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NORBIT STATIC SWITCHES

for automatic control systems

NEVER NEED MAINTENANCE

No maintenance, no ‘sneak circuits’,
operation in any position, constant speed
and a life unaffected by the number of
operations.

These are only some of the many reasons
why electrical and clectro-mechanical engi-
neers, in increasing numbers, are using
Norbit static switches instead of relays in a
wide variety of automatic control and
alarm applications, from lift systems to
food processes.

Since they use no moving parts contactless
Norbit switches need no adjustments, no
cleaning and suffer no mechanical wear or
variation in operating speed. '['ime wasting
‘cut and try’ methods are also eliminated
during system design-—using Norbits you
can plan your complete system on paper
and know that what you plan will work in
practice.

Furthermore, one basic Norbit gives you
any switching function you need. No con-
tacts, no sparking, no heat to dissipate,

i IR s S

K-NO CONTACTS!

unaffected by detrimental atmospheres
dust, abrasive particles, humidity, corro-
sive fumes, hazardous atmospheres — the
reliability of Norbit static switches has been
proven in practice and by exhaustive
quality testing.

Here's all you need to know tiow
does the Norbit switch if it uses no contacts?
Just regard the Norbit as a switch which
does not open or close, but one which
either conducts or does not conduct.
Furthermore, there’s no need for you to
know any electronic theory to understand
Norbits and apply their many advantages.

Free to the practical engineer writc
for a free copy of * Static Switching Simply
Explained’. "T'his  booklet gives you a
completely non-mathematical explanation
of Norbit static switches — what they can do
and how they can be used. Write today for
this practical guide to contaciless switching
using Norbits,

MULLARD EQUIPMENT LIMITED
TN i S -

MANOR ROYAL, Cl(.-\\;Vl.EY, SUSSEX
Telephone Crawley 28787

World Radio Histo
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Uitrasonic Cieaning Systems by Alan E. Crawford

A recent development in ultrasonic ¢’eaning apparatus is the use of
barium titanate and lead zirconate titanate elements in the trans-
ducers. This has changed the design of the associated equipment
and cleaning baths of up to 3.000 gallons capacity are now
practicable.

Ultra-Thin Foil Strain Gauges 5y A. L. Window

Resistance strain gauges have been used for many years. Recent
developments have permitted the production of ultra-thin foil and
this has enabled the size of strain gauges to be greatly reduced.
Standard sizes now range down te only | in. long and still smaller
anes can be made.

Automation in the Glasshouse /v J. A. livine. B.Sc.

The cost of fuel and labour is a major iteny in the production cost
of crops. such as tomatoes, grown in a glasshouse. This article
describes automatic controls for regulating temperature, ventilation
and humidity.

Automatic Control of a Tailor-Knitting Machine

by M. Browning
This article describes the data-handling systems for an automatic
knitting machine. The data is stored on tape and controls the
knitting of a three-dimensional garnkent as well as the pattern.

Presentation of Marine Radar HvJ. A, Glasgow

Radar equipment is described in which a true north-up form of
display is obtained but is presented in the form of a ship’s-head-up
display. Thus the convenience of the latter is secured but at all
times true compass bearings can be obtained.

The Broadband Characteristics of Some Basic Transmission
Line Elements by H. V. Shurmer, M Sc.. Ph.D.

Design data in the form of universal broadband characteristics
are presented for quarter-wave transformers, dielectric-filled sections
and for pairs of resistive and reactive cbstacles shunted across a
transmission line, the latter serving to ‘llustrate the potentialities
of semiconductor p-i-n and varactor switching diodes.

continued overleaf
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685 A Tunable Highly-Selective Distortion Test-Set

by E. R. Wigan, B.ScEng.)

A high Q circuit, obtained by positive feedback, forms the basis of a
simple test-set for measuring the relative amplitudes of harmonics

up to the tenth.

which measurements can be made.

A feature of the instrument is the rapidity with

691 Automatic Control of Grinder and Pulverizer Installations

by D.J. Ewings

Unusual control problems are set in grinding and pulverizing
machinery because of the greatly varying size of the raw material.
This article discusses the difficulties and gives details of a successful

control system,
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The November issue will contain articles dealing with various

aspects of industrial closed-circuit television systems.

Other articles

will cover machine-tool control and tachometry.

© lliffe Electrical Publications Ltd., 1963

Permission in writing from the Editor must first be obtained before letter
or commen ts are allowed provided acknowledgment to the journal is given.
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press or illustrations are reproduced from this journal.
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OUR COVER

This illustrates a new foil-producing machine that
has been installed at Telcon Metals Ltd. and has
made possible the production of 0-0002-in. thick foil
to very fine limits. Thickness control is by a beta-
ray gauge and the end product is used to make very
small strain gauges. Elsewhere in this issue an
article briefly describes the thickness control system
for the machine and discusses modern strain gauges
and their application.

TO SAVE YOUR TIME

We will assist you to obtain
further information on any products
or processes described or advertised
in this issue. Just use the enquiry
cards to be found in the front and
back of the journal.

Brief abstracts
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SHOOTS UP
Y%k THE k%
DUALTRACE
* MARKET %

«“»

Adding to its armoury of cathode ray tubes, M-O V (the ‘ . N
quiet-looking hombres from Hammersmith Guich) Typical operation | 1000 H | 1000 { 1300 W™ | 1300J
announce an entirely new range of double gun tubes ] | N
that involves a sweeping advance on existing market Screen dia | 1ocm | 10cm | 13em | 13 cm
types. vad . 4kv 4K 6k ekvi
A new, compact construction method for dual trace 2 | v l Y |

tubes ensures closer tolerance on pattern dis:ortion | -

(reduced from 23% to 1%), and greater sensitivities and bas ! LAY ! ey ! thidl I Ll
scan amplitudes, Minimum useful | 60 x 80 | 40 x 80 |50 x 10040 x 100
Auxiliary electrodes provide for retrace blanking at gun scan (each gun) | mm. [ mm | em. | mm.
potential, independent astigmatism adjustment and Areaof 40 x 80 | 20 x 80 |50 > 10020 x 100 |
trace superimposition. common scan mm. mm. | mm. | mm. |
Our techrjica'l information centre is ready to help with Sx |18V/’cm 3 18 Viem | 18 V/em | 18 V/em
your application problems. Write fos full data sheets on [ |

these or other M-O V products, or telephone RIVerside Sy |6.5 v/cm|4.5\, - 16.5 V/cm | 8.5 Viem
3431, Telex 23435. PR, F—— == T 4

* Aluminised screen

M-O VALVE CO LTD

BROOK GREEN WORKS * HAMMERSMITH - LONDON W6
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The first major advance

In potentiometer design
for years ...

After many vears of research and development Reliance
now announce an entirely new concept in the design of
multi-turn wire wound potentiometers  This. combined
with new manufacturing techniques provides extremely

low inertia, low torque. high law accuracy and muluple
tapping facitities for non lincar functions. The unit is
available in two distinct separate versions :

1. SERIES SYN 11-00 A Synchro Mounting Unit incor-
porating precious metal winding and precision ball
races.

SERIES HEL 11-00 A 3" diameter Bush Mounting
version.  plain bearing  with  standard  resistance

t9

windings. still retaining high electrical characteristics.
% RESISTANCE RANGE: 20ohms—150 K ohms.
% LINEARITY: 10.1% or --0.23% absolute as
required.
% TAPPING ACCURACY : 0.1%.
% MOMENT OF INERTIA: 0.0004 gm. cm. sec?.
% STARTING TORQUE: Synchro Mounting Vers-

ion 3 gm ¢m. or better.

Bush Mounting Version | oz.in. nominal.

or Sealed Version 2 0z.in. nominal.
ROTATION LIFE : > [.000.000/360° swecps.
NUMBER OF TURNS : Any number up to 10.

T
T —
il

Relcall TAKES THE LEAD IN POTENTIOMETERS

* %

RELIANCECONTROLS LIMITED, RELCON WORKS,SUTHERLANDROAD,WALTHAMSTOW, E.17
Telephone No. LARkswood 8404/7 - Telegrams: Reltrol, London, E.17 A MEMBER OF THE BOOKER GROUP OF COMPANIES

2 Indusrrial Electronics Ociober 1963
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THE The new Thimble blower—believed to be unequalled
SMALLEST in performance for a blower of this size—has been
specially designed for easy mounting on a densely
HIGH packed chassis and can direct upto 4.5 cubic feet
PRESSURE (127.43 litres) of air per minute on to a selected com-
AXRIAL ponent. ltconformstoallcurrentmilitary specifications.
With an overa!l length of only 1.6” (40 mm.), a

BLOWER

diameter of 1.14” (30 mm.) and weighing 2.5 ounces
IN THE WORLD (77.75 gm.), the Thimble has an output of 2.5 c.fm.
(71.19 litres/min.) at 1.0” (25.4 mm.) s.w.g. or 45¢c.f.m.
(127.43 litres/min.) at .5” (12.7 mm.) s.w.g. on a power
input of 10W. It operates on a power supply of 115V
or 200V, 3 phase, 400 c/s.

Write or phone for details of the Thimble—the latest
addition to the wide range of Plannair miniature
blowers: Plannair Limited, Windfield House, Leather-
head, Surrey; Leatherhead 4091.

o]
Plan with PLANNAIR Specialists in aero-thermal control
=

@PLA

Industrial Electronics October 1963 B 3



Upper frequency
limit of Mullard industrial

triodes increased
Effictent Working of Low-loss Plastic Materials Now Possible

Five established Mullard industrial power triodes with an
originally published upper frequency limit of 50Mc/s have
now been released for operation at 85Mc/s. This uprating will
enable the user of r.f. heating equipment to utilise the higher
operating frequencies to achieve efficient working of low-loss
plastic materials.

The Mullard range of industrial power triodes was first
introduced to meet the requirements of the 27Vc/s industrial,
scientific, and medical band but the valves themselves have
capabilities well beyond these frequencies. At present, pub-
lished data quotes the operating characteristics of the valves
at frequencies up to 30 and S0Mc/s, but special life tests at
higher frequencies have been carried out enabling preliminary
figures to be quoted for operation at 85Mc/s and above.

PLASTIC APPLICATIONS

An important result of this frequency uprating is the casier
working of modern plastic materials. Many of the plastic
materials manufactured today have low dielectric loss factors.
In some cases the loss factor is too low to allow dielectric heating
techniques to be used at all and absorption heating by infra-red
radiation or other methods has to be employed. The loss in
dielectric materials increases with frequency, and by increasing
the frequency of operation dielectric heating can be carried out
easily and economically.

Other applications where increasing the frequency of opera-
tion isadvantageous are plastic welding and diclectric preheating.
By increasing the frequency of operation in plastic welding, the
risk of flash-over with consequent damage to the electrodes is
reduced and thinner material can be welded. In the preheating of
plastic pellets, the processing times may be effectively reduced
by using higher frequencies.

SPECIAL CIRCUIT TECHNIQUES

To take full advantage of working at these higher frequencies,
special circuit techniques must be adopted. Special high-
frequency cavity circuits have been developed in the Mullard
Applications Research Laboratories, These have greatly
improved frequency stability incomparison with previous circuits
andhavetheinherent property of being self-screening. so reducing
unwanted radiation from the equipment.

Mullard industrial power triode T 'Y5-500 undergoing life test at a
Srequency above 100Mes.

FURTHER DEVELOPMENTS

Investigations to study the performance of valves and circuits at
even higher frequencies are being carried out. These studies are
part of a broad programme investigating the problems associated
with the generation of power at v.h.f., u.h.f., and microwave
frequencies. For information on the higher-frequency operation
of Mullard industrial power triodes, please use the reader reply
card of this journal (see reference number opposite).

Type No. Pqq (KW) at

30Mc/s 85Mc/s
TY4-400 095 090
TYS5-500 1-2 L
TY6--800 (| 2:0
TY7-6000 85 7-6
TY8-15 14-0 118

Wwhat’s new from Mullard

Industrial Electronics October 1963



DESIGN AND MANUFACTURING SERVIGE FOR
SPECIAL-PURPOSE MAGNETS

To meet the demand from industry and research establishments
for magnets with higher and more exacting performances,
Mullard are offering a complete design and manufacturing
service for these specialised assemblies. The service comprises
the evaluation of the problem: the design, construction, and
installation of the necessary equipment; and the provision of
the technical advice and assistance necessary to enable the user
to get the best from the cquipment. The applications for which
Mullard special-purpose magnets have been used include
microwave valves and vacuum measurement devices, nuclear
magnetic resonance and electron spin resonance cquipment,
laboratory standards, atomic particle beam deflection, and

general research laboratory use.

FIELD-LOCKING DEVELOPMENT

Electronic field-locking is one of the most recent develop-
ments in magnetics and one on which considerable de-

velopment

work has been successfully concluded. One

of the aspects of magnet design is the problem of field
stability in high-resolution spectroscopy and other appli-

cations requiring highly stable
magnetic fields. Previously,
difhiculty has been experienced
in holding the required field
stability of | part in 108 for
the basic magnet for periods
longer than about tive minutes
but this problem has now
been overcome by a field-
locking device that has been
developed.
STANDARD MAGNETS
AVAILABLE

A growing number of stan-
dard magnets based on pre-
vious successful designs are
available and these are par-
ticularly useful in the cascs
where the specification of the
required magnet assembly is

similar to one in the existing
range. By accepting an exist-
ing type. advantage is taken
of the shorter delivery time
compared with that of assem-
blies that have to be indivi-
dually designed.

A typical example of a
standard magnet is the 4in
diameter pole electromagnet
illustrated, particularly suit-
able for magnetic suscepti-
bility measurements and allied
research applications where
a 4in diameter pole and con-
tinuously variable gap repre-
sent an admirable compro-
mise between size, cost, per-
formance, and accessibility.

SILICON
CONTROLLED
RECTIFIER
STACKS

A range of heat sinks and
stacks for silicon controlled
rectifiers is being introduced,
similar to the well-known
range of hcavy-duty power
rectifier stacks. With the same
built-in safety factors as the
power rectifier stacks, the
new range cnables the full
rated current to be drawn
from the silicon controlled
rectifiers and saves the circuit
designer having to design
heat sinks and their ancillaries
for his equipment.

The first stacks available
include an assembly for con-
tactorless switching of three-
phase supplies, a back-to-
back assembly (two diodes
and two silicon controlled
rectifiers) for the control of
a.c. or d.c. power from single-
phase supptlies, and a diode
bridge circuit with a silicon
controlled rectifier across the
bridge. These stacks incor-
porate the 16 and 70A silicon
controlled rectifiers.

Other assemblies to be in-
troduced laterinclude inverter
circuits and chopping circuits
for the control of power from
d.c. supplies. Stacks for use
with 4:7, 10, and SOA silicon
controlled rectifiers will also
be made available.

High-Speed
Photomultiplier
tubes cover infra-red,
visihle light, and

— ultraviolet regions —

Three high-speed  high-gain
photomultiplier tubes cover
the infra-red, visible light, and
ultraviolet regions for such
applications as infra-red tele-
communications, optics, and
scintillation counters for
nuclear physics. A new device,
the 56CVP, has been recently
added to the established types
56AVP and 56UVP.

The 56CVP is a ten-stage
device with a semi-transparent
caesium-on-oxidised-silver
photocathode. The sensitivity
of the photocathode is typically
25pA/1Im. Thespectral response
lies mainly in the red and infra-
red regions with the peak re-
sponse at 0-8um. Although
designed to give a lower gain
than the companion tubes in
the range (this is because of the
much higher dark current of
the S! photocathode), the
56CVP has the same very fast
response —a rise time of 2ns-
as the S6AVP and 56UVP.

