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Commentary

IN July of this year a central organization to be known
as the National Electronics Research Council, or in its
more abbreviated form N.E.R.C., was formed as the result
of somewhat lengthy discussions between the Government
and the electronic industry of this country.

The general committee under the chairmanship of
Earl Mountbatten, who himself put forward the idea
as far back as November 1961, will consist of the Perma-
nent Secretaries of the various Government Departments
concerned with electronics, representatives of universities
and technical colleges, together with a number of execu-
tives from the larger electronic manufacturers nominated
by the Conference of the Electronic Industry.

Its broad principle, which should meet with general
approval, is to initiate and co-ordinate electronics research
in industry, universities and colleges of advanced tech-
nology, and the government research establishments to
the ultimate benefit of all concerned.

Although not a research association as such, N.E.R.C.
is proposing as one of its first tasks to make a thorough
investigation of existing research programmes throughout
the country in order to discover gaps in research, to find
where additional effort is required and also to prevent
unnecessary duplication of effort, in other words to
ensure that the best use is being made of existing research
and to expand and supplement it where needed.

A very large amount of research in electronics is carried
out in this country by the various Government Research
Departments, mainly for defence purposes, and much of
this work comes under the heading of *classified ’.

Nevertheless with Government representatives on its
council, N.E.R.C. hopes that new ideas arising from
defence projects no longer secret can be released and
handed over to industry for further development and
exploitation. N.E.R.C. will then co-ordinate the efforts
and endeavour to provide finance for those projects which
are likely to be too expensive for individual companies
or universities to undertake.

Another aim of N.E.R.C. is to carry out a closer study
of university research in the electronic field. It is recog-
nized that much of the work carried out in the universities
is fundamental in nature and that it is not always suitable
for immediate commercial exploitation, but here again
closer co-operation between universities and industry,
N.E.R.C. hopes, will be of benefit, and it proposes to en-
courage any steps to improve the sharing of knowledge and
experience between universities, industry and the Govern-
ment research laboratories.

It is generally acknowledged that the methods by which
new work, new developments and techniques are dis-
seminated are not as efficient as they might be and it
frequently happens that a research worker having spent
considerable time and effort, and money too, on what
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appeared to him to be a new problem is frustrated to find
that the work has been already done elsewhere and the
results published.

Thus the research worker starting out on a new project
in electronics—and this applies equally well to all fields of
research—should spend a considerable amount of time
in finding out what has already been done although the
time spent is not necessarily to his disadvantage for he
may well acquire background knowledge in doing so.

One result of the attention the world is paying to elec-
tronics research is the vast amount of published informa-
tion on the subject and it has been stated that in electronic
research alone some 25000 papers and documents were
issued throughout the world during 1963.

There are already of course information sources such
as the Science Abstracts published by the various learned
societies and professional institutions but it would appear
that these are not on a big enough or sufficiently world
wide scale.

The Institution of Electrical Engineers has taken a step
in this direction by the recent publication of *‘Current
Papers ’ which lists each month some 700 titles of papers
and articles selected from about 150 journals throughout
the world, translating the titles into English where
necessary.

These papers and articles are concerned with electrical
and electronic engineering so ‘Current Papers’ which
admittedly is an experimental publication has a long way
to go if it is intended to cover the ever increasing number
of papers etc in electronics—25,000 last year alone
as already stated.

In order to disseminate information on a proper scale
N.E.R.C. is proposing to set up an organization for what
it calls the retrieval of information.

The importance which some countries attach to this
retrieval of information can be judged from the fact that
in the United States alone some 3 500 personnel are en-
gaged in this subject and the rather staggering figure of
30000 has been given for the number of people in the
U.S.S.R. doing the same task.

N.E.R.C. is but a few months old and at this stage is
not more than a project itself. As it develops N.E.R.C.
will have many things to do if it is to succeed.

One of the most important factors at the moment is
where the money is coming from to finance its various
activities. The only sources of income are from industry
itself and from possible Government grants, so much
will depend on the impact it makes on industry and
Government.

Under its constitution N.E.R.C. is not to be a profit-
making organization but if it is to operate fully there is
no doubt that a large sum of money will be required—
running perhaps into several million pounds each year.
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Microelectronics in Equipment Design
(Part 1)
By S. S. Forte*, Ph.D., B.Sc., AM.IEE., MILEEE.

The miniaturization of electronic equipment is developing at an unprecendented rate brought on by the

evolution of the new solid-state technologies and by the emphasis on the need for increased reliability.

It is proposed in Part (1) of this article to review the methods at present available to improve reli-

ability and reduce size, following this with a description of an experimental digital computer which

employs techniques applicable to this type of equipment. Part (2) will describe the stages involved

in the development of linear circuits for an experimental microminiaturized airborne navigational
aid equipment.

(Voir page 650 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 657)

IN considering the advantages and disadvantages of

microminiaturization, the first question which arises is
the fundamental one of whether it is really desirable at
all. The answer to this, for reasons which will be given,
is an unqualified * yes '—but, paradoxically, not necessarily
because of the need to make things smaller. It is the solid
state technology in itself which brings the main rewards,
to which the miniaturization aspect is a bonus and no
more.

This is not to deny that, with the ever-increasing com-
plexity of electronic equipment, practical economic benefits
do, in many circumstances, accrue from a reduction in
size. They manifestly do so, for instance in the case of
large computers, in which field immediate dividends in
terms of reduced delay times and increase in speed are
reaped as a consequence of size reduction. Even more
obvious is the importance of miniaturization in missile and
space vehicle development when it is remembered that in
present systems the ratio of vehicle weight to useful pay-
load is over 1000:1.

One main influencing factor (but not the chief) in the
trend towards increased microminiaturization is cost.
Although costs are at present rather high it is being pre-
dicted that the actual cost of modules will fall at least
to the level of their discrete component counterparts.
Further savings are likely to be achieved in the reduction
of drawing and assembly time; microminiaturization will
also provide a major saving in operational cost by reducing
spares holdings and maintenance time.

Reliability is the real key word in microelectronics, how-
ever. The more complex the electronic equipment becomes,
the greater becomes the need for high reliability and easier
maintainability, and it is a fact that properly engineered
microminiaturized components do achieve a spectacular
degree of reliability in comparison with conventional ones.

It is axiomatic with any electronic equipment, whether
conventionally sized, miniaturized, sub-miniaturized or
microminiaturized, that if the failure of any one com-
ponent causes the entire system to fail, then the reliability
of the system as a whole will equal the product of the
respectivt reliabilities of each component. Thus, because
miniaturizing techniques enable designers to introduce
greater complexity, the smaller is the time interval which
is to be expected between failures, assuming the com-

* The Marconi Co. Lid.
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ponent reliabilities to stay constant. The only way in
which the mean time between failures (m.t.b.f.)* can be
improved is to increase the reliability factor of each and
every component,

Unfortunately, miniaturized (as distinct from micro-
miniaturized) design involves several factors which can
tend to reduce reliability, rather than improve it. The
concentration of heat sources, the close proximity of com-
ponents and wiring, and problems of assembly and mount-
ing are inherent features of the miniaturizing process; each
and every one of these operates toward the reduction of
reliability and the best that can be done is to design the
equipment to reduce the effects to a minimum. The logical
outcome of this is microminiaturization, where the
spectacular reliabilities achieved for components in this
category more than compensate for the uncertainties which
can be introduced in the course of miniaturization.

Until quite recently there was only one way of building
the maximum degree of reliability into electronic equip-
ment. This was by employing *tested-in’ reliability pro-
cedures, which include the rigorous evaluation of every
single component, inspection at every stage of construction
and subjection of the completely assembled unit to every
conceivable environmental condition that it might en-
counter during its operational life. This approach is still
the only one possible for full-scale, miniaturized or sub-
miniaturized components and units.

With the advent of microminiaturization an entirely new
approach was opened up. This concept, termed ° built-in ’
reliability, became possible through the use of micro-
electronic circuits which in themselves possess reliabilities
which are several orders better than their conventional
counterparts. Overall reliability is further improved by the
simpler circuits, reduced number of connexions and re-
duced power involved.

To recapitulate briefly, the basic aims with any form of
electronic equipment are to increase the system reliability
and to decrease the cost of manufacture, installation and
maintenance. Reduction in size and weight is of secondary
interest in many applications, though important in certain
fields.

