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VALVES, TUBES £ CIRCUITS
17. PCCs4: A CASCODE AMPLIFIER FOR V.H.F TELEVISION RECEIVERS

The Mullard type PCC84 is a double triode designed for use in the R.F. stage of television receivers operating
at Band III frequencies. It is primarily intended for connection as a D.C.-coupled cascode amplifier preceding
the Mullard type PCF80 used as a frequency changer.

In this type of cascode circuit the first triode is connected as a grounded cathode amplifier, and the second as
a grounded grid amplifier. The two sections are connected in series across the H.T. supply, with the anode
of the first triode coupled to the cathode of the second. The output from the second stage is coupled either
inductively or capacitively to the mixer grid of the frequency changer.

The cascode circuit employing the PCC84 has two attractive features: a low noise level and a low in put con-
ductance which allows. a high gain. At Band III frequencies the noise contribution of the aerial is small,
therefore the inherent noise of the input stage contributes largely to the total noise. If a pentode is employed,
the partition noise, caused by the random division of electrons between the anode and the screen grid, is the
main source of noise. Thisis avoided by the use of a triode. The main disadvantage of the triode, however,is the
considerable internal feedback via the anode to grid capacitance. This is overcome by the cascode arrangement
which permits efficient screening between the output.and the input of the stage. Thus it is pessible to combine
a high stage gain with a very favourable noise factor.

The characteristics of the PCC84 arc conventional, but attention is drawn to the high mutual conductance of
6.0 mA/V which is obtained with Vy=—1.5 V and V. =90 V. The low working anode voltage allows the
two triodes to be series connected across an H.T. supply of 180 V.

DATA
HEATER CHARACTERISTICS (Each section)
Iy ... 03A V. 90 \'
Vi .. 70V l, 12 mA
CAPACITANCES (Measured without external shield) Voo e e sl Y
(S I.I  ppF 8m 0 6.0 mAJY
Ciw 23  uuF @ 24
Cour’ 0.45 ppF LIMITING VALUES (Each section unless otherwise
Cy .. <025 ppuF Specified)
S0 el 23 F Vipy Max. ... .. ... 550 V
L = e O V, max. e e 180V
N i o, Bl P. Max. . 20 W
Carok® o 0.16 puF
> 47 F I, max. 18 mA
ck" ik - 2'7 HiF -V, max. 50 A
&= L0 - * Vi~ (pk) Max. (Heater negative) 250 '
et < 0.006 ppF o~
Vi-k- max. (Heater positive) 90 v
Car_a” . < 0.035 puF
- i 2 Nyl Vi max. 90 Vv
A Rh—k max. @0 000 20 kQ
* Max. d.c. component=180 V.
a’, g’, k'—grounded-grid connection.
SFEENESH { a”, g", k"—grounded-cathode connection.
@ Reprints of this advertisement, together with additional data may be obtained free of charge from the address below.

A MULLARD LTD., Technical Service Department, Century House, Shaftesbury Avenue, W.C.2
MVM 272
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Political Television

‘\ HEN the Government’s proposals for competi-
tive television were first put forward, this journal
expressed the opinion that they lacked the air of
reality. We found it hard to visualize the setting-up
of a commercial service in the foreseeable future.
Worse still, it seemed likely we were to get the worst
of both worlds. Commercial television might not
become established, but the promise (or threat,
depending on one’s personal view) of it might
hamper orderly technical development by distracting
attention from the essentials.

Now, nearly two years after this controversy was
started by the issue of a new and ‘‘ non-exclusive ”
licence to the B.B.C., Britain seems no nearer the
establishment of a successful competitive television
service. True, there has been a long succession of
White Papers, reports and Parliamentary debates,
culminating in the Television Bill now before the
House of Commons, but to us and to many others
the Government’s plans look even less realistic than
they did in 1952. There is at present a lull in the
functioning of the legislative machine, and so the
time seems appropriate for taking stock.

The Government has been widely commended for
listening to criticisms of their original ideas and,
indeed, they have gonc far to meet them. Starting
with the idea of full-blooded commercial competitive-
ness with sponsored programmes almost on
American lines, they have gone all the way to the
watered-down shadow of the B.B.C. represented by
the proposed “Independent Television Authority ™
proposed in the Bill. Almost every detail of the
original scheme has been abandoned except the prin-
ciple of dependence on advertising revenue by the
competitive system. Even that basic principle has
been watered down by the proposed grant of
£750,000 a year to the I.T.A. to meet the cost of
what are called in America “ sustaining programmes.”
The latest scheme seems unlikely to attract the kind
of commercial support that is necessary for its
success. As the Financial Times said, *“ The Govern-
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ment has now spent the better part of two years
backing away from its own principles. . .. If all these
precautions, in such an endless succession, really are
necessary, then the system stands condemned that
needs them; if they really are enforced they could
condemn the system to which they are applied. . . .
Between the political risk and the financial, the com-
panies which put their capital into this will need both
courage and imagination.”

Though, as we have said, the Government is to
be commended for attempting to meet criticism, they
cannot be praised for their general handling of the
matter. Probably the worst mistake was in the
selection of their advisers, the Television Advisory
Committee, which we criticized at the time as a
queer and ill-assorted body for such a task. The
T.A.C. was originally appointed with the widest
terms of reference, but, no sooner did its member-
ship come under criticism than we were told it was
primarily appointed to advise on technical matters—
in spite of the fact that none of the members had
technical qualifications! ~ Next, presumably to
remedy this deficiency, a strong technical ~ sub-
committee was appointed, thus making the advisory
machinery unnecessarily cumbersome.

In spite of having tried everything, the Govern-
ment has failed to produce a scheme for commercial
competitive television that arouses the slightest
enthusiasm. So far as radio circles are concerned,
we have heard little that amounts even to lukewarm
approval, whether from the technical or professional
branches, from industry or the trade. The scheme
is widely considered to be wasteful and inefficient,
and unlikely to lead to the healthy development of
television. Heated discussion of matters of merely
political significance has distracted our attention
from the real technical problems. The only genuine
supporters of the Bill are probably those who, fearing
the effect of television advertising, feel the scheme
proposed is foredoomed to failure and so it is in their
interest to foster it.
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Components Exhibition

Trends in Developments Portrayed at the R.E.C.M.F. Show

We review in these pages the trends in design and
manufacture of components and accessories shown at the
eleventh annual exhibition organized by the Radio and
Electronic  Component  Manufacturers’  Federation.
Although a “private exhibition,” the show, held in
London from April 6th to 8th, again drew large crowds,
including many overseas visitors. In addition to describ-
ing in detail some individual components, we give under
each heading a list of exhibitors and their principal pro-
ducts. Test and measuring equipment, valves and semi-
conductors are not included in this review, but will be
covered in our survey of the Physical Society exhibition
in the next issue. New sound-reproducing equipment
will also be described later.

RESISTORS

ONE of the newest developments in resistor construc-
tion is the metallized film technique which provides very
high stability under conditions of widely varying tempera-
ture. The basic principles were illustrated by one exhibit
on the Ministry of Supply’s stand. A metallic oxide film
(tin is one of the constitucnts) is fired at 600°C on to a
small-diameter glass tube or rod, the cnds are plated and
silvered, and connecting wires soldered on. The metal
film is then cut spirally to provide the required resistance
value and finally coated or encased to protect the surface.
A 4-k() resistor of this kind has a temperature coefficient
of 0.0003 and showed no change after 2,000 hours’ use.

In production form it is exemplified by the Painton
“ Metholm ” and the technique is applied also to attcnua-
tor plates and potentiometer tracks, Welwyn also has a
range of metal-film. high-stability resistors on glass rods
suitably protected.

Apart from detailed improvements and some additions
to existing types, scveral firms, prominent among which is
Eric, have ~developed special sub-miniature ranges of
resistors principally for use with transistors. Low current
consumption allows the use of }- or T5-watt resistors.

An unusual use of a surge-limiting resistor, such as a
Brimistor (S.T.C.), is to protect the contacts On mains
switches embodied in volume controls and such-like com-
posite components. A special type (the CZ9A) is avail-
able with operating resistance of 5.2 > at 1A anda “cold”
resistance of 800 ().

Makers*: A.B. Metal (C. W): Advance (A): Brit, Elect. Res. (W)
Colvern (W); Dubilier (C. H. W). Egen (C); Electronic Comp.
(A, W); Electrothcrmal (H): Erg (H, W): Erie (C. H, W); Morganite
(C); N.S.F. (C. W); Painton (A. H, W); Plessey (C, W); Pye (W)
Welwyn (C. H, W). X

* Abbreviations: A. attenuators; C, carbon; H, high stability; W.
wirewound.

CAPACITORS

A NEW 1type of electrolytic capacitor was shown this
year by T.C.C. Known as the Superlitic, it has an in-
culation resistance comparable to that of a paper-diclectric
type and so can be used for grid coupling in audio ampli-
fiers where large capacitance in a small volume is required.

Necw developments in the capacitor field were seen
also, among the Ministry of Supply's exhibits where a
type was shown described as a “ metallized anodic
aluminium film capacitor.” It consists of a thin aluminium
foil coated with a 0.2-mil thick layer of aluminium oxide
on which is deposited by evaporation a 0.2-mil thick
layer of aluminium. It is said to have sclf-healing proper-
ties and produces 1u#F of capacitance per 200 square
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centimetres of material and shows a good power factor.

The likelihood of Band III television and Band II
sound broadcasting coming to fruition shortly has led this
year to greater prominence being given to all types of
v.h.f. capacitors than might otherwise have been the case.
Cyldon has an extensive range of air-dielectric trimmers
and variables of less than 1 cu in, which provide capacitances
up to 30 pF maximum; Eddystone has a new range of
miniature Microdensers, including single, split-stator and
butterfly types, the largest being 50 pF, and Erie has a
wide range of “high k” ceramic pre-sct trimmers, stand-
off and lead-through capacitors for direct fixing to the
chassis.