The other two photomulti-
plier tubes, the S6AVP and
S6UVP, are fourteen-stage
devices with semi-transparent
photocathodes of caesium anti-

50A SILICON
CONTROLLED RECTIFIERS

A series of S0A silicon con-
trolled rectificrs is available in
the TO-49 encapsulation. These
silicon controlled rectifiers are
suitable for industrial control
applications, and use the same
encapsulation as the Muliard
70A silicon controlled rectifier
range. Theseries consistsof four
devices with peak inverse volt-
age ratings of 100, 200, 300

and 400V respectively.

mony. The S6AVPhasaspectral
response mainly in the visible
light region while the quartz
window of the 56UVP extends
the responsc into the ultra-
violet region.

The applications of the
56CVP include infra-red tele-
communications and ranging,
and optical applications where
a very fast response time is
required. The S56AVP and
56UVPareintended for nuclear
physics applications where a
high degree of time definition
or high time resolution is
required, such as fast coinci-
dence detectors and Cerenkov
counters.

Reader Enquiry Service
Further details of the Mullard pro-
ducts described in this advertise-
ment can be obtained through
the Reader Enquiry Service of
Industrial Electronics using the
appropriate code number shown
below.

Higher-frequency
operation of industrial

(-
Mullard] Mullard Limited, Mullard House, Torrington Place, London, W.C.1. Telephone: LANgham 6633

Industrial Electronics

October 1963

triodes .. ..o 206
Special-purposc magnets 207
50A silicon controlled
rectifiers ......... ... 208
High-speed
photomultiplier tubes S6AVP,
56CVP, 56UVP .. ...... 209
Heat sinks for silicon
controlied rectitiers ... .. 210
CAM4



For further information circle 211 on Service Card

—

-\
- N
~

NUVISTORS
AND

A WORLD OF

APPLICATIONS _*

RCA-7586
medium-mu gencral-pur.
pose industrial triode

RCA-7895
high-mu genecral-purpose
industrial triode (mu = 64)

RCA-7587
sharp-cutoff general-pur.
posc industrial tetrode

i RCA-6CW4; 2CW4
L TV and FM tuner triodes

RCA-6DS4; 2DS4

TV and FM tuner triodes
with semiremote cutoff
characteristic

RCA-8056

medium-mu triode for low-
voltage power supply and
smatl-signal amplifier
applications in industrial
service. at frequencies up
to 350 Mc

RCA-8058
double-ended high-mu tri-
ode for cathode-drive am-
plifier scrvice up to 1200
Mc in a variety of indus-
trial applications

"Versatile" is the word for the tiny RCA nuvistor!

Nuvistor, with only 7 commercial
types, runs the gamut of electronic
applications...from satellites to
sonobuoys...from electronic test in-
struments to TV tuners...from guid-
ance and control systems to scien-
tific measuring devices...nearly
every major arca of electronics.
Why? Because nuvistors provide
excellent performance in a small,
light package. Consider these impor-
tant design advantages: Low heater
drain « Very high transconductance
at low plate current and voltage * Ex-
ceptional mechanical ruggedness
from their all-ceramic-and-metal

construction * Exceptional uniformity
of characteristics from tube to tube
* Operation at full ratings at any alti-
tude = Extremely low interelectrode
leakage * Low reverse grid current
* High stability of characteristics
* Low noise.

In addition, nuvistors are in the
class ofactive electronic circuit com-
ponents least susceptible to damage
from nuclear radiation...a vital factor
in the design of communications and
navigational equipment that must
function properly in a nuclear radia-
tion environment.

ASSOCIATE COMPANY OF RADIO CORPORATION OF AMERICA.,

One more example of the ex-

treme versatility of the nuvistor

design principle is this devel-

opmental half-size, half-watt rf

tuner triode. One of the small-

” J est electron tubes ever pro-

duced by RCA, it was devel-

oped under reseurch and development contract
for the Bureau cf Ships, U.S. Navy.

Ask your RCA Representative how nuvistori-
zation can benefit your critical circuits. Or, for
more inforniation on specific types, write

RCA Great Britain Ltd. Lincoin Way,
Windmill Rd., Sunbury-on-Thames, Middx.

THE MOST TRUSTED NAME IN ELECTRONICS

® RCA GREAT BRITAIN LIMITED, Sales Division, Lincoln Way, Windmill Road, Sunbury-on-Thames

Telephone: Sunbury 5511

Industrial Electronics October 1963
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JEDEG SILIGON

PLANAR TRANSISTORS
range further extended

2N706

This is a low cost transistor having a minimum value for
h,. of 2.0 at 100 Mc/s. It is suitable for general purpose
medium to high speed switching applications and is en-
capsulated in a TO-18 case.

2N706A

This is an improved version of the 2N706 and has a much
lower storage time. It is intended for high speed, low power
switching and has a TO-18 case.

2N708

This is similar to the 2N706 but is somewhat faster, having
a minimum value for f; of 300 Mc/s. It is intended for use
in high speed saturated logic switching applications and is
in a TO-18 case.

2N743 & 2N744

These are similar to the 2N708 and both have a minimum
value for f; of 300 Mc/s. But leakage current is much lower
for each device and total switching times are less than
40 ns at 10 mA.

2N7563

This is a higher gain version of the 2N706A which is iden-
tical in all other respects. The large signal gain spread of
the 2N753 is 40...120.

2N1613 & 2N1711

These are high gain, low noise transistors suitable for
general purpose amplification and switching applications.
They have a collector dissipation of 800 mW, a 60 V
collector-base voltage rating and very low leakage currents.
Each has a TO-18 case.

2N1893

For general purpose industrial applications, e.g. computers
and communication equipment having a 60 V supply voltage.
Encapsulation in a TO-5 case.

Write, ‘phone or Telex for Transistor data sheets to STC
Semiconductor Division (Transistors), Footscray, Sidcup,
Kent. Telephone FOOtscray 3333. Telex 21836.

Industrial Electronies October 1963

Single and Multi-track
REGORDING HEADS

The STC Magnetic Materials Division design and
manufacture single and multi-track recording heads for use
with nickel and oxide coated magnetic drums. The heads
are available as standard types or may be designed

Four types of STC single track recording heads. The clearance
adjustment mechanism is built into the heads.

specially to fit customers’ equipment or to meet special
application requirements.

STC recording heads are used by the major drum manu-
facturers for recording and reading in data processing,
data transmission and telemetering for civil and military
equipments. The heads are precision made, electrically and
mechanicaily, but improved manufacturing technigues have
provided economies which offer exceptionally low cost per
track. STC recording heads incorporate built-in screening
and the clearance adjustment mechanism is also built into
the head.

CHARACTERISTICS OF TYPICAL
RECORDING HEADS TYPES 297-LMA-1A AND 18

Type 297-LMA-1A Type 297-LMA-18

Number of turns 96 + 96 70 + 70
Inductance measured

at 100 kc/s

(combined winding) 340 uH 190 uH
Gap width 0-001 in. (0,025 mm) 0:001 in. (0,025 mm)
Track width 0-020 in. (0,051 mm) 0-020 in. (0,051 mm)

TYPICAL RESULTS FROM 297-LMA-1A USED WITH

A NICKEL-PLATED STANDARD TEST DRUM

Drum diameter 12 in. (30,5 cm)
Drum speed 1500 rev/min

Drum to head clearance 0-001 in.

Pulse repetition frequency 50 kc/s

Write current 54 mA peak to peak
Read out voltage 15 mV peak to peak

Werite, 'phone or Telex for data sheets and details of design
service to STC Magnetic Materials Division, Edinburgh Way,
Harlow, Essex. Telephone Harlow 21421. Telex 81146
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MINIATURE SILVERED
MICA GAPACITORS

MODULAR DESIGN

il

._..__..___
]6- -
]

Two new series of STC moulded mica capacitors are now
available. Designed for modular circuitry, they have at least
one major dimension standard throughout the range.

Range 454-LWA-71 to 77, shown above, covers from 4 pF
to 40 000 pF (at 125V d.c.) in seven mould sizes of constant
length 0-49 in. (12,5 mm).

In common with the other STC moulded mica series
these are high stability capacitors designed to conform to
DEF5132. They meet the requirements of humidity classi-
fication H6 in the temperature range —55°C to -+100°C and
have a temperature coefficient between —20to - 50 ppm/°C.

The other modular series—454-LWA-66 to 68—covers
from 1 000 pF to 15 000 pF (at 350V d.c.) in three mould sizes
which vary in thickness only. They have a standard height of
0-49in. (12,5 mm) and a constant length of 0-69 in. (17,5 mm).

Other working voltages are available.

STANDARD DESIGN

The standard range covers from 4 pF to 100 000 pF at
350V and is produced with both a resin dipped and a resin
moulded finish. Also available for 125V and 750V wkg. The
range has been extended to include the new subminiature
size shown above.

Write, 'phone or Telex for Data Sheets to STC Capacitor
Division, Brixham Road, Paignton, Devon, or London Sales
Office, Footscray,Kent. Telephone FOOtscray 3333. Telex 21836.

3 K¢ components review

PULSE MODULATOR

VALVES
VAGUUM TETRODES

The STC range of Vacuum Pulse Amplifier Tetrodes grows
steadily as does their reputation for reliable service. The
latest valve to be added to the range is type 4B/550E which
is a smaller version of the now very popular 4B/603E.

Code 3D21A 4B/550E <B/603E 4B/602E
Vh ) 6301 12.6 2% 26 2%
h (a) 17000 .85 12 2 2
Va (X% 35 12 15 20
la peak (A) B 7 10 15 15
Va2 V) 0.8 0.8 1.25 1.25
Vg1 bias (V) Typical 150 -500 800 800
Vot pulse (V) Tynical 300 700 1025 1025
PREREID [ Cv2650 i Cvass Cvaz7

Write, 'phone or Telex for Data Sheets to STC Valve Division,
Brixham Road, Paignton, Devon or London Sales Office,
Footscray, Kent. Telephone FOOtscray 3333. Telex 21836.

Industrial Electronics  October 1963
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SILICON CONTROLLED RECTIFIERS for
POWER SWITGHING AND GONTROL

These new devices, the most recent additon to the range

of Silicon rectifier devices made by STC, are backed by a

joint research and development programme undertaken by

the Semiconductor Division and Standard Telecommuni-

cation Laboratories.

The range, now available from stock, comprises 1, 3, 25

and 70 ampere units with ratings up to 400 volts, all fabric-

ated by a double diffusion process. The device construc-

tion is simple but robust, standard packages being used:

Devices aclual size

™

|
|
i

13

CRS 1 (1 ampere) to VASCA
outline SO-3, (JEDEC TO-5)
CRS 3 (3 ampere) to VASCA

outhine SO-35

CRS 25 (25 ampere) to
VASCA outline SO-28

Following the usual STC coding system for all diffused-junction
rectifiers, the type numbers are completed by the addition of two digits
representing one tenth of the rated crest working voltage as follows—

1 ampe;e 3 amperé 25 ampere 70 ampere
R_ated cwyv Codes Codes Codes Codes
50 CRS 1/05AF | CRS 3/05AF | CRS 25/05AF | CRS 70/05 AF
100 CRS 1/10AF | CRS 3/10AF | CRS 25/10AF |CRS70/10 AF
200 CRS 1/20AF | CRS 3/20AF | CRS 25/20AF | CRS 70/20 AF
300 CRS 1/30AF | CRS 3/30AF | CRS 25/30AF | CRS 70/30 AF
350 CRS 1/35AF | CRS 3/35AF | CRS 25/35AF | CRS 70/35 AF
400 CRS 1/40AF | CRS 3/40AF | CRS 25/40AF CRS 70/40 AF
RATINGS (Absolute
Maximum values) CRS1/--AF CRS3/--AF CRS 25/--AF CRS 70/--AF
Mean Forward Current 1:0At 3At 25A1 [70At
(Full Conduction Angle) 0-3A* 0.9A” 10A* 38A*
Peak Repetitive Forward
Curtent 5.0A% 15At 125A 1 350A1
Crest Working Reverse
Voltage 50 to 400V 50 to 400V 50 to 400V 50 to 400V
Peak Forward Blocking 60 to 480V | 60 to 480V | 60 to 480V | 60 to 480V
Voltage
Case/Stud Temperature 125°C 125°C 110 C 125°C

tat 65 C case

tat 100 C stud
*at 110 C casel*at 120 C stud

tat 75 C stud
*at 95 C stud

ELECTRICAL CHARACTERISTICS (at 25'C)
Forward On Voltage 1.0V 1.3V 12V 1.0V
.............. max.
Holding Current
(Minimum to hold ON) 20 mA 25 mA 50 mA 60 mA
Forward Blocking Curnrfar;t 1 mA 1 mA 5mA 20 mA
Reverse Current at Rated
CWV......... max. U i 1omA 20mA
Gate Trigger Current
(Minimum value to 10 mA 20 mA 50 mA 50 mA

trigger all devices)

+at 90 C stud
*at 110°C stud

CRS 70 (70 ampere)
JEDEC TO-49 (VASCA
S0-30A)

——
pr——
-
-
=
-
——-—
-
=
-
-
-
=

P

Write, 'phone or Telex for Data Sheets and prices to
STC Semiconductor Division (Rectifiers),Edinburgh
Way, Harlow, Essex. Telephone Harlow 26811.
Telex 81146,

Indusirial Electronics
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QUARTZ

RYSTAL
UNITS

Brush Crystal Co. Ltd. are playing an
expanding role in electrics and elec-
tronics. They are alert to the increasing
demands of the industry and now add
the vast technical resources of the
Clevite Corporation of America to their
own iwenty-five years of experience.
This makes it possible {o devise, plan
and produce the most versatile range of
products in Europe—for either tailor-
made or mass-produced devices in all
divisions. Brush are quickly making a
name for themselves as the company
you can rely on for advanced know-how,
compelitive prices and good delivery.

Brush Crystal Company Li
and are familiar with the pr
itis our policy to keep ahea
and future demands. it is fo
manufactured to meet the D4
zero frequency-temperature
capable of meeting current
systems.

Brush replacement Quart
available to a wide range o
units are wire mounted in
(uartz Crystal units in fow |
recommended for low agei

KEEP
YOUR
EYE

ON
BRUSH
BRUSH CRYSTAL

COMPANY LIMITED - HYTHE - SOUTHAMPTON - Telephone Hythe 3031

10
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“Here’s a really lively character!”’~

says Mini Tronic

The new HARWIN Indicator Unit is

a marvel in miniature equipment;

Only 234" long x 1”7 wide and 155" deep,
(excluding plug pins), it is fitted with

THE NEW

HARWIN
12 Characler

INDICATOR
UNIT

Smaller. .. Lighter. .. Brighter

Great for miniature electronic components
HARWIN ENGINEERS LTD.
RODNEY ROAD
PORTSMOUTH, HANTS.
Tel: Portsmouth 35555 (4 lines)

Industrial Electronics  October 1963 11

a plug base and mounting socket for
instant interchange without tools, and
it uses bulbs of 28, 12 or 6 volts.
Although its glass window is only

1 3, it gives a brighter display and
maximum clarity and visibility. Like
all HARWIN miniature electronic
components it's a precision

made instrument, backed by the
HARWIN speed of service.

Send for illustrated leaflet.
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DRIVER AND
~ GONTROLLER UNITS

FOR
SILICON CONTROLLED
RECTIFIERS

Transistorised circuitry — entirely static

*

Available for single- and three-phase circuits

Each driver capable of firing multiples of
silicon controlled rectifiers

A U A I N AT

Encapsulated and shockproof
Low power consumption
Wide input tolerances

Wide range of operating temperature

* % ok ok %

Automatic control of output

\ | and of course, a full range of
‘_ TRINISTOR silicon controlled
‘ rectifiers is available from
| Dept. 1E 10/63

N
WESTINGHOUSE BRAKE AND SIGNAL CO., LIMITED

82 YORK WAY, KINGS CROSS, LONDON, N.1. TERminus 6432

12 Industrial Electronics  October 1963
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As Mini-Tronic says:
‘When time and space are light,
HARWIN see you right’

Just telephone or write

Hundreds and thousands...

