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Hi-Fi Television

IN an endeavour to fill, even if only in part, the gap caused by the cancellation of the
London Radio and Television Show planned for September, we have devoted a con-
siderable amount of space in this issue to a survey of technical trends in both television
and sound receivers and to a review of new sets. The overall picture of what’s new -
in the domestic equipment field is further enhanced by the inclusion of reviews of the

recent German Radio Show, the International Show held in Paris and, for full measure,
an impression of the East German industry gained during a visit to the Leipzig Autumn

Fair. : -

What is the state of the art in television receiver design? As will be seen in the
following pages there are few new techniques, and in fact some manufacturers are

resorting to sales gimmicks. One interesting development is the inclusion of a d.c.- -

restoring circuit to maintain black level in receivers. Perhaps the most significant is
the growing use of transistors and there are now completely transistorized receivers
both in this country and abroad. In the radio field the coming of semiconductors saw

“the introduction of low-quality portables—the ubiquitous ‘transistor ”—and it is to =~ -

be hoped that the same trend will not invade the television field.
This leads us to ask whether the present-day television receiver is really doing
justice to the transmitted picture. Only those who have seen the picture on a monitor

‘in a control room of either the B.B.C. or I.T.A. have had the opportunity of judging

the true quality of our 405-line service, and it would be true to say that few viewers are
getring anything like the transmitted picture.

In his Fleming Memorial Lecture to the Television Society a few months ago Dr.
R. D. A. Maurice, of the B.B.C. Research Department, discussed ‘“ The specification of -
an adequate television signal.” One might ask, adequate for what? He showed the
lengths to which the broadcasting organizations go to ensure a good quality picture,
and also the impairment introduced in receiving installations. It would be unfair to
lay the responsibility for poor pictures solely at the door of set manufacturers. For,
although they are by no means blameless, they do, by and large, go to great lengths to
dssign receivers to give a satisfactory picture. We believe that the weakest link in
the chain is the aerial installation. This is undoubtedly where the users of a relay
service have the edge on their ‘over-the-air” neighbours. The operators of relay
services have the advantage of either a cable feed from the station, or of an aerial
installation at a vantage point often well outside the range of interference. It need
hardly be added that a good aerial installation—not necessarily outdoor—is of even
greater importance for reception on the u.h.f. bands.

Despite what we have said we believe there is a growing demand for a hi-fi television
set. This does not necessarily mean large-screen, but it must have those refinements
which have been pruned in the run-of-the-mill receivers, in order to keep them within
certain price limits. Some discerning viewers will want one thing and some another—

‘better scanning linearity, maximum bandwidth, greater tuning stability, video response

adjustment—but one thing that is certain to be demanded is better sound reproduction.

In the average set it is deplorable—in fact, little better than from a pocket transistor

set. One reader has recently suggested we should publish the design of a tuner for

Bands I and III, so that he can feed the television sound into his audio amplifier.
It would be interesting to know readers’ views.
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permits a voltage to be applied to the transistors. In this
way it serves the same purpose in the reverse way to the
normal thermistor used in the heater chain. In the Sobell
receivers a catching diode is connected between the
transistor h.t. line and the cathode of the vertical output
valve to eliminate the switch-on surge.

The transistor supply in the Bush receiver is also
unusual in that the d.c. for the transistors is obtained
from the wvertical timebase. The transistor circuits are
connected in series with the timebase output valve as
part of the cathode resistor. To prevent voltage varia-
tions a shunt regulator transistor is used (see Fig. 3).
The regulator transistor acts as an emitter follower and
holds the transistor h.t. potential at substantially the base
potential of the transistor. |

The Thorn range of receivers now includes a 16-in
portable. The receiver chassis is basically the same as
- the 950 series (19 and 23in) which employs selenium
e.h.t. rectifiers (see W.W., January, 1965), a mains auto
transformer in the power supply and a 3-gang transistor
u.h.f. tuner. In the 16-in receiver, however, the limited
space precludes the use of a mains auto transformer
and 1t has been replaced by a capacitor in series with
seven of the valves, the remaining four being wired in
series with the receiver’s h.t. supply circuit. |

The video amplifier and synchronizing pulse separator
circuits in most receivers follow conventional lines; the
Bush/Murphy circuit, however, is slightly unusual in
that it incorporates a black-level stabilizing circuit. This
circuit has been previously described (Wireless World,

100044 ]- 1,000,

COEFFICIENT RESISTOR

May 1964) and is shown in Fig. 4 together with the
contrast control and c.r.t. blanking circuits.

The principle of the circuit is that the pentode valve
is normally non-conducting but driven into conduction
on the trailing edge of the synchronizing pulse. When

‘the valve conducts it charges the cathode capacitor to a

voltage dependent on the black-level of the signal applied
to the screen grid. The cathode voltage therefore effec-
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A Non-resonant Loudspeaker
[ |
Enclosure DeSlgn By A. R. BAILEY,* m.sc.(Eng.), Ph.D., A.M.I.E.E.

— USING ACOQUSTIC TRANSMISSION LINE WITH LOW-PASS FILTER CHARACTERISTICS

VER the years, the design of loudspeaker units has
progressed steadily until some are now available
with very good performance capabilities. In parti-

cular, the advent of expanded polystyrene as a cone
material has greatly reduced the distortions due to cone
break-up.

Unfortunately, the design of loudspeaker cabinets has
not kept pace with these developments, and there is little
doubt that many enclosures now introduce more colora-
tion than that produced by good loudspeakers. The
loudspeaker enclosure to be described was developed to
give as little coloration as possible, but to understand
its evolution it is necessary to return to basic principles.

LOUDSPEAKER _ Il
UNIT

Fig. . Section through
bass reflex cabinet.

CLOSED 7
CABINET

PORT —»

By far the largest number of current loudspeaker
. cabinets are based on the “bass reflex” cabinet design’.
This 1s shown in Fig. 1 as a sectional view. This cabinet
appears to have only a relatively short path-length
between the back and the front of the cone and would
therefore be expected to give relatively poor L.f. response.
In fact the response at low frequencies can be quite large,
this being due to the cabinet having a Helmholz air-
column resonance at about the lowest frequency being
reproduced. In the reference given previously, the theory
1s well explained.

Unfortunately, this resonance in the cabinet causes
coloration in the bass output of the system. This
“ringing” on bass transients can be very noticeable,
particularly on such instruments as string bass.

In addition the cabinet itself is frequently unlagged
and consequently the sound is still emerging long after
the original signal has stopped. Very heavy lagging is

*Bradford Institute of Technology.
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RELATIVE ouTPUT (dB)

necessary to stop this effect and in so doing the cabinet
“Q7” is reduced so that the bass reflex action is lost.
Sine-wave testing does not necessarily show up the
defects of a speaker system. Rapld cut-off at the edges
of a flat response can make it sound far worse than a
slower rate of fall at the edges of a system with appar-
ently a poorer bandwidth. This is shown in Fig. 2.
The effect of the abrupt change in slope of the ampli-
tude/frequency characteristic is to give ““ringing ” at the
frequency where the slope change takes place. This
effect 1s unavoidable and is the necessary price o pay for
the extension of bandwidth by the use of resonance
effects. It is for this reason that loudspeaker sys:ems can
sound very “boomy” in the bass, even though the

‘measured amplitude response shows no resonant peaks.

One method of testing that has not apparenily been
widely used i1s that of impulse-testing of loudspeaker
cabinets. This method is very powerful and is described
later on. For the moment it is sufficient to state that it
confirmed that normal loudspeaker enclosures are not
very good.

It 1s now apparent that it is the sound waves produced
at the rear of the cone that have to be absorbed if delayed
output and resonances are to be avoided.

Acoustic labyrinths® have been used in the past in an
attempt to “lose ” the sound down multiple pa:hs. Such
an enclosure is shown in Fig. 3, but the size needed is
excessive. Unless there is adequate intérnal lagging,
then these cabinets will also possess pronounced energy
storage and the consequent lack of sound clarity.

Transmission line approach

The only safe method of removing the rear cone sound
energy is by transmitting it down an infinite transmission
line. This is. cbvigously impracticable so the nearest
approxima:ion was examined.

If a transmission line for acoustic waves is filled with

- BANDWIDTH oF B -

< 3A] JWIDTH OF A ___,_[

.

LOG FREQUENCY
Fig. 2. Response curves having different transient responses.
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Fig. 3. Section through acoustic labyrinth cabinet.

a light acoustically-resistive medium, then the transmitted
wave will be rapidly attenuated. After a certain distance
the wave will be so weak that a blockage of the line will
give only a minute reflected wave back to the speaker
cone. The magnitude of the reflected wave can be
determined by the standing-wave ratio immediately be-
hind the speaker.

‘The choice of acoustic absorbing material will greatly
affect the final performance so an initial investigation
was made into the reflecting properties of various acoustic
transmission line terminations. Many materials includ-
ing glass fibre were tried, but the best results were ob-
tained from long fibre wool. This gave a remarkably
good absorption down to quite low frequencies. A typical
set of the curves obtained is shown in Fig. 4.

For practical purposes a long pipe is not desirable so
experiments were then made with a folded pipe of total
length of about 8ft. This was built as shown in Fig. 5,
the far end of the pipe having a pivoted flap so that
characteristics could be taken with both open and short-
circuit terminations. The results proved most interesting.

With the port closed.the loudspeaker gave a very good

by positioning the cabinet away from a wall.

performance with a slightly weak bass response. Sine-
wave testing confirmed that the bass response fell by
several dB below 60c/s although the cone amplitude
doubled for a halving of the input frequency. The trouble
was finally traced to diffraction effects, the radiated wave-
front changing its polar response at low frequencies. The
effective bass response could be changed very markedly
The bass
response then fell even further due to the increased dif-
fraction at low frequencies. For test purposes a plain
wall backing was used. |

Opening the port had two effects. First, the bass
response was improved to become approximately flat and
secondly the cone excursion was greatly reduced between
30 and 50c/s. The bass improvement was due to the
line length being such that the delayed bass wave from
the line was in phase with that radiated by the front of
the cone. Also as the bass frequencies were radiated
from two spaced sources, the diffraction effects would be
reduced.

As the wool-filled line acts as a low-pass filter, the
radiation from the vent cuts off before cancellation can
occur at the higher frequencies. The rapid cut-off of
this acoustic line is shown in Fig. 6. This shows the
sound pressure at the port end of the line with the port

closed.

Impulse response

As the performance so far appeared to be satisfactory
it was decided to investigate the impulse response of the
loudspeaker cabinet. The square-wave testing of loud-
speaker units had previously shown that it was not
possible to generate a good square-wave of sound pres-
sure, let alone an impulse. Several mechanical methods
were then tried but none proved to be really satisfactory.
The author is therefore indebted to his colleague, R. V.
Leedham, for suggesting the use of exploding wires as a
standard impulse source. |

Exploding wires proved to be a delightfully simple
and accurate method of generating an acoustic impulse.

i

"ABSORBENT MATERIAL -

Fig. 4. Reflection characteristics
of acoustic absorbents.
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SECTION THROUGH X-X

is, therefore, dominating the speaker unit, the low-fre-
quency waveform will be better as the non-linearity in
. the loadspeaker unit suspension will be swamped by the
linear acoustic loading. | ' |

The final subjective tests were very good. The sound
quality is effortless and natural. At first hearing the bass
sounds to be deficient but extended tests show that this
is not so, it is merely that one has been conditioned to
hearing resonant bass. The overall effect is surprisingly
unexciting—only natural. In over a year’s use of the
system the author has noted, however, that musical
listeners were very impressed with the result.

Practical Points

The cabinet design is not critical, and many variations
are possible. The only cardinal point is that of keeping
the pipe area above that of the cone. A rather strangled
result can occur if an attempt is made to save space by
restricting the pipe area much below that of the speaker
cone. It must also be noted that a poor speaker does
not usually sound much better in a good cabinet as the
speaker deficiencies dwarf the improvement.

The application of the principle of the design is the
subject of a Patent, but there is no restriction, of course,
on private individuals making cabinets for their own
use. For the amateur constructor the following points
may be of use:—

(1) The cabinet should be made of thick acoustically
dead material, chipboard being generally better than
plywood. Due to the absence of high internal pressures

Fig. 8. Production version
of the acoustic-line
loudspeaker cobinet.

iq___,}!/z- ~ CABINET MATERIAL
" 3/ain SOLID AFRORMOSIA

|
i AND /4in LAMINATED W00D |

X ' INTERNAL PARTITIONS BRACED
DOWN CENTRE LINE OF CABINET

FRONT ELEVATION

and the absorbing effect of the wool, the cabinet thick-
ness and bracing are not as important as in the case of
the bass-reflex. | o

(2) Acute bends in the pipe should be arranged to
occur as far from the loudspeaker cone as possible to
reduce the magnitude of standing waves due to reflec-
tions. ‘

(3) The wool should be of long fibre length and
packed fairly loosely, about one pound to every two to
three cubic feet. The grade of wool is still being investi-
gated for the optimum specification.

(4) Either spray the wool with mothproofer or take
other suitable action or the cabinet performance may
suffer from an ageing process. o

The author has constructed several different cabinets
of totally different sizes and geometry, and apart from
narrow pipes and badly angled bends the performance
has been remarkably similar. In fact a low resonance
4in unit has been used effectively and gave a good
output at 35c¢/s. The power handling capacity was,
however, limited.