The means by which microelectronic techniques aim to

* Failure rate of components is normally expressed as a_ percentage failing
per 1 000 hours of operation at a certain level of confidence, determined
by the number of samples available for reliability evaluation. This can
be converted into m.t.b.f. by reducing the percentage to a decimal at
! hour and taking the reciprocal.
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achieve these objectives are:

Q) By reducing the number and variety of manufactur-
ing processes involved and by subjecting these to
very close control.

(2) By using pure materials and employing means to
restrict subsequent.contamination.

(3) By manufacturing what is virtually a solid equip-
ment of low mass in order to minimize the effects
of vibration.

(4) By reducing the number of separate electrical con-
nexions to an absolute minimum.

This article is concerned with the microelectronic
approach to equipment design and not with specific details
of microelectronic techniques, which have already been
ful]y covered elsewhere. Some definitions of terms would
perhaps be in order.

The microelectronic circuits under
broadly divided into two categories: —

discussion are

(a) Thin Film Circuits. This is the generic name for the
class of microelectronic circuit in which all the passive
components are in the form of very thin films deposited
on an inert substrate, and in which the active components
are discrete devices (usually in specially-designed packages)
which are attached to the substrate by one of several
available techniques.

(b) Semiconductor Integrated (' Solid’) Circuits. This is
one of the many names given to the class of circuits which
consist of integrated components in a semiconductor sub-
strate.

Considering each of these approaches in a little more
detail, it is evident that the use of thin film microcircuits
represents the lesser degree of departure from conventional
circuit design, for, with the exception of inductors and
large capacitors, all the passive components are deposited
as discrete devices which can all be tested at some stage
in the manufacturing process. This technique therefore has
the advantage of permitting the direct translation of con-
ventional circuit design into microcircuit form, and one
in which design procedure will follow normal circuit
design right through the breadboard stage. Once the com-
ponent values and tolerances have been finalized, the thin
film component sizes can be calculated, so that it only
remains to lay out the circuits in a manner analogous
to that used in the preparation of printed circuit boards
as a first step in the production of the masks. Since the
active elements have to be added to the circuit after
fabrication, it is evident that thin film techniques are most
applicable to circuits in which there is a considerable pre-
dominance of passive components over active components.

With regard to semiconductor integrated solid circuits,
the ultimate aim in this direction is the completely func-
tional or molecular circuit which would consist of a piece
of semiconductor material with input and output terminals;
a unit which, while having no separate identifiable com-
ponent areas, would nevertheless perform the electronic
function of its conventional-circuit counterpart. This goal
has not yet been reached, but fully integrated circuits are
presently being produced in which the complete circuit
is formed on a single block of semiconductor material, but
in which identifiable circuit components exist, albeit in a
completely new form.

Three distinct lines of approach are possible for solid
circuits, as under:

(a) The fully integrated circuit as described above, in
which the circuit elements are all formed on a single
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chip of semiconductor material and subsequently
interconnected by a matrix of evaporated con-
ductors.

In the present state of the art with this type of
circuit, the range of resistor values which can be
obtained without compromising transistor design is
very limited; the incorporation of capacitors in-
volves a heavy penalty in semiconductor area; more-
over, there is an upper frequency limitation caused
by the relatively low isolation between ‘ com-
ponents’. The risks of failure in manufacture due
to the complex chain of operations is very high,
as a consequence of which the yields are poor and
the costs high in all but the simplest of circuits.

(b) The multi-chip solid circuit. This consists of resistor,
capacitor and transistor elements, either manufac-
tured separately or in standard groupings, each
under the best appropriate conditions and sub-
sequently interconnected within a single component
package.

This technique provides better flexibility of design,
enables last-minute changes to be made prior to
encapsulation by the provision of redundant com-
ponents, and enables individual components to be
fabricated on materials selected for optimum
characterization for the type of component concerned.
It provides better isolation between components than
can at present be achieved with a fully integrated
circuit; hence it is more adapted to high frequency
applications. It does, however, suffer from the dis-
advantage that a large number of connexions are
required between the individual circuit elements in
the package. Although these connexions use proven
techniques such as thermo-compression bonds, a
certain degradation in ultimate reliability is probable.

(b) The hybrid integrated circuit. This comprises active
elements produced in a semiconductor slice, upon
which resistors, capacitors and conductors are sub-
sequently deposited by thin film techniques.

This method has several marked advantages, the
most important one being the improved performance
of the passive elements so constructed. The technique
is of course equally applicable to a multi-chip con-
figuration.

It is hoped that enough has been said to underline that
the problems associated with the manufacture of solid
circuits are quite different from those arising from the
use of thin film techniques. In solid circuits, the distributed
nature of the passive components, coupled with the poor
tolerances normally achieved, the very high temperatures
coefficient of the resistors and the voltage dependence of
the distributed capacitance, all combine to complicate
solid circuit design. Whereas thin-film techniques lend
themselves to conditions in which the rate of passive to
active components is high, solid circuits, for the reasons
mentioned above, do not; their use is most justified where
a reverse ratio obtains.

There is a further very important requirement in the
manufacture of solid circuits, namely that at every stage
in the design it is imperative that all the limiting factors
be taken into account; it follows from this that the utmost
liaison and co-operation is demanded between the circuit
designer and the semiconductor manufacturer. Failure
to effect this can only result in the manufacturer offering
a ‘black box’' with only a functional specification—a
circumstance which will never satisfy the equipment
designer.
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It is not proposed to enter here into the thin film versus
solid circuit controversy; suffice it to say that, in the
writer’s opinion, both have a place in equipment design.
The choice of technique will be influenced by various
factors, including the nature of the circuits, the degree of
reliability required and the total cost which the system
can bear. In the hybrid solid circuit outlined earlier both
techniques are amalgamated, and here one probably has
the best of both worlds.

In the light of present knowledge and existing tech-
niques the high costs involved in the preparation of the
cornplete set of masks required to produce a fully inte-
grated circuit, together with the low vyield likely to be
obtained with all but the simplest configuration, render
these circuits prohibitively expensive except in cases where
really large quantities of identical circuits are used. This
at present virtually restricts the use of fully integrated
circuits to the digital field, but this is not to say that a
restriction will always apply, as research for improved
techniques may yield more economic methods of produc-
tion. In the present state of the art, however, under con-
ditions in which a wide range of requirements exist (as
in linear circuits), the thin film microcircuit or the multi-
chip solid circuit provide, in many instances, the only
practical approaches.

An example of the latter situation is seen in the normal
range of radio communication equipment. In this, linear
circuits are predominant and the demands cover a wide
range. Frequencies used range from d.c. to the microwave
bands, and for each application widely different band-
width, linearity and power level specifications exist. In
general, circuit tolerancing is considerably more critical,
For these main reasons it is virtually impossible, when
dealing with linear circuits, to achieve the degree of
rationalization which has become possible in the digital
field, and the many and varied requirements, even if they
could be met by solid integrated circuits, could only be
fulfilled at a prohibitive cost.

There are, however, applications in the telecommunica-
tions field where simple repetitive circuits are used in large
quantities, and in which, therefore, solid integrated devices
can compete. Automatic error correction for telegraph and
data transmission and telephone channelling equipments
are cases in point.

Outside the realm of telecommunications, an imme-
diately obvious application is in large electronic computers.
Computer design has as its ultimate aims a reduction in
size (and consequent reduction in delay times and increase
in operating speed), reduc-
tion in power consump-
tion, increase in reliability,
simplification of system 3
design, greater ease of
maintainability and (be-
cause of the number of
logic elements involved)
eventually a reduction in

Fig, 2. Multiple emitter logic element
equivalent circuit

cost. All these factors
make microelectronic
techniques an attractive

choice for computer work,
and furthermore, because
of the simple nature
of the individual circuits
and the numbers used,
an application in which

solid circuits, either in 456 7
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Fig. 1. Multiple emitter logic element

fully integrated or semi-integrated form, can figure.

Such then, is a brief resumé of the basic philosophy
underlying the use of microelectronic circuits in equip-
ment design. Two specific applications will now be con-
sidered as practical illustrations of a digital and a linear
requirement, using semiconductor approaches.

Digital Computer

The computer described below has been designed in
the Display and Data Handling Laboratories of the
Company for digital data processing and ° real time’ com-
putation as required in conjunction with the latest radar
techniques. The computer can be programmed to perform
a wide range of calculations and is capable of very fast
addition and multiplication.

