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TRANSISTORS

Although in principle a large number of circuits can be
obtained by combining grounded emitter, grounded base or
grounded collector configurations with transformer or R-C
coupling, in practice transistor audio amplifiers tend to
follow a simple pattern. A typical circuit can be considered
to have grounded emitter stages in cascade, with R-C
coupling, and with d.c. stabilisation provided by the potential
divider and emitter resistor method.

The maximum power gain available with perfect matching
(and transformer coupling) when the effective load resistance

in the collector circuit Ry = -‘,.-rr'n.r'out and the effective

source resistance Rq = /r’ll.r’in is

o 2
— — | .r'2.
/HH— /r in

R-C coupling is preferred generally to transformer coupling
for low cost and phase shift and good response, but the
power gain of each stage then arises solely from the in-
herently high current gain of the grounded emitter stage, and
the higher gain which would be available by impedance
matching with the transformer is not achieved.

The factors entering into the design of an R-C coupled
transistor cascade are not difficult to appreciate; many of
them are similar to those encountered when working with
valves. The collector voltage and
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from (a)2Rp/r'in, the a.c. current gain being a’ and the
voltage gain a'Ry/r’j;. This expression assumes that Ry
is very much smaller than 1’5, and /gy

Here, a 1r'in, etc. are Small-Signal parameters given in
published data and computed for the working point
employed. As the load on an R-C coupled stage is formed
by its collector resistance in parallel with the input resistance
of the following stage, the power and voltage gain for cach
stage can be calculated by working backwards through
the cascade.

Class AB push-pull operation in which the bias corres-
ponds very nearly to that for true Class B operation is a
natural choice for the output stage when a transistor
amplifier is to be designed as a power amplifier, that is, to
give the highest output power permitted by the collector
dissipation pcmax. without objectionable distortion. The
quiescent power consumption is very small and the efficiency
is high. The Mullard OC72 is intended for this mode of
operation. An actual circuit is shown in the diagram, the
output power being 200mW for 10% total harmonic dis-
tortion for an input of about 6mV at Cl or 500mV at
R1. Negative feedback is applied over the driver and out-
put stages by R13, which is matched to the loudspeaker. A
small amount of bias is provided to the OC72’s by the
potential divider R11-R12, which is effective in reducing the
high crossover distortion inherent in a true Class B tran-
sistor output stage.

Ri3 *

current are limited by d.c. ratings * e

Vemax and Icmax, and by a.c. Lood | R
ratings Veepymax and iggpimax. i) |y
For high gain and output power g9 (| &
the battery voltage should be 100 | 68
high, but a lower voltage and I5:08/Ime2

hence smaller current drain is
more economical. The high value
of collector load resistance
required for maximum gain can-
not be obtained with R-C coup-
ling, as there is no advantage in
making the collector load very
much greater than the effective
parallel input impedance of the
next stage. In addition, the load

o

:

3+
QO

resistance and collector current ©

determine the voltage available __ /77L7
across the transistor, which is 27954

also reduced by the emitter resistance included for stabilising.
The collector current should therefore be small so that a large
collector load resistance can be used ; on the other hand a large
collector current swamps the variation in collector leakage
current I'coy with temperature.

After allowing for these various conflicting claims, the
number of stages is chosen to give the required overall gain
when feedback is applied. Since the signal swing in the early
stages is small, the d.c. working point can be chosen for low
current drain (and noise), provided they have potential
divider and emitter resistor d.c. stabilisation. The power gain
in the grounded emitter R-C coupled stage can be calculated

T See text

All resistors should be % 5% I. values at 25°C ambient

The value of R11 must be chosen from the range 6.8, 6.2,
5.6, 5.1, 4.7, and 4.3k so as to adjust the total quiescent
current in the output stage to 1.3mA-+4-10% at 20°C or
1.6mA£10% at 25°C. The operating ranges with speech
and music are 15°C to 45°C ambient temperature and 4.5V
to 2.7V (or even 2.0V, depending on the distortion tolerated
by the listener) with a Leclanché type battery.

Suitable transformers can be obtained from R. F. Gilson
Ltd. The phase splitter transformer is type WO780 and the
output transformer WO781. The secondary resistance must
be specified as 3.75Q, 7.5Q, or 15Q when ordering the
output transformer.

Reprints of this series of advertisements WILL NOT be available

1.5.D. DATA and PUBLICATIONS SECTION, MULLARD LTD., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2
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Combined Audio Show?

WITHIN the space of six weeks, from April 13 to
May 26, two shows covering the same subject and
run on broadly similar lines were held in London.
These were the Audio Fair and the annual exhibi-
tion of the British Sound Recording Association.
That meant a duplication of effort on the part of
most of the exhibitors (to say nothing of many
visitors) which can hardly be allowed to carry over
into future years. That was acknowledged by
Norman Leevers, the retiring president of
B.S.R.A., who, at the Association’s annual dinner,
speculated on possible ways of arriving at a more
satisfactory arrangement.

Mr. Leevers put forward two alternative pro-
posals: that the B.S.R.A. show should be moved
to the autumn, or that it should be combined with
the Audio Fair.

To us, the idea of a combined exhibition seems
to be the better. Demonstrations under reason-
ably good conditions are an essential part of a
sound reproduction show, and, practically speak-
ing, the only suitable venue is a large hotel. In
London, hotel accommodation is easier to obtain
in the spring than in the autumn. And, anyway,
it is doubtful whether the majority of manufac-
turers would continue to support two shows in the
year.

An effective basis for collaboration between the
organizers of the Audio Fair and the B.S.R.A.
should not be too difficult to work out. Facilities
might be provided for the B.S.R.A. to stage non-
commercial exhibits and demonstrations of various
aspects of sound reproduction. Then the Asso-
ciation’s annual convention might be arranged to
coincide with the Fair. Such things as these
would, we feel sure, prove to be attractive to many
visitors. Collaboration between the two bodies
on these lines should be beneficial to both of them.

Recorded Programmes

THOUGH the programme side of broadcasting is
no real business of Wireless World, we sometimes
feel impelled to comment on it when fundamental
issues likely to affect the growth of the service are
concerned. One such issue is that of transmissions
from recordings; sometimes it seems to us there
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are toco many of them, both on sound and (in the
form of film) on television. Anyway, we cannot
resist the temptation to quote from a leader in The
Times (May 21). The newspaper’s comments
were linked to a recent lecture on the RCA system
of television recording on magnetic tape, but
could be applied with equal or even greater force
to the use of films.

“One of the possibilities is that technical pres-
sure may cause television to lose some of its
spontaneity. There is nothing, except a deter-
mined will to do so, to stop the making of a tele-
vision programme becoming something like that
of a film. This could alter the whole artistic nature
and scope of television. Again, there may come a
strong tendency for the tail to wag the dog—the
content of the programme being influenced by the
fact that it is a recording. Some of these fears are
theoretical. That does not mean to say they will
not materialize.”

Research and Measurement

THE number of new instruments and techniques
shown at the Physical Society’s exhibition, re-
ported elsewhere in this issue, is still on the
increase, and several new trends were noticeable.
In particular, there was fairly widespread use of
transistors in instruments, both as h.t. generators
and, in some cases—e.g., in physiological work—
where their small size and self-contained nature is
an especial advantage. There was also a new type
of transistor with quicker response than that of
normal junction types. This device is perhaps
symptomatic of the general development of junc-
tion transistors capable of working at higher fre-
quencies than at present. The same tendency was
evident in oscilloscope tubes with ability to record
frequencies of the order of 1,000 Mc/s; these are
specially adapted to the recording of very fast
transients. On the same trend, super-high-fre-
quency valves capable of being tuned over quite a
wide range were shown.

A particularly commendable and much appre-
ciated section of the exhibition was the demon-
stration of the principles of colour television,
arranged by the Physical Society Colour Group.
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Modulator unit with
ceramic top plate
removed, showing
semi-circularsilver-
ed fixed electrodes
and domed and per-
forated diaphragm.

e B
R R

THE wobbulator to be described reaches just about
the limit of simplicity, consisting as it does of a
single-valve oscillator; yet it is most satisfactory in
use, and gives on Band I a linear sweep of six mega-
cycles.

In the American radio altimeters now available
on the surplus market there is a component which
makes the above possible. The altimeters have the
type numbers RT-40/APN, AN/APN-1,
AN/ARN-1, AYB-1, AYD and there may be others.
The component is often described in advertisements
as a “magnetic sounder” but it would be more
appropriately called an electro-magnetic frequency
modulator. .

A typical example is shown, partially dismantled,
in the accompanying photograph. It consists of a
magnet and coil, similar to that of a moving-coil
loudspeaker, to which is attached a slightly domed
aluminium diaphragm of about two inches dia-
meter, freely suspended and perforated all over to
prevent air loading. Mounted in front of this dia-
phragm on a ceramic cover are two metal plates
and these with the diaphragm form a two-gang
capacitor. The capacity swing of each section is
from 10 to S0pF. It will be obvious that if this
capacitor is connected across the coil of an oscillator
and the moving coil energized by an alternating
current, the oscillator will be frequency modulated.

The circuit of the complete wobbulator is given in
Fig. 1. Ample frequency
deviation on Band I could be
obtained by using only one

Single-valve Circuit

Simple Wobbulator

Electro-Mechanical Modulation (6 Mc/s) in a

By B. T. GILLING

Any miniature medium-mu triode is suitable for
the valve, in fact one of the acorn triodes in the alti-
meter is an admirable choice. The frequency-
modulated output is taken from the anode of this
valve and its amplitude is controlled by a simple
attenuator.

Alternating current for driving the moving coil is
obtained from the heater supply. A series variable
resistor controls its amplitude, hence the frequency
deviation, and a fixed resistor prevents over-drive.
The sweep voltage for the X-plates of the oscillo-
scope 1s also taken from the heater supply.

Return Trace Suppression

In an ideal case the forward and return traces
would coincide exactly, but owing to phase shifts in
the amplifiers this does not happen, and a trace as
in Fig. 2(a) is always obtained. There are several
ways of removing the second trace and the method
adopted in the present case is to take a blanking
voltage from a phase shift network across the heater
supply and apply it to the grid of the tube. This not
only blacks out the unwanted half of the trace but
brightens the centre portion of the wanted half
where its brilliance decreases owing to the increased
speed of the spot. A single trace of even brightness
throughout its length is obtained, as in Fig. 2(b).

At full amplitude of the moving coil a sweep of
10 Mc/s in Band 1 is easily obtained. This is illus-
trated in Fig. 2(c). With this amplitude, however,
frequency linearity suffers, but for a sweep of 6 Mc /s
it is very good, as will be seen from Fig. 3.

+HT.

Fig. 1. Circuit diagram
of single-valve wobbu-

lator.
50 VOLTS

50pF

section of the f.m. capacitor,
but since it was also desired
to sweep the i.f. band around
10 Mc/s the two sections were
connected in parallel to give a
maximum swing of 20-100 pF.
This means that one side of

MODULATOR
UNIT

) IOPF;

LN

FzOM SIGNAL
ENERAT
20000 l oR
' F

3p
1kl
F.M. QUTPUT
100pF

the capacitor is earthed, mak-
ing it necessary to use an
electron-coupled type of oscil-
lator. The 10-pF wvariable

1000 WIRE-WOUND

O EARTH

capacitor in parallel with the
coil is brought out to a con-
trol on the panel to enable the
middle frequency to be set.
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Fig. 2. Three forms of the some response from a partly aligned television receiver. (a) Displaced return half, due to

phase shift. 6-Mcjs sweep.

The trace obtained is of little use unless some
means are provided of ascertaining the frequency
of all points along it, so a marked “blip ” is applied
by adding the output from a signal generator to the
output of the wobbulator through a small capacitor.
With a normal wide-range Y-amplifier this will
appear as a thickening of the trace on each side of
the marked frequency. To get a sharp blip the fre-
quency range of the amplifier must be severely
limited and the simplest way of doing this is to con-
nect a 0.001-uF capacitor across its input. The
resultant blip is seen in the three oscillograms in
Fig. 2. As the frequency of the signal generator is
varied the blip will travel along the trace marking
the spot frequency at any given point.

This particular wobbulator was designed for
Channel 3, Band I, and the if. band from 9 to
14 Mc/s with switched coils. Both coils are wound
on half-inch formers and are as follows. Channel
3:9 turns, tapped at 3 turnms, spaced to occupy 3
inch. LF.:18 turns, tapped at 6 turns, 34 s.w.g.
close-wound. Adjustments to make the coils reson-
ate at about the middle frequency can be made with
either iron dust or brass cores.

Alternative Modulator

The heart of this wobbulator is the unit from the
altimeter, but if this component is not obtainable it
is possible to make a very satisfactory one from a
three-inch moving coil loudspeaker. There are two
ways of doing this, both of which entail the cement-
ing of a thin aluminium disc to the diaphragm. In
the first case a metal plate is fixed immediately in
front of the disc as closely spaced as practicable to
form the variable capacitor. In the other the actual
oscillator coil is wound in pancake form and mounted
closely to the disc. As the disc moves the changing
eddy-currents alter the inductance of the coil. This
latter method is not as satisfactory, as it prevents
other coils being switched in to provide alternative
ranges.

The only disadvantage of the generator in the
form shown is that it requires a coil for each channel
swept. At present, when there are only two, or at
most three, channels operating in any area, this is
of no real significance. To cover future develop-
ment and the possibility of the introduction of
colour television, which will call for the examination
of a band almost in the audio region, this unit can
be looked on as the basis of a more elaborate wobbu-
lator of the beat frequency pattern. In this it would
form the frequency-modulated oscillator which beats
with a tunable oscillator to give a resultant swept
output over a very wide range of middle frequencies.

This electro-mechanical method of obtaining
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(b) Return half suppressed. 6-Mcjs sweep.

(c) Same response with 10-Mc/s sweep.
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Fig. 3. Linearity of trace on Channel 3.

frequency modulation is far simpler and more re-
liable than the reactor valve and has proved so satis-
factory that it is used extensively, especially in
America, for commercial wide-range beat frequency
wobbulators.

B.S.R.A. Convention and Exhibition

ONCE again the annual exhibition* and convention of
the British Sound Recording Association was held
in the Waldorf Hotel and the increased space made
available was fully booked. Of the 42 firms exhibiting,
27 gave continuous demonstrations in separate rooms in
the hotel, instead of sharing the use at specified times
of a communal listening room. Conditions were more
comfortable and there was much less fluctuation in the
density of visitors in the main exhibition than on pre-
vious occasions.

Much interest was shown in the competition by mem-
bers of the Association for the best amateur-constructed
equipment. The winner of the President’s Trophy was
V. I’Estrange for a versatile lightweight magnetic re-
corder with three tape speeds. The Wireless World
prize was awarded by the judges to G. A. Jeary for a
synchronizing system for a film projector and magnetic
tape recorder and the Committee Prize went to J. M.
Beukers for a beautifully finished pre-tuned f.m. re-
ceiver and gramophone pre-amplifier.

At the annual dinner Norman Leevers, the retiring
president introduced his_successor, J. F. Doust (M.S.S.
Recording Company) who has had a long association
with technical developments in disc and tape recording.

* Sound reproducing.equipmcnt shown at this and other recent
exhibitions will be reviewed in the July issue..—EDITOR.
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WORLD OF WIRELESS

Organizational, Personal and

Industrial Notes and News

National Radio Show

OF the eighty or so British radio equipment manu-
facturers included in the initial list of exhibitors at
the National Radio Show (Earls Court, August 22nd
t0 September 1st), about 50 per cent are makers of
domestic sound and television receivers—the re-
mainder being component and accessory manufac-
turers. With the addition of the “user” exhibitors,
publishers, banks and wholesalers, the total number
of stand-holders is 111.

It is anticipated that some 400 television receivers
wiil be in operation at the Show where both Band
I and Band III programmes will be distributed.

As in past years, the main part of the ground floor
will be devoted to manufacturers’ stands. On the
first floor will be the displays of the B.B.C. and, for
the first time, the I.T.A. and the London programme
contractors. There will again bz a “careers and
electronics ” display on this floor.

A brochure for prospective overseas visitors has
been circulated and copies may be obtained at the
various offices of the British Information Service.

