little improvement in effi-
ciency is obtained by making « greater than about 0-8.
Fig. 3 incorporates the relationsﬁips given in equations (3)

and (4) and enables L;-; to be evaluated for a given value of
Ly, k and «.

The peak voltage developed across winding L;-: during
the scanning period is given as:

Vy = Ly . (dly/dt) volts
where ¢ = scanning period (sec).

Due to the inclusion of coils for controlling picture
width, a correction factor p will be required to the volt-
amperes Vyl; developed across the transformer secondary
winding.

A figure of 12 per c¢ent may be taken as adequate to
allow for valve deterioration in service.

Also, as Li-» has been reduced from its optimum value,
an increase in energy is required to maintain the required
potential across the scanning coils. This can also be
assessed as a correction to the VA required, giving:

VA = py I;Vy ©
for the actual volt-amperes supplied to the system, where:
VA supplied to the system

= U T EaaEE @)
An expression for 5 has been previously given® as:
2 — k° a + o V(I — k)
1=" 2 [ ) ] e (8)

This is of the form 5 = a + cb, where a and b are func-
tions of k.and c¢ is a function of «.

Fig. 2. Simplified circuit of an efliciency-diode scanning circuit, showing
transformer connexions

Ve
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Fig. 3. Relationship between scanning coil inductance and optimum
transformer secondary inductance

The expression is not directly amenable to abac form,
but by separating the two constituents of #, this factor
may be determined by the addition of @ and ¢b which may
be found from the abac of Fig. 4 in terms of k and «.

Making certain assumptions regarding boosted h.t. poten-
tial ¥, and minimum potential for V; anode, Vamin), then
the peak current in winding Ly is given by:

VA
. W_?a(l;iu)’ ...... B R I (9)

With resonant-return systems V; and V. conduct alter-
nately and the division of this peak current between the
two valves is determined by the Q-factor of the coupling
transformer. In practice, the current taken by the pentode
V; usually lies between 0-5 and 0-6 of I,.

Assuming the waveform of V) anode current to be that
of a truncated sawtooth, the r.m.. value is given by the
relationship:

I,

V(d/3T)

Ia(peak) -
where T = period of one cycle

Ia(r.m.s.)

d = period of pentode conduction.
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For the case of d = 0-557, the r.m.s. current taken by V,
will be approximately 0-43 of the peak value.

The transformer ratios can now be evaluated. These are
N1-3/N1a2, matching scanning coils to the boosting diode
impedance and N,.;/ N1, effecting a match between the two
valves.

The value of these will be dependent largely on the mode
of operation desired, but for most purposes a mode will
be required where the diode does not quite cut off at the
end of the scanning period, while the pentode is operated
below the ‘ knee’ of its I,/ V. characteristic.

Thus the root of the diode can be chosen to be imme-
diately below the peak pentode current I.). The anode
potential at this point can be ascertained from the valve
characteristics and designated Vamin).

Then:
Vb - Va(min)
Ni-1/Nis3 = TS| - - - (11)
and the diode ratio:
Ve - V
Nis/Niz BB A . . . (12)
Vy

Realization of the second assumption mentioned above,

Fig. 4. Derivation of VA correction factor 5 in terms of coupling factor
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i.e. boost potential, is dependent on the mode of operation
(controlled by Ni.4/N-3) efficiency of the circuit (Q-value),
and any current drain from the boosted h.t. supply to other
parts of the receiver (e.g., frame scanning circuit). Previous
design experience is desirable here in order to make an
intelligent estimate of expected boost potential.

An example will now be given, to illustrate the applica-
tion of the method outlined above to a typical scanning
circuit design.

Let the following design constants be applicable:

6 =65°, Ly = 10mH, E = 13kV,

Vb E 450V, Vi = ZOOV, Va(min) = 60V.
These are typical of those found in, say, a 17in a.c./d.c.
domestic television receiver.

(a) ScanNING ColiL DESIGN

From Fig. 1, Ny = 400 turns, i.e. 200 turns per coil,
using a ferrite yoke, series connexion and saddle-type
construction.

Also from Fig. 1, Iy = 0-85A peak-to-peak.

A suitable size of wire at a current density of 3 000A /in?
is 0-0148in diameter (28 s.w.g.)

(d) TRANSFORMER DESIGN AND OPERATING CONDITIONS

k can be obtained from a test transformer winding or
previous known designs using the same core and method
of construction.

Let k = 0-998, then from Fig. 3, Li-2(optimum) = 156mH.

At these values of coupling factor there is very little
loss of efficiency using low values of «, so let « = 05,
giving Li-» = 78mH.

From equation (5), Vy=86V pk-pk for Ly=10mH and
I; = 0-85A.

With « = 0-5 and k = 0-998,

n = 1005 + 0-17 = 1-175 (from Fig. 4).

The VA required are:

VA = 1175 x 1-12 x 0-85 x 86 =106, from equation (6).

Taking Vamin as 60V from the valve characteristics,
then:

I, = (106/390) = 272mA
Thus:

I, = 0:55 x 236 = 150mA
the r.ms. value being 150 x 0-43 = 64mA.

Transformer ratios are obtained from equations (11)
and (12).

Ni-s/Ni3 = 450 — 60

450 — 200

450 — ZOQ
86

Finally, the transformer is wound with taps on either side

of those calculated and the turns ratio adjusted to obtain
optimum working conditions.

1-56

Ni3[Nis = 2:9
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Resistance-Capacitance Tuned Amplifiers Using
Negative Feedback

By D. J. O'Connor*, B.Sc.

The transfer function of an LC tuned amplifier is compared with that obtained for a feedback
amplifier using particular types of RC feedback networks. A design procedure is developed which
permits the design of circuits having predicted performance.

A CONVENIENT starting point in the design of tuned
amplifiers is the response of a single valve amplifier
having a parallel LCR network as its anode load. Fig. 1
shows the current generator equivalent of such an amplifier
for which the gain function is

pLgm

- ]_+ I’(_L/Iz_)im. .......... (1)

l
AL L =c

¢

Fig. 1. Current generator equivalent circuit of LC tuned amplifier

Zy T

I, J
2 | ,
' &L E

£ I
Block diagram of feedback amplifier

Fig. 2.

We can identify three parameters for the function
Peak frequency wo, = [1/V(LC)] '
Go = gnR ST 2)

Qo = (R/wol) l

Peak gain

Equation (1) is of the form

G=-__P .. Q)

and one may write
Peak frequency wo = (1/b)
Peak gain Go=(cla) r....... 4)
Qo = (b/a) )

In order to see how a function of the. general form (3)
may be generated, consider the circuit shown in Fig. 2.
At this stage loading effects of the input and output net-
works on each other and on the amplifier will be ignored.
If the gain of the amplifier is large and there is a large
degree of feedback then the voltage E; at the input grid is
small compared with both E; and E, and in fact tends to
zero. Further, if the amplifier input impedance is high
the current to the input grid tends to zero. It follows that
Ii = --I, and therefore ‘

(Eo/E) = (Zolo/ Zil)) = —(Zo]Z) ...... (6))
where Z; and Z, are the transfer impedance functions of
the input and output networks as shown in Fig. 2. The
transfer impedance function of a network is defined as the
ratio of the input voltage to the output short-circuit

* The General Electric Company Limited, England.
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current. Fig. 3 gives the transfer impedance functions of
the networks which are considered in this article. In all
cases the network of Fig. 3(a) is used as the input network.