The very high speed of operation made necessary by
‘ real time’ computation has been achieved by combining
short logic circuit delay with parallel operation of the
arithmetic unit. The necessary degree of accuracy is pro-
vided by the 24 binary digit word length normally used.

The following examples of computation times demon-
strate the speed of the machine.

Addition An addition order takes 2 to Susec to

Fig. 3, Semi-integrated diode traosistor logic
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execute the operation involving two store
cycles.

The time for multiplication can vary be-
tween 9 and 12-5usec (maximum) depend-
ing on the numbers involved,

In order to achieve these high speeds, it has been neces-
sary to obtain a large degree of circuit compression. This
has been achieved without sacrificing serviceability and
accessibility by designing a new form of printed board
assembly coupled with partial microminiaturization.

On considering various circuits for suitability as the
general logic stage in the equipment, the main criterion is
reliability. This must not only cover the life of individual
components and joints, but must also include operational
reliability in all possible system configurations. This has
led to a considerable stress being placed on circuit noise
immunity. From experience within the Company with
a large system build-up using germanium logic, crosstalk
voltages of up to 20 per cent of the logic circuit output
swing are to be expected. This led to the increase of noise
immunity on the fast logic circuit by including the voltage
translating diodes in the base chain.

Turning to silicon logic, the crosstalk problem is aggra-
vated since the silicon transistors, even the cheapest ones,
will have fr's in excess of 200Mc/s and will be in general
5 times faster than their germanium counterparts. The
large increase in crosstalk which can be expected as a
result of the faster transients can best be reduced by
reducing path lengths in proportion. To this end the
greatest volume compression at system level has been
sought within practical engineering limitations. At present
a 10:1 compression in volume has been achieved.

Since the logic circuit to be used in the computer must
be cheap and compact, four of the most promising forms
were chosen for evaluation. Three of these were in fully
integrated solid circuit form, while the fourth is capable
of full integration but was in fact considered in a semi-
integrated form. Fig, 1 shows one of the elements of a
slice carrying fully integrated logic components. This is
a multiple emitter element and is illustrated in Fig. 2
as performing a NAND logic function with a * fan in’ of up
to 4 and a ‘fan out’ of 3. It consists of a multiple
gate followed by an invertor transistor.

The basic circuits investigated were Multiple Emitter

Multiplication

doubl

Fig. 4. Diode tr

Fig. 6. Sub-boards mounted on a ‘ mother’ board

Logic or Transistor Transistor Logic (m.e.l. or t.t.l) (Figs.
1 and 2), Direct Coupled Transistor Logic (d.c.t.l.), Mono-
lithic Emitter Coupled Logic (m.e.c.l), and the semi-
integrated Diode Transistor Logic (d.t.l)

It was eventually decided that any circuit finally adopted
for the general logic amplifier must have a noise immunity
of at least one-third of the largest voltage swing com-
monly found in the build-up. This, together with other
considerations, eliminated the first three logic systems,
leaving the d.tl. element as the form finally adopted.
This noise immunity requirement is in the main due to the
complexity of the build-up, and in general would not apply
to small boxes of less than 9in cube. It is felt that, in the
latter case, all the logic forms mentioned above would be
satisfactory, provided that screening from external noise
sources was adequate.

The d.t.l. circuit element
used is shown in Fig. 3.

logic

HIGH SPEED CIRCUIT
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The elements as used in this
prototype machine are only
partially microminiaturized

GENERAL PURPOSE CIRCUIT

R, 3-80kN t15%

oW since the resistors were left
outside the TO5 encapsula-

tion,as were the input diodes.

' D, The exclusion of the input

) o ) diodes and the collector
r loads was decided in order

, p—o to achieve greater logical
—O0;— Input 2 flexibility. The base chain
o resistors, on the other hand,
Lo were only placed externally

as a matter of expediency
at the time of initiation of
the project, silicon diffused

tolerance not then being
readily available, and, as is
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later logic form. This, it will be noted,
contains two logic stages except for
the input diodes and the collector
loads, which are still external.

Fig. 5 shows a sub-board consisting
of 8 modules, with the external base
chain resistors. The use of the new
double stages with inclusion of base
chain resistors will mean that the sub-
board will only consist of four TO5
headers. The boards use double sided
printed wiring techniques with plated-
through holes. The sub-boards are
mounted on a ‘mother’ board as
illustrated in Fig. 6 and these are
plugged into the equipment. These
*mother * boards are interleaved to
give a greater packing density.

The nearest equivalent to this com-
puter performing the same a.t.c. and
other radar functions is a computer
which occupies four standard 7ft
racks plus a control desk. As is seen
in Fig. 7, the new computer is entirely
contained within the control desk.

The foregoing is an example of the
operational use of one facet of solid
circuit techniques, namely the multi-
chip approach. In the equipment
described, only  partial  micro-
miniaturization was effected, but this was purely on
grounds of expediency and no great technical barrier exists
to the implementation of a wholly microminiaturized
circuit, This has in fact been carried out in subsequent
versions.

In Part (2) of this article it is proposed to outline some

Fig. 7. Digital computer designed to incorporate micr
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The nearest equivalent using conventional techniques occupies four standard 7[1 racks.
plus a control desk. The new computer is entirely contained within the control desk and

is 10 times faster than the conventional versions

of the difficulties encountered in the application of micro-
electronics to linear circuits, with particular reference to
the design of an experimental microminiaturized 75Mc/s
airborne marker receiver, which will be described in some
detail.

(To be continued)

The Electronic Industry in Scotland

This month (from 3 to 19 September) the Scottish electronic
industry will be putting on its biggest ever display at the
Enterprise Scotland '64 Exhibition in Glasgow. The industry’s
growth in recent years is one of the most striking success
stories in Scotland since the war.

One of the major post-war objectives sought by the Scottish
Council (Development and Industry) and also implicit in the
Government proposals for the modernization of Central
Scotland, has been the increase in opportunity for those trained
in the sciences and technology. Research, and the industry which
springs from research, holds the key to this need.

Thus two major schemes were initiated in the late ’forties.
The first of these was the decision to set up the Government’s
main Engineering Research Establishment at the new town of
East Kilbride. The second was the launching by Ferranti’s.
the Scottish Council and the Government, of an electronics
scheme designed to train teams of engineers through Govern-
ment contract work.

Since the days of the electronics scheme. the industry in
Scotland has expanded rapidly. Over the last four years em-
ployment has grown by 64 per cent. This increase was nearly
three times the proportionate increase in the same industry
in other parts of Britain. It has taken output to an estimated
£20 to £25M a year.

Part of the strength of the electronics industry in  Scotland
lies in the variety of compames which it contains. The only
obvious absence is of companies making the simpler domestic
appliances, such as radio and television receivers.

The largest and most sophisticated of all current projects
is that of Ferranti’s in the Edinburgh area. It employs around
7000 people including hundreds of graduates engaged on re-
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search. Opened recently at Dalkeith, near Edinburgh. to
manufacture electronic machine tool controls, it is the first
plant devoted entirely to this kind of manufacture in Europe.
+ An American Company, Honeywell, is another of the big
names in the Scottish electronic industry. This firm began their
Scottish operations in 1948 in Lanarkshire with 60 workers. The
initial line of manufacture was industrial control systems which
have remained its main product. The Company recently
announced its decision to introduce the assembly and subse-
quently the complete manufacture of a range of electronic
computers. Over the next, five years this line of manufacture
will increase its labour force by an estimated 2 000.

At Glenrothes in Fife two other American electronic com-
panies, Beckman and Hughes International, have both recently
announced expansions. In another town, East Kilbride. Stan-
dard Telephones and Cables are going into electronic manu-
facture, while Birmingham Sound Reproducers are planning a
Scottish project which might ultimately employ several
thousand. Dobbie McInnes (Electronics) Ltd, of Glasgow, is
another of the Scottish based electronic companies.

This growth and influx of new electronics manufacture in
Scotland has already benefited from the standard grants made
available by the Government in the Budget of 1963. The whole
process should benefit further from the modernization scheme
being put into operation throughout Central Scotland. Scot-
land’s industrial belt is already undergoing rapid change—
road and bridge building, new power stations, accelerated
house-building and many measures designed to improve the
amenities of the area.