Southern England T’

THE permanent aerial on the new 500ft mast at the
B.B.C. television station at Rowridge, Isle of Wight,
is being brought into service on June 11th. This
will increase the e.r.p. to more than three times that
provided by the temporary aerial system on the
200ft tower which has been in use since the station
opened in November, 1954. As the new aerial is
directional the vision e.r.p. varies from 1 to 32kW.
Provision is made for the mast to be used for v.h.f.
broadcasting also.

The temporary transmitter on Truleigh Hill, near
Brighton, will continue in service for the time being
although it was originally intended only as a
temporary measure until Rowridge was operating on
full power.

Institution of Electronics Engineers ?

AL THOUGH originally formed in 1946 as some-
thing of an “old comrades’ association ” the Radar
Association has recently taken on the aspect of a
technical institution. As such it has arranged a
number of technical meetings during the past year at
which lectures on such topics as underwater
television, guided missiles, radio astronomy and
colour television have been given. It is now planned
to start a students’ section for the benefit of those
studying electronics.

Sir Robert Renwick, the president, speaking at the
10th anniversary dinner of the Association, referred
to the need for the electronics industry to have its
own technical institution. “I believe,” he said, “ that
the Radar Association is destined to assume this
role.” He suggested that the scope of the Association
should be extended and that its name should be
changed to cover the whole field of electronic
engineering.

t
-
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Because the final stages of the passages of the British Railways
vessels on the Heysham-Belfast service have to be navigated
stern first, the radar installation for the three latest vessels has
been specially adapted by Kelvin Hughes. As will be seen in
this photograph of the experimental installation at the K. & H.
research station op Southend pier, the masts will be fitted with
deflector plates to eliminate spurious echoes. The vessels,
which incidentally are fitted with bow rudders, will have
a second radar display unit on the after navigating bridge.

Birthday Honours

Sir Gordon Radley, C.B.E., who has been director
general of the Post Office since 1955 and was pre-
viously engineer-in-chief, is appointed a Knight
Commander of the Order of the Bath.

John Anderson, C.B.E., chief scientist at the
Admiralty Signal and Radar Establishment, Cosham,
Hants, is appointed a Companion of the Order of the
Bath.

L. H. Bedford, O.B.E.,, M.A., B.Sc.(Eng.), chief
engineer, Guided Weapons Division of the English
Electric Company, which he joined in 1947, is pro-
moted to Commander of the Order of the British
Empire. He was for many years director of research
at Cossors and was one of the first two industrial
engineers to be taken into the confidence of the
Government on radar. He evolved the “ Bedford ”
attachment for early gun-laying radar.

T. Constantine, chairman of Bonochord Limited,
is appointed a C.B.E. for public and political
services.

Appointments as Officers of the Order of the
British Empire are conferred on A. B. Howe, M.Sc.,
A.R.C.S,, assistant head of the research department
of the B.B.C.,, which he joined in 1924, and H. G.
Sturgeon, director and chief engineer of Ultra
Electric.

J. Treadgold, B.E.M., lately principal station radio
officer, Admiralty Civilian Shore Wireless Service,
and E. E. Frewin, chief technical superintendent
of the Gold Coast broadcasting department, are
appointed M.B.E.

WIRELESS WORLD, JUNE 1956
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PERSONALITIES

Professor H. E. M. Barlow, B.Sc.(Eng.), Ph.D,
M.IEE, who has been a member of the academic
staff of the Faculty of Engineering, University College,
London, since 1925 and is now Pender Professor of
Electrical Engineering at the college, has been elected
a Fellow cf the American [.LR.E. The citation reads:
“For contributions to engineering education, telecom-
munication, and high-frequency techniques.” At the
beginning of the war Professor Barlow, who is 57, was
at T.R.E. and subsequently became superintendent of
the radio department at R.A.E., Farnborough. He has
served on a number of Government boards and coun-
cils including the Radio Research Board, to which he
was appointed in 1948.

For his contributions to the development of air
traffic control systems, J. Fenwick, a senior signals
officer in the Ministry of Transport and Civil Aviation,
has been awarded the British Silver Medal of the Royal
Aeronautical Society. He is the senior telecommunica-
tions officer in charge of the Southern Air Traffic Con-
trol Centre adjacent to London Airport and has been
responsible for the design of the radar simulator which
is used by the Ministry for the rapid training of control
officers in radar control. Mr, Fenwick has also designed
and engineered the whole of the radar display systems
for the new Southern Air Traffic Control Centre.

C. P. Fogg has been appointed head of the ground
radar department at the Radar Research Establishment
of the Ministry of Supply, at Malvern, where, for the
past five years, he has been superintendent of basic
techniques. He joined the staff at the Bawdsey Research
Station in 1937 and in 1939 was made leader of a group
responsible for research and development of radio re-
ceivers. He went to Malvern in 1945 and was at one
time in charge of the three divisions working on trans-
;m‘tttzers, aerial test gear and receivers and display. He
is 42. -

~ W. M. York, who has been in charge of Ekco pub-
licity for the past twenty-four years and has been an
executive director of the company since 1951, has been
appointed commercial director with a seat on the Board.
He recently visited the Ekco organization in India.

M. M. Macqueen, manager of the radio and tele-
vision department of the G.E.C. since 1930, has
accepted the chairmanship of the British Radio Equip-
ment Manufacturers’ Association for the third succes-
sive year at the express wish of the members of the
council. He was also chairman in 1949 and 1950. Mr.
Macqueen, who joined the G.E.C. in 1923, has
represented the industry on a number of committees
including the Radio Rearmament Advisory Committee
set up by the Government in 1951 for liaison between
the Ministry of Supply and the radio industry.

M. M. MACQUEEN

R. T. LAKIN
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H. S. Jewitt has left Decca Radar, where he was
senior engineer in charge of the receiver design group
at the research laboratory, Tolworth, Surrey, and
emigrated to the U.S.A. to join the Raytheon Manu-
facturing Company, of Boston, Mass. Before joining
Decca in 1952 he was working on pulse circuitry at
Ferranti’s after graduating as B.Sc.(Eng.) from Queen
Mary College, London University, in 1949. It will be
recalled that Mr. Jewitt won one of the R.I.C. technical
writing premiums for his articles on i.f. amplifiers pub-
lished in Wireless World in 1954. He is 33.

R. T. Lakin, AM.IEE., AMBritI.R.E, chief
research technologist with the Whiteley Electrical Radio
Company, and H. W. Read, London manager, have been
appointed to the board of directors. Both of them have
been with the company for more than twenty years. In
1953 Mr. Lakin was appointed M.B.E. for his scientific
contributions during the war.

K. M. McKee, B.Sc.,, AM.I.EE,, formerly a senior
engineer for five years at the E.M.I. Research Labora-
tories, has joined the Geo. Tucker Eyelet Company,
where he is in charge of the technical and commercial
development of a range of automatic component
assembly machines for use in printed circuitry.

L. S. King, contributor of the article in this issue
on the Band I/III crossover network, has been with
Standard Telephones and Cables for many years and
for over thirty years has been part-time lecturer at the
West Ham Municipal College and the Northampton
Polytechnic, London, E.C.1.

A. H. Hooper, who contributes an article in this
issue on the graphical derivation of radio refractive
index, is a meteorologist. Among his other interests
is experimental amateur radio and recent private investi-
gations have included the feasibility of routine assess-
ments of conditions for v.h.f. propagation through the
troposphere.

OBITUARY

Stanley Whitehead, M.A., D.Sc., M.ILE.E,, F.Inst.P,,
director of the British Electrical and Allied Industries
Research Association (E.R.A.) for the past ten years,
died on May 5th, aged 54. Dr. Whitehead, who had
been a member of E.R.A. since 1925, was for some years
chairman of the International Special Committee on
Radio Interference (C.I.S.P.R.) and was a member of
the advisory committees appointed by the P.M.G. to
investigate radio interference from ignition systems
and small motors. Since 1954 he had been joint
honorary secretary of the Parliamentary and Scientific
Committee.

Maurice G. Hammett, M.I1.E.E., chief engineer of
the electronics division of Murphy Radio since Septem-
ber, 1953, died early in May at the age of 48. For
some time before joining Murphy’s he was with the
Ekco organization as chief engineer of the electronics
division at Malmesbury. He started his engineering
career with EEM.I.

WHAT THEY SAY

“Tall oaks . . .”.—“Looking round this room I
am struck by the thought that not much more. than
fifty years ago the entire manpower engaged in the
radio industry numbered fewer than those representa-
tives of it present here to-day. Indeed, it would be true
to say that when my father {Guglielmo Marconi] first
came to England he was the radio industry of the
time! ”—Marchese Giulio Marconi at the Radio In-
dustries Club’s 25th anniversary luncheon. N

Incognito.—“Hitherto it has been the practice to
classify this new electronics industry as an off-shoot of
the long-established electrical industry, and as such
it possesses no separate identity and no official classi-
fication. Statistically the electronics industry does not
exist despite the fact that it employs some 250,000
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people with an annual turnover exceeding £250 million
and exports valued at over £60 million.”—Sir Robert
Renwick (president) at the 10th anniversary dinner of
the Radar Association.

Obsolescent L. & M.W.>—“The B.B.C. is rapidly
carrying through a complete conversion from long and
medium waves to v.h.f.”—Sir Ian Jacob, addressing the
C.C.L.R. delegation.

IN BRIEF

Receiving Licences.—The overall increase in sound
and television licences in the United Kingdom during
the year ended April 30th was 278,533 bringing the
total to 14,295,980. During the year television licences
increased by 1,231,453 to 5,812,178 and sound licences
decreased by 952,920 to 8,483,802.

The B.B.C. has selected the site for its Cumberland
television station which it is planned to bring into
operation by the end of next year. It will be built at
Sandale which is 1,200 feet above sea level and some
14 miles south-west of Carlisle. The station will also
be used for v.h.f. sound broadcasting when the system
is extended to that part of the country.

B.B.C.-L.T.A. Co-siting.—Replying to a general ques-
tion in the House of Commons on the sharing of masts
by the B.B.C. and LT.A., the Postmaster General
announced that this will definitely be done in Cumber-
land.

LT.A. Test Transmissions.—The Belling-Lee mobile
television transmitter, which has done yeoman service
in radiating test transmissions from London, Lichfield
and Winter Hill during the building of the I.T.A.
stations, has now been acquired by the Authority. In
July it will be on Emley Moor, the site for the York-
shire transmitter, for test transmissions with an e.r.p.
of 1 kW,

R.I. Club Jubilee—The 25th annual report of the
Radio Industries Club (London) records a record mem-
bership of 885. At the anniversary luncheon on May
29th Sir Harold Bishop (B.B.C. director of engineering)
handed over the presidency of the Club to Eric K. Cole
who introduced the trade name Ekco in 1922 when he
produced—at the rate of five or six a week—a two-
valve battery receiver.

B.R.EM.A. Council—Member-firms whose repre-
sentatives will constitute the council of the British Radio
Equipment Manufacturers’ Association for the ensuing
year- are: Balcombe (E. K. Balcombe); Bush (G.
Darnley Smith); Cole (G. W. Godfrey); Cossor (J. S.
Clark); Ferguson (S. T. Holmes); Ferranti (E. Grundy);
G.E.C. (M. M. Macqueen, chairman); Gramophone Co.
(F. W. Perks, vice-chairman); Kolster-Brandes (P. H.
Spagnoletti); Philips (A. L. Sutherland); Pilot (H. L.
Levy) and Ulwra (E. E. Rosen).

The annual contests for
radio controlled models,
organized by the Inter-
national Radio Controlled
Models Society, will be
held in the Midlands on
August 5th, 6th and 7th.
The contest for aircraft
will be held on the 5th
at the aerodrome, Welles-
bourne Mountford, near
Stratford-on-Avon, War-
wickshire, and that for
boats at Bournville, Bir-
mingham, on the two
following days. Further
particulars and entry
forms are obtainable
from H, Croucher, 27
St. John’s Road, Spark-
hill, Birmingham, 11.

J. F. DOUST
(See page 253)
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N.W. Germany.—With the reorganization of the
broadcasting service in what was the British zone of
occupation in Germany, the Nordwestdeutscher Rund-
funk has been disbanded. There are now two sound
broadcasting organizations in the zone: the Nord-
deutscher Rundfunk (N.D.R.) with its headquarters in
Hamburg and the Westdeutscher Rundfunk (W.D.R.)
centred on Cologne. There is, however, a co-ordinated
television service for the zone, in which there are twelve
television stations, operated by the Nord- und West-
deutscher Rundfunkverband (N.W.R.V.).

The Radio Industry Council is planning to hold a
Scottish Radio and Television Exhibition at the Kelvin
Hall, Glasgow, in mid-May next year. Although since
the war there have been two Glasgow radio exhibitions
organized by the Scottish Radio Retailers’ Association,
this will be the first manufacturers’ show in the city
since 1935,

Northern Electronics Show.—The 11th annual elec-
tronics exhibition, organized by the Northern Division
of the Institution of Electronics, will be held at the
College of Technology, Manchester, from July 12th
to 18th (excluding Sunday 15th). It will open on the
first day at 2 p.m. and on subsequent days at 10 a.m.
and will close daily at 10 p.m. except on Saturday when
it will be 6 p.m. During the course of the exhibition,
which will include research and manufacturing sections,
some fifty lectures will be given and sixteen films
shown. Admission tickets will be obtainable free from
exhibitors or from W. Birtwistle, 78 Shaw Road, Thorn-
ham, Rochdale, Lancs., from whom lecture programmes
are obtainable. Separate tickets are being issued for
each lecture.

No 1956 Amateur Show.—It has been decided by
the Radio Society of Great Britain not to hold an
amateur exhibition in London this year. The attendance
at last year’s exhibition was down by nearly 20 per cent
on that of the previous year and the Society incurred
a loss of about £70. The proposal that this year’s
exhibition should be held in the provinces—Manchester,
Birmingham or Bristol—has not materialized.

E.M.I. College of Electronics has been adopted as
the title of the department of E.M.I. Institutes which
provides full-time day courses in radio and electronic
engineering. Over 200 students are now attending the
full-time courses at the college which offers eighteen
scholarships for science sixth-formers to undertake the
four-year course in electronic engineering and two
scholarships for the three-year telecommunications
course for which the entrance standard is G.C.E.
(ordinary level). Full particulars of the scholarships
and the courses, which begin in the autumn, are obtain-
a&')le from the College, 10 Pembridge Square, London

7.2,

A summer school on communication theory, modula-
tion and noise is being held at Birmingham University
from July 1st to 13th. It is intended for engineers in
the electrical communications and allied fields who have
taken their degrees without much theoretical work in
communications and for those who feel the need for a
“refresher” course. The fee is £8, excluding accom-
modation. Particulars are obtainable from the Director
of Extra-Mural Studies, The University, Edmund Street,
Birmingham, 3.

BUSINESS NOTES

G.E.C.-B.T.M. Collaboration.—The General Electric
Company and the British Tabulating Machine Company
are to collaborate in the design of “ competitively priced
computers and like equipment to cover the field in
which such devices can be employed, and particularly
the sphere of office machinery and automation.” They
are jointly to form a new company for this purpose.
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RCA Photophone, Limited, which was established in
this country in 1929 by the Radio Corporation of
America primarily for the introduction of the Photo-
phone system of sound recording for pictures, has
changed its name to RCA Great Britain, Limited. The
company is now the sole UK. distributor for all
products of the parent organization. Incidentally, the
fiftieth anniversary of the formation of the Radio Cor-
poration of America was celebrated at the end of
February.

Ekco car radio, Model CR152/K, has been approved
by the Rootes Group as standard or alternative optional
equipment for their new Hillman *“Minx” special
saloon, de luxe saloon and convertible cars.

An industrial television camera has been installed by
Pye as part of the new wind-tunnel of the Aircraft
Research Association at Bedford. Direct observation
through the usual plate-glass window is not possible
in this tunnel because of the special method of lining
the walls.

_ Included in the Marconi equipment being installed
in the recently built Manchester Venture and Manchester
Vanguard, which will trade between Manchester and
the Great Lakes, is a new ship-to-shore radio-telephone
set. Known as the * Seaway,” it was designed by the
Canadian Marconi Company to meet the requirements
of the Canada/U.S. Great Lakes Treaty.