... off-the-shelf — or specially designed for you.
Insulators, Lugs, Stand-offs, Brackets, Terminal
Boards, Chassis Fittings, etc. Watch-maker
precision, rigid inspection, post-haste service.

HARWIN ENGINEERS LTD +« RODNEY RD + PORTSMOUTH
HAMPSHIRE + TELEPHONE : PORTSMOUTH 35555 (4 lines)

GREAT FOR MINIATURE ELECTRONIC COMPONENTS

Industrial Electronics QOctober 1963
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UNGOMMON MARKEL...

DELANCO Organisation’s
Technical Know-How masters
the intricate and unusual in
component manufacture

Anything uncommon in the way of design calling ror
the ultimate in tool design skills, is a natural for the
Delanco Company. We specialize in the manufacture
of components in all types of electrical insulation
materials.

Vulcanized Fibre, S.R.B.P. and S.R.B.F. Epoxy glass
fibre, Nylon. P.T.F.E., Presspahn, Leatheroid, Var-
nished cambric and in fact every material used in
electrical Insulation. For heat resistance and insu-
lation Mica and Micanite.

Processes include presswork, forming. routing,
moulding, turning, milling and machining.

Our customers include Manufacturers of Domestic
and Electrical equipment, Instruments, Motor cars,
Aircraft, ships, printing and business machinery,
Computors, electric motors dynamos and starters.
Copper-clad laminates for printed circuitry are
supplied as panels ready for printing.

Technical representatives are based throughout the
country, and are available at any time to call and
discuss your needs.

Technical catalogues are available and will be sent
immediately on request.

Delanco

INSULATION MATERIALS AND COMPONENTS

ANGLO-AMERICAN VULCANISED FIBRE CO. LTD ' Cayton Works * Bath Street * London * E.C.1

Phone: CLE 8484 - Grams: PROMPSERY, LONDON ° Delanco Works ° Leonard Street ' London * E.C.2

Industrial Electronics October 1963
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MIYIllIthFI’FITIIE-E COAXIAL CONNECTORS WITHOUT SOLDERING

MULT|P| E b tsne A-MP COAXICON

Ertraction for modification is effected instantly by a simple tool.

This is something unique — AMP erimping technique and precision applied to multiple
coaxial connectors,

Individual plugs and sockets are attached to coaxial cable by a single stroke of a hand
tool — inner conductor, braid and outer insulation being crimped simultaneously.

Plugs and sockets are then inserted into the corresponding moulding, where they lock
by retention springs. Extraction for modification is effected instantly by a simple tool.

Maximum efficiency of contact is ensured by the use of gold plated contacts and cantilever
beam springs for uniform pressure.

The AMP system gives minimum deformation of the inner conductor, and maintains
concentricity of conductor, dielectric and screening braid, resulting in excellent UHF
impedance matching.

Plugs and sockets are supplied in optimum sizes for specific cable dimensions. Application
time and costs are greatly reduced and consistent results ensured.

Write for full particulars.

1> >
sS==5
TUU

AP 222
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‘Triple Rating’ means
3 sizes of metal oxide

film resistors cover
most requirements

SEMI HIGH GENERAL
PRECISION STABILITY PURPOSE

SIZE

TR4

TR6

T

2000 hr. max. load life [e) [e)
drift at 70°C :mbient' 0 . 50/0 1 /0 2 A)

The semi precision resistor NJ60 } Watt and
the gengral purpose CJ20 4 Watt are now identi-
cal and are supplied colour coded. The same il H - !

applies to NJ65 | Watt and CJ32 1 Watt resistors. The EIeCtrOS‘I Trlple rated range
For convenience the various style references are

I Ohmic Range |  Dimensions

e TR4 | S51-150Kk | 0-25"x0-09"
S TRS | 10-470K [ 0-375"x0:15"
R ] TR 10-1M _ [0-593" x 0-19"

temperature range —-55°C to + 125°C can be
applied to the triple ratings of cach resistor size. N

The requirements such as maximum change of ﬂ.‘t’"‘ \ .
resistance for 2000 hr load endurance vary LMITED / Palllon, Sunderland, Co. Durham

according to the rating as indicated. The average ) )
change of resistance on load is well within these Tel: Sunderland 71557 « Telex: 53273

limits.

16 Industrial Electronics October 1963
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best measure
pressure
with a

CEL transducer

* 0.25% accuracy

Y Rationalised output
% Small sample volume
v Compact construction
Y Price £36

First of a new series of CEL precision strain
gauge transducers, Type XT33 incorporates, as
standard, features normally offered as expensive

optional extras.
Abridged Specification

Non-linearity & Hysteresis - - +0.25%
Output {rationalised) - - - 20mV f.s.d.
Temperature effect - - - - - 0.029%/°C

Six ranges from 0-1000 to 0-10000 psi

Actual size

(- COUTANT ELECTRONICS LIMITED

TRANSDUCER DIVISION

711 Fulham Road ' London * SW6 * Renown 5385

Industrial Electronics  October 1963 17



For further information circle 224 on Service Card

PLOUGH IN

3
“d =,
- .
o LB
. - M

. 3 “ . o » o . 4
[ a ] .

& 5 .. 2 RN

 , P Ll |
A (; 35 0 .o .

L e et ol
: . I“ ‘ ME“
LIS
o, 5
‘oo - , - .
e U A 57 y
o .
. - o R
_3YY L e, b, -
. J

+ Cow T
. - - 3

4

'WITH THE

SEVEN STAR
FEATURES OF
A CORREX

PRE AMPLIFIER

"X CHARACTERISTICS.
: ‘Substantially linear over 90% of characteristic.
Current gain 500.
. -Power gain 1.25 x 10°.
Input + 104A into 1702 minimum.
Output + 5mA into 15009. :
4 STABILITY. Long term low zero drift less than
-05;A from 0°C-50°C Ambient. .
Unput tequired to correct change’in output).
¥ VERSATILITY. Will operate from most available
transducers.

¥ RELIABILITY. No thermionic components or moving
parts and therefore requires absolute minimum
of servicing. [

4 LOW NOISE LEVEL. Inherent in this form of device
due to narrow operational band width.

* COMPACT. Flush panel mounting and design for
maximum ease «of fitting and servicing. U

¥ ISOLATION OF INPUT. A number of completely
. isolated input circuits can be proVidqd, ideal for
mixing or D.C. measurement.

For further informaltion write to: —

PHOENIX TELEPHONES LIMITED
GROVE PARK + LONDOCN, N.W.9
Telephone: COLindale 7243. Telegrams: PHONOFENIX, LONDON, N.W.9

¥,
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HOUSTON
SWITGH T0
ADVANGE

As from September 1963, a comprehensive range of precision pen
recorders previously available only from the Houston Instrument
Corporation of the USA, is to be marketed and manufactured in the UK by
Advance Components Limited.

Advance will also be responsible for the export marketing of the range and
have set up a world-wide distribution network covering all areas except
North and South America. These two areas will continue to be serviced
by the Houston Instrument Corporation who will also be manufacturing a
range of Advance equipments as part of a reciprocal agreement.

For full details on the ADVANCE-HOUSTON range of precision XY & TY
recorders, please write to:

ADVANCE COMPONENTS LIMITED
HAINAULT - ILFORD - ESSEX - TELEPHONE: HAINAULT 4444

@ AHI
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Portable low cost ‘Clearcall’” Audio Units like this
provide dependable one- or two-way speech links;
quickly adapt to changing communication needs
in all types of plant.

-for better productivity

Modern industry is ‘getting the message’.
Directives are clearly heard and understood
despite noisy surroundings. AEIl ‘Clearcall’
Audio and Carrier Frequency Systems replace
crude ‘tic-tac’ methods of communication,
conquer noisy, dusty, fume-laden conditions—
in factories, steelworks, power stations, found-
ries, mines, workshops, railyards. Talk man to
man with AEl engineers on your ‘communi-
cations’ problem. Learn how ‘Clearcall’ appara-
tus can aid efficiency and productivity for you.

Ruggedly-built ‘Clearcall’ equipments include

handy ‘go-anywhere’ microphone/loudspeaker
units for plant commissioning and maintenance
work, crane control and alarm systems, and
full-scale works communication networks for
production  flowing

keeping ‘integrated’

smoothly.

Is there an ‘Electronic Answer" to your problem?

. . AEl equipments and AEIl experience cover
every kind of electronic control application.
Get up to date now on latest electronic pro-

gress in your special field—by talking to AEI.

i AE! \NDUSTRlAl ELECTROMC;S '
L{m leving 9...umcy efficiently |

Electronic Apparatus Division

Associated Electrical Industries Limited

(AED

NEW PARKS ' LEICESTER

Industrial Electronics October 1963
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HERMETICALLY SEALED PLUGS

® Compression glass-to-metal seals.

® Leakage rates of 1, -1, -01 and ‘001 micron cubic
feet per hour at 15 p.s.i.

® Pin contacts and shells are steel.

® Small shell sizes will withstand pressures up
to 1,000 p.s.i. and larger sizes up to 500 p.s.i.

® Ranges available include:—

GS02 and BFH for MIL C. 5015 series connectors,
KPTH for MIL C. 26482 series connectors

MC for MC sub-miniature series
connectors
KH tor KO miniature connectors

® variations in shell style mountings including

jam-nut, square and circular flanges, bulkhead

fittings, etc.
g For further informotion circle 227 on Service Cord
&\
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US ARMY ORDNANCE CONNECTORS

®» An extremely rugged weatherproof

e 12 pole connector ideal for prime
mover/trailer applications, and ar-
duous field conditions.

® Standardised by NATO.

® F, V.R. D. E., approved.
Manufactured in steel hardware
throughout.

@ Cable connectors shrouded in tough
neoprene.

® Positive locking engaging device.

@ Cable units provided with self-closing
moisture/dust covers.

® Self-closing moisture/dust flaps
available for receptacles.

® Other insert arrangements up to 37
poles available.
For further information circle 228 on Service Card

STANDARD "K' CONNECTORS

e General purpose rugged multi-
pole series.

8 shell sizes with up to 82 solder
type contacts, including coaxial
layouts.

Lightweight aluminium alloy
shells.

Coarse thread quick-disconnect
coupling.

Wide variety of shell styles.
Positive polarisation.

Melamine insulators.

Also available are hermetically
sealed and high temperature
ranges.

Write for K-7 Catalogue.

For further information circle 229 on Service Card
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KO SERIES

e A general purpose lightweight multi-way
connector with acme coarse thread coupling,

e Available in three basic shell sizes and four
shell styles.

o Insert arrangements of 3, 10, 20, 30, 38 and
50 poles.

e High potential test voltages, from 1,350v. a.c.,
to 4,050v. a.c.

o Gold plated copper alloy contacts, rated
5 amperes. Solder type.

o Zytel insulation.

« Lightweight aluminium alloy shells.

o Hermetically sealed series with steel shelis
and contacts also available.

e Positive polarisation.

Write for HMC Catalogue

TYPICAL. EXAMPLES OF

CANNON

CONNECTORS
MADE IN

GREAT BRITAIN

One tends to associate the symbol CANNON
PLUGS with electrical connectors manufactured
in the U.S.A,, but in actual fact, over 60 per cent
ot the Cannon connectors sold in Great Britain
are manufactured entirely at the Cannon factory
in London.

The facilities of Cannon Electric (Great Britain)
Limited, include :

connector research, development, design and

engineering; a fully equipped test laboratory;

machine and model shops; toolroom; injection
and compression moulding machines; quality

control and inspection, etc.

All the divisions of the Company are manned by
highly competent, qualified personnel with
many years background ot technological
"know-how". The Sales and Engineering
Departments provide a Technical Service of the
highest calibre and the Company will gladly
undertake development contract work.

Cannon Electric (Great Britain) augments
and supplements the activities of the parent
company factories in the U.S.A., and
contributes in no small way in helping to
maintain the name CANNON as the world’s
toremost manutacturer of electrical connectors.

CANNON
ELECTRIC

CANNON ELECTRIC (Great Britain) LTD., 168/172
OLD STREET, LONDON, E.C.1. Tel: CLErkenwell 4954

European Enquiries: Cannon Electric International Inc.,

4/ Bornem, Belgium. Telephone: (03) 77.06.14.

Scandinavian Enquiries:

Sweden: Ab Gosta Backstrom, Box 12089 Stockholm 12,
Denmark: Tage Schouboe, 7 Skyttegade, Copenhagen.
Norway : Morgenstierne & Co,, Wessels Gate 6, Oslo.
Finland: OY Chester A8, Uudenmaankatu 23a., Helsinki.
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Comment

Space research is occupying an enormous amount of man-power and its cost is.
appropriately enough, astronomical. The communication satellites, which
are still in the experimental stage, are offshoots of it. They are, however. in
the end expected to be commercial propositions.

The main advantages to electronics of all this work will be improved
miniaturization techniques and, above all, better reliability. Indeed, some of
these benefits have already accrued.

Working in reverse, electronics has enormously helped the design of satellites
and other space craft. In fact, only the computer has made their design
possible.  All this is well known. What seems at first sight a rather trivial use
of the computer has recently been announced by Bell Telephone Laboratories.
[t is to produce a ciné picture of a model satellite.

The computer calculates the motion of a satellite orbiting a sphere under the
influence of gravity and an attitude-control system comprising two single-axis
gyros. The motion is not a simple orbital one, for the satellite yaws and
turns over.

The results of the calculation appear in the form of the co-ordinates of a
perspective drawing of the satellite and are applied to a cathode-ray tube to
produce such a drawing on its screen. This is photographed. The calcula-
tions need only three to eight minutes of computer time and result in a ciné
film of one minute’s duration at 16 frames a second.

The object of doing all this is to enable the designer to see for himself what
happens. Which goes to show that even highbrow mathematicians cannot
always realize the full meaning of their equations and need visual evidence.
Since it all leads to better understanding, this usage of the computer is hardly
a trivial one after all.

Seeing in the Dark

During World War [l infra-red
techniques were used, at least experi-
mentally, in equipment which would
literally enable one to see in the dark.
Since then great advances have taken
place and such equipment is now much
more of a practical proposition than it
then was.

Basically such systems comprise an
infra-red sensitive screen which emits
electrons in proportion to the intensity
of the radiation falling upon it. It
produces an electron picture of the
infra-red picture on the screen. This
electron picture is focused on to a
fluorescent screen which produces a

Industrial Electronics October 1963

visible picture, just as in a cathode-ray
tube.

One difficulty has always lain in
focusing the infra-red picture on the
sensitive screen of the converter tube,
for optical lenses do not function so
well in the infra-red region of the
spectrum.  Westinghouse  Electrical
have announced infra-red lenses with
relative apertures up to f/0-75.
Designed for the wavelength range
8-12 microns a lens of this kind is
constructed as a triplet. The two
outside elements are made of germa-
nium, the middle element is made
of Irtran-2. This is stated to be a
synthetic inorganic material.

It seems a little odd to have a lens
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which is not of material transparent to
light, but naturally the requirement is for
material transparent to the radiation which
it must pass. Lens aerials are equally very
different from optical lenses.

Telstar

We said last month that Telstar 2 had
ceased to operate. Just after we went to
press it was announced that it had started
to work again! On 12th August it became
possible once again to turn on the com-
munications transmitter. At the time of
writing we understand that everything is
again normal. Just why the equipment
should have ceased to function for some two
months and then started to work again
normally is not known. Apparently it is
just one of those things.

Proton Radioactivity

The Nuclear Research Institute at Dubna,
near Moscow, claims to have discovered a
new kind of radioactive decay, proton
radioactivity. Nuclei normally disintegrate
by alpha, beta and gamma radiation, by
spontaneous fission, or by emitting delayed
neutrons. Disintegration by the emission
of a proton from a nucleus has been pre-
dicted and it is now claimed to have been
observed experimentally.