The supply of trained people at university level is propor-
tionately greater in Scotland than in other parts of Britain.
An increasing number of technical colleges are catering for
the demands created by electronics firms.
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Automatic Switching of Sensitive

Thermocouples

By J. L. Goldberg* and H. M. King*

An apparatus is described for the automatic switching of sensitive thermocouples at intervals con-
tinuously variable from a few seconds to several tens of minutes. The mechanical part consists of a
telephone uniselector pawl and ratchet system geared to the shaft of a high quality thermocouple
switch. An electronic controller periodically supplies a number of impulses to the uniselector coil
in accordance with the gear ratio. so that correct indexing of the thermocouple switch is effected.

The apparatus has been developed for automatically recording the temperatures and temperature
gradients along line standards and standard surveying tapes by using thermocouples.

(Voir page 650 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 657)

UTOMATIC measurement of temperatures and tem-

perature gradients with thermocouples is sometimes re-
quired in precision length metrology. Although high quality
thermocouple switches are obtainable with residual em.f.’s
less than 0-01xV, as far as the authors are aware no auto-
matic switch is available which in addition operates con-
tinually at rates say from a contact every four seconds to a
contact every twenty minutes.

The apparatus cescribed here has been developed to
fulfil this requirement.

Mechanical Construction

The well-known telephone uniselector automatic switch
is unsatisfactory for switching very low-level d.c. voltages.
This is due mainly to heat from the relay coil causing
thermal e.m.f.’s in the switch!. The uniselector, however,
does possess a well-constructed pawl and ratchet for driv-
ing the contact assembly and
has a satisfactory torque

h

box and a terminal block is provided for external con-
nexions. This block is mounted on the lid of the copper
box and provision is made for easy access to the detent
adjusting screw of the switch.

The uniselector has a 50-tooth ratchet wheel driven by
a pawl coupled to an electromagnet. Four impulses to the
electromagnet rotate the ratchet wheel 4/50 of a revolution
(28-8°). As the thermocouple switch shaft must be rotated
through 30° to change contacts, a 50-tooth gear is mounted
on the uniselector shaft remote from the ratchet. This gear
meshes with a 48-tooth gear on the drive shaft to the
thermocouple switch, and the drive shaft itself is mounted
in a bronze bearing bush fitted to the uniselector frame.

The torque at the drive shaft of approximately 120z/in
is sufficient to turn the thermocouple switch after adjust-
ment to its detent screw. In this regard, however, as the
mechanical positioning of the switch shaft by means of the

Fig. 1.
characteristic. At average ten-
sions in the restoring springs,
the torque available at the
mainshaft without the contact
assembly is about 160z/in, and
this can be increased by a
factor of almost two without
causing failure of operation.

GEAR (SOTEETH)
REPLACING NORMAI

INDEX WHEEL

arr of lector and thermocouple switch

GEAR (48 TEETH) &
BEARING BUSH ADDED

-DETENT SCREW

THERMOCOQUPLE CONNEXIONS

COPPER SCREENING
BOX FOR THERMOCOUPLE
SWITCH

If the contact assembly is

retained, the excess torque R e b

available at the drive shaft is C 3 ’\

still  approximately 120z/in Y <

at normal spring tensions. / 3 -

Therefore, under suitable con-
ditions, the uniselector driving
mechanism can turn a switch
shaft externally coupled to it.

For thermocouples a suit-
able automatic switch assembly
is a ‘Leeds and Northrup’
twelve-position rotary switch
coupled to the driving
mechanism of a uniselector as
shown in Fig. 1. This switch
is accommodated in a copper

UNISELECTOR

* Division of Applied Physics, National
Standards  Laboratory, C.S5.1.R.0.,
Australia.
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selector gearing is assured by
the correct number of im-
pulses to the magnet, the
detent device on the switch is

SWEEP

1

Turn on

e

REGENERATIVE SWITCHED

redundant and is therefore GENERATOR

adjusted to provide minimum
opposition to the driving
torque.

The Electronic Timing and
Control Circuits

The control circuits are
designed to deliver a group of
four pulses to the uniselector
coil at about intervals of
0-5sec in order to step the main
thermocouple switch one
contact. The dwell time of
the switch then commences.
Means are provided to set
this dwell time smoothly in
the range dsec to 22min.
There is provision for manual

UNISELECTOR

AMPLIFIER Turn off
{1) -

i

MULTIVIBRATOR
]

PULSE
COUNTER

Fa

REGENERATIVE

AMPLIFIER
(2)

Reset sweep | wonosraste

starting of a timing period
and for manual selection of
a particular contact.

Description of Operation of the Electronic Controller

Fig. 2 shows an outline diagram of the system. A sweep
circuit generates a substantially linear voltage waveform.
At a certain voltage level V), which may be varied, a re-
generative amplifier is triggered to give a sharply defined
step of voltage. This allows an astable multivibrator to
start and pulses are delivered from it to the uniselector
coil. At the same time these pulses are counted in a capa-
citive counter and the waveform of the counter is made
to trigger a second regenerative amplifier at a selected
voltage, V.. This voltage is proportional to the number of
pulses required from the astable multivibrator. The out-
put of this second regenerative amplifier performs two
functions; first it stops the astable multivibrator, and
secondly it generates a gating waveform which is used to
reset the sweep circuit and thereby restart the operating
cycle. The regenerative amplifiers are then automatically
returned to their original states.

The astable multivibrator circuit is started and then
stopped only after four pulses have been generated, and
any variation in the multivibrator period has no effect on
the number of pulses delivered. If an independent timing
circuit was used for controlling the ‘on’ period of the
multivibrator, the problem of ensuring stability of timing
of two independent circuits would arise. This approach
was found to be unsatisfactory.

Detailed Description of the Electronic Circuits (refer to
Figs. 3, 4, and 5)

SWEEP GENERATOR

To obtain a linear sweep of long duration with a rela-
tively low voltage supply, an electrometer valve V, is
used as a cathode-follower in a Bootstrap circuit®. This
type of circuit has an additional advantage in that the
sweep voltage is produced at sufficiently low impedance
to drive transistor circuits.

When relay contacts 4, are closed at the start of a
sweep, the d.c. conditions are arranged in the electro-
meter circuit in Fig. 3 so that the ‘cathode ’ (actually the
filament) potential is near zero volts. When these relay
contacts open, Ci charges via R, and if the gain of the
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MULTIVIBRATOR

U

Fig. 2. Arrangement of switch controller

electrometer circuit is nearly unity, the charging current
to the capacitor C;, will be substantially constant. If E is
the battery voltage, C; charges at a rate of approximately
E/RiCy V/sec. The charging rate of C, is varied by
switching in one of four resistors selected for the parti-
cular sweep rate required. Capacitor C, is a high quality
oil-filled paper capacitor and the resistors R, are high-
stability carbon.

The voltage waveform (a) shown in Fig. 5 is taken at
the output of an emitter-follower VT, shown in Fig. 3.
An npn transistor is used here in preference to a pnp
transistor so that it can supply adequate current to an
external circuit when the voltage input to the base goes
positive by a large amount with respect to earth.

METHODS OF DEFINING ON-OFF VOLTAGE LEVELS IN THE
TRANSISTOR CIRCUITS

Various methods are used to obtain well-defined ‘on’

and ‘off * states independent of transistor characteristics.

In Figs. 4(a) and (b) the ‘on’ condition is obtained by
feeding sufficient current to the base of the transistor to
cause saturation. The * off > condition is defined by supply-
ing an input voltage of the correct sign so that the base-
emitter diode of the transistor is cut off. When this occurs,
the collector potential rises to the supply voltage in Fig.
4(a), or to clamping voltage in Fig. 4(b).

Where only a limited amount of voltage is available to
supply the required turn-on current, the on-off states can
be defined with the aid of a diode MR, and a base
current E;/R as in Fig. 4(c).

It is desirable to have non-saturating circuits with well-
defined states. The ‘on’ state can be arranged by supply-
ing sufficient input current ¥1/R as in Fig. 4(d) and using
current feedback through a diode MR: (Goldberg®). To
achieve the ‘off > state, the input current must be suffi-
ciently reduced to ensure clamping of the collector voltage
to a more negative level —F, volts, with the feedback
diode MR: then non-conducting. Alternatively, a non-
saturating stage can be turned off by applying voltages Vs,
Vs, to the diode gating circuit shown in the dotted square
of Fig. 4(d).
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Fig. 4. Illustration of methods used to obtain defined ‘“‘on” and ‘*‘off”’
states in the transistor circuits

REGENERATIVE AMPLIFIERS

The regenerative amplifiers in Fig. 3 are formed by
cross-connecting in a regenerative manner two circuits of
the type shown in Fig. 4(b). A trigger action
is then obtained. Sufficient current is supplied
to one side of the circuit, i.e. to transistor VT,
initially to bias this stage in the ‘on’ state.
At a certain value of current input, defined
by the voltage from the sweep generator and
the series resistor RV: (marked ‘set dwell [
period ’ in Fig. 3), the circuit reverses its state.