The new factory at Uxbridge opened by Alfred Imhof,
Limited, instrument case makers, provides over 25,000
square feet of production space. The other factories
at Islington and Thornton Heath will remain in use
but the drawing offices and development section are
now accommodated at Uxbridge.

This year marks the coming-of-age of Painton and
Company, of Kingsthorpe, Northampton, manufacturers
of a wide variety of components and accessories, includ-
ing attenuators and faders.

The distribution of Goodmans loudspeakers and
acoustical resistance units in Scotland is now under-
taken solely by Land, Speight and Company, of 2
Fitzroy Place, Sauchiehall Street, Glasgow, C.3.

-mﬂ

Aby-product of the Redifon GRI74 a.m. f.m. radio-telephone
equipment is that it gives the marine user the opportunity
to overcome interference should other vessels nearby be
operating on a.m. on the same frequency. The combined
a.m./f.m. 20-channel radio-telephone is shown installed in
a deep-sea trawler.
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Amplivox celebrates 21 years of hearing-aid manu-
facture this year. The Company, of which A. Edwin
Stevens is governing director, also manufactures micro-
phones and headphones.

In the refurbished demonstration centre recently
opened by Philips, at Century House, Shaftesbury
Avenue, London, W.C.2, a “hi-fi” demonstration room
is provided in which elaborate switching arrangements
permit various combinations of loudspeakers and ampli-
fiers to be compared.

Birmingham Sound Reproducers are extending their
factory space in Londonderry, Northern Ireland, to give
a total of 180,000 sq. ft. B.S.R., who make the Monarch
record changer and other gramophone units, have their
head office and another factory at Old Hill, Staffs.

A.B. Metal Products are extending their Glamorgan
factory to give an additional 50,000 square feet of
manufacturing space.

Savage Transformers Limited, makers of the well-
known “ Massicore” transformers, have added an office
block to their factory at Devizes, Wilts. This has
released factory space for production.

Gate Electronics, Limited, have moved into their
new factory in Tudor Grove, London, E.9. (Tel.:
Ambherst 8484.)

Electrical Instrument Repair Service, of 329, Kilburn
Lane, London, W.9, have changed their name to E.LLR.
Instruments Limited.

New offices and showrooms in Lancashire House,
9 South Street, Manchester 2, have been opened by
Marconi Instruments.

OVERSEAS TRADE

Poland.—On their stand at the International Fair in
Poznan (June 17th to July 1st) Kelvin and Hughes will
be showing echo sounders, industrial equipment,
miniature motors and also scund recording and repro-
ducing equipment manufactured by their associates,
Simplex-Ampro, Limited.

Export enquiries for the Sinfonia and President tape
recorders and amplifying equipment manufactured by
Phillips and Bonson, Limited, should now be addressed
to Barnett Shipping and Export Company, St. Magnus
House, 25 Monument Street, London, E.C.3.

Italy.—An order for £20,000 worth of equipment,
including decade oscillators, telegraph distortion
measuring gear and transistor test equipment, has been
received by Winston Electronics, Limited, from the
Ttalian Government.

Australia.—A three-czmera O.B. vehicle has been
supplied by Pye to the Australian Broadcasting Com-
mission.

U.S.A—William B. Allen, of 1601 Orleans Ave.,
New Orleans, Louisiana, wishes to get in touch with
a United Kingdom manufacturer making a low-priced
transceiver operating on 465 Mc/s. It should operate
on a 6- or 12-volr car battery and have a range of ten
miles or more.

Yugoslavia.—Pye telecommunication and television
equipment and scientific instruments manufactured by
their associates, W. G. Pye and Unicam, are to be
shown at the Scientific Exhibition at Ljubljana, from
August 4th to 12th.

U.S.A.—Olson Radio Warchouse Co., 275 East Mar-
ket Street, Akron, Ohio, are interested in importing
radio components, accessories, valves, etc., from the
United Kingdom.

Honduras.—A. Idiaquez y Cia., of Tegucigalpa,
D.C., are interested in importing, to sell in their own
stores in Tegucigalpa and San Pedro Sula, a small

battery-operated domestic receiver, preferably in a
wooden cabinet.
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Unconventional F.M. Receiver

Designed for Local Station Reception Using Pulse-Counter Discriminator

By M. G. SCROGGIE, B.sc., M.IE.E.

T HE design of this receiver from the if. output on-
wards (comprising limiter, discriminator and de-
emphasis circuit) has been discussed in detail in the
April issue. So far as the rest of the recejver is con-
cerned, the most significant feature of this discrim-
inator is that its working frequency has to be of the
order of 150kc/s. To meet this requirement there
are two alternative methods. One is to use a con-
ventional f.m, receiver as far as the if. output and
then interpose a second frequency changer to reduce
the standard 10.7 Mc/s if. to 0.15 Mc/s. This pro-
.cedure would combine the usual standard of sensi-
tivity with the low distortion and absence of align-
ment that are the chief attractions of the pulse-
counter discriminator. It may be that in some cir-
cumstances they would be worth the extra complica-
tion of the second frequency changer.

The other alternative is to accept 150 ke/s (or
thereabouts) as the if. This extends the no-align-
ment benefit to the i.f. amplifier also, and the receiver
as a whole is simple, but its sensitivity is low. How-
ever, where an adequate field strength exists this is
no disadvantage.

In the interval since the publication of the dis-
criminator article some readers seem to have been
troubled in their minds about the problem of
amplifying a bandwidth of 150 kc/s centred on an i.f.
of about the same figure. As it happened, however,
no difficulty at all was experienced with the i.f.
amplifier; nearly all the trouble occurred in connec-
tion with the frequency changer.

Fig. 1 shows the complete circuit diagram, from
which it will be seen that two resistance-coupled i.f.
stages are used in front of the limiter. The resistors
in series with the grids provide, in conjunction with

the valve input capacitances, attenuation of the upper
frequencies, eliminating v.h.f. components received
from the frequency changer and limiting the i.f.
bandwidth at the top end, improving stability. There
is of course further top cutting by the valve output
capacitances shunting the coupling resistances. Fig. 2
is the amplification frequency characteristic. With
reasonable care in the layout of the if. and discrim-
inator stages and the wiring of the decoupling
capacitors, it is unnecessary to use inter-stage screen-
ing.

The signal required at the grid of V; is at least 3V
and preferably about 10V. The combined voltage
gain of V, and V, is about 4,000, so the input to
V, should be at least a millivolt or two.

The Frequency Changer

To reduce the incoming v.h.f. signal to 150kc/s
in one step requires the heterodyne frequency to
differ from the signal frequency by only about
0.17%. This is small enough to suggest the use of
a self-oscillating coupling circuit between r.f. and i.f.
stages, but although the idea might be worth follow-
ing up it was rejected on the ground of liability to
radiate.  Second-harmonic operation, though it
would greatly reduce this liability, was also rejected,
in the interests of televiewers on Channel 1, who are
somewhat vulnerable to an oscillator fundamental
frequency in the 44 to 47-Mc/s band! Third-
harmonic operation puts the fundamental in a less
awkward band and at the same time still further
reduces radiation, so was adopted. An incidental
advantage of the lower oscillator frequency, especially
valuable if automatic frequency correction is

Fig. 1. Complete circuit diagram. The portion shown in Fig. 9 of the previous article appears on page Z59. Coil Ly is the
tapped coil below L,
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74

group of three transmitters having the same location,
power and frequency spacing.

The pattern is shown in the accompanying Table,
where the three transmitters comprising any group
can be picked out by vertical movement of the three-
pronged fork seen on the left, with a fixed inter-
prong spacing of 2.2 Mc/s. (Incidentally, it is help-
ful to remember that the Light programme comes On
the Lowest frequencies and the Home programme on
the Highest.)

The tuning of the r.f. stage can be made broad
enough to cover all three frequencies in any group
and still give a useful gain, so for simplicity this was
done, leaving the oscillater circuit as the only one to
be varied. Substantially better sensitivity and selec-
tivity can be obtained by variable r.f. tuning, if one
cares to provide it. Whatever were done in this

1 +200V
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both of them give
heterodyne frequencies well within the pass band of
the if. amplifier. That these do not cause inter-
ference is due to a combination of two things: the
low sensitivity of the receiver, and the *capture
effect” in f.um. reception. Interference is not
appreciable in f.m. receivers unless the interfer-
ing signal approaches the same order of magnitude
as that being received; but this happens only in
fringe areas, for which the sensitivity of this receiver
is insufficient. The only signals of comparable
strength will therefore be the other two from the
local station, and they come beyond the i.f. pass band
on both heterodyne channels. Several types of fre-
quency changer were tried, including all those shown
in designs published in Wireless World during the
last few years, but much the most satisfactory was a
type not shown in any—the ordinary diode with
separate oscillator, as used for microwaves. Attempts
to involve V, in any part of the frequency-changing
process—and especially oscillation—gave very in-
ferior results. Whatever frequency changer is
adopted, care must be taken to ensure the absence
of squegging, which at an ultrasonic frequency can
easily be mistaken for instability of the i.f. amplifier.
The oscillator is fairly conventional, and supplies
about 6 to 7V in series with the signal from the r.f.
stage to the diode D,. Best results were obtained
with a thermionic diode (type EA50) and rather sur-
prisingly there was no trouble with hum from the
“live ” cathode. Nevertheless, there is obviously a
lot to be said for a germanium diode in this position,
with the exception that the performance at this fre-
quency of those types that can take the oscillator
voltage appears to be somewhat uncertain. The
samples tested gave 50% to 70% of the output of
the EAS50, but because the best of these provided
ample level at the limiter it was adopted for its con-
venience. The d.c. component across R, is about 1V
less than the r.m.s. oscillator input to D..
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An important component in the signal chain is
the coupling from the r.f. stage L,. Of a large
number of couplings tried, the one shown in
Fig. 3 (b) is the most satisfactory. It is very similar
to the one described by Amos and Johnstone in the
October, 1952, issue. The rest of the r.f. stage, in-
cluding the input coil L, which is also shown in
Fig. 3, is quite conventional.

For the purpose of calculating the oscillator
tuning circuit values for the three programmes, the
difference between the signal frequency and three
times the oscillator frequency can be neglected.
Each of the outside signal frequencies (Home and
Light) differs by 2.2 Mc/s from the middle one
(Third), or 2.4%. This necessitates very nearly 5,
capacitance difference. Theoretically the two steps
are not exactly equal, but the difference is small
enough to neglect. The most obvious arrangement
is that shown in Fig.4(a). A suitable value for the
total capacitance needed for one-third of any of the
Third programme frequencies is 36 pF, for which
the corresponding inductance is about 0.76 uH. Of
this, the stray capacitance is likely to be about
12 pF, leaving 24 pF to be provided. Five per cent
of 36 pF is 1.8 pF, so the capacitances required are
approximately as shown. The switched capacitances
are so small as to be complicated by the stray capaci-
tances of the switch, and also (because the whole
oscillator voltage is applied) by its losses.

Fig. 4(b) shows an alternative that avoids these
disadvantages, for the switched capacitances C; and
C, can be made relatively large and consequently
low in potential. If the capacitance steps are
denoted by 8C, then

_CJ(C4 - SC)
Cs= 3C
(C,—3CYC,—235C)
Co= 5C

T2

PRIMARY {-2 ITURNS
CLOSE WOUND & INTERWOUND
WITH 32 TURNS SECONDARY 3-4;
THEN 5 TURNS SPACED AS SHOWN

ALL 300D.5.C. COPPER WIRE

Substituting 1.8 for 8C, and trying C,= 10, we get
C;=455 and C,=29. Now with a fixed L, the
correct tuning for the Home programme can be
pre-set by adjusting C;. The precise values of 8C
for the other two programmes depend on the total
tuning capacitance and hence on 1;, and as 0.76 »H
is only a target value for L, there is need for some
adjustment of 8C to ensure correct tuning of the
other programmes. One does not want to have to
pre-set all three capacitors in the switching group;
the most convenient is C,, but does adjustment of
it vary both steps equally? Let us assume for the
moment that it does. Then the calculated values
of C; and C,, 45.5 pF and 29 pF, are rather odd for
fixed components. But putting C,=50 we get
C,=10.4 and C,=33, which if not directly available
can be made up from 100 and 50 in series. Assum-
ing these values, and plotting the two capacitance
steps against C, we get Fig.5, which shows that
although exact equality is not maintained the values
of dC can be varied over sufficiently wide limits
without serious discrepancy.

Automatic Frequency Connection

To correct for any such error, and to render un-
necessary any particular care in the choice of com-
ponents or other precautions for counteracting
oscillator drift, automatic frequency correction was
adopted. There are various possible ways of pro-
viding it, such as the milliammeter-operated system
described by C. H. Banks in the February issue.
For the fun of it, the writer experimented with the
core-saturation system shown. The oscillator coil
L, is wound on a small ferrite core placed in the
gap of an electromagnet L,, which is energized by
the anode current of the spare half of V,. A zf.
controlling voltage exactly proportional to the if.
is available at the output of the discriminator; as
shown in the previous article, the voltage corre-
sponding to 150 ke/s is 2. R, is adjusted so that
with an equal voltage applied from an independent
source to the grid of V,, the anode current is a con-
venient value (in this case about 24 mA, mid-scale
on the tuning indicator M) and the oscillator
trimmer is adjusted so that with the switch at “H?”
the Home programme is tuned in to give 2}V out-
put from the discriminator. If this cannot be done
with a total capacitance reasonably near the design
value, the number of turns on L, must be altered.
When satisfactory, the discriminator output can be
substituted for the independent source. The i.f. and
a.f. must of course be filtered out, for which purpose

L g
32 TURNS 18 TINNED COPPER WIRE, (b) R; and C,, are provided.
TAPPED AT ITURN To hold the tuning, an increase in i.f. must affect
(a) the inductance L; in such a way as to reduce the
Above: Fig. 3. Constructional
details of the v.h.f. tuning c
h h
coils, Ly and L,. e o Y-
Fig. 4. Two alternative | ZZPF-.Z‘ - L Co A Cs A«
arrangements of the programme T 5 oL 32 spF A sopF " Fg o
selector switch, of which (b) is
priferred. The capacitance Cs
values shown are calculated 35pF
for L3=0.76 uH and stray T
capacitance |2 pF.
(a) (b)
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i.f., and a little consideration will show that for this
to happen it is necessary for the oscillator to be
tuned so that its third harmonic is 150 ke/s lower
in frequency than the signal.

The oscillator inductor L, consists of 12 turns of
30 d.c.c. wire wound more or less toroidally on a
core of type B4 Ferroxcube, list No. FX.1595, which
is Lin square with a central hole and resembles a
}-in square nut. For experimental purposes 2
10,000} Type 3,000 P.O. relay was used as the
polarizing system L,, with the armature and springs
removed and the circular pole piece filed on one
side to make a i-in parallel gap to take the L, core.
This gave an extremely tight control of tuning with
only about 0.4mA normal polarizing current, but
the low reluctance of the closed magnetic circuit
was found to be very vulnerable to stray magnetic
fields frequency-modulating the oscillator at 50c¢/s
and so causing hum. This could presumably be
eliminated by placing the whole relay in a Mumetal
screen. Another disadvantage was that the ferrite
is subject to hysteresis, ard if the polarizing current
accidentally went outside its normal control limits
(say in the setting-up) it was necessary to switch
off and start afresh, in order to ensure that the core
was working on the rising-from-zero part of its
magnetic cycle.

Because of its lower hysteresis (and higher perme-
ability) a ring core of B2 Ferroxcube was tried as an
alternative to the B4, but its higher losses stopped
oscillation at 30 Mc/s. (Incidentally, even B4 would
be unworkable at the oscillation frequency of a
fundamental frequency changer.)

By turning the oscillator core at right angles as
shown in Fig.6 and wedging it in position with
small pieces of polystyrene as magnetic gaps, the
liability to hum was greatly reduced, and the looser
af.c. and larger polarizing current (24 mA) reduced
the extent to which the tuning could be shifted by
hysteresis. It is still necessary to keep mains trans-
formers a foot or two away and check their orienta-
tion, and of course the anode supply to V,—as in
fact to the other valves—must be thoroughly
smoothed. The actual h.t. voltage is not at all
critical and can be varied over wide limits.