The work has been carried out by Victor
Karnaukhov and Gurgen Ter-Akopyan by
bombarding a thin nickel target with
accelerated nuclei of neon-20. Two isotopes
which emit protons in disintegrating were
found.

Nimrod

The first operation of a proton synchrotron
has been announced by the National Institute
for Research in Nuclear Science. An energy
of 6-5 GeV with an intensity of 4 10°
protons per pulse was initially achieved, but
later 8 GeV was obtained. In further
operation 10'° protons per pulse at 7 GeV
were secured. The design figure is 7 GeV
and the object is to obtain 10'* protons per
pulse.

Nimrod, as it is called, embodies a ring-
shaped magnet 155 ft in diameter and
weighing 7,000 tons. There is a toroidally-
shaped evacuated chamber between the poles
of this magnet. Into this is injected a
pulse of protons which have been given an
initial acceleration of 15 MeV in a linear
accelerator. The magnetic field forces them
into a circular orbit and they are further
accelerated once per revolution by a radio-
frequency field. Their final energy is reached
after a million revolutions and they are then
utilized.

The acceleration period lasts 0-72 second

and during this time the magnetic field and
the radio-frequency have both to be increased
steadily to maintain the protons in orbit.

Thyristors

This word is being increasingly used for
silicon controlled rectifiers. In fact, in the
U.S.A. it is well on the way to becoming the
accepted term. In this country silicon
controlled rectifier, usually abbreviated to
s.c.r., is still the most general term.

“Thyristor” is obviously derived by analogy
with thyratron and it strikes us as being a
good word because most thyristors do, in
fact, perform much the same functions as
thyratrons. They are virtually solid-state
equivalents.

‘Silicon controlled rectifier’ is a relatively
clumsy term and with s.c.r.” one runs into
trouble over the plural, as one always does
with abbreviations. We do feel that there
is a good case to be made for the general
adoption of the word “thyristor’.

If indeed it is accepted we hope that the
changeover period when both terms are in
common use will not be too long. It always
seems to us bad to have two terms for the
same thing. Those who are not fully con-
versant with the subject are then apt to
imagine that the names refer to different
things.

Closed-Circuit Television

Next month there is being held at Earls
Court an Industrial Photographic & Tele-
vision Exhibition. The photographic side
of it is largely, if not entirely, outside our
field. The television part of the exhibition
most certainly is not: it is well within it.
We understand that closed-circuit television
systems will form the main part of the
television exhibits, and this is certainly as it
should be, for it is the commonest industrial
application of television. In our November
issue we shall be including several articles
dealing with various aspects and applications
of closed-circuit television.

Although the photographic exhibits are
outside our field, this does not mean that
they will not be of interest to our readers.
Photo-copying equipment, for instance, is
as much used in the electronics industry
as in any other. Similarly, in two other
exhibitions being held concurrently at Earls
Court there are most certainly exhibits of
interest to our industry, although there are
not many products of it.

These are the Engineering Materials &
Design Exhibition and the International
Factory Equipment Exhibition. All three
exhibitions will be open from 9.30 a.m. to
6 p.m. from |lth to 15th November, and
from 9.30 a.m. to 4 p.m. on 16th November.

Industrial Electronics October 1963



A recent development in ultrasonic cleaning apparatus is the use of
tarium titanate and lead zirconate titanate elements in the transducers.
This has changed the design of the associated equipment and
cleaning baths of up to 3,000 gallons capacity are now practicable.

ULTRASONIC

CLEANING
SYSTEMS

energy in liquids is well known and has found general

acceptance in most industries. Many applications of
high power ultrasonics for industrial processing have been
proposed over the past few years, but apart from a few
instances such as drilling and cleaning there has not been
the wide exploitation that first seemed possible. The
reasons for this are many. but an analysis of progress
shows that much of the blame must be attributed to the
equipment manufacturers. Laboratory scale experiments
have shown the practicality of applications. but the tran-
sition from the laboratory to the factory floor is far from
easy. While the basic problem of power increase is an
obvious one there are many others including reliability of
operation. operator training and the economics of capital
outlay and running costs.

Ultrasonic cleaning was first described in the late 1930s,
but it was not until about 1948 that industry became inte-
rested in this new technique. Since this time there has been
steady progress in equipment design and the increasing
zpplication knowledge has stimulated its use for a wide
range of products. Perhaps the major change in equip-
ment has been in the operating frequency. Early ultrasonic
cleaners employed frequencies higher than 250 kc/s. while
the present trend is to operate at frequencies of less than
30 kc/s. In order to understand the reasons for this fre-
quency shift it is necessary to consider the theory of ultra-
sonic soil removal,

T HE principle of cleaning by the use of ultrasonic

Principles of Cleaning

The propagation of a high power ultrasonic wave in a
liquid produces a number of different effects. All acoustic
waves consist of an alternating pressure front moving at a
defined velocity through a medium. The alternate pres-
sure and rarefaction phases produce a phenomenon known
as cavitation and this is the major effect used in cleaning.
There is a minimum amplitude threshold where this occurs
and thus the power level is important. The alternating
pressure also produces high acceleration in the liquid and
this in turn will accelerate any suspended particles to a
high velocity. The direct effect of intense ultrasonic waves
on a contaminated surface is to vibrate small particles of
the soiling medium by a transfer of momentum from the

' Sonics Division, Elliott Bros. (London) Lid.
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moving liquid to the particles. The amount of movement
is related to the particle size and the frequency of the
acoustic wave, since a wavelength appreciably greater than
the largest particle dimension will excite it into oscillation
while particles with dimensions approaching the wavelength
will move at decreasing amplitudes. Loosely adhering
solids are, therefore, broken away from the soiled surfaces
and remain in suspension in the liquid if a standing wave
is present.

Under normal circumstances cavitation occurs when the
peak alternating pressure in the acoustic wave exceeds the
external atmospheric pressure. The rapid variation in
pressure produces gas or vapour filled voids in the liquid
and the eventual collapse of these voids generates intense
shock waves. These have pressure amplitudes several
orders higher than the initiating pressure and if the implosion
occurs adjacent to a soiled surface. particles of adulterant
are disrupted and dispersed. Increasing cavitation will
eventually reach a point where the surface itself is abraded
and it is necessary to impose a time limit or a maximum
input energy level if surface destruction is to be avoided.

Multipower transducer
with 2 in. x 2 in.
radiating face
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Multipower transducers in position on Ellioti- Acoustica $-galton
cleaniing hath

It has been shown that when the frequency is lowered
there s an increase in cavitation!. Voids in the liquid
grow in size due to the rectified diffusion of dissolved gas.
As the hubbles increase a point will be reached where they
are excited into resonance by the alternating sound field.
The oscillations then rapidly increase untit the surface struc-
ture can no ionger support the stimulated stresses and there
is a sudden violent collapse. The ciameter of the bubble
must be smaller than the resonant size and thus at higher
frequencies there wil: be fewer bubbles availadle for the
occurrence of ditTusion and the minimum power required to
produce cavitation is higher. The ratio of the initial radius
to the collapse radius decreases with increasing frequency
and the generated shock wave will have a smaller ampli-

Ultrasonie cleaning bath being loaded witl woik in basket
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tude®. At a frequency of 10 kc/s the acoustic intensity for
cavitation in aerated water at room temperature and
normal atmospheric pressure is about 0-3 watt/cm2.  This
increases o 1.0 watt,/ em? at 100 k¢/s and 500 watts/cm?
at 1 Mc/s. However. the maximum acceleration of
particles within the sound field decreases with decreasing
frequency and although cavitation is more violent at very
low frequencies the lower accelerations prevent rapid
removal of loose soil particles from the adulterated surfaces.
The nuisance value of the high intensity sound must also
be considered in the choice of frequency and this dictates
a lower limit of about 20 k¢ /s, With these factors in mind
it is possible to specify the basic requirements of a cleaning
system.

1. The frequency should be between 20 and 25 ke s,

2. The acoustic intensity at any point within the cleaning
votlume of the bath should be a minimum of 0.3
watt, cm-=.

3. The solution used in the bath should be chosen after
study of the nature of soiling on the contaminated
surfaces.

The latter consideration is of great importance and is
often neglected with correspondingly bad results. The
contaminant can be of many forms and is held to the
work surface by a number of forces. In the simple case
a clean surface will collect dust due to atmospheric deposi-
tion.  Electrostatic forces sometimes prevent easy removal.
but generally there is no cleaning problem. The most
common soiling is found where solid particles are bonded
to the surface by an oily film. This film can be either
organic or inorganic and if partial carbonization has
occurred due to localized heating the removal of the dirt
will present greater difliculties. Finally. there is a con-
tamination due to a chemical bond. such as an oxide film.
In practice. combinations of all three types are generally
experienced.

One of the widely known effects of ultrasonic cavitation
is that of emulsification.  Oil can be finely dispersed through
water to form an emulsion and this process forms the basis
for simple ultrasonic cleaning. A soiled oily surface
immersed in water and subjected to intense ultrasonic energy
will have the soiling removed in distinct phases occurring
concurrently.  The oil film emulsifies leaving solid particles
adhering to the surface and these are dispersed by the
transfer of vibratory energy from the oscillating liquid.
When oxide film or scale is present. it is generally necessary
to soften or reform the surface by chemical means before
a cleaning action can take place.

It is obvious that while water can be used, there are
distinct advantages in choosing a solution that will dissolve
or alter the bonding medium. In the early days of ultra-
sonic cleaning it was common to employ organic solvents
such as trichlorethylene or carbon tetrachloride. While these
have advantages in certain cases, modern developments in
surface chemistry have now resulted in a range of water
soluble detergents that show many advantages over organic
solvents®.  The lower surface tensions allow active cavita-
tion at lower energy levels, and the non-toxic nature of the
detergents permits simple open baths to be used. Consider-
able economies are also shown. often eliminating the neces-
sity of reclaiming solutions after cleaning. The correct
choice of a solvent or detergent is thus of the utmost
importance and is made after a careful study of the type
of soiling present on the contaminated surfaces.

Transducers for Ultrasonic Cleaners

An ultrasonic cleaning system has two fundamental
components, a bath or tank fitted with ultrasonic trans-
ducers and a generator supplying electrical power to the
transducers.  The transducer is the major part of the system
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and two methods of converting electrical energy to high
power ultrasonic energy are at present available. Magneto-
striction transducers use the change in dimensions pro-
duced in certain materials when placed in a magnetic field.
Piezoelectric transducers are based on the dimensional
change occurring in some crystal structures when an electro-
Jtatic field is present.  Both systems find uses in ultrasonic
cleaners. but magnetostriction transducers are mainly
restricted to applications where localized high intensity
fields are required?.

High power transducers require to be operated at their
mechanical resonant frequency for maximum efliciency.
This means that the length of the transducer should corres-
pond to half a wavelength of sound in the material at the
required frequency. A simple calculation will show that
with a polycrystalline ceramic such as barium titanate or
lead zirconate /titanate the length for 20 ke, s operation will
be between 3 and 4 in. There are many practical difli-
culties in producing single block ceramic transducers of this
thickness and until recently the lowest frequency possible
was about 40 ke s, The introduction of sandwich type
transducers has enabled practical low-frequency systems to
be produced and the Elliott-Acoustica range of cleaners
employs a specialized form of this system known as a Multi-
power unite.

Multipower Transducers

Until recently ultrasonic cleaning tanks operated at fre
quencies of between 40 ke s and 80 ke s This frequency
range did not represent the optimum for eflicient cleaning.
but was influenced by the availability of suitable trans-
ducers.  Since all ultrasonic power transducers operate at
a fundamental thickness resonance the element progres
sively increases in thickness as the frequency decreases. It
will be realized that thick sections complicate power-supply
requirements due to the relatively high energizing voltages

Immersible wransducer unit

needed 1o drive the high impedance section.  All the known
piezoelectric ceramics are poor conductors of heat and
the temperature rise in the transducer due to diclectric and
mechanical losses can damage the elements.

Initial attempts to overcome these problems and at the
<ame time produce transducers for lower frequency opera
tion were based on the principle of mass loading. In the
carly days of submarine detection. Langevin showed that
a sandwich composed of a thin slice of quartz and two
metal masses could be excited into thickness resonance at a
frequency governed by the dimensions of the metal blocks®.

2000 gallon ultrasonic cleaning bath for weapons systems
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Fig. 1. Stress in a longitudinal vibrator

Subsequent developments in piezoelectric materials enabled
the quartz element to be replaced by piezoelectric ceramic
and using the Langevin principle it is now possible to design
transducers operating at frequencies as low as 10 kc/s.

Sandwich transducers are usually bonded together with
epoxy resin as a cement. During the extension phase of
the cyclic motion of the transducer considerable stresses
are produced across the cement joint and this will limit
the maximum amplitude to a value based on the shear
strength of the cement. A new form of transducer based
on a prestressed structure eliminates this weakness and also
incorporates a velocity amplifier. Known as the Multi-
power transducer it combines a bolted structure with
asymmetric operating giving a single face velocity gain-*.
Dissimilar metals are used for the two loading blocks. one
being of considerably less density than the other. Following
the law of conservation of momentum the amplitude at
the face of the lighter metal must be higher than that of the
heavy metal face. By using the light metal surface as the
acoustic radiator there will be an overall power gain al
the expense of movement at the face of the heavy loading
block. Since ultrasonic power is generally required in one
direction only there is little loss in the unused rear loading
block. With aluminium and steel as the two materials a
gain in front face amplitude of at least 3 to | can be
produced. Fig. | represents the motion of a half-wave
longitudinal vibrator., The stress or strain is given by
Curve A and reaches a maximum at the nodal points.
When the velocity of sound is the same in both sections
this point will be at the geometric centre. With loading
masses of similar densities the amplitude can be represented
by Curve B, while with dissimilar densities the amplitude
will follow Curve C. The maximum amplitude in this case
occurs at the face of the lower density material and is
correspondingly greater with the same energy input.

The sandwich is held together using a spring-loaded
centre bolt. The compression is accurately adjusted to
provide a suppression of the positive half-wave vibration
and thus eliminate the shearing stress across the ceramic-
metal interfaces. This type of assembly eliminates the
need for cement as a bond although it is still used to
assist in the transfer of vibratory energy from the ceramic.
A low mechanical Q is an important feature of the Multi-
power transducer as this obviates the necessity for precise
tuning to resonance and enables full power to be delivered
irrespective of the degree of loading on the active face.
One of the photographs shows a transducer with this form
of construction and is rated at 60 watts with barium titanate
elements and 100 watts with lead zirconate-titanate ceramic.

654

The active face area is 4 sq in. providing adequate power
loading for all cleaning purposes.

The choice of the type of piezoelectric ceramic used in
transducer construction depends on the required power per
unit area and the practical economics of the system. Of
the two materials barium titanate shows disadvantages in
the efliciency of operation and thus the maximum power
dissipation, but this is somewhat offset by the lower price.
However, the alternative lead zirconate-titanate possesses a
much higher efliciency with the advantage of high tempera-
ture operation and Elliott-Acoustica cleaning systems
employ this material exclusively. Fig. 2 shows curves
relating electromechanical coupling etliciency to tempera-
ture for barium titanate. It will be seen that the initial
coupling (K,) is higher for lead zirconate-titanate while the
Curie point 1s over 300 °C.