Acknowledgements.—In conclusion the author would
like to thank Radford Electronics Ltd. for permission to
give the details shown in Fig. 8. Also thanks are due
to R. V. Leedham and other colleagues for their help
and criticism.
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NEWS FROM

INDUSTRY

Three Technical Golleges Fitted
With Marconi Marine Gear

EQUIPMENT which will assist train-
ing students to become marine radio
officers is to be installed in specially
designed classrooms—<losely resem-
bling, in appearance, 2 vessel’s radio
room—at the South Shields Marine and
Technical Gallege, the Dublin College
of Technology, and at the Lowestoft
College of Further Education.

At the. South Shields Marine and
Technical ‘College, where there is
already quute a lot of Marconi Marine
equipment, an “Editor” automatic
transmission system is to be fitted. This
high-speed, high-frequency transmission
apparatus tias automatic error correct-
ing facilities and, for the past two years,
has been used by Shell International
Marine to communicate ship’s perform-
ance data from selected vessels to their
central office. The South Shields instal-
lation will be suitable for simultaneous

two-way working. A close-circuit tele--

vision installation of the type used to
assist vessels in docking and general
manceuvring in restricted waters is also
to be fitted. A Marconi Marine ‘“ Cru-
sader ”” and “ Pennant” s.s.b. transmitter
and receiver, an Argona-ut ” v.hi,
transceiver, & “ Forecaster ” receiver and
an 18-in weather facsimile recorder com-
plete the South Shields installation.

A wide. range of communications
equipment, radip navigational aids and
radar is t0 be installed at the Dublin
College of Technology. This includes
two “ Oceanspan VII” transmitters and
two “ Atalanta” receivers, two “ Lode-
star ” echosounders and two *Argus
12 > stabilized screen radar installations.

At Lowestoft communications equip-

ment and radio navigational aids, similar .

to that ordered by Dublin, are to be in-
stalled.

Myriad, the microelectronic computer
developed. ‘originally by the Marconi
Company, is to be used by the Central
Electricity Generating Board in its ex-
periments on automatic control of power
generation and distribution Together
with analogue and digital input and
output devices the order, placed with
English Electric-Leo-Marconi Comput-
ers (E.EL.M.), is worth £130,000 and
follows a. £1M order last year for four
KDF7 real-time computers. The order
represents the first sale of a Myriad for
civil use, the computer previously being
extensively used in radar defence sys-
tems. The. Myriad, which has been
described as--a third-generation com-
puter, can perform simple arithmetic in
2.5ps. Myriad and its associated equip-

WIRELESS WORLD, OCTOBER 1965

ment will be used to study the transfer of
information between a computer system
and a human plant operator and also to
investigate the value of predictive opti-
mal control systems based on the use
of a digital computer for continuous
plant control. In addition it will be
used with a supply system simulator to
study plant loading techniques.

£1M Simulator ready for the Royal
Navy.—The Solartron Electronic Group,
of Farnborough, have completed a
£500,000 contract for a digital simulator,
which is soon to be installed in H.M.S.
Dryad. It is to be used for training in
blind pilotage navigation, day-to-day
fleetwork, and manceuvres—as well as
tactical training of Command teams, etc.
A high-speed special purpose digital
computer with an addition time of one
microsecond and a cycle time of two is
employed in this simulator, the correct
title of which is Surface Tactical and
Blind Pilotage Trainer. The com-
puter and associated central equip-
ment—such  as echo generators,
resolvers, symbol generators, output
circuitry, etc.—is housed in 20 nine-
foot racks. The master and assistant
control desks in S.T.B.P.T. contain
normal surface radar display equipment
—which can show the radar picture from
any one of six radar carrying ships—a
tactical display monitor, range and bear-
ing indicators, repeater instruments, and
various other controls. Each of the six
radar-carrying ships provided by this
simulator contains its own coast-line
generators. Eighteen mobile targets
which can be ships, aircraft, helicopters
or submarines (all are steerable with
speeds of up to 1,000 knots) are provided
along with six fixed targets which can
represent buoys or other sea marks.

American Radio and TV Figures.—
According to production figures issued
by the marketing services department of
the Electronic Industries Association, the
number of colour television receivers
built in the United States in the first
six months of this year totalled
1,083,093. This represents an increase
of 80.79% on the comparable 1964 figure
of 599,345. However, the producton
figures for black-and-white receivers for
the same periods were quite different
inasmuch as there was no significant
change at 3,962,000 units in 1965—a
rise of only 1.6%. Total radio produc-
tion for the first six months of this year
at 11.5 mullion units was 29.5% up on
the first half of 1964. This figure in-
cludes car radios which in both years
represents approximately half the total,
and f.m. radios. A rise of 72.49% was
noted in the production of f.m. receivers;
this year’s total being 1,410,418.

www americanradiohistorv com

The Instrument Enquiry Service of
the British Scientific Instrument Re-
search Association (SIRA), formed
seven years ago, has been integrated
with SIRA’s technical advisory and en-
quiry service to form a more compre-
hensive service which can provide help
for problems which cannot be solved
by merely proposing commercially-
available apparatus. The service can
now act as an information centre on
technical matters through a wide range
of fields such as thin-film techno-
logy, microelectronics, data processing,
electron microscopy, etc. Known as
SIRAID the service is described as
the SIRA automation and instrumen-
tation information and data service. The
address 1s SIRAID, South Hill, Chisle-
hurst, Kent. (Tel.: IMPerial 0055.)

Valve and Semiconductor Exports
Increase.—During the second quarter of
this year, exports of electronic wvalves,
tubes and semiconductor devices reached
a total of £3,346,925, according to
figures issued by VASCA and B.V.A.
This figure, which is based upon Cus-
toms and Excise returns, shows an in-
crease of 10.39 over the first quarter
of this year. Of the semiconductor de-
vices, the biggest portion of the exports
was In germanium transistors, which
totalled £214,927 in the first quarter
and £263,671 in the second quarter of
1965. Television picture tube exports
were £451,211 in the first quarter and
£677,447 in the second. The combined
valve and tube exports in the first three
months amounted to £2,403,761 and
£2,666,706 1in  the second quarter.

Sprague Electric Company, of North
Adams, Mass., have formed a wholly-
owned British  subsidiary. Called
Sprague Electric (U.K.) Ltd., it will
market all the parent’s products—which
include semiconductors and microcircuits
—from Coldharbour Lane House, 126
Coldharbour Liane, Hayes, Middx. (Tel.:
HAYes 8833.) Sprague products were
previously sold through the Telegraph
Condenser Company.

Granger Assocmtes Ltd., who have so
far imported equ1pment from their
American parents, are moving from
Weybridge, Surrey, to new premises at
Russell House, Molesey Road, Wal*on-
on-Thames, Surrey, where they will be
m‘anufacturlng equipment. Initially they

-will produce h.f. communications aerials,

but eventually will make a range of
equipment including ionosphere sounders
and balun transformers.

Marconi Television Transmitters for
Portugal.—As part of an expansion pro-
gramme, Radio Televisai Portuguesa is
to open two new television stations later
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Systems Engineers

I CONSIDER I should be failing in my duty as a pro-
fessional engineer were I to let pass, without comment,
your Editorial on systems engineers in the September
issue. As in any business, profession or vocation there
are always good, bad and indifferent members practising
their skills and arts with varying degrees of success.
To class systems engineers in toto as ‘virtually
amateurs ” is, in my experience, almost without parallel
in the annals of technical journalism.

Has it ever occurred to you, Sir, that there are, broadly
speaking, two classes of engineers. The first is the com-
petent engineer who, when presented with a definite prob-
lem, can doubtless derive a correct solution. There is
also the engineer who has the wit to see that a prob-
lem exists to be defined, sets about defining it and
finally derives an acceptable solution. I would suggest
that it is this latter citizen who contributes the really
material advances to our science/art and I would further
suggest that it is mainly this type of engineer who is of
any value as a systems engineer. It is my opinion that
the greatest single failing of professional electronics/radio
engineers is that they persist in thinking that their little
bits of fancy circuitry are the ends in themselves whereas
in fact they can, almost by definition, be only the means
to the end.

The systems engineer is concerned primarily with the
end result and since the whole is only as good as its com-
ponent parts he must have a surprisingly wide and de-
tailed knowledge, not only of what can or cannot be
done today but what is likely to be done or not done
tomorrow. The systems engineer unlike most develop-

ment and reszarch workers is responsible to his manage- -

ment for not only the technical excellence of his system
but also for the justification of capital investment involved
and all that that implies, to say nothing of contractual
decisions between customer and contractor which, like
the poor, are always with us.

In conclusion permit me to add that I do not regret
the 18 years or so I spent on research and development
with its comparatively narrow field of vision since it
enables me as a communications and control systems
engineer to understand the equipment designers prob-
lems and at the same time dispense the odd pinch of
salt as and where it is required.

Bishop’s Stortford. W. T. BROWN

Warning

I THINK yeur readers ought to be made aware of the
fact that there are devices on the market called a.c.
adaptors, made in Japan, which are potential hazards to
life. When used as a substitute for a 9V battery it
would bc possible for a transistor radio’s exposed metal
parts such as knobs or speaker grille to be connected
direct to the live side of the mains.

The adaptor contains a bridge rectifier in series with a
0.2uF capaciter placed diirectly across the mains supply.
The d.c. output is taken from the bridge rectifier with a
50 «F smoothing capacitor across the output connections.
This means that one side of the output connection is

WIRELESS . WORLD, OCTOBER 1965

joined to one side of the mains through a low voltage
rectifier. There is no coding on the mains lead, which
is 2-core and could be connected so that the live side
of the mains appears on the output circuit.
These devices are on sale in shops at about £1 each
and have been advertised in your columns.
D. A. LEVELL,

High Barnet, Herts. Levell Electronics Ltd.

Semiconductors

IN the ordinary meaning of words this is surely a misno-
mer, among many in electronics. For even if at one end
conduction were uniform and at the other insulation
were infinite, by no stretch of the imagination, does a
piece of slightly impure germanium lie at the half-way
point.

Why not mini-conductors? I give notice that in my
small corner I shall, in future, call them mini-conductors.
Who knows, one day they may be so known in the States,
thus reversing a long term trend.

London, N.10. C. A. HARRIS

OCTOBER CONFERENGES AND EXHIBITIONS

Further details are obtainable from the addresses in parentheses

" LONDON
4-13 | Olympia
Business Efficiency Exhibition
5-6 St. Ermin’s Hotel

Ul'trasoﬁics for Industry—Conference & Exhibition
(Ultrasonics, Dorset House, Stamford St., S.E.1.)

27-30.

R.S.G.B. Radio Communications Show
(P. A. Thorogood, 35 Gibbs Green, Edgware, Middx.)

OVERSEAS
4-6 Toronto
Canadian Electronics Conference
(I.LE.E.E., 1819 Yonge St., Toronto 7, Ontario)
7-12 -
Communication Congress

(I.C.C. Secretariat, c/o Civico Instituto Colombiana, Palazzo
- Tursi, Genoa)

9-17 Mexico City
Congress of Electrical, Electronics & Mechanical Engineering
(Ing. J. Espinoza, Colegio de Ingenieros, Culiacan No. 115,
Mexico City)

11-15 New York
Audio Convention & Exhibition
(Audio Engineering Society, Box 383, Madison Sq. Stn., New
York, N.Y.10010)

13-19 ' Diisseldorf

Interkama—Meésuring Instruments & Automation
(NOWEA, 4 Disseldorf 10, Postfach 10203)

14-23 Milan
Excot—Exhibition & Congress of Telecommunications

(Comité International de Télévision, Casella Postale 33, Novara,
Italy)

Seymour Hall

Genoa

20-22 Washington
Electron Devices
(I.LE.E.E., 345 E.47th St.,, New York, N.Y.10017)

25-27 Chicago
National Electronics Conferenca
(N.E.C., 228 La Salle St., Chicago, Ill.)

27-29 Baltimore

Aerospace & Navigational Electronics
(B. W. Moss, Martin Co., Box 988, Baltimore, Md.)
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TAPE TRANSPORT DURING THIS INTERVAL
t5:-6mil
B ey
Y960 sec
- — ~ .
7777/ 877777
10mi| |15~6mil.|.,l le
i 56mi
RECORDING//READING HEAD
: 62-5 mil E Fig. I. Recording pattern and
: head arrangement for standard
Ampex video tape recording,
2 FIELDS = ONE PICTURE Each vertical bar contains the
AL . - .
. \ _ ¥ D 5in/sec modulation of 16 picture lines,
< 250 mil —F . including line and field sync
’ pulses. |
6 14 12 10987654321
, oI ke |
VERTICAL
gé gé SYNC PULSE
r’ m 1 | ¥ m o I | ™ m| o] 1. :
'ha0sec \
62-5mil

4 x 4 TRACKS =1 FIELD = Ys0sec = 16 x /960 sec

cession, a kind of interlacing being restored by a special
device. During this interval the reading head of the
main V.T.R. unit makes four idle turns. It will be
evident that a special method for scanning the standard
recording, which for slow-motion operation moves at one
fifth of the normal speed, has to be used. This is called
intermittent scannihg.

Intermittent scanning.—Normal scanning in the standard
Ampex unit is performed by four reading heads mounted
in the same plane in the revolving drum, which scans
the tape transversely. The tape speed is 15 in/sec and

12mil.