The current at which this reversal of state (b)
occurs is a constant value for a given tran-
sistor, so that alteration of the input resistor I‘
RV:1 may be used to alter accurately the time
required for the voltage applied to it to reach (¢)
the trigger current level.

Table 1 shows the wvariation in dwell
period which is obtained with the resistors (d)
Ry, by altering RV: (maximum value 10k(})
alone.

SWITCHED MULTIVIBRATOR (V'Ts and VT)

Two non-saturating circuits are regenera-
tively coupled through reactive elements to
form an astable multivibrator. An approxi-
mate expression for the period 2r., sufficiently
accurate at low frequencies, is:

21, = 2RV.C3 In 'Enl
E, |E.

If RV: =47k, Cs = 25uF, E, = — 12V, E; =
—4V, then 2t = 0-96sec which agrees well
with the experimental value of one second.
Parameters E; and RV. are chosen to ensure
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TABLE 1

RANGE VALUE oF R, TIME INTERVAL
(M) (SEC)
1 1-65 38to 16
2 7-53 16 to 71
3 30-80 67 to 304
4 130-00 298 to 1480
sufficient base current to each stage to establish a

defined ‘on’ state®.

The multivibrator is normally held ‘off ° by the poten-
tial of VT collector operating through the emitter-
follower V'T,. The change of state in the regenerative am-
plifier (1) when triggered causes the multivibrator to start
and oscillate continuously. This method of starting the
multivibrator has been found to be always reliable when
non-saturating circuits are used for the basic elements.

In Fig. 5, waveforms are shown of the regenerative
amplifier (a) and the astable multivibrator. Triggering of
the regenerative amplifier in waveform (b) is shown to
occur here after 7-2sec, the dwell period of the controller.
The switching period of 3-5sec then commences, the multi-
vibrator delivering four pulses during this period (refer
to waveforms (c) and (d).

UNISELECTOR SWITCHING CIRCUITS

The collector voltage waveform of VTs is taken via a
double emitter-follower VT;, VTs, and this waveform
switches V'Ts in and out of conduction. Relay B operates
and releases, switching current on and off in the uniselec-
tor coil. To handle the rapidly changing currents of con-
siderable magnitude in the uniselector coil, and the con-
sequent high induced voltages, relay B has Elkonite con-
tacts of large diameter set in substantial leaf springs. This
relay requires a power transistor V'Ts to operate it satis-
factorily.

Fig. 5. Waveforms of the controller during one cycle of operation
——10-7sec — >

—1v Sweep
‘T generator
Switching

" period ==

Regenerative
amplitier (1)

7-2sec ——————»

Switched

—»1sec ll'— multivibrator

5V Amplifier

- —'ZV Regenerative
3 amplifier (2)

v Monostable
- TZV multivibrator

SEPTEMBER 1964



The collector voltage of VT, the
other phase of the multivibrator, is
used to monitor the number of
switching cycles that have occurred.
This monitoring waveform is
amplified in an npn transistor V7.
The collector waveform of VT, is
thus in the same phase but lies be-
tween OV and <12V, ie. the
voltage is always positive with
respect to earth. Refer to Fig.
5(e).

CounTter CIrcuIT

This circuit, which consists of
capacitors C; and C; and diodes
MR\, MR, is used to generate
a staircase waveform and thus in-
dicate the number of pulses
applied to it. When the regenera-
tive amplifier (1) changes state. it
causes relay C to release by cutting off transistor V7.
The normally closed contacts, which ensure that the start-
ing voltage on C, is zero. now open and the voltage on
C: is thus free to change.

When the input waveform is negative-going, C, dis-
charges through MR., and MR, is cut off. During positive-
going excursions, MRy conducts and C, receives the same
charge as C; although the voltage on each is different, C,
being of smaller capacitance than C;. The voltage is built
up on C; in discrete steps on each successive pulse. The
magnitude of each successive step, however, becomes
smaller as the number of pulses increases because the
potential at MR, anode must reach the potential on Cs
before charge transfer can take place. It is important in
practice to ensure that the pulse amplitude supplied to
the circuit is stable and that capacitors C, and C;s are
stable components because their value determines the mag-
nitude of the steps of voltage. In this apparatus C, and
C: are oil-filled paper capacitors; the + 12V supply of
VT comes from a Zener diode. A clear description of this
type of counter circuit is given by Earnshaw?.

The staircase voltage waveform which is shown in Fig.
* 5(f) is transferred to a second regenerative amplifier
VT, VTis, by means of an electrometer cathode-follower
V: and emitter-follower VTi. With the contacts of relay
C closed the output voltage level of VT is near earth
potential. When the waveform at the emitter of VTy is
undergoing transition from the third to the fourth step,
the regenerative amplifier VTis, VT changes state.

The triggering voltage level is determined by resistor
RV, which should be adjusted so that the level lies in the
middle of the transition mentioned. There is then a
tolerance available to take account of changes in the start-
ing level of the staircase waveform. These changes may
occur owing to run down of the electrometer filament
batteries and will alter the grid-filament potential of V..

A step waveform taken from the collector of VTi; turns
off the astable multivibrator by biasing the base-emitter
diode of VTs.

MONOSTABLE MULTIVIBRATOR

The voltage step from the regenerative amplifier (2)
which turns off the astable multivibrator is also used for
triggering a monostable circuit for resetting the sweep
generator. This monostable circuit is formed by coupling
two non-saturating circuits regeneratively. One of the
couplings is direct, the other is through a circuit Cs, Rs3
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Fig. 6. A production model of the apparatus

~

and an emitter-follower VTi. With these connexions as
shown, VT will be high conducting and VTy; will be low
conducting. The positive-going step' c¢f voltage from the
regenerative amplifier (2) is applied from VTis collector
via a gating network to make the circuit respond only to
positive-going inputs. This gating nztwork is essential
because of the sequence of events which occurs soon after
the monostable circuit has been triggered: relay A
operates to reset the sweep circuit; this in turn causes
regenerative amplifier (1) to reset. Relay C also operates
and resets regenerative amplifier (2). The output of this
latter circuit is negative-going and, in the absence of the
gate, would re-trigger the circuit so as to shorten the
period. (Refer to Figs. 5(g) and S5(h)). The period of the
monostable circuit can be calculated approximately from
the formula

|E| .o~

I. Ry _|

where E. is the clamping voltage, and «* is the earthed
emitter current gain at a collector current I.. In this case

E.= —4V, « = 50, I = 5SmA

Rs = lSkf). R3 = 47k.‘.2. Cﬁ = 20[1F
so that fto = 1-0lsec. The measured value was 1-lsec. The
purpose of the emitter-follower VTu, is to isolate the

timing network C: Ri from the neighbouring transistor
stage V1.

fo = R3;CeiIn

POWER SUPPLIES

The power supply is mains-operated and is conventional.
Zener diodes are used to stabilize the various voltages with
the exception of the supply for the uniselector.

Conclusion

The prototype apparatus has performed successfully in
the Division for a period of six mon:hs and has proved
satisfactory for mass production.

A photograph of the production model is shown in
Fig. 6.
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A Simple Capacitance Measuring Circuit

with Digital

Presentation

By S. L. Hurst*

A simple, very rapid and foolproof method of measuring capacitance values in the range of from

say 0-001uF to 10uF is described, with an accuracy of measurement that is within +2 per cent.

Within smaller ranges of values very much higher accuracy of measurement is possible. The method

may also be extended to the measurement of resistor values, but with certain restrictions and possibly

inferior accuracy. The matching of capacitors and resistors may also be made to a very high order
of accuracy.

(Voir page 650 pour le résumé en franqais: Zusammenfassung in deutscher Sprache auf Seite 657)

IN very many circumstances, such as in the development
laboratory, test departments and works receiving and
acceptance departments, the need for a rapid measurement
of capacitor values is encountered. In many of these cases,
a very high accuracy of measurement is not required,
and neither is the loss angle or power factor of the
capacitor; instead a quick check to ascertain that capacitors
are of the value marked upon them to within say +5 per
cent is often perfectly adequate.