Cleaning Bath Design

Since no acoustic system can be studied without con-
sideration of the complete structure it is necessary to design
cleaning tanks based on correct acoustic principles if
maximum cleaning efliciency is to be obtained. The posi-
tioning of transducers plays an important part in this study
and this in turn is influenced by the proposed application.
While individual transducers are capable of producing
acoustic energy well above cavitation level there would be
little point in mounting a single transducer with 4 sq in.
face area on the bottom of a much larger tank. The thin
wall of a typical cleaning bath does not act as part of the
transducer, but is merely a transmission diaphragm.
Secondary vibrations in the tank structure play a minor part
in the distribution of cavitation zones and a study of tank
parameters has been the subject of a recent paper?.
Standard Elliott-Acoustica tank assemblies have Multi-
power transducers mounted on the tank floor with the
maximum possible packing density. A photograph shows a
typical transducer configuration mounted on a 4-gallon
tank and the arrangement of Multipowers ensures the
minimum amount of ‘dead area” where little cleaning action
will occur. Twelve transducers are used in this instance
and are energized with an average power input of 500 watts.
Each transducer is driven at an intensity of 1-6 acoustic
watts/cm? of radiating area. Assuming negligible internal
losses in the transducers the total output averaged over the
tank floor of 813 square centimetres results in an average
tank power density of 0-62 watt/cm2. In all Multipower
cleaning baths there is approximately 125 watts per gallon
of liquid at average power, and twice this figure at peak
power.

When large tanks in excess of 25 gallons capacity are
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required the permanent mounting of transducers is not
always convenient. In many cases the tank dimensions are
governed by the maximum size of articles to be cleaned
and complete acoustic coverage of the tank floor is un-
necessary. Immersible transducers are then used and can
be positioned as required. These consist of hermetically-
sealed stainless-steel cases containing up te 12 Multipower
transducers. The containers are pressurized with dry
nitrogen and armoured cables connect them to the power
supplies. There is no limit to the size of tank or ultrasonic
power using this system of assembly and very large installa-
tions can be built., One, which is perhaps the largest to
be produced to date. can handle 35 ft long missile parts
and holds 3.000 gallons of cleaning fluid. Fifty kilowatts
of power feed the multiple immersible transducers. separate
outputs being used for individual sections of the tank.

Power Supplies

Until recently power supplies followed a conventional
pattern employing a valve oscillator modulated at twice
mains frequency. The frequency was tunable by adjust-
ment of the tank coil inductance and output impedance
matching was provided by tapping the tank coil. Since
precise matching to the transducer frequency was required
the output power was monitored to provide a tuning
indication. The reason for a low-frequency modulated
output is twofold. Power supplies are simplified with
economy of components and the variation of power output
to the transducers enables cavitation screens to move out
of the acoustic field during the low energy part of the cycle.

The latter is of some importance when high energies are
used as large numbers of cavitation bubbles will be trapped
in standing-wave formations and will act as acoustic
reflectors to the propagated sound wave. This would
prevent complete coverage of the bath volume for cleaning
action.

The employment of Multipower transducers operating
at 20 kc/s and with a low mechanical Q enables major
alterations to be made to generator design. The lower
frequency is within the range of easily available power
transistors and since sharp tuning is not needed variable
frequency control is eliminated. Maximum power can
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Schematic circuit of 250 wart Elliott-4coustica ultrasonic generator

be delivered irrespective of tank loading and metering is
no longer needed. The resulting generator design can be
simple and compact. the only control being an On/Off
switch.

The Elliott-Acoustica generator also includes a means of
frequency modulating the output. While this enables
widely mismatched transducers to be used, a major advan-
tage is found in the break up of standing waves with corres-
pondingly better volume transmission of acoustic energy.

The schematic circuit diagram of a 250-watt unit is
shown in Fig. 3. This consists of a fully transistorized
push-pull self-excited oscillator using six paraliel diffused-
barrier germanium transistors. The operating frequency

25 kW Elliott-Acoustica ultrasonic generator in cuse 2 ft = 2 fi
6in. The stundard range of units includes 250 W, 500 W and | kW
tvpes and larger powers than 2-5 kW are obtained from combina-
tions of units
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centres round 20 kc/s and is determined by the inductance
of the ferrite-cored output transformer T, and the paralleled
capacitors C, and C,. The zener diodes protect the tran-
sistors from switching transients. D.c. power for the
oscillator is supplied by a full-wave transformer rectifier
supply. The small value filter capacitor removes some of
the 100-¢/s ripple, reducing objectionable tank resonances,
but leaves the output heavily modulated at twice mains
frequency.

Frequency modulation is developed by periodically
saturating the ferrite core transformer. With power supply
voltage peaks. the transistor current through the trans-
former is sufticient to alter its inductance and thus frequency
modulate the oscillator over a band of several kilocycles.

The Future for Ultrasonic Cleaning

Individual industrial applications of ultrasonic cleaning
techniques are manifold and can be found in almost every
industry. They range from pins to complete missiles, from
glass lenses to the recovery of fossils. In the effort to
increase productivity their use cuts down man-hours and
produces a better product by eliminating the human element.

Quantity production and 100, testing of components
do not often go hand in hand. And with the continuing
expansion of the world-wide record-player market, this
problem becomes one of increasing importance to manu-
facturers in this field.

To achieve both these desirable ends, a number of
machines have been designed and built by the development
laboratory of Garrard Engineering Ltd.  They cover many
aspects of record-player production but one of particular
interest is a machine which simultaneously tests three pick-
up cartridges. each for a different performance charac-
teristic.

Despite the complexity of the machine. its operation
is simple. It features a turret with four radial arms
terminating in holders into which the operator plugs the
cartridges. the contacts in these holders connecting with the
cartridge tags. Around the body are four stations, on three

of which are revolving gramophone turntables; the other
is the operating position.

The wider exploitation of the technique is already forecast
by the very large systems now being installed. The rate of
expansion rests largely with the willingness of the engi-
neering industry to accept a radically new idea. but the
convincing answer lies in practical tests.
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After visual inspection. a cartridge is placed in the
holder at the operating position. By means of a foot
switch, the turret is rotated 90 . thus moving the cartridge
to the first turntable on which is a 33} r.p.m. frequency
test record. The cartridge is automatically lowered on
to the record and its voltage output is shown on a meter
on the operator’s instrument panel.

Following the insertion of a second cartridge at the
operating station and-its transfer to the 334 r.p.m. record.
the first cartridge 1s carried to the second turntable. Here
it is lowered on to another frequency test record and its
output waveform shown on an oscilloscope on the instru-
ment panel. During its travel to the third turntable on
which is a 78 r.p.m. test record. the cartridge rotates 180 .
thus presenting its 78 r.p.m. stylus to the record. The
voltage at this frequency is also shown on the oscilloscope.

A further feature is that each of the turntables is adjust-
able for position so that each test can be made on an
unworn section of the record.

This illustrates the pickup cartridge
testing machine
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Araldite epoxy resins are ideal for potting—but this is not
a potting shed. Here Araldite is being used to seal capa-
citor windings at Telephone Manufacturing Co. Ltd.
The Araldite filler cures, with negligible shrinkage, to
form a compiete seal. It adheres strongly to metal surfaces
—provides perfect insulation and resists tracking. It is
impervious to moisture. Araldite sealing formulations
pour and cure at room temperature. In many cases curing
can be speeded up by heating.

May we send you a copy of our publication ‘Araldite
epoxy resins in the electrical industry’?

ARALDITE EPOXY RESINS ARE USED:

s for casting large high-grade electrical insulators and insulation
around equipment such as transformers, switchgear components
etc.

n for impregnating, potting and sealing electrical windings and
components.

» for constructing glasscloth laminates in electrical, nuclear,
mechanical and aircraft engineering.

s for bonding metals, ceramics, glass, rubber, plastics, wood elc.

n for constructing tools for forming plastics or sheet-metal, patterns
for mouliding foundry sand, jigs and fixtures for checking accuracy
of assembly etc.

» for chemical resistant-flooring and floor surfacing.
» for anti-corrosion protection of wood, concrete, metals etc

JANCI(e V(S  cpoxy resins

Araldile is a registered trademark CIBA (A.R.L.) LIMITED DUXFORD CAMBRIDGE TELEPHONE: SAWSTON 2121
APr87
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radiation derived from a strontium 90 source.

Resistance strain gauges have been used for many years.
Recent developments have permitted the production of
ultra=thin foil and this has enabled the size of strain gauges
fo be greatly reduced. Standard sizes now range down to
only 4 in. long and still smaller ones can he made.

HI: electrical resistance strain gauge has become a
well-established engineering tool and recent progress
in the production of ultra-thin foil materials has

given considerable impetus to the development of very
small high resistance strain gauges of the etched foil type.
The installation of the Sendzimir multi-roll mill at the
Crawley works of Telcon Metals Lid.. the magnetic and
resistance alloy
shown in

B.L.C.C. group. is
fitted with Beta-
This has enabled

specialists in  the
the cover picture. It is
ray thickness measuring equipment.

electrical resistance alloys to be cold rolled down 1o thick-
nesses of 00002 in. to very fine limits,
thinnest foil which could be rolled accurately was 0-001 in.
and although thinner foils had been rolled. the tolerance
and quality left something to be desired.

Prior to this the

M

§‘
— gl

Early foil strain gauge nearly two inches long

‘The automatic gauge control depends on receiving beta
This beam

ULTRA-THIN
FOIL
STRAIN
GAUGES

By A. L. WINDOW, D.L.C.*

ship and has a low temperature coetlicient of resistance,
another desirable property ;. while the nickel chrome,
although it has a higher temperature coeflicient. can be
used at high temperatures without oxidizing.

‘The first resistance strain gauges were made by winding
a length of fine wire, usually 0001 in. dia. into a grid in
order to achieve a suitable resistance in a short overall
length. The grid was cemented on a thin paper backing
with a cellulose adhesive. and short heavier gauge lead out
wires were welded to the ends of the fine wire element.
‘The whole was then cemented to the surface of the specimen
to be tested and the leads to the recording equipment
soldered to the heavy gauge lead out wires. Strain gauges
are still produced in this way on various backing materials
but in 1952 work by the then Saunders-Roe Company (now
a division of Westland Aircraft Ltd.) led to the development
of the first etched foil type gauge. This type of gauge.
which in fact is a small printed circuit. overcame some of
the inherent disadvantages of a wire gauge and has proved
to have superior characteristics in a number of respects.

Fig. 1 shows a typical outline for a foil type lincar gauge
and points to note are the gradual change in cross-section
from the fine clement to the large area soldering tags to
avoid the stress concentration at the weld in a wire gauge.
‘The width of the lines of the element. which are usually
7% to 10 times the foil thickness and of rectangular section.
provides a large area for bonding to the backing of the
specimen and excellent heat dissipation enabling much

passes through the strip and is backed up by a suitable
receiver on the opposite side. The attenuation of the beam
is therefore a measure of the strip thickness, and by
appropriate application the signal received may be used
1o register the thickness. The system is, of course, cali
brated to the particular material being rolled.

A strain gauge works on the principle, propounded by
L.ord Kelvin, that the resistance of an electrical conductor
changes if the conductor is strained.  For most conducting
materials the resistance increases with tensile strain and
decreases with compressive strain, as a large proportion of
the change in resistance is due to the dimensional changes ;
i.e.. change in length and change in cross-sectional area.
There is. however. another factor, the change of resistivity
of the material with strain, and strain gauge materials are
chosen to give a linear relationship between change in
resistance and strain with as high a resistance change as
possible.  The two most widely used materials are a 45 55
nickel copper alloy. and an 80--20 nickel chrome alloy. The
nickel copper gives the more linear and repeatable relation-

* Westland Aircraft Lid., Saunders-Roe Division
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General form of typical foil resistance strain gauge
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larger currents to be used than in a wire gauge. The large
bond area and intimate contact allow a large cross-sectional
area to be used without increasing the shear stress in the
adhesive or backing between the foil element and the
specimen. The most important parts of the gauge. when
considering shear in the bond are the ends of the grid or
reversal points. In the foil gauge these are designed to
have a large area by making them long. giving two benefits.
It reduces the shear stresses in the bond considerably, thus
reducing creep and hysteresis in the gauge, and it reduces
the electrical resistance in a transverse direction, making
the gauge very insensitive to lateral strains. The backing
material is an epoxyethylene film which is dimensionally
stable and impervious to water and most solvents.

The first foil gauge was produced from copper nickel
toil 0001 in. thick with an active gauge length of 1 in.
and a resistance of 45 ohms. The overall length of the
gauge was nearly 2 in. and it is shown in a photograph.
While this design showed the advantages of the foil gauge,
it was much too big for many purposes and as a gauge
measures the average strain along 1ts length it could not be
used for measuring the maximum stresses in areas of stress
concentrations and gradients. The overall size of the gauge
was reduced considerably by redesigning as in Fig. 1 and
a gauge with an active length of | in. was also introduced,
again on 0-001-in. foil with a resistance of 45 ohms. This
smaller gauge proved very popular and the }-in. gauge is
still the most widely used size. However. there was an
increasing demand for even smaller gauges, and also for
high resistances to match available instrumentation, The
possible ways of increasing the resistance are:

1. By increasing the length of the gauge.

2. By introducing more lines thus widening the gauge.

3. By reducing the line width.

4. By reducing the foil thickness.

As smaller gauges were required 1 and 2 were impos-
sible and 3 would be contrary to one of the desirable char-
acteristics of a foil gauge. The only alternative was the
most desirable one ; the use of thinner foils.

A §-in, gauge was designed to be produced from foil
0-0004 in. thick but as this was not readily available an
interim design for 0-0006 in. was introduced. This gauge
had to be as wide as it was long to achieve the required
resistance. The opportunity was also taken to produce
i-in. and 1-in. gauges on 0-0006-in. foils to achieve higher
resistances and at the same time very long gauges for use
on concrete, torque, diaphragm and rosette gauges were
produced from 0-001-in. foil to widen the range available,
and high temperature gauges with a strip-off type backing
were developed.

With the introduction of the Sendzimir mill at Telcon

UL

Fig. 2. Basic bridge circuit for a strain gauge. According to
circiumstances one, two or four of the arms are gauges
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Metals Ltd., the 0-0004-in. foil became available and the
narrow design of !-in. gauge was produced, becoming the
standard design. It was now considered possible to produce
foil 0-0002 in. thick and consequently }-in. gauges and §-in.
gauges with an overall width of § in. were introduced and
these are now in production. Foil thicknesses currently
in use are 0-0002, 0-0004, 0-0006, 0-0008 and 0-0010 in. and
gauges are made with active lengths from } in. to 4 in.
Smaller gauges could be produced down to /!, in. as they
are in America, but as the demand is relatively small pro-
duction is not commercially worthwhile. The cost of pro-
ducing very small gauges is high in spite of the fact that
less material is required ; the lines may be less than 0-002 in.
wide, and there are problems of production and inspection.

Strain gauges are normally used in a Wheatstone bridge
network in order to measure the small changes in resistance
with strain (Fig. 2). The four arms of the bridge may
be made up in various ways according to the type of
measurement required and the instrumentation used. For
the measurements of stress at a point, a single strain gauge
cemented to the specimen is used as arm R, and three
fixed resistors R, R,. R, complete the bridge. R, is usually
a strain gauge cemented to a similar piece of material to
the specimen but unstrained, in order to provide compensa-
tion for temperature and expansion coeflficients. Most
static strain recorders have fixed resistors R, and R, built
i, but if not, a further two strain gauges can be used
cemented to any convenient piece of unstrained material.

For measuring loads or displacements in a calibrated
system, the signal can be increased by making more than
one arm of the bridge active. For example R, can be
cemented alongside R, thus doubling the signal. If the
specimen is strained by bending, then R, and R, can be
cemented on the opposite surface to R, and R, giving equal
and opposite signals and thus giving a total signal of four
times that from R, alone. In such cases, the signal
obtained is often large enough to drive a 0-50 uA meter
directly without amplification. Alternatively it will cer-
tainly drive a galvanometer or galvanometer recorder.
Cantilevers based on this principle can be designed to
measure loads from a fraction of a gram to hundreds of
pounds or deflections from less than a thousandth of an
inch to inches or even feet at frequencies from zero to
several kc/s.

An alternative to the cantilever is the proving ring which
again allows all four arms of the bridge to be active, and
which gives a completely linear load-resistance change curve.

