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98 (ADVERTISEMENT)

Transistor

Symmetrical or single-ended Class B push-pull stages
are generally used in transistor receivers and similar
portable equipment because of their battery economy.
At first sight it appears that the symmetrical circuit is
superior, but on closer examination it is found that the
single-ended arrangement is often preferable.

Comparison of the two circuits
shows that the single-ended cir- N
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Class B Push-Pull Output Stages

formers. The use of a more efficient transformer is
considered later. )
Comparison of the two circuits for operation at the
same battery voltage and equal sound output shows
that the single-ended circuit is preferable because of
battery power economy, lower transistor dissipation,
ease of winding the speaker coil
and of stabilisation.

cuit in Fig. 2 can be derived from
the symmetrical one in Fig. 1 by
splitting it into two parts along
the line of symmetry—after dupli-
cating the battery and bias poten-
tiometer—and then combining the
halves so that the loads coincide
and the batteries appear to be in
series. The decoupling capacitor C
prevents feedback from collector
to base of Tr2 via the bias poten-
tiometer.

The circuits of Fig. 1 and Fig. 2
are then exactly equivalent: each
transistor still operates at the
same voltage, the same quiescent FIG. |
current, and handles alternate

Ot

.

The maximum acoustic_output
obtainable, which is limited by
transistor dissipation, is twice as
great. The only disadvantages
are that an extra electrolytic
capacitor (about 4uF)*, 3 extra
resistors R1’, R2’ and Rla, and a
tap on the battery (or twin bat-
teries) are required. .

The advantages and disadvant-
ages of the two versions are much
more evenly balanced if an output
ot transformer or tapped choke with
an efficiency much exceeding 50%
is used in the symmetrical circuit.
However, this method' is more
expensive,

half-cycles. The drive and peak

collector currents are the same

but the battery must have twice the voltage and about
half the ampere-hour capacity for the same life. There-
fore essentially a single-ended circuit working from
9 -+ 9V will behave in exactly the same way as a sym-
metrical circuit working from 9V—it will have
the same currents, drive, cdistortion, stability and
battery consumption for the same output.

A single-ended circuit working from 9V
total will behave like a 4.5V symmetrical
circuit and this, assuming equal electrical
output from the transistors, will differ
from the 9V symmetrical circuit in the
following respects: The peak and mean
collector currents, in the 4.5V symmet-
rical circuit, will be 2 times greater, the
drive power requirements will be nearly
4 times greater and also the distortion
(due to a’curvature) will be greater. How-
ever, the thermal stability will be easier
to achieve, the load impedance will be
% of the total load of the 9V symmetrical
circuit and the battery consumption will
be approximately the same.

So that except for the disadvantages of
lower stability and higher load impedance
the symmetrical circuit is preferable for
obtaining a given electrical output with a
given total battery voltage.

If the load is a loudspeaker the com-
parisons given above are valid only if a
very efficient transformer is used in the
symmetrical circuit. Two causes of re-
duced output must otherwise be con-
sidered—either the halved acoustic effi-
ciency of a centre-tapped speaker, or the
power loss in a practical transformer.

Normally, no transformerisneededin the
single-ended circuit, so that noloss arises
from that cause. Therefore, to obtain the same acoustic
output from the symmetrical circuit, twice the elec-
trical output is required when either a tapped speaker
is used, or when the transformer used has an efficiency
of 50%. This is a likely figure only for miniature trans-

—
[Mullard]
NP

The main characteristics of the
. single-ended and symmetrical
push-pull circuits may be summarised as follows:
1. The single-ended Class B push-pull circuit is exactly
equivalent to a symmetrical circuit with half the total
battery voltage.
2. When a given electrical output is required from the
transistors with a fixed total battery voltage, the sym-
metrical circuit is preferable on the grounds of lower
drive and lower distortion, although the
single-ended circuit scores on ease of sta-
bilisation and more convenientimpedance
matching for direct speaker loading.;
3. However, when the inefficiency ™ of
tapped speakers or the losses in a 50%
efficient small output transformer are con-
sidered, the single-ended circuit is seen to
be preferable. As speakers can readily be
wound to the impedance required, the
speaker and transformerlosses areavoided
and the electrical power required for equal
sound output is only about half. Under
these circumstances the single -ended
circuit gives almost a 50% battery saving,
iscomparablein sensitivity and distortion
e | and much easier to stabilise thermally.
1 The maximum sound output obtainable
with a directly-fed speaker is twice that
of the symmetrical circuit.
4, When using a transformer or choke
with an efficiency considerably greater
3 than 509% in the symmetrical circuit, the
=" results obtained lie between those of (2)
and (3). The advantages of the two circuits
then tend to balance. Whereas the single-
ended circuit is cheaper and shows some
battery saving, the symmetrical circuit
is intrinsically more sensitive and gives
less distortion at large signals. Its
greatersensitivitymayhoweverbelargely
offset by the effect of the extra stabilisation it requires.
*When a small measure of negative feedback in the
output stage is acceptable, this capacitor can be
omitted. The top end of R1’ must then be connected to
point X instead of to the battery tap.

1
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Off the Record

LISTENING to music for recreation through
the medium of gramophone records is as prevalent
among professional radio and electronics engineers
as it is in other sections of the community. In-
deed, we are sometimes persuaded that the in-
cidence is higher, and that the dissatisfactions
which set in as the result of acquiring too great
a knowledge of the processes of sound reproduc-
tion may ultimately exceed those of the layman
who is assailed by doubts as to whether his present
equipment is capable of the  high-fidelity ”
which he feels may be necessary to his full
enjoyment.

We do not deny the value of this discontent
which more than ten years ago gave rise to the
cri de ceeur in this journal that we . . . get our
music by scraping a steel point carrying tons of
weight per square inch over what is virtually a
refined macadamized roadway.” It has since
given us plastic records with lower surface noise
and has forced pickup designers to abandon their
early and too facile conception of what constitutes
a “ lightweight > pickup.

Yet even today, conditions in the microcosm
bounded by the perimeter of the stylus-groove
contact are such as might well have taxed the
imaginative and descriptive powers of Dante, with
accelerations more than a thousand times higher
than that due to gravity, temperatures which burn
off any asperities and pressures which produce
plastic flow in the material under the record
surface. .

Reproduction of the sound image impressed
on the record has long been known to be difficult;
from what we now read of recent and even more
searching investigations into the problem it would
seem to be virtually impossible! Certainly one
can never hope to reproduce with a spherical
stylus tip all that can be recorded with a flat-
faced cutter.

All this has generated in some quarters a pessi-
mism which we believe to be unjustified. Just
as the bumble-bee goes about its business in
ignorance of the pronouncements of aerodyna-
micists that its flight is impossible, so we shall
Continue to be delighted by many if not all of
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the products of our recording studios and record
factories.

The truth is that the content of the record is
not always driving the reproducing equipment to
the limits where distortion is produced. Even
when distortion can be proved by measurement
to be present, it does not necessarily follow that
it will be noticed. A performance may have
qualities of emotion or musicianship which hold
the attention to the exclusion even of gross
amounts of harmonic distortion.

The ultimate criterion of the success of a
particular sound reproduction is not that the
measured distortion is-less than some arbitrary
figure but that it is not high enough to introduce
any incongruity which will distract the attention
of the listener and so mar his enjoyment of the
things that really matter. An objective assess-
ment of overall performance cannot be made
without including the temperament and experience
of the listener and the nature of the programme
material—which is tantamount to saying that an
objective assessment cannot be made.

Information Engineering

IT will soon become possible to get an M.Sc.
degree in Information Engineering (see page 257).
This recognition by Birmingham University that
information, in the non-semantic sense, is the
basic commodity of several related branches of
technology (communications, computers, control
systems, etc.), and therefore represents a good
approach for studying these subjects, is altogether
praiseworthy. At the same time, it is hard to see
how a mere 12 months’ course of this nature can
do much more than broaden the student’s out-
look—for a while. One cannot be just an In-
formation Engineer for long, and each of the new
M.Sc.s will be claimed by a particular specializa-
tion in the end—and then really begin to learn
his subject. However, there is no doubt that the
Birmingham University course will provide a
much better background for specialists in these
fields than has existed so far.

a
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WORLD OF WIRELESS

Mobile Radio Channelling

AS was recommended in the Mobile Radio Com-
mittee’s 2nd Report (see page 464 October issue)
trials are to be undertaken by the Post Office of
v.h.f. mobile radio equipment using 25-kc/s chan-
nelling instead of the present 50 kc/s. This is
announced in a letter to the Radio Communication
and Electronic Engineering Association which had
asked the Post Office for clarification of the position.
The trials are expected to begin in the early autumn.

The Committee’s recommended reduction from
100 to 50-kc/s channelling in the 165 to 174-Mc/s
band (as in the 71.5 to 88-Mc/s band) was intro-
duced in January.

RCA and Colour TV

IN last month’s Wireless World it was suggested that
the Radio Corporation of America, which has
hitherto been the main driving force behind colour
television in the U.S.A,, is losing its enthusiasm for
colour. That view is not borne out by a joint state-
ment from the chairman and president which has
reached this country since the last issue went to
press. s

According to the statement, the number of regular
colour programmes is, in fact, being increased in
1957, which should result in more colour receivers
being sold. Colour television, the statement con-
tinues, is proving that it can supply a greater and
more interesting service to the public and develop
into a profitable business for all sections of the in-
dustry. Apart from its application to broadcasting,
it is also expected to expand in the industrial,
medical and educational fields.

Radio Exports

U.K. EXPORTS of radio and electronic equipment
during the first quarter of this year were 17% higher
than in the same period in 1956; £10.8M compared
with £9.1M. As will be seen from the table the
greatest increase was in sound reproducing equip-
ment. Incidentally, the overseas sales of this type
of equipment in the first quarter of this year were
more than those for the whole of 1952.

Jan.-Mar.

1957 1956
Capital goods (transmitters, navigation aids, etc.). 4.0 3.
Components 2.5 2.0
Sound reproducing gear 2.4 L7
Domestic  receivers 0.9 1.0
Valves and c.r. tubes 1.0 0.7

£10.8M £9.1M

Scottish Show .

A CONSIDERABLE number of new models of
domestic sound and television receivers are being
shown at the Scottish Radio Show at Kelvin Hall,
Glasgow, which closes on June 1st. Most of the
major domestic receiver makers are among the sixty
exhibitors at the Show, which is the first to be
organized in Scotland by manufacturers since 1935.

256

BREMA Report

THE ADOPTION of a standard television receiver
if. by all its members and, as far as is known, by set
manufacturers who are not members, is mentioned
in the Annual Report of the British Radio Equipment
Manufacturers’ Association. It is, however, pointed
out that in view of recent experiences of interference
from ionospheric forward scatter transmissions
around 35 Mc/s, “ members may wish to reconsider
the if. rejection characteristics of their receivers.”

Plans are in hand for tests of colour systems other
than the N.T.S.C. in Bands IV and V, but should
these bands prove unsuitable then a compatible
system in Bands I and III based on 405 lines would
be the only practical one for the U.K.

The question of multi-path distortion in the v.h.f.
sound service has been investigated on behalf of
the members.

In an agreement reached between the Association
and the G.P.O. regarding complaints of receiver
interference, all cases where the receiver is found to
be at fault will, in future, be reported to the maker
of the set concerned.

Television licences in the United Kingdom must now
exceed 7,000,000 for at the end of March they totalled
6,966,256 and the increase each month is approximately
100,000. Within the next few months the number of
television licences' will have exceeded that for sound
only, which at the end of March was 7,558,843, in- _
cluding 306,053 for car radio.

Have you heard Mayflower II>—Although trans-
missions are restricted because of the need to conserve
battery power Mayflower II is sending out a noon
position each day and will transmit more frequently
as she approaches the American coast. Her call is
MX]JW. Equipped with Marconi gear she operates on
>phone on 2009, 2198, 2301, 2381, 2406, 2527, 2534,
2738 and, of course, the international calling and distress
frequency 2182kc/s. She also operates on telegraphy
in both the m.f, and h.f. bands.

Television Society Council—Members elected to fill
the vacancies on the Council of the Television Society
are: J. E. Clark (Cathodeon), C. A. Marshall (British
Communications and Electronics), A. A. Rowlands
(Norwood Technical College), S. N. Watson (B.B.C.),
and Dr, R. C. G, Williams (Philips).

TV Premiums.—At the Annual General Meeting of
the Television Society the following premiums were
awarded: E.M.I. Premium to A. H. Atherton (E.M.L)
for his paper “The secondary emission valve and its
applications ’; Electronic Engineering Premium to D. C.
Birkinshaw (B.B.C.) for “Progress in American colour
television”; Mervin Premium to H. A. Fairhurst
(Murphy) for “The development of 2l-inch colour
television receivers ”; Mullard Premium to Dr. R. L.
Smith-Rose (D.S.IL.R.) for “Properties and problems
of Bands IV and V”’; Pye Premium to R. A. Dilworth
(G.P.O.) for ‘Interference with television reception:
its causes and cures ”’; and Wireless World Premium to
A. V. Lord (B.B.C.) for “ Some problems in a band-
sharing colour television system.”

British Wireless Dinner Club.—The record number of
125 members attended the annual dinner, held on 26th
April. Air Vice-Marshal E. B. Addison was elected
president for the forthcoming year.
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Audio Fair, 1957

REVIEW OF RECENT TRENDS

THIS review considers the various
types of apparatus in the order in
which the audio signal passes
through them. It includes “over-
flow ” exhibits outside the Fair.
Records and Tape.—Connoisseur
two-channel single-microgroove discs
are approaching the production stage.

The two channels are obtained by

combined lateral and hill-and-dale
recording in the same groove. In
both the recording and reproducing
pickups the two movements are
mechanically coupled to a single
stylus at a point where each has a
null position. By this means a
channel separation of the order of
25 dB has been obtained, and ordin-
ary lp.s. can be played without
modification. )

The new M.S.S. long-playing tape
uses a thin PVC base, the coating
being unchanged.

Microphones.—A new ribbon

microphone (KTB1) introduced by
Simon Sound has alternative output

Simon ribbon microphone.

impedances of 25Q or 50k, True
pressure gradient response is ob-
tained up to at least 10kc/s, the
overall response extending somewhat
further. The ribbon is extremely
thin (about 1 micron) and its large
area gives a higher sensitivity than
usual. Lustraphone introduced a
very small (linx$inxZin) unit
(DRA/62) using a differential-reed
armature, and with an impedance of
1,000 ohms suitable for direct con-
n;ction in transistor hearing aid
circujts. It is also made up as a
lapel microphone (LP/62), with an
Impedance of 30 ohms for normal
requirements. The output peaks
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‘manufacturers,

around 2,000c/s, thereafter being
substantially flat to 5,000c¢/s. The
sensitivity is 84 dB below 1 V/dyne/
cm?® for the 30-ohm model. A new
pencil ribbon microphone (VR64)
was also shown by Lustraphone. A
crystal microphone (Type 39-1) in-
troduced by Acos has a typical
response (when fitted with the 8ft
of cable provided) which has a 5dB
peak around 8 kc/s and is 3 dB down
at 13kc/s. The sensitivity is 62 dB
below 1 V/dyne/cm?®.

- Tape Pre-amplifiers. — Several
including  Sound
Sales, Armstrong, Lowther and
Rogers, have recently introduced
units to enable tape decks to be used
with their amplifiers
amplifiers. These generally provide
high-frequency bias and erase sup-
plies which can be varied to suit
particular heads; recording level in-
dication is by meter or magic-eye,
and compensation to enable an over-
all flat response to be obtained at
various tape speeds and with various
recording heads.

Tape Decks and Recorders.—A
new deck used in their reproducer
for tape records shown by Avantic
uses two flywheels, the extra one
being fitted to the take-up spool.
These are roughly equivalent to the
use.of a single larger and more un-
wieldy flywheel on the capstan. By
this means wow and flutter have
been kept below 0.1%. The Brenell
Mark IV deck incorporates a number
of improvements, including the
ability to change the tape speed by a
simple change in capstan sleeving on
top of the deck; the maximum usable
reel size is increased to 8%in
diameter. It can also, as is now the
case with most tape decks, be fitted
with a revolution counter. The new
E.M.IL. model (TR51) also allows the
use of the larger 8%in reel. The
Collaro Mark III deck now incor-
porates a pause control; and a safety
device to prevent accidental erasure,
which is actuated as soon as the re-
corder is stopped. A similar safety
device is fitted to the Truvox Mark
IV deck.

A Spectone recorder incorporating
the Collaro tape deck was also intro-
duced recently. Hum and noise is
45dB (unweighted) below the 2%
total harmonic distortion recording
level. Low- and high-impedance
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and pre- -

IN AUDIO EQUIPMENT DESIGN

microphone inputs and 15-ohm (4
watts) and cathode follower outputs
are provided. A variable bass cut
for close microphone recording is
also available.

Stereophonic Decks and Recorders.
—A new stereophonic head for fitting
to their Mark IV deck was shown by
Truvox. The two heads are vertic-
ally in line and have gap widths of
0.00025in, Crosstalk is better than
minus 45 dB.

Ferrograph have introduced two
new stereophonic recorders using
vertically in line heads. In one of
these (88) both recording and repro-
duction can be stereophonic: in the
other (77) stereophonic reproduction,
but only monaural recording is pos-
sible. Of course, in all stereophonic
reproducers it is generally very
simple to-obtain monaural reproduc-
tion if desired. )

Pickups.—By taking advantage of
the long-wearing property of a
diamond stylus, which does not
need provision for easy replacement,
Goldring have been able to obtain
the very low dynamic impedance of
2 mgm referred to the stylus tip in
their new variable reluctance turn-
over cartridge (Type 600). The high-
frequency resonance on vinyl records
is thus at about 25kc/s so the re-
sponse is substantially linear to
beyond 20kc/s. The compliance is
not less than 5X10—‘cm/dyne and
the sensitivity 3.2mV per cm/sec
recorded velocity. A mu-metal shield
is provided.

Philips were
moving-magnet

showing a new
pickup (NG5400)

Philips magnetody- D
namic pickup.
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described in  Philips Technical
Review Volume 18, Nos. 4, 5, 6. The
design of this has been made possible
by the use of the lightweight, high-
coercive, material Ferroxdure, which,
when in cylindrical form as in this
application, can be magnetized in a
direction at right angles to the cylin-
der axis. In the schematic illustra-
tion of the pickup shown, lateral
movement of the stylus D is con-
verted by means of the cantilever C
and the bearings B,, B, into angular
movement of the Ferroxdure magnet
M. This induces an e.m.f. in the
coils S wound on the magnetic
material J in whose gap the magnet
lies. In this design the effective mass

at the stylus tip is 3 mgm, the lateral
compliance at least 5 x 10—*cm/dyne
and the output 4mV per cm/sec

recorded velocity. The frequency
response .is flat from 30c/s to
15 ke/s, the high-frequency resonance
being at about 25 kc/s on vinyl discs.

The Expert pickup (and amplifiers
and loudspeakers) are not new but
have not apparently been shown at
audio exhibitions before. The pickup
is of the moving coil type and the
h.f. resonance is above 20kc/s on
lp.s. The arm is pivoted some way
along its length where a spring
arrangement allows adjustment of the
stylus pressure. By this means the
extra rigidity and  low inertia of a
short arm are combined with the
better tracking properties of a long
arm. Acos showed two new crystal
pickups with outputs of 0.16 and
1 volt per cm/sec; the high-frequency
response (with a 3dB peak) being
3dB down at llkc/s and 7kc/s
respectively. The German Elac
Miratwin MST2 cartridge is now
being distributed in England by
Thermionic Products. This is of the
turnover variable reluctance type, but
with two completely separate assem-
blies. The high output of about
6mV per cm/sec recorded velocity
is due to an efficient magnetic cir-
cuit. The high-frequency resonance
is at about 18 kc/s on vinyl, and the

260

compliance about 4 x10—°cm/dyne.

F.M. Tuners.—A prototype f.m.
tuner (TP100) shown by Thermionic
Products has a tuned cascode r.f.
stage, 3 i.f. stages, a biased crystal
diode limiter followed by a saturated
pentode limiter, and a broadband
(1500 kc/s) ratio detector. It is
claimed that by this arrangement the
need for a tuning indicator and a.f.c.
is avoided. The sensitivity is better
than 5mV for 30dB a.m. rejection.
Decca were also showing a prototype
f.m. tuner with a wide-band ratio
detector and a sensitivity of 4 mV
for 20 dB quietening. A new a.m./
f.m. tuner shown by Avantic had
a.f.c. on the f.m. side with a Foster-

Expert pickup.

Seeley detector and a sensitivity of
10 mV for 20dB quietening. The
Armstrong FM61 is now fitted with
af.c. which can be switched off if
desired.

Pre-amplifiers. — Three transistor
pre-amplifiers were introduced by
Lowther. The input is 4-15mV at
5-60 2 impedance for each, and alter-
native voltage gains of 30 (general
purpose with no feedback) or 50 are
available, One of the pre-amplifiers
with a gain of 50 has 24 dB uncor-
rected feedback, the other can be
corrected to the R.ILA.A. or 78 ffrr
record reproducing characteristics, or
to a flat, high gain characteristic for
use with microphones.

A very comprehensive pre-amplifier
was used by Acos for their demon-
strations. On the bass and treble
controls the turnover point and
amount of alteration could be inde-
pendently varied, and a continuously
variable (3.5 ke/s-20 ke/s cut off) low
pass filter was also provided.

Several new valve pre-amplifiers were
shown, “loudness” (tone-compen-
sated volume) controls being increas-
ingly fitted. These generally follow
the Fletcher-Munson curves; but as
Decca point out these curves apply
only to sine waves, and so they have
used somewhat different ones to pro-
vide the best compromise between
speech and music in their prototype
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- pre-amplifier.

This also has a very
comprehensive  pickup  matching
arrangement whereby the input im-
pedance can be continuously varied
from 500 O to £ MQ independently of
the sensitivity, which can also be con-
tinuously varied. Steep-cut treble
controls (generally with three alter-
native cutting positions) are also now
nearly universal, and four alternative
record compensation characteristics
(3LP,178) are -also usually provided,
though there are six on the Pam-
phonic 1002B. Inputs for low-level
pickups are also now nearly the rule,
and the sensitivity of the Armstrong
A10 and W.B. 12 pre-amplifiers have
been increased in keeping with this

Pamphonic 10028
pre-amplifier.

trend. Pilot (who are newcomers to
this field) have a useful addition to
their pre-amplifier HFC12. in the
form of a muting switch to de-
sensitize the pre-amplifier (time con-
stant 1 second) while changing
records or input sources. Vortexion
showed a pre-amplifier (TRGI10)
which can be fully loaded from
Wearite tape heads.

Amplifiers.—Philips were showing
two transformerless amplifiers. These
have been made possible by winding
up to 800-ohm voice coils for their
normal dual-cone loudspeakers. Two
valves are used whose outputs add in
the load but whose input is only
single-ended. These amplifiers can
deliver their full rated power at low
frequencies and also have a wide,
level frequency response. The
separate amplifier and pre-amplifier
gives 12 watts output for 0.1 per cent
distortion at 100 c/s; a 4-watt trans-
formerless amplifier is also used in
their “ Magic Box.”

Lustraphone have introduced two
portable P.A. transistor amplifiers
giving 10 or 15 watts output for
5mV low impedance microphone in-
put, and with a substantially flat res-
ponse from 100 to 10,000 c/s.

A considerable number of ampli-
fiers are now stated to be stable for
capacitive loads such as electrostatic
loudspeakers. These include the
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arranged so that either the front, or
the side, or both sets of tweeters can
be switched on, compensation being
applied to keep the overall response
level in all cases. By this means the
apparent sound source can be made
very large with only the side tweeters
on (perhaps for relaxed listening or
large-scale works), somewhat smaller
with the front tweeters switched on
as well, or smaller still with only
the front tweeters switched on (for
speech).

Wharfedale were showing their
new free-standing three-speaker
sand-filled baffle system (SFB/3)
which is 34 inx31 in. They have
found that with the additional re-
flecting surfaces such as occur in a
room corner the normal response
of a loudspeaker mounted in a baffle

is modified and extends about an-

octave lower than usual, but with

the cut-off rate increased from 6 to
12dB per octave. The two parallel-
fed low-frequency units (W12/SFB,
10-in Bronze/SFB) have a very low
resonance frequency due to the use
of the new foam rim-suspension
which is now fitted to all Wharfe-
dale speakers. This also reduces dis-
tortion at large amplitudes and
smoothes the response generally. The
tweeter in the SFB/3 is a standard
super 3/FS,

Rola Celestion have introduced a
new middle and upper frequency
(crossover points at 750 and
5,000 c/s) two-speaker system (415).
The middle speaker uses a re-entrant
horn as in the illustration, the
tweeter being placed in the centre.
Some more information was given
about the Goodmans electrostatic
speaker (103): the impedance at
400c/s is 15 ohms and substantially

resistive. C.Q. have added several
alternative tweeters to their standard
small (22X 12X 13 in) bass reflex
cabinet with tunnel port. One of
these is the Tetraq, which consists
of a tetrahedron containing two 4-in-
diameter tweeters mounted on dif-
ferent faces. This rests on a stand
in any position thus easily giving a
wide control over the treble distri-
bution. Other small speaker systems
were shown by Pye and Simon.

New 4-in tweeters were shown by
Rola and Plessey. Two miniature
speakers 1% in in diameter and 1% in
X 2% in for use in transistor sets have
been added to the W.B. range. One
of the Expert range of speakers uses
a simple four-foot acoustic column
with the single speaker mounted at
the top. "By this means acceptable
results are obtained in a very small
floor space (1 ft square).

Television Interference from Sea

Reflections

By J. K. S. JOWETT,* B.Sc.(Eng.), M.IEE.

An Explanation of the Effects Observed at Kingsand and Cawsand

A PARTICULARLY interesting and troublesome
case of beat interference to Band I television recep-
tion was reported in the March, 1957, issue of Wire-
less World. The predominant effect described was
that of a fluctuating picture brightness which occurs
rhythmically at a rate of between 35 and 50 per
minute at reception points in Kingsand and Cawsand
in Cornwall. These two places are heavily shielded by
a local 400-ft hill from signals following the direct
transmission path from the B.B.C. television trans-
mitter at North Hessary Tor. When the beat effect
is most pronounced it is accompanied by multiple
ghost images of alternating polarity. Apart from a
short period around sunset on summer days the
phenomenon is present, to a greater or less extent,
whenever television transmissions take place; no
separate interference source which might have caused
the trouble has been observed at times when North
Hessary Tor was not transmitting.

This evidence strongly suggests that the interfer-
ence is created by unwanted modes of propagation
of the television signal, i.e., by reflections from some
natural features or other obstacles which are not in
the direct transmission path. The usual effect of
such reflections is, of course, familiar to many
viewers and takes the form of a permanent ghost or
echo signal displaced from the main signal by an
amount which is proportional to the time delay of
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the ghost signal relative to the primary signal. The
rhythmic variation of picture brightness which occurs
at Kingsand and Cawsand, however, could only be
caused by such means if the path delay were subject
to a regular and systematic change. As is well
known such an effect can, for a short space of time,
be caused by a moving object such as an aircraft;
but the permanent nature of the present reported
interference rules out an explanation based on air-
craft reflections.

It was stated that this. type of interference has
been noted elsewhere at a number of coastal areas
shielded from North Hessary Tor, between Start
Point and Looe; but nowhere is its effect so pro-
nounced as it is at Kingsand and Cawsand.