Adjusting the Oscillator

The af.c. system and the oscillator circuit having
been set up to receive the Home programme as
described, C, must be set to give correct tuning of
the other two programmes on working the switch.
Correctness is indicated by the reading of M re-
maining constant, or nearly so. If switching over to
Light makes the reading rise, C, is too large; with
the switch back at Home it should be slightly re-
duced and at the same time C, increased to keep the
total as before. The process is repeated until tuning
is reasonably correct for both programmes. If the
values of C, and C, are close to the specified values,
the tuning of the Third should then be good enough.
Because with the pulse-counter discriminator the
if. is not at all critical, it is not a serious matter if
the control current changes even half a milliamp
between stations, but it does reduce the margin of
afc. available for dealing with warming-up drift,
etc. The meter M is not essential as a permanent
feature of the receiver, but is useful for indicating
departure from correct adjustment. This programme
switching system works extremely well, giving an
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Fig. 6. Details of the experimental oscillator tuning coil
and polarizing magnet for the automatic frequency
correction system described.

instant change-over with little or no click, and of
course the limiter ensures that all three programmes
give exactly the same af. voltage for a given depth
of modulation. Incidentally, the output is sufficient
to drive a Leak TL/10 amplifier fully without pre-
amplifier.

For adjusting the cores of L, and L, and checking
the adequacy of the if. signal, a valve voltmeter from
grid of V; to earth is very helpful; if a proper instru-
ment is not available, one can be extemporized, or
an oscilloscope used. The low intermediate fre-
quency facilitates such measurement. To tune I,
and L., the cores should be adjusted to peak on the
Third programme; then slightly staggered (one up
and one down) to give approximately equal readings
on Home and Light.

The receiver here described is not to be regarded
as a final design but rather as a suggestion for inter-
esting experiment. The relay as a polarizing magnet
is only a makeshift that happened to be handy; no
doubt a much smaller component could be designed
for the purpose. Or one might prefer an altogether .
different system of af.c. Then the question of how
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this type of receiver compares with the conventional
as regards freedom from noise and interference has
not been fully investigated. The writer suspects that
on a level comparison it might be somewhat less good,
but, just as in the matter of its inferior selectivity, it
can afford to give something away because of its lower
sensitivity. ‘The hybrid type—the double super-
heterodyne—combines the advantages of both.
Lastly, remembering that one of the chief claims of
-the pulse-counter is its low distortion, one must
consider possibilities of distortion elsewhere. One
such possibility is inequality of amplification over the
if. band. Provided that the amplitude at the input
10 the limiter does not vary beyond the limits of the
almost perfectly level part of the output voltage
characteristic shown in Fig. 8 of the previous article,

there should be no appreciable amplitude modulation
to affect the discriminator; but any amplitude varia-
tions at the input might slightly vary the ratio of
positive to negative “half” cycles, and in that way
introduce a certain amount of phase modulation,
which would distort the f.m. waveform. This too
has not been fully investigated, but a rough calcula-
tion seems to indicate that with the 1dB drop at the
upper peak of 100% modulation from 150 ke/s
shown in Fig.2 the distortion would be small. It
could be reduced (along with the very slight dis-
criminator distortion indicated in the previous
article) by reducing the i.f. to, say, 100ke/s; but it
is necessary to leave enough margin for there to be
no chance of the if. drifting so low as to clash with
the a.f.,, for that causes most evident distortion.

LONG RANGE ON VHF.

D URING recent months the solar activity, which
was expected to increase at a rapid rate, has done
50 even more rapidly thari was anticipated. The
response of the F, layer to this increase in the
activity of its producing agent has been most marked.
Its ionization has risen rapidly, and, during the
period February-April, 1956, the monthly means of
the noon F, critical frequencies as ineasured at
Slough were of the order 9-10 Mc/s.

So far as radio propagation is concerned, there-
fore, it may be said that quasi-maximum conditions;
i.e,, those associated with a sunspot number greater
than 100, already exist. And they are producing
some interesting, if sometimes unwanted, results.
The higher frequencies in the h.f. band are being
regularly propagated by the F, layer over long
distances, whilst those in the lower part of the
v.hf. band are similarly affected.

The prediction curves published monthly in Wire-
less World under “Short-Wave Conditions” have
given some indication of the very high frequencies
expected to become usable; for example, for 259
of the total time over the paths to Montreal and
Johannesburg. In point of fact these have been
somewhat exceeded. U.S.A. amateurs on 28 Mc/s
were receivable in this country for almost half the
days of March and April, whilst mobile radio signals
on 30-35Mc/s were frequently received from
southern U.S.A. From several places in South
Africa and Southern Rhodesia, including Johannes-
burg, reports were received of the frequent reception
—almost daily during late March and early April—
of the sound channel of the London television ser-
vice on 41.5 Mc/s. And very often the video chan-
nel on 45 Mc/s was receivable after a fashion.

The solar activity is likely to continue to increase
at a rapid rate, though not, perhaps, without con-
siderable fluctuations. The seasonal effect in the
Northern Hemisphere is, however, at present tend-
ing to produce lower values of daytime F, layer
ionization, and this may cause some slight reduction
in the daytime m.u.fs towards midsummer. After
that, however, the seasonal effect will be operating
in the same direction as the increasing solar ‘activity,
and the m.u.fs are likely to rise to even higher
values than at present. By the autumn, therefore,
it is probable that the F, layer will be capable of
propagating phenomenally high frequencies.
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Apart from the general effect of the solar activity
in increasing the ionization of the upper atmosphere
there is another effect which is of importance in
radio communication; i.e., as the activity increases
there is an increase in the frequency and severity
of ionospheric disturbances.

Ionospheric disturbances are of two distinct kinds,
and we may deal first with the short-lived disturb-
ance—lasting perhaps for an hour—known as a
“Dellinger ” fadeout. These are produced by solar
flares (usually associated with sunspots) and result
in a complete fadeout of short-wave signals on cer-
tain frequencies which traverse the daylit hemisphere
of the earth. During the first six months of 1955
only two such fadeouts were reported-and during the
second half of the year only five. But during the
period January-April, 1956, no fewer than twenty
such fadeouts were reported, some of which were
of great intensity. « Dellinger » fadeouts are likely
to be relatively frequent during the next few years.

But it is the other kind of ionospheric disturbance,
known as an ionospheric storm, which constitutes
the major disruptive phenomenon in short-wave
communication, since its effects often last for several
days. This again originates in the sun and is thought
to be due to the emission of a corpuscular stream
which, travelling at a velocity of the order of 1,000
miles per second, enters the earth’s atmosphere and
produces, among other terrestrial effects, the iono-
spheric storm. Since the corpuscular streams appear
often to occur in association with sunspots—some-
times reaching the earth about 30 hours after a solar
flare—their frequency and severity can be expected
to increase with the increasing solar activity. In-
deed, there has already been a marked increase in the
frequency of these disturbances. a

The next maximum of solar activity is expected to
occur sometime during the first half of 1957, and to
be one of outstanding intensity. The F, m.ufs
may therefore be expected to continue to increase
towards that time, but the occurrence of ionospheric
disturbances to become more frequent and, perhaps,
more prolonged and severe. This state of affairs
should continue during the course of the Interna-
tional Geophysical Year, which is a circumstance
favouring the acquisition of new knowledge during
that period of intensified scientific effort.

T. W. B.
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Characteristics of
Fixed Resistors

This article is based on certain sections !
of the author’s book,** Radio and Electronic |
Components, Vol. 1 : Fixed Resistors,” i
recently published by Sir Isaac Pitman |

and Sons at 28s. '{
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Sources of Noise, Resistance at High Frequency and Some Measurements on

Carbon Composition Resistors

ALL resistors generate noise due to thermal agi-
tation of electrons. This is known as Johnson noise,
after J. B. Johnson who discovered the effect in 1927.
The random motion of free electrons in a resistor
is in equilibrium with ths thermal motion of the
molecules. This random motion is superimposed
on the electron drift current arising from the poten-
tial difference across the resistor. This produces a
fluctuating voltage, or noise, and its r.m.s. value is
only proportional to resistance and temperaturc.
It has a uniform spectrum of frequency distribution
and if different bandwidths are selected for a fixed
value of resistance the relation between generated
noise and bandwidth for a 10-k{! resistor will be
approximately as given in Table I

For a given bandwidth the relation between John-
son noise and resistance value is approximately as
shown in Fig. 1. In general the higher the resist-
ance value, the greater the noise.

Carbon composition resistors also generate noise
due to the passage of current through them. This
causes random changes in the material of which
the resistor is made. This noise, sometimes called
“ Bernamont” noise (after Bernamont’s work in
1934), is also greatly dependent on bandwidth.
Unlike Johnson noise, however, which is uniform
at all frequencies, current noise decreases with in-
creasing frequency from below about 10 ¢/s up to
at least the kilocycle range. The generated noise
(E) is related to bandwidth in the following way:
-

fx
where f, and f, are the lower and upper frequency
limits of the noise-measuring equipment or ampli-
fier, so that for a constant bandwidth the square of
this noise voltage is inversely proportional to the
frequency.

Current noise is particularly dependent on the
physical construction and materials used in the
manufacture of the resistor and can vary greatly
between resistors of similar types and even between
those of the same value and manufacture. In general

TABLE I
Bandwidth of Johnson Noise

Amplifier or Measuring Voltage (r.m.s.) in
Equipment 1V (approximately)

1 ke/s 0.6

10 ke/s 1.5

100 kcfs 6.0

1 Mc/s 20.0

10 Mc/s 60.0
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the higher the direct voltage across the resistor the
higher the noise.

Another important factor is the size of the resistor
in relation to its wattage; with a given value under
similar current conditions the noise in a small resis-
tor will be greater than that in a large resistor Fig.
2 shows the relative noise voltage developed in three
different sizes of carbon composition resistors using
an a.f. amplifier with a bandwidth of about 10 ke/s.

Measurements have shown that for carbon com-
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Fig. I. Relation between fohnson noise and resistance
value.

NOISE VOLTAGE, ARBITRARY UNITS

UNJNSULATED
JOHNSON NOISE LEVEL

d

0 150 200

! 300
VOLTS ACROSS RESISTOR

Fig. 2. Noise voltage from carbon composition resistors
of the same value but different wattage ratings.
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- position resistors current noise increases linearly
with current up to about 15 xA. With greater cur-
rents the noise curve approximates to a parabola.
On a range of carbon resistors of different values
up to 1.5 MQ the current noise generated at normal
voltages may vary approximately as in Table 2.

It is of interest to note that the total noise allowed
in composition resistors for Service use is given
by

2+log,, [ > v/V
&\ o000/ *
where R is the resistance in ohms. The noise-
measuring equipment has a bandwidth of from 200
to 10,000c/s. On this assumption the maximum
amounts of noise allowed for various values of car-
bon composition resistors are given in Table 3. The
third column in this table gives the maximum noise
generated in cracked carbor: resistors under equiva-
lent conditions and is included here for comparison.

R.F. Performance.—A resistor must, by its con-

struction, contain a certain amount of capacitance

Rr/ C ry

Fig. 3. Simple equivalent circuit of Fig. 4. Equivalent

a resistor. circuit of a re-
sistor at a given
frequency.

" q y
Cor /
—Ry
APPROXIMATELY S0 T0 80 Q)
Fig. 5. Variation of C,, with Rg,.
+
R
R—:f APPROXIMATELY 50 T0 80 1)
c

> Ra’c

and inductance as well as resistance. A simple equi-
valent circuit of a resistor is that of Fig. 3. R is
the “pure” resistance, C, may be considered the
sum of many small distributed capacitances along
its length and L is the lead, and any other induct-
ance in the actual resistor. C, is the mounting
capacitance when the resistor is included in a circuit.

At any one frequency the resistor can be repre-
sented by the simple parallel circuit of Fig. 4. Here
C,; may be positive or negative. For low values of
resistance the variation of C,; with resistance value
takes the form of the curve in Fig. 5. The r.f.
resistance, R,;, again for low values of resistance,
and plotted as the ratio of R,//Ry. against the value
Ryc (d.c. resistance) is as shown in Fig, 6. It can
be seen from this curve that, due to the series
inductance, the r.f. resistance of very low value
resistors rises above the d.c. values.

In general the r.f. resistarce, or impedance, of all
resistors decreases with an increase of frequency
because of the distributed capacitance (C,, Fig. 3)
and the higher the value of the resistor the greater
the fall in r.f. resistance. The performance of typical
carbon composition resistors in values from 1kQ to
1 MQ and at frequencies up to 40 Mc/s is shown in
Fig. 7. Here the fall in resistance is plotted as the
ratio of rf. to d.c. resistance against increasing
frequency.

Low-value resistors can be used as load resistors
up to several thousands of megacycles and their
behaviour at frequencies up to 1,500 Mc/s is shown
in Fig. 8. A useful rough rule is that when R; is
less than 0.03 (where R is in MQ and f in Mc/s)
the r.f. resistance of a carbon composition resistor
is within 10 per cent of the d.c. value.

Measurement of Noise.—The usual method of
measuring the noise generated in a resistor is to
feed the noise voltage into an amplifier of known
gain and bandwidth and to detect the noise voltage
on a thermo-couple voltmeter. The noise voltage
is generated by applying a direct voltage across the
resistor under test and a matching load in series.

Certain precautions must be taken to ensure that
the extremely small voltage to be measured is not
masked by stray pick up or instrument-generated
noise voltages. Such precautions include screening
of the input circuit, effective mains filtering and the
use of low-noise valves in the early stages of the
amplifier.  Resilient valve mounting might be
needed in the first amplifying stage to avoid
microphony effects.

Measurement of R.F. Resistance.—There are two
main systems of measuring the r.f. resistance of a

Fig. 6. Variation of R,,/R,, with Ry, resistor.  One is of a more fundamental character,
i i involving standards of capacitance (resonance
TABLE 2 TABLE 3
Volts (D.C.) Approx. Current | Johnson Maximum Noise (xV/V)
applied Noise (nV) Noise o —— —
to resistor (V) (nVY) Resistance Carbon Cracked
Min. Max. Value Composition Carbon
Resistors Resistors
50 250 1,500 30-35 —_—
100 350 2,300 30-35 1 kQ 2.0 0.03
150 375 2,900 30-35 10 kQ 3.0 0.15
200 400 3,400 30-35 100 kQ 4.0 0.35
250 450 3,600 30-35 1 MQ 5.0 0.50
300 450 3,800 30-35 10 MQ 6.0 0.52
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resistors.

methods) or lengths of standard line (transmission-
line methods). The other uses resistors as standards
(bridge substitution methods). Resonance and
transmission-line methods make no preliminary
assumptions about the resistors to be measured;
bridge methods are in most cases comparison sys-
tems. A simple substitution method can take the
form shown in Fig. 9. R, is a low value “standard ”
resistor and R is the resistor to be measured. R
and R, are brought alternately into the circuit until
a value of R, is found which results in the voltage
across the resonant circuit being the same with
both R, and R. The unknown resistor (R} is then
given by

C,\?
R=R, <1‘|— C—:—l>

Transmission-line methods use slotted-line im-
pedance-measuring equipment in which the termin-
ating impedance of the line is determined by plot-
ting the voltage standing wave pattern along the
line. The length of slotted-line required is equal
to half a wavelength at the frequency being used.
The standard, with which the resistor whose r.f.
resistance is required to be found is compared, is
a length (or rather number of lengths) of accurately
made short-circuited line. These “standard lines”
are used to calibrate the measuring line. All
measurements are then made in terms of lengths
and the method is applicable up to about 3,000 Mc/s.

WIRELESS WORLD, JUNE 1956

In all measurements on resistors at radio frequen-
cies the 1nethod of mounting the resistor is important.
The end-to-end capacitance of the resistor and the
capacitance of the two leads to the resistor body
are included in the total capacitance of the resistor
being measured and the resistor should therefore
be mounted as nearly as possible as it is when in
use.

Summarizing, for a resistor to be suitable for
operation at radio frequencies it should meet the
following requirements:—

(1) Its dimensions should be as small as possible.

{2) It should be low in value.

(3) It should be of the film type.

(4) A long thin resistor has a better frequency
characteristic than a short fat one.

(5) All connections to the resistor should be made
as short as possible.

(6) There should be no sudden geometrical discon-
tinuity along its length.