TRANSFER IMPEDANCE |
| NETWORK IJ FUNCTION RELATIONS
@ __ A1 B=C,
—nw—l— (1/pB) (1+pT,) T.=R.C,
CI‘
(b) A A =R1
| 1+ pT, T,=R,C,
R !
R
A , A=R,
_I;/ |1 : A(1+pT)) T,=2R,C,
© GGl 1+pT, +p°T,T, R.C,
R, T,= 3
C2 \ » i
‘ A=2R,
@ W A(1+pT,) T,=2R,C,
- IC,R' 1+pT, +p’T\T, T,= Rlzcl
Ra
R 2R R,
A AN S (L+PT)) R.C
- & 2R, +R, T,=-—=
iH— . 2RT, 7R TT, 2
AR, = C p2R1+R4 I F*R, +R4 :2R2C’
(@ gy T,=R,C,

Fig. 3. Transfer impedance functions of networks used

Case 1. Fig. 3(b) Used as Output Network

Zi=/pB) (1 + pT3) ............ 6)
A
o= TF T SRR @)

— S
1+ p(Th+ T3) + pPPTHTs
For this network combination
V(T:1Ts)
Qo = T+ T;
which has a maximum value of 0:5 when T) = T..

G = -(Zo/Z.) =

Case 2. Fig.3(c) Used as Output Network
i =(1/pB) (1 + pT5)

7 AQ+pTy

Sl s s o ARRERRERRREE
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PAB(1 + pTy)

= > e 11
(I + pTa)(1 + pTu + p’TaiTe) S
If T\ = T;, then
pAB
= — — e e laabs 1o 12
1 + pTh + p*TiT: - 12
This is of the form of (2) so we may write
1
gL o p———
wo’ = (1/T1Ts) = RRCE (13)
R:C»
Go — 3RC. = R:2/Rs) ............ (14)
Qo= V(T:/T) =+ V(R:/RY) ........ (15)

Suppose now the value of R: is fixed. Then R, will be
fixed by the required Q, and R; will be fixed by the
required G,. Ci can be selected to give the required value
of wo and C; is selected so that the relation T) = T3 is
satisfied. Thus components can be selected to give any
desired values of w,, Go and Q..

Case 3. Fig. 3(d) Used as Output Network
Z = (1/pB) (1 + pT3)

A(l + pT2)

0= — ..., 16
1 + pT1 + PPThT: (16)

it will be found that provided T. = T3, then

1
2 _

oo RICC, an
Go = (Cs/C2) ... ... ...... (18)
Qo=3V(C1/Co) ... ... ... (19)

Again, components can be chosen to give any desired values
of we, Go and Q,

Case 4. Fig. 3(e) Used as Output Network
Z; = (1/pB) (1 + pT»)
2RiR,

2R: + R, L+ o) _— (20)
Z, i . 2R1T1_ 7 R4T1T2_ ....
P 3R, +R. 2R: + R,
Making Ty = Ts, it will be found that
wd =TTy ot Re @1)
4
Go=(ReJRY oo (22)
|/ R.
1 p———
Qo = 1 N, < SRR, @R+ R.)) ........ (23

Again components can be selected to give any desired value
of these parameters.

It appears that in three of the cases considered compo-
nents can be selected to give any desired response. In
practice some of the assumptions that have been made may
not be valid. As a first departure from the previous assump-
tions consider the case when the gain M of the amplifier
is not large compared with the required overall gain. Eg
will be regarded as small in comparison with E,, but com-
parable with E;. Then from Fig. 2 (since Z; is a two-
terminal network),

(B =8 AT SO o] o 5
E, = ME; = Z,lo = —~Z,l;

L Ei= —(EJ/M) + Zili = —(E. /M) — (E./]Zo) =
-E [(1/M) + (Zi/Z,)] ... (20)
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M
NGBy IEN= Bllime—a——=lll .
(Eo/ E)) (1 ¥ (zi/zo)M) peee @D
For the networks considered, Zi/ Z, has the form
1 + pa + p*b®
=
- pcM pc
T M+p(c+aM)+pMbB: T 1+ pl(c/ M) + al + p*b?
........... . (28)

which is of the same general form as equation (3). The
peak frequency is unchanged, but now

) M  GM
Gy = 1 + (W =3 Eom ...... (29)
o/ b _ (oM QM
" (c/My+ta (la)+M  Go+M
FVonit | . i e (30)

In equations (29) and (30), G, and Q, indicate the functions
of resistance and capacitance which have been derived
earlier for the various network configurations. They are
retained as convenient design parameters.

The analysis becomes a little more complex when it is
desired to take into account the loading effect of the net-
works on each other. It will now be assumed only that the
amplifier has high input impedance, low output impedance
and M > 1. ‘High’ and ‘low’ are, of course, relative
terms and must be considered in conjunction with the net-
work impedances. It is shown in Appendix 1 that under
these conditions the gain function of the amplifier is

, -M
G Y AARRIATA B . @31
where Z, is the impedance of each shunt arm of a =-net-
work, equivalent to the output network. It is also shown in
the Appendix that for output networks of the forms of
Fig. 3(c), (d) and (e), the term Zi/Z, is independent of
frequency. One can therefore rewrite equation (27) as

=i 62)

C =@z

) M
1 +(Zi/Zs)
It has been seen already that this form of gain function

is of the same general form as equation (3) and it may be
noted that the peak frequency is unchanged.

Using the values of Z;/Z, derived in the Appendix it may
easily be verified that using either of the bridged-T networks
the peak gain is given by

where M’ -

, G.M
G, G y200 s M 33)
and Q is given by
oM (34)

0. =G T0F T

Considering equation (34) it is seen that Q. falls steadily
as G, is increased, but has a maximum value as Q, is varied.

This maximum occurs when 20 = G, + M and is
M

Qo (max) 2\/7;0 + A?) ........... (35)
The corresponding value of peak gain is
G.M
o S e e e h e 36
G 2G. + M) (36)
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Eliminating G, between equations (35) and (36),

[ (M — G
o'max =% | e hea e 37)
Qo' (max) \/< 5 > (

Thus, using the bridged-T output networks for a given
value of M, if G, is fixed then there is a maximum value
of Q’ that can be attained.

When the twin-T output network is used it is found,
using the value of Z,/Z; derived in the Appendix, that the
peak gain is given by

Gl x Go";’) ........ (38)
n +
o — ~ Q0o +M
& V(n) Q
and Q is given by
o= — Q°"I’) ......... (39)
2(n +
o . - o M
G, + V) Q. +
It is seen that Q, decreases as G, is increased, but as Q.
increases Q," — Man . This has a maximum value for
2(n + 1)

n =1, so that for this network
Qo'(max) = (M/4)

Design Procedure

In designing an amplifier, peak frequency, peak gain and
Q will be specified and the value of M for the amplifier
to be used will be known. Since none of the circuits con-
sidered can give Q' > (M /4) it can be seen immediately if
the amplifier is capable of meeting the requirements on this
parameter. From equation (37), it can be ascertained if the
specified value of Q. can be achieved with a bridged-T
network. If a bridged-T network is to be used, then elimi-
nating G, between equations (33) and (34),

M- G/
202 _< —Q,~—>Qo +M=0...... (41)
- ’ o )3 ’Z
g, S £ VICE GV - DA e

Also from equations (33) and (34),
G1 = (Go’/Qo’) . Qo (43)

The network components can now be specified to give these
values of G, and Q..