The original report quoted the opinion of the
B.B.C. that the beat is caused by a reflection from
the surface of the sea. The present writer is con-
vinced that this can be the only explanation and,
furthermore, that the rhythmic beat effect is in all
probability due to the regular motion of waves on
the sea surface. It should be borne in mind in this
connection that although a radio wave may be re-
flected at the sea surface with a high coefficient of
specular reflection—perhaps of the order of 0.8 or
0.9 or even more—there is inevitably some degree

* Post Office Engineering Department, Radio Planning and Pro-
vision Branch
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of scattered reflection taking place. The sea acts,
in fact, as a re-radiator of energy; by far the greatest
part of the incident energy is re-radiated in an
extremely narrow lobe in the forward direction but
a very small amount of energy is scattered in all
directions. There may be small side lobes of re-
radiation in directions favoured by the corrugation
of the sea surface and, where a large area of sea is
“illuminated ” by a strong incident field, the cumu-
lative total of energy thus scattered may be far from
negligible. :

The same type of interference is, of course, met
in the form of sea-clutter on centimetric radar dis-
plays. In this case the echoes forming the clutter
are due to direct back scatter from the sea. Such
back-scattering phenomena, both from sea and land,
have also been conclusively demonstrated in recent
research on the transmission of h.f. waves. It is this
form of back-scattered reflection which no doubt
generally accounts for the television beat interference
at coastal areas where the reception site is badly
shielded from the transmitter and where, also, the
sea is in direct view of both the reception site and
the television transmitter. In the special case of
Kingsand and Cawsand, however, it would appear
that the interference is largely due to “sideways”
scatter from areas of water in Plymouth Sound rather
than to back scatter from the English Channel.

Why should the problem be so pronounced at
Kingsand and Cawsand? The primary condition
that the direct path signal is severely attenuated by
local high ground is, of course, fully met, but so it

Fig. I. Plan of the affected area and its environs, show-
ing ellipses through reflection points giving various path
differences.
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is in many other places. The real aggravation of the
problem here lies in the fact that Plymouth Sound
and much of Cawsand Bay are in no way shielded
from North Hessary Tor; they are, in fact, illumin-
ated with radio fields that are at least 20-30 dB greater
than the direct-path field set up at Kingsand. More-
over, this stretch of water lies in front of or to the
side of the receiving aerial; not, as in the case of
usual coastal sites, to the back of the receiving aerial.
It is therefore less easy to provide discrimination by
means of aerial directivity. The glancing angle at
which the radio waves strike the water surface is
also quite high—of the order of 1.5° to 2°—and as
will later be seen this considerably assists the extent
to which scattering takes place.

Possible Reflection Modes

It is useful to distinguish between three possible
separate modes of sea reflections in this particular
case, these are:—
(a) Quasi-specular reflection at oblique incidence
from wave fronts in Plymouth Sound.
(b) Similar, but less oblique, reflections from
rollers out to sea, and
(c) Scattered reflections from a wide area of the
bay similar to the usual form of sea-clutter
met in radar.

The first mode may well predominate at times and
is therefore described here in some detail; it also
iltustrates very simply the way in which sea-wave
motion can cause picture fluctuations., These
oblique-incidence reflections from sea waves may be
assumed to take place from region A marked on the
map (Fig. 1), perhaps particularly from wave fronts
advancing in a generally north-west direction, since
such wave fronts are likely to give maximum reflec-
tions in the direction of Kingsand and Cawsandt.
If we look at the situation in plan view, we see that
reflection at the wave fronts is relatively oblique in
this region; it is, therefore, more nearly specular and
of larger amplitude than ordinary back scatter. Since,
in addition, the reflected signal would arrive at
Kingsand only 30° or so off the direct-path bear-
ing it is likely that this mode of reflection is always
effective. In so far as the mode is one of quasi-
specular reflection from the advancing fronts of
waves and breakers it is probable that the general
area of reflection will depend on the height of the
receiving aerial. If this height is only 50 feet above
sea-level, effective reflections may be taking place
little more than } mile away, whereas, with aerials
100-200 feet above sea-level, the area of most effec-
tive reflections may be one or two miles away from
the receiving point. The delay of these reflected
signals relative to the direct-path signals would be
of the order of 1-2 microseconds only, and, while a
diffuse form of ghost image might be seen, the main
result would be to cause a fluctuation of picture
brightness as the following reasoning shows.

Let us consider reflections from a single wave
front advancing towards the coast to the north-east
of Kingsand. At some point in the travel of this
wave the reflected signals reaching Kingsand would
augment the direct-path signal; a short time later,
when the excess path length has decreased by just

1 It is worth noting that, near the coast, sea waves travel faster
in deep water; this causes wave-fronts approaching a coast-line,
from whatever direction, to swing round so that they roughly
follow the contours of the sea-bed and make their final approach
in a direction parallel to the shore.
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one half-wavelength of the radio waves, the reflected
signals would be in phase opposition to the direct-
path signal, thus reducing the picture signal level.
Simultaneous reflections from a number of such
sea waves would undoubtedly take place.  They
could not, of course, all be expected to be in phase
with one another but neither would they all cancel
out; there would virtually always be a substantial
resultant causing a fluctuation of the total received
signal.

Sea Wave Velocity

In support of this general contention it is possible,
quite simply, to relate the picture fluctuation
rate to the velocity of the sea waves causing the beat-
ing effect. The lowest observed picture fluctuation
rate is 35 per minute or about 0.6 per second. In
other words the excess path length of the reflected
signals must be decreasing by 0.6A per second or
approximately 3.5 metres per second since the vision
wavelength of North Hessary Tor is very nearly 6
metres. If we now refer to Fig. 2 we see that this
excess path length, P, is given by:
P=AC-—-DC
=AC(1 —cos 26
= n cosec 8 (1—cos 2 6), since AC=BC cosec 8
= n cosec 8
ie. P = 2n sin 0, a very simple result.
Differentiating,
dr . dn
T 2sin 6. a
and since the angle 26 is close to 30° for much of
the region we are now considering, sin 6220.25, and

dpP dn

In simple terms this means that the rate of change
of excess path length (minimum value about
3.5 metres per second as deduced above) is just
about one-half of the velocity of the advancing
waves when these are approaching in the correct
direction to give maximum reflections. Thus, in
order to explain the reported rates of picture fluctua-
tions, the minimum sea-wave velocity in and around
region A must be about 7 metres per second (or
14 knots) while the maximum sea-wave velocity in
this correct direction must be perhaps 9 or 10
metres per second (or 18 to 20 knots).. The striking
thing is that these velocities are very close to what
would normally be expected in fairly shallow water.
At low tide the water depth of region A is cer-
tainly below 5 fathoms (30 feet); let us assume an
average low-water depth of around 15 feet, for
which various authorities quote a wave speed of
13 knots. At high tide this depth would be roughly
doubled and this would approximately increase the
wave velocity by a factor of ¥2 to some 19 knots,
either more or less, depending upon the strength
and direction of the wind and other factors. An
assumption that the average water depth was either
10 or 20 feet instead of 15 feet would have altered
these results by less than 20%. It can therefore
be said that the observed phenomena are consistent
with the theory of wave-front reflections from this
particular region. It would certainly be of interest
to know whether the observed rate of fluctuation
is generally a maximum around high tide, particu-
larly under conditions when modes (b) and (c) might
be less important than mode (a).
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The possible effects in region A have been des-
cribed in some detail. But it is clear that other
areas of water do affect reception on occasions if
not all the time; for example, multiple fluctuating
ghosts are reported with such long delays that the
corresponding excess path lengths must be of the
order of several miles or more. In Fig. 1 are drawn
parts of the ellipses joining points from which reflec-
tions would give excess path lengths of various
values from 1 to 10 miles; this latter range corres-
ponds to a time delay of about 54 microseconds
or just over one-half of a line scan. It is clear
that if sea reflections are to give the multiple long-
delay ghosts which are reported they must come
from the English Channel and the southern half
of the bay.

There seems no reason to doubt that such reflec-'
tions can take place, particularly when there is a
heavy swell or sea occurs. But the fact that separate
ghosts are visible would suggest that such reflec-
tions are “grouped” so as to give echo signals
which are delayed by at least one or two micro-
seconds from one another. For this to be the case
it would seem that conspicuous reflections do not
necessarily take place from all waves, but only from
those which are spaced by perhaps as much as
1 mile or % mile apart. This is by no means im-
probable in fairly high seas and it is an observed
fact that sometimes a number of rollers advance
as a group very close to one another and leave
behind a long gap before any further substantial
waves are met. This inference is supported by
radar observations which occasionally show sea-
clutter divided out into striations or ridges of echoes
with intervening dark gaps representing distances
of hundreds of yards between effective wave-
scatterers. The velocity of such large waves or
rollers at the entrance to the bay probably exceeds
20 knots. From Fig. 1 we should expect the distant
waves to advance in a direction roughly normal to
the delay ellipses, and for this reason separate fairly
distinct echoes from a close group of waves might
be expected. The effect might be particularly pro-
nounced with winds between south and east and
the polarity of these long-delay ghosts would alter-
nate at a rate considerably faster than the reported
picture fluctuations. The ghosts would not, of
course, beat exactly in phase with one another and
at any one instant some would appear white, others
black, while the remainder would be in the process
of changing their polarity. They would move
steadily towards the primary image but at too slow
a rate to be observed, especially in view of their
constantly changing polarity.

Scattered Reflections

There remains to be considered the third mode,
that of sea-clutter which, of course, could be taken
to include the first two modes. Scattered reflections
or “clutter” from nearly all parts of the bay must
take place at all times to some degree. The effect
would, one might expect, be especially marked in
choppy seas but may be sufficient at nearly all times
to give some of the observed effects. Some help on
the present problem may be gained by studying the
findings of radar research on sea-clutter, although
in this case only back-scattered reflections from the
sea’s surface are involved.

Sea-clutter on centimetric radar screens is regu-
larly observed out to ranges of several miles, and
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to even greater distances when the sea surface is
rough, especially in the windward direction. With
vertically polarized radar the effect is more pro-
nounced than with horizontally polarized radar
especially, it would seem, for radars operating on
metre waves. Of particular significance to us is
the observed fact that the magnitude of sea-clutter
depends markedly on the glancing angle o at which
the transmitted wave meets the sea surface. For
very low angles of « the back-scattered power was
found to be proportional to 3 or ;i this means
that the power scattered back at, say, 1° glancing
angle might be less than 1% of the power scattered
back at 2° glancing angle! It is not difficult to
appreciate that this may be so, since the apparent
“corrugation” or roughness of the sea, when
observed at low angles, can rapidly decrease as the
point of observation is lowered, any single large
wave then tending to obscure from view other waves
which follow. Various theories of sea-clutter have
been advanced including the suggestion that spray
droplets formed at “whitecaps” cause scattered
reflections, but it seems probable that an explana-
tion based upon scattered reflection from waves and
ripples (or, more exactly, upon diffraction effects
at an uneven surface) is likely to be proved the
more correct.

These facts lend support to the idea that signi-
ficant scattering takes place at the sea surface even
on metre waves if vertically polarized signals are
incident at an angle which is not too small. The
general movement of waves at the surface would
then give Doppler echoes which, if large enough,
would produce resultant fluctuations in the ampli-
tude of the received signal. Since the scattered
echoes would arise from numerous wave fronts on
the sea the total result would be an accumulation
of small sea-reflected components arriving in ran-
dom phase, but all causing periodic fluctuations of
picture signal at rates of perhaps 20 to 60 or more
per minute. Those echoes with the shorter delays
would probably produce the largest beating effect
and might congregate around a mean fluctuation
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frequency of 30 or 40 or 50 per minute, as has
already been shown.

It is necessary to make a few more remarks con-
cerning the originally reported effects. First, why
is there a virtual disappearance of the phenomena
for a short daily period around sunset in summer
months? An explanation based upon a reduction
of wind velocity and therefore, perhaps, of wave
height at this time does not seem very convincing.
It is possible, however, that an explanation involv-
ing the refractive index gradient in the atmosphere
and, in consequence, the angle of incidence of the
radio waves at the sea surface, may be correct.
Thus the withdrawal of the sun’s rays at the end
of a summer day may cause quite rapid and pro-
nounced changes in the state of the air over coastal
districts. These may modify significantly the atmo-
spheric refractive index gradient with height and
thereby cause, for example, a change in glancing
angle from 1.5° to, perhaps, 1.25° or even 1°. If
such a change could occur, it could easily lead
to a reduction of the order of 10dB in the scattered
signals if radar experience is any guide. Further-
more, it should be remembered that, near the
Brewster angle, the phase and amplitude of specu-
larly reflected vertically polarized waves undergo
rapid changes. This angle appears to be around
1.5° in the case of 50 Mc/s waves incident at the
sea surface and small changes in the incident angle
may cause pronounced changes in - the reflected
components for this reason also. If these explana-
tions of the sunset effect are near the truth the same
basic causes might be invoked in part explanation
of other observed effects such as the only occasional
appearance of long-delay echoes and the variation
of the interference with atmospheric humidity.

Other Areas

It is interesting to note that Tor Bay is less clearly
illuminated by the North Hessary Tor transmis-
sions than is Plymouth Sound; further, because of
the greater distance, the glancing angle at which
the radio waves meet the sea surface at Tor Bay
is less than 1°. These facts are probably sufficient
to account for the absence of reports of severe
beating interference from that area. Nevertheless
there is no doubt that the effects observed at King-
sand and Cawsand could be met in other parts of
the country, although the conditions necessary for
the beating interference to be severe will probably
restrict occurrences to only a few localities. Not
only must the direct path be badly screened locally
but there must be a large local stretch of water,
preferably in the forward-looking direction of the
receiving aerial. This water must itself receive a
high field strength by direct transmission and the
radio signals should, if scattering is to be significant,
be incident at an angle well above 1°; this, in turn,
presupposes a television transmitter near to the
coast-line. The necessary physical conditions could,
perhaps, be met within 20 miles range of the
B.B.C’s Blaen Plwy (West Wales) and Sandale Fell
(Carlisle) transmitters. But both of these trans-
missions are horizontally polarized and any effects
should be less serious in consequence.

It remains to be seen whether the effect will be
worse in Band IIT under similar circumstances. The
amplitude of sea-reflected signals will probably be
greater at the higher frequencies, but severe effects
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Components Exhibition

REVIEW OF TRENDS AT THIS

YEAR’S R.E.C.M.F. SHOW

Resistors.—A few new resistors
made their appearance this year but
generally speaking the main changes
have been directed towards adapting
existing ranges for printed circuits
and for automatic assembly.

Dubilier had a new range of
“BT?” insulated resistors in 4- and
1-W  sizes. The 1-W (@@BTS)
measures only }in in diameter and
2 in long and is available from 390 Q
to 10 MQ. The 1-W size (BTA) is
somewhat larger.

A modified form of vitreous wire-
wound resistor, in which the axial
wires do not impose any strain at all
on the fine resistance wire, was
shown by Welwyn.

This firm were showing also a
new type of potentiometer designed
for use in flywheel sync circuits. Its
particular feature is the embody-
ment of an on/off switch which is
brought into operation by pushing in
the control -spindle. The poten-
tiometer can then be rotated in the
usual way, still maintaining the
switch contacts closed.

A control, offering the same facili-
ties but of quite different design, is
the “Claros:at” model shown by
A.B. Metal Products. In this design
the switch, a single-pole change-over
type, is directly connected to a small
insulated knob; on pressing in the

(a) (b)

Potentiometers with press switch for flywheel
sync circuits, (a) Welwyn *“ clutch’’ potentio-
Froducts

meter and (b)
“ Clarsotat.”’

A.B. Metal
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facturers’

This report covers most of the exhibits at the
Exhibition held in London from Aprii 8th-l1ith
by the Radio and Electronic Component Manu-
Federation,
at the show are dealt with under a separate head-
ing in the present issue, while test and measuring
gear shown at this and other recent exhibitions
will be described in the july < Wireless World’’

Valves and allied devices

knob a dog-clutch engages with its
counterpart on a - potentiometer
spindle and the control can be
rotated as usual.

Television influence was seen in
the design of small pre-set poten-
tiometers intended for factory or
dealer adjustment only. They are
very compact and of inexpensive

- design and examples were shown by

Welwyn and by Egen. The latter
had three distinct types; for inde-
pendent mounting, for printed cir-
cuits and for suspending in the
wiring. They are rated at 5 W and
made in values of from 4.7k{} to
2.2 MQ.

Some ingenious brackets have been
evolved for fixing the smaller types
of volume control potentiometers to
printed circuit boards. Special con-
tacting tags replace the customary
ones and examples were seen on the
stands of A.B. Metal Products, Egen,
Plessey and several other firms.

In addition to the familiar button-
type potentiometers with rim con-
trol, introduced originally for hear-
ing aids, the orthodox pattern with
spindles are now produced in minia-
ture form for transistor equipment
and wherever space is restricted. The
Dubilier Type “Y” is a good
example and Plessey have introduced
a new one which is only % in in

e nnd

Miniature Type 00’ gang
capacitor made by Jackson
Bros.

www americanradiohistorv com

diameter. Known as the Type MH2,
it embodies a moulded resistance
element rated at £ W. It is made in
values of from 5kQ to 1 MQ with
a log law and 1kQ to 2MQ with,
linear law. It complies with Ser-
vices’ Specification RCS122 and is a
high-grade component.

Manufacturers*: A.B, Metal Prod. (VO),
British_Electric Res. (W), Bulgin (W), Col-
vern (VC W), Dubilier (C, HS, Vi vé W)

Egen (VE, W), Electronic Comp. > ,
Elecr.mthennal 1& ), Erg (HS, W, Erie
(C, HS, W), orgamte (C, VC), N.S.F.
(VC), Painton (HS, W),

Plessey (VC
W), Salford (W), Welwyn (C, HS, VC,
Zenith ).

*Abbreviations: C=composition, HS=high
stability and carben film, VC=volume con-
trol, W =wirewound.
Capacitors.—During the past year
or so the design of fixed capacitors
has been significantly influenced by
the requirements of printed circuits
and transistor equipment. This year
sees these influences reflected in the
design of ganged tuning capacitors.
Jackson Bros. have introduced a
midget twin gang, the Type “007,
measuring only lg5X13X14in and
having a single bank of moving
plates instead of the usual two. The
fixed plates are in two sections, but
not divided by a screening partition
as usual. They have unequal
capacitances, the rear, or oscillator
section, being 176 pF and the front
208 pF maximum.

A midget Type “W?> twin gang
capacitor of similar form was in-
cluded in the Plessey exhibit. I,
also, has a single rotor section and
unscreened stator sections, in this
case of 111 pF and 229 pF respec-
tively. Some tiny twin gangs were
found on the Polar stand (Wingrove
and Rogers), but in these both sec-
tions are of the same capacitance.

New fixed capacitors were reason-
ably plentiful and everywhere re-
flected the influence of the printed
circuit. It has led Plessey to intro-
duce a new moulded base for their
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It allows the high-band aerial to be
separately orientated through a full
360° and it can be fixed to cranked
or straight arms, The other is a
universal-type wall bracket, for in-
door or outdoor use, and its special
feature is that the bracket can be
fixed to a surface of any angle; it
allows the aerial support arm to be
pointed in any direction. It is known
as the “ Turret” wall bracket.

Time-saving designs, which cut the
cost of erecting a v.h.f, aerial, were
well in evidence this year and most
of the leading makers had a number
of examples under various names.
For instance, Antiference call their
design of collapsible aerials “ Clik-
Mec” models. The basic idea is the
same throughout and consists of
assembling the aerial at the factory,
but collapsing and folding it into a
conveniently sized package for dis-
patch. On the site it has only to be
opened out and the elements snapped
into position.

Aerial accessories were well in
evidence again this year and Egen
had two of more than usual interest.
One was an adjustable attenuator
only a little longer than an orthodox
coaxial plug. It embodies a “pi”
resistance network with the series
arm adjustable in six steps, giv~-
ing attenuation of from 6dB ‘to
36dB. A number, indicating which
of the six adjustments is in use,
shows through a small window in the
side of the attenuator case,

The other Egen accessory, a Bands
I, IT and IIT triplexer, is for feeding
signals from the three aerials to a
common feeder. Alternatively it can

Wolse‘y versatile “360”
aerial clamp (left) and (right)
“Turret’’ wall bracket.

be used in reverse to separate the
signals at the receiving end from a
feeder common to three aerials,

Among the examples of printed
circuits shown by T.C.C. were
several aerial combining units; one,
the “ Trimatch Coupler,” for Bands
I, II and III aerials and a single
feeder, v

Coaxial plugs and sockets remain
much as before except that Plessey
have introduced some new miniature
and sub-miniature types. The
“MB* series has a bayonet-type

fitting giving quick attachment and -

release and secure mating of plug
and socket. The sub-miniature type
is only Z%in in diameter and has
PTFE insulation. It is so small that
a special coaxial cable has had to be
made for it as no existing type is
suitable,

Manufacturers*:  Antiference (A, AS),
Belling-Lee (A, AS, C), B.I.C.C. (C), Egen
(AS), Henley (C), {-Beam (A), Permanoid
(A, C), Plessey (AS), Power Controls (AS),
T.C.C. (AS), Telcon (C), Wandleside (C),
Wolsey (A, AS).

*Abbrevations: A =aerials, AS =plugs,
sockets and accessories, C=feeder cables.

Switches.—Printed circuits have not
produced any marked change in the
design of switches except to make
the tags into long thin fingers which
can be readily soldered on to the
copper conductors. Plessey had a
whole range of switches—rotary,
slider, push-button and piano-key—
which could be supplied with either
standard or printed-circuit contacts.
One of the rotary segmented types
had its printed-circuit contacts ex-
tended to form a straight row like
the teeth of a comb, thereby allowing

Egen six-step aerial attenuator in exploded form.
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Bulgin key-type switch.

the switch to be mounted with its
spindle parallel to the circuit board.
Miniature piano-key switches, about
half of the normal size, were also
shown by this firm, and it was
noticeable that in these a “push-
push ” action could be provided—the
first key depression locking the
mechanism and the second one, on
the same key, releasing it.

A new type of switch, with an
action similar to a key type but in
other ways resembling a toggle
switch, was shown by Bulgin. The
operating dolly has three positions,
and it either locks firmly on the out-
side ones or returns to centre under
bias, according to the model con-
cerned. Pure silver contacts are
used and the maximum load is 50W.
This firm also had a new open-blade
microswitch with an operating pres-
sure of 1-20z and initial travel of
4 inch. It is available with various
contact arrangements, biased and
non-biased, and will carry a.c. up to
6 amps.

Film Industries were showing a
tubular form of microphone switch
designed for mounting between the
microphone and its stand. It has
three-pin plug-and-socket termina-
tions at the ends, so that the micro-
phone can be unplugged and the
switch inserted very easily. The
contact system uses gold-plated ball
bearings and loading springs in a
self-cleaning rotary action.
Manufacturers*: A.B. Metal Products (K,
T, P, R, SL); B.E.R.C.O. (R, ST); Bulgin
(K, T, M, P, R, SL, ST); Diamond H (T,
R); Egen (R); Electronic Components (P,
R, ST); N.S.F. (T, P, R, SL); Painton (T,
P, R, ST); Plessey (K, T, P, R, SL, ST);
?gs)rlter (T, P, R, SL); Wright and Weaire

*Abbreviations: K, key; T, lever or toggle;
P, push-button; M, micro; R, rotary; SL,
slide; ST, stud.

Chassis fittings.—Some of the more
recent applications of printed circuits
require connections to be made
between circuit boards arranged at
right-angles to each other, and
several new connectors have been
introduced for this purpose. One
shown by Carr Fastener consists of
a row of right-angled clips mounted
on an insulator. The printed-circuit
boards act as plugs at their edges
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LETTERS TO THE EDITOR

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

Audio Fair

AS 1 fought my way round this year’s Audio Fair I
wondered increasingly how much valid judgment was
possible on these occasions. With increasing perfection
any weak link in the reproducing chain produces a
greater effect, and the variability of recordings is also
more apparent.

Thus, to give some examples, A’s loudspeaker which
you have every reason to expect should sound very
similar to B’s does not sound as good. But is the
reproduction somewhat muffled because A has a smaller
room than B? C’s loudspeaker sounds rather boomy.
But perhaps the boom is in the type of recording C
likes, or has he been careless about recording com-
pensation at the lowest frequencies? D’s loudspeaker
scems to have some distortion in the treble. Is this
because he is using a slightly inferior pickup or has
adjusted the tracking weight too low? B’s new amplifier
does not sound very good, but then one feels he is not
using very food speakers.

It should be possible to settle on an amplifier and
pre-amplifier good enough to please everyone. In that
case we only need to test loudspeakers and pickups in
the same large room, using the same records, the same
pickup for testing loudspeakers and vice versa, with the
same sound levels and the same position for each
speaker. Allowance must also be made for the fact
that, quite apart from auditory fatigue which may also
occur, one’s sensitivity to high notes varies at different
times. D. J. KIDD

Edgware.

Quam Ridiculum Hoc Est

SOME of your light-hearted readers may be interested
in my new definition of “j > which reads as follows:—

“ The numerical value in ohms of a resistor which,
when wired in series with a 1Q resistor, provides twice
the resistance of that resulting when these resistors are
wired in parallel.”

Proof:— SRR
1Re
m =R; + R,
Then by substituting the values of 1 for R, and ; for R,
2 .
;=1 4
T+, -1t/
1+ 2452 =2f
1+j72=0
Hencejz = — 1
andj = /— 1

with which no student will disagree.
Reading. W. CLARKE RIDDIFORD.

Television Coverage

THE B.B.C. Blaen Plwy television/v.h.f. sound trans-
mitter, which has just started operations, serves a popu-
lation of 72,000 at a cost of £250,000. Good luck to
Wales, but we of the city of Sheffield could wish the
B.B.C. would spend but a. fraction of this amount to
give a worthwhile service to a very large proportion of
our half-million population.

Situated at 18 miles from the main transmitter at
Holme Moss, we have 107,000 TV licence holders for
which at the new rate we shall pay £428,000 per annum.
Our problem is multi-path reception owing to the topo-
graphy of our terrain, and figures issued by the Post
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Office reveal that 55 per cent have satisfactory recep-
tion, 4 per cent have no reception and 41 per cent have
need of directional aerials. These latter range from
three-element to the double H, of which we have
masses. A simple reckoning will show that at £10
extra for each aerial of 41 per cent of 107,000 and our
city has met an excess capital outlay for aerials alone
of over £1 million; further, it is no cure, but only makies
the “ghosting ” more bearable.

The 41 per cent mentioned are contained in three
main areas and are sited favourably for coverage by a
satellite transmitter with a five-mile radius. That seems
the most economical solution of the problem, but
perhaps your readers can think of something better.

Sheffield, 6. T. PAYNE.

Symbols and Nomenclature

THE recent inconclusive correspondence on the subject
of symbols for equivalent current generators prompts
me to make the following suggestions:—

The normal symbol for an alternating voltage source

is é-) R —@-— . The surrounding circle suggests

the -zero output impedance of the source. I suggest,
by anology that, for an alternating current source, the

symbol ¢ OR —e ¢ = should be adopted. This has

the advantages of (i) indicating the open-circuit nature
of the source, (ii) being similar in character to the a.v.
symbols, and (iiig being very simple. The sine wave
could, of course, be set horizontal, but my suggestion
has the advantages of keeping the two symbols more
distinct, and also of not being far removed, at least in
my handwriting, from the italic letters o and i, which
are widely used as the corresponding algebraic symbols.
The symbols I would suggest for direct voltage and

current sources are then (\P © AND I

!
even more obvious in their derivation.
Cambridge. B. M. HARDISTY.

, which are

DISCUSSION about nomenclature in the field of
transistor physics and engineering cannot be too long at
this stage. As an experiment a small survey has been
conducted to decide what is understood by transformer
“turns ratio.”

The question posed was:—

What do you understand by a turns ratio of (a) 1:3,
in terms of number of turns, in the following cases?

Example 1.—A transformer designed to be fed from
a single-phase supply and to provide h.t., a.c. supply to
a bi-phase rectifier, e.g., the type of trans‘ormer generally
found in radio mains supply units,

Example 2.—A transformer designed for phase-split-
ting between Lf. sections of an amplifier having a
push-pull output stage.

And (b), what is understood by a turns ratio of 18:1
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«n the same terms), in a transformer designed to match
a push-pull stage to its load?

The replies showed that the expression of turns ratio
simply as 1:3 or 18:1 was not sufficiently explicit. If
the ratios had been expressed as 1:3+3, 1:343 and
9+ 9:1 respectively, and if this type of nomenclature had
been in use since the innovation of the term *turns-
ratio,” probably the differences between replies would
not have existed.

The simple example given shows that careful atten-
tion to the choice of nomenclature is of the utmost
importance in the initial stages of development of new
ideas. It also infers that, in some cases, even when
techniques have been established for quite a long time,
there is room for improvement in terminology.