By-pass capacitors are usually soldered in place, but
the pre-sets generally have a “Spire” or similar type of
fixing. Other examples of this type are made by Cyldon,
T.C.C. and Wingrove and Rogers.

Dubilier has a new miniature ceramic television by-pass
capacitor which possesses practically negligible inductance
up to and beyond Band III frequencies. It is suitable for
by-pass and lead-through applications and is fixed by
soldering to the chassis. The nominal capacitance is
1,500 pF.

A ncw two-gang tuning capacitor introduced by Plessey
has separate sections for tuning the v.h.f. circuits of a
combined f.m. and normal broadcast receiver. Extra thick
vanes are used to prevent microphony and give stability
for the v.h.f. sections, which also have separate rotor con-
nections.

Makers*: B.I. Callenders (P); Cyldon (V); Daly (E): Dubilier
(C. E. M, P, V); Eddystone (V); Erie (C, V); Hunt (E, M, P):
I.B. (V); L.E.M. (C. M); Mullard (V); Plessey (C. E, V); S.T.C.
{E); Stability Radio (C. M); Static Cond (P); Suflex (F); T.C.C.
(C, E, F , P, V); T.M.C. (F. M. P); Walter (V); Wego (F, M.
P): Welwyn (V); Wingrove and Rogers (V).

*Abbreviations: C, ceramic; E, electrolytic; F, plastic film; M,
mica, including silvered mica; P, paper; V, variables, including
trimmers.

TRANSFORMERS AND  COILS

LAST year saw the introduction by Ferranti and
Parmcko of iron-cored transformers encased in a par-
ticularly tough potting resin. It effectively scals the
components and inhibits the ingress of moisture and is
especially suitable for tropical conditions.

This year the technique is extended to certain models
made by Gresham, Whiteley Electrical and Woden; while
the resins are substantially the same in character they
differ widely in appearance and each make is quite dis-
tinctive. High pillars can conveniently be cast in the
moulding process should it be necessary to provide extra
long lcakage paths for high-voltage terminals.

When v.h.f. broadcasting becomes an established ser-
vice, transformers for high-quality reproduction will be
more in demand than is perhaps the case at present.
In anticipation of this Partridge has produced an output
transformer with a response characteristic flat_to within
+0.5db from 30 to 30,000c/s. Known as the Type UL2
it has a primary inductance of 200 H in push-pull opera-
lion/and is rated at SOW from 60c¢/s up and 14 W at
30c¢/s.

Radio-frequency coils remain substantially unchanged
although Weymouth has a few new miniature types.
For f.m. reccivers Eddystone has a range of transformers
and discriminators for i.f.s of 5.2 and 10.7 Mc/s. They
measure '} in square and 2}in high and conform well
to modern schemes of miniaturization.

Makers: Advance, Associated Electronic. Bulgin, Elac. Ferranti.
Gresham.  Igranic.  Parmeko. Parlrid%%. Plessey. R & A, Rola-
Celestion, T.AM.C.. Weymouth, W.B., Woden, Wearite.
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Left : T.C.C. moulded * Plimaseal ** capacitor and v.h.f. lead-through capacitor. Centre : Plessey a.m. f.m. two-gang capacitor

with extra rigid v.h.f. capacitor vanes.

Eddystone 10.7-Mc s. f.m. discriminator unit.

TELEVISION COMPONENTS

ALTHOUGH hardly components in the accepted sense
of the word, television tuners are conveniently dealt with
under this heading. They are actually sub-assemblies
which accept an r.f. input and provide an i.f. output. Such
tuners are new to British television for, although certain
models have been shown in previous exhibitions, they
have hitherto been intended for the export market. It is
the prospect of alternative television programmes that
has made it necessary to provide British receivers with
some form of rapid station sclection.

The tuners exhibited are all fundamentally of the
same nature and are of the turret type. Provision is
normally made for 12 channels, five on Band I and up to
seven on higher frequencies. The valves and main com-
ponents are assembled on a small and deep chassis with
the coil connections terminating on spring contacts. The
coils are assembled in a rotating framework—the turret
each coil or group of coils being mounted on an insulating
strip bearing contacts which press against the springs.
Rotating the coil assembly brings each coil in turn not
only into electrical circuit but physically into a position
where it is connected by the shortest possible leads.

The electrical circuit usually comprises a double-triode
connected as a cascode r.f. amplifier and a triode-pentode
acting as a mixer and oscillator. There are three coils
for each channel, one for the aerial coupling, one for th
intervalve coupling and one for the oscillator. The inter
valve and oscillator coils are usually mounted together o1
one contact strip, but the aerial coil is separate on a second
contact strip. This is done so that screening can be
inserted between them.

Screening is actually quite an important matter, not so
much to maintain stability as to minimize radiation from
the oscillator.

The Cyldon unit has been available for some time in
a five-channel form for Band I only and a 12-channecl
model originally designed for export. The Ediswan-Clix
tuner is a newcomer. The coils have brass slugs for
trimming. Cne coil for each channel is mounted longi-
tudinally with its trimmer accessible from the end; the
other two are mounted radiallv and the trimmers can be
reached from the outside surface of the turret. In the
Plessey tuner, however, all coils are longitudinally mounted
and the trimmers are accessible from the two ends, one
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Right : Interior of James Neill focus unit with three radial magnets.

core being hollow to permit a tool to pass through to reach
the middle one.

An unusual r.f. component is the Labgear television
high-pass filter. This is a small unit for inserting in the
aerial feeder to the set. In Band I it introduces a loss of
0.7-1db only but at 35 Mc/s it attenuates by some 20db
and at 30 Mc/s by 40 db. At lower frequencies the attenu-
ation is still higher. Its purpose is to prevent interference
from signals on the frequency of the i.f. amplifier.

Little change has taken place in scanning circuits or
components for them. Line-scan transformers and deflec-
tor coils with ferrite, or similar, cores are now general
and changes are in the maiter of detail only. More
development seems to have occurred in focusing compon-
ents. The permanent magnet appears to have come to
stay and only onc example of an clectromagnet (Igranic)
was noticed. The difficulty with a p.m. system is always
to obtain an adjustable field and, hitherto, the favourite
mecthod has been to use two ring magnets in opposition.
Examples of this are the Electro Acoustic Industries
Duomag unit, introduced some time ago, and the new and
more compact Duomagnette. In these, the magnets are
Magnadur rings and the ficld strength is controlled by
varying their spacing. This same basic form of construc-
tion is adopted by Goodmans in a unit which embodies
shuffle-plates for picture centring. )

A radically different form of construction is adopted by
James Neill. Three short bar magnets ar¢ mounted
radially between a central hollow core and a pressed steel
case. The case is in two parts movable with respect to
each other. There are two air gaps, one between the core
and one half of the case and the other between the core
and the other half. One gap is fixed: the other gap is
adjustable for focusing by moving one half of the casing.
The unit is compact and is claimed to make verv economi-
cal use of the magnetic material and to have a very smail
external field: so small in fact that a shuffle plate cannot
be used for picture centring. A similar form of con-
struction is adopted by Marrison and Catherall.

Ton-trap magnets and centring magnets are further

Turret of Ediswan-Clix television tuner with some coil units
removed to show interior,
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devices to which the permaneat magact finds application.
In the latter, the tendency is towards the use of a pair of
ring magnets which can be rotated to act in opposition
or to help each other as a means of varying the field
strength. In their simplest form, they are wire rings
mounted on cards for adjustment purposes.

* Makers: Cyidon (T): Carr Fastener (C); Ediswan-Clix (T):
Electro Acoustic Industries (F): Goodmans (F); Igranic (D, F, Tr);
Labgear (Fi); Long & Hambly (M); Marrison & Catherall (F):
James Neill (IY); Plessey (D, F. T, I'r); Thermo-Plastics (M); Wey-
mouth (D, Tr): W.B. (D, F. Tr). . .

*Abbreviations: C, connectors; D, deflector coils; F, focus units;
Fi, filters; M, masks: T, tuners: Tr. transformers.

SUB - ASSEMBLIES

WHERE space is at a premium, as it seems to be in
most Service equipments, the resin potting technique, as
applied to sub-assemblics, has definite advantages. It
enables the three-dimensional form of construction to be
fully exploited as components can be stacked vertically to
any height in a secure fashion, thus saving valuable chassis
space. This is well exemplified by the various potted
assemblies included in the Gresham and Whiteley Elec-
trical exhibits.

Printed circuitry was not much in evidence, although
Hunt had several examples and Erie arc using it for various
resistance-capacitance units in order to save space and
receiver assembly time.

Television suppressors figured among the exhibits of
several firms. Dubilier showed a number of new types,
also separate components in the form of special capacitors
and chokes for fitting inside small electrical tools and
domestic appliances. Belling-Lee has various types; one,
the “ Telefilter,” as it is called, is joined in the mains lead
to the device and contains a pair of r.f. chokes giving
20-db suppression over 40-70 Mc/s.

AERIALS

DESPITE uncertainty regarding the actual requirements
for Band I1I television, Acrialite, Antiference, Belling-Lee
and Wolscy all showed prototype models of new acrials.
Most makers seem to anticipate that 4- or S-clement yagis
will be the popular type in areas normally served by
“H?” aerials on Band I. As the polarization question
is still fluid no attempt was made to combine Band I
and III aerials.