. SMALL
CORRECTING
ANGLE

Fig. 2. Offset arrangement of heads on the skewed scanning drum
of the modified V.T.R. equipment.

504

the rotational speed of the drum is 240revs/sec. Fig. 1
represents the situation at this standard tape speed.
At slow speed the tape travels at one fifth of normal
speed, that 1s 3 in/sec. In order to obtain at this
slower speed the normal track scanning rate, the arti-
fice of offset scanning heads has been adopted. This
means that the reading heads of the slow-motion V.T.R.
machine are not . arranged in one plane but in four
different planes, the spacing being 12 mil. (1 mil.=0-0001
inch.) Offsetting is necessary because each head has to
make in each quarter revolution (1/960 sec) a “retro-
grade ” movement with respect to the movement of

DURING FOUR IDLE TURNS
TAPE IS TRANSPORTED ONE 4-TRACK
POSITION TO THE RIGHT

POSITION OF SCANNING HEADS
V'd

4 GROUPS OF 4 TRACKS
< >

N IT & I

SLOW SPEED 3in/sec
-

3 a—

/R
| FIELD = /50 sec .~

4x /240 sec =4 TURNS OF MAIN V.T.R. *f2405ec AT SLOW SPEED
4 IDLE TURNS | ACTIVE TURN

Fig. 3. Showing the action of intermittent scanning with reference
to standard tape recording.
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4x 4 IDLE TURN>
i 4 TRACKS EACH

|

so sec Yoo sec Yoo sec Yeosec

TAPE TRANSPORT
.

!
1 ] 1 A 1 1

L L b3

i 'Ysosec | 'sosec

S
e _

l/so sec | sosec | 'fsosec
g ————>

ONE FIELD
AT SLOW SPEED = /60 sec
AT STANDARD SPEED = Ys0 sec

Fig. 4. How the modulation‘_of one field is translated into four bursts
of 4 tracks each, as a result of intermittent scanning on the modified
Video tape recorder.

the tape of one “interval ”, a distance of 15-625 mil (see
Fig. 2).
during each quarter-revolution of the head drum how-
ever, is 1/960X 3000 mil=3-125 mil. This leaves to be
compensated for a distance of 15-625-—3-125=12-5 mil.
The slight difference between this required distance and
the head spacing of 12 mil is taken up by various com-
pensating factors. In order to compensate for the
difference in effective slant between recording and re-
production, the reading head drum 1is skewed at a
small angle.

By the offsetting of the heads, during each revolution
of the head drum a group of tracks is scanned at slow
tape speed; four active revolutions plus 16 idle revolu-
tions of the drum giving one field.

Idle turns.—By the artifice of the offset heads the effect
of a five-fold increase of forward tape speed i1s achieved.
Although the actual tape speed is only 1/5 of normal
speed four tracks are scanned in 1/240sec. The time
needed for the next group of four tracks (in the retrograde
sense) to move up to the scanning position of head
No. 1, from a to b in Fig. 3, is 5/240 sec., 1.e., five turns
minus one active turn==four idle turns. This is allowed
for by periodic electronic gating of the amplifier.

The “fields” of the standard tape, although recorded
and read out at the standard scanning rate, now appear
in the V.T.R. read-out signal as bursts of four tracks
each, separated by intervals of four times the duration
of one burst. The sequence is shown in Fig. 4. The
desired retardation factor of 5:1 being obtained, and
the tape modulation nevertheless being scanned at the
standard rate, the basic requirements listed earlier have
been fulfilled. The next step is to store this information
in the one-field memory unit. In this unit, as already
mentioned, each field is read five times in succession,
thereby giving the desired effect of continuous motion
at slow speed, or, if so desired, a still picture by an
indefinite number of repetitions.

One-field memory.—In this storage device a similar
general technique as in the main V.T.R., with standard
video tape and rotating heads, is used, but the device
is a self-contained separate unit. The tape, however,
does not move (except at intervals to compensate for
wear), the tracks being at a rather small angle.
are two self-contained recording/reading assemblies in
the unit, one at each end of the shaft of a driving motor,
and these are used alternately for recording and reading.

WIRELESS WORLD, OCTOBER 1965

The movement of the tape at slow speed

There

MAGNETIC TAPE
RECORDING

/ HEADS
/5 QUADRANT 1

QUADRANT 2

REPRODUCING ~—~_\
HEADS '

<« 360mm ——>

Fig. 5. Arrangement of recording and reading heads and magnetic
tape in one drum assembly of the memory unit.

le— 4 TRACKS
270° 180° . o
< SECTION T —>] 90" ke— SECTION I—{0 g
b//l a//

bl// BN l a

—— SECTION N—A

I
SECTION II::I

240 sec

4 GROUPS OF 4 TRACKS=1FIELD

Fig. 6. Magnetic pattern on the semi-stationary tape in the memory
unit. The tracks are actually slanted at 2° 54’ to the edge of
the tape.

On the revolving head drum of each assembly two
pairs of heads are mounted, one pair for recording, the
other for reading, as shown in Fig. 5. From this diagram
it can be seen that the first and third quadrants of the
drum are inoperative, the tape being fed in in quadrant 1
during intervals. |

Not shown in the diagram is the fact that in quadrants
1 and 3 the tape is cleaned of magnetic and other dust
particles by the wiping action of a secondary moving
tape, which acts as a “broom” in contact with the
recording tape. Moreover, in quadrants 1 and 3 some
extra lines of video information are recorded for over-
lapping during reproduction. ,

Frequency modulation is used, with a carrier frequency
of 6.4 Mc/s and a deviation of £1 Mc/s. This particular
carrier frequency has been chosen to make it possible to
superimpose successive recordings of a field without
erasure. Experimentally it has been found that with this
frequency at 1 Mc/s off carrier, the remaining modula-
tion on the tape during superimposition is 35dB down,
which is sufficient. Without knowing this, it is difficult
to understand the operation of the memory unit.

The intermittent signals arriving from the slow-motion
reading section of the main V.T.R. unit are distributed
to the respective recording heads of the memory unit by
a switching circuit and amplifier.

For recording, one pair of heads is so pesitioned and
switched that each head covers one trace, there being two
traces and four sections altogether. The shaft of the head
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ever, could also be used for measurement of other
physical variables, such as the sensitive Keithly nano-
voltmeter (10nV d.c. full scale) intended for use with
‘thermocouples and other low-impedance transducers pro-
ducing small voltages. This American instrument has a
resolution of 1nV, and is claimed to have a stability of 10
nV per 24 hours. Specifically designed for temperature
measurement was a Hewlett Packard instrument based
on the temperature sensitivity of a quartz crystal in an
oscillatory circuit. Changes of temperature affecting the
quartz crystal probe vary the oscillator frequency, and
this is used to give a digital indication of temperature.
The instrument will work between —40°C and +230°C
and will resolve temperature changes of 0.0001°C.
Oscilloscopes of particular interest included a new Tek-
tronix instrument, Type 549, combining high speed (5
mm /usec) with trace storage; a plug-in unit for the
Hewlett Packard Type 175A providing a recording on
a paper chart of any waveform displayed (a sampling
technique being used); and a Ferisol oscilloscope of ex-
tremely wide bandwidth (0 to 1Gc/s) capable of dis-
playing waveforms with risetimes as small as 0-15 nano-
second. In the last-mentioned instrument the wide band-
width is obtained by not using a y amplifier but applying
the signal directly to the vertical deflection plates. This,
of course, means that the sensitivity is limited (10 V/cm),
but it is claimed that the fine spot of the c.r.t. allows
trace deflections of less than a millimetre to be seen.
Among the mrany electronic components on show, a
notable exhibit on the British group stand was a display

of magnetic shields suitable for instruments, relays, .

watches, cathode-ray tubes, etc.—but manufactured, un-
usually, by the technique of electroforming. This is an
entirely new process for magnetic materials, developed
by Plessey Radar on the basis of their experience in the
electroforming of copper and nickel microwave com-
ponents. The advantage of the technique is that shields

of high-permeability alloys (similar to well-known pro-
prietary materials) can be fabricated as one-piece shells
which are free from the mechanical joints and large
internal stresses that normally cause a deterioration of
performance. The electroformed shields can be de-
posited directly on glass devices such as cathode-ray
tubes, or made as separate components to any desired
shape. Electrical shielding is provided as well, of course,
by the conducting property of the material.

Another unusual type of component, in the field of
machine control, was an electrohydraulic impulse motor,
providing a high-power rotary drive controllable in steps
by low-power electrical impulses. Stepped rotary motion
can, of course, be obtained from conventional electric
stepping motors, but these suffer from poor response
speed if high output power is required (because of their
mechanical inertia). In the device on show, made by
Fujitsu of Japan, hydraulic drive techniques overcome
the inertia problem, and the hydraulic power is con-
trolled through a valve system by a small and light
electric torque motor energized by low-power electrical
impulses. The motor could be used for digital position
control on machine tools or other equipment, and, because
of the precise angular positioning inherent in the stepping
action, it offers the possibility of obtaining accurate con-
trol without the need for a closed-loop system.

A useful, simple, non-contacting transducer for timing,
position indication or speed measurement of moving
mechanical parts was an electromagnetic pick-up made
by Electro Products Laboratories of Chicago. It is basi-
cally a small pick-up coil combined with a permanent
magnet. When the steady magnetic field is disturbed
by a ferrous object—say the teeth of a rotating gear wheel
—the coil generates an a.c. voltage. Various sizes are
available, but one of the latest is a miniature unit measur-
ing 2in diam. by }in long, capable of giving output
signals of up to 3V.

OCTOBER MEETINGS

Tickets are required for some ineetings :

LONDON

1st.  Television Soc.—‘ Present status
of colour television” by C. J. Hirsch of
R.C.A. at 7.0 at I.T.A., 70 Brompton Rd.,
S.W.3. |

4th. LE.E.— Infra-red devices—propa-
gation, generation and reception” by G.
Phillips at 5.30 at Savoy Pl., W.C.2.

6th. I.E.E.—Discussion on * Filling
gaps in v.h.f./u.h.f. service areas” at 5.30
at Savoy Pl., W.C.2.

6th. I.E.R.E.—“SECAR—a modern
s.s.r. ground interrogator and decoding
equipment” by H. W. Cole at 6.0 at 9
Bedford Sq., W.C.1.

6th. B.K.S.T.S.—*“ A  transistorised
capacitor microphone ” by M. L. Gayford
at 7.30 at the Central Office of Information,
Hercules Rd., S.E.1.

12th. Radar & Electronics Assoc.—
“ Transmitting aerial systems for television
broadcasting on u.h.f.” by G. C. Platts at
7.0 at the Royal Society of Arts, John Adam
St.,, W.C.2. '

13th.
group delay ” at 5.30 at Savoy PL, W.C.2.
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I.E.E.—Discussion on “ What is

of the society concerned

13th. I.LE.R.E.—*‘ Signal processing using
optical techniques” by Dr. D. C. Cooper
at 6.0 at 9 Bedford Sq., W.C.1.

13th. B.K.S.T.S.—* Photographic film
emulsions and magnetic coatings ” by H. O.
Dickinson and H. J. Hutchings at 7.30 at
Central Office of Information, Hercules
Rd., S.E.1.

14th. I.E.E.—“ Long wavelength laser
generation” by L. E. S. Mathias at 5.30 at
Savoy Pl., W.C.2.

15th. ‘Television Soc.—‘ Problems con-
nected with the use of colour film for colour
television ” by Dr. F. P. Gloyns at 7.0 at
I.T.A., 70 Brompton Rd., S.W.3.

19th. Soc. of Relay Engrs.—* Testing
methods and equipment applicable to v.h.f.
and h.f. wired television systems > by W. B.
Smith at 2.30 at the LE.E., Savoy Pl,
W.C.2.

20th. I.E.E.—Address by Prof. A. L.
Cullen, chairman of the Electronics Divi-
sion at 5.30 at Savoy Pl., W.C.2.

20th. Soc. Environmental Engrs.—‘ Ra-

dio frequency interference control” by D. J.
Lewis & A.S. Evans at 6.0 at Imperial Col-
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readers are advised, therefore, to communicate with the -secretary

lege, Mechanical Eng’g. Dept., Exhibition
Rd., S.W.7. _

20th. I.E.R.E.—Discussion on “ Com-
puter/instrument interfaces™ at 6.0 at
London School of Hygiene and Tropical
Medicine, Keppel St., W.C.1.

21st. I.E.E.—Discussion on ‘ Instrument
scale graduation” at 5.30 at Savoy Pl,
W.C.2.

25th. LE.E. & ILER.E.—“Opto-elec-
tronics ” by Professor W. ]J. Popplebaum
at 5.30 at Savoy Pl, W.C.2.

27th. S.E.R.T.—* Video tape recording
equipment ”’ at 6.0 at Royal Soc. of Arts,
John Adam St.,, W.C.2.

27th. B.K.S.T.S.—“ The design of loud-
speakers for low frequency reproduction”
by R. E. Cooke at 7.30 at the Central
Office of Information, Hercules Rd., S.E.1.

28th. I.E.E., Television Soc. & I.E.R.E.
—*“PAL television system” by Dr. W.
Bruch at 6.0 at Savoy Pl.,, W.C.2.

29th. Television Soc.—* Amateur-profes-
sionals or professional amateurs?—a new
look at the British Amateur Television
gl\l.)l(/b;’ at 7.0 at 1.T.A., 70 Brompton Rd.,
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OCTOBER MEETINGS CcContinued

BATH

28th. IER.E. & IE.E.—“Infra-red
technology and applications ” by V. Roberts
at 7.0 at Bath Technical College, James
Street West.