Evesham. JOHN R. GREENWOOD.

The Short-circuited Screen

IN an article on the short-circuited turn in the March
issue of Wireless World 1 suggested that there was some-
thing wrong with equation (87) on page 71 of Terman’s
“Radio Engineers’ Handbook.” Mr. E. A. W, Hoff
of Welwyn Garden City has pointed out that by the
use of two other equations given by Terman the error
can be exposed.

On page 55 (loc. cit.), Terman gives for the low-fre-
quency inductance of a single-layer coil an expression
due to Wheeler:—

L = r2»2/(9r 4+ 10I) microhenrys
Where r is the radius and / the length, in inches.

@7

On page 71 (loc. cit.) Terman gives an expression for
the mutual inductance between two solenoids:—

2 242 2
M — 0.0501 &%z (1 A% (3 - 4’—,,) JH .. (86)
e 8gt a2

Fig. 43 (loc. cit.), which shows the meaning of the,
various symbols, is slightly ambiguous because it looks
as though //a = x/A. g2 = A? + x2. In this expres-
sion the length is 21,

Mr. Hoff suggests that we take ¢ =/, A = x and
a = pA, so that

_ a%hqyn, plat )
M =005, S22 (1 + g G0

= 0.05. %M (1 - i)

P2 16p?
Now we also have L, = a?n,2/29a = a n,2/29.
and L, = A n,2/20.

The coefficient of coupling, %, is given by

k2 = M2[L,L,, and if we neglect the second term in
the bracket for M:—

B (_1—)2 a%n,2ny? (29)2 . (?2}2 1
= \20) T 292 can2.Ang2 \20) " 2p°

1

= 1.05 .F

Terman’s equation (87) is given as k& = a?l/A%x (=
1/p%). It seems pretty clear, therefore, that, as we
suspected, it should read %2, -

THOMAS RODDAM

COMMERCIAL

Rectifier/Stabilizer for mains/battery portables using
miniature valves with 25-mA filaments. Consists of two
small selenium rectifiers on same insulated spindle, the
first for obtaining Lt from the mains transformer, the
second acting as a filament voltage stabilizer. Two ratings
are available. Booklet of 20 pages, giving characteristics
and circuit design procedure with many curves, from
Standard Telephones and Cables, Edinburgh Way, Harlow,
Essex. Also a booklet on 10-mA tubular rectifiers.

Communal Aerial System for blocks of flats, hotels, etc.,
covering Bands I, II and III. ‘The output of the master
aerial array is fed through wide-band pre-amplifiers and
cross-over filter units to distribution boxes, from which it
is distributed to various coaxial outlets. Descriptive leaflet
from Aerialite, Castle Works, Stalybridge, Cheshire.

Ex-Government Equipment of all kinds and radio control
gear. An illustrated catalogue of 480 items for mail orders
from Arthur Sallis, Radio Control, 93 North Road, Brighton,
Sussex, price 2s including postage.

Materials Research Service offered by independent labora-
ties under conditions of secrecy. Activities cover electrical
ceramics, ferrites, piezoelectric materials, ferroelectric crystals,
scintillation screens, vacuum techniques, glass-to-metal bond-
ing, hermetic sealing, resin encapsulating, capacitors, resistors,

~ printed circuits and many others. Leaflet from G. V. Planer,
Windmill Road, Sunbury-on-Thames, Middlesex.

Signal Strength Meter, covering Bands I, II and III,
with meter indication in x#V and mV up to 100mV. Uses
a standard turret tuner, with 34-38Mc/s output, which can
be used as a substitute for testing suspected tuners in
receivers. Leaflet from Lab-Craft, 71 Netley Road, New-
bury Park, Essex.

Servomechanism Equipment, comprising synchro trans-
mitters, receivers and resolvers, tachometer-generators and
induction motors. Performance figures and installation
diagrams in an illustrated brochure from Ketay, Eddes
House, Eastern Avenue West, Romford, Essex.

Air-Powered Drill, 6in long and weighing under 250z. Is
fitted with }-in Jacob’s chuck and has built-in oiler. Runs
on ball bearings at 3,000 or 5,000 r.p.m. (according to
type). Descriptive leaflet from Consolidated Pneumatic Tool
Co., 232 Dawes Road, London, S.W.6.
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.~ Radio and Electrical Books, also general physics, sound,
light, mathematies and statistics. An Autumn, 1956, cata-
logue from Cleaver-Hume Press, 31 Wright’s Lane, Ken-
sington, London, W.8. Publications of Philips Technical
Library are also included.

Bench Storage Trays for components used in assembly.
Interlocking square types and new large polythene types
illustrated in a leaflet from Precision Components (Barnet),
13 Byng Road, Barnet, Herts. X

Plastics in Electronics is among the subjects dealt with
in a_ booklet “Plastics Review ” issued by Bakelite, Ltd.,
12 Hobart Place, London, S.W.1.

Recording Oscillograph, primarily designed for seismic
applications but with many other uses in the fields of vibra-
tion study and civil engineering, described in a leaflet from
Seismic Instruments, Ltd., Granta Works, Cambridge. 'The
firm is working in collaboration with Electro-Tech of
Houston, Texas, whose seismic detectors are described in
a separate pamphlet.

“ Inexpensive Pre-amplifier.”—A correction: In Fig. 3 the
only earth connection between the playing desk and the
pre-amplifier should be via the coaxial cable sheathing, and
there should be a break in the heavy “earth” line at the
bottom of the diagram; otherwise a loop is formed which
may result in hum pick-up.

R R R R A

IN OUR NEXT ISSUE

The July Wireless World will contain reports on
exhibits at the Instruments, Electronics and Auto-
mation Exhibition, and a survey -of test and
measuring apparatus shown at several recent shows.

The second instalment of the article * Portable
Transistor Receiver,”’ unavoidably held over from
this issue, and details of a pre-amplifier designed for
t use with the “88-50 "’ power amplifier (April issue)
r  will alse appear in the July number
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Limiters and Discriminators

for FM. Receivers

By G. G. JOHNSTONE,* B.sSec.

4.—SOME LESSER-KNOWN DISCRIMINATOR CIRCUITS

THE discriminators most commonly employed
in f.m. receivers, the Foster-Seeley circuit and the
ratio detector, were discussed in earlier parts of this
series. In the present article it is proposed to discuss
some of the lesser-known types of discriminator.
The chief of these is the gated-beam discriminator.
Whilst it is not widely used in f.m. receivers, it is,
however, used extensively in television receivers
in the U.S. for the demodulation of the frequency-
modulated sound carrier.

Gated-Beam Discriminator.—This class of dis-
criminator relies for its action upon the phase
relationships between the voltages developed across
two loosely coupled circuits. The circuit is given

L= [}
EpSRp £Cp 3L, B Cod R.SE,
. =

Fig. 2. Anode-current/
grid-voitage curve of
idealized valve.

Fig. 1. Two coupled
circuits; coupling co-
efficient k.

AAAAA
—~AANNV/

0

in Fig. 1, and it"was shown in the Appendix to

Part 2 that the primary and secondary voltages are

related by the expression

Es z_kas'?/Ls/pr . Ep
147Qqy

where y=28f/f,, f, is the resonance frequency of the
secondary circuit, and §f is the difference between
the frequency of the applied signal and the resonant
frequency. This relationship is true whether the
primary circuit is tuned or not.

At the resonance frequency the secondary voltage
lags on the primary voltage by 90°. At a signal
frequency displaced by &f from resonance the phase
shift increases to 90° plus an angle given by tan—1—
Q.y. This suggests that if it is possible to produce
a signal with a magnitude dependent upon the phase
angle between the two signals, a detector for f.m.
signals will result. This is the principle embodied
In the gated-beam discriminator. There is an
additional complication in that both voltages tend
1o vary in amplitude with 8f, so the detector must be
Insensitive to such variations. If this condition is
met, the detector is similarly insensitive to a.m.
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of the original signal and no separate limiter stage
will be required.

The properties required in the detector can be
realized by utilizing two input electrodes of a malti-
element valve, such as a pentode. Ideally, such a
pentode should have a control grid and a suppressor
grid which have characteristics of the type shown
in Fig. 2. The grid base should be short, and in the
positive region the anode current should not vary
with the bias; additionally, grid current should be
small, to minimize damping of the input circuit.
In an ideal pentode, the control grid determines
the space current (anode and screen) through the
valve, whilst the suppressor grid controls the ratio
in which this space current divides between anode
and screen. As the suppressor grid is biased nega-
tively, a retarding field is set up in front of the anode,
and an increasing proportion of the space current is
reflected to the screen grid. When the suppressor
grid is driven positive, the anode current does not
increase appreciably above its value for zero sup-
pressor bias, because all the electrons which pass
the screen grid mesh must travel to the anode; the
total current is not affected since this is determined
solely by the control-grid and screen-grid potentials.
Thus the ideal characteristic is approached fairly
closely by a practical anode-current/suppressor-bias
characteristic. The ideal characteristic is difficult
to realize at the control grid because of the grid
current which flows when the grid is driven positive.
To obtain the desired performance a special form
of construction has to be adopted, as in the valve
type 6BNG6.

An alternative way of avoiding this difficulty
is to employ a multi-electrode valve with two
““ suppressor >’ grids, neither of which is immediately
adjacent to the cathode. Such a valve is the nonode
type EQ80, which has nine electrodes, as shown in
Fig. 3.

In addition to the control grid proper, there are

*B.B.C. Engineering Training Department.
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Fig. 3. Circuit for use with nonode discriminator.
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Fig. 4. Circuit for use with gated-beam discriminator.

two short-base grids, to which the input signals
are applied. There are also three ¢ screen” grids
which serve to maintain the potential gradient
through the valve and screen the input circuits from
one another. The control grid may be biased to
set the quiescent current through the valve.

The simple circuit employing an ‘‘ ideal ”” pentode
will serve to illustrate the method of operation of
this type of detector; the circuit arrangement is
as shown in Fig. 4. The quiescent bias at each grid
is adjusted so that each is at the mid-point of its
characteristic. The anode current of the valve is
then one-quarter of the maximum value, which
occurs when both grids are simultaneously at- zero
bias. The input signals applied to the two grids
are taken from the primary and secondary circuits
of the coupled pair. The coupling factor (2Q)
is usually in the region of unity, so that approximately
equal primary and secondary voltages exist at
resonance. If the signal voltages are sufficiently
large, both grids are heavily overdriven. Consider
now an input applied to one grid alone; anode
current will flow in pulses, having a mark/space
ratio of unity, as shown in Fig. 5. However, with
an input to both grids, anode current can flow only
when the signal at each grid is within the grid base.
This is. shown in Fig. 6, which shows the effect of
applying each signal separately and together, The
period of anode current flow is proportional to the
overlap of the two sets of pulses. The amplitude of
each resultant pulse is constant and hence inde-
pendent of the input signal magnitude, so long as
the condition of overdriving at each grid is main-
tained. The period of overlap of the pulses is
proportional to the phase angle between the two sine
waves giving rise to the pulses. At resonance, the
phase difference is 90°, i.e., one~-quarter of the wave
period. Hence the mean anode current is one-quarter
of the maximum current, i.e., it is equal to the anode
current in the absence of input signals.

When the frequency of the input signal changes,
the period of overlap changes, and hence the mean
anode current varies with the signal frequency.
Thus the audio output is directly proportional to the
departure of the phase angle between the two input
signals from the 90-degree condition at resonance.
It was shown earlier that this phase change is equal
to tan~!'—Q,v, where vy = 2§f/f,, The graph of
audio output plotted against frequency shift thus
has the form shown in Fig. 7. In practice, the
curve has turnover points, due to the selectivity
of the tuned circuits, which reduces the drive to the
grids. Typical turnover points are shown dotted
in Fig. 7. From Fig. 7 it will be seen that the input
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KT signal frequency shift/output characteristic is not

truly linear anywhere, but offers a fair approximation
to linearity in the region near the centre frequency.
For a fixed frequency deviation, improved linearity
can be obtained if the value of Q, is lowered. How-
ever, this process cannot be carried too far, or diffi-
culties arise in obtaining sufficient input signal for
satisfactory limiting.

The expression for the audio output may be ex~
panded as a power series as follows.

—Qs 1 <Q3>3
E E) —(=F) §fs...
<7, ¥+3(;) Y

With the EQ80 type of gated-beam discriminator
an input of some 8 volts r.m.s. is required at each
grid for satisfactory limiting to commence. This
somewhat low sensitivity is probably one of the
major reasons why this type of valve has not been
more widely used. The audio output is of the order
of 10 volts r.m.s. for a deviation of 75 kc/s; this is
usually sufficient to drive an output stage directly
without an intervening audio amplifying stage. The
a.m. suppression ratio is between 25 and 30 dB,
and this falls below the desirable limit of 35-40 dB.
(The a.m. suppression ratio was defined in Part 3
as the ratio of the audio outputs due to the f.m. and
a.m. components of an input signal simultaneously
modulated by a.m. and f.m. to a modulation depth of
30 or 40 per cent.) .

The 6BN6 gated-beam discriminator was dis-
cussed in detail in Wireless World (January 1957) by
Lawrence W. Johnson, and reference should be
made to this article for circuit details, operating
conditions, etc. The a.f. output obtainable from this
valve is of the order of 15 volts r.m.s. for a deviation
of 75 kc/s, The input signal amplitude required
at the control grid for limiting is 2 to 3 volts r.m.s.
The a.m. suppression ratio is between 25 and 30 dB.
This is below the desirable limit, and it would appear
that the 6BN6 should be preceded by a further
limiter. This reduces the attractiveness of the circuit,
since its chief merit lies in its simplicity and cheap-
ness.

The harmonic distortion can be evaluated approxi-
mately by means of the expansion for the a.f. output
given previously. If the modulating signal is f, cos wt,
the output is given by
_Qs 1 <Q8>3 '
Eoc cos wt -+ = (= 8 cos 3wt

g, et ts\g,) b

cos®wt may be expanded in terms of cos wz and

1" 2

Fig. 5. Anode current
pulses in *‘ ideal ** valve
in limiting  condition.
These will have unity
mark/space ratio if the
input is much greater
than is shown here.
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Fig. 6. (a) Anode
current pulses due to
input at control grid

alone. (b) Anode cur-
rent pulses due to input 7 (b)
at  suppressor  grid o

alone. (c) Anode cur-
rent pulses with inputs
at both control and
suppressor grids.

A.F. QUTPUT

1 ‘ FREQUENCY

Fig. 7. A.F. output against frequency for gated-beam dis-
criminator, assuming limiting at all frequencies. The
dotted curve is that obtained in practice due to falling-off
of signal amplitude with circuit seléctivity.

cos 3wz, and the percentage of third harmonic dis-
tortion shown to be

le— <97f9>2 . 100

With Q, = 35, fy = 75 kc/s and f, = 10.7 Mc/s, the
third harmonic distortion is approximately 2 per cent.

There is one feature of the 6BNG6 circuit given by
L. W. Johnson which is not immediately apparent:
this is the mechanism of coupling between the primary
and secondary circuits. The circuit arrangement
is as shown in Fig. 8, and at first sight there is
apparently no coupling between the two circuits.
In fact, there is the equivalent of top-end capacitance
coupling, with the somewhat unusual feature that the
coupling capacitor is a mnegative capacitor, ie., it
has positive reactance, like an inductor, but the
magnitude of the reactance decreases with increasing
frequency, as with a capacitor.

The mechanism of coupling is as follows. The input
“ primary * circuit voltage controls the total electron
stream through the valve, and hence the anode
current flowing past the suppressor grid is modulated
at the input signal frequency. Now if an electric
charge is brought near a conductor connected to
earth, there is a movement of charge to the face of
the conductor tending to neutralize the field of the
approaching charge. This is a familiar phenomenon
in electrostatics. A positive change of grid potential
increases the number of electrons flowing through
the valve, and hence increases the number of elec-
trons in the vicinity of the suppressor grid. There is
then an increase of the positive charge on the sup-
pressor grid, which is the conductor past which the
electron stream is flowing; and there is a movement
of electrons from the suppressor grid through the
external circuit.

If a change of grid voltage dv produces a change of
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the charge dg, in the neighbourhood of the sup-
pressor grid, we may write

dg = — adv
where a is a positive constant.
The reason for the negative sign is that a positive
increment dv increases the number of electrons in
the vicinity of the suppressor grid, and since these
are negatively charged there is a negative increment
of charge. The increase of the charge near the sup-
pressor grid induces a proportional charge dg’
flowing out of the suppressor grid, and we may
thus write

dg’ = b.dg
where b is a positive constant.
Thus

dq¢ = — ab. dv

This may be compared with. the relationship for a
capacitor Q = CV.
From this it appears that the electron stream coupling
is equivalent to a negative capacitor of magnitude
a.b connected directly between control grid and
suppressor grid. ‘This form of coupling occurs in
all multi-electrode valves. In particular its effect
has long been recognized in frequency changers
where on short wavebands it may induce ““ pulling ™
of the local oscillaor frequency. In this application
neutralizing is effected by means of a small (positive)
capacitor connected externally between the electrodes.
The degree of coupling obtained by this means is
insufficient in the 6BN6 to produce adequate voltage
drive at the suppressor grid, and is supplemented
by means of the undecoupled anode lead resistor R,
shown in Fig. 8. This resistor is of low value, usually
a few hundred ohms. Under working conditions,

HY.

W

+
=]
=3
<

Lo
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Fig. 8. Circuit used with 6BN6 gated-beam discriminator.

a voltage is produced across it which is in anti-phase
with the control-grid voltage. We may write this
anode voltage as
E,=—c dv

where ¢ is the working gain of the valve at r.f. There
is a physical capacitance which we may designate
C,_, between the anode and the suppressor grid,
and hence current is fed through this capacitor
to the “ secondary” circuit. If the impedance of
this circuit is Z, then the current 7 is given by

i=— ¢ dv/(Z + 1[joC,_g,)
If the reactance of the capacitor is appreciably
greater than Z, we may use the approximation
= — cdvjwC,_ = c.dv.ju(—C,o )
i.e. this coupling also behaves like a negative capacitor
connected directly between control and suppressor
grids, and hence supplements the equivalent
capacitance existing already. ’
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Above: Fig. 9. Basic circuit of
the synchrotector.

Right: Fig. 10. Showing how a.f.
output from the synchrotector
varies with phase angle between
applied signal and sampling
pulses; (a) no input signal (b)
90-degree phase shift (c) phase
shift greater than 90 degrees
(d) phase shift less than 90
degrees.

An important distinction exists between two
circuits coupled together physically, and the two
circuits coupled together by the electron stream
of a valve, as in the 6BN6. In the former case,
the energy in the secondary circuit is supplied
from the primary circuit, and consequently the
shape of the resonance curve of the primary cir-
cuit is affected by the coupling to the secondary
circuitt. The response exhibits ‘¢ rabbit’s ears”
similar to those obtained across the secondary cir~
cuit when the coupling factor (kQ) exceeds the
critical value. However, the primary circuit * rab-
bit’s ears” are more widely spaced in frequency,
and more pronounced. When the coupling is via
the valve electron stream, the energy in the “ second-
ary” circuit is supplied by the electron stream, and
consequently the “‘primary” circuit resonance
curve is unaffected by the presence of the ‘“ second-
ary ” circuit. As a corollary of this, the resonance
curve of the secondary does not develop  rabbit’s
ears >’ as the coupling factor increases, but remains
single-peaked.

An interesting variant of the 6BN6 has recently
appeared in the U.S. This valve is the 6DT6.
This has sufficient internal coupling via the electron
stream to produce adequate drive at the suppressor
grid. At low input signal levels there is a gain
from control grid to suppressor grid, and this fact
is utilized to make the circuit self-oscillating at
small signal inputs. The physical capacitance
between the control and suppressor grids is made
sufficiently large to maintain oscillation in the
absence of an input signal, the suppressor grid
functioning as an ““ anode.” The oscillator is then
of the tuned-anode, tuned-grid type. With a small
input signal, the detector functions as a locked-
oscillator limiter, as well as a detector. This action
lowers the threshold value of input signal with
which the detector will work; the 6BN6 requires
an input of the order of 1 to 2 volts, whilst the
6DT6 requires an input of only 0.3 to 0.5 volts.

The properties of the gated-beam discriminators
as a class may be summarized as good sensitivity,
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fixed threshold of Iimiting, constant a.f. output
for all signals above the threshold, fair linearity,
and a.m. suppression ratios somewhat below the
desirable limit.

The Synchrotector.—This detector was described
by K. Schlesinger in the August, 1956, issue
of Electronics. It is a near relative of the gated-
beam discriminators; in essence it is a sampling
circuit. Consider the circuit shown in Fig. 9. A
series of short-duration, large-amplitude pulses is
applied between the grid and earth, and the tips of
the pulses are clamped at carth potential by means
of the diode. The cathode bias resistor is such
as to develop the normal class A bias for the valve,
Anode current flows in pulses coincident with the
occurrence of each pulse at the grid as shown in
Fig. 10(a). Consider now an input signal applied
to the cathode, the frequency of the signal being
the same as that of the grid pulses. The mean
anode current will now vary according to the phase
relationships between the applied pulses and the
signal. )

If the pulses occur at the instants when the
signal amplitude is passing through zero, the anode
current pulse is of the same amplitude as it is in
the absence of the signal, as shown in Fig. 10(b).
If the pulses occur when the signal is positive with
respect to earth, the anode current pulses will be
smaller in amplitude, because this condition is
equivalent to a negative signal in the grid circuit,
as shown in Fig. 10(c). Conversely, if the pulses
occur when the signal is negative with respect to
earth, the anode current pulses will be larger in
amplitude, as shown in Fig. 10(d). Thus it is
possible to construct a discriminator if the phase
angle between the pulses and the applied signal can
be varied with the signal frequency. A suitable
circuit arrangement is that shown in Fig. 11. The
grid pulses are now sine waves generated across
a tuned circuit, fed by a small top-end capacitance
from the applied signal source. As shown earlier,
the phase relationship between the ¢ sécondary”
circuit signal and the applied signal varies with the
signal frequency, being 90° at a frequency near
the secondary circuit resonance frequency. This
can be shown simply for the top-end capacitor
coupling circuit by Thévenin’s theorem. The
circuit of Fig. 12(a) is equivalent to that of Fig. 12(b),
and it can be seen that the * secondary > voltage E,
is at 90° with respect to the ‘ primary’ voltage
E, when the secondary inductance is resonant
with the capacitors C, and C, in parallel, i.e., at a
frequency slightly below the resonance frequency
of L, and C; alone.

In the practical circuit the voltage at the grid
is about 3 to 4 times that at the cathode, so that
the periods when the valve is conducting are relatively
short. By assuming the pulses to be very short,
it is possible to derive an approximation for the
variation of anode current with signal frequency.
The amplitude of the anode current pulses is pro-
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portional to the sine of the angle between the zero
value of the applied signal and peak value of the
sampling pulse. Using y = 28f/f, where §f is the
difference between the sigral frequency and the
resonance frequency of the secondary circuit, this
angle 6 is given by
A 0 = tan—! — Q.y

Hence the amplitude of the anode current pulses
is proportional to sin(tan~!'—Q.y)= —Q,y/(1 +
Q). Provided that Q, is small, the anode
current is approximately linearly related to the signal
frequency shift in a small region near the resonance
frequency of the secondary circuit.

There is some degree of limiting action, since an
increase of signal amplitude produces an increased
amplitude of the ¢ sampling ”” pulses. This results
in the conduction period being shortened, which
tends to reduce the increase of anode current which
would otherwise occur. The circuit described by
Schlesinger is shown in Fig. 13. The discriminator
proper is driven from a locked-oscillator limiter.
The circuit was designed for use with the U.S.
television inter-carrier sound system, which employs
a deviation of 25kc/s at a carrier frequency of
4.5 Mc/s. The circuit is stated to give an audio
output of 25 volts peak-to-peak, for an r.f. input
to the driver stage of 6 millivolts. This represents
a high conversion efficiency, being better than a
comparable ratio detector circuit employing a
driver stage and a double-diode-triode, the latter
valve providing the detector diodes and a.f, ampli-
fier. The circuit is claimed to have an a.m. sup-
pression ratio greater than 40 dB.

Counter Circuit.—If the incoming signal can be
converted to a train of constant-amplitude pulses,
demodulation can be effected by means of a
““ counter ” circuit, which gives an output propor-
tional to the repetition rate of the pulses. This type
of circuit was discussed in some detail in the April,
1956, issue of Wireless World by M. G. Scroggie.
The basic circuit considered by Scroggie is shown
in Fig. 14. The incoming signal is heterodyned to
produce an intermediate frequency signal at 200 kc/s
approximately. After amplification, the signal is
applied to a limiter stage, which gives a square wave

HI. Left: Fig. 1. Circuitof
synchrotector with
sampling pulses derived
from input signal.

Below: = Fig. 12.
Thévenin’s theorem
applied to circuit (a)
to give circuit (b).

Ce
Cs

Ce

b et

(a) (b
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output. The pulses are then applied to the diodes
D1 and D2.

Consider first the quiescent condition with the
limiter stage cut-off. The anode potential is that <7
h.t., and there is no voltage across either diode, or
the diode load resistor R. If now the limiter anode
potential falls as its grid is driven positively, diode D1
conducts; diode D2 remains cut-off. Because of the
high ratio of the resistance R, to that (R;) of the
diode D1 when conducting, the cathode of D1 is not
driven appreciably negative with respect to earth,

HT.
|,___.‘ 3 4>
= = 1
é s 4L g L
< 3 T
I
| T 11
Above: Fig. 13. Prac- HL.

tical circuit of synchro-
tector preceded by g,
locked-oscillator

limiter.
Right: Fig. 14. Basic
““ counter ’’ circuit.

and capacitor C discharges through R, and diode D1
is series until the cathode of D1 returns to earth
potential. This is shown in Fig. 15(a). The dis-
charging curve is exponential, and thus an infinite
time is required theoretically for the cathode of D1
to reach earth potential; in practice the time constant
R, + Ry)C is sufficiently small for the potential
of D1 cathode to be indistinguishable from earth
before the next part of the cycle. After a period
equal to half the signal period, the anode of the
limiter is driven positive, as its grid is driven negative
to beyond cut-off. The anode potential then
commences to rise to h.t. potential, and current
flows through R ,, C, D2 and R in series; the voltage
across R is shown in Fig. 15(b). The time constant
of the combination is such that the voltage pulse
developed across R has virtually disappeared before
the next change of limiter anode potential occurs,
when the cycle is repeated. There is thus a train of
pulses developed across R, the area (volt-secs) of
which is independent of the magnitude and frequency
of the input pulses. However, the mean -voltage
output is equal to the area of these pulses multiplied
by the rate at which they occur, and this rate is, of
course, equal to the input signal frequency. Thus
the output voltage is apparently linearly related to the
input signal frequency.

The linearity is, however, not perfect because the
capacitor C cannot charge completely through R and
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A IN FIG.14.
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B IN FIG.14.

TIME

L_I/zf—’i (b)

Fig. 15. Waveforms at points A and B of Fig. 14.

R, in the half-cycle period, as required. If the time
constant is made very short to approach this con-
dition of perfection, the area of the pulses becomes
smaller and the a.f. output decreases. In a practical
circuit, the component values adopted must be a
compromise between the requirements of good
linearity and sensitivity. In addition, in the circuit
described by Scroggie, there is a limitation placed
upon the value of R, by the limiter requirements.