Apart from these prototypes the main changes have
been in details only. For example, Belling-Lee has a
new flush-fitting coaxial chassis socket, the first departure
from the customary stand-off pattern; Wolsey has evolved
a solderless coaxial cable plug in which the outer braid-
ing and the centre conductor are simultaneously secured
by tightening the milled head. The insulator is nylon.
Wolsey also has added a *“delta™ matching section to
its *“X ”-type acrials fitting conveniently in the angle
of one of the two “Vs.” As the centre impedance of
this type of acrial is rather low, the better matching to
the feeder must lead to a worth-while improvement.

Some extremcly attractive miniature coaxial plugs and
sockets were scen on the Transradio stand and Pye was
showing a scaled coaxial plug and socket for television
and radar use, as well as a range of the more elaborate
design which has become familiarly known as the * Pye”
plug and socket.

Makers*: Acrialite (B. C. S. T); Antiference (B, C. S, T); B.I.
Callenders (C), Bellinz-Iee (B, C. S, T); Henleys (C), Pve (S).
Transradio (C, $); Wolsey (C, S, T).

* Abbreviations: B. sound broadcast; C, cables and feeders; S,
socketry; T, television.

SWITCHES
A DOUBLE rotary switch with its two wafers indepen-
dently controlled from the same shaft was an interesting
feature of the Walter Instruments display this year. The
trick is accomplished with concentric spindles, an outer
one controlling the near wafer while a thin inner onec
passes right through its middle to the second wafer
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QUTER METAL BRAID
NYLDON INSULATOR

COAXIAL CABLE

= i
J

SPLIT=CHUCK CLAMPING COLLET
CENTRE CONNECTOR
Wolsey * no soldering " coaxial cable plug.

Rotary switch by Walter Instruments with independent
coaxial spindles controlling two wafers.

Different methods of retaining valves as exemplified by (left
to right) McMurdo, Spear and Electrothermal.
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behind.  Another similar device was a rotary switch with
a hollow spindle designed to accommodate the shaft of a
potentiometer; versions were shown by both Walter
Instruments and Plessey. High insulation resistance was
the main feature of a new rotary switch by N.S.F., which
had almost all its working parts, except the wafer, moulded
in Nylon. The well-known micro-switches made by
Bulgin have now been incorporated in a new kind of
mulitiple switch. They are ganged together and operated
by Bakelitc cams on a rotating control shaft; up to 12
units can be assembled in this way.

Makers: A.B. Metal Products: Belling-Lee; B.E.R.C.O.: Bulgin:
Diamond H Switches; Electronic  Components:  Electrothermal
Engineering: Erie Resistor: N.S.F.; Painton: Plessey; Pye; T.M.C;
Walter Instruments; Whiteley; Wright and Weaire.

CHASSIS FITTINGS

TWO topical items on the Carr Fastener stand were
sockets for transistors and valveholders for printed
circuits. The transistor holders were basically the same
as BSA sub-miniature valveholders, only with three
sockets (or four for the new tetrodes) instead of the usual
five. The valveholders, moulded in a thermo-sctting
material called Mikacin, have short tags which gc
through holes in the printed circuit base-plate and are
bent over and soldered on to the printed * wires.” Some
multi-way plugs and sockets shown by this firm also
had bodies moulded in Mikacin. A special feature of
these was the design of the socket unit, which had 16
spring fingers gripping the inserted plug pin, thereby
giving very low contact resistance. A sct of spring fingers
was also used in an anode-cap connector intended for
the more recent cathode-ray tubes with recessed caps.

On the subject of making connections, Belling-Lee were
showing a new terminal which will make contact with
cables without the necessity of stripping their insulation.
A sct of teeth inside the terminal pierces the insulation
and grips the conductor when the top is screwed down.
Another interesting connecting device, shown by
McMurdo, was a multi-way tag-strip in rod form which
can be built up as required from double-ended soldering
tags sandwiched between Bakelite spacers on a screw
or rod.

There were quite a few different types of valve retainers
to be secn, perhaps the simplest being an ingeniously
bent piece of wire on the Spear Engincering stand. For
securing flying-lead valves McMurdo had a PTFE holder,
with tags to which the leads arc soldered, with a metal
envelope-clamp, made in two interlocking sections, which
grips the bulb along its entire length and helps to conduct
the heat away.

The unit-construction principle was represented in two
different ways. First, by a “honeycomb” type of steel
rack, on thc Hassett and Harper stand, designed to
accommodate a large number of small slide-in chassis
of miniaturized equipment. Secondly, by an interesting
type of valve-circuit assembly which carries the valve and
all the associated components required for a complete
functional unit—say a binary counting stage. The valve-
circuit components arc wired between the base of the
valveholder and a circular platform, containing soldering
tags, mounted below it on a central supporting column,

An unusual type of ceramic coil former shown by the
United Insulator Company was fitted with dust-core
tuning slugs and adjusting screws at both ends, the design
being suitable for an if. transformer. This firm also had
an insulated lead-through with the cxtra feature of a
metal flange round the ceramic tube for fixing it to the
chassis.

VIBRATORS AND RELAYS

IN order to produce a really light-weight vibrator
power supply for the airborne urits of a radar sonde,
Wimbledon Enginzering have designed a vibrator which
weighs less than loz. It has no bob on the vibrating
armature and operates at about 400 ¢/s. Working from a
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{Above) Anode-cap connector
for c.r. tubes with recessed caps
(Carr Fastener).

(Below) Dubilier suppressed
mains plug and television sup-
pression choke for small electric
appliarces.

(Right) Belling-
Lee flush-fitting
coaxial socket.
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(Above) McMurdo
| valve-circuit
f support.

-4

(Left) Coil former
with dust-core tuning
slugs at both ends,
made by United In-
sulator Company.

(Below) Hassett and
Harper ‘*honeycomb’’
rack for miniaturized
equipment.
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(Left) Miniature relay
shown by the Ministry of
Supply.

(Right) Wimble-
don light-weight
vibrater power
pack compared
with a florin for
size.

(Left)  Solenoid-
type balanced
relay by Pye.

6-V or 12-V battery, 1t will give an h.t. supply of up to
S0 mA at 100V, 0.6 mA at 800 V or 3 »A at 1,000 V, and
has an avcrage life of about 200-250 hours. It is a non-
synchronous type, the rectification being done by selenium
rectifiers following a step-up transformer. The complete
power pack weighs under 8 oz.

For airborne units of a more deadly type the Ministry
of Supply were showing what must be one of the smallest
relays in existence. Fitted into its case, it measures
approximately 1 in cube and weighs !} oz, The armature
is in the form of a partially rotating shaft and requires
an operating power in the energizing coil of 700 mW.
The platinum contacts will switch circuits carrying up to
300 mA or 100V, while the whole device will withstand
accelerations of up to 12 g.

Another relay designed for operation under conditions
of high acccleration was shown on the Pye stand.
This works on the solenoid principle, the contacts being
operated from the sliding-rod armature through a lever
mechanism. Onc advantage of this type of action is that
it avoids contact sticking. The contact combination has
two poles normally open and two poles normally closed
and will carry up to 20A at 24 V.

Other influences which can affect the operation of a
relay are changes in temperature and external magnetic
ficlds. In the Plessey voltage regulating relay (designed to
maintain constant the input voltage to vibrator power
supplies) temperature compensation 1s provided by an
external swamp resistance of zero temperature coefficient
and a bimetallic strip which varies the tension of the
control spring. The effects of magnetic fields are
climinated by a screening container. In addition the
Radiometal armature is balanced for stability under
mechanical shock,

Makers*: Plessey (V), Pye (R): S.T.C. (R); Stratton & Co. (V);
T.M.C. (R); Walier Instruments (R); Wimbledon Engineering (V);

Wright & Weaire (V).
*Abbreviations: V. vibrators; R, relays.

MATERIALS

FULL advantage is biing taken by wire manufacturers
of new synthetic plastic insulants in producing improved
coverings for “enamelled” wire. In addition to the
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established oil-based and vinyl acetal, coatings are now
available in silicones for high-temperature working, and
development s proceeding with a new substance—
polyurcthane—which, in addition to possessing the
primary properties of good flexibility and abrasion resist-
ance, has favourable characteristics as a soldering flux.
For purposes where a woven textile covering is required,
Terylene fibre is now offered as an alternative to silk and
cotton. In addition to its improved moisture temperature
and abrasion resistance, Terylene is immunc from attack
by fungi and bacteria.

Mecthods of extruding p.v.c. slecving in striped multiple
colours for wiring identification have been developed by
several firms, and H. D. Symons were showing coloured
silicone sleeving with bores ranging from 0.5 to 12 mm.

Resistance wire made by Vactite is now drawn to a
diameter of 0.0005 in—half the thickness of 50 s.w.g.

Fine meshes for valve electrodes, fabricated by Murex
in molybdenum and tantalum, include an expanded metal
mesh which is an outstanding example of the art of the
stamper and piercer.

Among cables for high frequencies a new helical-
membrane 75-Q2 coaxial of 1 in diameter (Type HM7A1)
is being made by Telcon, who are also adding a duplicate
serics of 50-ohm cables to the range. B.I. Callender's
Cables showed a range of couplers for their r.f. cables
which includes the Mark IVa which is smaller than those
used for television camera cables and has been designed
for centimetre communication equipment. Screened
*“quad” cables for television relay distribution were
shown by Telcon.

The special properties of nickel in forming a close
bond with ceramic materials is being exploited by many
of the insulator manufacturers in producing more reliable
bushes for hermetically sealed components. Barium
titanate ceramics for supersonic transducers are avaijlable
from Plessey under the trade name * Casonic.”

A new ceramic insulator “ Faradex H,” with a permit-
tivity of 3,200 has been developed as a dielectric for
bypass capacitors by Steatite and Porcelain Products, who
have also introduced “Frequentite S,” a steatite-type
material with a loss (tan 8) of less than 0.0002. It is free
from porosity and can be used as an cnvelope for e.h.f.
valves.