BIRMINGHAM .

25th, I.E.E.—“ Safety or disaster—the
reliability of electronic equipment” by J. C.
Cluley at 6.30 at M.E.B., Summer Lane,

28th,
radio” by G. R. M. Garratt at 6.30 at
Department of Electronic and Electrical
Engineering, University of Birmingham.

BRADFORD

26th. IL.LE.E.— Television standards
conversion by electronic methods” by
E. R. Rout at 6.30 at Institute of Advanced
Technology.

BRIGHTON

27th. I.E.E.—‘ Automation in computer
design ” by D. G. Jacobs at 6.30 at College
of Technology, Moulsecoomb.

BRISTOL o
7th. S.ER.T.—*“R.F. transmission

lines ”” by B, Garland at 7.45 at Hawthorns
Hotel, 8. :

20th. IE.R.E.—“ Laser technology and
applications ” by J. MacDowall at 7.0 at
University Engineering Laboratories, Uni-
versity Walk, Clifton.

CAMBRIDGE

14th., I.E.E.—“ Chance and the com-
munications engineer” by G. R. Nicoll
at 8.0 at Engineering Laboratories, Trump-
ington St,

CARDIFF

4th. I.E.E.—“Field effeot transistors:
another minor revolution in transistor prac-
tice” by W. Fishwick at 6.0 at South
Wales Institute of Engineers.

13th. ILE.R.E—“Phase shift networks
using field effect transistors ” by W. Gosling
at 6.30 at Welsh College of Advanced
Technology.

15th. Television Soc.— “ A 90° colour
tube.” by P. L. Mothersole at 7.30 at the
Royal Hotel. .

CATTERICK
13th. I.E.E.—Discussion “ The com-
munication- of knowledge” at 6.30 at

School of Signals,

CHRISTCHURCH
20th., IL.E.E.—“The UK.3” by H. J.
Sketch at 6.30 at King’s Arms Hotel.

COLCHESTER

8th. Instn. Prod. Engrs.—* An introduc-
tion to electronic computers ” by P. Ruglys
at 7.30 at N.E. Essex Technical College,
Sheepen Rd.

26th. ILE.R.E.—“Some examples of
simulation and computer techniques in elec-
tronic engineering ” by N. A. Huttly at 7.30
at North East Essex Technical College,
Sheepen Rd.

EDINBURGH

6th. LE.R.E.—* Input spectrum and the
ability to optimize ” by Dr. 1. Cochrane at
7.0 at Department of Natural Philosophy,
The University, Drummond St.
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ILE.R.E.—“ The early history of.

28th. LE.R.E. & I.LE.E.—* Electronics in
medicine—frustrations and fulfilment” by
Dr. J. M. A. Lenihan at 6.0 at Carlton
Hotel, North Bridge.

FARNBOROUGH

14th. I.E.R.E.— Fuel cells, a customer’s
viewpoint” by Dr. W. R. S. Davidson at
7.0 at Farnborough Technical College.

GLASGOW _

7th. I.E.R.E.— Input spectrum and the
ability to optimize” by Dr. I. Cochrane
at 7.0 at Institute of Engineers and Ship-
builders, 39 Elmbank Crescent.

GUILDFORD

12th. I.E.E.—*“ Computers ” by F. J. M.
Laver at 7.30 at Central Electricity Gener-
ating Board.

HORNCHURCH :
12th. LE.R.E.—* Satellite communica-

tions ” by W. J. Bray at 7.0 at College of

Further Education, 42 Ardieigh Green Rd.

LEEDS

6th. S.E.R. T.—*“ The manufacture of
transistors ” by A. Lingard at 7.30 at Branch
College of Engineering, Cockridge St., 2.

LIVERPOOL -

11th. LE.E.—* Static electronic protec-
tion ?” by J. B. Patrickson at 6.30 at the
Royal Institution, Colquitt St.

18th. LEE—“Trends in telecom-
munications switching” by L. J. Murray
at 6.30 at Royal Institution, Colquitt St.

20th. IL.E.R.E.—“(Colour television” by
Professor G. N. Patchett at 6.30 at Walker
Art Gallery.

26th. ILE.E.—“Blue print of a profes-
sional engineer ” by J. B. Lancaster at 6.30
at the Royal Institution, Colquitt St.

MANCHESTER

6th. S.E.R.T.—*“ Exploitation of the
transistor ” by R. A, L. Warrington at 7.30
at Engineers’ Club, Albert Square.

19th. Instn. Prod. Engrs.— The com-
puter as a tool for production control” by
G. H. Smethurst at 7.15 at Renold Bldg.,
Manchester College of Science & Techno-
logy, Sackville St.

21st. IL.LE.R.E.—“ PAL colour television »
by M. Cox at 7.0 at Renold Building,
College of Science and Technology, Sack-
ville St.

NEWCASTLE-ON-TYNE

6th. S.E.R.T.—“The introduction of
625-line television transmissions at u.h.f.”
by M. T. Pacey at 7.15 at Charles Tre-
velyan Tech. College, Maple Terrace, 4.

NEWPORT, I.O.W,
Ist. LE.E.—* Computers” by
Laws at 6.30 at 1.O.W. Technical College.

NOTTINGHAM

5th. LE.E.—* Magneto-striction > by
Dr. W. Alexander at 6.30 at Main Lecture
Theatre, T.1. Building, University.

12th. LE.E.—“Hall effect devices” by
Dr. J. P. Newsome at 6.30 at First Year
Applied Science Block, University.

NORWICH

Sth. ILLE.E.—* Instrumentation of a
rocket testing site” by J. W. Dalgleish at
7.30 at Assembly House.

PETERBOROUGH

8th. Instn. Prod. Engrs.— Television in
industry ” by H. O. E. Carter at 7.30 at
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R. A,

Peterborough Generating Station, Albert
Place.

20th, LE.E.—“ Electro levitation” by
E. R. Laithwaite at 6.0 at Angel iTotel.

PORTSMOUTH

6th. I.E.E.—“ The microcircuit revolu-
tion” by C, E. Tate at 6.30 at Telephone
Exchange, Park Road.

20th. I.E.E.—* Semiconductor opera-
tional amplifiers ” by R. C. Foss at 6.30 at
College of Technology, Anglesea Road.

READING

19th. I.E.R.E.—‘“ Research in electronic
instrumentation at the University of Read-
ing” by Dr. E. A, Faulkner at 7.15 at J. J.
Thomson Physical Laboratory, University
of Reading.

SALFORD

18th. IL.E.E.—“ The place of the com-
puter in engineering education” by E. Kerr
at 6.15 at Royal College of Advanced Tech-
nology.

SOUTHAMPTON

12th. LE.E.—“The history of com-
puters ” by D. J. Truslove at 6.30 at The
Lanchester Theatre, University.

13th. S.E.R.T.—“ A review of fifty years
of electronics ” by Dr. K. E. Everett at 7.30
at College of Technology, East Park Ter-
race.

26th. I.E.R.E. & R.Ae.S.—* Loudness
of sonic booms and similar sounds” by
Professor E. E. Zepler at 6.30 at Lan-
chester Theatre, University of Southamp-
ton,

STOKE-ON-TRENT

12th. LE.R.E.—*“ Computers — present
and future” by R. Woolf at 7.0 at North
Staffs College of Technology, College Rd.

SWANSEA

21st. IE.E.—“Field effect transistors:
another minor revolution in transistor prac-
tice” by W. Fishwick at 6.0 at Engineer-
ing Department University College,

WHITBY

5th. IL.E.E.—“Recent developments in
multiple access computer operation” by
M. V. Wilkes at 7.0 at Botham’s Cafe,
Skinner St,

LATE SEPTEMBER
MEETINGS
LONDON

29th. LE.R.E. & I.LE.E.—“Airborne com-
puters ” conference at 10.30 at the London
School of Hygiene and Tropical Medicine,
Keppel St.,, W.C.1.

29th. LE.R.E. & LLE.E.—“ Treatment of
experimental animal and human malignant
tumours by laser radiation” by Dr. P. E,
McGuff at 6.0 at 9 Bedford Sq., W.C.1.

30th. S.E.R.T.—“The use of oscillo-
scopes in maintenance ” by R. W. Watson
at 6.30 at Royal Soc. of Arts, John Adam
St., W.C.2.

30th. Television Soc.—*“ An introduction
to waveform testing methods in television ”
by I. F. Macdiarmid at 7.0 at the 1.T.A,,
70 Brompton Rd., S.W.3.

MANCHESTER

30th. LE.R.E—“Radar” by N. P.
Robinson at 7.0 at Renold Bldg., Manchester
College of Science and Technology, Sack-
ville St.
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Electronic Labhoratory Instrument Practice

10.—MEASUREMENT OF FREQUENCY

By T. D. TOWERS, xm.B.E.,, A.M.I.LE.E., A.M.I.E.R.E.

is one of the things that you have the least occasion
- & to measure and, ironically, it is the one that you can
.~ measure with the most accuracy. Almost around the
clock, even the most ill-equipped establishment can pick
~ up, for nothing, world frequency standard transmissions
- of an absolute accuracy of the order of 1 in 10°, Not only
that; simple frequency comparison techniques exist
which lose little of this accuracy. This means that any
laboratory can with ease check its frequency measuring
equipment to not worse than 1 in 107 (or one part in ten
million).

lN a run-of-the-mill electronics laboratory, frequency

Basic considerations of frequency measurement

Now, academically that may be very interesting infor-
mation, but it does not really help the poor lab. worker
when he is first faced with the problem of arriving at
the frequency of an unknown signal. His approach
must be primarily practical, and it must be done in four
stages. First, he must possess himself of a suitable
measuring instrument; secondly, he must find some
standard against which to check it; thirdly, he must cali-
brate his instrument against the standard; and lastly, he
can then measure his unknown frequency.

As to the choice of measuring instrument, there are
more than a few different types, but they fall into the
main categories: (a) wavemeters; (b) grid-dip meters;
(c) heterodyne meters; (d) capacitor-discharge meters;
(e) frequency bridges; (f) calibrated oscilloscopes; (g)
~digital counter-type meters; and (h) miscellaneous in-
struments. We shall look at these various types indivi-
dually later, but first it is well to consider what standards
are available in the ordinary laboratory for calibrating
" them and how to carry out such calibration,

Frequency standards

Frequency standards available to a laboratory fall into
three main groups: (a) standard-frequency radio trans-
.missions; (b) laboratory calibrated signal sources; and
(c) calibrated frequency measuring instruments.

Standard-frequency radio transmissions are within the
reach of anyone who owns a domestic radio receiver
capable of receiving the B.B.C. transmitters at Droit-
wich on 200kc/s (1,500 metres). The deviations of the
Droitwich carrier signal are maintained within the limits
of +5 parts in 10° of the nominal 200 kc/s frequency.
The nominal frequency is defined on the basis of
200,000 cycles in 1 second of Ephemeris Time (E.T.),
this 1 second being realized in practice as 9,192,631,770
cycles of the caesium resonance frequency at zero field.
And not only does Droitwich provide you with a highly
accurate 200 kc/s carrier signal, but also its tranmissions
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are preceded by a highly accurate 1,000 c/s tuning signal.

With your domestic radio, again, you can use certain
medium-frequency broadcasting stations to provide a
selection of other carrier frequencies between 150 and
550kc/s accurate to better than 1 in 10°.

Furthermore, if you have a short-wave or communi-
cations receiver, you can pick up the British G.P.O.
special service of frequency-standard transmissions from
MSF (Rugby) radiated simultaneously on 2.5, 5 and
10 Mc/s continuously for 24 hours a day (except for a
five minute interruption from minute 15 to minute 20
in each hour).

If, on the other hand, you should happen to have a
suitable special 1.f. receiver, you can use transmissions
on 60kc/s from MSF (Rugby) and 16kc/s from GBR
(Rugby) as standards. The 60kc/s transmitter works
one hour each day from 14.29 to 15.30 GMT, and the
16 kc/s transmission generally operates for about 22
hours a day (with a maintenance period from 13.00 to
15.00 GMT). Incidentally, when GBR (Rugby) on
16 kc/s is inoperative, GBZ (Criggon) on 19.6 kc/s is
available. -

Standard-frequency transmissions are also radiated in
a continuous 24-hour service from the American
National Bureau of Standards’ stations WWYV, near
Washington, D.C., and WWVH, in Hawaii. These
radiate carrier frequencies accurate to at least +1 iIn
10° on 2.5, 5, 10, 15, 20 and 25 Mc/s.

The modulations on these standard-frequency trans-
missions change from time to time, but on one or other
of them modulations of 1c/s, 440c/s, 1,000c/s and
4,000c/s are available, which could be used for
calibrating local audio frequency standards. However,
by using accepted methods of successive frequency divi-
sion, you can obtain spot frequencies in the audio range
to the same order of accuracy as the r.f. carrier standard-
frequency transmissions, and this subdivision of r.f. is
the more usual method for high accuracy audio fre-
quency calibration.