If the twin-T network is to be used, then putting n = 1
and solving for G, and Q, between equation (38) and (39),

MG,
Go == M —(;,— @ ............ (44)
0. = 0. (Go/Gy) = — MO @5

M — G, — 40,
and again the network components can be specified to give
these values of G, and Q..

It is not possible to solve explicity for the value of each
component until one component has been specified arbi-
trarily. The designer will endeavour to specify this com-

ponent so that the conditions assumed in the analysis are
satisfied.

Example

It is decided to design an amplifier having a Q of 825,
a peak gain of 40 and a peak frequency of 100c/s. The
amplifier to be used has a gain of 630 and an output resist-
ance of about 1k(). The low output resistance makes it
comparatively easy to ensure that the output network does
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not load the amplifier. From equation (40) it can be seen
that the specified Q can be obtaintd with a twin-T circuit
and from equation (37) it is seen that a bridged-T network
can be used. The latter should be used, since it is econo-
mical in components.
From equation (42),
590 — V{(590* — 8 x 630 x 68)
= S
= 15:6
Go = 40 x (15:6/8:25) = 76.
Taking the circuit of Fig. 3(c) as the output network to be
used, then, from equation (15),
(Rz/ Ry) == 1 000.

OUTPUT
NETWORK

(@)
o, T &
Lre]
Rq
. (b)

Fig. 4. Current gemerator equivalent circuit of feedback amplifiep

At this stage one of the components can be specified, say
Ri. Putting R, = 1k}, then R, = 1MQ.

From equation (14), Rs = (10%/76) = 13-2k(}
1
27 . 100 V(10Y)
The only component left to specify is the capacitor of
the input network which is specified by the relationship
Tr=T:

From equation (13), C; = = 0-05uF

i.e., R;C3; = 2R:1Ch
2:10* x § x 108

132100

In a practical amplifier based on these calculations the
actual component values used were:

R1 = 980(), R: = 980k(2, C: = 0-052uF, R; = 13k(2,
C: = -0077uF.

These components should give a peak frequency 99c/s,
0. = 825, G, = 39:5. Measured values were f, = 98c/s,
Q. = 815, G,/ = 38:2.

Cs = 0076uF.

APPENDIX

If a multi-stage amplifier is considered, in which the
number of stages is such that there is a phase reversal be-
tween input grid and output terminals, an equivalent circuit
can be drawn in the form of Fig. 4(a). The gain of the
amplifier up to the grid of the output valve is A4; the terms
gm and r. refer to the output valve. The three terminal
output network can be transformed to an equivalent 7«
network and the equivalent circuit can be redrawn as in
Fig. 4(b), where Z, is the transfer impedance of the output
network. Since all the output networks considered are
symmetrical, the two shunt arms of the equivalent =<
networks are equal. R, is the parallel combination of load
resistance Ry and anode resistance r, of the output valve,

Putting Yi = (1/Z3), Y. = (1/Ry), etc.,
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E;(Yi+Ye+Ys+Yo) — EYo=EY: .......... (46)
_EgYO +E0(Ys +Y.+ Ya,) = — Angg
.......... . (47a)
1e. Ex(Agm — Yo) +Ef(Ys+Yo+Ys) =0 .. (47b)
Then
|Yi+Ye+ Yot Yo, EiYi
E, — __Agm —_Y» . - 0
|Yi+ Y+ Ys+ Yo, Y, |
|Agm — Y. Ys+ Yo+ Y.
. EY (Y, — Agm)
C(Yi+ Yot Yo+ Yo)(Ys+ Yot Ya) + Yo(Agm— Yo)
............ 48)
, _ Eo Yi(Yo — Agn)
T E (Yit+ Y+ Yot Yo)(Yo+ Yot Ya) + Yo(Agm— Vo)
............ (49)

This.equation gives the complete gain function of the
amplifier. Assume

Agm > l Yol

Yo> Y, + Y

Y.>0

M = AgnR.> 1
The validity of these assumptions can usually be ensured
by suitable choice of components.

—YiAgn —-YM

(Yit Ys+Y)) Yot Yogm  Yit Vit Yot YoM
N -M
TS/ YD)+ (YY) (M + 1)

G =

o -M
N (ZZY+(ZZ)M
If the network of Fig. 3(c) is used as output network,

then using the star-delta transformation it follows imme-
diately that

.. (50)

l+pT;

Zs =,
pC1

Thus when T; = T3,
Zi/Zs = (C1/C.°.) = (R3/2R1) = % (Rs/Rz) . (Rz/Rl) ey
(4Q0*[2Go) = (2Q.*/ Go)

This term is independent of frequency.

Similarly, when the circuit of Fig. 3(d) is used as output
network,
Zi|Zs = (C1/2C3) = (2Q4%/ Go)
which is again independent of frequency.
When the circuit of Fig. 3(e) is used as output network,
pC: pC pC: + 3pCh
]_+p_T1 2_(1+pT_1)——1_+p71~
Thus when T; = T,

Zi| Zs

=

Cs + _%_Cl
Cs

Putting

(R1/2Rz) n - (2C2/C1)

Then

Zi/Zs

T(Q/Zé(n + 1) - (R3/RY) (7 + 1)

which is independent of frequency.
For this circuit it has been shown that
Go = (Ry/R3)

/
Q. %\/['zii‘ie{(ZRﬁR‘)]
R4(2_R1+R4_) AnR;(2R1+R})_n_G¢£3(2R1+GO_IE;_)

- 4Q¢° 2R1R2 R R
=2nG, (R3/RY) + nGo? (Rs/Ry)?
40
ie. (R3/RY)’ + (R:/Ry) . 2/ Go) - -n%z‘ = 0.

_VIA + 400 /n — 1]

. R3/Ry G
2
2,12, =<n + 1)\/[1 + 4Qo_] 1
G, n
If Qo> 1
2Qc(n + 1
AR g/n('.la»_)
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Research into Tropospheric Scatter

In common with other countries, intensive research into the
possibilities of tropospheric scatter is being carried out in
the United Kingdom. Earlier in the year it was stated that the
radar stations of N.A.T.O. from the Arctic to the Mediter-
ranean would be co-ordinated by the use of such techniques.

Marconi’s have now brought into operation a tropospheric
scatter link between Great Bromley, Essex and Sutton Bank
near Thirsk, Yorkshire, a distance of about 200 miles.

Field strengths are recorded continuously over this link;
various types of modulation are available so that studies can
be made of multipath effects, the effect of aircraft and other
relevant problems. Preliminary tests have already been made
over a 400 mile circuit to Aberdeen, and it is hoped later to
establish a link over this distance. ;

Plans are currently in hand to set up 10kW transmitters
and associated receivers at Newcastle and in the London area,
with the object of being able to operate up to 36 simultaneous
telephone channels or a television link between these points.
The equipment is being designed and constructed for tests and
demonstrations only, .