Silvering solutions for depositing clectrodes on ceramic
insulators are now available from the United Insulator
Company.

A mica-loaded vitreous material, “ Mycalon,” developed
by the Mycalex Company contains a low-melting-point
glass which cnables it to be injection-moulded. It com-
plies with Inter-service Specification R.C.S.11 (accelerated
tropical humidity) and its initial surface resistivity of 10'*
is recovered within 14 to 2 hours.

Multicore solders now contain five cores, and “362”
fast-flux cores and extra-fast “366” can be supplied, if
required, without extra cost. One of the problems of
efficient soldering is to ensurc rapid release of the flux
core, and in the latest Enthoven special solder washers the
sheet material from which they are stamped contains a
striped flux core which leaves microscopic vents at the
cdges from which the flux can escape before the solder
melts.

Makers®: Associated Technical Manufacturers (B, C, IM, IS.
W); Bakelite (IM); Geo. Bray (CE); B.I. Callenders (C, CO, IS.
W), British Moulded Plastics (IM); Bullers (CE); Clarke (CF, IM.
18); Connollys (IM, W); Creators (IS); De La Rue (IM); Dura-
tube and Wire (C, CO. IS, W): Enthoven (S): Fine Wires (W);
Hellerman (IM, IS); Henley’s (CO. IM, W); London Electric Wire
(CO. W): Long and Hambly (IM. IS, RP); Magnetic and Elec-
trical Alloys (L. M); Marrison and Catherall (M); Micanite and
Insulators (CF, B, CO, IM, IS); Mullard (DC, M); Multicore (S):
Murex (RM. M); Mycalex (IM); James Neill (M); Plessey (CE);
Reliance Wire (B, C, CO, IS, W); Salford (DC, M); Geo. L.
Scott (L); S.T.C. (M);_Steatite (CE); Suflex (B, CO. IM, IS, W);
Swift Levick (M); H. D. Symons (IM, IS); Telcon (C, DC, L, M,
RM, W); Thermo Plastics (CF. IM): Transradio (C, IS, W); Tufnol
(M); United Insulator (CF, CE, IM); Vactite Wire (RM, W).

*Abbreviations: B, braiding; C, cables, CE, ceramics; CF, coil
formers, bobbins; CO, cords; DC, dust cores; IM, insulating
materials; IS, insulating sleeving; L., laminations; M, magnets and
magnetic alloys; RM, refractory metals; RP, rubber products; S,
solder; W, bare or covered wires.
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Band Il Convertor

Simple Circuit for Adapting Band 1 Television Sets

By G. M.

N
\ ARIOUS Government pronouncements of recent
date have made it clear that television broadcasting
on Band IIl is imminent. For this purpose two
channels have been made available between 186 and
196 Mc/s. Itis also apparent that no further channels
in this band will be placed at the disposal of tele-
vision broadcasting for some considerable time, and
this limitation means that for some years only one
programme in Band III will be reccivable in any
given arca. Receivers capable of covering both Bands
I and III are appearing in the shops in increasing
numbers, and in due course only this type of recciver
will be available. In the meantime, large numbers
of perfectly good single-band receivers will require
convertors if their owners are to receive the alterna-
tive programme.

As the two available channels are adjacent to one
another and as only onc of these will be required
in any one location, it is possible to construct an
extremely simple pre-set-tuned convertor. It is
obviously desirable that no re-tuning of the recciver
should be necessary when changing stations. To
achieve this the convertor intermediate frequency
must be tunable over the greater part of Band I,

l{l SSELL. Assoc. Brit. LR.E

and the convertor must be capable of tuning to either
of the two channels in Band III with an if. corres-
ponding to any one of the five channels in Band I.
It is also highly desirable, if not essential, that the
sound and vision signals be presented to the receiver
in their normal relationship, that is, with the sound
signal lower in frequency than the vision signal.
Otherwise trouble may be experienced with sound
rejection. This requirement necessitates the oscillator
frequency being on the low side of the signal fre-
quency. From the foregoing the following facts can
be derived. The convertor if. should be tunable
between the approximate limits of 45 and 68 Mc/s
and the oscillator between 120 and 150 Mc/s.

The circuit of a convertor that will satisfy these
requirements is shown in Fig. 1. A sclf-oscillating
type of mixer (which is very efficient) is used and
its output is fed to the recciver via the step-down if.
transformer T,. The primary of this transformer is
tunable over the required range with an air-spaced
trimmer and is shunted by a resistance to ensure
adequate bandwidth. The oscillator is a conven-
tional Colpitts circuit with the screen grid of the
valve acting as the oscillator anode, the tuning

Circuit diagram of
Band Il convertor,
indicating method of R
wiring to earth. :

O + 180V

ouTPUT

Fm----
'
1
'

vi V2 - Cy
INPUT b _2 e =
BN —~ =t j——
| O——ii—e/JOE /1 -—- -
Ny
Cx
Lz'— _]
| >
x < cz
Csl R L Rq
Cs } Cy
= T
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capacitance being provided by the internal capacit-
ances of the valve and the external capacitances of
the valvcholder and wiring. Tuning is effected by
means of an iron-dust core, and as the range will be
affected to a considerable extent by the wiring it may
be necessary to adjust the turns-spacing of the coil
and to add a small capacitor, between 1 and 3pF,
across the coil if it is desired to cover the whole
range. On the other hand, as it will almost invariably
be required to cover only a part of the range for any
given reception arca, adjustment of the coil should
prove sufficient by itself. It is of interest to note
that to achieve the wide tuning range by means of
an iron-core adjustment a comparatively large coil
is necessary, and this is made possible because the
stray capacitance across the coil in this circuit is
some 6.5 pF.

The output of the r.f. amplifier is taken to the
mixer via a ~-filter and is injected into a centre-tap
on the oscillator coil. This being a “dead” point
as far as the oscillator is concerned, very little
“ pulling ” between the r.f. and oscillator circuits takes
place. To keep this effect to a minimum the centre-
tap should be made very carefully. The use of the
=-filter has the great advantage of placing the r.f.
output and mixer input capacitances in series, result-
ing in a total tuning capacitance of about 3 pF.

The r.f. input circuit is untuned as little is to be
gained by tuning it. The coil that would be required
for this purpose would of necessity have to be very
small and no step-up between the acrial and the grid
would be possible. In fact, at these frequencics it
usually results in a loss. Instead a resistance of 100
is used, and this, in conjunction with the valve damp-
ing, results in an input impedance of some 80!).

One of the greatest difficulties that may arise with
a combination such as this, where the receiver remains
tuned to the Band I frequency, is to obtain sufficient
attenuation of the Band I signal when receiving the
Band III signal. To assist this attenuation the filter
L.C, is inserted and tuned to the appropriate Band I
frequency. In this respect it is necessary to emphasize
very strongly that great carc must be taken with

Coil Winding Data
10 turns, 26 s.w.g. cnamelled
copper wire, close-wound on
Neosid former 356 8BA or
358/8BA.

L. .. .. 2] turns, 18 s.w.g. tinned copper
wire wound 8 turns per inch.
Former as for L,.

5} turns, 18 s.w.g. tinned copper
wirec wound 8 turns per inch
and centre-tapped.  Former
{(Necosid 5000A) 0.3in diam,
lin min. length.

T, .. .. Primary: 7} turns, 26 s.w.g.
cnamelled copper wire, close-
wound.

Secondary : 2} turns, 26 s.w.g.
enamelled copper wire, close-
wound.

Spacing: ¥y in. The secondary is
wound necarest to h.t. end of
primary. Former as for L.

L, ..

For Ly and T, a top plate is required (Neosid
5001) to secure vertical wires to which the coil ends
are soldered. A standard can }}in square by 1}in
long will also be required for cach former. Iron-
dust cores: Neosid 500 500.
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screening to prevent stray pick-up. The whole of the
underside of the chassis must be completely screened,
as well as such obvious components as the if. trans-
former and the oscillator coil. Quite apart from the
problem of preventing unwanted pick-up of the
Band I signal, these precautions are necessary from
the point of view of oscillator radiation. Particular
attention must be paid to the lead connecting the
convertor to the receiver. Good screening, in con-
junction with the filter, results in an attenuation ratio
better than 40 db.

Being an extremely simple device, there are bound
to be occasions when it may prove inadequate, but
with a little thought these inadequacies may be over-
come. For example, should it be used in an area
where it is subject to an exceptionally strong signal
from Band I and a rather weak signal from Band III,
a further filter can be added in series with L.,C,, which
would increase the attenuation ratio to about 60db.
Alternatively, as the second-channel rejection proper-
ties are rather poor greater interference may be ex-
perienced from this source than from the Band I signal,
and under these conditions it may be more advan-
tageous to have a filter tuned to the image frequency.
Similarly, if difficulty is experienced with oscillator
radiation, a further filter tuned to the oscillator fre-
quency can be inserted. It is rather too early to assess
what sort of conditions will prevail, but it is fairly
safe to assume that for the vast majority of cases the
convertor should prove adequate as it stands.

There is, however, one other possible cause of inter-
ference which should be mentioned here. If the con-
vertor is used with a receiver in which the oscillator
radiation is of a high order, it is possible that with an
unfortunate combination of circumstances the Band
I signal may suffer interference from harmonics of
the receiver oscillator. In this event the simplest cure
is to detune the receiver and retune the convertor
accordingly. This is unfortunate, as it detracts some-
what from the simplicity of operation, but as it is only
likely to occur in a few instances it can hardly be said
to depreciate the usefulness of the convertor.