The degree of non-linearity can be calculated as
follows. If the signal frequency is f, then the time
of one pulse cycle is 1/f. The combination of R,
C and R is thus charging for a period 1/2f. If the
amplitude of the voltage step at the limiter anode
is V volts, then if the diode forward resistance is
negligible, the voltage across R at the beginning of
the charging period is VR/(R + R,). At the end of
the period this volrage has fallen to

VR ¢—1/2/CR/
R+R,

where R” =R + R,

The area of the pulse is given by

'1%2“ Jllw -
a o

~which is equal to
VCR(1 — e—1/#/cr")

The a.f. output is equal to the product of this area
and the signal frequency, i.e., VCRf (1-e—1/%c®"),
This may be compared with the ““ideal ” output,
VCRY/, obtained if the time constant CR’ is very
small. Thus the second term within the bracket
represents the departure from linearity. It is
minimized if f, C and R’ are small. However, the
expression for the output voltage shows that if
V, G, R and f are reduced to minimize non-linearity,
the a.f. output will fall. Thus a compromise is
required. The minimum value is further determined
by the consideration that the signal frequency
should not be allowed within the a.f. spectrum; thus
with a deviation of 75 kc/s, the centre operating
frequency must be above 90 kc/s, and preferably
higher, to allow some margin for mistuning, drift, etc.
Thus a centre signal frequency of 150-200 kc/s is
usually employed. The use of a low-value inter-
mediate frequency such as this brings other difficulties
in its train, notably those of obtaining adequate i.f.
selectivity, and the maintenance of second channel
protection, since the second channel is only 300-
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400 kc/s removed from the wanted carrier frequency.
The circuit response curve is markedly un-
symmetrical, having a comparatively large linear
portion in the direction of increasing frequency,
and a comparatively small linear portion in the
direction of decreasing frequency.

In the circuit described by Scroggie, the value of
R, = R = 4.7 kQ, C = 50pF and V = 60 volts.
The centre frequency is 150 ke/s. With these values,
the r.m.s. a.f. output for 75 kc/s deviation is 0.8 volt,
Scroggie also plotted the departure from linearity
against frequency; the curve obtained agrees well
with the curve obtained from the calculation given
previously. The distortion, computed by Scroggie,
was about 0.5 per cent second harmonic at maximum
deviation.

The degree of a.m. rejection cannot be specified,
since it is a function of the limiter performance; in
general, it should be possible to realize a satisfactory
performance in this respect. With regard to sen-
sitivity, the circuit compares closely with the Foster-
Seeley circuit, requiring about 2 volts input at the
limiter grid for an output of about 1 volt. It has a
fixed threshold of limiting, and constant audio
output for all input signals above this threshold.
As with the Foster-Seeley circuit, the maximum
degree of ¢ downward > a.m. handling capacity is
dependent upon the margin by which the signal at the
limiter grid exceeds the limiter threshold.
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APPRO XIMATE service area of the I.T.A.’s seventh trans-
mitter, to be built at Chillerton Down, Isle of Wight, is
shown shaded on this sketch map. It will probably come
into service in the late spring of next year. No announce-
ment has yet been made by the Post Office regarding the
channel in which the station will operate. It is unlikely to
use one of the three channels so far allocated to the I.T.A.
owing to its geographical position in relation to the stations
already operating in them.
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The Blocking Oscillator

A Bird That Needs a Separate Stone ?

By ¢« CATHODE RAY”

B LOCKING oscillators are responsible for at
least half the scanning in most television receivers.
They perform equally essential duties in radar.
Their place in the great new transistor empire
already seems secure. Yet the authors of elementary
—and even the not so elementary—books seldom
have much to say about them. And what they do
say isn’t always quite as right as it should be.

For the blocking oscillator is one of those things
that look simpler than they are. In a recent book,
the author—one of the soundest authorities—con-
fesses that in the previous edition his explanation
of it was on the wrong lines. Other books I have
consulted declare that the action of a blocking oscil-
lator is so complex that a comprehensive analysis
has never yet been made. Lately a whole book on
it has appeared, but except for the warning that the
usual explanation is inadequate I found it unsatis-
fying.

Before being too hard on technical writers for the
present unsatisfactory information service on the
subject, let’s ask ourselves what we would do. Would
we (1) explain it correctly and, therefore, compli-
catedly; (2) explain it simply and, therefore, incor-
rectly; or (3) not explain it at all. So far as I am
concerned, having written the title at the head of
the page, (3) is no longer open. Which of the other
two I have gone in for, you will have to judge at the
end; I hope the result will not be a hitherto unlisted
combination—complicated and incorrect.

Fig. 1, subject to minor variations, is the circuit.
We can see at once that it is simple. And so far
as one can see from the diagram it is exactly the
same as an ordinary “reaction coil ” oscillator, With
the addition of a variable capacitor for tuning, Fig.
1 could be used in almost any superhet. As regards
both its simplicity and its resemblance to an ordinary
continuous-wave. oscillator, however, the circuit
diagram is deceptive.

One of the principles of teaching is to make any
one explanation cover as many things as possible.
This spares both teacher and taught. Whichever of
these roles I happen to be filling at any given
moment, I entirely agree with the principle—pro-
vided it is correctly applied. The blocking oscillator,
having essentially the same circuit diagram as an
ordinary oscillator, clearly asks to be regarded as a
special case of it. Such treatment is so very plausible,

It goes something like this. “When the coils L,
and L., in Fig. 1 are inductively coupled in the appro-
priate direction, positive feedback causes continuous
oscillation to be set up.” Here follow a page or two,
Or even more, explaining this in detail. (The circuit
diagram used will certainly show a capacitance
across one of the coils, for the oscillations must have
Capacitance as well as inductance in which to cir-
culate; but it is only fair to point out that a circuit
Made up as in Fig. 1 would nevertheless work,
because of the existence of stray capacitance, not
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actually shown.) Next follows at least a long para-
graph explaining the role of C and R and how they
automatically cause an appropriate negative bias to
be applied to the grid, directly oscillation begins.
At that point, if the author has room to spare and
feels in a chatty mood, he is likely to go on to men-
tion that if the coupling between L, and L, is too
close, and especially if at the same time R is rather
high, the amount of bias developed at the start of
oscillation may prove too great to allow oscillation
to continue, so it stops until the charge on C has
leaked off through R sufficiently to allow it to start
again, whereupon the whole sequence repeats in-
definitely, and instead of Fig. 2(a) one gets (b), and
one says that the oscillator is squegging.

Then, if the author remembers that there are such
things as radar and television, so that sooner or later
he wili have to say something about blocking oscil-
lators, he may see a golden opportunity to kill this
third bird with the same stone, in accordance with
the teaching principle just mentioned. So he goes
on to say that if the coupling is tightened still more
a cut-off grid bias will be developed by the very first
half-cycle of oscillation, and ‘grid-current damping
is so great that no more than this half-cycle remains

&)
R

Fig. 1. Blocking oscillator circuit.

Fig. 2. (a) Start of oscillations in sine-wave oscillator in
circuit very similar to Fig. | except for closeness of
coupling. (b) Squegging condition obtained by increasing

the coupling slightly.
coupling to the limit.

(c) Alleged result of tightening
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per burst of oscillation; result, Fig. 2(c). “ This
saw-tooth shaped waveform finds application in
oscilloscope time bases, radar, and—oh, yes!—in a
little thing commonly called TV.”

That—minus the lead-up on oscillators and
squegging, which was taken as read—was more Or
less how the “pulse generator” was explained to
me on the first “ R.D.F.” course in those hectic days
of 1939. I remember being a shade doubtful even
then about the “single half-cycle followed by heavy
damping ” theory; but there was no time to go into
refinements, and any reasonably plausible explana-
tion was reckoned to be better than none. The main
thing was to have something that worked; if a con-
vincing theory could be thought up to account for
it, so much the better.

This is just one example of a big ethical problem
in teaching. Is one justified in pitching a tale known
to be inaccurate, because the best knowledge on
the subject would be far above the head? Even if

a

+ -
VOLTAGE
0 k

g
Fig. 3. Electrode ’potentials of valve in Fig. | during dis-
charge phase of blocking oscillator cycle. The dotted line
marks the minimum cut-off grid bias, V,,, when the anode
is at 4V volts.

one knows that the Fig. 2 theory of the blocking
oscillator doesn’t hold water at every point, it is
at least roughly true and capable of satisfying almost
all except the specialists who design blocking oscil-
lators (if, in fact, they ever are really designed!).
So ought one not to give it, rather than a more
academically correct theory that is generally agreed
to be difficult and, therefore, only likely to confuse?

Well, it’s not for me to pronounce on the general
principle, but the object of this series is to look
rather more closely into things than there is space
for in the average book or teaching course, so let
us try to find an approach that is not too far removed
from truth on the one hand nor too complicated to
follow on the other.

Now although the circuit of a blocking oscillator
(Fig. 1) looks the same as that of a sine-wave oscil-
lator, and although the derivation of one from the
other along the lines of Fig. 2 has obvious attrac-
tions as regards plausibility and economy of effort,
the explanation of continuous oscillation in the Fig.
2(a) case will not—if it was anything like a correct
and adequate one—be found to fit very well when
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applied directly to the Fig. 2(c) case. In other words,
acceptance of the statement that (c) shows half a
cycle of the oscillations seen earlier at (a) is rather
like accepting a conjuror’s box containing a rabbit
as the same box as the one we saw him pouring a
jugful of water into a moment or two earlier.

One inconsistency is that sine-wave oscillation
in Fig. 1 depends essentially on capacitance as part
of the oscillatory circuit, whether it is provided by
an actual capacitor or exists only as “stray ”; where-~
as although stray capacitance inevitably exists and
plays a part in a blocking oscillator, it is only a sub-
sidiary part. A blocking oscillator, both in operation
and in the nature of its waveform, really belongs
to a different class; it is a relaxation oscillator*.
So let us regard any resemblance between it and the
sine-wave sort as purely coincidental and start
afresh. .

It was at this point I began gathering together
the basic principles that govern relaxation circuits
—the results of switching combinations of resistance
and capacitance or resistance and inductance—and
found that the review expanded into a full instal-
ment, which was published last month. There was
the well-known charge and discharge of a capacitor,
leading to the definition of time constant; and the
not quite so well known “charge ” and “ discharge ”
of an inductor, especially one provided with two
close-coupled windings. I hope this review is at
hand for reference, because there will not be room
even to summarize it all. I will only re-emphasize
that just as the voltage across a capacitor cannot
change abruptly, but only as a result of current
flowing into or out of it for a time, so the current
through an inductor cannot change abruptly, but
only as a result of voltage across it for a time.
that any change of current through it induces a
voltage proportional to the rate of change and to
the amount of inductance; and that wherc there are
two or more close-coupled windings this change
refers to the resultant of them all.

The only other thing we need is a very elementary
knowledge of the behaviour of a valve at extremes of
grid voltage. We can pretty well cover it by saying
that when there is a large negative bias on the grid
the valve is “cut off,” so that there is no circuit
through the valve from either grid or anode; but
when a positive voltage is applied to grid as well as
anode, both conduct freely to cathode.

We are now all set to consider Fig. 1 as a blocking
oscillator, for in that role it is essential for the coils
to be coupled tightly by means of an iron core, and
it is quite usual for them to have equal numbers of
turns (as conveniently assumed in our theory last
month). Inequality of turns complicates the reckon-
ing but in no way affects the general principle, so
for that our simple preparations will do.

With a process that goes round and round in 2
circle, without any beginning or end, the first
problem is to decide where to join in. The blocking
oscillator cycle consists broadly of two phases: on¢
of them is usually a small fraction of the whole and
has lots of things happening very quickly, so doesn’t
make the easiest introduction. The preferred pro-
cedure is to start with the longer and slower phase,
which we have already studied under the heading of
discharge of a capacitor.

C in Fig. 1 is the capacitor, and it has previously

* April 1954 issue, p. 193.
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AAAA,
R, 4

Fig. 4. The start of anode
T current at the end of Fig.
v : 3 is equivalent to closing
AL the switch in this simple
“circuit, discussed fully
last month.

been charged, in what manner we shall see later, in
such a way that the plate connscted to the grid is
negative. It is discharging through R, and because
R is quite high—say 100kQ2—it damps out any ten-
dency for C to form an oscillatory circuit with L,.
It is also large enough for nearly all of the voltage
of C to appear across it, and therefore as negative
bias for the valve. The amount of this voltage at the
start of the discharge phase was far more than
enough to cut the valve off completely. So the valve
(and L)) can be ignored during this phase. The
only addition to the simple CR discharge circuit is
L;, and it is insufficient in comparison with the large
R to make any vital difference. So we can copy our
discharge exponential curve, upside down to repre-
sent the fact that the voltage is negative from the
valve grid’s point of view. Because there is no anode
current, and since we are neglecting any voltage
induced in L, by the slow rate of change of current
through L,, we can show the anode voltage as con-
stant at + V. Fig. 3 tells the story. The dotted line
marks the minimum negative bias (call it Veo) needed
to cut off the valve at this anode voltage. Although
C is not fully discharged by the time the negative
bias it imparts to the valve has declined to the dotted
level, we must regard it as the end of the phase, for
directly it is reached things begin to happen—
suddenly.

Seeing how gradually the grid potential eases
towards the dotted line, and remembering how
gradually anode current begins at its “ bottom bend ”
even when the dotted line is reached, one might not
expect sudden results. This, however, is the precise
moment at which to bring on the second of the cir-
cuits we considered last month, repeated here as
Fig. 4. V and L, we already have in Fig. 1, and the
combination of switch and R, enables us to repro-
duce what the anode-to-cathode path is doing at this
instant—changing over from infinite to finite resis-
tance. It is true we don’t know the value of R,, and
certainly can’t assume it is constant, but our ignor-
ance on these points doesn’t affect the fact that at
the moment of transition from one state to the other
the whole voltage V appears across L,.

Because L, has the same number of turns and
is 100 per cent coupled to L,, the same voltage neces-
sarily appears across L,. If the coils have been

correctly connected as shown in Fig. 1 (so that the:
coil windings are in opposite rotation in the direc—
tion towards anode and grid) this secondary voltage:
equal to V makes the grid less negative, by that:
amount. Clearly this not only takes off the whole of’
the negative bias but makes the grid positive to the.
extent of V less only the cut-off bias Ve. This:
deduction is due to C, which at the instant being;
considered is charged negative-to-grid to that extent.

The effect of this positive grid is to make the
valve conduct heavily from grid to cathode too. So
(neglecting the relatively small counter-voltage of C)
we pass instantaneously from Fig. 4 to the next
circuit we considered last month—Fig. 5(a). As we
saw then, this can (on the equal turns 100 per cent
coupled assumption) be simplified to (b).

he consequence of this second stage of the pro-
cess seems to contradict the first. Since R, is
evidently of the same order as R,, and may well be
lower, it is clear from Fig. 5 that nothing like the
whole of V can appear across L or L,. This incon-
sistency arises because in the simple theoretical cir-
cuits it is possible for things to happen infinitely
fast, but in any real circuit there are such compli-
cations as stray capacitances which restrict potentials
everywhere to finite rates of change. For this reason
the voltage across L., has to grow, and directly it
exceeds the cut-off bias R, comes into existence.
What happens then is that the values of R, and R,
adjust themselves according to the characteristics
of the particular valve, unrl a balance is reached
more or less on the lines of Fig. 5. The difficulty
(to say the least) of expressing the anode and grid
characteristics of a valve over the whole range from
below cut-off to highly positive grid as an equation
is, I imagine, one of the reasons why making a com-
prehensive mathematical analysis of the blocking
oscillator is not a popular occupation.

Since stray capacitances are normally only a few
pF and the circuit resistances have now been
brought down to the order of 1k{), the time con-
stants of these strays are of the order of small
fractions of a microsecond. So, compared with the
leisurely progress of the relatively large C charging
through the relatively large R, the switch-over to
Fig. 5 conditions is very fast; so fast that with a
time-base speed that gets the whole of Fig. 3 on to
the screen of an oscilloscope the next parts of the
grid and anode traces (one upwards and the other
downwards) look quite vertical.

Because of this high speed of transition we need
not worry unduly about what is happening during
it to C. When the balloon went up, if you remember,
its charge had dwindled to V., volts. Then, without
warning, its terminal joined to L, gets a terrific
kick positivewards. Even though at the same time
the resistance in series with it is reduced from R to

Fig. 5. The start of anode current is
instantly followed by the start of grid
current, converting Fig. 4 into this
equivalent, shown in two forms.

i
|

k-

(a)
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B

Fig. 6. The blocking oscillator circuit (Fig. I) can be
simulated quite well during its trigger phase by this working
imodel, in which the valve is represented by Ry, Ry and the
two-pole switch.

perhaps a hundredth of that amount, its capacitance
is normally so much larger than that of the strays
that its response to this sudden charging voltage is
comparatively slow. For the very brief duration Qf
the switch-over, then, we can replace it approxi-
mately by a battery of Vo volts. Except that a
lot of stray capacitances have to be imagined every-
where, Fig. 6 is a fairly good working model of
Fig. 1 for this short period. .

Relating it to Fig. 5, we see that the grid potential
must shoot up by the same amount as the anode
potential drops down. If R, and R, were equal,
each would change by V/2 volts, leaving the anode
¥,, volts more positive than the grid. The final
balance may well be about here; if the voltage
amplitude were much less, then R, would be lower
than R,—the anode has a start of about Ve, volts
in the Conduction Handicap—and Fig. 5 shows that
this would tend to increase the voltage pulse. If,
on the other hand, it increased to much more than
V /2, the grid would become more positive than the
anode, increasing R, relative to R,, and so reversing
the trend.

In any case we may expect the anode and grid
currents to become very large with equal sudden-
ness. That is obvious, whether one explains the
action as I have done, or in the more conventional
manner by supposing the start of anode current to
induce a voltage in L,, which reduces the negative
bias a little, which makes the anode current grow
more rapidly, which takes off the bias quicker, etc.,
ad lib. Students who have not taken the trouble to
prepare themselves as thoroughly as we have, but
who do remember that the voltage induced is equal
to L times the rate of change of current, are apt to
get into a flap when they see the almost vertical
front of the current pulse through either coil—
known to have quite a large inductance. Their
problem is how it can change so fast without a
stupendous voltage. We, however, remember also
that the magnetic flux, which is what induces volt-
ages, is the net result of the currents through both
windings; and when, as in this case, they are in
opposite rotation around the core, they can rise as
fast as they like so long as they are equal.

Fig. 7 (which continues Fig. 3) shows the position
to date, with the equal and opposite anode and grid
voltage pulse fronts, and the commencement of
anode and grid current, also equal and (from the
magnetizing point of view) opposite. Although the
difference between them, which is the net magnetiz-
ing current, must start from zero, it must be chang-
ing at the rate needed to induce the voltage pulses.
This is a slower action than the almost vertical pulse
rises, so we shall now have to take into account what
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C is doing. It is being charged by the positive
voltage from L.,, and because the resistance R that
discharged it is now shunted by the much lower
resistance of the positive-grid-to-cathode path its
rate of charge is much faster than the rate of dis-
charge graphed in Fig. 3.

The difficulty is that we don’t know yet what is
going to happen to the induced voltage. Let us see
where we get if we assume it remains constant until
further notice. Then we have the simple charging
C circuit once more, with L, playing the part of the
supply battery. Assuming in the meantime that the
grid-to-cathode resistance also remains constant, we
can tentatively sketch the next parts of the grid volt-
age and current as rapidly collapsing exponential
curves (Fig. 8).

With typical components this rate of fall of grid
current would by itself induce a higher pulse voltage
than is necessary to keep everthing else right, so the
anode current must also fall off, but at a slower rate
so as to provide sufficient growth of net current to
keep up the assumed constant induced voltage. It
would in any case decline, as a result of the falling
grid voltage. The actual waveforms will, of course,
have to be such that the various currents and voltages
are at all times related in conformity with the charac-
teristics of the valve, so we can do no more than
forecast the general tendency.

When the grid potential reaches zero, the grid
current does the same. Remember, it was the de-
cline of grid current at a more rapid rate than anode
current that has been keeping the voltage pulse
going in L, and L,. The only thing that could
keep it going now would be a reversal of the decline
in anode current, and there is nothing to cause that,
so inevitably the voltage pulse collapses. This is
another trigger action, for directly the anode voltage
tends to fall off at all it reduces the anode current,
which induces a voltage in the opposite direction to
the original pulse.

So we would expect the remaining anode current
(which can be regarded as the net or magnetizing
current that has accumulated during this charging
phase, and whose steady growth has kept the voltage
pulse going) to be suddenly cut off. This ought to
be matched by an equal drop in grid current if there
is not to be an enormous reverse voltage. But this
time it looks as if that is impossible, for the grid
current cannot go appreciably negative, What
happens?

For the answer (and also to check the foregoing
predictions) I had to go to the oscilloscope. It did cor-
roborate Fig. 8 remarkably closely, and then went on
to show that the collapse of the voltage pulse is indeed
followed by a considerable reversal, but that it is
preserved from being nearly infinite by an apparent
drop in grid current nearly equal to the drop in
anode current, I say “apparent” because it is pretty
clear that in fact this current drop in L, is due to the
very large voltage reversal charging the stray capaci-
tances of L,, C, grid, etc. It is therefore necessarily
(short—li)ved, being followed by a fairly rapid discharge

Fig. 9). )

The large voltage change (which, of course, must
be the same in both coils) brings the grid potential
far below cut-off. The voltage induced in L., returns
quickly to zero as the stray charges leak off, but the
charge on the much larger C, which now has only
the high-resistance R to leak through, takes a long
time to go. And that is where we came in.
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We have, then, these steep-sided narrow pulses,
whose width is determined chiefly by C and the posi-
tive-grid-to-cathode resistance, spaced apart by inter-
vals determined chiefly by C and R. Because V., is
usually quite a small fraction of V, the spacing
interval is of the order of two or three times the time
constant, CR. And so we can roughly calculate the
component values for a required frequency of oscil-
lation. Note that we have come across nothing re-
sembling ordinary LC oscillation.

In practice the waveforms may differ consider-
ably from those we have built up by theory, and it
is interesting to trace why. There is not room left to
do so here in detail, but you may like to follow up
some clues. We have already had to fall back on
stray capacitances to account for things. Then there

+
VOLTAGE
0 k 0 —
Vo __
' g/
a a
NET
CURRENT CURRENT
0 ——t 0 ——
-9 -9
Fig. 7. Fig. 8.

are the resistances of the transformer coils, and their
leakage inductances. These differences between the
real transformer and our theoretical resistanceless
100%-coupled affair account for the most outstand-
ing discrepancies—those between the theoretical and
actual grid voltage pulses. Fig. 10 shows some
typical oscillograms. Evidently the voltage actually
induced in L, and L., is somewhere between the
shapes observed at the terminals, and the internal
resistive and inductive drops (due to the large
current pulses) square the left shoulder of the L,
pulse and slope it off still more in the L, pulse. This
gradualness of rise allows C to charge considerably
before the L, voltage has reached anything like its full
amplitude, and so the maximum voltage actually
reaching the grid is considerably less than predicted.

-9

Fig. 9.

Fig. 10.

Fig. 7. First stage of the continuation of Fig. 3: the trigger action ** on.”’

Fig. 8. The pulse stage, during which C is charged by grid current. The dotted line in the current diagram shows the differ-
ence between the anode and grid currents, which is the net magnetizing current.

Fig. 9. Trigger action * off,”’ started by the magnetizing current being no longer able to increase. The dotted line in the
voltage diagram shows the voltage generated in Ly, equal and opposite to that in L,. The difference between it and the full

line shows the voltage across C.

Fig. 10. Waveforms observed in an actual blocking oscillator, arranged for comparison with Fig. 9. The differences are due

largely to transformer resistance and leakage conductance.
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Limiting Factors in Gramophone

2.—PICKUP DESIGN : CONTINUITY OF STYLUS-GROOVE CONTACT :

HAVING examined, in the first part of this
article, the nature of record deformation and wear,
we can consider the design of a suitable pickup.
The limiting tracking weights are § gram for vinyl
and 2% grams for shellac. The lightest commercial
pickups track at 2-3 grams for vinyl and 4-6 grams
for shellac. It would be difficult to reduce the
tracking weight to the desired value for vinyl, but
it would be fairly easy to halve the trackirg weight
for shellac, as the design is in any case easier than
for vinyl. If the desired low weight for tracking
on vinyl could be achieved, the resultznt pickup
would doubtless be fragile, and have low output
voltage, but before ruling out such a pickup as
impossibly difficult and expensive, it should be
remembered that only a few years ago pickup
manufacturers considered that anything with a
tracking weight of less than 30 grams was a fragile,
expensive, specialists’ instrument. With the advent
of micregroove records, and the necessity of reduc-
ing tracking weights to about 8 grams, if reasonable
record life was to be obtained, pickup manufacturers
have produced, apparently without difficulty or
complaint, pickups which not only operate at this
weight but are fairly cheap and have a high output
voltage; even record changers have been redesigned
to treat records with more care.

The Arm.—This must have low friction and low
inertia, particularly with warped records, and
torsional resonance which will influence response
must be avoided. A single vertical pivot bearing
is at once the simplest and cheapest, is robust, has

e lowest friction, and torsional resonance is
avoided. If desired, an anti~vibration mounting
can be used between head and arm to further
reduce the effect of arm resonance. The only
disadvantage of the single-point bearing is that
very thin flexible leads must be used to reduce
drag. To reduce the torque on the arm to a mini~
mum, the armature should be positioned (at the
correct angle for minimum tracking error) with the
stylus on the axis of the arm (Fig. 4). To obtain

[dj;"/couu,fennuuce

PIVOT

TUBULAR ARM

N

CORRECT ANGLE FOR
I~ MINIMUM TRACKING DISTORTION

Fig. 4. Arrange-
ment of pickup
arm and head.

..L_._.__.-_T.__.._..

STYLUS

AXIS OF 'r'.L.‘.Ml-ZN'I’\b
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the correct tracking weight the arm may be counter-
balanced either by a weight or by a spring—in
the case of a single pivot, a weight only is possible,
The weight is much more convenient and more
easily adjusted, but it is sometimes argued that a
spring is better in that it saves weight and hence
jnertia of the arm. However, although the saving
of weight is considerable, the saving of inertia is
very small. Thus if the head is of mass m, distant
! from the pivot, its moment of inertia about the
point is ml? this must be counterbalanced by a
mass of say 5m, distant approximately 1 from the
poiz_nt, having a moment of inertia of 5m X ()% =

mil? . .
= i.e., for the convenience of using a counter-

balance as opposed to a spring, there is an increase
of only 20% in the inertia. As the inertia of the
tube forming the arm has been ignored the increase
in the total inertia will be somewhat smaller. As
the inertia of the arm will usually be only a fraction
of that of the head, particularly if a magnetic head
is used, there is no point in making the arm absurdly
flimsy.

The Head.—The limiting weight of thé head will
depend on the degree of warping of the record to
be played, the accuracy of the centre hole and the
accuracy of the turntable. The inertia of a 60-gram
head is not excessive at a tracking weight of 2
grams; it is thought, therefore, that at a tracking
weight of 3 gram, a head weight of 15 grams would
not be excessive. In a magnetic head it is doubtful
whether this weight of magnet would give satura-
tion in the size of gap likely to be used, but sufficient
flux to give useful output should be obtainable.
With shellac records, with the greater weight allow-
able, there should be no difficulty. Where a crystal
movement is used there will be less difficulty in
attaining a small head weight. The type of move-
ment used is partly a matter of choice. The moving
coil system is easily designed and has fewer objec-
iions than moving iron and crystal systems. The
coil would preferably consist of several turns of
fine wire giving a higher output voltage than a
ribbon or single turn, so as to be well above the
hum level picked up by the leads” 8, The coil
would preferably be a bifilar push-pull winding,
feeding into a centre-tapped coupling transformer,
thus reducing hum. A strain-gauge system in
which the electrical resistance of a fine wire is
varied by the strain it receives is attractive, as it
is simple and can be made in small sizes. However,
circuit arrangements are a little complex, and the
signal level would almost certainly be so low that
noise and hum would be serious problems. Carbon
composition strain gauges would be unsatisfactory,
due to self-generated noise. Other methods, such
as magneto-striction and frequency modulation,
would seem to offer no advantages. The recently

“Baxandall, P. J., Letter, Wireless World, Sept., 1950.
*West, R. L., Letter, Wireless World, Sept., 1950.
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Reproduction

TRACING DISTORTION

introduced magnetomotive system® consisting of a
moving magnet with a stationary coil on a soft
iron core is attractive, as the moving parts are
simple and robust and high impedance with high
output voltage is obtainable without a coupling
transformer.