With the increasing availability of commercial digital-
type counter/timer instruments as a stock item of equip-
ment in many laboratories and industrial organizations,
the facility of utilizing this instrument for the direct
presentation of capacitor values is available, with the
addition of only a simple self-contained transistor mono-
stable multivibrator circuit external to the timer. The only
requirement necessary on the counter/timer is that the
time measurement shall be capable of being started and
stopped by pulses or d.c. voltage steps fed into it, this
however being a standard facility on most commercial
instruments except the simplest and cheapest ones.

Theory of the Test Circuit

The circuit of the simple transistor monostable circuit
is given in Fig. 1. The collector supply voltage Voo is a
negative voltage if pnp transistors are in use, while Vpx
is a bias supply of opposite polarity. The normal (stable)
state of the circuit is ¥'T; non-conducting (‘ off ) and VT,
fully conducting (‘ on”).

If this circuit is pulsed to its unstable state of
VIi‘on’/VT: off’ by an appropriate input signal, the
circuit relaxes to its stable state after a time dependant
upon the time-constant CiR. the text-book formula for
this time, assuming negligible voltage-drops across a
transistor when ‘on’, being ¢t = CiR; In2, = 0-693C;R.
microseconds, where C; is in microfarads and R is in
ohms,

This formula indicates that the timing is independent
of supply voltage values and transistor parameters and
this is true to a very large degree provided the supply
voltage Voc is large in comparison with the conducting
transistor collector-to-emitter and base-to-emitter voltages
Vce and Vgz, and also providing the values of R, and R;
are such as to allow VT, and VT, to be driven into the
fully ‘saturated ’ condition.

Thus if (a) Ci is made the unknown capacitor, (b) R.
is preset to an appropriate value, and (c) the counter/timer
is arranged to start timing on triggering the monostable
circuit to its unstable state and stop timing when the
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circuit relaxes 0-69 CiR, microseconds later, then under
these conditions the count registered on the timer can be
read off directly as the value of C;. The time taken to
present this answer will of course be merely the relaxation

Ry -

Vax
Fig. 1. The basic test circuit

time of the circuit, which for all normal values of capaci-
tance will be a small fraction of a second.

Circuit Details

The monostable circuit used is similar to the basic
circuit, but with the addition of a small * speed-up ’ capaci-
tor C; connected across R; in order to sharpen the transit
time of the circuit. The timer start/stop signals are both
taken from the collector of V7T, the timer being set up
to start on receipt of a negative wavefront and stop on
receipt of a positive wavefront. Resistor R, consists of
one fixed plus two variable resistors in series, the two
variable ones being a ‘ coarse’ and a “fine’ preset adjust-
ment, with the fixed resistor as a safeguard for VT; in case
both presets are inadvertently adjusted to zero ohms.

A collector supply voltage Voc of —12V and a bias
supply voltage Vsx of +6V were chosen; as will be
detailed below variation of Vcc over a wide range can be
accommodated with little variation in timing, while Vax
can if desired be dispensed with at normal room tempera-
tures if Rs is returned to the zero voltage line. The presence
of Vsx however does ensure improved timing stability for
the circuit under increased ambient temperature conditions,
or if VT tends to exhibit a high leakage current.

To trigger the circuit from its stable to its unstable
state and hence initiate the timing count, two means are
provided. The first is a manual ‘one-shot’ arrangement,
whereby depression of a push-button produces one cycle
only of the monostable circuit; the alternative is an ‘ auto’
arrangement, whereby a slow-speed astable multivibrator
repeatedly triggers the monostable circuit approximately
once every second.
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The astable multivibrator used in the ‘auto’ condition
is a common-emitter collector-coupled circuit, but with
diode isolation between the transistor collectors and the
cross-coupling capacitors in order to give faster rise times
to the collector waveforms. This circuit modification!
allows positive and negative rise times of one or two
microseconds to be achieved with even low-frequency pnp
transistors in the Ilc/s multivibrator, this feature being
particularly important for this application as a well defined
short-duration pulse to trigger the final monostable circuit
is desirable.

In the manual condition care has to be taken that one
depression of the manual push-button triggers the timing
circuit once only, as erratic multiple triggering may
produce cumulative or spurious answers on the timer
instrument. A simple connexion from the push-button to
trigger the monostable circuit is thus unsatisfactory due to
the possibility of contact bounce on the push-button, and
the most economical circuit arrangement to guard against
this possibility is to re-connect the astable multivibrator
driving circuit so as to form a bistable circuit, the push-
button now °setting’ and ° resetting ’ this bistable circuit
to suitably produce one and only one output pulse. The
push-button should have a break-before-make action to
ensure this condition is always absolutely maintained.

The complete test circuit, consisting of the monostable
circuit containing the unknown capacitance, and the
driving circuits is therefore as shown in Fig. 2.

In order that the resultant digital readings on the timer
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may be read off directly as the value of the unknown
capacitance Cy, it is first necessary to preset Rz accordingly.
As the timing is theoretically given by ¢ = 0693 C1 R; this
therefore requires 0-693 R; to be some factor of ten, ie.
R; must be (1-44 X 10%) ohms, where x is an integer.

Now the satisfactory operation of the monostable circuit
imposes restrictions on the value of R, too low a value
resulting in excessive base current for VT too high a
value resulting in inadequate base current to switch VT
fully “ on’. With the collector loads and type of transistors
employed, Rs is restricted to the theoretical value
144 %X 10°Q) for optimum conditions.

In practice, the measured total value for R. set up in
the Operating Details covered below is found to be about
14-25kQ, thus indicating close agreement between theoreti-
cal and actual results.

Operating Details

A capacitor of known value is first connected to the
test circuit, and the preset coarse and fine resistors Rs
adjusted such that the digital reading on the timer
numerically equals this value of capacitance. As will be
seen in the Accuracy of Measurement section below, the
accuracy of measurement of the circuit falls off above
and below the capacitance at which the test circuit was
preset; it is thus advantageous to use a capacitance for
setting of about the mean of the values likely to be
measured on the unknown capacitors.

The settings on the timer itself should be adjusted as
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necessary, and the significance of the decimal point (if any)
on the display noted. Exact details will of course vary
depending upon the make and type of counter employed.
However, if the counter is set for example to directly
display a count of microseconds then with R, set to its
optimum value of about 14k(), the microsecond count will
be equal to microfarads X 107 e.g. a count of 10000 on
the timer = 1-OuF.

One fairly obvious precaution is necessary if the test
circuit is used on ‘auto’ and that is the timer itself must
not automatically count and reset such that it sums more
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than one cycle of the monostable test circuit. As the test
circuit on ‘auto’ is being driven only about once per
second, it is quite straightforward to observe that this is
not happening and that the timer starts from a zero count
for each test cycle.

Accuracy of Measurement

With the nominal values of voltage applied to the circuit,
namely Voc = —12:0V and Vsex = +6V, and with the
necessary preset adjustments made using a 0-1uF known
capacitance, the accuracy of measurement over the un-
known capacitance range from 0-001uF to 10uF, i.e. four
decades, is as shown in Fig. 3.

As will be seen from this graph, an accuracy of measure-
ment within +2 per cent is obtained except for values
below about 0-003uF, below which point the error begins
to increase rapidly. The logarithmic scale of the horizontal
axis tends of course to accentuate the fall-off in accuracy
at the low-value end. Greater accuracy at these low values
of capacitance could be obtained by minimizing the stray
capacitances of the test circuit layout, or by setting up
the preset adjustments using a 0-001uF capacitance instead
of 0-01uF.
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With the preset adjustments set up using 0-1uF, the
accuracy of measurmeent graph is shifted generally
upwards by one decade of capacitance value, as shown
dotted in Fig. 3. Again a fall-off in accuracy will be noted
when the capacitance being measured approaches the
0-001 uF region.

As will be apparent, where it is required to pair or
match capacitors against another capacitor, this test circuit
enables such matching of values to be readily undertaken
with exceptional accuracy. A matching accuracy of, for
example, two parts in a thousand would normally be
available from a four-digit time display.