Alignment Procedure

A signal generator is unnecessary for aligning the
unit if a Band I signal and a Band III signal are avail-
able. The procedure is as follows. Connect power
supplies to the convertor and its output to the input
of the receiver, after disconnecting the Band I aerial
from the receiver. Connect the Band I aerial directly
to the grid of the r.f. valve (via isolating capacitors
if the chassis is live). Increase the contrast control
of the receiver, if necessary, to obtain a picture. Then
adjust the air-spaced trimmer C, for maximum
response, readjusting the contrast control as required
in order to maintain the signal at about the same level.
Transfer the Band I aerial to the convertor input
socket and adjust L, for minimum signal, again
adjusting the contrast control as required. Next dis-
connect the Band I aerial and replace it with the Band
IIT aerial. Tune in the Band III signal by adjusting
the iron core in the oscillator coil and finally adjust
L. for maximum response. The gain of the convertor
is unity, so if the two signals are approximately equal
in strength no readjustment of controls will be neces-
sary when changing stations.

A few words about power supplies. The low-
tension requirements are 6.3V, 0.6A and the high-
tension 180V, 20mA. The unit will operate satisfac-
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List of Components

Vi, V, Mullard EF80.
C,, Cs .. 10pF -10%, N730K Cera-
| micon.
Cs, Cy, Cy, C;, 0.001xF, 350V, Hunts type
Cs, Cy W99.
“ .. Air-spaced trimmer, 2-8 pF,
Mullard.
C, oo .. 470pF - 209%, 1.75-kV working,
Erie Isolator Ceramicon type
CD9P,101. (Only nccessary
with *“ live ” chassis.)
R, .. .. 100Q - 10",, type RMAS.
R, .. .. 15k€) - 209, type RMA9.
R, . .. 180Q - 10“,, type RMAO.
R, .. .. 470Q 20", type RMA9.
R;, Ry .. 22kQ 109, type RMA9.
Ry .. .. 2.7kQ - 10, type RMA9.
R: .. .. 22kQ — 20v, type RMA9.

torily but with some loss of gain down to 100V h.t.,
and at this figure the consumption is 10.5SmA. It may
be an advantage to operate the unit at this lower figure
where the signal strength is high and the available
power is limited. If the convertor is used in conjunc-
tion with an a.c. receiver, that is, one where the chassis
is isolated and the heaters are in parallel, it will usually
be found that the small amount of power required can
be taken from the receiver with little trouble; but
when used with the more common a.c./d.c. type of
receiver a certain amount of manceuvring may be
necessary. The heater chain in the receiver can be
broken at some convenient point, and the heaters of
the convertor inserted there, after having observed
the following precautions. The convertor’s heaters
must be wired in series. There are usually very good
reasons why valve heaters are placed in a certain
order, and those which lic closest to chassis potential
should on no account be interfered with. Generally
speaking, it will be safe to insert the convertor’s
heaters about half-way along the receiver heater chain.
The valves used in the convertor are capable of with-
standing 150V between cathode and heater. Lastly, it
will be essential to ensure that the current flowing
through the convertor’s heaters is 0.3A. If the cur-
rent is not correct resistance shunts will have to be
used, either in the convertor or in the receiver. It
would be far safer and more practical, however, to
provide a separate power supply for the convertor
heaters.

Regarding h.t. supplies, it will usually be found that
in a.c./d.c. receivers every available milliamp is used
and that there is nothing to spare. In that case a small
high-tension unit can be built into the convertor. A
suggested combination would be a selenium rectifier
such as the S.T.C. DRMI, a 16+ 16/F capacitor for
the reservoir and smoothing and a 2.2-k{! resistor to
complete the smoothing.

It should be unnecessary to add that the mains
tapping must be adjusted to make up for the extra
voltage required. As the unit adds an extra 12.6V to
the receiver chain and as the mains tappings are
usually arranged in 5- or 10-volt steps, the tappings
will have to be placed 10V lower than is usual.

As it stands, changing from Band I to Band III
simply involves disconnecting the Band I aerial from the
receiver and connecting the converter output in its place.
The Band III aerial can be left connected permanently
to the convertor. This changing of connections may
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be considered a nuisance but is probably the safest
method. If a switch is used great care will have to
be taken against stray pick-up of the Band I signal
when using Band III and vice versa. The switch
will have to be of high quality: one that will intro-
duce the least possible leakage across the contacts. It
will have to be mounted on top of the convertor
chassis if the screening precautions are not to be
defeated. Coaxial leads to the switch must be used
with a minimum of exposed inner conductor.

The wiring of the convertor should, of course, con-
form to normal v.h.f. practice, with short, straight
leads. It is really unnecessary to leave more than jin
of wire between a component and its connecting point,
although it is unwise to reduce it much further as the
component may become overheated during soldering.
Soldering tags should be mounted close to the valve-
holders they are associated with, and must make posi-
tive contact to chassis. The unit should be mounted
in the receiver cabinet, or on the back as close to the
receiver aerial socket as is convenient, and a short lead
(coaxial or screened twin-feeder) used for the connec-
tion. Do not place the convertor in a position where it
would interfere unduly with the receiver ventilation.
Neither should it be mounted in a particularly warm
area as this might cause trouble due to oscillator drift.
In a relatively cool position with reasonable ventilation
no trouble has been experienced with oscillator drift
after the initial warming-up period of five to ten
minutes.

Film on Valve=making

ANYONE who has bcen round a valve factory will
appreciate the difficulties of putting valve manufacturing
processes on the cinema screen. One usually leaves with
one’s head in a whirl, trying hard to remember things froin
the welter of machinery one has just seen, but not very
successfully. This problem of extracting order out of
apparent chaos must have been a real headache in the
makinz of the new Mullard educational film “ The
Manufacture of Radio Valves,” for here the whole business
is compressed into the space of about 25 minutes.

The part of the film which sticks in the memory best
of all is the introductory sequence, showing the individual
parts of a valve and how they are assembled by hand,
working from the heater outwards. This is all done
slowly and deliberately and gives plenty of time for the
images to sink in  The remainder is taken in the factory,
starting with the raw materials and ending with the
finished product. Here, however, the presentation is
rather less effective, perhaps because the individual shots
are not quite long enough—their average length being
about five seconds. With such a rapid succession of dif-
ferent images of whirling and reciprocating machinery,
one tends to become hypnotized and to lose sight of what
is really happening. It might have been better to have
selected just a few of the more important processes and
given more time to them, filling in the details with the
spoken commentary.

The film was made by National Screen Services and is
available to technical colleges, schools and scientific asso-
ciations from the Mullard Educational Service, Century
House, Shaftesbury Avenue, London, W.C.2.

The effective radiated power of the transmitters to
give the results shown in Fig. 2 on page 182 in last
month’s issue is SOkW. This should have been included
among the other relevant data in the left-hand column.

Television Aerials ™
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“Grounded Grid” A.F.

Amplifier

Possibility of Increased Undistorted Output

By THOMAS RODDAM

THERE is a peculiar difficulty which confronts
the writer when he embarks on an article about cathode
input valve amplifiers: the term grounded grid is
almost universally used for this circuit arrangement*
and the inverted amplifier seems to be a purely
English name for a high-level version. Against this
general acceptance of the more familiar ¢ grounded
grid,” however, we must set the general prejudice
against the use of ‘‘ground” instead of ‘‘earth.”
Between the Anglophiles and the Americophages
the path is narrow; fortunately my shoulders are
broad, broad enough to withstand even the whips of
comment on this confusion of metaphors, and I
propose to write ‘‘ grounded grid”’ throughout
this article.

I have not checked through the literature, but so
far as my memory goes the grounded-grid amplifier
was first introduced for use in medium-power broad-
cast transmitters. A typical arrangement was this :
the broadcaster would start operations with a 2-kW
* packaged ”’ transmitter, and as his finances improved
would add first a 10-kW grounded-grid package, and
then a 30-kW grounded-grid package. Obviously
this mode of operation was not a normal Western
European one, but it suited, and still suits, the con-
ditions in North and South America very well.

During the war the problem of receiver noise
began to get the attention it deserves, and a new use
appeared for the grounded-grid amplifier. When,
in crder to obtain a required range in radar, trans-
mitter powers start approaching the megawatt order,
even one decibel at the receiver becomes of critical
importance, and amplifier circuits like the cascode
find their application.

Special Case

The purpose of this article is to describe a much more
pedestrian use of the grounded-grid circuit. It arose
from one of those highly artificial problems which
appear in some fields of telecommunications: I
required to obtain the maximum possible output from
one triode of a 12AT7 operating at 130 volts. The
supply voltage will tell many readers at once that the
equipment was to operate from telephone repeater
station batteries. The restriction of valve type was to
enable a piece of equipment to be designed using a
single type throughout, so that the number of spare
valves held in stock could be kept down. The power
which can be taken out from a 12AT7 operated under
normal Class A conditions with 130 volt supplies is
about 25 mW, which was insufficient for the applica-
tion in question. In a desperate search after more
power the grounded-grid circuit was tried, and it was

* In Wireless World it is generally called “ earthed grid "—Ed.
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found that the available output power could be
raised to more than 100 mW. With the addition of
local positive feedback a circuit which seems to have
great potentialities was obtained. But let us start at
the beginning.

The basic circuit of the grounded-grid amplifier
is shown in Fig. 1(a). The input is applied between
cathode and grid, and the output is taken between
anode and grid. The grid is earthed. This description
of the circuit, which follows the circuit diagram, is
obviously nonsense, because the valve cannot possibly
deliver any energy across the grid-anode terminal
pair.  The circuit has therefore been rearranged
slightly, in Fig. 1(b), to show that the actual arrange-
ment is a series one, the input, the anode-cathode
path of the valve and the load being all in series.
Rearranging again, in Fig. 1(c), we can get a rather
different view of the circuit. Perhaps the sooner we go
to the equivalent circuit the better.