Origins of Radio Telephony

IN the April issue * Free Grid” enquired when radio
telephony was first used. A Danish correspondent, G.
Bramslev, happens to have been conducting some
researches into this obscure branch of radio history, and
sends some notes on his findings.

In Fessenden’s U.S.A. Patent, No. 706,747 of
September 27th, 1901, relating to generation of r.f. by
means of an alternator, there was a claim covering the
use of the apparatus for telephony, with a telephone
receiver at the receiving station. However, no details
of the receiver were given.

In 1903 Valdemar Poulsen of Denmark developed the
oscillating arc, and in his Danish patent, No. 8208, of
September 27th, 1904, stated that wireless telephony
could be realized by putting a microphone in the
oscillatory circuit and so modulating the amplitude of the
oscillations.

Thus far, there were no claims to practical realiza-
tion, and the first descriptions of actual experiments
which Mr. Bramslev has been able to trace were pub-
lished in 1906. In the German periodical Elektrotech-
nische Zeitschrift of November 15th of that year, Ernst
Ruhmer wrote about radio-telephony tests he had con-
ducted with a Poulsen generator, carbon microphone
and an electrolytic detector in the receiver. The distance
covered was only 30 yards. An interesting fact iz that
Ruhmer mentioned both amplitude and frequency
modulation, and, apparently, fully understood the nature
of both systems.

Fessenden, after having successfully demonstrated the
use of his rotary r.f. generator, turned to practical experi-
ments in telephony, and in December, 1906, transmitred
both speech and music over quite long distances from
his station in Massachusetts, U.S.A.

What Mr. Bramslev says about Fessenden is borne
out by Blake’s “ History of Radio Telegraphy and Tele-
phony 7 (1926), which states categorically “ He was the
first to use a microphone in the aerial circuit.” Blake
adds that, by the use of telephone relays of his own
design, he demonstrated the possibility of connecting a
land-line telephone to a radio-telephone station. Accord-
ing to a quoted statement of Fessenden’s, speech was
<« transmitted over land-line to the station at Brant Rock
and re-transmitted wirelessly by a telephone relay,
received wirelessly at Plymouth, and there relayed on
another land-line.” In 1907 Fessenden successtully
transmitted speech over a distance of 200 miles.

Undoubtedly both the r.f. alternator and the arc
played important roles long before the valve was used.
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MORE ABOUT NOISE

Answers to Some Questions

BEFORE going on with this subject we had better
recapitulate last month’s findings

““ Noise ” in the title is not a class of sound, but
“ unwanted energy” in a communication system.
True, it can cause unwanted sound, but it can also
cause unwanted marks on paper or unwanted flecks
on a cathode-ray tube. Our particular inquiry is
confined to what is called thermal noise—the energy
of movement of free electrons in solid matter. This
mechanical energy is what happens to the heat
energy that has been put into the matter to raise its
temperature from absoiute zero (—273°C). And
because (according to the first law of thermo-
dynamics) there is a fixed rate of exchange between
the two kinds of energy, and temperature is pro-
portional to heat energy, noise is proportional to
absolute temperature. And because (according to
the second law of thermodynamics) one resistor
connected in parallel with another cannot raise the
other to a higher temperature than itself, it can easily
be shown that the square of the noise e.m.f. in any
part of a circuit must be proportional to the resistance
of that part, and the noise current squared must be
inversely proportional to the resistance. The same
conclusions follow via a more complicated chain of
reasoning (which I only outlined) from basic assump-
tions about electrons in matter, such as that in a
uniform piece of material the free electrons are
uniformly distributed, and that the conductivity of
the material is proportional to the number of these
electrons per unit volume. Because the number of
electrons is enormous and their movements are
completely random, the average net number moving
in any particular direction can be calculated with
considerable precision on a basis of probabilities,
in exactly the same way as the average departure
from exact equality of heads and tails when vast
numbers of coins are tossed. The maximum noise
power that any part of a circuit can deliver to another
—which happens when, by another basic principle,
the resistances of the two parts are equal—is the
same for all resistances. It is #TB, where £ = 1.38
X 10-23 (Boltzmann’s constant), T is the absolute
temperature (centigrade degrees above — 273), and
B is the frequency band in cycles per second. This
is the key formula for thermal noise, and is due
to Nyquist of negative feedback fame. Because the
terminal voltage when a generator is supplying a
matched load is half its internal e.m.f., it follows
that the internal r.m.s. noise e.m.f. in any resistance
R is v/(4kTBR).

Even if you have read the previous instalment and
possess at least a glimmering of an idea why the noise
voltage squared should be proportional to the absolute
temperature and the resistance, and are prepared to
accept the need for some constant to make the units
right, you may be inclined to query B. All I said
about it was that since the electron movements are
completely random their fluctuations responsible for
noise occur equally at all frequencies, sc noise power
is uniformly distributed over all frequencies. If you
are not satisfied with that explanation—and I don’t
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blame you if you aren’t—you will have to refer to
the books, because frankly I have yet to find any
way of showing it that is both simple and convincing.
Certainly the noise is greater the greater the frequency
band accepted by the measuring device—that is
what one would expect, and it is confirmed by experi-
ment—but if the relationship is as per Nyquist it
looks as if over an unrestricted frequency band the
noise power is infinitely large, which no one will
believe. I did point out that in practice the frequency
band is never unrestricted, because any resistance
has some stray capacitance which increasingly
shunts it as the frequency goes up. But quite apart
from that the assumptions on which Nyquist’s
formula is based cease to apply somewhere in the
region of 6,000,000 Mc/s. So even if there were no
other restriction of bandwidth the maximum noise
power available from anything would be limited
(at 27°C) 10 1.38 X 10~ 23 300 X 6 X 10!2 = 2.5 10-#
watts = 0.025 microwatt, which is not going to
blow anyone’s head off,

Maximum Noise Power

The next question that may be forming in the
mind is: why this emphasis on maximum available
noise power? Shouldn’t we be nore interested
in obtaining the minimum? True, but the minimum
is obtainable by short-circuiting the resistor respon-
sible for the undesired noise and thereby bringing
it to zero. This would also bring the desired signals
to zero so would be of no practical benefit. The
condition for maximum noise, on the other hand, is
normally the condition for maximum signals; and
in any case it is a standard condition for ready com-
parison and it has the simplest formula—#TB.
Next, if the noise e.m.f. is proportional to the
square root of the resistance, it would be greatest in
material of the highest resistivity, which has least
free electrons. A perfect insulator, with no free
electrons, would presumably generate infinite noise
voltage!_ Does this not contradict the theory that noise
energy is the energy of free electrons? If one rashly
pursues matters to infinity or zero, however, one
must be prepared for absurdities. Any finite amount
of power, however small, developed in a resistance,
would result in an infinitely high voltage if the
resistance became infinite. At the same time the
current would become infinitely small. But there is
no possibility that this extreme state of affairs could
ever be reached in practice, because even the best
nsulators contain some free electrons; and moreover

Fig. I. This can be regarded as the
simplest noise-making circuit, because
any resistance is shunted by stray capa-
citance, such as the grid capacitance of
the amplifier that reveals the noise.
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Re :
) Fig. 2. This circuit is equivalent to Fig. | at any

particular frequency, if the values arc correctly
chosen for that frequency.

I
the higher the resistance the narrower the frequency
band, owing to the influence of stray capacitance.

And that is the cue for dealing with another
possible cause of doubt: the effect on noise of circuit
reactance. But before going on to that there are
still some possible queries about resistance. Although
I talked a lot last month about  resistors > as the
source of thermal noise, it was not meant to imply that
noise of that kind originated only in components
sold in shops as resistors. Just as much noise arises
in a 500-ohm transformer winding as in a 500-ohm
resistor, except in so far as the resistance may change
with frequency. That proviso raises the question
of how, for purposes of noise calculation by means
of Nyquist’s formula, one reckons the resistance.
Is it the resistance of the wire or whatever the
circuit is made of, or does it include the effects of
losses in iron cores, capacitor dielectrics, etc?

The answer is that in reckoning the part of the
total noise coming within any narrow frequency band
the resistance that counts is the value actually
measured at that frequency. It would include the
effects of all incidental losses—even radiation resis-
tance. This may seem rather surprising, and it
can lead to some quite involved arguments if one
tries to explain theoretically how some of the more
< fictitious *> components of resistance make their
noise contribution; but the fact remains that it is
supported by careful experiment.

‘And now we come to reactance. Of itself it doesn’t
cause any noise, but it can affect resistance noise in
two ways. It always brings with it a certain amount
of resistance, corresponding to power losses; for
instance, eddy currents in the wire of an inductor
(and in the core, if there is one). And even a pure
reactance affects the a.c. resistance of a circuit
measured between any two points.

Calculating Noise Voltage

Fig. 1 is a simple example; in fact, the simplest
that is anything like real life, for even an isolated
resistor has some stray capacitance, which can
approximately be represented by C, and which in
practice would be augmented by the input capacitance
of the amplifier without which the noise would not
be noticed. How does one calculate the noise
voltage between the terminals?
The noise formula, once again is

E = +/4kTBR
or E2 = 4kTBR

E being the e.m.f. of an imaginary noise generator
in series with the resistance R. Of the factors
involved, 2 is a known constant, 1.38 X 10723 in
the usual system of units; T is the temperature in
degrees absolute or Kelvin ” (°K), and for ordinary
room temperature can usually be taken as 290;
and R in this case is R,—or is it> And what is the
frequency bandwidth?
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There are several alternative ways of dealing with

this problem. According to one point of view,
sticking strictly to Fig. 1, the resistance is a fixed
quantity R, which contains within . itself the equiva-~
lent noise e.m.f. E; this is loaded by C, so there is a
voltage drop in R, depending on the reactance of C
and therefore on f’;equency. That is where B ccmes
in.
According to another point of view the voltage
drop can apparently be dodged, because the impedance
of R, and C measured between the terminals can
be exactly imitated at any given frequency by R,
and C’ in Fig. 2, provided that the values of R, and
C’ are correctly chosen for that frequency. The noise
e.m.f. in R, supplies no external current, s appears
in full at the terminals, and there is therefore no
need to allow for the capacitive loading. But the
value of R, depends on frequency, so in dodging one
complication one runs into another. As a matter of
fact it is exactly the same complication!

Comparison of Methods
Let us compare the two methods by lumping
+/(4kTB) together and calling it K for short, and
calculating the terminal voltage (call it V) by each
method in turn.

Call the noise e.m.f. in Fig. 1 E, and the reactance
of C X,. Then

E, = KvR,

¢

\/Xcz + R,z

and V=E,

So V =KXCA/__&’
XC2+R,‘72

Now call the noise e.m.f. in Fig. 2 E..
E, = KvR;

The formula for finding the value of R, equivalent to

R, is

Then

KR,
X, + R,?

.= KX, A/ Ry
XCZ _|_ Rp‘l

which is exactly the same as by the other method.
So it doesn’t matter whether we reckon the noise
e.m.f. for the actual resistances in a circuit and then
find the voltage between any two points by taking
into account the rest of the circuit, or calculate o*
measure the equivalent resistance between the two
points and apply the Nyquist formula directly to it.

Having disposed of that, we can tackle the band-
width problem. According to the Fig. 2 point of
view the bandwidth goes all the way from zero to
infinity—or at least 6 MMc/s—but the equivalent
resistance, and hence the noise voltage, falls
with frequency, so the contributions at very
high frequencies are negligible.  According to
the Fig. 1 point of view the resistance is definitely
R, but the proportion of noise voltage that
actually appears between the terminals falls with
frequency, so the bandwidth can be regarded as
limited. As we have seen, both come to the same
thing. If we use the Nyquist formula to calculate

R, =

es}

So V=
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tne terminal voltage squared per cycle of B at various
frequencies, we can plot a graph like Fig. 3. The
proper way of calculating the total noise voltage is
to add together all these voltages-squared for every
single cycle from zero frequency to infinity and take
the square root of the result—or to be perfectly
correct we should narrow the slices of bandwidth
from whole cycles per second to infinitely small
fractions and add together the infinitely large number
of them.

To some readers such a task might seem to be in
the same class -as those set by unbelievably beautiful
princesses in fairy stories in order to liquidate tire-
some suitors. But, just as in the fairy stories, there
is a magic formula provided by a powerful wizard,
named Integral Calculus. Those who are not on
good terms with this wizard will no doubt be obliged
to make as good a guess as they can. They might
pick out the frequency where the voltage-squared per
¢/s had fallen to a half, and reckon as if it existed
at full strength up to that frequency (call if f)
and then dropped to zero. In other words, they
would substitute the shaded area in Fig. 3 for the
area under the curve, reckoning R in the formula as
R,, and B as f), and trusting to luck that leaving out
all the bits of noise beyond f; would just about
cancel out the error of reckoning them in full up to
f}-

TERMINAL
. VOLTAGE
SQUARED

f,/ FREQUENCY

2

Fig. 3. Graph of the square of the noise voltage per c/s
between the terminals of Fig. | plotted against frequency.
Total noise is represented by the area under the curve;
an approximation to it is the shaded area, the boundary f,
being the frequency at which the curve js holf its
maximum height.

If the voltage-squared has dropped to a half at
fi, the voltage must have dropped to 1/} or 0.707.
Either way, it is a drop of 3dB. This may remind
us of the common practice of regarding the frequency
band of a single resistance-reactance combination
as ending where the loss is 3 dB. Besides looking
about right,” this practice is convenient because the
frequency chosen is the one at which the reactance
is equal to the resistance; i.e.

1

2xf,C Ry
1
50 = 5eR
But is this the f; we want? Is the frequency at
which the impedance of Fig. 1 to signals is 4/}
times R, necessarily the frequency at which the noise
voltage is reduced in that proportion? If 50, then
R, at that frequency must be 3R,.  Well, one has
only to equate §R to the formula for R, in terms of
R, to assure oursefves that itis. So we can substitute
our formula for £} in place of B in the Nyquist noise
formula, to discover that the terminal noise voltage
works out at
2kT
=C
The interesting thing about this is that resistance
has completely disappeared, and so has frequency.
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Before we get too excited about this, however, we
should remember it is only a guess, and wait to see
the result of the consultation with Integral Calculus.
This consultation is reported in full as Appendix I,
and the result is remarkably simple:

/kT
C

The only thing wrong about the guess, then, is
that it was 1/(2/#) or 0.8 times the correct value, or
20% low. In practice, however, it might well be
more nearly right, because even the widest-band
amplifier doesn’t go up to infinite frequency, so some
of the noise included in the * true ** formula is bound
to be cut off. Of course, if the amplifier bandwidth
is even less, say, than f1, then one should use the
basic noise formula, reckoning the amplifier band-
width as B, and R, as the resistance (@f it is reasonably
constant over the band).

The V2 = ET/C result is so simple and con-
ventent, getting rid as it does at one stroke of both
the rather hazy factors in the Nyquist formula, that
one would expect it to be included in all the books
and articles on the subject. It may be that I have
looked up the wrong ones, but the nearest any of
them go to it is to state the integral equation without
bothering to work it out. No doubt innumerable
irate authors will now write to point out that I have
inexcusably overlooked their clear presentation of the
matter. However, what I have overlooked others
may have too, so it may help to press the point home
if we see what sort of noise voltage to expect across
a resistor—any resistor—at the input of a valve
amplifier. The factor % is absolutely fixed, and for
ordinary situations T is virtually fixed at about
290° K, while C is likely to be of the order of 10pF.
So

—23
. 2/1.38 X 1072 X 290 _ 50\ 10~
10—11
= 20 microvolts.

It is seldom likely to be much more than this,
because to double it would necessitate reducing C to
2.5pF, and almost any valve’s C,, would contribute
more than that. It might be much less, however, and
this formula is useful for estimating the noise from a
crystal or electrostatic microphone, But except for
high resistances the noise voltage actually producing
results at the output would usually be less—perhaps
much less—than in this formula because of the
restricted bandwidth of the amplifier. So it is
useful to have some idea of how much of the
theoretically infinite bandwidth represented in the
kT/C formula does actually contribute appreciable
noise. And this is almost where we came in, for
we have already done something like it before—
with the help of Fig. 3. But we can do it rather
more scientifically now by taking as the effective
bandwidth of the Fig. 1 circuit the bandwidth that
would include the same amount of noise from a
constant resistance equal to R,. This can easily be
found by equating the noise-squareds given by the
two formulae:

-%T = 4kTR, B
Whence B = —l
"~ 4CR,

Since B begins at zero this really gives the
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“ effective ” top frequency; callitf,. (An alternative
way of getting at it is from what we already know,
that it is =/2 times f;.) Here, from the use of this
result, are some representative values of f, on the
assumption that C = 10pF (see table, left).