The effect of variation of d.c. supply voltage Vec on
the accuracy of measurement is shown in Fig. 4. As will
be seen from this graph, a —50 per cent to + 100 per cent
variation in Vee produces less than 1 per cent change in
timing of the test circuit. Variation of the positive bias

Fig. 5. Compactness of complete test circuit

supply Vux has no measurable effect whatsoever on the
time as would be expected, provided transistor VT remains
fully cut-off in the stable state of the monostable circuit.
At an ambient temperature of 20°C with a healthy tran-
sistor in position VT, reduction of Vex from 460V
nominal to 4+1-0V can be readily accommodated.

Measurement of Resistor Values

The basic principle employed in the foregoing capaci-
tance measurements can also be utilized for the measure-
ment of values of resistance. In this case C; has to be
preset and R: becomes the unknown component.

Two serious practical limitations are however involved.
Firstly C,, which requires to be set to approximately
0-0142uF in order that microseconds on the timer may be
read off directly as ohms, is difficult to preset, and secondly
permissible upper and lower limits must be laid down for
R,;. Too low a value for R: will damage transistor VT,
while too high a value will introduce inaccuracies in the
timing, due to VT, not being held fully conducting in the
stable state of the circuit. A practical range of resistor
values for R, would possibly be 1k to 50k(}.

In general, except possibly for the matching of resistors
in the 1kQ to 50k() range, the use of the circuit for
resistance measurements is inconvenient and limited.

Conclusions

The test circuit described enables simple and rapid
measurement of capacitor values to be made with an
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Fig. 6. Modification to basic monostable timing circvit to emable VT,
collector waveform to be utilized

VBX

accuracy adequate for the majority of acceptance testing
and production or circuit experimental use. It would seem
particularly suitable for use by unskilled personnel, pro-
vided the preset adjustments and timer controls were set
by appropriate staff.

Fig. 5 indicates the possible compactness of the complete
test circuit, which can be made self-contained with its own

batteries if desired, or supplied from some external d.c.
supply.

Minor modifications to the test circuit to modify the
polarity of the ‘start’ and ‘stop’ control signals fed to
the timer may of course be necessary to suit specific types
of timers that cannot accept the negative ‘start’ and
positive ‘stop’ wavefronts used in the circuit detailed
above. In particular, if an opposite polarity of either or
both control signals is necessary, then the modifications
shown, in Fig. 6, to the monostable timing circuit may be
necessary, in order that the collector waveform of tran-
sistor ¥T: may be ‘ square up ’ and hence utilized for start
or stop control purposes.
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The British National Hydrogen Bubble Chamber at C.E.R.N. Geneva

THE 150cm Bubble Chamber, a description of which
was given in 1963* has recently been brought into
operation at C.E.R.N. Geneva where it is working in
conjunction with the 28GeV proton-synchrotron and the
first series of experimental results have now been
obtained.

It will be recal’ed that the bubble chamber consists
essentially of the following parts:

(1) The chamber vessel itself, of forged aluminium

alloy, fitted with two vertical glass windows.

(2) The expansion system for the chamber.

(3) Hydrogen shields, to contain liquid hydrogen if a
leak or fracture of a window should occur.

(4) A liquid nitrogen shield to screen the chamber from
extraneous heat.

(5) A vacuum tank with associated pumping equipment
to enclose the parts above.

(6) A hydrogen liquefier.

(7) An electromagnet system.

(8) An optical and photographic system for recording
the particle tracks in the bubble chamber.

(9) Overall control system for the expansion of the
chamber, together with all the instrumentation.

The body of the chamber is shown in Fig. 1 and above
it is part of the expansion system. The square frame
surrounding the chamber is that of the vacuum jacket
which is designed to contain 500 litres of liquid hydrogen
at a temperature of —250°C.

The three circular holes at the side of the body are for
the mounting of the light sources.

* The British National Hydrogen Bubble Chamber. Electronic Engng. 35,
245 (1963).
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The proton-synchrotron which was officially in-
augurated in February 1960 is some 200 metres in
diameter, and is primarily a circular accelerator designed
to give protons—the nuclei of hydrogen atoms—the very
high kinetic energies required for present-day research
into the fundamental structure of matter.

The protons are produced initially from hydrogen atoms
by an ion source and are introduced to a pre-accelerator
where they attain an acceleration up to 500keV. Further
acceleration to the protons is given in successive steps by
a linear accelerator up to 50MeV, corresponding to a
speed of about one-third that of light.

At this point they are injected by an inflector into the
circular vacuum chamber of the proton synchrotron in
pulses of six microseconds duration.

The circular vacuum chamber of 200 metres diameter
has a cross section of 14cm by 7cm and 16 accelerating
cavities are located round the chamber.

As the beam of protons accelerate round the chamber
a magnetic field, produced by 100 magnet units, increases
in step so as to maintain the beam in its orbit.

Pick up electrodes determine the position of the beam
relative to the side walls of the chamber and are con-
nected to a feedback system to control the orbit.

The duration of the acceleration cycle is about one
second during which time the beam has travelled round
the vacuum chamber of the synchrotron some 480 000
times and has attained an energy of 28GeV.

The beam is then directed along a 180 metre path
from the proton-synchrotron to the bubble chamber by a
number of horizontal and vertical bending magnets and
remote-controlled adjustable collimators maintain the beam
dimensions. This ‘beam-line’ was specially designed to
produce more kaons of a higher energy.

Particle tracks in the bubble chamber are photographed
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Fig. 1. (right) Assembly of the Britisbh
National Hydrogen Bubble Cbamber at
C.E.R.N. Geneva

Fig. 2. (below) Sample pbotograpb of
collisions of two incoming pegative kaon
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by three separate cameras giving a stereo record of each
event which lasts for a fraction of a millisecond.

The first experiments involve the study of the inter-
action of high energy negative kaons in the hydrogen of
the bubble chamber. It is hoped that further evidence
may be found for a new particle called the omega-hyperon
and detailed studies of various resonance states will alsa
be made. The large chamber, combined with a very good
beam of K-—particles, should provide an immense
amount of data for analysis.

A series of experiments intended to provide accurate
information about the interaction of high-energy pions
and protons will also be carried out.

It is hoped that during the next year about one millior
pictures will be taken at C.E.R.N. at a rate of up tc
25000 per working day. Specially designed equipment has
been installed at C.E.R.N. and in many laboratories ir
member States of C.E.R.N. for examining and measuring
the photographs.

Experimental runs were carried out during July this
year with the proton-synchrotron operating at 19-2GeV
and the photograph shown in Fig. 2 is one of the series
taken during the run.
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The purpose of the experiment, labelled T49 in
C.E.R.N.’s experimental schedule, was two-fold:

(a) to produce and study the omega-minus particle,
discovered in February in the U.S.A.;

(b) to investigate the production of other ‘‘strange
particles”, such as the lambda and sigma hyperons.

The photograph of the particle track in Fig. 2 shows
the collision of two incoming negative kaon (K-) particles
with protons in the liquid hydrogen. The probable ex-
planation is as follows: The bottom left-hand side of the
photograph shows the production of an electrically
charged strange particle, a positive sigma particle. After
travelling about lcm the sigma particle decays into a
proton (p) and a neutral pion. The latter leaves no track
pecause it is electrically neutral.

On the right-hand side four charged particles are pro-
duced with at least one neutral ‘V’ particle. One of the
charged particles (a positive pion) comes to rest after
travelling about 25cm in the chamber and then decays
into a negative muon (the very short sections of tracks in
the upper right-hand corner of the photograph) and a
neutrino (not seen). The muon in turn decays into a
positron (e*), and a neutrino/antineutrino pair (not seen).
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Integrate—and—Dump Operator for Serial
Correlators

By R. M. Seecley*

A need has existed for a finite-time integrator to be used in serial digital correlators. The principal

requirements are ability to accept a high

bit rate with stable integration for random rates, fast and

complgte dumping, and stable transfer of the total to a low impedance output. A device meeting the
need is descri'bed here; in addition a novel fast flip-flop is disclosed. Overall accuracy averages
2 per cent with a 2Mc/s data stream input, using a 300usec integrate and 2psec dump period.