Fig. 2 shows the equivalent circuit, consisting of the
generator e with internal impedance R, connected to
the valve of parameters p,p and the load R;,. Round
the loop there is a current 7, which must satisfy the
equation

e —pe, =i(Ry 4 p+ Ry

The grid-cathode voltage, ¢,, is given by the equation
e, =1R, —¢ so that
e(l+w=7[0+ wR,+p+R,]

The output voltage is equal to /R,, so that the voltage
amplification of the circuit is

I'Rz _ (1 : ,u) R2
e p+R2—1—(l~} /A)Rl
It is instructive to compare this expression with the
corresponding form for the conventional grounded-

cathode amplifier, with a resistance R, in the cathode
lead :

#R, -
p+ R+ (14 »R,

The only difference is that the grounded-grid stage
contains the term (1 4 ) instead of x in the numerator.
It is not quite the same as if the valve had a p’ =
(1 4 p) because the term (1 + ) R, is not altered.

The impedance seen by the load is, as can easily be
calculated, p + (1 + p) R, but although mathematic-
ally this is exactly the form found for the usual
grounded-cathode valve, R, has a rather special
meaning in the grounded-grid stage : it is the source
impedance of the input generator, which means that it
depends on the previous valve in the circuit.

At low frequencies we never bother about the input
impedance of a normal valve amplifier, because the
resistance needed to provide the grid bias connection
determines the input loading.  Matters are very
different in the grounded-grid amplifier.  Facing

m =
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the generator we have a load which is obviously equal
. e

to e, and . R, —
!

The R, term is the impedance of the generator

itself, so that the input impedance of the grounded-
grid valve circuit is

p+ R,
1l - n
In a typical circuit, R, will be somewhere between
p and 2p so that the order of magnitude of R, can be
seen by taking
R, = 1.50 and then
2.5. 2.
R, - 7"~ 22
1 " Ein
and for a valve with g;,,  5mA v, R,, = 500 ohms.

Here we sce the limitation of the grounded-grid
stage : instead of the relatively high input impedance
of an ordinary grounded-cathode valve, we must
produce the grid swing voltage across a rather small
resistance. To get some idea of the orders of magni-
tude involved let us take as the approximate valve
parameters ¢ — 50 and p 10,000 ohms, with a load
resistance R, 15,000 ohms. As we have seen, the
input impedance is then 500 ohms. For full drive we
shall need about 2 volts, which means that the power
fed in at the cathode is 8 mW. This 2-volt input
will produce a current through the loop of 4 mA, so
that the power in the anode load will be 4* 15
240 mW. The power gain is only 30 times, or 14.8 db.
Tne most immediate consequence of this result is
that the preceding stage must be designed as a power
amplifier rather than as a voltage amplifier.

INPUT I
| i ouTPUT (a)
il
.
i
] "I
: | (b)
i
T i 4
i
|
- J (<)
M Fig. 1. The basic grounded-
!k grid circuit (a) may be

re-drawn to show the essen-
tial single loop (b) or to
obscure the circuit (c).
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It is natural to ask why this relatively low-gain stage
should be used at all: we can get very much more
amplification from this particular valve by operating
it in a conventional way. When we examine the valve
characteristics, however, we find that provided the
resistance in the grid circuit is low enough we can work
a 12AT7 triode yp to about ¢, 3 volts with excel-
lent linearity. We can hardly get a lower grid resis-
tance than by a direct earth connection, so that in a
grounded-grid stage we can operate with very little
standing bias and drive the valve across a very much
larger part of the anode-current, anode-voltage charac-
teristic. The low anode voltage which was one of the
design conditions makes it certain that the anode
dissipation will not be exceeded : the limitations are
emission and grid heating. Subiject to these limita-
tions, the triode will give the sort of efficiency we
usually associate with a pentode.

Grid Current Loading

In the circuit as shown, the grid current must be
supplied by the signal source, as is usual in valve
amplifiers, and the extra grid current loading is a
cause of distortion. This changing input impedance
distortion is one which we encounter in transistor
circuits, too. Some reduction in the distortion from
this cause, and other material advantages, can be ob-
tained by using positive feedback. If we feed energy
back from the output to the grid circuit the grid
current loading is imposed on the output side, where
more power is available, and the fractional loading
is less. The use of feedback in the grounded-grid
stage present one very interesting feature : there is

Fig. 2. The equivalent circuit is extremely simple.

complete separation of the input circuit and the feed-
back loop, until grid current flows.
Let us go back to the basic equation :
e — pe, = R, 4 p + Ry
and now let us add to the normal value of ¢, a fraction
of the anode voltage, kiR, so that we now have
e, IR, — e - kR,
from which
e(l 4 40 =41 - R, +p+ (1 4+ pkR,]
This equation leads us to the following results,
which need not be derived in detail :

. . /1R,
voltage amplification’ — ° )
e

(1 + wR,
(14 WR, 4 o - (1 : k)R,
. . p 1 uk
t d .
input impedance 1 . 14, R,,
output impedance (1 . ’i) R“'k !

1f the feedback fraction k is zero, these results
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Fig. 3. To apply feedback. an additional winding is provided
on the output transformer.

reduce to those which were obtained earlier, as we
might expect. Positive values of £ will reduce the gain,
increase the input impedance and reduce the output
impedance, as we should expect for negative voltage
feedback. Our concern here is with positive feedback,
for which we must consider negative values of k. In
the region |k the term 1 4 pk is still positive,
but is becoming smaller as we apply more feedback.
The voltage amplification and the output impedance
will both rise, while the input impedance falls. At
the particular value k& — 1/py 1 4+ pk = 0 and the
output impedance will become infinite, the input
impedance will be p/(1 + u) while the voltage ampli-
fication will be (1 - wR,/[(1 + p)R, + p]. When
we put in the typical numbers, the input impedance
is seen to be about 200 ohms instead of 500 ohms :
the voltage amplification must be considered rather
more carefully, because the change in input impedance
means that the generator must be matched to a different
load. We can see, however, that to drive the original
4} mA into the loop we now need only 0.8 volts, so
that the power delivered to the cathode has been
reduced to 3.2 mW and the power gain js 240/3.2
75, or 18.8 db.

One of the important features of this analysis is
the advantage gained by working in terms of the loop
current. Although I have given the voltage amplifica-
tion expression above, it is a rather awkward concept,
because if we try to use it we must introduce the gener-
ator impedance, and this means that we must allow
for the negative feedback produced by this impedance,
which is in the cathode circuit. The grounded-grid
amplifier js essentially a power amplifier operating
by virtue of the impedance level change introduced
in a loop carrying a single current. It resembles
therefore a grounded (earthed) -base transistor
circuit with a transistor having unity alpha. Clearly,
then, the power gain is simply the ratio of load impe-
dance to input impedance, or

. (1 + )R, .
ower gain — B which reduces to
P & p+ (1 + uk)R,
g,,_le approximately when % 1'np. This agrees

with the result already obtained :
power gain 15,000 x 5 - 10-% — 75,

As the amount of positive feedback is increased
further the power gain continues to rise smoothly
until & — — l( ’

p\R
of course, means that the circuit delivers an output
in the absence of any input : the amplifier has become
an oscillator. The input impedance has been decreas-
ing with the increased feedback, but this critical
value corresponds to zero input impedance. The

-+ 1 'when it becomes infinite. This,
2
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output impedance, which reached infinity fork = —1/p,

. . 1
jumps sharply to minus infinity for k& —< + 8)
In

where 8 is a small quantity, and then remains nega-
tive, although increasing (i.e., tending towards zero)
as the feedback is increased.

The actual circuit arrangements needed to provide
this positive feedback are shown in Fig. 3. An
additional winding is provided on the output trans-
former and this is connected in series with the grid
lead, providing either negative or positive feedback
according to the sense of connection. The step-
down of u: 1 in this transformer means that the grid
winding will have relatively few turns, so that the
direct-current resistance will be small and will not
cause any appreciable grid-current biasing.

As always when positive feedback is used, it will
be essential to provide negative feedback round several
stages, which in our particular case means the two
stages we obtain from a single envelope using a double
triode. The low input impedance of the grounded-
grid stage forces us to an intervalve transformer, so
that we shall only avoid a very tricky feedback amplifier
design if we take the feedback from the anode of the
grounded-grid stage : to take it from the output winding
would mean two transformers in tandem in the loop,
a serious complication. This negative feedback will
reduce the output impedance, of course, which may
prove important in some applications where regula-
tion or load matching is needed.

This outline of a particular grounded-grid problem
is intended to act as a guide for the design of a more
advanced amplifier. I have in mind as a typical appli-
cation the construction of a high-power, grounded-
grid amplifier to be tacked on after an existing unit,
the conversion of, say, a 3-watt audio amplifier to a
20-watt system. Quite a different application of the
theory is found in the negative impedance convertor,
a very simple device which can be connected in
series with a line to provide amplification in both
directions impartially.

“Television Recciver Servicing™

SERVICING technicians are having a hard job nowa-
days keeping up with television circuit techniques, which
grow in complexity with every new model. To help them
find their way through this proliferous jungle of circuitry,
a new book is being published for Wireless and Electrical
Trader in two volumes. This is “Television Receiver
Servicing ” by E. A. W. Spreadbury, M.Brit.I.LR.E., the
‘Technical Editor.