The tracking weight has been discussed by
Mallett'®, Tt is governed by three factors, the lateral
stiffness, the lateral inertia and the vertical stiff-
ness. The lateral stiffness is operative at low fre-
quency so that the inner surface of the groove will
take most of the load; at high frequencies the inertia
of the moving parts is operative and the outer
wall of the groove takes the load. In a complex
waveform stiffness or inertia may be operative
over diffcrent parts of the wave, but the full load
will be taken at any instant by only one groove
wall, so that stiffness and inertia loads are com-
plementary., The maximum stiff: ess load is reached
at maximum amplitude; the maximum inertia load
may not always be reached at maximum amplitude,
depending on the waveform; the maximum load
due to vertical stiffness when vertical amplitude
is greatest is at the mid-point of the wave. These
three components of load, therefore, lateral stiff-
ness, lateral inertia and vertical stiffness, are largely
complementary rather than additive, Vertical
inertia is not in itself important as will be shown
later. Longitudinal movement of the stylus must
be a minimum, otherwise distortion and rounding
off the steep wave fronts will occur, Lack of longi-
tudinal rigidity is the probable reason for needles
trailing rather than being set vertically'l. A ver-
tically set needle will judder longitudinally if it is
not rigid in that direction. The maximum angle
of the trace to the direction making a tangent to
the groove at the stylus contact must be less than
the half angle of the groove (approx. 45°), other-
wise the stylus will ride up the groove wall regard-
less of tracking weight. The angle of the trace in
the 33% r.p.m. extended play records appears to
approach this limit as a result of the greater ampli-
tudes employed.

Lateral Stiffness.—This must be such that the
lateral load for the maximum recorded amplitude
is not greater than the tracking weight, i.e., lateral
compliances must be more than 6 x 10-® cm/dyne
for vinyl and 4 x 10-® cm/dyne for shellac. This
should not be difficult to arrange.

Resonances.—There will be a number of resonances
due to the mass of the armature, head, etc., with
the lateral, vertical, and longitudinal compliances
of the suspension, and record-stylus. The armature
should be sufficiently rigid longitudinally for re-
sonances with this compliance to be ignored. The
ocher resonances are examined below. Any damping

WVittenburg, N., Philips Tech. Rev., Vol. 18, Nos. 4/5 and 6, 1956/57.
uMal.lett, E. S., Electronic Eng., May, 1950.
abinow, J., and Codier, E., ¥. Acous. Soc. Amer., Vol. 24, No. 2,

March, 1952.
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material must be added with caution, as it may
cause intermodulation distortion??,

Lateral Low-frequency Resonance.~This is
the resonance of the mass of the head and arm and
the lateral stiffness of the movement, and the fre-
quency is given by

1

h= 27v/M,C,
Where M, is the lateral effective mass at the stylus

REQUIRED TRACKING WEIGHT

| . 1 ]
L.F M.F. H.F.
LATERAL RESONANCES

Fig. 5. Effect of lateral resonances on required trucking
weight.

of the head and arm (gm) C, is the lateral compliance
of the movement (cm/dyne).
The effective mass at the stylus is:

I where I is the moment of inertia about the
2 particular axis, and / is distance of axis from

stylus (cm).

This resonance has been used in cheap pickups
to boost the bass; it should, of course, be below
the recorded range in a high-quality pickup. For
vinyl with a head weight of 15 grams, the resonance
would be at about 17 c/s; for shellac with a 75-gram
head, the resonance would be about 9 c/s.

Lateral Mid-frequency Resonance.—This is
the resonance of the mass of the movement (coil
or armature) with its own lateral stiffness (restoring
force), and generally occurs at the mid-frequencies.
Unlike most other resonances, it is not deleterious.
It is a series resonance and at the resonance fre-
quency the stylus point impedance tends to zero
(Fig. 5.). It simply means that at this frequency
no power is required to move the armature except
that required by damping. The physical significance
of this can be easily seen—the stylus will always
try to move at this frequency so that at lower fre-
quencies it tends to return to the mid-point faster
than the trace allows, so that it is always pressing
on the inner wall of the groove; at high frequencies

‘*Rays, H. E., Audio Eng., May, 1950.
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it tends to return to the mid-point slower than the
trace allows, so that it is always being forced back
by the outer wall of the groove. This resonance is
given by

Fo= where M, is lateral effective mass

27 274/M,C, of element at stylus.

Lateral High-frequency Resonance.—This is
the resonance of the mass of the element with the
compliance of the record and stylus. It is well
known that if this frequency is in the audio range,
excessive noise will result from shock excitation of
this resonance, and there may be accompanying
distortion, even if the resonance is thoroughly
damped. This resonance is given by

P 1 where C, = lateral compliance
87 274/M,C, ©f stylus and record materials
(cm/dyne).

For this resonance to be above say 20 kc/s, M,
must be less than about 1 milligram for vinyl and
3 milligrams for shellac.

Lateral Inertia.—The maximum accelerations re-
corded are about 1500 ¢ for microgroove records
and 500 g for 78 r.p.m. records'?, The corresponding
limiting lateral effective mass at the stylus is 0.33
milligrams for vinyl, which would be hard to achieve,
and 5 milligrams for shellac, which would be easy
to achieve.

Vertical Stiffness.—The need for vertical move-
ment is of course to allow for the pinch effect. The
groove is cut with a chisel-edged stylus and traced
with a spherical stylus, as a consequence of which
the stylus of an ideal pickup must move vertically
at twice the frequency of the trace. The maximum
vertical amplitude is about 1/9th of the lateral for
microgroove and 1/6th for 78 r.p.m. records. The
vertical stiffness must therefore be not greater than
9 times and 6 times the lateral stiffness respectively,
i.e., a compliance of 0.67 X 10-® cm/dyne in each
case.

Vertical Resonances.—Although the pickup may
not generate any voltage for vertical movement, verti-
cal resonances are best avoided in the recorded range,
or, rather, at twice these frequencies, as the vertical
movement takes place at twice the recorded fre-
quency of the trace. Where the lateral loads are not
shared equally by each groove wall, as is always
the case except at zero amplitude, any vertical
forces will cause movement of the stylus not verti-
cally but at some angle—in extreme cases up and
down the side of one of the groove walls, and will
thus generate a signal, even though true vertical
movement generates no signal. The normal vertical
movement may therefore generate a signal, although
it ' may be very small, but vertical resonances may
be serious.

Vertical Low-frequency Resonance.—This is not
the resonance of the mass of the head with the
vertical compliance of the movement or cantilever,
and should be below the recorded range. It will
be about 50 c/s for vinyl and 22 c¢/s for shellac
(corresponding to lateral recorded frequencies of
25 and 11 c/s) for the pickup considered here.

Vertical High-frequency Resonance.—This is
the resonance of the vertical effective mass at the

* Cosmocord Ltd., Private communication.
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stylus point with the compliance of stylus and record,
and should be above the recorded range, i.e., above
40 kc/s (corresponding to 20 kc/s lateral). The
vertical compliance of record and stylus is unknown,
but will probably be about half the lateral, as the
load is now taken by both walls of the groove. The
limiting vertical effective mass at the stylus will
thus be about 0.5 mgm for vinyl and 1.5 mgm
for shellac.

The above two resonances will influence each
other’s frequencies slightly, but as they are a long
way apart the interaction will be very small and
can be ignored. With suitable design there will be
no other vertical resonance, and the stylus will
maintain contact with the groove at all times, except
when severe tracing distortion cccurs, due to over-
modulation, when the trace radius approaches the
stylus radius. When this occurs, and contact with
the groove is not maintained, there will obviously
be acoustic rattle or needle-talk, and the output
may be affected. In addition, when the stylus point
is free, there may be a further vertical resonance,
falling in the mid-frequencies (see later). The
vertical inertia of the system is not, in itself, of
importance, as the high-frequency resonance is
above the recorded range.

Cantilever Movements.—To achieve the above
very small effective vertical masses in practice, a
cantilever type of movement is essential, as only
the cantilever and stylus contribute to the vertical
mass, the axis of the generating element being vertical,
In most other designs, the whole of the element
must move vertically, and the total mass is limited to
the allowable vertical mass. The cantilever move-
ment has the added advantages that vertical move-
ment is obtained with the minimum of longitudinal
movement, and the system can be easily designed to
minimize damage due to accidental dropping on the
record. The use of a cantilever, however, introduces
its own lateral, vertical and torsional resonances.
The lateral resonance can probably be avoided, as
the cantilever must be stiff laterally if appreciable
signal loss is to be avoided. The torsional stiffness
could be increased for a given cantilever mass by
making it of tubular form, and its magnitude reduced
by placing the stylus tip as near as possible to the
axis of the cantilever. Vertical resonance of the
cantilever will occur when the stylus is not in contact
with the groove, and in any practical design this
resonance will fall within the audio range. However,
when the stylus tip is in contact with the groove,
and provided the generating element itself has
negligible vertical compliance, there will be no
resonance in the audio range. Considering vertical
movement only, the system has two degrees of free-
dom, Fig. 6(a), and the only resonances will be the
low and high frequency ones already listed. If there
is appreciable vertical compliance between armature
and head, the system will have three degrees of
freedom, Fig. 6(b), and there will be three resonances,
the additional one of the mass of the armature with
the cantilever compliance being within the recorded
range. The armature vertical compliance can be
made very small if the top end of the armature forms a
cup-and-cone bearing with the head; in the case of a
torsional crystal element it may be firmly fixed to
the head.

The cantilever would best be made in a hard rigid

(Continued on page 293)
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plastic, perhaps phenol-formaldehyde, as this would
have the greatest stiffness/weight ratio of any practical
material, this being proportional to modulus/
(density)®. Sapphire and diamond would be too
heavy for tips, at least for microgroove, so that a
one-piece replaceable plastic moulding could be used
for stylus plus cantilever.

Soft Styli.—In passing, it should be noted that
the usual objections to soft needles will not apply
here; as the yield stress and modulus of the stylus
will be appreciably greater than those of the record
material, there will be no serious deformation of the
stylus, and fairly accurate tracing with reasonable
life would be obtained. Conditions would bear no
relation to those of the conventional thorn under, say,
40 gm playing weight, under which the point is
deformed to contact almost the whole of the groove,
with consequent distortion and top loss. The other
conventional objections to thorn are the possible
embedding of either sharpening or other dust
with consequent abrasive wear of the grooves,
the thorn acting as a lap. The possibility of dust
from sharpening being embedded is much
exaggerated; every day in industry, millions of sand-
papering and grinding operations are carried out on
all types of material and particles of abrasive are
virtually never embedded in the work. It is possible
to get embedding of abrasive, particularly with
certain soft and ductile metals, but it occurs only
with unsuitable grinding conditions, and virtually
never occurs with the free-working non-metallic
materials. Regarding the embedding of ordinary
dust, if the record is cleaned sufficiently well each
time for the noise due to dust to be inaudible, it is
difficult to see how such dust as remains could be-
come audible, and the rate of wear, if any, would be
extremely small. Further, it is by no means certain
that abrasive wear by such means actually occurs;
for lapping -to take place, the lap must normally
be much softer than the material to be lapped. In
the present case, the plastic will be harder than
vinyl or (unfilled) shellac.

The relatively low modulus of soft styli, compared
with sapphire or diamond, will increase the stylus-
record compliance, which will lower the lateral and
vertical high-frequency resonances. Again, a high-
modulus plastic must be chosen, when the effect
will probably be slight, but, if necessary, a further
reduction in mass at the stylus point must be made.

Tracing Distortion.—This is by far the most
serious form of distortion in record reproduction.
It can be very distressing on shellac records, and is
tolerable on vinyl only by reason of the elastic
deflection of the groove walls, which reduces the
tracing distortion but introduces a further type of
distortion which is less serious. Severe record damage
will result from overmodulated traces, however
light the pickup. When the trace radius is equal to
or less than the radius of the stylus at the point
of contact with the walls, the stylus is required to
change its direction instantaneously, which requires
infinite deceleration and acceleration thus giving
groove deformation and rattling. On 78 r.p.m.
records an elliptical stylus is essential to reduce
tracing distortion to tolerable limits. Thus a 3-mil
bottom radius/1-mil lateral radius stylus can be used,
reducing the tracing distortion by a factor of 6;
the tracking weight must be reduced to about half
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Fig. 6. Vertical systems with two and three degrees of
freedom.

that for a 2.5-mil stylus. With microgroove records
no such course is possible, and tracing distortion is
more serious than on 78 r.p.m. records played
with an elliptical stylus.

The high tracing distortion of microgroove re-
cords is due to the excessive high-frequency pre-
emphasis used, as the de-emphasis in playback
only partly offsets the distortion caused by pre-
emphasis. The NAB characteristic, giving 16 dB
rise at 10 kc/s is particularly bad—to quote Hunt,
it ““effectively guarantees excessive distortion.”
As a result, the A.E.S. standard curve, giving 12 dB
rise at 10 kc/s; was adopted. The purpose of the pre-
emphasis is of course to reduce surface noise; as
the noise of good vinyl records is barely audible,
it seems that even the 12 dB rise could be reduced
without surface noise becoming objectionable. The
noise level is reduced by about 6 dB for the 12 dB
boost; if this were reduced to 6 dB, there would be
an increase of 3 dB in noise level, which would
be barely noticeable, with a reduction in tracing
distortion by some factor approaching 4, which
would be a very noticeable improvement. If there
were no pre-emphasis, the noise level would be 6 dB
higher than the A.E.S. standard, which would
still be very much lower than shellac, and tracing
distortion would be drastically reduced.  This
point has been well made by Viol'®,

An attractive alternative to dropping pre-emphasis
would be 78 r.p.m. microgroove records—there would
still be sufficient playing time per side that breaks
would come between movements of symphonies,
etc. The use of high-frequency pre-emphasis per-
haps has more justification for shellac records where
surface noise is high, but even here the gain may be
largely offset by the increased tracing distortion.
In any case, with a lightweight pickup, say less than
10-15 gm, there is no reason why 78 r.p.m. records
should not be made in vinyl.

Dutton!’ has shown that for a given maximum
level of tracing distertion, disc diameter, and average
groove spacing, there is an optimum speed of rota-

14Watts, C. E., Reported in Wireless World, Dec., 1949,
“Pierce, J. A., and Hunt, F. V., ¥. Acous. Soc. Amer., Vol, 10, No. 4,

July, 1938.
“Vlfgl, F. O., Proc. 1.R.E., Vel. 38, No. 3, March, 1950.
“Dutton ,G. F., Wireless Waﬂd, une, 19%1.
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tion of the turntable, giving the longest playing time.
He states that at a groove speed of 16in/second, on
standard 78 r.p.m. records, tracirg distortion is
apparent (this is rather an understatement), but
that quality is not noticeably impaired at 22in/sec.
The corresponding velocities for micregroove records
(presumably allowitg for high-frequency pre-
emphasis, etc.) are stated to be lower by a factor
of 1.6, i.e., 10in/sec and 13.75in/sec respectively;
at this latter speed distortion is about 49, and it
increases very rapidly to about 16% at 10in/sec.
On the basis of a minimum speed of 10in/sec., a
12in. disc gives a maximum playing time of 22
minutes at an optimum speed of about 331 r.p.m.
However, if we take the preferred minimum speed
of 13,75in/sec., the maximum playing time is about
16 minutes at a speed of about 45 r.p.m.; 334 r.p.m.
gives a playing time of 15 minutes, and 78 r.p.m.
gives 14 minutes. In other words, on the basis of
work done by a well-known record manufacturer,
if good quality is to be obtained, 15 minutes is about
the limit of playirg time, for a 12in disc, and the
speed . of rotation makes very little difference. In
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Fig. 7. Suggested revision of recording characteristics.

fact, the differences are so small that the trouble and
expense of charging speeds and obtainir g new turn-
tables (usually more expensive than for 78 r.p.m.,
owing to the need to reduce rumble) was quite
unjustified—the microgroove vinyl 78 r.p.m. record
was the obvious choice, and speeds were doubtless
charged only because the Americans had already
done so. It has been argued that the slower speeds
have the advantage of givitg more margin for
squeezing in an extra minute or so to enable the
item to be completed; this is justified if the passage
is a cuiet one, but this does not often happen at the
conclusion of a work. The fact that most 12in
l.p. dises -run for 20-25 minutes, and some for as
much as 32 minutes, shows that this advantage is in
fact a very serious disadvantage if high quality
is to be obtained; with 78 r.p.m. micrcgroove discs,
excessive squeezing in would be prevented by the
label. There are even some gramophone enthusiasts
who consider that on certain Lp.s, the musicians
were persuaded to hurry through the work in order to
squeeze it on to one side of a very lorg playirg Lp.
disc, when it would have been better to take two
sides. If high-frequency pre-emphasis were not
used on microgroove discs, it would be possible to
go to a lewer minimum groove speed, say 8iin/sec,
for good quality, when a playing time of about 26
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minutes would be obtained on a 12in disc, run at
22 r.p.m,

On the subject of recording characteristics, it is
interesting to note in passing that Hunt5 has pointed
out that the maximum output for both speech and
music drops off at rather more than 6 dB per octave
below 250-300 c/s, i.e., the usual bass cut in record-
ing is unnecessary. The advantage of no bass cut
is obvious—Iess equalization required, i.e., less waste
of precious output volts from the pickup, with the
elimination of hum and rumble problems. There is
some doubt about published curves for maximum
output, as it is possible that transients and organ
notes reach higher levels; nevertheless it would be
interesting to know if bass cut is really necessary to
avoid overcuttir.g, or whether it is simply a hang-
over from the days of acoustic recordirg, when the
recordirg equipment unavoidably gave such a
cut. The suggested recording characteristics are
given in Fig. 7. :

Returning to the problem of tracing distortion,
tegether with pinch effect and the need for vertical
motion of the stylus, the whole difficulty would
disappear if the original groove were impressed
with a spherical stylus, a duplicate of the reproducing
stylus, instead of beirg cut with a chisel. As the
area of contact of the groove with the stylus would
now be greatly increased, deformation and wear
from existirg pickups would be almost eliminated.,
The limitirg trackirg weight for an impressed
groove is difficult to calculate but would be about
0.9 gm for vinyl for the elastic range. With a com-
paratively slight reduction in existirg tracking
weights of the best pickups, there would be no damage
whatsoever to record grooves and frictional wear
of both groove and stylus would be very low. It
might be necessary to use very close tolerances on
dimensions of both recordirg and reproducing
styli, to avoid an oversize stylus beirg forced into
the groove, or an undersized one from skatirg,”
but this would be a very small price to pay, especially
as the reproducing stylus would be virtually ever-
lastir g for normal users. Alternatively, a V-groove
could be impressed with a conieal stylus, which
would give a greater contact area and hence even
higher limiting trackirg loads. By making the bottom
radius of the reproducing stylus larger than that on
the recordirg one, skating would be avoided and a
universal stylus becomes possible.

An impressed type of groove would doubtless
require considerably more power for recording than
a cut groove, but this might be offset by recording
at a h;gh temperature, either by means of a heated
stylus or by heatirg the blank. Thus the normal
hard type of recording wax or lacquer could be
impressed while hot and soft. There are doubtless
other difficulties, but the advantages to the record
user would be so great that every effort should be
made to produce impressed-groove records.

The impressed type of groove, with the high
trackirg weights possible without serious groove
damage, makes the acoustic gramophone once more
possible as a high-quality reproducer. Although
there may be many limitations on the quality
obtainable, some improvement in design is doubtless
possible, and it should be remembered that the
best acoustic gramophones have a clarity of repro-
duction which is not matched by many commercial
radiograms.

Wireress WoRrLD, June 1957
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National Gramophone Conference

VIEWS ON REPRODUCTION OF COMMERCIAL DISC RECORDINGS

A CONFERENCE organized by the National Feder-
ation of Gramophone Societiés was held at High
Leigh, Hoddesdon, from 5th-7th April. Seventeen
talks or recitals on music or sound reproduction
were given.

From the point of view of readers of this journal,
perhaps the most interesting talk was given by

Stanley Kelly. This dealt mainly with reproduction

of commercial disc recordings. The overall picture
which he drew of the ultimate quality obtainable
was rather pessimistic,

The distortion due to pinch effect, which depends
only on the geometrical factors of stylus and signal
groove radius, can cause up to about 30 per cent
third harmonic distortion at 10 kc/s on normal 33%
L.p.1. microgroove records, especially at the inner
grooves. These harmonics are, of course, inaud-
ible but the associated lower frequency intermodu-
lation products will not be. This intermodulation
is aggravated by the normal practice of pre-empha-
sizing the high frequencies on recording. The extra
harmonic distortion thus introduced—since har-
monics are necessarily at a higher frequency than
the fundamental-—is removed when the correspond-
ing de-emphasis is applied in playback; but again
this does not apply to lower frequency intermodu-
lation products. This distortion provides some of
the “brilliance ” often associated with “hi-fi» sys-
tems. From this point of view recording at 78 r.p.m.
with a constant velocity characteristic at high fre-
quencies had much to recommend it, and such
recordings were known to give very good results.
Unfortunately, even if customers could be persuaded
o accept once again the shorter available playing
times, the expense of the vinyl discs makes such
recording commercially unattractive.

In Mr. Kelly’s opinion the lightest practical can-
tilever arrangement would have an equivalent mass
referred to the needle point of at least 1 milligram.
The stylus mass itself will weigh about half a
milligram. It is clear then, that with the tracking
weights at present in use (of the order of. 5§ grams)
accelerations of approximately 10,000g which can
be recorded will not be accurately traced on play-
back. Experiments on an inertialess « light-beam ”
pick-up gave very noisy results.
ably due to roughness in the recorded groove which
would be smoothed out by inertia effects in a normal
pick-up. :

Stylus Wear

Mr. Kelly stressed the importanece of stylus wear
—70 per cent of the complaints received by one
pick-up manufacturer were found to be caused by
Wworn styli. Dust is a very potent source of wear.
Increases of sapphire lives of up to 30 times have
been obtained by careful removal of residual dust
by a brush accessory, by air conditioning, and by
dispensing with coal fires! Intense local heat can
be produced by the action of the stylus on groove
asperities. Using a deliberately dirtded record
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This was prob-

evidence has been obtained of actual welding of
dust particles to the stylus. The resulting uneven
shape will produce rapid record wear. 1he main
advantage of using a diamond stylus may be simply
that it has a higher melting point, so that such
welding is less likely. Wear could perhaps be
reduced by lubrication but, owing to surface tension
effects it is difficult to get the lubricant properly
into the groove.

Faking Recordings

Mr. Lionel Salter gave a very interesting and
profusely illustrated taik, mainly in support of the
view that the recordings of certain works should,
from artistic considerations, be deliberately “fakea ”
so that they would not correspond to the recorded,
or indeed to any actual performance. This view
may be regarded as heresy, but Mr. Salter put it
forward very persuasively. :

One example is in the recording of concertos
for instruments with a very weak tone, such as
the harpsichord of fortepiano (a forerunner of the
modern piano). If these instruments are played
loud enough to balance the orchestra, they produce
a very uninteresting sound. In Mr. Salter’s view
it was better for them to play at their normal level,
and to amplify their sound using a separate micro-
phone in recording. As a test piece for showing the
difficulty of achieving a good recording balance he
instanced Mozart’s double concerto for fortepiano
and harpsichord where the amplification necessary
is different for each instrument.

Certain echo effects occasionally asked for by
composers can be much more effectively produced
by artificial reverberation. A very simple but con-
vincing further case is where the choir is asked
to fade away gradually singing a repeated phrase
(such as at the end of * Neptune ” in Holst’s Planets
Suite). This is very difficult to do perfectly natur-
ally, but can be very simply produced artificially
by gradually turning down the volume control to
the recorder while the choir sings at the same level.
The illustration was certainly better than your re-
porter has ever heard it sung at a concert.

Mr. Thurlow-Smith of Eroica Recording Services,
Manchester, gave a very amusing yet instructive
practical talk on “The uses and abuses of the
domestic tape-recorder.” The most important thing
in tape recording was to label the tape! In Mr.
Thurlow-Smith’s opinion, for any serious recording,
even with an ordinary tape recorder, it is necessary

, to use a good microphone.

“88-50"” PRE-AMPLIFIER i
[
]

It is regretted that the article describing the pre-
amplifier designed for use with the *88-50 " power
amplifier (April issue) is unavoidably held over until
next month’s issue.

-
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RANDOM RADIATIONS

By ‘“DIALLIST"

When, Oh When ?

ALTHOUGH the Norwich tele-
vision station has been using its
permanent aerial since Christmas,
East Anglians are still awaiting the
inauguration of the permanent trans-
mitters. So far only the temporary
transmitters have been used which,
even with the permanent directional
aerial, give an e.r.p. of not more than
1.5kW. I understand that, although
the permanent transmitters are
already installed, the G.P.O. has not
yet given permission for them to be
brought into use. The reason is that
the station, with its permitted e.r.p.
(depending on direction) of from
1 to 10 kW, would cause considerable
interference in the service area of
the Belgian station at Liége, which
is temporarily working on low power.
Near the east Suffolk coast the result
of the continued use of the low-
power transmitters means that
people who bought receivers in
anticipation of a reasonable signal in
their area find that the field strength
is around 100 xV/m instead of 500.
And that, as you know, makes all
the difference between a good picture
and one that’s “snowy ” and always
liable to get out of sync. It also
means that with TV sets being run
all-out every scrap of interference
makes its unwelcome presence seen
and heard. When Norwich will
radiate on full power no man can
say. But those who live in East
Anglia and parts adjacent fervently
hope that it won’t be long.

Good Work !

FRANCE has given a lead which
we would do well to follow in the
matter of getting rid of interference
from motor vehicle ignition systems.
Within a year all users of such
vehicles will be compelled to have
them fitted with suppressors. Why
we can’t do the same thing I don’t
know: all that we’ve done so far is
to make it an offence to sell a new
car that has not been so treated.
That’s all very well, so far as it goes;
but there are still large numbers of
cars on the roads which were built
before this regulation came into
force. Not long ago I spent an
hour or so checking the interference-
producing proclivities of the cars
and lorries which passed my window
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and found that quite a number of
the newer ones were just as bad in
this respect as the old-stagers. One
wonders if some suppressors have
been removed, which is, of course,
an offence.

A C;)nsole Problem

MUCH AS 1 like television receivers
of the console type, partly because
those with full-length doors can be
such attractive pieces of furniture but
mamly because there’s room enough
in them for a good-sized loudspeaker,
I've one quarrel with those who
design them. If you want to view in
comfort and to avoid eyestrain, as no
doubt you do, the centre of the
screen should be at just about the
same height above the floor as is
your eye when you’re sitting in your
favourite chair. Now, a typical
centre-of-the-screen height for a
console is about 28 inches, The
height of your eye above the floor
depends on what sort of chair you’re
using and how tall you are. But
generally speaking it’s likely to be
between 35 and 40 inches. At any
rate, it’s a good bit more than 28
inches. This means either that you
look down at the screen, or that you
sit forward, bending your back and
being hable to get a crick in the
neck.  Stands whose height is
adjustable are, I believe, available for
table models. Couldn’t some ingeni-

ous designer of cabinets give us a
console that would increase the
comfort of viewing? I don’t mean
that the cabinet should be taller, for
that would make it look ungainly.
Wouldn’t it, though, be possible to
have the top compartment of the
cabinet separate from the lower one
and mounted on spring-loaded
extending supports? Then when the
doors were opened the screen could
be raised to a pre-set height; at the
end of the evening the upper part
would be pressed down into place
again and secured by closing the
doors.

They Say . ..

SOME queer rumours get about, and
it’s surprising to find how quickly
they spread, even amongst intelligent
people. The other day a friend said
to 'me: “I’'m told that as soon as
this v.h.f. scheme is completed all
present wireless sets will be obsolete
and useless.” He would hardly be-
lieve me when I assured him that if
he wanted to go on receiving with the
long-wave and medium-wave set
that he has, he’d be able to do so for
many years to come. So convinced,
in fact, was he that there was truth
in the rumours that it wasn’t until
he’d written to the B.B.C. and had
a reassuring answer from them that
his mind was at rest. It’s much the
same with colour television; Iots of
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people believe the absurd rumour
that all existing receivers will have to
be consigned to the dustbin if and
when it comes along. Rumours such
as these do a lot of harm. I’ve heard
folk say:-“It’s no good buying a
television set now, since colour will
make it useless so soon.” It’s no
use telling them that colour ism’t
just around the corner, or anything
like it, and that existing sets will be
as useful as they are now when it
does come. They’d rather believe
the know-alls (or know-nothing-at-
alls).