So for the lowest values

of resistance the noise

R, ‘ 1. voltage indicated by the
ET/C formula has no great

1(1) Q2 23 I;MC/S practical significance, be-
100 2 250 M::’/s cause no qmphﬁer wquld
1 kO | “25 have sufficient bandywdth
10 25 . to make all of it evident,
100 ,, 250 kejs | and even if it could its own
1 MQ 25 noise would swamp the
10 ,, 25 resistance’s. Even the
medium values are likely

to be limited more by the
amplifier than by C. But with resistance of the
megohm order the effective noise voltage may well
be as much as 20uV.

A still more important noise maker is the ordinary
tuned circuit, which can be represented by Fig. 4.
Its resistance, measured between the terminals,
increases from the relatively small value r at zero
frequency to a maximum E, at resonance and then
down almost to nothing at very high frequencies.
(Incidentally it should be remembered that r itself
varies somewhat with frequency.) This is a good
example of how the apparent resistance rather than
the actual resistance in the circuit counts for noise
voltage; for the smaller r is, the larger R;. In this
particular case it is easy to see why the notse voltage
should correspond to R, rather than r, because those
parts of the noise voltage generated in r at or near the
resonant frequency are magnified by the resonance
effect, just as would signals injected into the circuit
at the same place.

V.H.F. Tuned Circuit

On presenting this problem to our wizard, we
receive from him some rather awkward-looking
instructions, and the usual procedure is to by-pass
these by arguing that an amplifier with a tuned input
circuit will be almost certain to have a more or less
clearly defined frequency band no wider than that
over which the input circuit dynamic resistance is at
or near its maximum value, R; So the Nyquist
formula is used, with Ry as R and the amplifier

(Right) Fig. 4. Another important circuit—
the parallel tuned circuit.

x B ¢

7, " A H, FREQUENCY

Fig. 5. This diagram can be used in estimating the
total noise voltage between the terminals In Fig. 4.
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bandwidth as B. To get an idea of the sort of
values, let us consider a v.h.f. circuit with a dynamic
resistance of 10kQ followed by an amplifier with a
bandwidth of 500kc/s. Then +/(4k TBR) =
V(4 X 1.38 X 10728% 290 x 5 x 10° X 10%) =9uV.
Typical v.h.f. single tuned circuits with R;=10kQ
would generate appreciable noise over a wider band
than 500kc/s; so in this case the amplifier selectivity
is cutting the noise somewhat. This is just as well
when calculating by Nyquist; because it ensures that
the resistance is not too far below R, at the edges of
the frequency band.

However, if we want to have an idea of the noise
voltage at the terminals of the circuit itself, irrespec-
tive of how it may be pruned by the selectivity of the
amplifier, we can approximate to it by the method
we used for Fig. 2 in Fig. 3. Of course the curve
falls away in both directions from the resonant
frequency, which we will call f,, as in Fig. 5. So
there are two frequencies at which the noise voltage-
squared (and therefore the equivalent series resist-
ance R,) is half the maximum (R,), and the distance
between them is what we will regard as B.

Now it can be shown (see Appendix 2) that, as in
Fig. 1, these f3 points are also the frequencies where
a signal would be reduced by 3dB as compared with
spot-on tuning. And it is well known that the
frequency band B between these points is very
nearly 1/Q times f,. And as Q = 2xf,L/r we can
calculate B thus:

B S _ S T
Q 2nf,L 271
Then we fill this value for B into Nyquist:
V = /4kTBR
_ Ja;m
271

We are assuming that R has the value R, over the
band B, and R, is known to be L/rC, so putting this

in we get
V- A/4kTrL
27LrC
_ A/z-k_T'
“AN= C
This has a strangely familiar look—yes! it is

identical with the result we obtained for Fig. 1 by
the same method, and which we found to be of very
much the same order as the theoretically exact
figure 4/(kT/C) obtained by integration. So it
should not be surprising to learn that this is the
theoretically exact figure for the tuned circuit too.

Again, the value of this delightful simplicity tends
to be rather lost because so often the amplifier and
what have you restricts the frequency band that
applies so far as results are concerned. And then
Nyquist may be more helpful.

Other Resistors ?

Mention of the amplifier may lead to a question
on why I have been assuming all along that the
noise comes from one particular resistor—the one at
the input of the amplifier—as if all resistances in the
amplifier or indeed anywhere were not noise-makers.
Well, of course they are, but the point is that their
noise is usually amplified so much less that it can be
neglected without making much difference. A
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possible exception would be the coupling between
first and second stages, if the first had an unusually
small amplification, as might be so at very high
frequencies. A more pointed objection to any
assumption would be that the first valve itself
contributes noise, which is rarely negligible. It is
“shot noise,” which is similar in some ways to
thermal noise and different in others. There is no
space here to go into these differences, except to
mention that the noise current is generally pro-
portional to the square root of anode current. In
practice, first-valve noise is usually lumped in with
first-circuit noise by specifying it as equivalent
noise resistance ”’; that is to say, the resistance
which, if connected at the input of an imaginary
noiseless but otherwise equal valve, would cause the
same noise at the output. So if the equivalent noise
resistance of a valve were 3,500Q and the input
circuit had a resistance of 8,000 Q, the noise output
would be the same as that given by a noiseless valve
with a 11,500 Q input circuit.

Lastly, if the noisiness of a given resistor depends
only on the things already mentioned—temperature,
k, etc.—and not at all on the quality of resistor, why
are some classed as ‘“‘low noise ”? Is it just
advertisers’ licence, without any scientific basis?

By no means. The thermal noise we have been
discussing at such length is only one of the kinds in
non-metallic resistors, which are by far the most
commonly used. In carbon composition resistors it
may contribute only a small fraction of the total
noise. The reason it has been (I hope) worth
discussing is that it is an irreducible minimum, so it
forms a standard by which total resistor noise can be
judged. The other noise is caused by variations in
resistance when current is flowing, and these of
course result in fluctuations of voltage across the
resistor. Unlike thermal fluctuations, they are worst
at lowest frequencies; they tend to predominate over
thermal noise below about 10kc/s. As one would
expect, they are proportional to current. In high-

stability * cracked-carbon-film resistors the current
noise is very much lower, being almost unmeasurably
low except for low and medium resistances but rising
rapidly above IM Q. One should of course never use
a composition resistor across the input of a high-gain
amplifier.

APPENDIX |
Calculation of the noise voltage V at the terminals of
R, and C in parallel (Fig. 1) over an infinite frequency
band.
R,

where R, = (:CW

<o
V2 = 4T f R.df
0
o]
=4kTRJ __ &
J, @CRE T 1
_4TR, P df
~ (27CR,y . 1
A (27CR, )2

®©
tan~! 2afCR,
0

_

=C
2T =
= C 2
kT
‘Ci ——a
rT
SoV = G

APPENDIX II

The series resistive component R, of the impedance of
the Fig. 4 circuit between the terminals is

R.— r
*T (1 — PLCP T o2C22

Let Ry be the value of R, at the points on the slope of
the resonance curve where the whole impedance is 1/}
times that at resonance (R,). Unless resonance is very
flat, the ratio of the resonant frequency, f,, to the frequency
difference between these points, B, is very nearly equal
to the Q of the circuit. With the same proviso, 1 —
«2LC at either of these points is very nearly equal to

B/f,.
2
So Ry m~——t . T
T T3
Qo
At resonance, | — 02LC = 0, so
R, = rQ2
So Ry "_‘:l;d

Mr. Wiktor Tell has pointed out a slip in the algebra
at the end of the May instalment. Instead of saying v is
proportional to T it should have been /T. The final
conclusion then works out to 16C v/ T/R, which really is
in agreement with previous results!
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C. H. L. EDWARDS, author of the art-
icle in our March issue describing an
amateur transmitter-receiver, is well
known in amateur circles as operator of
G8TL, at Theydon Bois, Essex. On the
left in this photograph of the station
are two receivers (ARS8 and CRI00), in
the centre is a 160-m transmitter to
the right of which is an ali-band 75-
watt  transmitter and a 35-watt
modulator. The transmitter-receiver
described in the March issue is the
smaller of the two sets behind the main
transmitter,
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Physical
Society's
Exhibition

NEW ELECTRONIC DEVICES
AND TECHNIQUES

Valve and allied devices as well as

test and measuring instruments

shown at this exhibition are

described in a separate report in
this issus.

RESEARCH

Communications.—The assessment of multi-channel
communication systems from the point of view of noise
and intermodulation is a tedious process when carried
out by normal single frequency measurements. Quicker
and more realistic results are obtained in a method
developed by G.E.C. Research Laboratories in which
the total multi-channel signal is simulated by noise of
the appropriate bandwidth. If band-stop filters are
introduced at the source to represent unoccupied
channels and the output in these channels js examined
after passing through the system and related to the
signal power in an “occupied” channel of equal band-
width, the ratio enables a rapid assessment of per-
formance to be made.

A time-division method of transmitting two-way
audio signals on a line without the use of amplifiers
was shown by the Post Office Research Station. The
systern has been developed for use with electronic ex-
changes where the power required for switching is small
compared with conventional electromagnetic relays.
The energy stored in the terminal capacitors of filters
at each end while the line is open is transmitted in
pulses when the line is closed by applying a 3.pusec
pulse at 100-usec intervals to a biased diode switching
system. If there is no dissipation in the filter com-
ponents all the energy is concentrated in the pulses,
and in practice useful distances can be covered without
any amplification.

Oscillators.—Another Post Office development of in-
terest is a 1,000-c/s tone generator of compact design

Portable 1,000-c/s tone generator with gapped quartz ring vibrator
(G.P.0.)
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Decca Radar digital computer using magnetic-core circuits.

for use as a frequency standard in the field. The
resonator is a gapped quartz ring about 1 inch in
diameter which is maintained in vibration by a
transistor amplifier. Sound is emitted by a hearing-
aid earpiece, loaded by a quarter-wave pipe. In the
region of 20° C the temperature coefficient is 5 parts
in 10’ per degree C.

For the maintenance of oscillations of very low fre-
quency (less than 1c¢/s) thermistors may be used to
simulate inductance by virtue of the thermal lag of
current behind the applied voltage. The Radio Research
Station showed a simple paralel capacitor-thermistor
combination with a period of several seconds working
in conjunction with a pen recosder. It was stated that
the equivalent inductance of a type A5412/100
thermistor under these conditions was 8,550 henrys!

Semi-conductors.—Research into semi-conductor alloys,
and in particular indium antimonide, has been extended
by the Services Electronics Laboratory. The electron
mobility in this material is 17 times that of germanium
and the Hall effect, for a given transverse magnetic field,
gives an increase of available power at the side elec-
trodes, proportional to the square of the mobility, of
about 300. With Mumetal rods used as flux concen-
trators the device makes either a sensitive electrical
compass or a “gradiometer” for detecting anomalies
in the earth’s field in magnetic survey work. A devia-
tion of one degree from the null position, at right angles
to the field, gives a power owput of 0.002 uW, which
will operate a galvanometer or sensitive relay without
amplification.

ELECTRONICS

Computing.—Decca Radar have now entered
this field with a digital computer which is not-
able for its small size, reduced power consump-
tion and heat dissipation and low cost. These
features are the direct result of using two-state
magnetic cores instead of valves, not only for
storage purposes but throughout the arithmetic
circuits as well. Valves are used merely for
generating pulses for driving the core circuits.
The equipment is constructed on the “package »
principle, with the 2-mm diameter cores
mounted on printed circuit cards which plug
into racks. The main store is a magnetic drum
and this rotates at a speed (6,000 r.p.m.) which
makes its digit rate three times that of the com-
puting circuits, so that the normally long access
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time is reduced to a third. For scientific work the input
and output medium is normally punched paper tape,
but for business applications magnetic tape equipment
is available as well and this can also serve as long-term
storage for reference data. .

Representative of electronic analogue computing was

a “real-time” simulator for the study of control
systems, shown by Elliott Brothers. Designed on the
unit construction ~principle, it was actually built up
from three of the Elliott general-purpose machines
described last year but had additional apparatus includ-
ing a non-linear function generator and an electronic
multiplier of the crossed-fields type.
Storage Systems.—A new type of two-state storage
device based on the non-lnear dielectrical properties
of barium titanate was demonstrated on the Plessey
stand. This material has an electric field-strength/
flux-density characteristic which takes the form of a
square hysteresis loop, giving two states of remanent
induced charge. The storage cell itself consists of a
single crystal of barium titanate with a small matrix
system of electrodes on either side of it (X co-ordinate
electrodes on one side and Y on the other), and applica-
tion of a voltage pulse (say 40 V) to one X electrode
and one Y electrode induces a charge at the point of
intersection. To “read out” the stored information a
higher voltage pulse (100 V) is applied. If this is of
the same polarity as the induced charge it produces no
output, but if it i3 of opposite polarity the reversal
causes an output pulse to appear on the appropriate
co-ordinate electrodes.  The cell has the advantage
over magnetic two-state stores of smaller size and lower
power consumption, but requires higher voltages. A
“read-out” speed of 0.2 psec can be obtained.

The use of ferrite magnetic cores for binary storage
devices, using the square hysteresis characteristic, is
now well known, and examples of matrix stores based
on this principle were shown by both Plessey and Mul-
lard. The Mullard magnetic matrix is particularly inter-
esting for the use of printed circuit frames for
terminating the threaded wires, giving a neat and simple
form of construction.

Magnetic tape is one of the most obvious media for

storing information but has not hitherto been used a
great deal in this country. However, Ferranti were
showing a new magnetic tape handling equipment for
computers, and this was notable for its high tape
speed of 100 inches per second and its ability to start
and stop within 10 milliseconds. Four channels can
be accommodated across the width of the }-inch tape
and in each channel the digit handling rate is 10,000
per second.
Transistor Instruments.—The use of transistors in
oscillator circuits_to give small and compact e.h.t. sup-
plies was exemplified by two instruments shown by the
Atomic Weapons Research Establishment—a gamma
radiation monitor and a charging unit for quartz-fibre
radiation dosimeters. Both are powered by two 1.35-V
cells and are small enough to be carried in the pocket.
The portability offered by transistors is also of great
value in physiological amplifiers, enabling them to be
brought nearer to the patient to avoid pick-up of hum
and other interference. Here, examples were shown
by Edison Swan and Guy’s Hospital Medical School.

In the field of time measurement, B.T.-H. had a
transistor timebase calibrator which can measure inter-
vals from 10 usec to 2,000 usec with an accuracy of
0.5 usec, while Mullard demonstrated a transistor
counter-chronometer which can also be used for fre-
quency measurement. In thc last-mentioned instrument
a quartz-crystal oscillator and transistor frequency
dividers produce reference timing pulses with accurately
known repetition rates from 100,000 to 1 per second.
A time interval to be measured (between two input
pulses) is then determined by counting the number of
reference pulses which occur during the period. Alter-
natively, frequency measurement is performed by
counting pulses derived from the mput waveform during
the period of 1 second.
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Machine Tool Control.—A system for setting the
co-ordinates of a machine tool work table was demon-
strated by B.T.-H. The scale for each motion consists
of a composite bar with magnetic and non-magnetic
segments with interfaces spaced exactly 1 inch apart.
As the table moves the bar varies the flux in a differ-
ential pickup head, any difference in the two paths being
amplified and used to control the servo motor driving
the lead screw. When the flux is balanced a move-
ment of 0.00002in causes a detectable error signal.
Intermediate dimensions are registered by a subsidiary
micrometer screw servo drive which alters the setting
of the pickup head.

Ultrasonics.—Specialized echo sounding equipment for
locating the bearing and range of whales has been
developed by Kelvin Hughes. The horizontal scanning
beam can be varied in vertical width and alternative
frequencies and pulse lengths are provided to give
optimum conditions of detection from 1,800 metres
down to the firing range. Both aural and visual indi-
cation of the returning echoes is available.