The present transmitter at Great Bromley, is housed in a
Services-type trailer. Operating on a frequency of 858Mc/s, the
transmitter has an output of 500W and is capable of being
frequency-modulated by a multi-channel signal or amplitude-
‘modulated by a television waveform, or by pulses. The actual
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radiator consists of a 30ft diameter dish, the lower edge of
which is mounted about 30ft above ground level; this is
energized by a feed horn mounted on the transmitter trailer.

The radio beam can be steered in the horizontal plane by
positioning the transmitter trailer on an arc of railway track
which is laid in front of the radiating dish. Adjustment of the
beam in the vertical plane is also possible since the feed horn
is mounted on a small boom, which can be raised or lowered
as necessary.

The receiver is contained in a mobile laboratory. In order
to obtain the maximum mobility, the receiving aerial, which
is mounted on a trailer, is only 10ft in diameter.

The link has now been in continuous operation for seven
months and results from this and the original research are
such as to indicate a sound commercial future for communica-
tion systems making use of the tropospheric scatter _prmc1p1e.

For the future, the ultimate limits of transmission will depend
largely on the transmitter power available. With a power of
100kW it might be possible to achieve telegraph transmission
up to distances of 700 miles. The ultimate operational limits
are not yet established, but it would seem that there is a
possibility of an eventual transatlantic television service by the
tropospheric scatter system. This, however, would entail a
series of ‘hops’, as the maximum range for reliable television
transmission by any one link is only about 250 miles. A much
nearer possibility is a direct European television link, for
example from Holland to Britain.
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A High Speed Oscillograph Cathode-Ray Tube for the
Direct Recording of High Current Transients

By R. Feinberg*

, Dr.Ing., M.Sc.

A high speed sealed-off high voltage cathode-ray tube is described which has straight acceleration,

magnetic focusing, a voltage time-base deflector, and a current signal deflector consisting of a single-

turn coil. As an example of the performance of the tube an oscillogram is shown of a current

pulse having a peak value of about 16504, a duration of the order of 15usec and in the steepest part
a rate of change of about 250A [ psec.

AN oscillogram of a transient current of high peak
intensity is commonly obtained with a voltage signal
deflector oscillograph cathode-ray tube in combination with
a suitable shunt and, if necessary, an amplifier of sufficient

Fig. 1. Prototype of the high current tramsient oscillograph cathode-ray tube
with an experimental low sensitivity signal deflector coil

bandwidth. This method of current oscillography thus
utilizes a voltage proportional to the current to be
measured. The precautions to be taken when applying the

* Ferranti, Limited
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method in cases of a transient duration of the order of
microseconds have been pointed out, for example, by P. R.
Howard.

There is another method of oscillographing a high current
transient which does not appear to be generally used. The
method employs a current transient oscillograph cathode-
ray tube for direct signal deflexion. A high speed tube of
this type is described in this article, and an example of its
application is given.

Design of the Current Transient Oscillograph Tube

Fig. 1 shows a prototype of the tube, Ferranti 06/ 10PM,
together with an experimental deflector coil. The coil is
shown mounted around the neck of the tube.

The glass envelope of the tube is of conventional design,
having a cone with a flat face of nominally 150mm
diameter. The luminescent screen which is aluminium
backed, is made of silver activated zinc sulphide phosphor

i NECK OF
7 CATHODE-RAY
+TUBE
= o |
N |
. 1
oo —o4
Fig. 2. Principle of desigu of the current deflector coil indicating the flow
of current

which, at the present state of phosphor development, is
considered to be the most suitable for the photographic
recording of high speed traces. The electron gun is of the
triode type with straight acceleration and magnetic final focus-
ing, and is designed to operate at a maximum accelerator
voltage of about 25kV. ‘

The tube has two deflector systems of different designs.
The X-deflector is of the electrostatic type for voltage
deflexion, and the Y-system is of the magnetic type for
current deflexion.

The X-deflector consists of a pair of plates of conven-
tional design, with a deflexion sensitivity of about 500/
V.mm/V, where V. denotes the accelerator voltage. The
capacitance of the deflector plates combined with that of
the lead is about 1:5pF. The deflector loop from the
terminals has an inductance of about 0-9uH. Thus the
natural resonant frequency of the deflector system is about
400Mc/s.

The Y-deflector is constructed as a single-turn coil con-
sisting of two symmetrical sections screwed together to
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form a compact unit placed closely around the neck of the
tube, see Fig. 1. The principle of coil design is illustrated
in Fig. 2, which also indicates the flow of current in the
various parts of the coil. By adjusting the spacing d, see
Fig. 2, between the two ring parts of the coil, the sensi-
tivity of electron beam deflexion is set, a narrow spacing,
as'in Fig. 1, giving a low value of deflector sensitivity, but
a wider spacing resulting in an increased sensitivity. The
inductance of the coil varies in proportion with the magni-
tude of d. Its value for the coil shown in Fig. 1 where
d = lmm and whose ring parts are made of brass 3mm
x 4-5mm, was measured at 180Mc/s as about 0-02uH.

~BO 7 T }
E [N
i [
Q Vo?
Z Vo?
9 i \EVN
4 e
w |
d 40 T e '
8 | \/Jé /
L 4
T

| |

o 160 200 300 400 500 600 700

50¢/s DEFLECTOR CURRENT I,., (A)
Fig. 3. Deflexion characteristic measured at 50c/s operation

T
Vo= 6-8kV

//

Q
&
N

Q
N

=
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DEFLECTOR SPACING o (mm)

Fig. 4. Deflector semsitivity characteristic measored at 50c/s operation

o

DEFLECTOR SENSITIVITY §
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(o]
0

Performance of the Oscillograph Tube

Fig. 3 gives the spot deflexion D obtained for various
values of accelerator voltage V. and measured as a func-
tion of the peak-to-peak value I;-; of a 50c/s current pass-
ing through an experimental deflector coil similar to the
one shown in Fig. 1. The deflector current was limited to
a maximum of 250A r.m.s. because of the output limit of
the current transformer employed to supply it; that means
the maximum of I,., was 705A. The curves indicate
linearity of D and that D, for a given value of deflector
current, is inversely proportional to VV,, in accordance
with theory.

In Fig. 4 is shown the deflector sensitivity § measured
with a 50c/s deflector current at ¥, = 6-8kV using a set
of coils as in Fig. 1, but with different values of spacing d
(see Fig. 2). Within the range of measurement, ie. d =
Smm to 20mm, the value of S varies in linear relationship
with d. )

The deflexion Dmm, caused by a current iA, is:
D = Si
with S, in the range of measurements of Figs. 3 and 4 with

the deflector coils used, being represented by the empirical
expression :

S=a(do + d)|VVa
where S is expressed in millimetres per ampere, a and d, are
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dimensionless constants with numerical values dependent on
the design of the deflector coil and its distance from the screen
of the tube, d is in millimetres and V. is in kilovolts. For
the coils used for Fig. 4, a = 0-034 and d, = 4.