OBITUARY

Canon H. R. Wilkinson
Dr. H. ¥. Denham, of Cossor’s, writes:

BEST known to the public as the
possessor of Cromwell’s head, Canon
H. R. Wilkinson, who died on April
13th, was, however, one of the first
wireless enthusiasts, As far back
as 1907 he was operating a full-size
spark transmitter, working chiefly
with a relation in the Navy who was
engaged in developing Naval equip-
ment. In those days he was Vicar
of Stoke-by-Mayland in Suffolk, and
his first aerial was slung from the
tower of its noble perpendicular
church on the hill top. His receiv-
ing equipment was on the grand
scale, and his main inductance (200-
3,000 metres) was, if the memory of
a small boy can be trusted, about
four feet long and a foot wide, rec-
tangular in section. There were the
remains of a magnetic detector of his
own design, but he was using crystal
detectors, molybdenum-zincite and
zincite-copper pyrites, which burned
out almost every time he transmitted
in spite of a fantastically complicated
key which short-circuited everything.

He was a brilliant mechanic, and
his house was always full of ingenious
contrivances which would have de-
lighted “Free Grid.” He served
with the fleet as a naval chaplain, in
the first world war, collecting several
grants for ingenious gunnery inven-
tions and an O.B.E. He never took
up transmitting again, but retained
his interest in radio till his death at
the age of 85.

Among his many achievements was
the wiring up of his Church for car-
bon microphones for the benefit of
patients in a sanatorium five miles
away, to which, with voluntary help,
he ran a cable. )

Last year he took up “hi-fi” with
characteristic enthusiasm, because he
could distort it to make up the de-
ficiencies of his hearing-aid, and up
to the age of eighty he made the
rounds of his rural-deanery, on a
motor cycle., A most remarkable
man, and a well-loved priest.
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LIST NO. J.é.
closed-circuit panel mounting jack with
silver-plated solder tags for reliable

Ruggedly constructed

connections. Gives continuity between
“ "

terminai-tags when plug is out.

LIST NO. J.2. Similar Jack to List
No. J.6; s.R.B.F. insulation, nickel-plated
front of panel nut. General purpose
open-circuit Jack.

LIST NO. P.38. Slender handle Jack-
plug, interior screw terminals; in highly
polished bakelite case. Ideal for close
grouping.

LIST NO. P.215. Flat-headed Jack-plug,
minimum projection from panel and side- -
entry for flex. Highly plated metal parts
and interior screw-terminals.

LIST NO. P.38/P. Unbreakable Jack-
plug, similar to P.38 but moulded insula-
tion is of P.v.C. ldeal for use in hospitals,
schools, churches and anywhere where
intercommunication systems are required.

LIST NO. P.500. Metal-cover Jack-plug,
designed to reduce Electrostatic inter-
ference pick-up from outside sources.
Also made in a co-axial version- (List No.
P.500/Co-Ax.).

LIST NO. P.505. A three pole version
of List P.215 (above). Interior screw
terminals on two-poles, solder-tag for
tip pole. Side-entry for flex.

LIST NOS. J.11-22. Standard panel-
Jacks with 2in. 2 Panel-Bushes, ‘‘ Panel-
area "’ occupied=%in. x }in., rear depth
approx. 2§in. Rust-proofed frames, spring
‘“ nickel-silver " leaves, pure silver
contacts. A ‘wide range of contact-
combinations. Masking and bushing-
accessories available.

SEND FOR CATALOGUE
197/WW.
PRICE 1/- POST FREE
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UNBIASED

The Audio Unfair

THE TITLE 1 have given to this
particular piece of unbiased com-
ment might well have been applied
to the Audio Fair, judging by the
arbitrary, indiscriminate and random
manner in which “invitations ” were
distributed. Even at the offices of
W.W. admission tickets were, to use
the jungle English of to-day, “in
short supply,” and many hundreds
of readers who did not get one must
be feeling aggrieved. It was certainly
not the Editor’s fault, however, as he
did his best with the number he
received, and even withheld one from
me. As he rightly said, if I hadn’t
enough initiative to get in without
one, I had no business to be writing
for W.W.

I suppose everybody knows that,
unless exhibitions are held in build-
ings provided with a sufficient num-
ber of exits and other precautions
against fire, admission must be “by
invitation only ”; in other words, it
is permitted to incinerate your
friends but not your customers. For
exhibitions in which a large number
of more-or-less soundproof demon-
stration rooms are needed, an ordin-
ary exhibition hall is out of the ques-
tion, and only an hotel with its
numerous bedrooms will suffice,

It has been suggested that the
radio industry should build its own

. exhibition hall complete with demon-
stration rooms, and hire it out to
other exhibition organizers when not
wanted for radio or audio shows. But
what other exhibition requires a hun-
dred soundproof rooms? The
answer is none. But surely, if every
room had a built-in closed-circuit
TV screen fed by a standard cinema
projector, it could be used as a verit-
able cinema de luxe. The rooms
would be booked up for weeks ahead
by those self-respecting courting
couples who are at present compelled
to patronize the local cinema for
their petting parties, to the annoy-
ance and physical discomfort of those
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By FREE GRID

who have come along to see the films.

But I digress. I used my initiative
as the Editor suggested, and got into
the show with little difficulty.

I have left myself but little space
to talk of the exhibits, and so, being
a stereo fan, will content myself with
referring to the realistic demonstra-
tion of the new stereo-on-disc
records. The ease with which discs
are changed put them a good step
ahead of stereo-on-tape, but one or
two firms are already pionéering with
the idea of tape records in cassettes.
In these the “record” consists of
two spools housed in one container,
Like the cassette of a magazine-loaded
ciné camera, which can be slipped
into position as easily as a disc.

Influencing ERNIE

WHEN you read these words in the
closing days of May I shall probably
be sitting in an hotel in Lytham St.
Annes, Lancs., working out final
details for improving my financial
position to the tune of, I hope, several
thousand pounds in what I believe
to be a perfectly legal and moral
enterprise.

As you will know, the first draw
in the Premium Sav’in.gs Bond ven-
ture is to start at 9 a.m. on June 1.
The gentlemen of the Press—which,
believe it or not, includes me—are
invited to be present while the
£1,000 and £500 prizes, numbering
about 250, are allocated by ERNIE,
the electronic roulette wheel de-
veloped by Post Office engineers.

Technical details about ERNIE
(Blectronic Random Number Indi-
cator Equipment) appeared in W.W.
last September. Reading this descrip-
tion started me on my great venture
which, to put it briefly, is to provide,
from electronic apparatus concealed
about my person, some not-so-
random interference to try to in-
fluence ERNIE’s numerical selections
to my own pecuniary advantage.
Obviously I can’t reveal the details
at this stage, but, briefly my equip-

1 used my initigtive as the Editor suggested

www americanradiohistorv com

ment consists of a programmed pulse
generator feeding into a miniature
magnetron transmitter with a highly
directional microwave dish built into
my bowler hat. A flexible waveguide
run up the back of my neck will be
concealed by long hair specially
grown for the purpose.

As for the moral issue as to whether
I am justified in trying to influence
ERNIE to show more favour to me
than to others in the audience who
may have bought bonds, I would
point out that anybody is at perfect
liberty to bring his own not-so-
random interference generator and
try to beat me at my own game.

It then becomes a test of skill and
not merely a game of chance. In
fact, by turning a game of chance into
one of skill I ought to earn approba-
tion from high ecclesiastical authority
rather than the censure which
ERNIE’S progenitor has received.

Radio Peediatrics

IT MUST be over 30 years since
details were first published in this
journal of a baby-alarm consisting of
a simple microphone hanging over
the child’s cot for conveying signals
of distress to the radio set downstairs,

This old-fashioned device is still
in use despite a suggestion made
more recently that the child’s cries
could be fed to an electronic analyser
which would, according to the result
of the analysis, trigger off an auto-
matic nappie changer or a lullaby-
loaded juke box to restore peace to
the night nursery.

The latest idea from the U.S.A. is
to provide the child with a musical
pillow. No details are given but I
can only conclude that American
babies are easily satisfied. Surely it
would be improved if the pillow gave
out the sound of the mother’s
recorded voice admonishing the child
to silence. Why not arrange for the
child’s cries to release a pre-deter-
mined quantity of nitrous oxide such
as the dentist gives us?
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incorporating 24 calibrated ranges.

One sweep of the main calibrated dial covers four decades and
assures a very rapid search for balance. This, combined with an
automatic scale expansion device, enables the two lower accuracy
decades of the main scale to be read at full scale accuracy.

Leakage currents can be measured
down to 0.01 nA at 450V, thus
representing an ability to read up to
45,000 MQ. Balance indication is
clearly shown by a panel meter
operating in conjunction with a valve
voltmeter circuit.

For production checking, the Bridge
has been fitted with a 4 10% com-
parison scale for use with external
standards.

Resistance measurements employ
D.C. When measuring inductance
and capacity, the Bridge network
is fed from an internal 1,000 cfs
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iy 12 ] I » 30 a0 o3 XN S 00T
bt e o bt b binsad ¢ 1y e f b Bl e it hpgpaisneb et g te bt o DLy
LmH <} 23 a0, 42 o i mii=ao s | » 7 s 8o 0 a0 mNL
W obgsdsaa batdiderendsgdaboenibigpitits hn-_luu]_“ulhulup_h_u;lnnlnulvnxluuln»ubuu H
-4 3 ] Al =5 s 4 s 2 ' o :i 2 3 4 s £ 7 P ) 5> 45
—/,'Lu_LLlnlL.luJ‘l_LuuLuulunlunhu'xLu (lill]‘lll]ln;{ll’ll]ll‘llljll'*lllll!IllllLilllliAul‘AlllI+/'

THxs new‘“‘Avo’’ Instrument is a self-contained mains driven model

BRIDGE

Presentation

Universal

MEASURING
BRIDGE Type 1

List Price £75

oscillator. Intermal capacity strays RESISTANCE: 6 calibrated ranges covering 0.1Q to 1,000 MQ.
have been eliminated electronically. (Accuracy +1% at midscale).
The instruction manual provided CAPACITY: 6 calibrated ranges covering luuF to 1,000xF.
shows how components can be tested (Accuracy 1% at midscale).
S SIE INDUCTANCE: 6 calibrated ranges covering | mH to 1,000 H.

Dimensions: 155 x 105 x 10 ins, approx.
{with lid closed)
Weight: 16 Ibs. approx.
er Supply: 100-110V, and 200-250V.
paw 4 A:C, 40-65 cfs.

Vi€toria 3404 (9 lines)

Fhe AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD

AVOCET HOUSE

(Accuracy +2% at midscale).

S.W.l.
mB/

+ 92-96 VAUXHALL BRIDGE ROAD . LONDON -

A
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High performance . .. wide applications . . . truly portable

~In the Solarscope CD 614 we have BRIEF SPEGIFICATION:

included all the valuable features of N BN it 4
heavier and more expensive oscilloscopes gl ISP ES U LR T gy

. . : » SENSITIVITY CALIBRATION
while producing a truly portable By a 50 c.p.s. square wave
instrument at an economical price. EXPANSION
It is particularly suited for radio 10 diameters nominal’
et CALIBRATION
. cpmm_umcat;on, radar’ TV and By O-1 uS, | uS, and 10 S markers 4= 5%
applications involving pulse work and TR BTG
transient mvestigations. 10 c.p.s.—200 Kefs. Trigger from TV frame block

THE SOLARTRON ELEGTRONIC GROUP LTD.

THAMES DITTON - SURREY - TELEPHONE: EMBerbrook 5522 -+ CABLES: SOLARTRON, THAMES DITTON
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leading technicians
throughout the world
use the

E4% Mullard

Dual Trace Oscilloscope

Scientists and technicians throughout the world
recognise that the quick, easy and accurate way
to measure and compare waveforms is to use the
Mullard Dual Trace Oscilloscope L.101 MKk, 2.
Many hundreds of these oscilloscopes are now
helping to speed production and research.

Here are some of the advanced design features
The DUAL TRACE OSCILLOSCOPE that have brought this instrument international
TYPE LI0I MARK 2 as used by recognition: Two signals can be locked steady on
the graticule for comparison and measurement by
the turn of a knob. Two amplifiers preserve their

Research Laboratories
Government Establishments

¢ Communications and Television frequency response on all gain settings—each has

Development Laboratories a 4Mc/s bandwidth (0.1us rise time) irrespective
* Hospitals of sensitivity, and a maximum sensitivity of
: g::::i::eéngin - 20mV pk/pk-cm. There is no interaction between
o Electricity Supply Authorities channels. Free running or triggered, the time
e Audio Engineers base has sweep speeds from 0.1ys/cm to 10ms/cm
¢ Nucleonic Engineers and the trace may be expanded five times. Both
: k‘iit:r‘;';e:‘ia::l‘::cf:fe'::"s voltage (+5%) and time (++10%) are measured by
e Telephone Manufacturers the null method and calibration accuracy is pre-
¢ Qil Refineries served by a well regulated power supply.

Precision Precision Pulse Regulated Voltage Wide-Range Transistor High & Low
Oscilloscope Generator Unit Valve Voltmeters Tester Pass Filters

Manufacturers and design engineers are invited to write for full details

ll of the Oscilloscope L.101 Mk. 2 and other instruments in-the Mullard range. )
u ar MULLARD LIMITED - EQUIPMENT DIVISION . MULLARD HOUSE \v/
SPECIALISED ELECTRONIC . 3 .
TORRINGTON PLACE - W.C.l . TELEPHONE: LANGHAM 6633

EQUIPMENT

@ ME608a
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ROLA CELESTION—

acknowledged leaders for over 30 years in

the design, development and manufacture

of loud-speakers for all purposes .. . world

famous for quality of reproduction, sensi-

livity in performance and long life under

all climatic conditions.

LOUDSPEAKERS

rURPOSES CEI.[S"ON

‘l{ l C) l “r0 L l FERRY WORKS THAMES DITTON, SURREY
Ola e ('!Sf‘.lon {( «. Telcphone: EMBerbrook 3402
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It’s time we
restated the
Ferrograph
policy

IN SIX MODELS:

For portable use

Model 3A/N 79 gns.
Model 3A/NH 86 gns.

Permanent Installation

Model 66N - 84 gns.
Model 66H - 88 gns.

Stereophonic sound

Stereo 77 -
Stereo 88 -

98 gns.
105 gns.

WIRELESS WORLD 5

W;Z take pride in the fact that the first Tape
Recorder ever to be designed and wholly manu-
factured in this country was the Ferrograph.
That was eight years ago. Today there are so
many different makes on the market that the
production of Tape Recorders is almost an
industry in itself.

During this period of continuous development
and expansion, one thing has not changed—the
Ferrograph policy. When a manufacturer is
faced with an almost insatiable demand it takes
courage and determination not to relax—if only
temporarily—some of the high standards on
which his reputation has been founded.

From the beginning this Company has had
but one aim : to make the finest Tape Recorder
that this country, with its abundance of tech-
nical skill, can produce. We remain true to
those ideals.

We do not believe that Tape Recorders of
the standard of the Ferrograph can be produced
in larger quantities without some compromise
with quality. To those, therefore, who have
had to wait for their Ferrographs we offer this
apology.

That the Ferrograph policy is right can be
judged by its ever-widening circle of users among
the world’s Broadcasting stations—in industry—
in music—in education—in medicine. Wherever,
in fact, performance and dependability are
assessed at their true worth and not in cost
alone, there you will find the Ferrograph.

If you intend choosing your new Tape
Recorder by the same measurement, you may
feel that any delay in delivery is but a temporary
embarrassment soon to be forgotten in the
pleasure of owning such an outstanding
instrument.

Full details on request from

BRITISH FERROGRAPH RECORDER CO. LTD

A SUBSIDIARY OF WRIGHT & WEAIRE LIMITED

131 SLOANE STREET -

LONDON -

S.w.t .

Tel: SLOane 2214/5 and 1510
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[ 0-03¢/5-30¢/s

V.L.F. SIGNAL GENERATOR
Type 852

FREQUENCY RANGE
0.03 ¢/s-0.3 ¢/s.
0.3 ¢/s-3 c/s.
3 ¢/s-30 c/s.
HARMONIC DISTORTION
Less than 29,.

OUTPUT LEVEL
500 microvolts-50 volts.

NORMAL OUTPUT
IMPEDANCE
10k ohms.

LOW OUTPUT IMPEDANCE
150 obhm from a cathode
follower.

THE NEW Airmec Signal Generator Type 852 produces a sinusoidal signal
continuously variable from 500 microvolts to 50 volts peak with small distortion
over the frequency range 0.03 ¢/s to 30 c/s.

A variable speed motor used in conjunction with a three-speed gear box drives a
specially designed modulating capacitor which modulates a high frequency signal.
The modulated signal is rectified and amplified in a direct coupled amplifier employing
negative feedback. The output frequency is adjusted by varying the speed of the
D.C. motor and is indicated on the dial of a 6in. meter.

Since the frequency of the output signal does not. depend upon the use of very
high value resistors or capacitors, a good long term stability is obtained.

QUICK DELIVERY
PRICE £100

Full details of this or any other Airmec
instrument will be forwarded gladly on request.

AIRMEC Limitep

HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND

Cables : Airmec High Wycombe Telephone : High Wycombe 2060
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Distortion detected -
Transmission unaffected

with the T.D.M.S.

The T.D.M.S. 5A and 6A are
portable sets designed to measure
distortion at any point in a

radio teleprinter or line telegraph
circuit without interfering with
normal transmission. The
equipment consists of two units
each 184" x 11}” x 13}” both
mains driven and electronically
controlled. Either may be used
independently for certain tests or
both may be used in combination
to cover a comprehensive range of
testing operations.

T.D.M.S. 5A

Sends an automatic test message, or characters, or
reversals at any speed between 20-80 bauds with or
without distortion. The CRO has a circular time base
for distortion measurements on synchronous signals
only, or relay adjustment. Weight 37 Ib.

For distortion measurements on working circuits
without interrupting service. Each element

of a start-stop signal appears separately on the
spiral time base display. Adjustable

speeds from 20-80 bauds. Weight 33 Ib.
Higher speed versions can be supplied to order,

T.D.M.5. 6A

You are invited to apply for a copy of a descriptive leaflet.

AUTOMATIG TELEPHONE & ELEGTRIG GO.L1D.,

STROWGER HOUSE, ARUNDEL STREET, LONDON, W.G2.
TELEPHONE : TEMPLE BAR 9262. CABLEGRAMS : STROWGEREX LONDON.

ATI4611-BX107
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Splendid

Jung, 1957

Isolation

and how to achieve it in the air

ALwAYs the unrelenting enemies of the delicate
and the vulnerable, shock and vibration are being
reduced to impotence by a new and more effective method
of isolation.

Today airborne electronic equipment rides safely —
on “BARRYMOUNT” Isolators, air-damped to provide
smooth, sweet travel for mounted apparatus. Because

TYPE GB 896

Your equipment rides safely on the

they’re air-damped there’s no snubber contact even at
resonance. Because they’re air-damped they offer high
shock resistance. Because they’re made with balloons
and snubbers of cold-resistant natural rubber they
operate efficiently from —40°C to +70°C. And because
of their non-linearcharacteristics they offer greater static
deflection and wider load ranges—a big plusin flexibility.

Give us a shock or the most violent vibration and
we’ll find the answer in a standard ‘“BARRYMOUNT”
Isolator. Specification is simple — though its simplicity
may not always be apparent. Why not get in touch with
us at the earliest possible stage?

The wide range of “BARRYMOUNT” Air-damped Isolators
for airborne apparatus is supported by “BARRYMOUNT”’
Shock Mounts— cup-type isolators designed to absorb
high impact shocks and isolate frequencies above 40 cps
—for mobile and marine equipment. Technical literature
is freely available for both ranges.

MADE IN ENGLAND UNpDEp LICENCE

BARRY ( J3B) MOUNT

FROM BARRY conTmoLs INC- OF G5

“BARRYMOUNT” and “BARRY B MOUNT?" are'Registered Trade Marks

Cementation (Muffelite) Limited -

20 Albert Embankment, London, S.E.11 - Telephone: Reliance 6556
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I don’t pretend to know all the “ why’s and wherefores,” 1 just know it
gives me what I look for and that’s absolute purity of tone. Before I
bought it I tried the lot and the Monarch was way ahead. Another
thing too—it’s remarkably gentle with my precious records—it
plays through a batch of ten all sizes, in any order and has done so
all this time without the slightest fault.

FACTS AND FIGURES

Technical details of listening
tests and performance are
readily available - ask for the
U.A.8. Data Sheet

=

/ B
MonanchlB0

World’s Finest 4-Speed Autochanger!

BIRMINGHAM SOUND REPRODUCERS LTD., MONARCH WORKS, OLD HILL, STAFFS., ENGLAND.

-
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Branding of Wood
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Branding of Thermo-Setting Plastics
300 C.
260 CS0 F. Melting of Enthoven AlominiumiCored Solder
La Sk T
238 C.460 F. 1507 | Meking of 40/60 Solder
T 1
s Melting of 60/40 Solder
200 ¢ [0 C3T4 F. - 3 i
100 C. [y A Marking of Thermo-Plastics
0c
Ouconor 5 6 10 18 20 25 30 3
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TIME /TEMPERATURE CURVE CHART from
the SUPERSPEED SOLDERING IRON
TIP/TEMPERATURE TIME CHECK

The effect of different voltages on initial
heating-up time is shown, Whilst 4V is the
standard voltage normally employed, 6V will
cause no harm, and accumulators are a usefu!
source of current supply.

% Activated by light thumb pressure on the switch
ring. When pressure is released, current is
automatically switched off — thus greatly reducing electricity
consumption, wear on copper bit and carbon element.

% Length, 10”; weight, 3} ozs.; can be used on 2.5 to 6.3 volt supply
(4 volt transformer normally supplied) or from a car battery.

¥ More powerful than conventional | 50-watt irons; equally suitable
for light wiring work or heavy soldering on chassis.

% Simple to operate ; ideal for precision work.

% Requires minimum maintenance — at negligible cost; shows
fowest operating costs over a period.

For full particulars, including guarantee terms and free trial facilities,
Please write 10 the sole conressionaires in this country *—

ENTHOVEN SOLDERS LTD. (Industrial Equipment Division)
Dominion Buildings, South Place, Londoh, E.C.2. MO Narch 039!

Switch to the

as being used by the

Superspeed

Soldering lron

Royal Soctery Antarctic Expedition
Jor the Iritérnational Gevphysicdl Year.

heats up from cold
in 6 seconds!

Manufactured for Enthoven Solders Ltd., by Scope
Laboratories, Melbourne, Australia.

Designed on an entirely new principle, this
light-weight, versatile iron is eminently suitable
for soldering operations in the radio, television,
electronic and telecommunication industries.
For test bench and maintenance work it is by
far the most efficient and economical soldei-
ing iron ever designed. Ideally suitable for
use with Enthoven Aluminium Cored
Solder (melting point 260°C. 500°F.).

\
\

LIST PRICES

IRON 39/6
TRANSFORMER 35/6

All prices and trade
discounts subject to revision
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Heater —_
Starting | 52 Typical Operation
g
y 9 3 -~ —_ = —~ =
Write for data on our extensive @ ge| 2| 2| T 9| %
) 2 s oo | o E ‘:£ = (B2
[ -4 [ < [ o |3
Y E 8|8 | &7 |87 |55
range of Magnetrons 183 .48 Ts2lseq2 |t |3k
> 59 |lal g - x5 |lx2|9 g B
wle [l |e[8 |87 185|323 |3 |8
i < | > < | a. .0 | & a a.
> p 9350-
ENGL] SH ELE CTRIC MSS1|4)52A] * (126 | 2:2 | guon”| 150 | 150 | 1-0 | 1000 | 75

* Denotes Fixed Frequency—Pulsed, Packaged integral Magnet.

ENGLISH ELECTRIC VALVE C0. LTD.

Chelmsford, England

Telephone: Chelmsford 3491

AP 30559
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the most efficient means
of generating H.T. voltages from
low voltage supplies
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This is an accurate summary- of this latest type heavy duty vibrator by Plessey,
a product widely employed in Services equipment.

It is Design Approved and the supply position is good.

For all equipment where of necessity only a low voltage supply is
available—as in certain electronic equipment, public address
systems and portable transmitters — and for equipment where an
emergency supply must be provided against mains supply failure, this

100 watt vibrator is the ideal component.

Equipment manufacturers and Design Engineers are invited to request
a copy of Plessey Publication No. 769 which contains complete technical details

and performance data.

heavy duty vibrators by | Plessey ]

COMPONENTS GROUP - THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX
@ PCz
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A NEW APPROACH ... |
The SPERRY 15 VLT Synchro S530

) N
(Xt

The Sperry size 15 Variable Linear Transformer gives two output
voltages whose amplitudes vary linearly with shaft rotation. It consists
of a rotor with two windings at right angles which rotates in a stator
having a single winding. If the Synchro is connected as shown, the
voltages VR, R, and VR,__R, vary linearly as shown in the
accompanying graphs.

SUPPLY : — The unit is designed to work with a 1000 c.p.s. 10-volt

T §0 =22 A i Y signal applied to the stator, but will work at other frequencies including
x 90" 118 K 360° ROTATIONHH 400 and 50 c.p.s. with suitable adjustment of the signal level.

Py

%
I
P2
et
-

Hi

TRANSFORMATION RATIO: — The rotor output voltage, when
the stator is excited at 10 voits 1,000 c.p.s., is arranged to rise to 5 volts
when the rotor is displaced 45° from a null position. This transforma-
tion ratio of 2:1 varies 4+ 0.2 per cent between the windings in any
one model and + 0.5 per cent between models.

NULL SPACINGS: —@ = 90° % 4.

LINEARITY: — The rotor output voltage rises linearly from,
the null position
=4 04%  0°— 60° displacement
=4 0.5% 60°— 75° displacement
\TIONHH Expressed as a percentage of the output
voltage at 60°.

P T Yy T P e ree

o e | | e
puwnang

= Y 7T 1T P P

ARgAAGARLR ke Al Akt y 225

O
~
> 7

Linear Synchros offer a new approach to a wide range of computing
H problems and may also be used for position control and signal
modulation.

&

st

Corr e

Hir

5s)
+

TRUE LINEAR {
VOLTAGE

Ry-Ry

S =

Advice on their application to your problem is available

SPERRY SYNCHROS

SPERRY GYROSCOPE COMPANY LIMITED, GREAT WEST ROAD, BRENTFORD, MIDDLESEX. Tclephone: EALing 6771
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As leading exporters of Radio Tubes, we have
pleasure in giving hereunder our up-to-date
stock list which comprises approximately 1,900
types in large quantities.