Conversely, when it comes to frequencies in the v.h.f./
u.h.f. bands you can use techniques of frequency multi-
plication to extend the rf. transmission frequency
standards upwards as required. ' |

Signal Generator Standards.—Active signal sources in
the laboratory are the second main group of frequency
calibration standards. For example, a good-quality stable
signal generator, calibrated against standard-frequency
transmissions, makes a very useful transfer standard
usable when no suitable transmission 1is available.
Another approach is to make up a quartz-crystal (or high-
stability 1.C) oscillator specially for calibration purposes.
In these days of the transistor, it will not be found
very difficult to make up a simple basic oscillator of
this type. Fig. 70 gives a typical circuit for a battery-

*Newmarket Transistors Ltd.
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i2p .
m—TOPUT Fig. 70. Circuit for general-purpose 100 kc/s
quartz crystal calibration standard oscillator.

operated 100 kc/s crystal oscillator which provides locked
harmonics off to many tens of megacycles. The 100 pF
variable capacitor in series with the series-mode 100 kc/s
quartz crystal is used to adjust the calibration of the
instrument against a standard-frequency transmission.

- Another “signal-generator” type of laboratory fre-
quency-reference sometimes very useful is a “ physical
source such as tuning fork or a vibrating reed. It is
surprising what accuracy of frequency can be obtained
with even such simple sources as these.

Frequency-meter Standards. —— Standard-frequency

transmissions and standard oscillators apart, some labora-

tories use high-accuracy frequency-measuring instru-
ments themselves as reference standards. Wavemeters
and grid-dip meters are typical of this class.

Before we leave the question of standards, however, .

it 1s well for the reader to get some idea of the sort of
accuracy one can expect from the various types. Typically
these are: LC-tuned circuits=1 in 10%, tuning fork=
1 in 10°, well-designed quartz-crystal=1 in 10°, Ephemeral
Time standard=1 in 10’, and Caesium resonance=1 in
1011

At this point, also, a warning on the accuracy of mains
frequency (Somenmes used for reference) is not out of
place. Generally the frequency lies within +0-5 cycle of
the nominal 50 c¢/s frequency, thus implying an accuracy
of only 1 in 10® (19). But, under abnormal conditions,
e.g. load shedding, the frequency may vary from as low as
47-5 ¢/s to as high as 51-5 ¢/s, 1.e. —5% to +3%. Of
course, the mean frequency over a long period is kept
very accurately to 50 c¢/s so that, although synchronized
electric clocks may go fast or slow over short periods,
they eventually return very near to the correct time.

Calibrating instruments against standards
Having obtained a suitable measuring instrument and
standard, the next step is to check one against the other.
For this you need some sort of frequency-coincidence
detector arrangement. Such detectors may be of three
types:—(a) acoustic (b) meter and (c¢) visual.

Acoustic Frequency-coincidence Detectors.—Acoustic
methods can be used in several ways. The first is the
simple zero-beat method in which two 31gnals being
compared are mixed and adjusted until the audible beat
between them falls to zero. This is usually satisfactory
when two radio freéquencies are being compared, but,
because of the uncertainty of hearing below about 20 c/s,

it is not entirely satisfactory when two audio frequencies

are being compared. In such acase the so-called “ double-
beat” or “slow-beat” method is used. In this, a third

" (different) frequency is set up and the standard is

adjusted against this to give an audible beat frequency.
‘The unknown signal is then tuned to beat also with this
third frequency, and adjusted until the slowest beat is
achieved between the two audible beat frequencies. This
double-beat method is capable of much greater accuracy
than the simple zero-beat one, and differences of 1 ¢/s can
be measured.

Another example of the use of acoustics to provide a
frequency-coincidence detector is in the null-detector
headphones of a frequency bridge (to be described later).
Here the bridge controls are adjusted until the “reson-
ance” frequency of the bridge coincides with the fre-
quency being measured, the indication of synchronism
being a minimum signal in the headphones.

Meter Frequency-coincidence Detector—Where the
headphones of a frequency bridge are replaced by a
meter-presentation null detector, we have one example of
the next main class of coincidence detectors, i.e. meter
types. Another example is where a meter circuit is used
with a pointer displacement proportional to the beat fre-
quency. A final example is the meter presentation of

- frequency-coincidence exemplified in the numerical dis-

play on a digital counter-type frequency meter when it
is used to monitor the beat frequency while bringing two
signals into synchronism.

Visual Frequency-coincidence Detectors.—Apart from
acoustic and meter methods, visual displays of frequency

HT
+200/250V
fy INPUT T, INPUT
. . L ' 2u
Fig. 71. A simple frequency-caincidence detector — |-¢
circuit. |
IS0k 150k
g'M 3.3k IM —
'l'zu 2y
& %—-QOV
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coincidence are widely used. The commonest example

of this is the use of an oscilloscope where the two signals
under test are fed to the x and y amplifiers, and one is
adjusted until the scope trace becomes stationary. When
this happens, one frequency (or one of its harmonics) is
in synchronism with the other. Stationary-trace scope
comparison of frequencies is really only satisfactory with
audio and low radio frequencies. With higher frequencies,
it will be found impracticable to hold the trace
stationary.

However, if the scope is run on its own time-base, and
the two high frequency signals to be compared are fe
together in the y amplifier input, it is possible to see
visually the coincidence of the frequencies as the envelope
of the trace becomes modulated at the beat frequency
when synchronism is approached.

Another visual method is the use of a “magic-eye”
tuning indicator. There are many possible arrangements.
One of these (due to H. V. Beck, p.405 of the October
1951, Electronic Engineering) is given in Fig. 71. When f,
is nearly equal to f, in this circuit, the indicator will be
found to flicker at a frequency equal to the difference, and
a frequency difference of 0.05c/s is easily distinguished.

One final rather “off-beat” example of the use of a
visual frequency-coincidence indicator that may be met
with is the * reed ” meter sometimes used to check mains
frequency. In this, a set of metal reeds tuned at intervals
around 50c/s (the reeds being electrically coil-driven)
are arranged to be visible. When the signal to be tested
is applied to the driver coil, the reed with a resonant fre-
quency closest to the input frequency oscillates more
violently than its neighbours and gives an indication of
the unknown frequency. |

R.F. measurements

Having dealt with standards and calibration we can
now turn our attention to actual measurements of fre-
quency.

Absorption Wavemeter—For measuring radio frequen-
cies, the least complicated instrument is the absorption
wavemeter. In its simplest shape this takes the form
of an LC circuit as shown in Fig. 72, where the tuning
capacitor is fitted with a dial calibrated in frequency.

£
n®

FIXED-INDUCTANCE 2/ TUNING CAPACITOR
(ONE OF RANGE OF L C 4= WITH DIAL CALIBRATED
PLUG-IN COILS) IN FREQUENCY

£
L

Fig. 72. Basic circuit of absorption wavemeter.

To measure the frequency of a transmitter or receiver,
you tune the wavemeter with its coil loosely coupled to
the equipment until the equipment response shows a
change caused by the absorption of r.f. energy by the
wavemeter resonant circuit. By the use of plug-in coils, a
wide frequency range may be covered by the absorption
wavemeter. Such meters are often fitted with some form
of resonance indicator such as a pilot lamp or meter, so
that you can see the synchronism with the signal source
without having to watch for any change in response in
the source equipment.

Wavemeters can be calibrated from a t.rf. receiver
tuned to a standard-frequency transmission, or from any
calibrated standard signal generator.

One of the more useful features of the wavemeter is
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that it gives a quick identification of the fundamental
frequency in the presence of its harmonics, as the circuit
is not usually sufficiently sensitive to respond to har-
IMONICS.

Grid-dip Meter (or Oscillator).—An absorption wave-
meter can be used only to check circuits when r.f. energy
is present. Some other arrangement is required to check
the frequency of a passive tuned circuit. A handy instru-
ment for this is the grid-dip meter. Not strictly a signal

L - & v o-yV

. L 25&-(\ _‘JISOP 1mA
/T T ot (D)
15k T METER
> Cr ==100u/12V
5-30p T /
T NKT677 NKT 677
11 |
22k =0 30p GE
Pomgigggmn
>— L < onV

Fig. 73. Circuit of typical * grid-dip ” meter capable of operating
from | to 30 Mc/s with suitable plug-in coils.

generator, it combines the function of a calibrated vari-
able frequency reference oscillator with that of an
absorption wavemeter. A typical circuit of a simple
transistor grid-dip meter is shown in Fig. 73. In use, the
oscillator coil is loosely coupled to the tuned circuit
under test, and the grid-dip meter tuned by the main
tuning capacitor C until the reading on the milliameter
dips to a minimum. What has happened then is that
the variable oscillator frequency has been synchronized
with the tuned circuit under test, which has absorbed
some energy from the oscillator and caused the meter to
dip. The frequency of the tuned circuit under test 18
then read off from the calibrated dial of the master con-
trol capacitor C. (The term “grid” in grid-dip meter
is a bit of a misnomer. It refers back to the days when
these instruments used thermionic valves, but people still
talk of the transistor version as a “grid-dip” meter,
although the grid has disappeared along with the valve
of which it formed part!)

Heterodyne Frequency Meter.—Until the recent large-
scale increase in the use of counter-type frequency meters,
accurate measurements of the frequency of an r.f. signal
source were most often carried out by the heterodyne or
zero-beat method. This depended on the fact that when
two signals of different frequencies are mixed in a non-
linear circuit, the output contains a signal at a heterodyne
or beat frequency equal to the difference between the two
original signals. The heterodyne frequency meter is in
effect a standard signal generator fitted with provision
for feeding the unknown signal into a mixer along with
the internally generated standard frequency signal. The
internal generator is then adjusted until the beat fre-
quency is heard on the headphones and the dials are
adjusted so that pitch of the beat note progressively de-
creases until it becomes inaudible. The setting of the
heterodyne frequency meter dials then gives the exact
frequency of the signal being measured.

A very well-known version of the heterodyne fre-
quency meter is the BC-221 shown in Fig. 74. This
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back to Max Wien’s “ Messung der induction constanten
mit dem optischen telephon,” Ann. der Phys., 44 (1891),
pp. 696-697.

Fig. 76 gives a typical circuit of an audio-frequency
measuring bridge working on the Wien bridge principle.
In this, the two 10k variable resistances are ganged sec-
tions of a double potentiometer, and are so arranged that
the resistances of the two arms of the bridge in which
they are connected are equal at all settings. Th 1k
linear potentiometer at the opposite end of the bridge is
a balance resistance that compensates for small differ-
ences in tracking between the two 10k sections of the
main variable control resistance. This ganged variable
resistance is the principal control on the bridge and is
fitted with a calibra*:d direct-reading dial of frequency.
Switched series and parallel capacitors for different fre-
quency ranges will be noted. Those in position (1) are
for 20-200c/s, in position (2) for 200-2,000 c/s, and posi-
tion (3) for 2,000-20,000c/s. The dial is calibrated in
the first instance against a standard signal source, the
setting at each frequency being adjusted for minimum
signal in the bridge detector headphones. Once cali-
brated, the bridge can be used to measure exactly any
audio frequency in the range 20c/s to 20,000 c/s.

The Wien bridge is not a very accurate frequency
measuring instrument when compared with the 1 in 10°
easily obtained with a counter-type meter. On the other
hand a weli-constructed Wien bridge meter can measure
frequency to an accuracy of 0.5%, i.e., 5 in 10°

Electronic (Capacitor-Discharge) Frequency Meter.—
A meter-type instrument which does not require balanc-
ing or zero-beat adjustments is sometimes a convenience.
For this, apart from counter-type meters referred to
above, direct reading frequency meters are available
working on the periodic discharge of a capacitor. Fig. 77
gives the circuit of a simple transistor meter of this type.
The signal to be measured is applied at the input point
A, and, whatever its periodic waveform, is transformed
by the Schmitt-trigger shaping circuit Trl, Tr2 into a
fixed square-wave shape of constant amplitude. The
square-wave output of Tr2 is differentiated by capacitor
C* and applied to the base of the pulse amplifier Tr3.
The 50k variable upper base bias resistor of Tr3 is preset
so that the transistor is just bottomed when no input
signal is applied. As a result, positive going spikes aris-
ing from the differentiation lead to negative-going square
pulses of the same duration at the output of Tr3, while
negative-going spikes are clipped off. The resultant
string of negative-going pulses of fixed height and dura-
tion from the collector of Tr3 is applied to the base of
Tr4 and gives a mean reading in the d.c. milliameter in

its emitter circuit directly proportional to the input signal
frquency. Accuracies of the order of 2-3% can be
obtained with capacitor-discharge frequency meters such
as this.

Calibrated Scope Measurement of A.F.—An instru-
ment not specifically designed for frequency measure-
ment that is very often used by practising engineers to
measure audio (and even low radio) frequencies is the
oscilloscope. Nowadays good quality scopes have time-
bases sufficiently accurately calibrated in time per hori-
zontal scale division to enable you to measure the fre-
quency of an unknown signal. To do this, you set up a
scope display of the signal with one cycle occupying
horizontally as much of the graticule as possible. If you
then count the horizontal scale divisions corresponding
to one cycle, you can work out the period T and thus
the frequency f (=1/T). Accuracies of a few per cent
can be obtained in this way for audio frequencies (or
even low r.f., depending on the timebase maximum
speed).

V.H.F./U.H.F. measurements

Measurements of very high frequencies follow much the
same pattern as r.f. measurements, except the various
equipments may take special forms. For example, the
simple absorption wavemeter described earlier will, in
the u.h.f. range, take the shape of a pair of Lecher wires,
or a calibrated cavity resonator, or a slotted line.