The oscillogram, Fig. 5, was obtained with the tube and
deflector coil shown in Fig. 1. It depicts the current pulse
discharging.a 10xF capacitor at 1-8kV through a Ferranti
type AD30 cold-cathode gas-filled arc conduction valve.
The pulse duration, measured at one-fifth of peak current,
is about 17usec and the peak current is 1650A. In order
to obtain the trace within the useful screen area of the
oscillograph tube it was necessary to reduce the effective
deflector sensitivity of the coil; this was achieved by shunt-
ing the coil with a simple small wire loop.

In the steepest part of the current pulse, the rate of
change of current through the deflector coil and shunt

b

N T L L L L R R T Y S T TR T R

T

Fig. 5. Oscillogram of a current pulse with a peak of 1650A, the time
calibration dots being spaced at 1sec intervals

AT

B R N T T Y Y E TR 23 -

Fig. 6. Record of the distorted trace of a current pulse with a peak of
3300A, the time calibration dots being spaced at lysec intervals

combination is about 250A/usec. Assuming the coil-shunt
combination to have only inductance, the value being about
0-01H, the theoretical value of voltage drop across it at
the steepest part of the current pulse should thus be about
3V. A low value of voltage drop across the coil-shunt
combination was confirmed in an oscillogram.

The effect of insufficient screening is demonstrated in the
oscillogram Fig. 6, which shows the current pulse through
the AD30 valve from the 10uF capacitor at 2:5kV.
The pulse duration is about the same as in Fig. 5, but
the peak current is about 3300A (the shunt to the deflector
coil consisted of a 6cm length of wire connected to the
deflector coil leads). By more elaborate screening of the
oscillograph. tube, the distortion of the trace could have
been eliminated and a curve similar to Fig. 5 obtained.
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25 YEARS OF PROGRESS IN MICROWAVE LINKS

A survey in retrospect of the development of microwave or super-high-frequency techniques in
telecommunications.

HE world’s first introduction to what was then known

as ‘Micro-Ray’ communication took place just over a
quarter of a century ago, on 3 March 1931, when Standard
Telephones and Cables Limited and their associates, Le
Matériel Téléphonique of Paris demonstrated telephone
and teleprinter links between Dover and Calais.

The two stations at Dover and Calais were in all essen-
tials identical. That at Dover comprised a transmitter and
a receiver and terminal equipment of normal design for
connecting them together, so as to give facilities for two-
way communication.

The outgoing signals were applied to what was desig-
nated a ‘micro-radion’ tube, in which the high frequency
oscillations were generated. A short transmission line con-
nected the ‘micro-radion’ tube to the radiating system or
doublet, which was about 2cm in length. The amplitude
of this h.f. current along the doublet at any instant was
substantially the same. The doublet, situated at the focus
of a paraboloidal reflector some 3m in diameter, served
to concentrate the radiated waves into a 3° beam directed
towards the distant receiver.

In order further to increase the efficiency of the system
by the prevention of radiation other than in the required
direction, a hemispherical reflector was located at the
opposite side of the doublet to the paraboloidal reflector,
with the doublet at its centre.

The radius of the hemispherical reflector was so chosen
that when the reflected radiations reached the focus again
they were in phase with those being radiated at that instant.
The appropriate radius depended upon the wavelength,
the relation being that it should be substantially a multiple
of half wave lengths. The radius was large enough to
ensure that the reflector had satisfactory electro-optical
properties, but not so large as to intercept unduly the
radiations reflected forward from the paraboloidal reflector.

It was estimated that the gain due to the paraboloidal
reflectors on one channel was of the order of 46dB, to
which the hemispherical reflector added another 6dB.

For the purpose of measuring the high frequency out-
put at the transmitter, an aperture was provided in the
centre of the paraboloidal reflector through which part
of the radiation passed. By making the diameter of the
aperture slightly smaller than that of the hemispherical
reflector, no loss of radiated power resulted. The radiations
passing through the aperture fell upon the measuring
instrument employed, which took the form of a wavemeter
calibrated for, and normally set to, the transmitted fre-
quency. It comprised a small receiving antenna in which
the induced e.m.f. was used to act upon a thermocouple
junction. The readings of the associated galvanometer
-were an indication of the radiated power, while the distance
between antenna and metal screen, being adjustable, also
enabled wavelength measurements to be made. In the
demonstration the wavelength used was 17-6cm (1705Mc/s),
while the radiated power was of the order of 0-5W.

The receiver was a counterpart of the transmitter,
except that no high frequency measuring device was pro-
vided. That is to say, it comprised a doublet connected by
a transmission line to the ‘micro-radion’ tube, where detec-
tion took place. Paraboloidal and spherical mirrors exactly
similar to those of the transmitter were also provided for
concentrating the received waves upon this doublet.
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To avoid coupling, the receiver was situated about 80
yards from the transmitter at each terminal and arranged
to be in its electro-optical shadow, adequate allowance
being made for diffraction. The same wavelength was used
both for sending and receiving.

Though a certain number of experimenters had already
succeeded in generating and utilizing oscillations of such
wavelengths, nothing beyond what was described as labora-
tory investigations had up to then resulted. The enormous
advance in technique shown by the 1931 demonstration,
both as to distance covered and results obtained, indicated
that the range of wavelengths between 10 and 100cm
(3000 to 300Mc/s) was ready for commercial use. The
two-way radio telephone circuit was noteworthy for the
quality of the speech received. Not only was it well up
to the standard of a high-quality metallic circuit, but it
showed little signs of being affected by fading.

Compared with radiations of the more usual wave-
lengths, the ‘micro-rays’ presented many striking features.
Their "extremely short wavelength permitted the use of
electro-optical devices, such as reflectors or refractors, in
addition to diminutive antennz systems. It was shown
that a further similarity between these radiations and light
was that it was necessary to have virtual optical visibility
between transmitter and receiver, or at least that conductive
obstacles of too great length should not be. interposed.

The success of the 1931 demonstration was widely hailed
at the time, the equipment used being so advanced in
principle and performance that it still resembles closely
some of the latest types used in the same field of applica-
tion today. An interesting forecast of future development
was made in a note issued by S.T.C. in 1931, of which
the following is an extract:

“The frequency band available will allow of a very
large number of permanent and continuous channels
between the same places without mutual interference,
while the directional properties and comparatively short
range of the waves will make possible the use of the
same frequencies over other routes. A further very
important use will be for television, the development of
which is hampered at the present time by the very large
frequency band required for satisfactory definition of
the object transmitted. It should now be possible to
allocate as wide a band as is necessary for television
without causing any ether congestion. It is easy to
imagine the establishment of national ‘micro-ray’ net-
works for use in conjunction with television apparatus.”

"The development of the early experimental system to
meet the needs of commercial communications was rapid,
and early in 1934 the world’s first commercial ‘micro-ray’
radio service between the civil airports at Lympne in Kent
and St. Inglevert in France was opened for service by
Sir Philip Sassoon, the then Under-Secretary of State for
Air. This telephone and telegraph link was operated jointly.
by the British and French Air Ministries to speed up
transmission of essential traffic messages between the two
countries, and it remained in regular operation until after
the outbreak of war.