The first volume, on time bases and their associated
circuitry, has now appeared, while volume two, on
receiver and power supply circuits, is still in preparation.
The book is not a catalogue of known faults and their
remedies, but aims to familiarize the reader with the
various sections of the television receiver and the wave
forms associated with them. At the same time there arc
quite a few refercnces to the circuitry of particular models
as practical examples,

Volume one begins simply with a chapter headed
“Symptom: Blank Screen’ then works its way through
time bases, sync separators, synchronization techniques
(including flywheel sync), interlacing, h.t. boost, picture
shift, e.h.t. and deflection circuits, d.c. restoration and
finally the use of test gear. Published by the Trader
Publishing Company, it is obtainable from booksellers,
price 2ls, or direct from the distributors, Iliffe & Sons,
at 21s 8d.
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160-Metre Transistor
Transmitter

Results Wieh

Very Loiw Power and Crystal Control

Emwmmgi ng Obtained

By A. COCKLE™ (3151

=
]RANSMITTING radio amateurs were quick to
take up the challenge of the transistor, and the first
recorded amateur contact using transistor equipment
is that of G. M. Rose (K2AH) of New Jersey, just over
a year ago' when he obtained a range of 25 miles on
144 Mc/s, with a power input of 30 mW on c.w. In
this country G3CMH (Yeovil) and G3CAZ
(Haslemere) appear to hold the distance record
(90 miles) with transistor equipment using 30 mW
at a frequency of 3.5 Mc/s*,

Home construction of transistors has already been
successfully achieved, as described by P. B. Helsdon'
and J. M. Osborne'. Now that the 30-shilling
transistor is on the market it is anticipated that still
more amateurs will be investigating the new techniques.

The details given here are of a transistor transmitter
constructed by the writer and which is in constant use
on the 160-metre band, mainly for morse code speed
practice. It used a Mullard OCS50 originally but
recent experience has shown that the OCS] gives
more consistent results at 1.8 Mc/s, owing, no doubt,
to its higher *alpha” cut offf, i.e. 1.5 Mc/s. With the
aid of crystal control, a useful output is obtainable
up to 3.8 Mc/s although the OC51 is described as an
unstable switching transistor,

The circuit employs the well-known negative resist-
ance, base oscillator principle, locked over approxi-
mately a kilocycle by a 1.8-Mc/s crystal. With the
crystal removed, oscillation is maintained, but the
very fine keying characteristics are lost and noisec
modulation can occur at some frequencies. The value
of C, is a little critical and should be adjusted for
optimum power output. C, is adjusted until the
oscillation is locked by the crystal and this results in
good keying characteristics; by varying C, a useful
output up to 3.8 Mc/s has been obtained.

The acrial in use is a }-wave horizontal wire loaded
against earth; the loading of the aerial is not quite so
easy as with higher powers. An absorption wave-
meter using a 50-:A indicator is really necessary, but
the ex-R.A.F. S.B.A. Visual Indicator, Type 3, alrcady
described in this journal®, is an excellent substitute
movement; 30 A will then give a large deflection.

So far, with this transmitter, results have been very
encouraging: on the 1.8-Mc/s band a total of 20 con-

* E.M.1. Engincering Development.
1 The frequency at which the current gain is 3 db down.

QST, January 1953, p. 53.
* R.S.G.B. Bulletin, March 1954, p. 409
' Wircless World, January 1954, p. 20.
¢ Short Wave Magazine, March 1954, p. 10.
® Wireless World, September 1951, p. 376.
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tacts has already been made using between 20 and
100mW. Reports have ranged from RST599 at 3
miles to RST339 at 30 miles.

The circuit, as shown, has been used as a recciver
for local c.w. communications but, in this case, the
principle of the oscillating detector is used. With
headphones inserted in the collector circuit results
were quite encouraging and * break-in” procedure
could be adopted.

The author wishes to acknowledge the patient assist-
ance given by R. Penfold (G3DHZ), and V. Brand
(G3JNB) of the QPR Society, during the develop-
ment of the transmitter.

A/& AERIAL

0-10mA
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Circuit of the low-power, crystal-controlled transistor trans-
mitter described by the author.

COMPONENT VALUES

(instead of ’phones).
100 pF (trimmer).
315 pF (160m Band), 47 pF (80m).
100 pF (variable)
1,000 pF.
350 pF (variable). |
. 7 turns overwound on L.
» 32 wrns 16s.w.g. tinned copper,
former 2}in winding length.
OC51, Mullard transistor.
Crystal, 1.8-Mc/s Band.
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Instrument Error Curves

By M. G. SCROGGIE, B.Sc, M.LEE.

1
(AALIBRATION curves are, at best, a nuisance.
Ideally, instruments should have direct-reading scales
that are correct. But it is unusual for a direct-reading
scale to be as near correct as it could be. The better
the quality of the instrument, the more unusual. That
may sound paradoxical, but the reason is this; if owing
to poor quality the deflection or value of an instru-
ment at any point is liable to vary between somewhat
wide limits, then it is relatively easy to provide a
direct-reading scale that comes within those limits. A
high-precision high-stability instrument, on the other
hand, must have a correspondingly precise scale if the
full accuracy of the instrument is to be gained without
referring to calibration data. It is surprisingly difficult
—as anyone who has tried it will testify—to make a
scale that does not itself introduce perceptible error.

Considering, then, instruments that have (or could
be given) direct-reading scales, there are several
reasons why these scales may not conform exactly to
the latest and best calibration:

(1) There may be appreciable errors in the draw-
ing or engraving of the scale itself.

Presenting Calibration Data

in Most Convenient Form

(2) Since the scale was made, a later calibration
may have revealed appreciable changes.

(3) If a scale is used for more than one range, it
is unlikely that it will fit the calibraticns of all the
ranges perfectly. This is especially true of ac.
meters. On the other hand, one is reluctant to pro-
vide a number of separate scales unless the differ-
ences in shape are so great that there is no
alternative.

In any of these circumstances, one has to choose
between tolerating the errors or referring to calibra-
tion data. Obviously if full use is 1o be made of a
precise instrument, the latter is the choice, and as
stated before it is a nuisance. How much or how little
of a nuisance it is depends on the form in which the
data are presented; and that is the subject of this note.

Assuming that the instrument is continuously vari-
able (e.g., a voltmeter, or a variable air capacitor) a
table of values is perhaps the le#st convenient of all,
for in general it necessitates some system of interpola-
tion, which not only takes time and trouble but intro-
duces considerable risk of mistakes. One therefore

tends to think of a calibration curve.

The most obvious form of this is a graph

— —TT T T T T T T T T
T 1] | - l | | l_ I T_|‘ L of « true values » against scale reading.
15 - — - — ¢ ‘ v Fig. 1 is a typical example.
BRI S FL~I _l - S i a o D 2w Now although in theory this may
14— ! + S -1»—'- j»—J— ! —A seem to do the job, in practice it does
| L L 1 -t | 1 J/ - it very badly. One has first of all to
13 1 t—~T ! 1T ‘ find the correct point on the “Scale
1 =t e ‘_‘—P- ——1-1 /’. r Reading” scale; then to follow this by
12— —f iy - — t - T T eye up to the curve, and along to the
i 1—'—~ Attt T / 1T “True Value” scale; and lastly to con-
1 —— 5J —TT— T *"1’ T TAT ’l T vert the position on that scale into
. T T 1 r-:- o ! i ‘{ "/‘7 . [ figures. Unless this is done carefully
10 T 1 T ‘t AT ! and accurately, a greater error may be
i T T T [ / [ 11 [ [T introduced than one is seeking to correct.
§ 9» I T + i— T : T [ l 1T 1] Moreover, since the error to be corrected
£, T 11 1717171 i T 11 (1] is likely to be a very small fraction of
g (LT I / JHERE | ‘ the maximum scale reading, the graph
g L1 1] [ | a0 10 has to be drawn on a large sheet of paper
R //I VL au:mc
o——1 : b NMEEE | Fig. 2 (inset). More
EREN BN *// .l 1 4os T ‘[—l T thon ol the) inform-
s T - 1 T i Mt | [ ation given in Fig. |
| t_ L1 LA L] } NN [ g 5 o is here presented
o I T Vg B 4 ot ~ l T more  conveniently
711 1A | 0 e and precisely in a
L 1.1 ‘_%_,__;.. S | ely
s I | ! ! : | ! -0l 1= . T small fraction of the
RN / Lyttt =% 3 s 9 1 s SPaces
2 A e A S w o SCALE READING
"*7/‘-.“-'* T T T T T T T T T T T T T T T 1]
| L | } i I ! ! L ! ¥ ! L ! 4 !
11 ll 1 1 T 'T_' *‘“"*l : ‘% TT1 [ I 3 Jl' T T Fig. I (left). Conventional calibration curve,
0 4 s ¢ 7 & 9 0 W iz 5 14 s  whichoccupies a large piece of paper and
SCALE READING is inconvenient in a number of ways.
21% WIRELESS WORLD, MaAy 1954
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SCALE READING

Fig. 3. Example of a correction graph for a multi-range
instrument.

for it to show up clearly. This makes the graph in-
convenient to use; it cannot be attached to the instru-
ment or kept in a handy small book, and it uses a lot
of bench or desk space. The paper is most inefficiently
employed, because the only informative part, other
than the scales themselves, is in the form of a more or
less diagonal line. Most of the paper is not only doing
nothing useful, but is actually increasing the risk of
error by interposing large eye-confusing distances
between the informative zones. These difficulties exist
even if a discreet choice has been made of the relation-
ship between the squaring of the graph paper and
the divisions of the scale marked on it, and are greatly
aggravated by the fiends (thinly disguised as tech-
nicians) who perpetrate such horrors as making ten
squares represent three scale divisions.

Fig. 2 shows how the same information can be pre-
sented more precisely and conveniently in a much
smaller space, by plotting only the error against the
scale reading. Of course whenever errors are specified
it is necessary to make sure that there is no mis-
understanding about their sign. Does an error of
—0.04V mean that the true value js 0.04 V less than
the scale value, or vice versa? This ambiguity can be
completely excluded by marking the error scale “ Add
to Scale Reading.” Then there is no doubt that
“—0.04 V” means subtract 0.04 V from the value read
on the instrument scale.