Special gauges are produced in the form of a herring bone
with the elements at 45 to the axis for measuring shear,
or torsion in shafts. These gauges can be connected up to
eliminate signals due to bending and end load, and record
pure torsion, or to measure the total surface strain due to
all these effects.

For measuring fluid pressures. diaphragm gauges are
produced for cementing to a diaphragm made up into a
pressure cell. Designs are available for pressures from a
few inches of water to several thousand p.s.i.

When measuring strains in concrete it is necessary to
average over a number of pebbles in the mix to avoid
measuring only local effects and it has been found that a
gauge length at least four times the aggregate size is required.
Gauges of 2 in. and 4 in. lengths are produced to suit model
concrete, and normal structural concrete. and 6 in. gauges
have been made to suit heavy concrete.

Strain gauges are used in every type of industry for
either research, development, production checking or
monitoring and it is impossible to single out any particular
applications in a short article. However, ‘from ladies’
shoes to nuclear power stations’ gives some idea of the
scope of these versatile instruments.
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at London Airport. Heathrow. [t has accommoda-
tion for 1.150 cars and 20 coaches. The Witton-
Kramer Division of G.E.C. (Engineering) Ltd. has supplied,
through the K. S. Construction Co. Ltd.. all the photo-
electric equipment for this car park, where it is used to
indicate the number of empty parking spaces on each floor.

The G.E.C. installation consists of 24 sets of transistorized
photoelectric equipment, each set comprising a projector,
receiver and control unit, together with six special relay
control boxes. two counter cabinets and one alarm panel.
It is designed for operation from a 12-V d.c. supply so
that in the event of power failure, the complete equipment
may be switched to battery operation.

One of the counter cabinets is installed in a room adjacent
to the car-park entrance and the other counter cabinet,
together with the special relay boxes and the alarm panel.
are all located in the Superintendent’s office situated in
front of the building.

g NEW five-storey car park has recently been opened

Operation

When a car enters the ground floor, the total number
of spaces shown on the ground-floor counter is reduced
by one digit. As the car leaves the ground floor and
enters the first floor. the ground-floor counter adds one
digit at the same time as the first-fleor counter subtracts
one.

Each floor has an entrance and exit from the floor
Selow and an entrance and exit from the floor above. It
‘s thus necessary for the equipment to be able to count
two cars entering or leaving a floor stimultaneously. The
circuit is so designed with a system of relays, that two
cars entering any floor simultaneously at up to 20 mile /hr
will both be recorded. No indication is given on the
counters if one car enters and another car leaves a floor
simultaneously.

Two pushbuttons are provided for each of the six
counters on the counter cubicles to notch the counter
readings up or down independently to any required figure.
When only ten car spaces are left an alarm is given and
this takes the form of a klaxon which operates for approxi-
mately five seconds. At the same time an indicator lamp
board will show which floor is concerned. A reset push-
button for the indicator is provided.

Although pedestrians are not permitted to walk up and
down the roadways. the possibility of counting individuals
is overcome by using double beams spaced approximately
6-ft apart. Both beams must be interrupted at the same
time before a count is registered.
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The projectors and receivers installed ar the entrance to the build-
ing can be clearly scen in this pictuy e

This equipment forms part of the installation for indicating the
number of cars ir the car park
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AUTOMATION
IN THE
GLASSHOUSE

By J. A. IRVINE, B.Sc., AM.LEE."

The cost of fuel and labour is a major item in the
production cost of crops, such as tomatoes grown in a
glasshouse. This article describes automatic controls
for regulating temperature, ventilation and humidity.

Findlay. Irvine | td
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was noticeable that horticulturalists in Great Britain

were afraid of the consequences to their industry
of joining the Common Market. Their fears were certainly
justified. because even now with a tariff on imported glass-
house produce. there are many cases of home-grown
produce being dearer than its imported counterpart,

If one considers tomatoes. one of the main glasshouse
crops. the primary costs of growing are fuel and labour:
in Scotland 30", of the wholesale price is taken by fuel
and 409% by labour. In the Channel Islands and the
Continent the fuel percentage is much lower because of
the warmer climate. [If British growers are to remain
competitive. they must make every effort to reduce labour
costs and o use fuel as economically as possible. Auto-
matic control of temperature. ventilation. irrigation and
humidity can all be used to reduce costs and improve crop
quality. There is great scope for automation in Britain,
which. at the present moment. lags behind some other
countries. such as Holland.

D URING the recent Common Market discussions it

Temperature Control

The importance of keeping a glasshouse as cool as
possible can be understood from the fact that winter and
spring heating costs are approximately doubled for every
S Fincrease in inside temperature.  Also. some crops may
be kept at a night temperature some 20 F below the
optimum day temperature. The ideal glasshouse thermo-
stat should have a differential of less than | . a fast
response to temperature changes. be readily adjustable.
accurately calibrated. and have the facility of automatically
changing its set point in response to changes in light
intensity. when required.

With these requirements in mind. an electronic photo-
thermostat was designed. using a transistor as the tempera-
ture sensor and a photo-transistor as the light sensor.

Transistors are well suited as sensing elements since they

have a thermal time constant of about | second when the
junction is connected to the case. have a sensitivity which is
high and linear. and may be situated remote from the main
circuit.

Referring to Fig. 1. which shows the / 1, character-
istic of a typical transistor. it will be seen that to maintain
constant collector current. the base-emitter voltage must
be reduced by about | mV for every | “F rise in temperature.
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Fig. I.  Transistor characteristics with temperature as a parameter
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This tigure applies to both silicon and germanium tran-
sistors, and s extremely stable. Fig. 2 shows the tempera-
ture sensing circuit. The collector current of Q, is a
function of its junction temperature and base—-emitter volt-
age. which is derived by adding the current flowing in
VR, and VR in the low value resistor R . For a fixed
base-emitter voltage. the collector current /. varies only
with temperature. Calibration is simple. and is carried
out as follows:

With VR at ‘max.” negligible current flows in VR, :
the base-emitter voltage is thus controlled by VR, so
that the desired collector current flows when the tran-
sistor is maintained at the maximum temperature to
be controlled. The transistor temperature is then
reduced to the lowest requirement. VR | rotated to ‘min.’
and VR, adjusted to give the same collector current as
before. If VR, is a linear potentiometer, the tempera-
ture setting is linearly related to angular rotation. and
only the limits of the temperature scale require calibra-
tion. as outlined above. Using standard audio-frequency
transistors. the sensitivity is about 4, change in collector
current per F change in temperature.

Fig. 3 shows how the photo-transistor circuit is added.
The photo-current flowing in the low value resistor R.
reduces the base—emitter voltage of Q,. reducing /, and
thereby giving the same effect as a reduction in transistor
temperature. The value of photo-current depends on the
intensity of illumination of Q.. the setting of VR and the
value of VR,. Calibration consists of fully illuminating
Q.. setting VR, at ‘'max. and adjusting VR to give the
required change in temperature setting. Fig. 4 shows the
complete circuit.  The collector current of Q, is amplified
by an n-p-n transistor Q, and a p-n-p transistor Q. which
has as its load relay R. The stabilized d.c. supply for
Q,. Q. and Q, is obtained from a transformer-rectifier-filter
system and zener diode D. With the circuit shown. the
range of temperature is 45-95 *F. the differential 1s less
than 0-5 “F, and the temperature setting can be automatic-
ally raised by 18 'I' when the photo-sensitive circuit is
brought into use. Both sensing elements are located in
housings which can be placed at the most desirable position
in the glasshouse. and connected by ordinary 3-core cable
to the main control box which is normally placed beside
the heating contactors.

Ventilation

Most glasshouses are constructed with the ventilators
linked together so that all the ventilators on one side may
be operated from a single lever or crank. When ventilators
are operated by a skilled man. he takes into account green-
house temperature, wind direction and wind velocity. always
endeavouring to ventilate without draughts. Also. to keep
the cost of automatic ventilation to a minimum. it is
desirable to utilize the existing mechanism as far as pos-
sible. With these requirements in mind the Autovent*
system was designed. It is compact, having a variable
thermostat, reversible motor, gear box, limit switches and
controls in a single housing. leading to simple installation
with a minimum of external wiring. A typical installa-
tion is shown in one of the photographs. A Terylene cord
is connected from the winding drum to the operating lever,
passing through a pulley block if a pull in excess of 50 Ib
is required. The unit is flexible in operation, having an
adjustable thermostat, a control for varying the amount
by which the ventilators open. and has provision for manual
control. In large installations., an Autovent is usually
fitted to control each side independently, and, if required.
a wind vane can be used to select the ventilators on the
leeside of the house.

Registered name.
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Photo-thermostat conrrol unit
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Fig. 3. The circuit of Fig. 1 with a photo-transistor @, added to
sense hoth temperature and light
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The present method of altering the hunudity in glass-
houses is to damp down the floor when the atmosphere is
too dry. and increase the air temperature when the humidity
1s too high. Manual control of humidity is crude for a
number of reasons. Floors are damped down infrequently
and the applied water may evaporate in 30 minutes or still
be there next day. It is also difficult to judge the humidity
of the atmosphere.

A system of automatic humidity control is at present
under development. based on a new type of sensing element
whose volume resistivity varies markedly with relative
humidity and only slightly with temperature. Fig. 5 gives
the resistance-humidity characteristic of a typical element.
The drift of this characteristic with time is less than 29,
It can be used as one arm of a Wheatstone bridge. having a
phase-sensitive detector indicating whether the actual
humidity is above or below the required limits. If below
the lower limit, the detector opens a solenoid valve which
introduces water to a system of fine sprays directed at the
floor. Once open. the valve is controlled by a timer which
keeps it open for 1 minute then closes it for a further
30 minutes regardless of humidity. This gives the water
time to evaporate and permeate the atmosphere. If, after
30 minutes. the humidity is still too low the sequence of
operations is repeated.

If the humidity is above the upper limit, and the glass-
house temperature is below a preset figure (normally about
50 F). the heating system is switched on to prevent mildew
and other forms of fungoid growth.

The control systems outlined above are an indication of
present day thinking. The future promises to be more
exciting still. As the conversion efliciency of electricity
to light increases. and the insulation value of building
materials goes up. it will be possible to have glassless houses.
artificially lit. free from pests and diseases, and with a
completely controlled atmosphere. much cheaper to operate
than the present glasshouse. and giving predictable results.

INFORMATION WANTED ?

If you require further details of products or pro-
cesses described or advertised in INDUSTRIAL
ELECTRONICS you will find it convenient to use
the enquiry cards which will be found in the front
and back of the journal.
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AUTOMATIC CONTROL
OF A TAILOR
KNITTING MACHINE

Iy

N entirely new approach is being made to the design
Aand knitting of tailored or ‘three-dimensional’

garments. A machine. which is automatically con-
trolled by electronic and servo means. is now under
development by Evershed and Vignoles Ltd. for Macqueen
C'ybernetics Ltd.. London.

The knitting machine, embodying many novel features.
and the knitting techniques have been widely covered in
the textile press. A high degree of flexibility in control
and patterning has been brought about by the use of
punched plastic tape in the data input systems and it is
the purpose of this article to discuss these systems in detail.

The principles of the data input systems depend upon
the functions that they control. In order to achieve pat-
terning in a garment needles are either knitted or not
knitted as the knitting mechanism. the cambox, passes over
them. Therefore the pattern tape. containing data for
needle selection, is read in a serial mode in synchronization
with the process of knitting.

The other data required is of a line by line nature present-
ing information for a particular course of knitting.e.g. speed.
yarn colour, stitch length and garment width. This implies
that the tape be read in a parallel mode. The tape so used
is known as the control tape.

The Basic Tape

An identical black plastic film 1s employed for both the
control and pattern tapes. ‘The tape, which is 5} in. wide,
is driven from standard 35-mm film size sprocket holes. run-
ning along one edge of the film. A total of 36 holes can
be punched across the width of the tape, the line of the
holes being slightly inclined to facilitate serial read-out.
By using a black plastic material, the tape is suitable for
both optical and electro-mechanical read out systems. Both
tapes are used as continueus loops and the plastic material
1s readily spliced.

Control Tape Reader

The control tape is read by electro-mechanical means
before each traverse of the cambox. Two courses of
knitting are produced for each traverse. To obtain suffi-
cient data for the two courses, two rows of holes on the tape
are read at the same time.

The actual reading ts performed by sensing-brushes bear-
ing on the tape. the presence of a hole allowing the brush
to make contact on to individual studs on the platen below.
A general view of the reader is given in Fig. 1. The
sensing-brushes are mounted on a pivoted arm, shown in
the raised position which facilitates the loading of a new
tape. The tape, which is in the form of a continuous loop.
1s carried past the reading position by means of sprocket-

“ Evershed & Vignoles Ltd.
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This article describes the data-handling systems for an
automatic knitting machine. The data is stored on tape and
controls the knitting of a three-dimensional garment as well
as the pattern

By M. BROWNING, D.F.H., AM.LEE.

toothed drums.
holes at a time.

When a tape shift is indicated. the supply to the sensing-
brushes is interrupted. prior to their being raised just clear
of the tape.  The tape is indexed on and the sensing-brushes
lowered ready to be energized in the next dwell. This
action takes place during the process of knitting, thus
reducing the dwell (i.e.. ‘dead time’) period. The action
time is approximately 0-5 sec.

At the beginning of the dwell. the supply is restored to
the sensing-brushes and read-out occurs. thus setting up
the control and decoding relays.

l'or a typical garment the total number of courses of
knitting would be 3.000. which means the tape length is
approximately 32 ft. The tape is stored inside the magazine
vertically below the reader. in random fashion, and up to
100 ft of tape can be accommodated. It is drawn in and
out of this magazine by means of a separate take-up motor
driving sprocket-toothed drums. The tape is held against
the drums by spring-loaded rubber-faced rollers.

Between the take-up motor and the reader. the tape is
formed into a double loop around a pair of floating open-

These index the tape on by two rows of

Fig. 1.

In this close-up of the control tape reader the
punched tape can clearly be seen
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HEAT FILTER

PHOTOOELL

Fig. 2. This diagram shows the general arrangement of the
pattern tape reader

ended rollers, thus forming a local tape store. This over-
comes the problem of the tape-indexing drive having the
additional load of taking the tape out from the magazine.
As tape is drawn from the local store. the floating rollers
travel across, striking a pivoted arm. thus operating a
microswitch which in turn energizes the take-up motor,
to restore sutlicient tape.

The tape-indexing drive is mounted at the rear of the
reader. On initiating the shift cycie a rotary solenoid is
energized, raising the latch from a counting mechanism.
Simultaneously. an electromagnetic clutch is energized. thus
applying power from the driving motor to a gearbox. the
output of which drives a camshaft. raising the sensing-
brush arm. Also carried on the shaft at the rear .of the
reader are additional cams to operate the ratchet
mechanisms which provide the intermittent movement of
the tape. together with cams which operate contacts for
external switching functions and for breaking the supply to
the rotary solenoid and magnetic clutch after the requisite
number of revolutions of the drive motor,

Pattern Tape Reader

Pattern information is required during the process of
knitting, so the tape is read in a serial mode in synchronism
with the cambox movement. The method of scanning the
tape is shown in [IYig. 2. A long-filament light source is
mounted above the tape, thus allowing any heat generated
to be dispersed vertically. Light passes through a heat-
adsorbent filter and is focused as a line across the width
of the tape. The tape is driven slowly under the band of
light. Below the tape is an open-ended rotating drum.
around the periphery of which is a helix of 36 holes.
Stationary within the drum is a strip of photocells. The
gearing between the tape drive and the drum is arranged
so that for one rotation of the drum the tape is moved
on one row. during which time each hole position in the
tape is opposite the photocell, so achieving a continuous
read-out,

Signals from the photocells are subsequently amplified
and routed to the appropriate magnetic selectors. thus
effecting the knitting of the desired needles.