1LK5 2T/450E 5BP4 8AS7G 6FVE 68F5 7E5 1217GT 25Z6GT
1M3 2V/400A 5BP7 BATE 6F8G 65F7 7E6 12K7GT 263
1N5G 2X3 5C/100A 6AT? 6F8GT 68G7 7E7 12K8 27
IN5GT 2X2A 5C/450A 8ATS 6F11 6SH? 7F? 12K8G 278
IN21B 3A4 5CP1 8ATS 6F12 6SH7GT 767 12K8GT 28D7
1N23 3A5 5CP7 BAVS 6F13 6837 7H? 12Q7GT 30
IN34(A) 348 5D21 BAX4GT 6F16 6SI7GT 7KY 12847 30C1
1N35 3A/107A 5D/100 8B4G 6F33 68K7 N7 128A7GT 30L1
1N38(A) 3A/110A 5FP7 8B5 6G8G 68K7GT Q7 12567 31
SA/141A 5GP1 8B7 608G 7R7 128F7
1N43 3A/142A 5IP4 8B7G 6HE 6SL7GT 787 125G7 2E
1N45 34/144A 5LP1 8B3 6H6G 8587GT 7
1N48 3AP1 5L35 8B8G 6HEGT w7 12517 33A/100A
1N48 3B4 5RAGY 8BSGT 8H8 48Q7GT Y4 12837GT
IN51 3BY 5T4 8BAG 634 88R7 724 18SK7 34E
1N52 3824 504G 8BA7 636 6887 8A1 128K7GT 35A5
3B28 5V4G 8BD7 615G 85T7 8A8 12SL7GT 35C5
ING5(A) B28 5W4 GBE6S 6J5GT 877G 8D2 12SN7GT 35L6GT
3B/151A 5W4G 8BE? 6 6T8 $D3 12 86T
5WAGT 8BGEG 7 6U4GT 8D5 128Q7GT 3BWa
N85 4 5X4G GBHS 637G 6U5G 8D6 12 35
1N69 3ce3 5Y3G 6BT5 6U5/6G5 0A1 12Us/G 35Z4GT
3C24 5YsGT 8BI8 6J8G 9BW6 12 35Z5GT
5Y. 8BK7 6K6G 6Us 9D2 12Y4
1P5GT 3C/1508 5Y40 6BL? OKBGT 6V4 9D6 13D1 36A
1P10 3C/351A 523 6BM5 8K7 6ve SHP? 13D2 7
1rn SOP1 524 BQS 8K7G evea NP7 13D3 38
1Q5GT 3D8 524G 8BQOGT 6K7GT 8V6GT 9U8 13PGA 38E
1R4 5Z4GT 6BQ7A 6K8 6V6GTY 10 1¢8PA 39/44
1R5 3D/100A 6A3 8BR? 6W2 0¥ 13VPA 0
184 8A6 8BS7 6K8GT 6W4GT 10D1 14A7 405UA
185 3E20 6A7 8BWS 6L! 8W7G 10F3 14B6
1T 3EP1 6A8 6BW7 6L6 6X2 10LD3 14E7 18
1T4 6A8G 8BX4 6L6G 6X4 11D3 1 41MHL
1T5@T 3H/150J 6ASGT 8BX8 6LBGA 6X5 11D5 14K7 41MP
104 6AB4 6BY? 6LEGT 8X50 1 14R7 MPT
105 Q 604 L7 6X5GT 57 41MTL
1X2A 6AB? 8C5 6L7G 6X8 12471124 15A2 41MXP
It 3Q5GT 6ABS 6C5G 6L34 6Y6G A8 41STH
2448 8ACY 6C5GT 6LD3 6Y76 1246GT 15D1 43
2A5 3V/400A 6AD6G 6M1 624 15D2 42E
248 6AD7G 6C8G 6M6a 12A8GT 15E 42MPT
2A7 4/100BU 6ADS 8C10 6M7 6ZY5G H7GT 16R 42SPT
2B7 GAES 6ce1 8N5 7 12AHS 15Y3
2081 427 6AFSG 6CB6 6N7 7A3 12AJ8 16A5 4310
29 6AF7G 6CD6G 8N7 7A4 12ALS 1723
2C26(A) 4034 6AGS 6CD7 6N7GT 7A8 12AQ5 19AQ5 45 Spec
34 1 6AGEG 6CHS 6N8 7A8 12ATE 19BG6G
2c40 4EP1 6AG7 6CI8 6P7G 7A7 12AT7 7
4E2? 6CKS 6P8 7A8 12A78 3 50B5
2D21 4353 6AJ5 6CK8 8P9 TANT 12AU7 18X3 5005
2E22 T 6AY7 8CQ6 6P25 7B5 12AV6 19¥3 50CD6G
2E30 4TPB 6AJ8 6C88 6r26 7B 12AX7 200V 50L6GT
2621 8AKS 8D1 6Q5G 787 12B7 20D2 50Y6GT
8J21A 5. BAKS 6D2 6Q7 788 12BAB 20D3 53
2326 5A/102A 8AK? 6D8 6Q7G 7 12BA7 21A6 53A
2331 5A/102D BAKS 6D7 £Q7GT 704 12BES 23D $3KU
2332 8 6E5 8R7 7c8 12BHY 2 54K T
2J34 5AZ4 6AM5 6ES 6R7G 708 12BK6 26A08 54(HK)
2738 G 6AMSE 6ESG 6R7GT 7¢7 12BT8 25L6
2739 SB/100A 8AN7 5 887 7D3 12BY? 25L8G 578
2J48 5B/250 8AQ4 8F5G 688A7 705 12C8 25L8GT 58
254 5B/254M 8AQ5 8F5GT 88A7GT 7D6 1208GT 258N7GT 588
2K25 8B/5024 6 6SB7 07 12DP7 59
2N83 Y 8AR5 8F6G 6507 7D8 12E1 2574G 81BT
2}(}!4 6B/700A 8AS5 8F6GT 65C7GT 709 12H8 2525 81P
2T/270K 5BP1 6A88 6F7 68D7GT 7D10 1275GT 2528G 818PT

HALL ELECTRIC LTD

RON HOUSE, 49-55 LISSON GROVE,

LONDON N.W:L

Tel: Ambassador 1041 {5 lines) Cables: Hallectric, London

JunE, 1957
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807 1852 ACR13 cv80 DHS1 ECC31 - G650 1,610 PCL82 BK? VIQIA
807JAN 1861 ACTS cveg DH142 ECC32 GD8 LD210 PCL83 RKR73 vIo3
808 1867 ACT9 €V100 DH147 ECC35 GDT4B LD410 PD220A RL18 V194
809 1881 ACT17 0viol DH149 ECC40 GEX00 LL2 PENA4 RL37 V198
810 1880 AHE21 €V103 DH150 ECC31 GEX34 L PENB4 RM vTe3
81 2050 AL2 CV1ll DH719 ECCB2 GEX35 LN152 PEN25 RM1A VT98A
813 2051 AL4 cvils DK32 ECC83 GEX45/1 PEN36C RM2 V199
814 2103 cvi1? DK33 ECC84 GEX54/3 LP4 PEN48 RM3 VT1008
815 2151 APR4B DK40 ECC85 GEX54/4 LPg PEN220A RM4 107
816 3220K APPAC cV119 DK81 ECCH1 GEX54/3 LP25 PEN383 RX233A vT108
826 3951 APPAG CV135 DK92 ECF1 GEX55 L PL21 BX235 VT114
828 4003A AR? €v17e DK98 ECF82 GEX55/1 S6A PL81 S22AF VT501
829 4019A AR10 cV174 DL83 ECH3 68 L5650 §25A/B VT508
8294 4019B AR11 cv179 DL8S ECH21 @l D PL83 8285 VT510
8298 4020A AR)2 €v188 DL41 ECHE22 GT1B LSD? PM2 §27A vuU2e
830B 4021A 13 CVigl DL63 ECH3S GT1C PM2DX 828A YU33
832 4022AR AR300(A) CV183 DLé8 'H MI125H PM4DX 3 VU 8(4)
8324 4033A R4101 CV310 DL70 ECH80 GUel M8163 PMI12NM 8130P vl
8334 4033L ARD2 cve22 DL71 ECHS1 GUs0 MH PM22A 5D
834 4045A ARD4 cve3s DL92 ECL80 GZ30 PM202 SD81 VU113
835 4048A ARP3 CV240 DL93 GZ31 MHA105 POVT25 8G250 vuUlzo
838 4049D ARP4 CV309 DL94 EF8 GZ32 4 PP2 81M2 VU20A
837 40527 R CV384 DL95 EF9 GZ34 MHLD6 3 §P2 VU133(A)
838 4060A ARP10 DL98 EF22 GZ41 MKT4 PP5 VU134
841 4061A ARP13 DL101 EF36 HE ML4 PP35 8P13/C VU504
843 40624 ARP34 CV980 DLB51 EF37 H30 ML PP225 VU508
845 40818 ARP38 DL§10 EF37A H63 MPT42 P535/IE BP4l VX3027
850 40694 CV1254 DM70 EF39 H210 MR10 ! 8P42 VX6010
852 4074A ASG5025 CV1479 DM71 EF40 HBC90 MS4B PT15 SP61 VX7008
860 40/8A 484100 CV1480 EF4l HEBCS1 MESP4 4 o VX056
861 4079A AT4 481 DQ4 EF42 BDl4 MSP41 PX25 8T11 vYe
862 40844 AT15 CV1487 DRM1B EF50 HD24 MS/Pen PY80 BTV70/20 vyz1
863 4205E AT40 CV1488 DRM2B EP54 HFY MS/Pen/B PYSL 8TV280/40 w2l
864 4212D ATP4 CV1489 DwW2 tmfi: MTSF PYS2 8TV280/80 w3l
865 4212F ATP? CV1480 DW3 EPS0 EF200 MTSL 8U750 wel
866A 42028 ATP10 €V1510 DY30. EF82 HF300 MT5544 PZL75 SUZI50A we3
866JR 42234 ATP75 CV1583 DY80 EF85 HEb4 MU12/44 PZ30 T110 w??
8698 4242A ATS25 CV15868 E235 EF38 HE90 MYS/Pen QA2400 TB1/60 W81
872A 43604 ATS70 CV1856 E4442 EF89 N QA2401 TDD2A wlaz
874 42 TS25! CV1873 E1148 EF91 N1§ QA2403 TH4B w143
875A 4270A AU5 CV8008 E1185 E HL23 N18 QA2404 TP22 w149
878 42724 AU? Y1 E1180 EF83 ? Q 5 TT4 w150
8787 4278A AZ1 cY2 E1191 EF94 HLS0 N18 QA2407 TT10 w722
879 4279A AZ11 €Y¥31 E1102 EF95 HLo2 N19 QA2408 TT11 w2232
884 42828 AZ21 cY32 E1223 EF804 N77 QK28 TT15 WD30
885 4300A AZal 1 E1228 EH00 1 8 21 TT18 WD142
902 4301CA AZ41 4 E1231 1 HP210 N151 qQVo07/40 TTR31 WD150
905A 4304CB B21 D16 E1248 EK32 HP4101 N152 40 TV03-10 cu  WD708
923 4307A B30 D4l E1254 EKS80 “HP41010 K163 Q70120 TV05-12 VCU “P” WE3A
931A 4310A B36 D42 E1265 EL2 HP4108 N154 Q375/20 TY1-50 VGT121 WL4174
954 4313¢ B65 D63 E1266 EL3, HR2/V N709 QS75/40 TZ20 VGT128 X14
955 4323A B158% D77 E1271 EL22 HR210 07 Q575/60 TZ40 V1132 X17
956 43284 B228 D152 E1273 ELS2 HT1 N Q883/3 ulo VMP4G X18
957 43374 B309 D400 E1320 EL33 HVR2A NC10 10 VP4 1
9584 4357A B319 DA30 E1323 EL35 HY90 NC11 Q8108/40 4 VP4A X22
959 4378 B329 DA4l E1336 EL37 HYsls NC13 Qs150/15 uls vPo Xe4
991 4062 B719 DA60 E1342 EL4L w2 NO18 4 01?7 VP12D X31
1003 4690 B DASO E1359 EL42 w3 NC19 Q8150145 vrel 41
1201 5651 BM313 DA100 68 EL81 4 NE18 QVo04r? vl VP23
12034 5657 B DACS2 E1379 EL$3 ED21 NGTY 20 VP4l X61
1221 672 CBLS DAFS1 E1380 EL84 KD24 NGTS Q¥2/100 22 VPT4 x61M
1223 5676 c1c DAF88 El415 EL90 KD25 Ns2 1 g3
1 5678 C5B DO51 E1417 ELS1 ER1 N85 B2 U3l VR21 X84
1229 8687 CoA DCY8 E1438 EL803 KR 33 X85
1230 5728 c144 DCC8o E1474 KR6/3 NT3? RY/18 us? VR53 X
1267 5750 CK5028 DD4 E1489 EM34 K BI10 41 4 X71M
1273 5763 CK518 DD8 E1494 EM35 KT2 NT57T 12 043 VRS7 X77
1274 5823 CE549 E1496 EM80 KT8(C) NTE3A R16 Us2 VR59 X78
1982 8080 CK721 DDAL E1518 EN91 KT34 NT86 R17 u78 V.465
1291 6397 CK723 DL4 EA50 Q80 30 KT98B E18 Ul VRE5A X81
1204 7193 CK1005 D EA76 ESUS00 K731 NT100 R19 Us2 X143
1299A 7475 DDR? EY51 32 2 3 Ul43 VR75/30 X1
1381HQ 8011 R25 EAC91 EY KT33(0) NU4 REL21 uia? XD2/0V
1603 8012(A), 3 q EAP EY8l 41 5 REL38 U151 VR90/30 X
1611 8018(AY oMa25 DET3 Z4 KT43 oM1 RG1 U1se
TS KB4l ET4 OM4 RG1: 4 2 83

1614 8019 EB3) EZ40 KT8 RG1-240 U319 VR106/30 z14
1818 8020 cys DET10 EBC3 ON5A/B ug{oo 219
1619 8022 avs o) 33 EZ80 ETé3 BG 09 VR150)30 721

cvig DETI6 EBC41 EZ90 ET68 RBE207A) UABCS0 vegd 214
1622 8025A qv 0 F g’rsx M10 AF42 z22
1624 26 43 DET19 EBCYD FC4 TWel Owglims C41 118A Zg2
1625 9001 Vsl DE' E FG1?7 gw A UB¥30 VT40 783
1626 2 ovh2 DET25 EBF2 FU27A P4, RE3D 191 VTL3B 768
1629 9008 CV5 EBFE0 PO6? KTW74M P27/500 REz2 Uthe fiieney o
1633 9004 Cv57 g 1 FG105 b Mt
1635 6005 CV58 DR FW4/500 ETZ83 RES4 250
1842 9006 CV83 798 EBL) E1273 P25 RE% H21 V48 Z142
ge om ommo om0 B o, HE e na o
1849 A HEY v z728
1850 534,,“ avgs DH30 EC54 121 PCC84 BEB? vat v@:gﬁ ZAl
1851 cV?8 DH83 EC80 G8B D PCCS5 RK58 UF
1815 ACP4 ovze 3 EC90 G78/ID 0 RE59 i VTS1A ZD17
1821 ACR1 CV85 DH?6 EC9} G120/IB L63 PCF82 RE60 UF4l V168 ZD18
1851 ACRID CVag DH?? ECo2 G180/2X L7 PCL81 RK73 UF4E2 vrd2 ZD15Y

Contractors to British Commonwealth and foreign Governments, for Army,
Navy and Alr Forces, Post Offices, Civil Air Limes, étc.

Tubes can be supplied Commercial, C.V., or JAN specifications.

Our organfsation is A.R:B. dpproved.

HALL ELECTRIC LTD

=N~ HALTRON HOUSE, 49-55 LISSON. GROVE,
LONDON NW.i

Tel: Ambassador 1041 (5 lines) Cables: Hallectric. London

—_—
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T
SPECIAL QUALITY
PRODUCTION
CY?’E':JESC':ELR -}K Extremely Rugged
A M 5896 2
o e 3636 | 5718 | S840 | 5899 | 5902 | 021 | 6205 | 589
MULLARD) L
ed
umsw. v | ev | v lev | ev | ev | _ | ev * S}mk Tes‘
Yo 3928 | 3930 | 3929 | 477 | 4029 | 3986 2698 _
STANDARD _ ¥ beratxon Fatzgue Tested
PRODUCTION EF EC EF EF EL ECC EF _ e ) )
COMMERGIAL 730 71 732 | 731 7 70 734
TYPE NUMBER _.g.\'_
[«] .
5. ¥ 220° C Life Tested
-] ]
: | WD e
a5 3 L4 2e - -z 9 2
DESCRIPTION 8 | 3 3 3 | 2. | ¢ 3 a
= o o c K]
2% 1 & 28 | 3% 3 S 3 %K Tested to U.S. Mil. Spec
8% = w su w§ 3 w e - /
wa 2 4 >0 <o [o] « [a] /(///// :
IVvhvy| 63 63 63 63 63 63 63 % ,JWWI/MW,VW“,
HEATER N.A.T.O. Preferred
th(A)| 015 | 015 | 045 | 015 | 045 | 03 015
va(v)| 165 165 | 165 165 165 165 165
vga(v)| 155 = 155 155 155 - 155
LIMITING
055 | 09 08 | 075 | 37 0-7 08
vaLues W)
PEL(W) 045 — | 035 | 035 | 04 — 1 03
lk*mA) 160 | 220 | 165 | 165 | 50 20 | 165
T -
cin(pF)| 40 22 42 43 65 2-4 42 E
*CAPACI- 10-28 o
t(pF) 34 07 34 34 75 8 | 34 o
tances | ©“CP o3z s
ca-gl (pF) <002 | [1-45 | <0015 [ <0-015| 02 5 |<oo1s| 3
- @
va(Wy| 100 100 100 100 1o 100 100 3:'
vez(v)| 100 = 100 100 1o L 100
Rk
(ohms) 150 150 150 120 | 270 150 150
TYPICAL (mA) 53 85 75 72 30-0 65 75
CHARACTER. [
ISTICS (may | 4! - 24 2.0 20 = 24
(A 32 58 50 45 40 5-4 5-0
n — 27 — — —_ 35 =
ra(kQ)| 110 47 | 260 | 260 15 65 260
5 . -1 @ l"
s 3| 4 > 38 | Bis
828 | 3= *2| 2 55|28
viT | 28 o ]
NOTES °a X = ledl|oss
B I " s3g | 28~
'l i - >0
22 | sy By | 5 |58 | i3
< 2" < & |F3 |Efa*

ABRIDGED DATA

Notes 1Section No. |}
11Section No. 2

*Capacitances are measured : 3 . . . .
with axtornal ahield mene For the first time in this country design engineers are offered a

for types 5718 and 6021 ; . . . "
PSS =N comprehensive range of internationally recognised indirectly-heated

subminiature valves. ~With many advantages in small size, weight
saving and high mechanical and electrical reliability to Special
Quality standards, these valves are widely used by the American and
NATO forces.
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Indirectly Heated
Subminiature Valves
Preferred Range

These Special Quality valves
are now becoming available
from Mullard under their
American type numbers and
are tested to U.S. MIL.
specifications. The standard
production versionsarerecom-
mended for those applications
where full MIL. assessment is
not essential.- In these
applications certain electri-
cal ratings may be increased
and reference should be made
g to the relevant data sheets.
//é These data sheets and information on all Mullard
//// subminiature valves are freely available on request.

Mullard Ltd.,
Mullard House, Torrington Place,
London, W.C.1

COMMUNICATIONS AND biad
%7 INDUSTRIAL VALVE DEPARTMENT i
R ;
SRR
AR

@ MVT 317
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‘MULTICON PLUGS AND SOCKETS

The reliability of the connectors used can determine the
dependability of electrical and electronic equipment.

In the range of Painton ‘Multicon’ Plugs and Sockets are types
sultable for most applications, whether used as cable connectors,
for linking cables to panels or chassls, or as unitors.

In addition to the type of cover illustrated, there is
a similar range with die-cast covers alfowing checkTnig of the
connectlon's without iriterrupting the operation of thecireit.
Please ask for full details of Palnton
‘Multicon’ Plugs and Sockets.

EAlNT?N
z//o@%wﬂﬁfon Wwaf

13144
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EMITAPE

H-F MAGNETIG
REGORDING TAPE

'7 7’ “PEN TESTED”

for professional applications.
Available on a range of spool
sizes covering all professional
and domestic hub machines.

is a standard thickness base
tape giving maximum sen-
sitivity.

‘88 GENERAL PURPOSE

is a specially developed thin
base tape giving an increase
of 50% playing time

‘9 1LONG PLAY

BB\ O ¢

WIRELESS WOR:.L» 19

/VE RECORDING EQUIPMENT

MODEL TR51

This new Transportable Recorder replaces the
well-known Model TR50 which is used by
broadcasting and recording organisations and
industrial research establishments throughout
the world, meeting their exacting recording

requirements under mobile conditions.
Model TR51 is built to C.C.LR. recommendations and
incorporates the proven features of its predecessor.

RANGE OF MODELS

Model TR51A Full Track 15 and 74 i.p.s.
Model TR51B Full Track 74 and 3% i.p.s.
Model TR51C Half Track 15 and 74 i.p.s.
Model TR51D Half Track 7% and 33 i.p.s.

For further details write to:—
E.M.I. SALES & SERVICE L1TD.

(Recording Equipment Division)

HAYES - MIDDLESEX

MODEL L/2

The L/2 Battery Portable weighs
only 144 1bs. (including batteries),
is compact and easy to carry. It
is used by broadcasting organisa-
tions throughout the world, (in-
cluding the B.B.C.) for a variety
of outdoor recording purposes.
Where portability, combined with
accurate and authentic quality
recording, 1s essential—the L/2
Recorder provides the complete
answer.

ESI31
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LOUD-SPEAKER MANUFACTURERS AN

FOR THE RADIO INDUSTRY SINCE 1930 | \
REPRODUCERS AND AMPLIFIERS LTD. \

WOLVERHAMPTON - ENGLAND

/ TELEPHONE : 22241]2/3/4 CABLES ; AUDIO
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NEW LOW-COST RADIO RELAY EQUIPMENT FOR DEPENI]AB[E
ECONOMICAL MULTICHANNEL COMMUNICATIONS

RCA MM-2 provides

TYPICAL MM-2
TERMINAL rack shown here
with transmitter, receiver, and
power supply on upper half
with multiplex equipment
mounted below.

:
Wl \
LY A =
S

RCA MM-2 radio relay equipment is
ideally suited for private, commercial
or governmental application where
from 1 to 6 channels are needed for
opening new radio communications.
The modulation bandwidth, from 300
eps to 28 kes, can provide up to five 3
ke carrier derived telephone-channels
plus one voice frequency channel.
Each channel may be further multi-
plexed for high speed voice frequency
carrier telegraphed circuits, tele-
printer or manual telegraph, tele-
metering and control circuits.

Compact, Easy Access Deslign.
The entire MM-2 equipment, includ-
ing multiplex equipment such as the
RCA MV-124, can be mounted in one
standard 19” width rack. All tubes,
components and adjustment controls
are readily accessible for mainte-
nance and service purposes. The
simplicity and dependability of the
eqmpment reduce maintenance to a
minimum.

The Transmitter unit, with built-in
power supply, features crystal con-

RCA INTERNATIONAL DIVISION

O

Trademark ® Registered

multiplex telephone and
telegraph circuits in 152 fo 174 mc band

trol and phase modulation, and pro-
vides a power output of 60 Watts.
When used in conjunction with a
directional type antenna, the effective
radiated power may be increased.

The Receiver makes use of two crys-
tal controlled local oscillators in a
double conversion superheterodyne
circuit. A Receiver Power Supply is
also furnished as part of the basic
equipment.

Low Cost MM-2 Packages are
available to meet the needs of every
user. RCA Communication specialists
will study the system requirements,
terrain, and other factors, to recom-
mend the correct equipment package.
Adaptions will be made to meet local
power supply, or a power supply will
be included in the equipment package.

For further information on this low-
cost radio communications equipment
see your local RCA Engmeermg Prod-
ucts Distributor or write to Dept.
RR49F, RCA International Division,
30 Rockefeller Plaza, N. Y. 20. N. Y.

RADIO CORPORATION of AMERICA

RCA Bvilding, 30 Rockefeller Plaza, New York, N.Y., U.S.A,
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FOR CROSS-OVER NETWORKS

Hunts patented Metallised Paper Capacitors are particularly suitable
for loudspeaker crossover networks and are used extensively for this
application. They have negligible self inductance with consequent lack
of self resonance within the audio frequency range, and with the special
method of end connections used on the capacitor unit, the equivalent
series resistance down to zero applied volts is extremely low.

The capacitors listed below are considerably smaller in dimensions
than conventional types, occupying only 25-30% of the space required
for their lowest voltage counterparts in foil and paper construction.

A basic circuit for a twin
speaker combination is shown
on the left. The number of
circuit elements and their cap-
acitance and inductance values
depends on the number of
loudspeakers, their individual
characteristics, and the re-
quired crossover frequencies.

STANDARD CAPACITANCE RANGE

LIST NO. CAP uF D_‘(’:‘?wﬁg. TYPE REF. DIFERISIINS LIST PRICE s

A3l6 15 150 Wi4s 1 x B 49 5

A304 2 150 wis 1 x B 5/-

B 557 3 150 w49/l 1 x 3 76

B 550 4 150 w49/l 2" x 17 10/-

B 551 6 150 w49/t 23" x 1 12/6

B 552 8 150 w49/l 24 x 1§ 17/6
WP 45 10 150 ws4/1 25" x 1§ 20/- e ¢ T
WP 38 12 150 W54/l 24" x 1§” 2/ TYPE W49/I
WP 247 16 150 e 33" x 13 26/6 " d

o, A. H. HUNT (Capacitors) LTD.

CIH LINTS S WANDSWORTH, LONDON, S.W.18. Tel: BATtersea 1083
CAPACITORS

And in Canada: HUNT CAPACITORS (Canada) LTD. AJAX, ONTARIO
Factories also in Surrey and North Wales.
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OBVIOUSLY ...

« The frequency-swept generator connected to the
input of the r.f., i.f. or video stages of the receiver,
and a c.r.o. synchronised to the sweep frequency, permits
viewing of the receiver output, while internally generated
calibration pips superimposed on the display enable tuning
o and bandwidth adjustments to be made
)'F"{g / ; with precision.”

“‘ o | "fr‘ij'l 7\
\ N

////// Y| g ol

‘\"-ﬂ-

HAT’S the Marconi V.H.F. Alignment Oscillo-

scope in a nutshell. If he’d had any breath left
our young student might have added that other
important applications include the adjustment of
discriminators in f.m. receivers and the matching
of aerials to transmission lines.

However, the lad’s penetrating observation will

7

have revealed to those who are no less observant MARCONI V.H.F. Z
that here is another important Marconi instrument. ALIGNMENT OSCILLOSCOPE %
If you don’t know as much about it as he does Type TF 1104 /

N\

LR ) . . . c >
it’s time you did. Write and ask for the full facts  gy; yee with tefevisionand f.m. receivers. Frequency-

and we’ll send you an informative leaflet post-haste, ~ swept output and visual display on built-in cr.t.
facilitates rapid evaluation and alignment without

ancillary equipment. R.F.ranges: v.h.f. bands . H

AN

Fehto 10 :‘;“’g"re;?,e” e 10 ¢ e .

& e T e s B
.

.

AM & FM SIGNAL GENERATORS - AUDIO & VIDEO
OSCILLATORS . FREQUENCY METERS - VOLTMETERS
POWER METERS - DISTORTION METERS - FIELD
STRENGTH METERS .  TRANSMISSION MONITORS
DEVIATION METERS .+ OSCILLOSCOPES, SPECTRUM &
RESPONSE ANALYSERS - Q METERS & BRIDGES

MARCONI INSTRUMENTS LTD - ST.ALBANS * HERTFORDSHIRE ‘- TELEPHONE: ST. ALBANS 56161
London and the South: Marconf House, Strand, London, W.C.2. Tel: COVent Garden 1234
Midlands® Maréoni House, 24 THe Parade, Léamington Spa, Tel: 1408 North: 30 Alblon Street, Kingston-upon-Hull. Tel: Hull Central 16347
WORLD-WHDE REPRESENTATION

TC 04
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X-BAND
NOISE TUBE

Noise Power excluding image
frequency contribution ........., 1525db

Operating Current,
Overall Length
Base Diameter ...............coociiien.

Discharge Tube Diameter

JunE, 1957

ES/T38




JUNE, 1957 WIRELESS WORLD 25

more and
more users

Left: Potted Compound
Filled Transformers.

A wide range of capacities
for transformers and
chokes. Complete
reliability. Suitable for
exacting industrial

and climatic conditions.

Above: Cast Resin
Transformers.
Give complete mechanical
and climatic protection
for core and windings.
Good heat dissipation.

Bottom Left: Shrouded

and Open-Type
Transformers.
Catalogues Combine first-class
available on engineering witha popular
request. highly competitive
product. Vacuum

impregnated and
rigidly tested.

::;‘.*'.M}
MOXLEY ROAD

WODEN TRANSFORMER CO.LTD| suesvox . sraers

Phone: BILSTON 41959

SMIW 7913



WiIRBLESS WORLD Jong, 1957

26
There’s a size for

every job in

the S.P. range of

” . METALLISED
nickel metallised

BUSHES
bushes

Please write for Catalogue No. 47

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT ON SEVERN, WORCS - Telephone: Stourport 2271 Telegrams: Steatain, Stourport.

S.P.50
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B

for the closest
approach to the
original sound

%
%

.
.