The advantages of this presentation are:

(1) The basic shape of the graph is horizontal
instead of diagonal, and so can be accommodated on

a relatively small strip of paper.

(2) Despite the reduction in size of paper, the in-
formation sought, being of a lower order of magni-

05

Fig. 4. Special case of the lowest

range of an a.c. voltmeter having a 04
displaced zero to make all except B
the lowest part of the calibration 03
fit a linear scale. The unavoidable
**bottom bend '’ is covered by a 0-2
short calibration curve.

vOLTS

ot

tude, can be plotted on a much larger scale and so

is easier and quicker to read.

(3) The horizontal scale too can be reduced in
size, because it does not have to be read precisely,
since the error does not normally change rapidly
with scale reading. Often a quick glance at the graph
shows what correction (if any) is due to be made.

(4) Because of the great reduction in size, com-
bined with removal of the need for close scrutiny,
it becomes practicable to have the correction curve
in or on most instruments, thus ensuring that it is
always available for use.

(5) The form of the error as a function of instru-
ment scale reading is much easier to see, and errors
in calibration thereby easier to detect. Calibration
points that fall well off a smooth error curve would
naturally be suspected until confirmed.

(6) Defined tolerances (such as percentage of full
scale reading) can be shown.

To some workers all this may seem too obvious to
need mentioning, but there may be others who have
not realized the superiority of the Fig. 2 form over
the conventional calibration curve.

It is, of course, possible to plot correction curves
for several ranges on one graph, and Fig. 3 shows an
example of this. The vertical scales are placed on the
right because that is where most of the correcting is
required.

Offset Zero Scales

It has been assumed so far that the scale-reading
and true-value curves coincide at least at zero. A
means of zero adjustment is provided for making this
true of most meters, but of course it does not usually
apply to scales of such things as frequency, capaci-
tance and attenuation. Nor does it apply to meters
in which the zero is deliberately offset to enable all
except the curved foot of the calibration to fit a linear
scale. An example is the valve voltmeter described in
the March 1952 issue, p.93. The lower and most
curved part of the scale on every range, except the
lowest, can be ignored, because it is covered by the
next lower range. But since this cannot apply to the
lowest range, which in any case fits the scale least well
of any, a slight compromise is advisable if it is desired
to use the calibration right down to zero. In this

region, the correction actually becomes greater than
the true value, and the recommended presentation
consequently absurd. Fig. 4 shows an example of a
calibration curve taking over from the error curve to
meet this exceptional condition, the additional curve
being on the left.

ADD TO
READING

—.+>1» 40 02

- 0-01

0
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Quartz Crystal Testing

Evaluation of Quality in Frequency Range sokc’s to 2 /s

By R. ROLLIN*

THE quality of quartz crystal used to be assessed
in terms of some oscillator circuit parameter,
the value of which was dependent on circuit
conditions and component stability. During recent
years, however, many manufacturers and users of
quartz crystals have become accustomed to a new
method of assessing their quality for use as oscillators
and filters. This method makes use of a variable
“loss >’ element which is substituted for the crystal
unit in a suitable oscillator circuit. Accuracy of
mecasurement is therefore almost cntirely dependent
on the substituted element and is independent of
changes in the remainder of the oscillator circuit.
The first commercial and service versions of the new
test sct were suitable for evaluation of crystal quality
in the frequency range 1 to 20 Mc/s.

The test set described here uses similar principles
but is intended for use in the frequency range 50 kc/s
to 2Mc/s.  Its use is specified in Quartz Crystal
Specification RCS.271. Before proceeding with a
description of the working principles and design it is
interesting to tabulatc the main features of the new
set in comparison with those of the carlier, higher-
frequency, tester. (See Table.)

In the case of the higher-frequency model it was
possible to use a simple single valve oscillator of an
aperiodic type in which the cffective negative resistance
is largely independent of frequency over the range for
which the test set is used. This is made possible by
the comparatively small magnitude of spurious
responses close to the operating frequency occurring
in high frequency quartz plates. In the case of lower
frequency quartz plates, however, it is common for
spurious responses of relatively large magnitude to
be present at frequencics remote from the fundamental
response but still within the

(1) a special two-valve oscillator circuit with band
switching and input capacitance switching ;

(2) a calibrated variable impedance substitution
element ;

(3) an amplitude measuring valve voltmeter ;

(4) a meter overload prevention device ;

(5) power supplies.

A simplified schematic diagram of the instrument
is shown in Fig. 1. Frequency range switching,
input capacitance switching, details of amplitude
measuring circuit and power supply circuits have been
omitted for simplicity.

Operation of the circuit may be understood by
supposing a voltage to be applied at the terminals
marked ““X.” Neglecting for the moment the
presence of resistor R, the voltage across the primary
of T, will be substantially equal to and in phase with

TABLE
Comparison between the two models

! — —

Frequency Range 1 Mcsto 50 ke's to
| 20 Mc s 2Mc's
Range ot E.P.R. (equiva- i

lent parallel resistance) 4 to 130 kQ | 30 to 600 kQ
Available input capaci-

tances . .. 20, 30 and 30, 50 and ,

50 pF 100 pF

Weight .. 241b 40 1b
Height .. 5}in 8% in |
Width 19 in 19in |
Depth .. 8} in 1lin |
Power requirement 35 watrs 50 watts |

* Salford Electrical Instrument..

+HT

frequency range of the test
set. Of necessity therefore,
the circuit arrangements in

Ce

this set are different from
its lower-frequency com- S
panion in that simple se-
lective tuning is employed ©
t0 ensure operation at
the correct frequency. In
other respects the new tes- 0
ter is equally simple to use —

and gives a direct reading T/

of equivalent parallel resis-
tance without calculation
or reference to charts.

General Description:—
The complete test set
may be rcgarded as com- Fig. /. Basic circuit of
prising the following items: ~ quartz crystal test set.
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that at the terminals X. The transformer windings
are arranged so that the secondary voitage of T, is
in anti-phase with that of the primary and this voltage
appears at the grid of V, via the grid leak and con-
denser R,, C,. The anode of V, has a capacitance
anode load C; and the small feedback capacitor C,
passes some of the voltage appearing at the anodc
of V, to the grid of V,. This circuit arrangement
presents a negative input conductance across the
terminals X which is a function of the step-up ratio
of T,, the mutual conductance of V, and the ratio of
capacitance C,’C,, all of which factors are made
independent of frequency in order that this com-
ponent of negative conductance is practically constant
over the frequency range of the set.

Clearly the action of the variable capacitor C,
across the secondary of transformer T, will cause the
circuit to oscillate at a sclected frequency and this is
desirable when using lower frequency quartz crystals.
Operation at the resonant frequency of this tuned
circuit will be dependent on the dynamic resistance
appearing across the terminals X. Under given
conditions at X, the amplitude of oscillation will
therefore be determined by the variable resistor R,
which controls the screen voltage of V,. Changing
over the switch S substitutes transformer T, for T,
and replaces the unknown impedance across X by a
calibrated internal circuit A of variable impedance.
Under these substitution conditions the circuit will
operate at a fixed frequency dictated by the internal
variable impedance circuit, to which frequency trans-
former T, is permanently tuned.

It is worth noting that under conditions of low
amplitude of oscillation when the voltage swing cn
V., anode is small, a change of impedance measuring
range may be brought about by changing the value of
C;/C, provided that the reactance of these capacities
is kept small enough to avoid affecting the anode
characteristic linearity, with consequent limiting
in V,.

This point has becn taken advantage of in the design
of the final tester, where a change of feedback ratio
is used to crcate apparent alteration of about 2 to 1
in the impedance range measured by the internal

Fig. 2. Scale shapes typical of the impedance ranges.
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Fig. 4. Simplified circuit for analysing operation of testers

variable circuit. Thus on frequency bands 1, 2 and
3 covering 50 to 800 kc's, the impedance range is
approximately 47 to 650 kQ2 and on frequency band 4
covering 800 to 2,000 kc s, it is approximately 30 to
370 kQ. Fig. 2 shows a typical scale shape of the
impedance ranges.

Method of Operation :—Figure 3 shows the control
pancl of the test set. Operation is extremely simple.
The crystal under test is plugged in and one of the
three input capacitances available (30, 50 or 100 pF)
is selected. The frequency range on which the crystal
will oscillate is then selected and the frequency tuning
control adjusted until the meter gives a peak reading.
Next, the amplitude control is adjusted to give a
convenient reading ; for high cquivalent parallel
resistance values measurcment can be made at any
amplitude of oscillation and a suitable setting is
50 mA, whereas with the lowest cquivalent parallel
resistance values a suitable setting would be 30 mA.

The selector switch is now turned to the “Z7”
position and the equivalent parallel resistance dial is
rotated until the original meter reading, as above, is
obtained. Rapid switching between crystal and ““ Z
will then give an accurate comparison betwcen the
two amplitudes of oscillation. Subsequent adjust-
ments to the crystal amplitude are made by the
amplitude control, while adjustments to the “Z”
amplitude arec made by the cquivalent parallel resis-
tance control. When the meter gives the same indica-
tion for both, the equivalent parallel resistance can be
read directly from the equivalent parallel resistance
dial. This incorporates two scales : one for crystals
operating in the first three frequency ranges, the other
for crystals on frequencies of from 800 to 2,000 kc/s.

The test set can also be used for other applications,
such as measuring parallel tuned circuits.
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OSCILLATOR

Fig. 5. Basic circuit for calibration.
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Fig. 6. Theoretical equivalent circuit of calibrator.
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Simplified Theory of the Oscillator:—The
operation of the oscillator may be analysed by reference
to the simplified circuit diagram in Fig. 4.

Let a voltage ¢, be applied to the grid of the first
valve. This will resu