Ultrasonic abrasion {drilling) of hard materials has
been carried a stage further by the development by
Mullard and Plessey of small portable drills. The
Plessey drill uses a new piezoelectric ceramic material
(“Casonic  III”) with enhanced power-handling
capacity and frequency stability.

Equipment for the ultrasonic cleaning of small parts
on a laboratory scale has been developed by Dawe
Instruments, To ensure effective cavitation in the
cleaning liquid at the surface of the objects, a pulsed
oscillator is employed which also operates with less
power.

Arn ultrasonic thickness gauge designed to work with
a 50-ft connecting cable has also been introduced by
Dawe. It is designed for us in shipyards where it is
often inconvenient or hazardous to take the main equip-
ment close to the part of the hull to be examined. The
equipment works on the resonance principle and
the frequency is adjusted until the wavelength in the
material is a function of the thickness.

The calibration of barium titanate accelerometers at
high frequencies and small amplitudes (of the order
of 10~ inch) calls for special methods of measuring the
amplitude, and E.M.I. Electronics demonstrated an
optical interference principle which has been found
useful in this application. An interferometer of the
Michelson type is mounted above the vibration table
to which one of the mirrors is fixed. With monochromatic
light interference fringes are visible in the interfero-
meter eyepiece, and as the amplitude is slowly in-
creased these alternately disappear and reappear. Each
disappearance is sharply defined and is a subjective
phenomenon based on the time average of the instan-
taneous brightness. This can be calculated, and related
to the amplitude and wavelength of the light.

Photographic.—In photographic printing the range of
densities in the negative is often too great for the
printing paper to reproduce all the detail in the pic-
ture. To overcome this Cinema-Television have intro-
duced an electronic contact printer which smooths out
such large variations by a feedback principle. The
negative, with printing paper behind, is scanned by a
spot of light from a cr. tube in television fashion,
with overlapping of lines to give complete and even
illumination. A photocell then picks up the transmitted
light on the distant side of the printing paper and gives
an output signal which varies with the density of the
negative. This signal is amplified and fed back to
control the brightness of the c.r. tube scanning spot
so that it decreases in intensity when the less dense
areas of the negative are scanned. In this way the
effects of the density variations can be reduced to any
desired extent by controlling the degree of feedback.

Scanning of a kind is also used in a new method
of high-speed electronic photography developed by
Mullard. This gives a sequence of very short exposure
pictures and uses a device similar to an image con-
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verter called an image dissector tube. The photo-
cathode of the tube, which is exposed to the pheno-
menon to be photographed, is active only in patterned
arcas, and the clectrons from these are SWCpt across
the fluorescent screen by a deflection system. This
results in a composite picture on the screen which 1s
recorded by a camera. The individual pictures from
the composite record can be sorted out afterwards by
viewing through a patterned transparency or by mecans
of another disscctor tube. Recording speeds of up to
10 pictures per millimicrosecond are possible.
Displacement.—A convenient method of measuring dis-
placement has been evolved in the Mechanical Engineer-
ing Research Laboratory of D.S.LR. A Ferroxcube
core attached to the moving part (e.g., a valve tappet)
is arranged simultaneously to incrcase and decrease
the inductance of a pair of coils forming two arms of
an inductance bridge. The other pair of arms is
formed by a similar transducer in which the core is
adjustable by a micromecter. The bridge 1s excited at
10 ke/s and any out-of-balance component is detected
by a one-cycle response demodulator* and indicated
on a centre-zero meter. Alternatively, the balance point
can be used to brighten the tracc on a CI.t display Ferranti transistor digital computing ** package " using
and the amplitude measured at any point by reference printed circuit.

to the micrometer reading.

Volume.—The principle of the Helmholtz resonator, -~y
familiar in connection with loudspeaker cabinets, is used £ (
in a “ Volumometer ” which was shown by the research
department of the Morgan Crucible Company. The
change in resonant frequency resulting from the intro-
duction of a body into the resonator chamber depends
only on its volume and the reduction of compliance of
the remaining enclosed air, and is indepcndent of the
shape.

Pressure.—For investigations and routine testing of
hydraulic transmission systcms Over a range of pressures
from 25 to 50,000 lb/in* Cossor Instruments have in-

* E. A, Johns(;l. Selected Goivemment Research Reports, Vol
5, Report 9, pp. 128-133. (H.M. Stationery Oflice.)

Cossor " Hydraudyne "’
pressure testing oscillo-
scope.

Below :—Measuring bar and
electro-magnstic head fer co-
ordina:e setting of machine
tools (B T.-H.).

Apparatus for calibrating
accelerometers at  high
frequencies by observation
of optical interference
(E.M.1. Electronics).

Plessey matrix store
using @ single barium
titanate crystal
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troduced the “Hydraudyne,” which comprises a pres-
sure transducer, amplifier and c.r. oscilloscope with a
long-persistence screen. The timebase has a scanning
velocity variable from 0.001 to 10 sec and the amplifier
response has a rise time of 10 usec.

The radial pressure built up on textile thread bobbins

by successive layers can be measured by a transducer
developed by the Rayon Research Association and made
by H. Tinsley (Type 30-A). A wire resistance strain
gauge records the transverse distension of a pad of
resilient material which is inserted under the layers of
thread.
Flow.—A flowmeter (Type ND.31) for conducting
liquids, developed by Elliott Brothers, works on an in-
version of the electromagnetic principle used for pump-
ing liquid metals. An alternating magnetic field
traverses the flow tube at right angles to a pair of
diametrical probe electrodes, and any movement of the
liquid induces an e.n.f. which can be amplified and
applied to a meter, recorder or servo controller. The
indication is independent of conductivity over a wide
range (tap water was used in the demonstration) and
an accuracy of +1 per cent of full scale is claimed
over the range 0-400 cm®/minute. Originally, the
development was carried out in conjunction with
A.ER.E, Harwell, for measuring rates of flow of radio-
active nitric acid.

MATERIALS

Microwave Absorption.—Sheet material (AF 11) con-
sisting of prepared foam rubber with absorption between
99 per cent and 99.7 per cent in the range 5 to 35 kMc/s
has been introduced by Plessey. It is available in
panels 1ft square and is suitable for lining laboratories
where field measurements are to be made at these
frequencies. Another range (“M” type) depends on
an interference principle in which the energy reflected
from a metal backing is absorbed in facing material of
critical magnetic and dielectric properties and high
refractive index; the total thickness is considerably less
than the free-space wavelength of the radiation,

Magnetostrictive Ferrites.—The use of these materials
as an alternative to electrostrictive ceramics such as
barium titanate is based on the fact that lower operating

L R A e NS |

Electromagnetic flowmeter (Elliott
Brothers).
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voltages are required. They are also superior to metals
such as nickel in having low conductivity and requiring
no lamination to reduce eddy currents. Plessey as well
as Mullard are actively engaged in developing these
materials,

Magnetic Tape.—As an alzernative to magnetic iron
oxide, pure iron in powdered form is being used as a
coating medium in 4in-wide tapes made by Salford
Electrical Instruments. When the particle size is
sufficiently reduced pure iron (in bulk a “soft” mag-
netic material) acquires “ hard ” magnetic properties
and exhibits a high remanence. The tapes shown
have a sensitivity 6 dB below normal oxide tapes but
15 dB higher maximum output and, it is claimed, lower
harmonic distortion. They can be made in a wider
range of coercivities and they cause less abrasion of the
recording heads than oxide types.

Laminations.—The production of awkward shapes or
small quantities for which the cost of press tools would
be prohibitive is facilitated by an etching process which
has been developed by the Telegraph Construction and
Maintenance Comipany. The process is similar to that
used for printed circuits and can be used for laminations
up to 0.004in thick.

Miscellaneous Exhibits.—Sub-miniaturization continues
to be one of the main trends in component develop-
ment, and most of the newest types exhibit this feature.
Plessey have extended their range of “Castanet” tan-
talum electrolytic capacitors and added some new models
primarily for transistor applications. These are housed
in metal cases only }in in diameter and under }in long.
A 45-uF, 10-V type, for example, is ‘%in long.

The same trend was observed in the new Type SD
wirewound potentiometer shown by Salford. It is a
semi-precision type in a metal case, yet measures only
3in in diameter and }in deep, and at present is available
in resistance values of from 2k to 8kQ. The rating
is 0.5 W.

Two very small moving-coil relays were seen this
year; one made by Elliott is argon-filled and hermetic-
ally sealed and plugs into a B9A valveholder. It
operates with only 10 mW input and its contacts will
handle up to 2W. The other is housed in a small
rectangular case with flying leads and is made by
Electro Methods. It, also, operates with only 10 mW

Above : Miniature * cable-lay.ng *
machine shown by Fortiphane.

Left : Salford sub-miniature pre-
cision potentiometers, Type SD.
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input and handles 2W. Despite the sensitivity of
these units they are said to be particularly robust and
resistant to shock and acceleration.

An aid to the further miniaturization of mobile v.hf.
radio-telephone equipment is the extension of the over-
tone operation of quartz crystals into the regions of 100
and 200 Mc/s. Crystals operating on their 7th overtone
(180 Mc/s) were shown by Standard Telephones and
some 5th-overtone models (up to 75 Mc/s) by Salford.
Apart from permitting a reduction in size of equipments
these crystals lead to a worth-while economy in opera-
tion as in many cases no frequency multiplying stages
are required. Reliable and economical crystal control
of f.m. receivers becomes a possibility.

A new telephone receiver (earpiece) was shown by
Standard Telephones in which higher sensitivity (about
5 dB above the average) is achieved by separating the
magnetic and acoustic functions. The former is per-
formed by a rocking armature and the latter by a light-
weight metal cone-shaped diaphragm. In some respects

it resembles the early balanced-armature loudspeaker
movements, but is very much smaller and far more
sensitive. ‘The frequency response is linear to within
+3dB from 200 to 3,500¢/s. A similar unit, with the
frequency range extended 10 4,000 c/s, is used as a
transmitter (microphone).

Among the exhibits of Fortiphone was a miniature
(for its type) * cable-laying” machine. Its function is
to produce a twisted two-wire insulated cable using very
fine wires. In one form it “lays” two strands of
0.0036in diameter (43 s.w.g.) heat-stripping enamelled
copper wire with, initially, two strands of 0.005in dia-
meter nylon monofilament and a final overlay of 7
strands of nylon. A plastic adhesive is automatically
applied and a small oven dries it off before reeling.
Activities in the ultra-miniaturization field have created
a demand for such a cable, which was hitherto unobtain-
able anywhere. A four-way cable is provided by
cementing together two twin cables. The breakdown
volrage is around 5,000.

TEST AND MEASURING GEAR

New Exhibits at Recent Shows

One design trend should be mentioned at the start,
because it is not confined to any particular kind of
instruments—the use of transistors. An increasing
number of indicators employ them in place of valves
for amplification, with great saving in space and power
consumption. A number of transistor oscillators also
appeared; crystal controlled and otherwise. Transistors
are particularly appropriate for bridge oscillators and
null indicators. Other transistorized instruments in-
cluded a distortion-factor meter, a frequency meter,
a time-base calibrator and a complete oscilloscope.
Circuit printing has not yet made much headway
among measuring instruments, presumably because the
production quantities are seldom large, but the Avo
AM/FM signal generator and the Dawe sound-level
meter have made a start with this technique, which for

Right : G‘rayonics
millivoltmeter, Type
1277.

Below : Pye “Scalamp "’
electrostatic voltmeter.
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This report embraces instruments shown at the
R.E.C.M.F., Physical Society and 2nd International
Instrument exhibitions without distinction. The
last-named show introduces some unfamiliar
marques. As in previous reports, many of the
instruments mentioned were shown in prototype
form and are subject to modification before they
become available, Iif they do. Those previously
reported are not mentioned again, even If now
available for the first time, unless the modifications
are substantial.

instrument work has an obvious advantage in reducing
manufacturing variations.

Developments in unamplified meters were less notice-
able this year than last, but to the Pye “Scalamp”
series of electrostatic voltmeters has been added an en-
larged model for measuring the higher tensions used
for cathode-ray tubes, up to 40kV. At this level the
prevention of brush discharge calls for special attention.
The Labgear r.f. millivoltmeter, covering 20 mV to 32V
in six ranges, at frequencies from 50 ke/s to 250 Mc/s,
might easily be mistaken for a valve-aided instrument,
but actually employs only a germanium crystal rectifier
operated on the slide-back principle, and its power
needs are confined to a small bias battery.

The evolution of indicating instruments from the
original valve voltmeter continues however; especially
in the two directions of higher sensitivity and either
wider or narrower frequency bands. The Grayonics *
millivoltmeter has no fewer than 12 linear voltage
ranges, from 1mV to 300V full-scale, over the
frequency range 20¢/s to 2 Mc/s. Its meter can be
adjusted to the most convenient angle for reading.

For audio frequencies much higher sensitivities are
possible; there is the B & K (Bruel and Kjaer; Den-
mark) Model 2408 with full-scale readings from 31.6 #V
to 1,000V over the range 20 c/s to 20ke/s. Although
the lowest f.s.r. on the Peekel (Holland) Model 051B
is higher—10 mV—this instrument is notable for its
frequency range going down from 10kc/s to 0.15¢/s,
for which pointer instruments are not usually available.
Three steps of pointer- damping are provided. Even
this is not quite zero frequency; for it the same firm
lists Model 30B, with 10 ranges from 30 #V to 1v
fsr. Zero drift is claimed as less than 2 #V per hour.
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Frequency control gear in Sanders
XT312 signal generator,

New London transistorized
volt-ohmmeter,

Dawe Type 442 v.1f. oscillator.

The B & K Model 2423 megohmmeter, 0.1 MQ to
10 MMQ, can also be used as a voltmeter or a micro-
microammeter. Elliott make a micro-microammeter
(which presumably can be used as a megohmmeter)
covering 10 uuA to 1pA f.s.r. in six ranges, using a
MEI1401 electrometer valve in a sealed and desiccated
sub-unit. Further developments in the Pye galvano-
meter-modulator system of sensitive z.f. amplification
enable a large number of low voltage and current ranges
to be obtained.

The New London (U.S.A.) transistorized volt-
ohmmeter has d.c.and a.c.(10-5,000¢/s) ranges with only
5 uA full-scale load; voltages 0.03 to 1,000V fs.r. in 10
ranges, and resistances 1, 10, 100, 1,000 and 10,000 Q
mid-scale.

Versions of an af. wattmeter of N.P.L. design are
offered by Cambridge Instrument and by Tinsley; the
numerous ranges down to 2.5 mW full-scale on a con-
ventional dynamometer instrument are made possible
by negative-feedback amplifiers for both current and
voltage coils. Another instrument, in which an ampli-
fier is used to bring noise voltages up to the level at
which a mean-square detector can be efficiently oper-
ated, is the Wayne-Kerr video noise-level meter. Its
bandwidth is flat from 10kc/s to 1.5, 3, 6 or 10 Mc/s
according to the setting of a switch.

Frequency-selective amplification is used mainly for
two purposes; to enable a sharp minimum to be
obtained in bridge work; and for frequency analysis.
The Microwave Instruments Type 3100, which would
be very effective as a null indicator, was actually
developed primarily for use with crystal detectors in
microwave gear, and achieves the exceptional sensitivity
of 1V fs.r. clear of noise by the sharpness of its
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Marconi Instruments alignment
oscilloscope, Type TFI104.

tuning to 1,025c/s. A smaller instrument by the same
firm uses OC71 junction transistors to give a sensitivity
of 20V fs.r. at 3,200¢/s, or slightly better on a flat
range from 100 c/s to 10kc/s. The B & K Model 2002
employs the superheterodyne principle to provide
ranges down to 15V fs.r. from 20c/s to 30 Mc/s,
the i.f. being 1,650 kc/s. A very different B & K selec.
tive indicator is their Model 2105, for a.f. analysis over
47c¢/s to 12.5kc/s in eight bands and with four steps
of selectivity in a degenerative RC amplifier. Another
B & K instrument that can be used for frequency
analysis is their filter set comprising 27 one-third octave
filters covering in all 40c¢c/s to 16 kc/s. A useful filter

T is the Krohn-Mite (U.S.A.) Model 310AB, a RC net.

work with amplification, having the unusual facility of
separate adjustment of low and high cut-off frequencies
over the range 20 ¢/s to 200 kc/s; input impedance 6 MQ
in parallel with 50 pF, and output 500 .