The Lympne station occupied a commanding position
overlooking the Channel, within optical range of the
corresponding station at St. Inglevert, 35 miles away. The
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Terminal tower and antenna at Lympne in the s.h.f. link with
St. Inglevert, France.

wavelengths used were slightly staggered, a wavelength
of 17cm (1 760Mc/s) being employed for transmission and
one of 17-5cm (1 715Mc/s) for reception. Duplex working
took place simultaneously by teleprinter and. telephone.
The teleprinter had been used on land line commercial
telegraph services for some years, but had hitherto been
used on w.t. for experimental purposes only, owing to
the difficulty of obtaining a satisfactory radio signal. The
‘micro-ray’ system overcame this handicap and, in service,
messages were transmitted at a speed of 60 to 70 words/
min.

Research, development and operational experience over
a period of nearly two decades resulted in prototype models
of the portable s.h.f. radio link equipment which began
extensive field trials with the BBC in 1948. This led to the
use of equipment of this type for an outside television
broadcast in 1950, and also in that year, the first Franco-
British television relay, with an s.h.f. link spanning the
Channel. Since this time portable s.h.f. links have been
extensively used by the BBC and other television authori-
ties for outside broadcast work, the most notable appli-
cations being the television relay of the Coronation in
1953 to France, Belgium, the Netherlands and Germany,
and within the Eurovision network.

A typical portable s.h.f. link, currently produced by
S.T.C. comprises a light-weight equipment forming a com-
plete transmitter and receiver operating in selected bands
in the frequency range 4 400 to 4 750Mc/s. It can rapidly
be set up on a temporary or permanent basis for con-
necting an outside broadcast television camera with the
permanent - television network.

The transmitter has a velocity-modulated coaxial-line
valve delivering a power of 250mW into a four-foot
diameter paraboloid antenna. A similar valve is used as
the beating oscillator in the receiver. By using a directly-
modulated coaxial-line oscillator to feed the antenna
direct all of the apparatus which is operating at s.hf.
has been made compact, being mounted as an integral part
of the antenna assembly. This eliminates the need for
extensive waveguide runs to the horn feed and permits
the use of flexible cables between the antennz and the
control units of the transmitter and receiver. The antenna
may therefore be easily mounted on a roof-top, on a
mobile tower, or in any such elevated position as may be
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made necessary by the terrain traversed. Control units may
also bé set up under cover at ground level or beside the
carrier-telephone equipment in the terminal or repeater
station.

The receiver output of one link can be connected to
the transmitter input of another link to form a repeater,
enabling a limited number of links, each of which normally
spans about 30 to 40 miles, to be connected in tandem.
It also permits a deviation of route, around obstacles which
would otherwise obstruct the line-of-sight path of a single
link.

The performance which can be achieved on any
particular project depends upon the length of route, the
spacing between repeaters and the type of country over
which the system operates. When a link is to form part of
a telephone network, the objectives of which are C.C.LF.
requirements for international land line circuits, up to
60 telephone channels may be operated over a distance of
some 300 miles. More channels could be obtained under
emergency conditions with shorter routes and closer
repeater spacing. '

The system is frequency modulated with a deviation of
4Mc/s, but an increase in frequency deviation up to 8Mc/s
accompanied by some loss of linearity is available for use
under difficult transmission conditions. The intermediate
frequency of the equipment is 30Mc/s and the if. ampli-
fiers have a bandwidth of 20Mc/s.

Portable s.h.f. equipment of this type, based on early
‘micro-ray’ experience and field service with the BBC and
other broadcasting administrations, has also been influ-
enced by concurrent design, manufacture and installation
of large-scale projects such as the Manchester to Kirk
o’Shotts permanent television transmission links produced
and installed for the General Post Office.

The longest link in the G.P.O.’s permanent television
transmission network, the Manchester to Kirk o’Shotts
s.hf. fm. radio system, was opened for public' service in
1952 when the BBC inaugurated regular low-power trans-
mission from Kirk o’Shotts. This television service has
since been extended to Aberdeen, similar equipment pro-
viding the link for the section Dundee-Aberdeen.

The total length of the Manchester-Kirk o’Shotts route
is 250 miles with seven repeater stations spaced at an
average distance of some 30 miles. Equipment at terminal
and repeater stations affords one uni-directional channel

Mobile television unit at Ticknock Hill, near Dublin.
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from Manchester to Kirk o’Shotts simultaneously with a
second similar channel in the. reverse direction. Each
channel is designed to handle the 3Mc/s bandwidth of a
405-line definition, 50 frames/sec, double-interlaced tele-
vision programme in one direction of transrhission. Full
remote control and supervisory facilities are provided so
that each terminal station is able to control the operation
of the equipment at all points along the route to the other
terminal.

To ensure a high degree of reliability, all transmission
equipment with the exception of antenna and main wave-
guide feeds is provided in duplicate, the change-over from
one set of equipment to the other being fully automatic
in the event of breakdown. In the same way, automatic
standby sources. of power supply cater for any breakdown
in local mains supplies.

The intermediate two-way repeater stations are designed
to work unattended and, in the case of that at Pontop
Pike, the equipment provides for a feed to a local tele-
vision transmitter without interference to through-routed
signals in either direction.

Much experience in the development of these systems
has been gained during the past two or three years from
operating under test conditions over difficult propagation
paths a multi-channel system in South Africa with 120
telephone channels. This experience had led to the
development of an s.h.f. radio system which provides seven
both-way radio channels, each of which is designed to
be capable of handling up to 600 telephone channels or

video signals for 405 to 525 or 625-line television providing
either monochrome or colour pictures.

Since those early days of 1931, the experience of a
quarter of a century in the development and application
of s.hf. techniques has shown that, with reliable service
as the criterion, a properly-engineered s.h.f. radio system
can take its place with any other telecommunication
system. In fact, it will generally be found that the choice
between a ‘wire’ or s.h.f. system rests not with perfor-
mance, which in practice is comparable, but is influenced
largely by political and geographical factors.

Parallel with the successful development of the s.h.f.
system' there has grown a tremendous demand for radio
channels for multi-circuit telephony and television.
Modern s.hf. radio systems have played an outstanding
part in meeting the demand and also contributed to the
relief of the congested radio spectrum.

S.H.F. systems are under development which are
designed to meet performance requirements to inter-
national standards for 600 telephone channels or appro-
priate television channels. :

Improvement of the layout and performance of port-
able s.h.f. radio systems for outside broadcast links and
short-term usage, is constantly under review and the
design of equipment for the 7000Mc/s range is an
important part of the development programme. '

Thus that first venture in s.hf. radio transmission 25
years ago has more than fulfilled its promise, and holds
at least equal hope for the future.

Temperature Stability of Transistor Amplifiers

By G. Stuart-Monteith*, B.Sc., AM.ILA.

An analysis is made of the most general form of transistor d.c. amplifier circuit, and a * figure-of-
merit’ is proposed, in terms of which the current and voltage stability factors and the voltage gain
can be expressed. The argument is extended to the stability of a multi-stage d.c. coupled amplifier.

NE of the principal difficulties encountered in the

design of transistor amplifiers, is due to the variation
of the transistor characteristics with ambient temperature.
Sheal? has shown how the circuit design may compensate
for these variations and he introduced a stability factor
S, defined as al./8l.. which can be stated in terms of the
transistor current gain «, and the circuit parameters.
Hurley® has extended the argument and, since /., may not
vary with temperature in the same manner for all -tran-
sistors, he introduced a level factor, the product of which
and the stability factor gives a more correct forecast of
the amplifier temperature stability.