As mentioned before, standard frequencies in these
ranges are derived by multiplier circuits (usually trig-
gered astable multivibrators or tuned frequency har-
monic multipliers) from r.f. standards. Tuned Class C
thermionic valves can be pushed out in this way to a few
thousand megacycles and Kklystrons to 25,000 Mc/s.
Microwave and variable capacitance diodes are also used
for frequency multiplication into the microwave fre-
quency range.

We have taken a look at most of the instruments used
in laboratories to measure frequency. Although .these

‘have been widely relied on in the past, the development

of economical portable transistor counter-type frequency
meters capable of giving an instantaneous direct digital
readout display of frequencies up into the u.h.f. range,
must mean that in the years to- come many of the
instruments described in this article must become lab.
curiosities. =~ However, the slow natural term of
obsolescence of electronic instruments means that readers
may still have to know how to handle them and under-
stand their principles for some time to come.

o~V
Tr4
NKT (28
Fig. 77. Circuit for transistor capacitor-
discharge, direct reading audio frequency A 100 LA
meter. | D D.C.
mmcj-r_u,¢ METER
o/ 16V Y
lZBENER Dl%DEﬁ 5.6k
ACK-TO-BAC
=
o o —e—o0V
C*SELECTED FOR METER f.s.d. 3 200c/s = Q-054 ;2,000c/s =0-0034 3 20,000¢/s=300p 5 200,000¢/s=80p
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ECONOMICAL LOGIC

Advantages of NAND/NOR logic and techniques for using it—with particular

reference to minimization of networks by topographical methods

By H. R. HENLY,* A.m.i.E.E.

HE tremendous developments in semiconductor
technology in recent years have made possible the
design of logic circuit elements which are reliable,

efficient and suitable for mass production. In particular
the combination of diodes and/or resistors with transistors
to produce NAND and NOR elements has revolutionized
the design of computer and process control logic.

As the following discussion will show, the application
of NAND/NOR logic techniques to the realization of
logic circuits results in a number of distinct advantages,
both economic and in circuitry, over those elements
representing the basic Boolean connectives AND and
OR. A reminder of the logic systems and terms in
common use is given in the box, right. (Unless otherwise
stated, positive logic will be used throughout the article.
On graphical symbols, the recommendations of BS530
are considered to be perfectly adequate and will be
used throughout.)

The design philosophy based on AND and OR con-
nectives has the advantage that, apart from the emitter
followers, the elements represent fundamental Boolean
connectives.  With suitable choice. of diodes, high
operating speeds may be realized at comparatively low
cost. However, this must be weighed against the degrada-
tion of signal levels, which may worsen with age. Also,
the use of these circuits does not necessarily produce

* Post Office Engineering Department,
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B

‘ A

INPUTS{C ABC
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INo~AAA 1, ¢ SYMBOL
Fig. 1. Simple NAND element: transiswr circuit and graphical
symbol.
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OUTPUT
‘A
: =A+B+C
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A
L A+B+C
B——a
“Vn _ ¢ SYMBOL
Fig. 2. Simple NOR gate, circuit and symbol.
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AND/OR/NOT Logic Realization

The truth values 1 and O are represented elec-
tronically by two discrete voltage (or current)
levels, one of which is generally (but not neces-
sarily) zero (earth) potential. Two logic systems
may be defined:— :

(1) Positive Logic in which the truth or 1 value
is represented electronically by the more positive
of the two levels chosen.

e.g. --6 volts —= 1
0 volts = 0

(2) Negative Logic in which the truth or 1 value
is represented by the more negative of the two
levels chosen, e.g.: ,_

+ 0 volts = 0
0 volts = 1

The fundamental Boolean connectives are realized

electronically by diode gates (below). These are

+V

JA OUTPUT
INPUTS !B - =AHB+C
A 4 Lc
|
INPUTS{ B OUTPUT
{lC =ABC -V
A A
B ABC B A+ B+
C SYMBOL C SYMBOL

DI0DE AND GATE DIoDE OR GATE

cheap and simple in construction but suffer from
the disadvantage that no active device is included,
resulting in a power loss at each stage of gating.
The result is a gradual deterioration of signal levels
which is overcome in practice by the inclusion of
emitter followers at strategic points in the circuit.
The NOT operation is performed by the common-
emitter stage (below) which provides both inversion

+Vp

QUTPUT

x|

SYMBOL

THE NOT ELEMENT

and power gain and may be used instead of emitter
followers where rearrangement of the circuit
equations permits.
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+V +V
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=ABC
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C
oV
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(a) NAND

0
v () NOR
Fig. 3. Alternative NAND and NOR elements.

the most economic realization of a given circuit equation
in terms of electronic components. This is particularly
true now the price of transistors, diodes and high-
stability resistors are of the same order.

The NAND and NOR. elements are simply develop-
ments of the NOT element, comprising in the simplest
form the common-emitter circuit of Fig. 1. A number
of inputs are provided via resistors Ry, Ry . . . R, to the
transistor b~<e. These are so chosen that with all inputs
at zero potential relative to the emitter (i.e. 1 level) the
potential divider formed with the base resistor R, across
the positive supply V,,, cuts off the transistor. Under this
condition the output is approximately —V volts (0 level).

The operation, assuming three inputs, Is clearly
7 -ABC ie. =NOT-AND or NAND...... (1a)

or by De Morgan’s theorem
7—=A+B+C .... (1b)

(=) (®)

(©) (@)

Fig. 4. Symbolic interpretation of equations (I} and (2).

designed as a standard element so that any element is
capable of driving a certain number (typically 5) of
identical elements. This enables the system designer to
implement a logic circuit using one standard circuit
element throughout, provided care is taken to ensure
that the loading restrictions for the element are followed.
Where it is essential to exceed the driving capabilities
of the simple element, several may be combined (effec-
tively paralleling the transistors) or another standard
circuit designed with a larger driving capacity.

Thus even in its simplest form, Fig. 2 represents a
very powerful logical element—a fact which has been
exploited to advantage by manufacturers in the com-
puter and automation fields.

In terms of the basic connectives we may derive the
equivalent circuits of these elements by making use of
equations 1 and 2. These are shown in Fig. 4 and it is
seen that the elements may be considered simply as
combinations of AND and OR gates with inverters.

There are a number of methods whereby circuits may
be implemented in NAND/NOR logic. The first and
probably simplest technique for implementing a circuit
is the substitution method. The Boolean expression is
first translated into AND and OR elements and these
are replaced by theit NAND/NOR equivalent circuits.
The equivalent circuits, are easily derived and are
tabulated below.

If the p-n-p transistor of Fig. CUNCTION

INTERPRETATION IN
BASIC CONNECTION

NAND NOR
EQUIVALENT CIRCUIT EQUIVALENT CIRCUIT

1 is replaced by an n-p-n
type, as in Fig. 2, then with
the same logic levels we have
the following operation:— A

Z=A-+-B--C .... (2a)

i.e. NOT-OR or NOR
or by De Morgan’s theorem,

Zz=ABC........ (2b)

In order to ease the toleran-
cing problem and increase the
operating speed, the alternative
circuits of Fig. 3 may be used.
These utilize diode gates fol-
lowed by inversion. Although
the overall cost is higher, the
reliability  (especially  using
silicon devices) is greater. Fur-
thermore, compatible NAND
and NOR circuits may be de-
signed (i.e. to allow the
interconnection of NAND with :
NOR circuits). 7

The NAND and NOR cir-
described may be

2

Z=ABC

oo >

L= A+B+C

cuits

/=ABC

7= A+B+C

I

>

|1I> (]
>,
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L ANEEQ”VALE“T\J

REDUNDANT ELEMENTS IL

|
|
|
|
I
|

OR EQUIVALENT

Fig. 5. Redundant elements in cascaded NAND circuits.

After the substitution the circuit is examined for
redundant elements, e.g. two NOT elements in cascade.

The resulting circuit is not necessarily the minimal

form (assembled from the smallest possible number of
elements) even though the original Boolean expression
may have been. | |

The derivation of the equivalent circuits does yield
one useful fact, of which we shall make use later. It is
seen in Fig. 5 that if an OR equivalent circuit follows an
AND equivalent circuit (in the case of NAND elements)
two single-input elements are saved per OR input.
A similar situation. occurs with NOR elements when an
OR circuit is followed by an AND circuit.

Truth table for
Exclusive OR
function.

|

A
0
0 f=AB+AB
;
[

— OO Iw

f
0 - -
!
I
0

To exemplify this technique and to introduce other
ideas we shall consider the Exclusive OR circuit. The
Truth table is given above, from which we obtain the
function: _ _

f = AB +4- AB .. .. (3)

If this is implemented in the basic connectives it
requires two AND elements for the product terms, an
OR element for the output gate and two_inverters. The
circuit is shown in Fig. 6(a). Substituting the appropriate
NAND equivalent circuits in 6(a) and removing redun-
dant elements yields the circuit of Fig. 6(b). This uses
five elements and eight inputs, so a simpler solution is

A

Fig. 6. (a) Basic logic diagran: for equation (3); and (b} implemen-
tation of equation (3) in NAND elements.
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B
Fig. 7. NAND implementation of equation (4).

sought. Returning to equation 3, by the distributive
laws we can write: _ _
/= (AB +--A)(AB - B)
~@A-B(A B |
= (A + BA -(A - BB .. .. (4)
Now the equation is in_the form AND-OR-AND, with a
common factor (A - B). The NAND implementation
is shown in Fig. 7, requiring only four elements and eight
inputs, and has been shown to be the minimal form® This
brings out the important point that although the sub-
stitution method yields useful results the circuit is not
necessarily the minimal form. It may be necessary to
rearrange the circuit equations into a form which repre-
sents the output of NAND/NOR elements. It should
also be noted that equation 4 yields the minimal circuit
in basic connectives by writing it as::
“f=AB(A +B)
requiring only three elements and one inverter—a saving
of one inverter. '
It 1s instructive to take this example a stage further and
consider the NOR form. From equation 4 we have:
f=G ~B) (A+B
but instead of partially multiplying out to obtain the
sum-of-products form we retain the product-of-sums
form, from which the NOR form is obtained directly,
Fig. 8. This is the minimal NOR form requiring five
elements and eight inputs and is therefore less economic
than the NAND version. -
It is important to note that here we sought an equation
which required the outpur to perform an AND function
whereas for the NAND version we made the output

A v
YN e o
} f = (R B)(irD)
B —— =(A+B)(A+B)=AB+AB
—> Y

Fig. 8. NOR form of equation (4).

gate perform an OR function. Let us consider this point
more closely. Referring to the circuits of Fig. 4, it can be
seen why these arrangements are desirable.

First consider the case of two NAND elements feeding
an output NAND gate, Fig. 9(a). Analysing this in terms
of the basic Boolean connectives, we arrive at Fig. 9(b),
remembering that De Morgan’s theorem gives two alter-
native forms for a NAND function. It is seen that the
complementations occurring in the penultimate stages
of gating are cancelled in the last stage.

(continued on page 521)
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: O
BO

(a)

Fig. 9. (a) Analysis of NAND circuit; (b) analysis of (a) in terms of
basic connectives.

D

(A+B)

D+C(A+B) =D+C (A+B)

I
I
|
|
|
D ]
|
!

3rd LEVEL 2nd LEVEL Ist LEVEL

Fig. 10. General NAND circuit, indicating three levels of gating.

It is conventional to number the stages of gating from
the output, i.e. the output stage is the first stage, all stages
driving it constitute the second stage and so on.

"The above exercise can be repeated using NOR ele-
mients, and a similar analysis results. The output function
would be the dual of Fig. 9(b), since dual elements would
be used. Again by using the appropriate equations (from
De Morgan’s theorem) terms complemented in the second
stage of gating would be complemented again in the first
(output) stage. In general it can be concluded that
variables entering at the first stage appear complemented
at the output whereas those entering at the second stage
appear uncomplemented at the output. This conclusion
will now be developed into a general theory.

Consider Fig. 10, which shows part of a larger circuit
involving three levels of gating. Here it is seen that
terms entering at odd levels (1 and 3) appear com-
plemented at the output, whereas variables entering at the
even level (2) are unchanged at the output. It is left to
the reader to establish the same rule for NOR elements.

From the foregoing results, general rules for the im-
plementation of NAND/NOR logic can be formulated.
These follow identically the rules devised by Maley
and Earle? and provide an extremely powerful tool for
the logic designer.

Rules for implementing NAND/NOR logic

1. Write the equations in a minimal form, suitable for
the type of element it is proposed to use. (i.e. in the Sum-
of-Products form for the implementation in NAND
elements). ,

2. Draw the circuit using the basic Boolean connec-
tives.

3. Replace each element with a NAND (or NOR)
element and complement terms entering at odd levels
which are required uncomplemented in the output.
Where possible the original equation should be re-
arranged so that terms to be complemented at the output
enter at odd gating levels, thus saving inverters.

As an example of the technique consider the function
f = AB -+ BC. This is already in a suitable form for

WIRELESS WORLD, OCTOBER 1965

6 or 8).

NAND logic, i.e., a sum-of-products form, so we can
immediately draw the Boolean circuit of Fig. 11(a).
From this follows Fig. 11(b), in which each element is
replaced with a NAND block, including the inverter
to give B.

In order to implement the same function using NOR
elements it is necessary to rewrite the original equation
in the product-of-sums form, i.e.

f=AB + BC = B(A - C)
by simple factorization. The two stages of implementation
are shown in Figs. 12(a) and 12(b). In this case B is
inserted at the first gating level to produce B at the output.