The tape is stored in an identical magazine to that of
the control tape and is drawn in and out by a similar drive
system. The pattern tape consists of frames 8} in. long,
the maximum tape length being 100 ft. A double system
is employed on the knitting machine. which means that
two courses are knitted for each traverse of the cambox ;
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thus. there are two reading drums on the pattern reader.
one for the leading course and one for the lagging course.
As on the control reader, the tape is formed into a local
store between the reading drums and the take-up motor
drive. In this case. however. 164 in. of tape must be
held in the local store. this being sutlicient for one tape
shift.  The time for this action is approximately 0-5 sec.
Speed of reading is 864 bits per second when using the
equipment for knitting in 16 gauge needles.

To extend the patterning facilities in the machine. two
pattern readers are employed. The control tape indicates
which one is to be used for the next traverse and the tape
shift is then initiated prior to the commencement of knitting,

As in the control-tape-indexing drive a rotary solenoid
removes the latch from the counting mechanism and by
energizing an c¢lectro-magnetic clutch, the tape drive is
applied. in this case via a differential on to the tape-driving
drums. The other side of the differential provides the
reading drive input. As before, cam-operated contacts
break the supply to the rotary solenoid and magnetic clutch
after the requisite number of drive motor rotations.

Tape Preparation

The punching of both tapes is carried out in the per-
forator, shown in Fig. 3. The required information. pre-
viously prepared and written out on a paper tape. is
displayed line by line by means of a back-projection system
on to the screen mounted above the keyboard. As the
keyboard is set up. a visible display on numerical indicating
tubes is used to verify that the information to be punched
agrees with that shown by the projector. prior to depressing
the punch key. Both the plastic tape and the paper tape
then index on ready for the next line to be punched. If
the operator observes a mistake. she can press the reject
key and reset the keyboard.

The information on the tape is in pure binary form. [or
the written side of the data-handling an octal code is
employed. This accounts for the fact that there are only
12 columns of keys on the perforator, each being numbered
from 0 to 7; one column of keys therefore can punch up
to three holes.

On removing the tape from the perforator, it is placed
in a magazine in readiness for instullation in the appropriate
reader.

Fig. 3. The tape is perforated by an operator who sets up on

a kevboard the numbers appearing projected on « screen from
the master chart
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side-effects. Hughes prescribe from a comprehensive list of PNP/NPN
Silicon planar Transistors, Silicon planar and Germanium computer diodes,
Silicon power and Zener diodes and voltage variable capacitors—for imme-
diate and regular application. Be sure, too, that Hughes research is constantly
alert for new strains of semiconductoritis* and will be ready with appropriate

remedies.

*Semiconductontis: & production frustration caused by the failure or non-avai'atihly of solid-state components.

| HUGHES INTERNATIONAL (U.K.) LTD J|

Why not phone or write
now for Technical Data or
Quotations. Alternatively,
our Sales Engineers will
be delighted to call and
discuss your immediate or
future needs.

U.K. SALES: KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX. TELEPHONE: HOUNSLOW 5222

OVERSEAS ENQUIRIES: HUSINT S.A.,, 3 RUE AMI LULLIN, GENEVA
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LIQUID LEVEL CONTROL

By and large, the familiar mechanical liquid level controller
does a reliable job, but it has its limitations particularly in
precise industrial applications. Here the effective answer is
inexpensive cold cathode trigger tubes. Reliable to the point
of outlasting the useful life of parent equipments, Ericsson
trigger tubes meet the most exacting requirements.

Operating from rectified mains they require no special power
supplies, they are not affected by severe transient overloads,
they give visual indication of current flow and their charac-
teristics remain unchanged by temperature fluctuations.

With suitable electrodes any substance capable of flow even
with only a moderate degree of conductivity can be accurately
maintained to predetermined levels or measured and deljv-
ered in selected quantities.

The circuit illustrates the simplicity of cold cathode trigger
tube liquid level control. For more information and data please
write to the address below.

GPE 120T TRIGGER TUBE

j o
240V

T ? t
0A211
%mm §3»3K ;30K§ goAs  o0eps
—¢

3
<

E250C50

wrEm (20000 |4

2 GPE120T
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Tube Division
Technical Services Dept., ETELCO LTD

EncLano Beeston, Notts. Tel: 254831,

m ERICSSON TELEPHONES LTD

FRICSSON TELEPHONES LIMITED - ETELCO LIMITED - Head Office: 22 LINCOLN'S INN IELDS - LONDON WC2 + Telephone HOLborn 6936
ER §9
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By J. A. GLASGOW*

Radar equipment is described in which
a true north-up form of display is
obtained but is presented in the form
of a ship’s-head-up display. Thus the
convenience of the latter is secured
but at all times true compass bearings
can be obtained.
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Port Nicholson on trials. This ship is fitted with Argus radar (Courtesy Harland & Wolff)

ITH conventional marine radars two alternative forms of display
W have been offered. First, there is the straightforward ship’s-head-up

presentation and secondly, the stabilized-north-up. This second
alternative may possibly have true motion facilities as weil if required. Each
form of display has its own advantages and disadvantages. It will be shown
possible to have the advantages of both. with the disadvantages of neither.
combined in one form of display.

With the conventional ship's-head-up display all targets are shown on the
radar p.p.i. in their natural position relative to the ship and i's direction of
travel. For example. targets that are to port of the ship are shown on the port.
or left-hand side of the display. targets that are ahead show towards the top of
the display—hence the description ship’s-head-up.

For the man conning the ship this can be the ideal orientation of the radar
picture. If in poor visibility he sees a target on the radar to one side of the
screen he knows immediately. more or less intuitively, where he has to look for
it outside. As one's own ship is effectively in the centre of the display and
other targets shown naturally disposed round it. it is an easy matter to project
the target's direction into real space.

As an impending collision is indicated on the display by the approach of a
target on a fixed bearing relative to your own ship it is necessary for this condi-
tion to be easily detectable. This can be achieved by several methods. One
is to make provision for regularly taking bearings mechanically or electronically
and another is to utilize a c.r.t. with the longest possible afterglow. making use
of the fact that targets leave "tails’: ie.. a short record of how the present
situation has built up. A point may be made here that these ‘tails’ are not
the target ship's wake, but are indications of the target ship’s movement relative
to your own ship; i.e., not their true courses. The longest available afterglows
are not completely sutticient for this and plotters are frequently used. A
plotter has a surface for periodically marking the current positions of targets
in order to build up a history of the situation. and for more accurate computa-
tion of the distance of nearest approach and also assessing degrees of safety.

The effect of yawing and changes in course of your own ship on this neces-
sarily long afterglow is one cause of the failings of the conventional ship’s-
head-up display for. when your own ship changes course or yaws, targets on the
screen smear. |f the ship yaws a few degrees a target will show instantaneousiv
on its correct bearing but the afterglow from these previous signals builds up
into an arc of the few degrees of yaw and this causes tails from other ships
to become broad and distorted. This makes it necessary to wait some time to

The Marconi Co. Ltd.
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determine the courses of other ships. Also if your own
ship has to change course (say 45°) in taking avoiding
action, all targets swing round 45° on the display and the
afterglow will have a 45° smear so that time must be lost,
waiting for it to clear.

The smearing on the screen and the difficulty in deter-
mining the actions of other ships are overcome by the
north-up display. With this presentation targets are shown
in their positions relative to your own ship indicated
geographically as if on a chart; i.e. the most northerly
ones at the top. etc. This removes the smearing effect and
inaccuracy of bearings because when your own ship alters
course targets are not swung round on the screen. A ship
in the east is in the east wherever your own is heading. All
that rotates on the display is the heading line. (This is a
line on the display tube produced electrically, each revolu-
tion, when the aerial passes dead ahead.) As targets on
this form of display are stabilized it is often called
‘Stabilized-North-Up'.

This form of display is recommended by the Radio
Advisory Service and Ministry of Transport as bearings
may be taken more accurately and these bearings are true
compass bearings as opposed to relative bearings. The
international steering and sailing rules say ‘Risk of collision
can . . . be ascertained by carefully watching the compass
bearing of an approaching vessel'.

The method of stabilizing the display is by feeding the
aerial position information via a differential synchro that is
itself driven by the ship’s gyro compass to the display unit.
As the ship changes course the gyro transmitter drives the
differential synchro round and the phasing of the aerial
position information is changed to maintain the radar data
stabilized to north-up.

There is a further advantage of a stabilized-north-up
display in that your own ship’s course and speed may be
fed into the display as ‘offsets’ continuously and electronic-

Argus on Elettra 111

Here the display unit is shown elevated for servicing. Its weight is
taken by consrant-force springs

ally as northings and eastings so that as your ship moves
forward so does its position on the c.r.t. This has the
effect of making land targets stay still and moving targets
move with their true motion. This prevents even the slight
smear of fixed targets due to your own ship’s motion through
the water.

Although this north-up method of display has better
characteristics for safety and accuracy it does not appear
to be the most commonly used. The reason for this is that
it is not so easy to interpret. When the navigator is not
only using the radar but is also using his own eyes outside
as well as listening for any aural signals, he needs his
stimuli in consistent directions. If the vessel were travelling
east a target to port would show at the top of the display
and a target astern would show on the left; in the worst
case, on a southerly course, the display is then reversed ;
targets to port are shown on the right-hand side. As can
be imagined this can cause confusion in times of stress.

It can be seen that neither of these conventional methods
of display is ideal for all circumstances. They either
smear and are indeterminate or may be presenting the radar
data the wrong way round.

True and Natural Presentation of the ‘Argus’

The Marconi ‘Argus’ display overcomes these apparently
incompatible requirements by an effective combination of
the two forms of display. First, a stabilized-to-north dis-
play is obtained on the c.rt. to gain its advantages and
then the whole c.r.t., with its deflection coils, bearing scale,
and plotter, is rotated to give a ship's-head-up presentation
so that it may be clearly understood. Provision is made
also so that the display may be made to rotate to north-up
so that a straightforward comparison with a chart can be
made. As this display gives the navigator something extra
it has been referred to as a BONUS (Bow Or North-Up
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Stabilized). The display gives true compass bearings at
all times and, as it is north or compass stabilized, it may
have ‘true motion’ added and present the radar picture in the
natural way.

Design Features

In the design great stress has been placed on performance
and reliability. The high performance is achieved by the
use of a modern high-power low-noise transmitter-receiver
system and high definition is obtained by the use of a very
short pulse and an ultra-wide video amplifier. The tech-
nical details of the radar system are included in Table 1.

Reliability is obtained by using only first quality com-
ponents and printed boards of the best available materials.
The servo system to orient the tube to north-up, and ship’s-
head-up, is run continuously on switching on to ensure and
check satisfactory operation and also that the slip rings that
feed the rotating c.r.t. are clean.

The method of achieving a stabilized-to-north display is
as previously mentioned. The differential synchro is housed
separately from the display in either the true motion unit
or in the compass stabilizing unit, whichever is fitted.

Allowance has been made, by use of a plug and socket
system, for adding true motion facilities at a later date
should they not be fitted with the initial installation. This
is considered desirable since true motion has perhaps not
been as fully used as it might have been due to its previous
restriction to north-up only. Now that the Argus makes
it available with a ship's-head-up display it should become
more popular and its use increase.

The servo system to maintain the c.r.t. at ship’s-head-up
or at north-up, at the control of a switch, is a fundamentally
simple system utilizing cams, microswitches and relays con-
trolling an orientation motor. This simplicity is possible
because a strictly accurate alignment of the ship’s-head-up
is undesirable. If the orientation servo followed every
small movement of the ship’s head while the ship was yaw-
ing the use of a plotter would prove difficult with the tube
and its plotter continuously moving. This is prevented by
incorporating a few degrees of lost motion in the system.
As the c.r.t. picture is stabilized independently this causes
no inaccuracy. This lost motion removes the need for
velocity feedback and allows the use of an on/off system.
The basic circuit of the orientation servo is shown in Fig. |.

On switching on the display the relay A being energized
causes the orientation motor to run continuously and clean
the sliprings. After the thermal element has heated relay
A operates and switches the motor to its normal operational

Conventional north-up display (above) an d Argus display (below)

TABLE 1
Diameter of Display Tube 12 in.
Range of Display 4,14, 3,6, 12, 18, 24 and 48 n.m.
Minimum Range 30 yards

Range Discrimination

Range Accuracy

Electronic Bearing Indicator

Bearing Accuracy
Transmitter Pulse Length

Transmitter Power
Receiver Bandwidth

Receiver Noise Figure
Aerial Aperture

Aerial Beamwidth

Aerial Rotation

Total Power Consumption

|5 yards Short Pulse

100 yards Long Pulse

Better than 19, of maximum
range in use or 30 yards, which-
ever is the greater

Digital presentation of true com-
pass bearings

Better than |

007 or 05 usec dependent on
range

70 kW peak

25 Mc/s when on short pulse

5 Mc/s when on long pulse

Better than || dB

12 fe 6 ft
3 13
25 r.p.m. 25 r.p.m.

p
24 kW from 110 or 220 V d.c. or
50/60 c/s a.c.
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S.H.U. MOTOR ON/OFF

SWITCH FITTED TO —»
COMPASS RING
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t CAMS FITTED TO C.RT.

CAM FIXED TO i
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ELEMENT
Fig. [.—General form of the Argus orientation servo system
condition. Relay B applies the h.t. supplies to the elec- change of course, in a series of small movements sufficiently

tronic parts of the display. Relay C turns the motor on
and off. When switched to north-up, assuming that the
course is not northerly. the north-up microswitch will be
closed and operate relay C causing the motor to run and
drive the tube round. When north-up is reached a cam on
the c.r.t. mount operates the microswitch which allows the
motor to stop.

On switching to ship's-head-up two microswitches are
brought into circuit, one to control the motor on/off and
the other to control the direction of rotation. These are
operated by cams fitted to the c.r.t. mount and the switches
are moved round the c.r.t. by a gyro repeater motor. These
switches cause the motor to run in the appropriate direc-
tion to maintain a ship’s-head-up picture. The width of the
motor on/off cam incorporates the previously mentioned
"lost motion’.

As the servo is an on/off system the tube rotates. on a

small and infrequent not to be noticeable.

The mechanical design of the display unit is such that it
may be mounted straight on the deck or fitted in trunnions
so that an adjustable viewing angle is obtained. Provision
is also made for swivel-mounting the display so that it may
be viewed from the steering position or elsewhere on the
bridge as desired.

Acknowledgments

The author wishes to acknowledge the assistance given
by the engineers engaged in the development of the display
and its associated equipment. Thanks are also due to the
Director of Engineering and Research. The Marconi Co.
Ltd., and to the Managing Director, Marconi International
Marine Co. Ltd., for their kind permission to publish this
article.

MEASURING MOISTURE

The measurement of a wide variety of
materials can be made on site with a
fully transistorized moisture and density

measuring  equipment  developed by
Nuclear Enterprises (G.B.) Lid. This
easily rransportable instrument, the

NE 8401, can be used by inexperienced
operators to give immediate determina-
tions. The depth probes, seen here in
use on a building site, can be quickly
converted by means of a neutron shield
to give surface readings on newly laid
concrete roads, soils, concrete beams and
rolled surfaces. lustallations of a less
portable nature are also available 1o
monitor  the flow of marerial along
conveyor belts

For further information circle 42 on
Service Card
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The “switches™ are built in circular form, the 625-
line sampler being at the top and the 405-line at
the bottom. Between them are the low-pass
elements which provide storage and interpolation
berween samples

TELEVISION
STANDARDS
CONVERTER

HE B.B.C. recently demonstrated a new electronic

standards converter which it has developed. Unlike

all previous converters it operates entirely on the
video waveform and does not involve any optical methods.
In the demonstration a picture produced by a 625-line
camera was converted to 405 lines and the two pictures
displayed on monitor tubes side by side. Apart from the
different line structure there was no visible ditference
between the two pictures.