Slightly different methods of approach have been used
by other workers*?, but in each case the expressions derived
are considered too complex for a rapid evaluation to be
made of the stability of the circuit, and no relationship has
been given between the voltage gain and the stability of the
stage.

The Stability Factors

In Fig. 1 is shown the most general form of transistor
d.c. circuit. It includes both d.c. feedback between the
collector and the base and the input voltage, which may
be d.c. and/or a.c. When the biasing conditions are con-
sidered, then, denoting d.c. currents and voltage by capital

* Royal Naval Scientific Service.
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letters, it is shown in Appendix 1 that:

The collector current stability factor S. = (al./8lc0) = 1—1— =

—af
The emitter current stability factor S. = (8l./9lc0) = 1 _é o
The collector voltage stability factor S = (aV./ 8lc0)
1 R;
= T RrRERTRY
The output voltage stability factor S, = (aVo/dlc0)
1 R:Ry,
= TT-dRR( T ERIRD

where the factor ¢, defined as the * figure of merit’, is given
by:

b R Rwy
Ri+ RL. R.+ Rwn

The resistance Ry is the total resistance in the base and
comprises the parallel network formed by R., R., and
(Rt + Ry). In most practical cases (R; + Ry) will be much
greater than R, and R: and in consequence can be
neglected.

For perfect stability the stability factors should be zero,
but this ideal figure cannot be approached, except for the

hence 0 < £ < L
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emitter current stability factor, and hence it follows that
the grounded-collector configuration can achieve a very
high stability; unfortunately, the lack of gain of this con-
figuration must rule it out for most applications.

The smaller the value of the figure of merit ¢, the better
will the stability become, that is R. must be of the order
of Rw, and the feedback resistance R: must not be so
large that the load Ry is negligible in comparison; it will
be seen, however, that even a value of R, ten times the
load Ry can improve the stability.

Voltage Gain

A direct consequence of the insertion of the stabilizing
network is the loss of gain, and in Appendix 2, the voltage
gain G, for the grounded emitter configuration at a con-

I+, | R, R;%Ic +I

Ry ¥
)" |
-, I, :/b\- !
1135 & I i \
- Ez
—

Fig. 1. General form of transistor d.c. circuit

stant value of I, that is at constant temperature, is shown
to be:

Giv(temp/oonst) = (a Vo / aVI) 1., =const

= ~@JR) 1 - )RR

If d.c. feedback is not present, that is R; is infinity, then
the above formula becomes:

Gy = —(Ru/R) - igag

It can be shown that the maximum gain obtainable from a
grounded-emitter stage is given approximately by:

Gortmen = —(Ru/RY) 7—

Therefore it may be said that the effect of the stabilizing
circuit is to reduce the current gain « by the factor ¢; it is
for this reason that £ has been termed the ‘ figure of merit .

In the case of an a.c. circuit, the above formule may be
modified by the presence of by-pass and/or blocking capa-
citors. For example R. may be by-passed, when o will only
be modified by the factor:

R
Rt + Ry,
the value of £ however, remaining unchanged in the
stability factor expressions.

It is not proposed to discuss the effect of the current and
voltage feedback resistances R. and Ry in this article, but
if voltage feedback is required to extend the frequency
range, the above expressions indicate that a d.c. path is
preferred, since in addition to providing feedback it also
improves the stability of the stage.

The Level Factors and Stability Products
The level factors have been defined as follows?:
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Emitter current level factor = L, = (loo/1s) x 100
Collector current level factor = L. = (I.o/I) x 100
Collector voltage level factor = M. = (I.o/ V<) x 100
Output voltage level factor = M, = (Ico/ Vo) x 100

The products of these factors with their respective stability
factors give the stability products P in terms of percentages,
which, as they take into account the operating conditions
of a particular transistor, will give a quantitative evaluation
of the temperature stability of the transistor amplifier.

For example, the operating conditions of a transistor
having been determined, and knowing the variation of I..
with temperature, then the value of the stability product,
for a given collector voltage can be found, so as to ensure
that the transistor will not bias itself off over the desired
temperature range.

Multi-Stage Amplifier

In 'muiti-stage d.c. coupled amplifiers, a problem that faces
the designer is the cumulative effect of the drift in each
stage. From the above formulz this may be readily deter-
mined, since:

dVo = (aVo/aVI) SVI + (aVo/aIco) 81(50

then for two stages:
aVO” a_V(): b‘V aVU’
ave\avy O ol

where the superscripts denote stages 1 and 2. For identical

stages this resolves to:
Vo \? vy v,

dv,” = SVt 1+ — ) &l

< ) 2 alm'< an'> )

144
Assuming the input voltage remains constant, we obtain the
output voltage stability factor of a two-stage amplifier :

W e P =5 Gy)
e A\ T oy )T UG

that is the drift to be expected in the final stage will be
approximately equal to the product of the output voltage
stability factor and the voltage gain of one stage. For an
amplifier comprising n similar stages,

@Vo/aVy)" — 1

@Vo*[aleo) = S, {— —} =8, (aVo/ VD)™
(aVo/aV1) — 1

since (3V./aV1) > 1.

av.”

dve” = S’ | + —r Oleo”
aI[;o”
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APPENDIX 1

STABILITY OF TRANSISTOR AMPLIFIERS

In Fig. 1 is shown the general form of transistor circuit
with d.c. feedback. The stability may then be predicted if
the following assumptions are made:

(a) The current gain « is constant.

(b) The input diode voltage drop V5 is constant.

IC - IGO

(C) Iu = Iuo + ale i:.e,’ Ie = -

@ hh=1I1-1I
ie, h=l(l-0)—Io= /)l —a)—Icc] .. (2)
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Denoting d.c. currents and voltages by capital letters, the
loop.equations are :

0O = IR; + (Ic + If) Ry — (I — I + Ib)Rr ...... (3)
Ex=IRs+Vi+ (I -6 +I)R: ................ @
Exz+ Es=IRe+ Vo +(I - It + I)Rr .......... %)
Eiz+ Es=IRe+Vo+ U +I)R: ........... ... 6)
From equation (3),

It(Rt + Ry + Rr) — IR+ + IRy — LR: =0

........ @)
From equation (4),

IRs + RY) — IRy + LR: = (Ex — V) =E/’ ®)
ie, I = 05 el Tl O N )

Rs + R:
Substituting in equation (7),

I(R:+RL+R;) — R

RSR[’

ie, It| R I o
e, It -y —
1+ R+ 2 TR,

R: + R:

+ LRy

Rs

Differentiating equation (1) we obtain the emitter current
stability factor, defined as

1
= (1/a)[a,w ] (1) [1_ag 1]( )
: 3
L= a0 o T .2
ie.S g (23)
Substituting equation (12) in equation (6), we obtain
(Ruv/Rs) EY' + Rolv— Rils 24)
Ei+Es=I.Re+Vo+il: + Ri+ R+ Re L.
i RiRb v
1e., Ei+E:— Rs(Rf+RL+Rb) c
Ry R ; RuR; 25)
ma deReg e e Ri+Ru+Rs Lt b R +Ru+Ry
........................ (10)
(EY[/R)=0...... (11)