&\%\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\@

%V// e

A

AMPLIFIER

The criterion, as always, is that the reproduced sound shall be the closest
approach to the original — that the enjoyment and appreciation of music may
be unimpeded. This is reflected throughout the design of the QUAD II. It is reflected.
too, in the straightforward and logical system of control,
achieved without the sacrifice of a single refinement or adjustment capable of
contributing to the final objective.

Send for further details and booklet:

(¢=HcousTical) HUNTINGDON, HUNTS - Telephone: HUNTINGDON 361

MUMNMTINGCOON - HUNTS - TEL:361




This K-18 connector is
ACTUAL SIZE
—made under U.S. licence from
Winchester Electronics Inc.

DATA RELATING TO
SERIES ‘K’
PRINTED-CIRCUIT
CONNECTORS

.
CURRENT CARRYING
CAPACITY: 5amps
-
BREAKDOWN VOLTAGE
BETWEEN CONTACTS:
3 kV (at sea level)
-

AVERAGE MATING
AND UNMATING FORCE
(per contact): 8 oz.

L]

CONTACT CENTRES: »156”
L
FIXING HOLES: *125
L]
POLARISING KEYS
fitted in any position
L]
CONNECTIONS TO CONTACTS
by rivets or solder-cups

SERIES ‘K’

with 6, 12, 18 & 22 contacts

NOW AVAILABLE
FOR

PROMPT DELIVERY

WIRELESS WORLD Jung, 1957

METHODS

d
000555\ LTD (6
COF STEVENAGE )

-—th_e foremost manufacturers of

- printed circuit

connecitors

GOLD-PLATED CONTACTS

made from spring-tempered phosphor-bronze
-provide low contact-resistance,
prevent corrosion- and
facilitate soldering.

MELAMINE MOULDINGS

conforming to B.5.S. 1322
provide high arc-resistance,
~ high dielectric
and mechanical strength.

Full technical data and illustrated
leaflets forwarded on request:
ELECTRO METHODS LTD.

12-36 Caxton Way, Stevenage, Herts,
Telephone : Stevenage 780
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Turning

“Why@ is best” series No4

THE accuracy of turned parts is of vital importance to the quality

and reliability of gramophone reproducing equipment. One example is the
turntable of the well known Garrard Model 301 Transcription Motor, which
is an aluminium casting weighing 8 lbs. It is turned on a Capstan lathe as
illustrated above, then tested to ensure that it is true and perfectly balanced.

One more reason why Garrard units are the finest in the world.

' AUDIO
PERFECTION

THE GARRARD ENGINEERING AND MANUFACTURING CO, LTD SWINDON - WILTS

29
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P.O. 3000 RELAY

This Relay is the well known P.O. 3000 ReAlay and can be supplied with
coils wound for standard voltages up to 250 volts D.C.

Contact assemblies are available up to six pole changeover and alterna-
tive rivets can be supplied to suit varying duties. The Series 305 Relay
can be slugged for make or break action and coils can be vacuum impreg-
nated for tropical and humid conditions.

/ ﬂf . o
c
ALD. & A.R.B. approved.

MAGNETIC DEVICES LTD. EXNING ROAD, NEWMARKET, SUFFOLK
Telephone : Newmarket 3181/2/3 Telegrams : MAGNETIC, Newmarket

Jung, 1957
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IO fo 300Mcls

DIRECTLY
CALIBRATED

ance

Tbe type DI/D is a V.HEF
Signal Generator designed for

making measurements in  the
frequency range 10 fo 300 Mc/s.

Its outstanding features are.—

@ Sine and square wave
modulation.

@ Attenuator variable over
100 db.

@ Negligible stray field.

@ Linear scale and vernier for
high resetting accuracy.

@ 50 : | slow-motion drive.

# Rugged construction and light
weight (only 34 Ib.).

NETT PRICE IN UK.

£97

Full technical details available in
leaflet Wyq3

The ADVANCE V.H.F. SIGNAL GENERATOR TYPE DIP/2.

Directly calibrated in six ranges

2 Mc/s to 190 Mc/s.

This 1s a special version for the alignment of narrow
band communication receivers which incorporates:-—

® CRYSTAL MODULATOR ELIMINATING SPURIOUS F.M. £llQ |
® 2 Mc/s CRYSTAL REFERENCE OSCILLATOR. i e i

NETT PRICE IN UK

® BUFFER STAGE.

ADVANCE COMPONENTS LTD., ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. Tel: Hainault 4444
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Plastics mean progress!

COME TO

See
how the latest
advances
can be
applied to your
business

Iw
PRGDUGTS

EQUIPMENT
sl U

BRITISH

PLASTICS
EXHIBITION
NN OLY M PIA 1020 JULY

BRITISH PLASTICS

BITION

AND GONVENTION

OLYMPIA -

GRAND & NATIONAL HALLS
10-20 JULY

Visitors to the British Plastics Exhibition will reap a rich
reward in new ideas, methods and plans for improved products
—extended ranges—enhanced sales appeal—increased produc-
tion and reduced costs!

This is your opportunity to see the biggest array of plastics
products, materials and equipment ever assembled in Britain—
covering over 200,000 square feet of floor space in Olympia’s
Grand and National Halls. A whole world of plastics, with
exhibits from every branch of the British industry, and from
Belgium, France, Germany, Holland, Italy, Sweden, Switzerland
and the U.S.A.

Come and examine the latest plastics machinery (much of it
in action) ; discuss your problems with experts ; see how
plastics can mean progress in your business—at this great
exhibition organized by BriTisE PLASTICS, the journal that
speaks for the industry.

At the British Plastics Convention, held simultaneously,
important papers will be read and discussed in open forum.

A whole world of plastics on view

Ezxhibition organised every second year by BRITISH PLASTICS, an ILIFFE Journal

«  Plan your

| TO: BRHIBITION MANAGER -

Please send me the 1957 Exhibition Brochure, free season ticket, etc.

DATE. ...

NAME
visit ahead I
Post this S—
today!

BRITISH PLASTI(S *

DORSET BOUSE ' §TAMFORD STREET - LONDON. 8FEL
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MODEL HF25

The amplifier has been
critically designed to give
living expression to recent
improvements in recording
and broadcasting technigues: 1

Life-like reproduction is
ensured by the low harmonic
distortion and by the infinite
damping factor. 256 watts
undistorted output is ample
for any home system.

MODEL HF25A

The pre-amplifier has phono-
jack inputs for radio, micro-
phone, pick-up, tape recording
and 4 eqgualisation positions
for U.S. LP, EUR. LP
(RI.A.A.) U.8. 78 and EUR.
78. Amplifiercan be controlled
from distances of 20 ft. with-
out loss of performance. In
walnut and sycamore ven-
eered cabinet or chassis form.

The highest stand-
ard of performance
and reliability is en-
sured by neat chassis
layout and super-
lative workmanship.

Very wide frequen-
¢y range, 2—160,000
c.p.s. 26 db of nega-
tive feedback over
the entire audible
range.

AYrange of plug-in
pick-up compensators
allows quick and
easy matching of any
type of pick-up.

PACKAGED HI-FI

These small matching Pye plug-in
units are bringing high fidelity to
the ordinary listener at a price he
can afford. They’re simple to oper-
ate, install in minutes and blend
at once with modern furnishings.

A\

HIGH FIDELITY SYSTEMS

Pye Limited,
Auckland, C.I.,
New Zealand.

Pye Corporation of America,
1149 Raritan Avenue,
Highland Park,

New Jersey, U.S.A.

T E D

Pye Pty, Ltd.,
Melbourne, Australia.

P Y E L1 M

Pye (ireland) Ltd.,
Dublin, Eire.

C AMBR

Pye Radio and Television
{Pty.) Ltd.,
Johannesburg, South Africa

Pye Limited,

Pye Limited,
Mexico City.

D G E

Tucuman 829, Buenos Aires.

Pye (Canada) Ltd.,
Northline Road, Toronto.

Deutsche Pye G.m.b.H.,

Berlin-Zehlendorf-West,
Roonstrasse 2, Germany.

C

ENGL A ND
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harmonics.

Here is a completely new series of 1 KW and 500 Watt
High Frequency Transmitters Canadian designed and
manufactured to meet modern operating conditions. The
HA series incorporates many desirable features such as
continuous frequency coverage and suppressed TV frequency

Jung, 1957

B
—

These new transmitters are available on a ““building block® basis for a wide variety of applications.

HA-1
HA-2
HA-3
HA-4

CW and Frequency Shift Keying — single 1000 watt channel

CW and Frequency Shift Keying — 2 simultaneous 500 watt channels
CW and Frequency Shift Keying — 2 simultaneous 1000 watt channels
Radiotelephony — 1000 watts carrier 100% modulated (illustrated)

DESIGN FEATURES

1. Continuous frequency coverage 2.0 —27.5 Mc/s
without band switching.

2. Switch selection of ten crystal frequencies.

3. Output impedance 600 or 300 ohms balanced
over 2 to 27.5 Mc/s with continuously tunable
balun circuit.

4. Keying speeds A1 — 600 words/min,

F1 — 150 dot cycles/sec.
Complete suppression of carrier radiation during
“space’’ up to keying speed of 60 w.p.m.

5. Frequency response (HA4) + 2 db from 350 -

3000 c/s

6. Distortion (HA4) less than 7.5%, 350-3000 c/s,
at 95% modulation.

7. Noise Level (HA4) more than 45 db below 100%

modulation.

8. Rapid convenient tuning from five front mounted
controls.

9. Highest quality components and conservative
tube operating conditions ensure reliability
under all extremes of temperature and
humidity.

10. All components and tubes readily accessible.

COMMUNICATE WITH V‘/eStin house

ELECTRONICS

CANADIAN WESTINGHOUSE COMPANY LIMITED o

DIVISION

HAMILTON, CANADA
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SerJor(Cel

LOW POWER SILICON RECTIFIERS

HALF R0
AMPERE

at 50, 100 or 150V

- - " Pl ¥ 7
. - . - -
Y ’\\ o = =
\ ‘ n\\. (p.v) P ,
i @il ions
act ize)
.o
.‘:H' __/'" i
® High efficiency ® Small Size
® High temperature operation ¢ Hermetically sealed

Now' avallably from Produclion,

Write for Technical Data Sheet F[SIL 101

Srandard Telephones and Cables Limired

Registered Office: Connaught House, Aldwych, London, W.C.2
RECTIFIER DIVISION: EDINBURGH WAY - HARLOW . ESSEX
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AMP

for the mass-production of

Using a continuous strip of solderless
terminals and a completely automatic
crimping cycle, the AMP AUTOMATIC
WIRE TERMINATOR achieves pro-
duction speeds up to 4000 identical
electrical connections per hour without
special operator skill.

Continuous strip solderless terminals
are available in many stock wire sizes
and tongue shapes. Types of terminals
include: PRE-INSULATED, [INSULA-
TION PIERCING, INSULATION SUP-
PORT, NON-INSULATION SUPPORT.
SPECIAL DESIGNS.

AMP AIDS EXPORTS

The AMP
method meets wire ter-
mination specifications in
foreign countries. Use of
the AMP method will
enable you to compete in

solderless WIS

WIRELESS WORLD

SRR

37

-4
— <7
TRADE MARK

Iectrically wired products

world markets. It is par-
ticularly significant that
AMP systems are standard
practice in the U.S.A.

AIRCRAFT-MARINE

|

TRADE MARK

Works: SCOTTISH INDUSTRIAL ESTATES. PORT GLASGOW. SCOTLAND.

London Sales Office: DEPT, 15, 60 KINGLY STREET, LONDON W.I

LTD.

PRODUCTS (GT. BRITAIN)
Telephone: REG 2517-8 and 3681-2-3

AP323/46
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ANTIFERENCE AERIALS

BAND |

A complete range of
Antex (illustrated)
Dipole, ‘H’, Fringe
and Indoor models is
available. Outdoor
models can easily be
adapted for Band III
by adding Band III
Grip-on aerials as
350/1C below.

350/1C

BAND 111

BAND 1l

Indoor and outdoor
models to suit all
conditions and to
provide the very best
results for VHF/FM
equipment. Models
for fitting to existing

TV masts are available.

HL402/4K
102/6

[ Hito ]

DHB/2845

BAND Ili

3, 5, 8, 10 element and
Stacked Arrays for
outdoor installation
and a comprehensive
range of indoor models.

17 models to provide
perfect Band I/Band
ITI reception with only
one aerial. Al
incorporate the
patented Electronic
Coupling exclusive to
Antiference.

$pecially Designed
EXPORT RANGE

Antiference offer 2 specially developed

£ competitively pmced'
f125:311‘o:§'i2ion atf’d VHF/'FM aenalsr for
export including Hon'zontally gtaCked
Vertically Polarised Single ord
Yagi Arrays, Broad-Band an .
for Internationa

-Band types ; :
glrlequencies includmg Conune:;zlxsl
(C.C.I.R.) and American char;‘ tu.res
The well-known Antiference iea
of pre-assemblg and 'robustcci:glrlxy
struction combine thb spe L
designed features to yvnhstgin' '
most extreme climatic con }:in 2
and to meet the varying tecbroad
requirements of countries 3 .
rtment will, on

r Export Depa ; ]
(r:?;uest, be pleased to 8IV€ full d;taﬂse
of this specially designed Export Range.

i i howing current
detailed literature
fn‘;gils and prices available on request.

Standard
PLUG & SOCKET

‘Y’ BOXES

>
R.E.C.M.F. -
SPECIFICATION | fod tont mr&emaSon
Robustand simple to fit. Aerial down leads.
PLUG TVP/I OUTDOOR MODEL
SOCKET TVS/i Y.l. - 16/6
Born @) cacn | NGOSR MEDEL

LIMITED .

ANTIFERENCE

BICESTER RD., AYLESBURY, BUCKS.
THE ANTIFERENCE GROUP
Antiference Ltd., Aylesbury & London.

Antiference (Canada) Ltd.
Antiference (Australia) Pty. Ltd.
Antiference Installations Ltd.

Antiference Aerials are supplied through A int-
ed Antiference Distributors to all le:dingml’?a;sio
& Television Dealers. We regret that we cannot

supply direct to members of the public.
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staff location system
calls doctors
quietly, personally

“The result of this new system has been
revolutionary, and it has far exceeded expecta-
tion in its effectiveness . . ."" writes W. A, A,
Pearson F.H.A. in 'The Hospital’. He is referring
to Multitone PERSONAL CALL, developed in
conjunction with the Electronics Department of
St. Thomas' Hospital, London. Unlike loud-
speakers bells, clock dials, flashing lights and
buzzers it is a completely personal system. You
can call anyone on the staff without distracting
colleagues or disturbing patients. How does it
work ? By simple push-button transmission, to
small receivers carried in the pocket.

This is the most efficient Staff Location System
in existence and one of the cheapest to install.
It can be used in big hospitals like St. Thomas'
(1,660 ft. long, 240 ft. wide, 5 storeys high,
using 70 receivers) or small business houses, in
big factories or small stores. PERSONAL CALL
COULD BE USED IN YOUR BUILDING.
Write and we'll send you details.

multi“’ne perSOnd| CCl” STAFF LOCATION SYSTEM

Multitone Electric Company Ltd.,

12-20 Underwood Street, London, N.l.  Tel: Clerkenwell 8022

CRC IOM
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MINIATURE

BRISDOLS
I Syncroverter Switch

Actual size
Recently introduced from the United States, Bristol’s Miniature
o . . T ‘

Syncroverter Switch' is a polarized, single-pole, double-throw, MEEEALIGREATION
non-resonant chopper providing break-before-make action in ) BEpE 20ic.ps.

. . s . Caoil voltage 6-3V. sine, square, 6-3V. sine, square,
synchronism with the current wave of the driving source. Applic- pulse wave pulse wave

O g Coil current 55 milliamperes 45 milliamperes
gble for use over the excitation frequency range of 0-1,800 c.p.s., e 85 ohms
it converts low power D.C. signals into alternating voltages which *Phase lag s55° + 10° 65° + 10°
. . ; . . *Dissymmetry less than 4% less than 4%

can be amplified and applied to ele?tfomc, electrical and s.ervo Temperature e ke 18 ] - B c) (5 B,
systems. It can be used also as a Precision Synchronous Rectifier. *Switching time ~ 15° + 5° 15° £ 5°
1t is outstanding for its reliability, long life, light weight (only Mounting—any position—fts 7-pin miniature socket
1.7 ounces), low noise level and clean wave form. Send for details. *These characteristics are based on sine wave excitation
The full range of Electrical Measuring Instruments. Division products includes switchboard
instruments, electrical recorders, portable instruments, testing sets, relays and tach S,

ELLIOTT BROTHERS (LONDON) LTD., GENTURY WORKS, LONDON, S.E.13 * TELEPHONE: TiDeway 3232
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The latest in th

Hi-Fi range|

The Elac
4 inch
Tweeter

A further addition to the ‘‘ Elmag
High Fidelity range, this 4in. cone
type Tweeter is the finest of its
class yet produced. Response to

:  transients is exceptionally good and
the absence of undesirable peaks
results in clear and smooth
reproduction.

For best results it should be used
with a suitable cross-over filter in
conjunction with | or 2 larger units.

Frequency response within 5 dB from
5,000-17,000 cps, only 74 dB down at

20,000 cps.

OVERALL SIZE: 4in. DIA. x 255in.
DEEP.

POWER HANDLING: 2 W. Peak
A.C. INPUT.

VOICE-COIL IMPEDANCE: 6 ohms
at 5,000 cps.

ELECTRO ACOUSTIC INDUSTRIES LTD

STAMFORD WORKS BROAD LANE TOTTENHAM LONDON N.IS TEL.: TOTtenham 0505-9
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SYNTHETIC RESIN BONDED LAMINATE

brings you

MATERIAL SOLUTIONS

to your

CURRENT PROBLEMS

. . . because the range of PIRTOID Paper and
Fabric base laminates affords all the machining
qualities needed with consistent uniform
dielectric and mechanised strength. Read this
booklet, sent gladly on request.

H. CLARKE & CO. (MANCHESTER) LTD.
ATLAS WORKS, PATRICROFT, MANCHESTER
Tel. No. ECCLES 5301-2-3-4-5

dmCK4

Cold Cathode Triode XC18

The XC18 is a wire-ended subminiature cold cathode triode.

It is an electrically reliable and mechanically robust tube of
superior quality.

Minimum main gap breakdown voltage 73V5

Maintaining voltage 210V
Trigger strike voltage 68V +6
Maximum continuous cathode current ImA
Maximum pulsed cathode current SmA

(Assuming a maximum duty cycle of 1 : 5)

Our Technical Service Department will be pleased to supply further
information and assist in any problems arising from the use of Hivac tubes.

- ! - | L
Hivaelimited ..o oo

STONEFIELD WAY SOUTH RUISLIP . MIDDLESEX

Ruislip 3366
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Thorn pillar lampholders
for the illumination of
instrument panels. . .

Originally designed for aircraft control panels (and widely used
throughout the British aircraft industry) these Thorn pillar and

Single pillar
lampholder supplied
completely prewired

with 3 f1. leads
ready for immediate
installation.
Reference No.
80110/0155

bridge piece lampholders are of universal application for
industrial use wherever instrument panels require illumination.

A full range of these components is available.

... and bridge pieces

The special advantage of Thorn pillar and bridge
pieces is their notable economy of panel space and the
clear illumination they provide. Wiring arrangements BTN le d vl o€ et s
are extremely simple and bridge pieces can be quickly for emergency stand-by lighting if required.
added to existing control panels without any difficulty.

The present range of bridge lighting units

is as follows:—

TYPEA Mk. G4B Gyro Compass 4 lamps

TYPE B Artificial Horizon 2 lamps

TYPE C Large S.A.E. Case (4BA screws) 2 lamps SPACE SAVING :

TYPED Small S.A.E. Case (4BA screws) 2 lamps All these components Three types of Thorn
TYPE E Horizontally mounted Double Desynn 2 lamps are of minimum size midget panel bulbs
TYPEF Large S.A.E. Case (2BA screws) 2 lamps because they are are available.
TYPEG Small S.A.E. Case (2 BA screws) 2 lamps designed round the 28 volts 0.04 amps
TYPEH Large Air Ministry Case 2 lamps unique Atlas Midget ; 12 volts 0.1 amps
TYPE J Instruments with 3" P.C.D. fixing 2 lamps lamp only 0.575" long 6 volts 0.1 amps

TYPEK Double Desynn mounted vertically 2 lamps and 0.249” in diameter.

Werite for illustrated brochure giving full details
Thorn Electrical Industries, Aircraft Components Division, Great Cambridee Road, Enfield, Middlesex. Tel.: Enfield 5340
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The living
truth in
sound

J}rec an l

FIVE-FIFTEEN L

WINDSOR

A M P L I F I E R S POWER AMPLIFIER with PRE-AMPLIFIER
b Volume Control, Bass and Treble Controls and Input

Selector Switch on chassis. Two inputs; one for radio

Based on the famous Mullard 5-10 circuit, this tuner or pre-amplifier and the second for a pick-up.

;ﬁ;chtn};eiggscggi gz:x x:lgfikcgo;:;uagfign:n aiugh};: Treble Control continuously variable from + 16 db to
corporated in the Spectone Stereophonic Reproducers. —15db at 10KRc/s. Bass Control continuously
variable from + 18db to — 12 db at 20 ¢/s.

£24/17/6

Write for descriptive leaflet with full technical specifications

SPECTO LTD. Vale Rd Windsor

"YOU CAN RELY ON US”

Stockists of all Radio and Electronic components for
manufacturers, laboratories, Educational authorities,
and the amateur.

MULLARD 510 AMPLIFIER AND G.E.C. 912 AMPLIFIER—ALL
PARTS STOCKED AND AVAILABLE ON H.P.
*

INCLUDING ELCOM, BULGIN, TCC, HUNTS, DENCO, ETC.
DETAILED LISTS ON ABOVE AVAILABLE
ALL AVO, TAYLOR, INSTRUMENTS FROM STOCK

RaApio SERVICING COMPANY

82, SOUTH EALING ROAD, LONDON, W.5. Telephone: EAL. 5737

Next to South Ealing Tube (TURN LEFT) 9 to 6 p.m., Wednesday | o’clock.
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NEW Kiaes
oscilloscope

especially for the radio and T.V. engineer

model 32A

exceptionally good synchronization and triggering

This is a versatile Portable Oscilloscope primarily intended
for T.V. and Radio Service work, but having an outstanding
performance and many features which make it invaluable
for general-purpose use wherever an Oscilloscope is required.

Tube ¢

4in. Green frace (Blue can also be supplied). Electrostatic
deflection. EHT 1200V Cathode to final Anode. High Bril-
liance Trace. Hood provided to facilitate use under high
ambient light.

"¢ CATHODE RAY
Touglon. '

.

WTERSIY

oo TIME SWEP .
BORSTONTAL X

Sensitivity

12.5-V. R.M.S. per inch. Input resistance 5 megohms (approx.).

“Y” Amplifier

Push-pull output, sensitivily 80 mV per inch, frequency

response 10 c¢/s to over 6 Mc/s. Input impedance 1 megehm.

Maximum input 70 V. R.M.S. or 200 V. peak to peak. Wide
shift range.

«“ X Amplifier

Push-pull output, sensitivity 0.45V. R.M.S. per inch maxi-
mum, Wide shift range. Frequency range 5 ¢/s to 500 Kc/s.

Time Base

Hard Valve covering 2 c/s to 100 Kc/s in five ranges free
running or recurren{ trigger.

Synchronization
Exceptional synchronization, characteristics, switchable in-
ternal/external. External synchronization impedance 1
megohm 20 p.f. Flyback suppression incorporated. Facility
for observing Fiyback available.

Power Supply
105/125 V. or 200/250 V. A.C., at 40/100 c¢/s. Consumption
100 Watts.

Dimensions

Height 13in., Width 73in., Length 19in., Weight 321b. (16.5
Kg.).

ALTERNATIVE MODEL 31A has all the features essentially
similar to those of Model 32A except for the Time Base
Frequency which is 10 ¢/s to 500 Kc/s.

Write for
catalogue of our
very wide range
of Radio,
Television and
Electrical Test
Instruments, also
our new Moving
Coil panel
Meters.

PRICE: £70. 0. Prompt Delivery

Credit Terms: 9 monthly payments of £8.15.0.
Carriage and packing paid in U.K.

Unique offer : You can part exchange an old Taylor
Instrument for a new one ; write for details.
ALL INSTRUMENTS AVAILABLE ON 7 DAYS’ APPROVAL

TAYLOR ELECTRICAL INSTRUMENTS LTD
MONTROSE AVENUE, SLOUGH, BUCKS. =~ TELEPHONE: SLOUGH 21381
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TYPES

FAMOUS RCA TRANSMITTERS
ET 4336, K & L. %

Frequency 2 mc.-20 mc.
Power output: 350 w. telegraph.

Type of modulation—Class B high level.

Audio input impedance 500 ohms.

Power supply 190 to 250 v. single phase 50-60 c.

Tube compiement: Crystal oscillators—807, Master oscillators—807,
Intermediate amplifier—807, Power amplifier—813(2), Modulator—
805(2), Rectifier—866A (4).

Complete with Master Oscillators, crystal multipliers, speech
amplifiers, microphones,. keys, instruction manual, etc.

We guarantee full supply of all replacement parts for a minimum of
5 years after purchase.

BEAVOR LANE, HAMMERSMITH, LONDON, W.6

250 w. telephone.

P.C.A. RADIO

Offices and Works

Telephone: RIY 8006/7

H.R.Q. COILS. 50-100 kc/s, 100-200 kc/s, 180-400 ke/s, 0.9-2.05
m/cs, 1.7-4 mc/s, 3.5-7.3 mc/s. Price 25/~ each. Band spread
1.7-4m/cs, 3.5-7.3 mc/s. Price 45/~ each. Packing and Carriage 4/-,

B 46 RECEIVERS. Made by Standard Radio, 1.4 Mc/s-
15 Mc/s 12V Battery operated. New, tested, £12. Packing and
carriage 15/-.

B 47 RECEIVERS. Made by Standard Radio, 40 kc/s-500
kcfs. 220-250V A.C. New and tested, £17/10/-, Packing and
carriage 15;-,

ROTARY CONVERTER UNITS. Input 11.5-12.5V D.C.
Output 300V 200mAmps D.C. Price 30/-, packing and carriage
15/-.

FIELD TELEPHONE TYPE “F.” In excellent condition.
£3 each, carriage 10/-.

AMERICAN VALVE TESTER Model 314, Individual lever
switches for each tube element. Roll Chart for American type
valves. 220/30V A'C. Brand new in nice wooden case with
leather handles. Full instruction booklet. £10. Carriage 10/-.

HIGH RESISTANCE HEADPHONES. 2,000 ohms. Brand
new, ex W.D.. boxed. Type D.H.R. 11/ per pair, postage 1/6.

LOW RESISTANCE HEADPHONES. Brand new ex
W.D., boxed, Type C.L.R., 5§/6 per pair, postage 1/6.

RELAYS TYPE 300. Two change over 6,000 chm coil. 11/6.

lSéwsOOTHING CHOKE. Heavy duty 90 ohms 200 mA 10H.
/6.

MINIATURE AF CHOKE. (lin. dia. X 1}in.) 3H 30 mA. 7/6.

OUTP}JT TRANSFORMER. 3W 40,000/600 ohms imped-
ance. =

VARIABLE CONDENSERS. 110 pF 1,000V. 4/6.

POTENTIOMETER. W.W. 60 ohms 1W, 2in. spindle,
1/9 each. 100 ohms 1.5W, short spindle, 1/- each.

TOGGLE SWITCH.
Hammer, 20 amps. 2/-.

R 109A covering 1.5 to 12 Mc/s. 12V D.C. £4/5/-.
Packing and carriage 15/-.

U.S. HIGH VOLTAGE MOULDED MICA
CONDENSERS.
1,200-2,500 volt test. 200, 1,000, 2,000, 5,000 pF. 1/6 each.
Post and packing below 1 doz. 1/6.
2,500-5,000 volt test. 100, 200, 300, 500, 1,000, 5,000,
10,000 pF. 2/6 each.
Post and packing below 1 doz. 1/6.

On/off locking or press action Cutler

‘'W.W. RESISTORS. 5W-250, 400, 800, 1,000, 10,000 ohms.

1/3 ea