The new oscilloscopes have been designed for im-
proved refinement of control or facilities, such as width
of frequency band or ability to select small portions
of complicated waveforms. Signal delay, so that non-
repetitive waveforms can be observed in full, is now
quite frequently provided, even in general-purpose
models such as the Mullard 1.140 precision type. The
dual trace 1101 oscilloscope now appears with certain
improvements as a Mark 2; for example, time-base
triggering from either positive or negative wave fronts,
and continuous sweep expansion. The latter facility,
over a 10 to 1 range, is included in the Solartron AD557
with d.c. amplication for both X and Y. Nagard, who
specialize in wide-band oscilloscopes, showed  their
DE103 with an improved specification, including signal
delay line and frequency range from 0 to 15 Mc/s.
Their R103 is displaced by a new design in which good
use is made of a 20th Century precision c.r. tube with
the high sensitivity of 14 V/cm.

In contrast to these is the Cintel « Synchroscope »
without amplification (sensitivity, 60 V/cm) and thereby
able to respond to frequencies up to 1,000 Mc/s (—3 dB
point).

Although described as an oscilloscope, the Marconi
Instruments TF 1104 is much more, since it includes
a signal generator covering Bands I, II and III and
appropriate v.f. and if. ranges, and crystal-calibrated
marker pips; in fact, all required for viewing television
and v.hf. frequency characteristics.

To demonstrate the present possibilities of transistors
in this field Mullard showed an experimental oscillo-
scope providing all the usual facilities of the simpler
kinds of instrument (see block diagram), with no
thermionic valves and a total power input of 6 watts at
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Block diggram of Mullard experimental oscilloscope.

12V. Another interesting transistor unit is a B.T.-H.
time-base calibrator. It generates an output super-
imposing a time scale on any oscilloscope screen, with
small divisions at 10 us intervals, double-size at 50 us,
and triple at 100 us, the whole being controlled by a
100-kc/s, +0.01% crystal.

A delay circuit enables the whole width of the screen
0 be used for observing any small section down to
10 us of a waveform up to 2,000 ps in duration and
measuring it to within 0.5 #s. Other accessory equip-
ment includes the Mullard television line selector for
displaying any individual line on an oscilloscope, the
Furzehill two-way beam switch for converting a single-~
trace oscilloscope to a duel-trace type, and the Cossor
monitor with separate c.r.t. and brightness and focus
controls for duplicating the trace of an oscilloscope to
enable one to be observed while the other is photo-
graphed.

A new attenuator was shown by Advance Com-
ponents: the A64 for af. and low r.f., giving a range
of 0 to 70dB in steps of 1dB at 6002, A series of
fixed attenuators by Hatfield Instruments, consisting of
disc and rod resistors arranged in coaxial “T” forma-
tion have the exceptionally wide frequency range of
0-1,000 Mc/s; the standing wave ratio in a 72-{ line
at the highest frequency Is given as 1.1, and the in-
accuracy of attenuation +0.3dB. One might have
thought that the now well-known Sullivan decade air
capacitor would have satisfied all requirements as
regards setting accuracy, but the very small residual
errors are now corrected on the 100 pF steps by an
auxiliary set of curiously shaped sectors. The same
firm showed an example of their new mutual-induct-
ance standards, temperature-compensated in a similar
manner to the Sullivan-Griffiths self-inductance stan-
dards. Decade inductance boxes are less commonly
available than resistance or even capacitance boxes, but
Muller-Barbieri (Switzerland) showed one of three
models, giving 1mH to I0H in 1 mH steps, each step
being a toroidal coil on a molybdenum-permalloy
powder core.

New bridges were not much in evidence; one of the
exceptions was the Avo Universal Measuring Bridge,
with 24 ranges of R, C and L, covering almost all
component values except inductances below 1 mH. The
source is an internal l-kc/s oscillator for C_and L,
and d.c. for R; and the indicator is a meter. Capacitor
leakage can also be mecasured; appropriate test voltages
are provided. A Pye inductance bridge is interesting
for its direct-reading scale, with thumb-operated main
and fine controls strongly resembling a well-known type
of radio tuning control. The indicator is a miniature
cr.t, which facilitates phase and amplitude balance.
Range 0.1mho to 10mhos with accuracy at worst
+0.29% of reading. A deviation_test bridge shown by
B and K has provision for interchangeable meter
scales marked with appropriate limits. Not only can
production components be rapidly tested against stan-
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dards, but also phase angle against a reference voltage.
The advantages of transistors for bridge oscillators
and balance indicators were shown in a number of
exhibits by Tinsley.

Not only for ordinary oscillators but also (in con-
junction with quartz crystals) as frequency standards
are transistors being applied. A good example is the
Labgear oscillator, giving a single standard frequency
up to 10 Mc/s, with point-contact transistor, complete
with battery in a case 3}in x 2in x 1tin overall.

A somewhat similar “ potted” calibrator by Elliott
is stable to better than 1.5 in 10° per °C. With a
100 ke/s crystal, useful harmonics are available up to
30 Mc/s. For low frequency standards, Elliott have
developed transistor-maintained tuning forks. The
Furzehill G410A frequency standard uses a 5-Mc/s
crystal with valve multivibrator dividers to provide
pulses at 5 Mc/s, 1 Mc/s, 100 ke/s, 10 kc/s, 1kc/s and
100 c/s, modulated if desired at 400 c/s, and selected
by push buttons. A Labgear prototype standard con-
tains an oven-stabilized 200-kc/s crystal and a t.r.f. radio
receiver tuned to the B.B.C. 200-kc/s carrier, enabling
the source of frequency to be known within about 1
in 10°. Finally, a version of the famous G.P.O. fre-
quency standard with a daily stability of better than
5 in 10'° was to be seen on the Airmec stand.

Coming now to signal generators and considering .
them in ascending order of frequency we have first the
Dawe 442 v.lLf. oscillator, 0.1c/s to 10kc/s, notable
for the placing of the main heat-producing components
__the valves—more or less in the open air, though pro-
tected by recessing. Another interesting feature is the
provision of two outputs in quadrature. The Wayne-
Kerr wide-range a.f. oscillator now appears at a further
stage of development, the most interesting feature being
its frequency and amplitude controls with scales
arranged for fool-proof direct reading; the frequency
control combines the advantage of continuous variation
and main-point working.  The instrument meets
Ministry requirements with a clearly visible mains-
voltage adjustment mounted on the front panel under
a transparent slip. The Salford 50 c/s to 50 kc/s signal
generator is unusual in being provided with crystal
Calibration, checking by which is facilitated by scale
markings. For use with their Acoustic Calibrator, Dawe
have produced a compact transistor oscillator to pro-
vide a signal at 400 and 1,000 c/s, but it can also be
used as a bridge source, etc.

The Muirhead D783 Square-Wave Shaper, for use
in conjunction with sine-wave sources in the range
20¢/s to 300kc/s (or with 50c¢/s from its own power
supply for that frequency) gives an output with a rise
time less than 0.08us. This parameter is of even
greater importance in pulse generators, of which the
Nagard Type 5001 is a new example. The recurrence
frequency of the internal oscillator can be varied from
0.1¢c/s to 1Mc/s, and pulse width and delay from
pre-pulse are variable from 0.2ps to 2s.
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' In new r.f. signal generators the accent is on v.h.f.
The Avo AM/FM model already mentioned is a modi-
fied production form of the prototype seen last year,
and covers 5 to 220 Mc/s in eight ranges with a.m. and
65 to 120 Mc/s with f.m, Special arrangements are
included for increasing the accuracy of the scale close
to any desired frequency. The Airmec Type 204, cover-
ing 2 to 320 Mc/s, is notable for having nine different
modulation facilities, including a.m. or f.m. or both to-
gether, internal or external, or pulse modulation. Two
v.hf. signal generators were shown by Hatfield: the
LE120C covering 3 to 300 Mc/s; and the LE250B for
3 to 20 Mc/s and 81 to 105Mc/s intended for pro-
duction testing of Band II f.m. receivers. Modulation
is by either sine or sawtooth waveform, the latter being
intended for display of selectivity and discriminator
curves. A special feature of the Marconi TF1066
FM/AM signal generator is an incremental tuning
system in which small frequencies are read from a meter
with a direct calibration valid at all carrier frequencies.

The lower microwave frequencies are covered by
another Marconi signal generator, the TF1058, built
around a klystron oscillator of a new type in which the
length of a coaxial line and the reflector voltage are
simultaneously varied by the frequency control to enable
the unusually wide range of 1.7 to 4 kMc/s to be covered
in one band. A similar technique is adopted in the
Sanders XT312 and XT314 signal generators which be-
tween them cover 1.5 to 12kMc/s. Again, the direct-
reading wide-band frequency control is of particular
interest; linearity and accuracy of the scale is achieved
by an adjustable cam controlling the coaxial piston and

Taylor Type 94A television alignment
generator.

Right:—Cintel **Signal Tracer.”

geared to a reflector voltage control. A wide range of
microwave equipment shown by Sivers Lab (Sweden)
included a signal generator which, like all their variable-
frequency equipment, was provided with a cyclometer
type of frequency indicator direct reading in Mc/s. For
measuring noise factor of X-band receivers, the Marconi
TF1070 noise source consists of a discharge tube mounted
in the E-plane of a length of wave guide, generating a
standard noise signal 15.5 dB above thermal noise.
Other microwave gear by Sanders included a No. 16
waveguide test bench (8.2 to 12.5kMc/s), a calibration
receiver with first detector crystal mounted on a three-
stage low-noise head amplifier, and a high-power dummy
load. B.T.-H. equipment included an X-band automatic
s.w.r. and impedance measuring equipment in which a
Smith chart display is given on a c.r.t. screen, an X-band
dielectric test set for relative permittivity and tan 3,
and a Q-band “ Enthrakometer ” for measuring power
at 35 kMc/s by the change in resistance with tempera-
ture of a very thin platinum film suspended across the
incoming waveguide. Another solution of the power-
measuring problem, applicable to all frequency bands,
is the E.M.I. Precision Microwave Wattmeter Type 1,
which operates in a novel manner, making use of what
is in effect an af. phase-shift oscillator amplitude-
stabilized in the usual way by a thermistor. In this

case the thermistor is used as the r.f. termination, and

the rise in temperature due to the power being measured

is automatically compensated by a change in a.f. cur-

rent through it; this current is therefore a measure of

the r.f. power dissipated in the thermistor, which is
(Continued on page 279)

Airmec ‘ Radivet”’ receiver
tester,

Left:—Microwave equipment made by Sivers Lab.

WIRELESS WORLD, JuNE 1956

www.americanradiohistorv.com


www.americanradiohistory.com

kept at practically constant resistance, Favourable
accuracy and ease of control are claimed. The power
range is 0-4 mW in steps of 0.1 mW. A thermistor is
also the basis of a method by Microwave Instruments
in which it forms one arm of a Wheatstone bridge,
calibrated by d.c. substitution.

The highest-frequency microwave equipment seen was
an experimental test bench for 75 kMc/s (4 mm wave-
length). When it is considered that at this frequency
a half-wave dipole aerial would be only 2mm long some
of the instrumental difficulties can be imagined! One
of them is the production of such waves; actually an
8 mm klystron was used, with a silicon crystal to generate
the second harmonic. Very close tolerances, of the order
of 0.0001in, are necessary in the “ plumbing.” The usual
slotted-line type of s.w.r. indicator being impracticable,
a rotary indicator is used, the phase of the standing
wave being measured directly as a physical angle.

Another fascinating microwave exhibit was the Polarad
spectrum analyser, which was shown displaying the
spectrum of a pulse-modulated signal in the 0.91 to
4.56 kMc/s band. This consists of a series of vertical
lines (carrier and sidebands} spaced at frequency inter-
vals equal to the pulse recurrence frequency and having
an envelope width dependent on the pulse width.

Lastly, there were exhibits not falling clearly into any
of the foregoing categories; for example, a selection of
the Heath (U.S.A)) instrument kits described by C. B.
Bovill in the October 1955 issue of Wireless World. An
interesting feature of the valve-voltmeter kit is the use
of an etched circuit. The Taylor 94A Television Wave-
form and Alignment Generator provides an exception-
ally comprehensive selection of signals for testing
television, f.m. and short-wave receivers, including a
number of television patterns—Continental and Ameri-
can as well as British standards— with synchronizing,
interlacing, etc., signals, c.w. with and without a.m. or
f.m. at various output levels, a wobbulated signal for
alignment in conjunction with an oscilloscope, and a
variable-output a.f. signal. The r.f. frequency coverage
is 8 to 230 Mc/s. As a complement to the well-known
Airmec “Televet ” there ncw appears the receiver tester
Type 211 or “Radivet,” giving a r.f. signal in the
frequency ranges 0.1 to 15 Mc/s and 85 to 100 Mc/s
with a.m. or f.m. or both, and an a.. signal 100c/s to
15ke/s. A crystal calibrator is incorporated for accurate
frequency checking, and an oscilloscape for wobbulator
display or general purposes. A considerable amount of
signal and circuit testing can be performed by the Cintel
Signal Tracer, consisting of a probe unit containing a
calibrated oscillator covering 0.1 to 100 Mc/s with plug-

NEW VALVES AND

« Glassware ”’ and Allied Exhibits at the

Special and Transmitting Types.—The use of ceramic
instead of glass for valve envelopes is not new, but
appears now to be on the verge of greater development.
It gives greater mechanical strength, smaller size for a
given power dissipation, enables the valves to work at
higher ambient temperatures and permits more effective
de-gassing during manufacture so that greater emission
current can be obtained under pulse conditions. A
series of ceramic valves shown by Ferranti included
triodes for oscillators and amplifiers, with anode dis-
sipations ranging from 15 to 100 watts; low-u triodes
for use in stabilized power packs, and indirectly heated
half-wave rectifiers. The maximum operating tempera-
tures are in the region 180°-250°C.

A somewhat larger ceramic valve was shown by
English Electric. This was a coaxial transmitting
tetrode, CR1101, with an air-cooled anode capable of
dissipating 2kW. The valve will take full ratings up
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in coils, and a power unit containing the indicating meter,
working on the “grid-dip” principle. For recording
audio frequency characteristics, B & K showed equip-
ment consisting of a manual or motor driven beat-
frequency oscillator in conjunction with an output
recorder with a selection of 10 paper chart speeds from
0.003 to 100 mm/s.

Production test equipment included a shorted-turn
detector by Nash and Thompson capable of indicating
one shorted turn in a coil of 40 s.w.g. wound to a radial
depth of Zin; continuity of the coil is also shown. The
object is to detect faults in transformer coils before
assembling the cores. For automatically inspecting
strength of permanent magnets at high speed, B.S.A.
showed test gear working on the principle of upsetting
a balance by saturation of one of two small mumetal rods
wound with coils forming twin arms of a bridge. A relay
operates a rejection mechanism for magnets below stan-
dard. A B.T.-H. production tester for point-contact
germanium diodes displays on a c.r.o. the forward and
reverse current/voltage characteristics, simultaneously
but with appropriately different scales; and by applying
a square wave to the diode under test enables recovery
time (hole-storage effect) also to be assured. The same
firm exhibited a transistorized direct-reading frequency
meter of the charge-discharge type covering 0.3 to
100 ke/s f.s.r., for signals of any waveform and any
amplitude between 0.1 and 500V.

A rather unusual instrument, designed for use in a.c.
testing of magnetic materials is the form-factor meter by
Tinsley, having two ranges: 1 to 1.5 and 1 to 3. The
Airmec phase-meter Type 206 enables both phase and
gain to be measured in the frequency range 20 c/s to
100 kc/s. For amplitude modulation in signal generators
and similar instruments, the Hatfield balanced modulator
Type LE9Y0A is claimed to be completely free from
frequency modulation. It makes use of the firm’s wide-
band r.f. transformers in conjunction with a balanced pair
of germanium diodes, and covers frequency ranges of
0 to over 100 Mc/s for the modulating signal and 3 to
over 400 Mc/s for the carrier. Finally, one of the largest
instruments, the Ellott “ A-PAP ” microwave acrial near-
field phase and amplitude plotter. In contrast to radiation-
field polar-diagram equipments, which require a fair
amount of space and precautions against reflections, and
which do not necessarily indicate the