In this example the NOR configuration produces the
more economic circuit, in terms of components, since it
involves only two elements and four inputs in contrast
to four elements and seven inputs for the NAND ver-
sion (Fig. 11). | |

It is important to note the above rules result in no loss
of minimality, i.e. the NAND (or NOR) form obtained
by these rules will be no less minimal than the original
Boolean form.

Minimization

The techniques discussed above provide a ready means
of implementing a function in NAND/NOR logic after
it has been reduced to its minimal form by the various

minimization techniques. . |

Since the problem of minimization represents a large
and often tedious part of the design, I will discuss certain
techniques which are considered to be best suited to the
design of circuits involving only a few variables (up to
Minimality is not an invariant property of a
function since it depends entirely upon the type of circuit

‘element to be used. For the present purposes we need

only consider elements using diodes and transistors.
Where diode logic is concerned, each term (sum or

- product) involves one diode for each literal of the term.

Complemented terms require inverters involving tran-
sistors.

For circuits using NAND/NOR logic each tetm requires
a transistor and each literal of the term requires an input
resistor. Where the circuits used are tailor-made, i.e.
inputs are provided only as réquired, it is clearly desirable

(b)

Fig. 1. Test example f=AB+BC, given (a) in basic connectives and
(b) with NAND implementation.

()
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A 0 | 00
o 0 | 0l Y X
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Fig. 13. Karnaugh maps.
CD
AB 00 ol 11" . 0
oof (1 1]
L1 0 0

B 0 {(D]

- = —— —

o | Z=ABCD+ABCD+ABCD+ABCD

I 0 0 I
@ +ABCD+ABCD+ABCD
10 0 0 w

Fig. 14. Karnaugh maps for the function Z shown. The circled
decimal numbers within the loops are used for reference in the text.

to minimize the number of literals as well as the number
of terms. However, it is common, practice to use standard
elements which are produced by many manufacturers for
this purpose and take one of two forms. The most
popular at present is the type using discrete components,
encapsulated in an epoxy-resin and designed for maxi-
mum reliability. The second and more recent form is the
integrated circuit or micro-logic element. In these ele-
ments complete NOR circuits are made from a single
chip of silicon®, resulting in one or more logic elements
condensed into a very small package (typically a TO5
transistor case). -

The use of these elements eases the minimality re-
quirements to that of reducing the number of terms
(elements) required and keeping the number of inputs
to an element within, the number provided. Furthermore
the output loading restrictions on the elements must
also be observed.

Integrated circuit techniques have developed even

further, to the stage where complete logical functions
can be constructed on one “ chip” of silicon. This
completely changes the minimality criteria and makes
the direct application of these techniques difficult.
Although redundancy is still undesirable it has often to
be accepted in these circuits in order to ease the problems
of layout and input/output connections to the circuit.
This problem has been discussed recently by J. Earle®.

The problem of minimization may be tackled in many
ways, €.g. algebraic, tabular or map methods. All make
- use-of the axioms A +A=A, A +A=1 AA =0,
and A + AB = A, to reduce the original canonical
form to one involving only those terms required to
completely describe the function. These terms are called
prime implicants. It is proposed to discuss below the
Karnaugh map method due to M. Katnaugh':2 3.,
This is a development of the Veitch map, which, with
binary ordering of the axes, is considered by the author
to be superior to other methods (for problems involving
six to eight variables).

The map for n variables comprises 2 cells arranged
in, either a plane or three-dimensional array. One cell is
~assigned to each of the 2® canonical product terms.

Examples of two and four-variable maps are shown in
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Fig. 13. The axes are labelled according to a reflected
binary (Gray) code which represents the various combina-
tions of the variables assigned to that axis (e.g. for
variables A, B the term AB is represented by 01). The
advantage of the reflected binary ordering of the axes
lies in the fact that adjacent cells differ in one variable
only. For example, in the two-variable map of Fig. 13,
the cell labelled 2 represents the term AB since it lies
at the intersection of A = 1, B = 0. Similarly in the
four-variable map the cell marked x represents the term
A.B.C.D,, thatis, A = 0,B == C = D = 1. Furthermore

the cell y represents A.B.C.D., and it differs from the
adjacent cell x in the variable C only.

The map for a given function is drawn up directly
from the truth table by entering a ““ 1  in each cell for
which the output is desired to be ““ 1.”> The function is
then the sum of all the terms for which a ““ 1 ”” is entered
on the map. Furthermore any terms occupying adjacent

E

CD CD
AB 00 0] ¥ 10 AB 00 ol ¥ 10

00 o 0 0 0 00{ o 0 0 |
. l

ol o 0 0 0 ol o o | o

Q__z o | o | _Tz‘—o—"_D o | o

et ey — e v c— ——— o ot

[0 O 0 0 0 10} O 0 0 0

Z=ABCDE+ABCDE+ABCDE+ABCDE
Fig. 15. Five-variable Karnaugh map.

cells in the map may be combined to remove one re-
dundant variable, i.e. that one in which the terms differ.
For example in Fig. 13, terms x and y differ in the variable
C and the result of combining these terms is A.B.D.
Terms which may be combined in this way are indicated
by looping together on the map, as shown in Fig. 14,
which is a map for four variables. Loops 1 and 2 each
involve two terms only, and it will be observed that loop
1 1nvolves terms on opposite edges of the map;
this is consistent since these cells also differ in one
variable only.

Loop 3 involves four terms; the argument used here
is simply an extension of that used above. Loop 3 may
be considered as four loops of two. This yields:—

Z=ABC + ACD + ABC +ACD
= A.C(D + D) +- A.CB. + B)
= A.C - AC
- A.C
Now this result could have been obtained by simply
looping the four terms as shown and eliminating those
variables which change value in moving horizontally

and vertically across adjacent cells (B and D in this case).
Furthermore, terms may be included in more than one

CD
AB\oo 01 I
0~ _~

10 0
’ o, ~ 7 ,
IO/// /////'/ £ Fig. ’6 Three-
D dimensional Karn-
ABM 01 [ : l augh map.
i

4] 4]
o ~ ~ _~Z 7
o~ ~ Z =
i\~ = = = /
o~ <~ ~ =
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Fig. 17. Karnaugh map with
a number of possibilities for
looping two terms.

(2)

loop, since A + A = A, but this should not be done
carelessly since it can result in unnecessary terms being
included.

In the four-variable map of Fig. 14, it will be observed
that two variables are assigned to each axis. This is not
mandatory and the variables may be assigned in any
desired fashion. However, one complication arises where
the binary coding involves more than two variables—
that is, the cell adjacencies. In the case of two variables,
only adjacent cells differ in one variable; with more than
two variables there will also be non-adjacent cells which
differ in one variable. For example, consider the three-
variable code:

ABC
000
/00 1
01 1
] 010
110
11 1
\10 1
100

Apart from the ordinary adjacencies there are two©
additional terms which should also be considered ° ad-
jacent >’; these are shown bracketed. If this code were
used for one axis of a four-variable map (for example,
with a simple one-variable code on the other axis), then
these additional adjacencies must not be overlooked.
The problem would not arise if the simpler, two-variable
codes were used (i.e. one for each axis).

Maps may of course be constructed for any number of
variables, although above six they tend to become un-
wieldy. For five variables the number of cells is large
(25) and the adjacencies are less obvious. For five variables
it is advantageous to draw two four-variable maps,
as in. Fig. 15. Then clearly loops may exist on either map
for example loop 1, or between maps as indicated by

loop 2. In this example Z = A.B.C. -+ A.C.D.E. Alter-
natively the maps may be considered as lying one above
the other, as shown in Fig. 16.

In the examples so far there has been no difficulty
in selecting loops on the map. However, in general
there is usually a number of ways in which the ones may
be looped and it is essential that the combination yielding
the minimum number of loops be chosen. Consider
Fig. 17. There are many possible loops of two terms;
but there are two possible loops of four and the question
arises—which combination to choose? Fig. 18 shows
three possible combinations. The first (a) is obviously
not the best choice since it involves five terms plus an
output gate. Combination (b) is an improvement, but
(c) has fewer terms complemented. The unnecessary
terms and literals ip the first two arose because the loops
chosen were not as large as they could have been.

WIRELESS WORLD, OCTOBER 1965

Z=BD+ABC+ABC+ACD+ACD

Z=AB+ACD+BCD+ACD
(b)

Fig. 18. Three possible loopings of Fig. 17.

Z=AB+BD+ACD+ACD

(<)

The guiding principle in selecting loops is to first select
loops of single ones which cannot be combined to make
loops of two. Then make those loops of two ones which
will not make loops of four; then loops of four which will
not make loops of eight, and so on.

This procedure is continued until all *“ 1’s >> have been
looped at least once. Where more than one combination
of loops is possible each must be tried and the final selec-
tion made on the basis of the number of loops and literals
involved (including the number of complemented terms).

Of course, we are not restricted to using the “ 1’s ”
on a map; the zeros represent product terms for which
the output is zero. Consider the function dealt with
earlier f = A.B + B.C. The map for this function is

BC

Fig. 19. Example ~ AN\_o00 o

of looping map ol o ¥
zeros. - '
| ] {

CREQn
W [ o

shown in Fig. 19, and one loop of four and one loop of two
zeros are possible, yielding: |

f=B + AC

f=B+ AC

B (A.C) by De Morgan

B (A + C), the original function.

Here we have merely shown that the zeros of the map
produce the same result as the ones. Thus in minimizing
a function we may also consider looping the zeros and
select the looping which yields the minimal covering
(i.e. the smallest number of prime implicants).

The above discussion, of course is by no means an
exhaustive treatment of the methods by which the minimal

f=AB+BC

|

- form of a logical function may be determined.
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Keeping the Radio Peace

CENTENARY OF THE.INTERNATIONAL TELECOMMUNICATION UNION

LMOST as soon as wireless telegraphy proved itself to
be a practical means of communication the need for
rules and regulations became evident; clearly, anarchy
would lead to chaos. Apart from that, the new form of
telegraphy might well constitute a threat to established state
monopolies in communication. So it was that quite early in
the present century many countries enacted laws to control
radio. The first British Wireless Telegraphy Act was passed
in 1904. Even before then, as ranges of signalling increased
rapidly from tens to hundreds of miles, it became obvious
that domestic control was not enough. In 1903 the German
government called a conference to undertake preliminary
studies for the international regulation of radio. This was
largely by way of protest against the refusal of Marconi-
controlled stations to communicate with other systems.”
Delegates from nine nations attended. Though little was
actually accomplished, useful groundwork was done for the
first real international conference, held in Berlin in 1906.
Fortunately, machinery for co-operation 1n radio com-
munication between the nations already existed, almost ready
made, in the form of the International Telegraph Union.
For 41 years the I.T.U. had proved itself to be highly suc-
cessful in organizing the exchange of telegraphic and later
telephonic communications across national frontiers,

<« Semaphore to Satellite”’

This year the I.T.U. celebrates its centenary and, to mark
the occasion, has issued a lavishly illustrated book* on its
wire and wireless activities over 100 years, with short
histories of the various forms of communication. The
L. T.U’s Centenary Conference opened in Geneva on l4th
September.

Apart from its more serious content and the great historical
value of the excellently reproduced illustrations, the book
throws light on many lesser happenings in international com-
munication history. For instance, few of us will know that
Britain did not qualify for admission to the Union when 1t
was formed in 1865; her telegraph system was then privately
owned. She joined in 1871, after the telegraphs had been
nationalized by Disraeli. The U.S.A. did not adhere to
the Convention until 1932 though she had been a kind of
honorary member long before then. Her earliest radio laws,
passed many years after those of the other great nations,
were largely in conformity with I.T.U. principles. Naturally,
a fair amount of space is given in the book to successive
radio conferences. The first, that held in Berlin in 1906, was
in some ways the most significant of all as it set the pattern
for the future international use of radio for the benefit of all.
Frequencies were allotted for specific uses and rules were
framed for procedure and priorities in the exchange of tele-
grams. Delegates from 29 countries attended and they
agreed that the I.T.U. should act as the central administra-
tive organ.

Frequency allocation was then a delightfully simple matter;
anyone could carry the complete list in his head. The

* “ From Semaphore to Satellite.” DPp. 343; 365 illustrations. Inter-
national Telecommunication Union, Place des Nation 1211, Geneva 20,
Switzerland. Price 40 Swiss francs,
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mercantile marine and coastal stations were given 500 and
1,000 kc/s; the band 188-500 kc/s was reserved for “ services
not open to public correspondence” (which meant mainly
naval and military stations) while frequencies below 1838 kc/s
were for long-distance point-to-point services. These regu-
lations came into force in 1908 and so were those current
when Wireless World started publication.