Standards conversion in the past has been based upon
the idea of using a 405-line camera to view a 625-line
picture reproduced on a c.r. tube. The process has involved
a considerable degradation of picture quality. Although
this may be acceptable for pictures of outstanding interest.
many people have felt that it would not be for regular use.
Consequently. they have been worried by the prospect of
the change of standards which is to take place in the future.

The 405-line transmissions are not to be closed down
for 10 years or so and there will be a considerable period
when the same programme will have to be transmitted on
both 405 lines and 625 lines. It will be desirable to pro-
duce the signals in the first instance by a 625-line camera
and to develop the 405-line signal from it with the aid of a
standards converter. It is thus important that the con-
version should be effected without appreciable degradation
of picture quality and the new converter enables this to be
done.

The 625-line video signal is sampled at about (-1 usec
intervals ; that is. 600 times per scanning line. The
sampling is done by means of semiconductor switches which
provide the equivalent of a 6({)-contact rotary switch. This
switch ‘rotates’ at the line-scanning frequency. so that the
600 samples per line appear in sequence at the 600
‘contacts’.  Subsequent ‘rotations’ of the switch bring
further samples from subsequent lines to the ‘contacts’.
Over a field period. therefore. the samples at any one
‘contact’ are from a vertical strip across the picture. The
600 ‘contacts” thus carry the entire picture in a vertically-
scanned form.

LFach “contact’” is connccted through a simple low-pass
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filter to a ‘contact” of another similar rotary switch. This
switch. however. ‘rotates’ once per line of the 405-line
system. The 600 low-pass filters smooth out the samples
to provide a continuously-variable waveform corresponding
to vertical scanning. and the 405-line switch samples this
again to provide the usual 405-line horizontal scanning
waveform.

In this way the original samples at about 0.1 usec intervals
from the 625-line waveform produce waveforms which can
be resampted at about 0-15 usec intervals appropriate to the
J05-line waveform.

The method can. of course. be used to convert trom
405 lines to 625 lines but it requires the field frequency of
the two signals to be the same. It is thus, at present,
inapplicable for conversion to or from the 525-line 60-field
standard.

Eliminating Noise in Industry

A new service designed to eliminate noise in industry has
been announced by W. A. Hines and Partners, acoustical
engineers, of Stanmore. Middlesex.

In factories and oftices where excess noise affects
efliciency and health. acoustical measurement is made
according to British Standard specifications. a full survey
is then carried out and a report is prepared detailing the
stens which must be taken to eliminate the noise.

When the report is accepted. working drawings and
specifications are prepared and. if necessary, applications
for planning permission are submitted to local authorities.

Acoustical contractors are then called in to manufacture
and insta'! the necessary equipment.

Since the majority of noise problems can be foreseen
in advance if acoustic engineers are called in before premises
are built or equipped. the firm is also offering a pre-planning
consultancy service.

For further infermation circle 43 on Service Card
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1. High Voltage Power Supplies

Brandenburg have added to their
range of stabilized d.c. power supplies
a new series which provides outputs of
upto 3 Aatupto5kV. Models with
fully variable outputs (the VHC series)
and models with fixed outputs (the
FHC series) are available.

They provide a highly stable d.c.
voltage source with an effective resis-
tance of less than 5 € and a stability
of 0-1% for +109% input change.
Residual output ripple is less than
2 parts in 106, Both voltage and
current metering are included, as well
as overload cut-outs and suitable
protection.

The larger supplies are enclosed in
ventilated racks mounted on mobile
bases while the smaller units are avail-
able for rack mounting or in cabinets.
The standard input for all models is
200/250 V. 50 c/s, single phase, but

alternative inputs are available as
required. — Brandenburg Lid., 139
Sandersicad  Road, South Croydon,
Surrey.

For further information circle | on Service Card

2. Miniature Variable Transformers

Two further types of miniature vari-
able transformer have been introduced
by Philips. They are believed to be
the smallest of their kind available
commercially, and have a diameter of
3} in. and a depth of 1{ in. Both
types may be operated from 50 to 400
c/s inputs.

The first model. type F401ZZ /03, is
for use with Continental and American
mains. It has an input of 110 V and
an output that is continuously variable
from 0 to 110 V in one sweep.
Maximum output current is 0-5 A.

The second, type E401ZZ/04. is
particularly suitable for use with tran-
sistorized equipment. Input is 60 V
and output is continuously variable
from 0 to 60 V in one sweep with a
maximum current of 1.2 A.

The transformers are encapsulated
in reinforced polyester resin and are
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suitable for tropical service. They are
designed for panel mounting and when
ordered in quantity can be supplied
with a spindle of any specified length.
Both models are available ex-stock at
58s. 6d.—Research and Control.Instru-
ments Ltd., Instrument House, 207
King's Cross Road, Londan, W .C.1.

For further information circle 2 on Service Card

3. A.C. Voltage Stabilizer

Claude Lyons announce an addition to
their range of a.c. voltage regulating
equipment: the type BTR-5 voltage
stabilizer with solid-state circuitry.
This instrument employs a standard
control system but, due to a new cir-
cuit configuration, harmonic distor-
tion is reduced to 69 without the use
of a filter. Stabilization is within
+0-39% of the set output voltage and
is unaffected by supply frequency
variations between 45 and 65 c/s.
For the most critical applications,

a filter can be provided, either
separately or incorporated in the
stabilizer (Type BTR-5F), when, at the
tuned filter frequency. the distortion
is further reduced to below 2% and
the stabilization improved to + 0-29%.

The standard type BTR-5 is priced
at £67 10s. and the filtered type
BTR-5F at £83 10s., both models being
continuously rated at 5 A (1.2 kVA
approx.)—Claude Lyons Lid., Valley
Works, Hoddesdon, Herts.

For further information circle 3 on Service Card

4. Emitter-Follower Unit

250 MQ input impedance and unity
gain are two of the novel features
incorporated in a transistorized
emitter-follower unit developed by
Wilmot Packaging for use with crystal
accelerometers and similar high im-
pedance devices. The quoted input
impedance is maintained over a fre-
quency bandwidth of 1.5 c¢/s to
10 kc/s. Output resistance is 4.7 k<.

The units are cylindrical in shape
with a side-mounting bracket. A
miniature coaxial socket is situated at
one end to receive the high impedance
input and a 4-pin socket at the other
end accommodates the power and out-
put signal connections. Known as the
E.F.6, these units weigh less than 4 oz
and can very often be mounted on the
job, thus eliminating long coaxial
cables.

With this in mind. a second unit,
known as the A.E.F.6, has been pro-
duced which incorporates an accelero-
meter as an integral part of the unit,
thus completely eliminating coaxial
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leads and connections. The overall
specification is similar to that of the
E.F.6, with modifications to the case
to permit screwed attachment.—
Wilmot Packaging Lid., Electronics
Division, Salisbury Road, Totton,
Southampton.

For further information circle 4 on Service Card

5. Photo-Electric Counting System
Photoelectronics (M.O.M.) have an-
nounced a high-speed counter with
keyswitch-operated electrical reset.
This equipment will operate with any
of the range of M.O.M. photoelectric
projectors and receivers and does not
contain any switching relay.

inside a compact metal cabinet are
contained the low-voltage supply
transformer for both the transistorized
electronic unit and the projector ; the
electromagnetic counter and the
encapsulated solid-state switch unit.

Changes In resistance of the photo-
cell brought about by blocking the
light beam cause 24 V dc. to be
applied to the counting unit, the speed
of the system being limited only by
the maximum speed of the counter
itself. The latter will. however, also
operate with very slow changes of light.

The electrical reset by a keyswitch
ensures that the counter cannot be
accidentally reset. The cost of the
equipment as a whole will depend on
the type of receiver or projector
selected. but the price of the unit as
illustrated is £24. Photoelectronics
(MOM.) Lid., Oldficlds Trading
Estate, Oldfields Road, Sutton, Surrey.

For further information circle 5 on Service Card

.
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6. Inexpensive Tachometer

Now being marketed by C. Denis &
Co. for the measurement of rotary and
linear speed. the ‘Antac’ is a fully tran-
sistorized solid-state instrument incor-
porating encapsulated printed-circuitry.
It has an accuracy of better than 0-25°,
(under controlled conditions better
than 0-1°%) and built-in self-check
facilities.

Its input signal is derived from teeth
or grooves on the rotating member
passing an electromagnetic pick-up (in
the case of linear measurement a
toothed rack is fitted to the moving
member). Alternatively, a photo-
electric system can be employed. The
*Antac’ receives this signal in the form
of pulses, which it converts into a
proportional d.c. signal that is used to
actuate a pen recorder or milliam-
meter.

The unit measures 4} by 44 by 3 in.
deep. and weighs 3 Ib. It operates
from input volitages of 100 to 110/200
to 250 V.40 to 60 c/s. or 24/28 V d.c..
and has an output current of 0 to
1 mA. Price of the standard model is
£30 and special models can be supplied
for frequency /analogue conversion up
to 2 ke/s.—C. Denis & Co. Lid., The
Forum. High Street, Edgware. Middle-
SeX.

For further information circle 6 on Service Card

7. Plastic Conduit

A plastic conduit which has been
successfully used on the Continent for
several years is now being marketed
in Britain by Critchley Bros. under the
trade name ‘Betaflex’, and will shortly

be manufactured by the same com-
pany. It consists of a thin walled tube
made from hard p.v.c. into which cor-
rugations are formed as the material
is being extruded. giving it consider-
able strength against crushing. while
remaining flexible.

Because of its flexible nature the
need for bends or elbows is eliminated
and by using either solid brass or
moulded p.v.c. adaptors which are
offered as accessories, it is readily
fitted into standard metal or moulded
plastic conduit boxes. Either type
provides a watertight joint.

Due to the inherent properties of
p.v.c. the conduit is highly resistant to
corrosive atmospheres and mineral oils.
It can be used with absolute safety

inside cubicles containing live ter-
minals at medium voltage.
Betaflex is available in $. } and

| in. diameter. and is packed in 50 yd
coils. Colour: grey.—Critchley Bros.
1.td., Brimscombe, Stroud, Glos,

For further information circle 7 on Service Card

8. All-Glass Crystal Units

A range of miniature and sub-
miniature, glass-encapsulated quartz
crystal units has been announced by
Mullard. The new types are identical
mechanically but superior electri-
cally to standard metal-encapsulated
crystals. Compared with metal types,
the all-glass crystals are less liable to
aging effects, have a closer initial toler-
ance and a higher activity. Produc-
tion crystals in HC-26 /U holders can
be supplied covering the range 3.5 to
87 Mc/s. Sub-miniature types. using
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The photo-switch consists of an
aluminium case 7 by 44 by 34 in. con-
taining the electronics together with
turned aluminium photo-cell and lamp
housings. Long life and reliability
is assured by the use of a cadmium
sulphide photo-sensitive ceil and cold-
cathode trigger tube. The lamp is
supplied with a low voltage from a
transformer which also supplies power
for the photo-switch.

Distance of operation can be
adjusted to cover the range from { to
10 ft by a choice of lamps and photo-
cells. Their small physical size (2 in.
long X % in. diameter) makes it pos-
sible to mount these units in extremely
cramped locations. If required the
equipment can be supplied with the
photo-cell mounted in the side of
the case. For mounting purposes a
5-figure resettable counter is fitted in
the case containing the switch.

The cell and lamp housings remain
operational over the entire range of
ambient temperatures normally found
in commercial applications, making
the units suitable for such diverse
situations as frozen food plants, foun-
dries, steel mills, etc. — Electronics
Division, Richard Allan Radio Lid.,
Batley, Yorks.

For further information circle 17 on Service Card

18. 50 Mc/s Divider Plinth

The TSA 850, a 50-Mc/s divider
plinth, is the seventh in the range of
add-on units manufactured by Venner

674

to complement and increase the versa-
tility of the two standard frequency
counters, the TSA 3334 and the
TSA 3336.

The double-width plinth unit enables
the counters to measure frequencies of
up to 50 Mc/s with a division factor
of 10 or 100, as required. Bistable
dividers used throughout ensure 5- or
6-digit accuracy of measurement
determined solely by the crystal in the
counter.

Operating on 200/250 or 100/125
volts, the TSA 850 has a frequency
range from 500 kc/s to 50 Mc/s, input
sensitivity of 100 mV to 10 V and an
input impedance of 2.5 kQ or 75
shunted by 15 pF. It is light, portable
and measures 13§ by 13 by 3 in—
Venner Electronics Lid., Kingston
By-Pass, New Malden, Surrey.

For further information circle I8 on Service Card

19. Distortion Analyser

Atlantic Research Corporation an-
nounces the development of a new low
cost telegraph and data signal distor-
tion analyser designated TMS-10A-1.
A single easily-read meter may be set
to indicate bias, end distortion, or total
distortion. Lamps show the sense
(marking or spacing) of the distortion.

Modulation rates of up to 600 bauds
may be measured using an external
oscillator or the standard speeds of
60, 75 and 100 w.p.m. may be intern-
ally programmed by means of a front
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panel switch. A variation of the
TMS-10A-1, the TMS-10A-2 has the
additional speed of 135 bauds. Further
plans call for inclusion of the 50-baud
Telex speed on the front panel control.
Other speeds may be added or
substituted upon request.

Another front panel control pro-
vides the capability of handling 5, 6
or 8 level codes in start/stop signal-
ling. A reversing switch is provided
so that signals of either polarity may
be accepted. Loop currents may be
measured on the meter.

The dual-purpose carrying handle
serves as panel protection and may also
be used to tilt the case for better
visibility and control. With the handle
removed, the unit mounts easily in
half of a standard 5! by 19 in. panel
for rack mounting. The TMS-10A-1
is less than 10 in. deep and weighs
7 1b. Tt operates from 115V +10%,
50 to 60 c,s.—Atlantic Research Cor-
poration, Shirley Highway at Edsall
Road, Alexandria, Virginia, U.S.A.

For further information circle (9 on Service Card

20. Rotary Switch

The type P2 rotary switch is the latest
addition to the Tok range of switches
and is intended to provide a means of
security and control for a wide range
of light duty applications. The
nominal rating is 2 A, 250 V. Due to
the small dimensions it should prove
useful to manufacturers of electronic
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equipment in providing an inexpensive
means of preventing unauthorized use.
Construction is based on the unit
principle whereby moulded units con-
taining two sets of make and break
contacts may be added to give multi-
pole switching. Contacts are of fine
silver on phosphor-bronze spring
leaves, operated by a rotary cam and
terminating at solder tags as illustrated.
Two, three or four positions are pro-
vided on the standard spring indexing.
which is slow break/fast make, and
may be operated either by disc tumbler
type key or by pointer or dial knob
with standard ! in. diameter shaft
Mounting in both cases is by one hole
fixing 3 in. diameter for the key switch
(type P2/3) and 3} in. diameter for
the knob-operated switch (type P2/1)
—Tok Switches Ltd.. 15 Appold Street.
London, EC2.
For further information circle 20 on Service Card

21. Miniature Edgewise Meters
A range of miniature edgewise panel
meters measuring 2} by 092 in. is now
available from the Industrial Elec-
tronics Division of International
General Electric. Versions are avail-
able for either horizontal or vertica
mounting ; stack-mounting is possible.
since all sides of the meter-case are
flush.

The meter is 3 in. deep overall
weighs 6 oz and the insulation level is
1.800 V r.m.s. The scale is 1.8 in.
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long, and accuracy is +2% and +39%
of full scale for dc. and a.c. respec-
tively.

Standard meters cover the full range
from minimum ratings of 20 A d.c.
500 #A a.c. and 1 V dc. or ac. to
maximum ratings of 10 A d.c, 20 mA
a.c., 300 V dc. and 150 V a.c.—Inter-
national General Electric Co. of New

York Ltd., Industrial Electronics
Division, Bowlton Road, Reading,
Berks.

For further information circle 21 on Service Card

22. Tripping Relays

A range of tripping relays. intended
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