Denoting the parallel combination of R. and R, i.e.,
R:R:/(Rs+ R:), by R, we have:

It = [(Ru/Rs) EY + Rolo— Ril:]/[Rt+RL+Ry) .. ..
Substituting equation (4) in equation (5),
EY+ LR —ILR:

Rs+R:

(12)

Ei+ E:=IRc+ Vyp+ [

ie.,

- If+1b] R: .. (13)

Substltutmg for Iy from equatlon (2) and Ey’ from equation

®),
RLRy ]
s [1 ~R{Ri+Ru+Ry)|"

. RywR1 ]
S E- x(Rf+RL+Rb)

RiR: :
TR(R+Ru+Rv)
[(Rf + Rb) Ry — RbRL]

V.=

Ri+R1+ Ry

Ei+E — Vo— (Ry/R)E’ =I.Ro — IRy + LRy .. (18 e (26)
b
= _=———— == E’ —Rulo) oo 15
[eRe+IvRv— o b o [(Rv/R)EY + Rulv— Rul(] as:
Ri+ Ry R:+ Ry Ry ]
S E+E—Vy—E/| ——— — S I — ===\l BN (1l6
e [Rf+RL+Rb](Rb/R) IeRe+IbRb[Rz+RL+Rb]+ cRL[R(+RL+RI) (16)
Denoting the parallel combination of Ry and (R¢+ R1)i.e., Differentiating, we -obtain
Ry (R
% by Ruwb and replacing Ei’ by (E1— V1) (equation o Ve . al“ Re + ﬂ__}
R o ol T Ri+Ru+ Ry
(8)), equation (16) may be written
....k...k.....-------.mu eecrpesrmenseccetssiietanananaeoaeconoy an {_ R{RL } . (27)
Ei[l —(Rus/ R))+ E2— Vv + Vi(Ruw/Rs) = [eRe+ IhRw+ I R, :_;b ------------------ an dleo \Rt+Rr+Ro
L

Substituting for /. and I, from equations (1) and (2),

-Ei[1 - (Rus/Re)]+ E2— Vo + Vi(Rww/Rs)=(1/a) { (Re +(1 -~ x)Rpp+a

e g e e ey

RLRw
R:+ Ry

R:R
= (1/“){ I, (Re + Rbb—af—bb

Rf+RL>—Iw(Re+Rbb)}. . (19)

Substituting equations (21) and (23) for al./al. and
al./ 3l respectively,

The collector current stability factor is defined as Ve 1
Re+ Rup - dlco B 1——_—& 6 EE{+RL+Rb
8o = (8lc/3lc0) = .. (20)
Re+ Ruy—o[RiRuu/(R:+ Ry)] RiRyL } 28)
making assumptions (a) and (b), Ri+Ru+Re) 7777
. 1
ie., So = enp ! R, 4 ¢ BiRuw RiRiRw ] 9
1 —a[R¢/(Rt+ R1)] [Rov/(Re+ Rbb)] 8= “E 1 —af ¢ £ R:+Ry (R¢+ Rp)Ry 5
Valolo) £ [Re(Rt+Ru)+RiRw R¢R1Rwy R:+ Ry Rbb+Re] 30)
- c o, e 1 . aEt R1+RL + (Rt_*_RL)Rh B Rr - Rbb ---------------
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B ¢ R.R; (RﬁRo)RL RL(Rbb+Re)J G1)
1 - ag Ri+Ri. Ri+Ry1 Ry
R T 32)
l = ag Ri+ Ry R
Hence
R R R: Ri+R
Vol = & ! [R, 1 R i L]
1 —«f Ri+Ry Ry, R
............ 33
1 R,
= ———— (R + R1) ......
[—of KR GRet+ Ru) e
By definition the collector voltage stability factor is
A l Ry
Sv— (aVc/aIco) = — g Rf+R (gRe + RL) ( 5)

The d.c. output voltage, i.e. the voltage between the collector
and earth is given by
Vo=IRe+Ve—Es .c.......... (36)

- (aVo/aIco)=(aIe/aIco) . Re+(a-Vc/aIco)ESeRe+s;r . (37)

Substituting for S. and Sv from equations (23) and (35) we
obtain the output voltage stability factor,

Also from equation (1), Appendix 1,

@le/VDio = (I/)dle/V Do, ... ...... 44)
Substituting equations in Appendix 1, (2), (8), (12) and (36)
in equation (6), we obtain
Ry

- Vo=—2F
.(Rb/Rs)} e

E] 1 SN —L
Ri+Rr+ Ry

{I(R1+Rr+ R+ (e~ IRy — IR~ (Ru/R) V1 } ... (45)
Then differentiating,
v R ol. al.
20, L R: _+ Ry —-'(Rb/R.)}
Vi Ri+RrL+ Ry oV oV
............ 46}
Substituting equations (43) and (44) above,
Vo R
_ — (Ru/R) ——2
Vi ‘Ri+Rr+ Ry

‘ (Rt+ Ry)(«R:+-Rv)
Re+ Ruv)(Rt + R1) — aR Ry

} = (Rb/Rbb)} .. @D

bb : («R:+ Rv)
R:+Rp+ Ry |(Re+ Ruv)(1—«f)

S5 (RL/RS)

— @Volily — £ R L e -(RB/RM’)} (e
ST T =k T —ef Ri+Ry T here
............. (38) ¢= R:iRuw
gRe Ry 1 RiR: (39) (R{ + RL)(Re+Rbb)
=1 2t R+R. 1 —af RitR: " Hence
R L Vo riry . :aR:+Rb ¢ Rty Rb}
R | ——= (Ru/Rs © S -
ey Som — 1 BB CRJRIL.....40) oV Ri+Ru+Ro| 1-¢e Ry
I—ef RetRu & =000 00000 (49)
iR E(@Ri+ Ru)(Re+ R1) —_R_be(L—__aé) } (50)
= (Rv/ S).Rf+RL+Rb _—_R;(l—ag) ........................
1 f«f(Ri+Ru+ Rb)Rf+Rb(5R'+._$R£@} ..................... 1)
Re/R) - T R(R:+ Rr+ Rv)
af (1/28) (Ro/ Ry) [E(RL+RL)—Rr]} I = 2)
= Ru/R) 7 s |1+ o+ Bt R
R+ Ru)(R:+R
" (Re+Ry) — B+ ;_):b—"b)
(Ri/Rs) 2 ag_ :1 + (1/a) . (Ru/Ry) .— “RitRitRe
........................ (53)
af Re+ Rub
APPENDIX 2 — (Ru/RY) . S :l+(1/a) (Rw/RY) < . )}
VOLTAGE GAIN OF A TRANSISTOR AMPLIFIER 1 - af bb
Considering the general form of transistor circuit shown ~~ coeccornree (59)
in Fig. 1, we have (Appendix 1, equation (19)) @,
¢ Vs (RL/Ry) - £ 1—-(1/)(Re/R)} oot (55)
Eill — (Rw/R)I+E: — Vo+Vi(Rw/Rs) 1 - af
RiR That is,