The next conference, meeting in London in 1912, was held
under the shadow of the Titanic disaster and so was con-
cerned largely with measures for increasing the safety of
life at sea. ‘No very significant changes in frequency allo-
cations were made, though radio beacons were allowed to
use frequencies above 2,000kc/s. There was so far no
shortage of channels, though what was to prove the most
difficult of problems began to loom over the horizon. At
about this time Mr. Winston Churchill, First Lord of the
Admiralty (probably briefed by Admiral Jackson), pleaded
in Parliament for haste in setting up the stations of the pro-
posed “Imperial Chain”’; otherwise there might be no chan-
nels available. And he may well have been right; allowing for
the great spread of the spark transmitters envisaged for that
grandiose but (perhaps fortunately) still-born scheme, there
was not over-much room in the band of wavelengths * within
the limits of 17,000 and 50,000 feet” as specified for the
proposed stations. :

Due to the First World War, there was a big gap until the
next conference, that in Washington in 1927, which is rightly
described in the centenary book as “the first of the modern
telecommunication conferences.” Many new developments
had arisen, among them valves, radio telephony, broadcasting
and world-wide h.f. communication. The range of fre-
quencies now allotted was from 10 kc/s to 60 Mc/s. To
cope with the vastly increased complexity of the 1.T.U.’s task
the International Radio Consultative Committee (C.C.I.R.)
was now set up. Its function was “to study technical and
operating questions relating specifically to radio communica-
tions and issue recommendations on them.” There are now
no fewer than 14 C.C.I.R. study groups. Frcm the start,
propagation has always been prominent and the subject 1s
always under review to help towards solving changing radio
problems. Noise of all kinds is equally fundamental and
there is close collaboration in its study between the C.C.LR.
and the International Radio Scientific Union (U.R.S.L.).

I.T.U. organization

Subject matter of subsequent conferences became toO
complex for even a brief survey here, but some of the
decisions produced profound changes in the 1.T.U, itself. In
1932 wire and wireless, sinking old rivalries, came together;
the LT.U. became the International Telecommunication
Union and joint committees were set up. In 1947 the LT.U.
became a specialist agency of the United Nations. Sweeping
changes were made and it was constituted as 2 truly inter-
national body with no national obligations. Hitherto the
staff had been Swiss, appointed by the Swiss government.
The Union’s permanent Bureau had been set up in Berne as
long ago as 1868 in order to distribute statistical and tech-

(Continued on page 525)
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nical information to members. Now, according to the latest
figures available, there i1s a permanent I.T.U. staff of 142
persons—they might be called international civil servants—
drawn from 36 different countries. The Bureau moved to
new headquarters in Geneva in 1962.

As might be expected, the Union suffers under the curse

of Babel. Its “working” languages are French, English and .

Spanish, with French as the “authentic” language in cases
of dispute. Chinese, English, French, Russian and Spanish
are classed as “official ” languages. In the early days all the
radio publications were in French only.

To cope with fluctuating monetary exchange rates the
I.T.U. has had to devise its own notional currency unit for
the settlement of international terminal and transit charges
for traffic. This is the “ gold franc > defined as consisting of
10/31 gram of gold of purity 0.900.

« Undoubtedly the toughest and most intractable problem
which has confronied the I.T.U. during the second half of its
first 100 years of existence has been the allocation, assign-
ment, registration and orderly use of radio frequencies.” It
was to provide improved machinery for solving this problem
and clearing away the chaos of the Second World War that
another offshoot of the I.T.U., the International Frequency

Registration Board (I.LF.R.B.) was set up in 1947. The Board,
with 11 elected members of different nationalities, has a semi-
judicial function in securing immunity from interference for
duly registered stations.

Space communication has of late been one of the concerns
of the I.T.U. It was in 1959 that a study group of the
C.C.I.R. began to study these special problems. Frequency
bands totalling over 6,000 Mc/s have now been allotted to
the various space services, either on a shared or exclusive
basis. A frequency (20.007 Mc/s) has even been allotted for
distress calls from space vehicles. The band 1400-1427 Mc/s
has been freed for exclusive world-wide use in radio
astronomy.

One of the avowed aims of the Union is “to harmcnize
the action of the nations ” in working towards the better use
of telecommunication channels. To have achieved that aim
in a world of increasingly prickly nationalism, in which
broadcasting and communication services are almost national
status symbols, is a matter for legitimate self-congratulation—
especially as there are now over 120 member nations of the
I.T.U. Judging by the fact that during the whole of its 100-
year history not a single member has ecver resigned, the
Union may justly claim to have succeeded. H. F. S.

Books

Worked Examples in Electronics and Telecommunications,
Vols. 1 and 2, by B. Holdsworth and Z. E. Jaworski. The
first two of four volumes which together will cover the
syllabus in preparation for the B.Sc. final examinations in
electronics and electrical engineering as well as the graduate-
ship examination of the I.LE.E. Volumes 1 and 2 together
cover the syllabus of Pt. II electronics and a portion of Pt. 11
electrical theory and measurement. The authors have used
actual examination questions from the past few years, and
in preparing the answers have outlined basic principles before
giving a general solution. Vol. 1 “problems in electronics ”
deals with 70 problems under the headings general circuit
theory; coupled circuits; electron ballistics; valve parameters
and equivalent circuits; voltage amplifiers; power amplifiers;
oscillators and valve non-linearities; and power supplies and
filters. Vol. 2 “problems in electronics theory and com-
munications ” deals with 47 problems under electric and
magnetic field theory; transmission lines; electro-acoustics;
transients; harmonics; and illumination. Vel. 1, pp. 209;
Figs. 121. Price 25s. Vol. 2, pp. 134, Figs. 71. Price
22s. 6d. Iliffe Books Ltd., Dorset House, Stamford Street,
London, S.E.1.

Dictionary of Electronics, Communications and Electrical
Engineering. Volume II German-English, edited by H.
Werwicke. The author is head of the translating depart-
ment of the West German company of Rohde and Schwarz.
Volume II contains approximately 66,000 words (6,000 more
than the English-German volume issued previously), and
includes not only the English equivalents of German words
but also of abbreviations. Pp. 576. H. Wernicke, 8024
Deisenhofen, Munich. Available in U.K. price 56s from
Aveley Electric, South Ockendon, Essex.

Electronics Buyers’ Guide. The 1965 edition of this com-
prehensive and invaluable directory of the American elec-
tronics industry consists of three sections:— a 450-page
buyers’ guide with over 3,600 product headings (from
abrasives to zirconium); an alphabetical index to manufac-
turefs and their branch offices and, in some cases, overseas
agents; and 400 pages of manufacturers’ announcements. It
weighs 54lb! Pp. 1338. Issued free to subscribers to Elec-
rronics. McGraw-Hill Publishing Inc., 330 West 42nd Street,
New York.
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The Dynamics of Linear and Non-linear Systems, by P.
Naslin. An English edition, translated by the author, of the
original book “Les régimes variables dans les systemes
linéaires et non linéaires.” Intended for electrical, mechani-
cal and control engineers, the work is an exhaustive, detailed
analysis of control systems. In the introduction, the system
concept and general properties of linear and non-linear
systems are defined. Graphical and numerical methods of
analysis follow, demonstrating the analogies between different
types of system. Further deeper analysis employs trans-
form methods, stability and damping criteria, phase-plane
and phase-safe topological methods, and numerical and
graphical computation of transients. Pp. 586; nearly 520
Figs. Price £5 5s. Blackie & Sons Ltd., 5 Fitzhardinge
Street, Portman Square, London, W.1.

Television Engineering & Television Electronics, edited by
P. Neidhardt. A technical dictionary in four languages—
English, German, French and Russian—listing approximately
3,500 terms used in television and electronic technology.
Linguistic cross referencing of the terms has been made by
dividing the book into four language sections. The terms
are first printed in the language of the section and then
followed by the three translations. Pp. 340. DPrice £7.
Pergamon Press Ltd., 4 and 5 Fitzroy Square, London, W.1.

Design and Construction of Transistor Superhets, by R. H.
Warring. Intended for amateur-radio enthusiasts, the book
is essentially practical in treatment. After a simple introduc-
tion to the principles of the superhet, an explanation of
transistors and printed circuit assemblies is given. Stages of
the superhet are then covered in more detail prior to a
description of professionally designed circuits. The final
chapters deal with constructor Kits, testing and alignment.
Pp. 104; Figs. 70. Price 17s 6d. Museum Press Ltd., 26
Old Brompton Road, London, S.W.7.

The Elements, by S. Ruben. A short, well arranged refer-
ence book of interest to both students and engineers, detailing
the chemical and physical constants of 103 elements.
Although not applicable to each element, 23 constants are
covered, and each element is presented on an individual
page. Price 15s. W. Foulsham and Co. Ltd., Yeovil Road,
Slough, Bucks. | o
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Real and Lnfagihm‘;
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“Scienée appears as what in truth she is

ACH of us, I suppose, has a pet hobby-horse upon which
he is wont to ride at the slightest excuse, or even with
no excuse at all. As a rather way-out instance of this, a
friend of mine 1s absolutely convinced that there is a corre-
lation between the taking of baths and scientific inspiration.
He says that ever since the day when Archimedes sprang
starkers from his tub and hared through the assembled popu-
lace yelling “ Excelsior! ” (or whatever it was) the bath has
been the traditional home of deep thinking.

He (my friend, not Archimedes) has not been content to let
the matter rest within the realm of mere opinion. He has
prepared graphs which he believes prove his point. One
curve, plotted through from pre-Roman times to the end
of the nineteenth century, shows the vicissitudes of the
bath-taking habit over the centuries, while a second, drawn
to the same time-scale, purports to give the fat and the
lean periods of discovery in science. My friend is not
too specific as to how his data are prepared, but I do know
that prolonged periods at the British Museum and much
intricate work with a slide rule are essential adjuncts—and
these are two institutions with which one does not argue
lightly. And, although I am not wholly convinced of the
validity of the comparison, common fairness compels me to
admit that the two graphs follow astonishingly parallel paths.

They clearly prove (asserts my friend) that it was the
Roman addiction to baths which made them so great as
engineers and so clever at conquering countries. And he
points with pride to where both curves take a sharp dip at
the period when the legions got thoroughly fed-up with
the British climate and pulled out. Between that time and
the sixteenth century the troughs are deep indeed; then both
tend to rise until they reach the maxima toward the end of
the nineteenth century.

“ Sought out many inventions”’

Naturally, I have pointed out that the Victorians were not
noted for their fondness for baths, but he believes that he

has the answer to that one. His researches have shown, he

says, that in those days the young, instead of being per-
mitted to chew Purple Hearts and tomcat around the terri-
tory on motor-scooters, were religiously dunked in cold
tubs by their elders (and at very frequent intervals, too) in
order to subdue the desires of the flesh. The net result was
that at every available opportunity the young Victorians
would dash off to the potting shed and invent things right,
left and centre. They had to do something or burst. Or so
my friend says.

I mention all this because it is relevant to the desperate
predicament in which I now find myself. My statistically
minded acquaintance is anxious to bring his graphs up to
date as a prelude to delivering a learned paper upon the
matter and he recently bludgeoned me into gathering data
relating to the major electronic inventions of this century.

Now at the time of this coercion I must admit that neither
of us had any doubts regarding the outcome, knowing as we
did that (a) there are now far more bathrooms to the square
rod, pole or perch than ever before and that (b) we are
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Not as our glory and our absolute boast,
But as a succedaneum and a prop
To our infirmity.”
The Prelude ; Wm. Wordsworth

spending more millions of pounds on electrical research this
century than our ancestors spent shillings during the previous
nineteen. My modus operandi was simple and, I thought,
foolproof. I merely sat down and made a note of the master
inventions which we are accustomed to regard as of recent,
or at least, of twentieth century origin, fully expecting to
find the majority clustering in the period from 1939 onward
when the research effort began to wax and grow exceeding fat.
Alas! What a great setting forth on little horses!

Red herrings!

Sound broadcasting gave me my first jolt, for the first
broadcast of ‘speech and music occurred, not around 1920 as
I was positive it had, but as long ago as 1906.

Television served me no better; the mechanical system,
which consistentiy made the headlines as the marvel of the
age in the 1920s and early 1930s, was, I discovered, invented
in 1884, while the all-electronic system in use today was
conceived by Campbell-Swinton in its essentials in 1908.

What is now known as radar was born in 1935. But
Hertz was using centimetric waves in 1888 and was demon-
strating that they could be reflected and refracted.

The cathode-ray tube in its present high-vacuum form
dates from 1929, but the instrument was invented in 1897,
nine years before the thermionic triode.

The semiconductor properties of certain metallic sulphides
were demonstrated in 1874. Semiconductor diodes have, I
found, been in use since 1906. Oscillating crystals, sus-
piciously like tunnel diodes, date from 1911. (In 1924-25
interest was resurrected in these and W.W. ran several articles
dealing with the subject.)

The transistor is generally supposed to have been invented
in 1948, but a cutting now in front of me—for which I am
indebted to reader E.R.H. of Blackpool—gives details of
what seems to be an n-p-n transistor which was patented in
Canada in 1925. |

The optical maser arrived in 1960 (Hurray! Success at
last!) The snag is that the principle underlying the stimu-
lated emission of radiation was stated by Einstein in 1917.

The transmission of telephony along a light beam goes
back, I find, to 1878, when Graham Bell and Sumner Tainter
not only took out patents and successfully demonstrated it,
but in addition, are stated to have shown 49 other possible
ways of doing it.

There were, I regret to say, many other similar red
herrings; for example, facsimile transmission, and the tape
recorder. I abandoned the former when I got back to a
reference in 1847 and the latter when I discovered that it was
one of the hits of the Paris Exhibition of 1900.

So, to cut a long story short, the 1965 end of my graph,
apart from the innovation of integrated circuits, has little or
no representation at all; it has taken an aversion to its com-
panion curve in no uncertain manner, drooping woefully
where it had been expected to climb.

You can see, I hope, something of the devilish situation in
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