(Voir page 650 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 657)

SERIAL digital correlators are widely used because of
the availability of serial delay lines that are able to
hold many bits—up to several thousand. The three
operations in digital correlation are variable delay, multi-
plication, and finite-time integration. These operations are

shown in the equation:
T/2

o) =1/T [ f(r) gt — 7)dr
T/2
The variable delay and the storage of many bits is
accomplished by the DELTIC! method; multiplication by
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has an impulsive response A(f) = 1/T from 0 to T; h=90
elsewhere. The corresponding spectral operation is that of
a filter with true sin X /X response followed by a sampler
for evaluation at nT, which is not the spectral operation of
an ordinary linear filter. This point is made because linear
filters are sometimes used as approximate integrating
devices in this application.

The integrate-and-dump operator described here makes
use of principally analogue circuits (Fig. 1) to decrease size
and cost. A binary counter capable of summing over 1000
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Fig. 1. Maultiply and integrate/domp functions

a mod-2 adder, and finite-time integration by one of several
devices—for example, a binary counter. The integration is
over a finite time because a finite number of bits is held
in the serial memories; it is desirable to integrate over the
time of one * revolution ’ only, with the start synchronized
to the point at which the DELTIC acquires a new sample,

A true integrate-and-dump operator best fills the
DELTIC application. The operation in time indicated by:
nT
bnT) =1/T | a(dx; —oo<n<x
n-1)T
((l=n'l‘
=1T Z a(n) 8t
(la:(n—l)'l‘

¢ Pennsylvania State Univer;il'y, US.A.
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bits, for example, would require at least four times the
space and cost required by the analogue circuit. The ana-
logue precision averages 2 per cent over the range, which is
quite sufficient for correlator applications.

Fig. 1 shows the principal parts of this analogue
integrate-and-dump device. This particular form is adapted
to correlation processing on a band-pass signal* where the
phase-sensitive properties of the correlation function are
not desired; that is, an absolute-value output is desired
independent of whether the functions undergoing correla-
tion are in or out of phase with each other. The basic idea
is to convert the 1, 0 information to corresponding time
lengths, to generate unit currents during each time length,
and to sum the resulting charges.

Since either all 1's or all 0's are a desirable correlation
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Fig. 2. Flip-flop circuit

The inductors are a National Cail Co. type R45-1 ferrite r.f. bead choke;
1.f. inductance 0-3nH

output, each condition is provided with its own path of
charge summation and the greater of the two is read out.
A condition of partial 1’s and 0’s causes each path to
charge only partially toward full-scale. At the no-
correlation condition, each charges half-way; the output
scale has the bottom half suppressed so that the no-
correlation condition reads out as 0 volts and full-scale
condition as +10V, even though internally the charging
capacitors are reset to —10V at the end of each interval
(T) of computation.

Input Flip-Flop

The delayed-and-multiplied information is presented to
the integrator as a binary pulse stream with a 2Mc/s clock
rate. Since the pulses as presented are asymmetrical in
duty cycle, the integrator contains an a.c.-triggered input
flip-flop (Fig. 2) capable of actuating only on one edge of
the incoming pulses—the edge produced by pnp transistors
turning on. This flip-flop* has several interesting features:
it can only be actuated by positive-going input transitions;
output transition times and input charge requirements are
inherently small; the base circuit is automatically tempera-
ture compensating so that a known ‘off ° voltage can be
designed-in; and the design is suitable for small collector
swings relative to the collector standing voltage.

Fig. 2 shows the stable state with typical d.c. voltages
present. Note that the combination of diodes from collector
to base on the ‘off’ side is such as to keep the input
diode ‘on’, so that a positive input swing wastes little
voltage in causing transistor turn-on. The diode combina-
tion makes the voltage difference between ‘on’ and ‘off ’
bases equal to the drop across the silicon 1N252; since
this is nominally equal to transistor ‘on’ Vyg, the *off’
Ve is nominally zero. Choice of other diode types would
allow apportioning the ‘off * Vyg to suit the designer.

On the ‘on’ side, the diodes are all nominally *off * in
the string from ‘on’ collector to ‘ on’ base. Therefore, no
input pulse—either positive or negative—can trigger the
flip-flop on the ‘on’ side, and obviously only positive
transitions will have an effect on the ‘off’ side. The
independence of negative input pulses is important. Many
designs have diode steering so that there is nominal pro-
tection against transient inputs of the wrong polarity;

* Patent applied for.
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however, often these diodes carry current, and when the
undesired pulse turns off that current, the transistor input
circuit is sufficiently upset to cause a change of state. Here
the diode carries no current and cannot upset anything.

There are two limitations to this flip-flop design:
(1) The output swing should be greater than about 2V

(2) The maximum collector emitter voltage should be
greater than 9V.

The first limitation results because the total manufac-
turing voltage variation of avalanche diode and steering
diode is about 0-9V. There must be an additional amount
of swing to ensure that the proper set of diodes controls
the ‘ off * base—say 1V; the sum, then, is 2V. The second
limitation occurs because it is desirable to use sharp break-
down diodes; therefore, breakdowns of not less than 8V
are necessary. Of course, a more complicated design using
round-shouldered diodes would be possible.

This structure has an unusual transient input impedance :
the positive-going transition on the waiting input is lightly
loaded because there is no coupling to the opposite col-
lector until the output transition turns * on ’ the 1N695 that
is connected to the * off ’ base (i.e., when the loop is fully
active); coupling to the near collector is present only for
a period long enough to turn ‘ off * the near IN252 (which
requires about 25pC). The last coupling time can be
considerably reduced by using a better diode—for example,
the HDS5000. for which 5pC are required in this circuit.

The charge required by each side to change state totals
about 80pC, which must be provided from input and
regeneration; of the total 35pC are due to transistor
transition capacitances and wiring capacitance, while the
remainder is due to the required charge change in the
base to control 30mA collector current, plus the 1N252
turn-off charge.

Loop coupling during transitions is provided by the
common emitters plus the breakdown diode back capaci-
tance in series with the stored charge of the cross-coupled
IN695. The 1N695 in cascade with the input capacitor is
also useful for its stored charge (25pC/forward mA); this
charge serves to define the voltage at the diode-capacitor
junction, which would otherwise be indeterminant,

The output transitions are clean, with Snsec transition
times and Snsec delay when non-marginal input charge
is supplied. Relatively slow input transitions (50nsec long)
require 70pC input charge; the amount remains less than
100pC (with faster input transitions) to 20Mc/s. The
repetition capability of this flip-flop does not parallel the
resolution capability principally because of the relatively
large breakdown diode capacitance.

Switched Integrator

The timing from the input flip-flop is within 1 or 2nsec
of being perfectly symmetrical, and the next integrator
stages are driven with fast, even transitions. However, the
integrator stages in Fig, 3 are not sufficiently fast to main-
tain the timing definition supplied by the input. This is
because the design took place when the 2N1259, with a
60Mc/s fi, was the fastest pnp silicon transistor available.

Silicon transistors were necessary to hold capacitor
leakage to negligible levels; pnp seemed necessary to main-
tain the voltage levels symmetrical around zero volts (a
convenient and stable power supply for setting one of the
output limits). With the output swing desired, a value of
Ves greater than 20V was necessary,

The switched integrator (Fig. 3) is a symmetrical
grounded-base pair fed from a constant-current emitter
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Fig. 3. The complete circuit

source to obtain the fastest speed and best definition of
charging current possible with the 2N1259. The variation
in speed among randomly chosen pairs causes correspond-
ing variation in charge alternately transmitted to the
integration capacitors. The total charge required by emitter
transistor capacitance and diffusion capacitance in each
transistor is variable over perhaps a 20pC range from unit
to unit. Thus, there is a differential-control-charge uncer-
tainty of about 4 per cent (compared to the 500pC charge
to be transferred every bit time) and an additional 4 per
cent static uncertainty due to variations of «, and Vse.

The static effects can be balanced by adjusting the
relative size of the two integrating capacitors for equal
full-scale values with in-or-out-of-phase 100 per cent input
correlation. The dynamic effect is most apparent at 0 per
cent input correlation, where one would expect a 4 per
cent offset referred to a 20V swing, or 8 per cent on the
suppressed read-out scale. Note that increased input corre-
lation decreases the average bit rate. The average bit rate,
even at 0 per cent input correlation and 2Mc/s DELTIC
rate, is still only 1Mc/s because the data is random. Thus,
the worst error ir actual usage with a 2Mc/s DELTIC is
4 per cent, which decreases rapidly with increased input
correlation. The static linearity, offset, and stability is well
within 1 per cent (the theoretical non-linearity is less than
0-1 per cent for a transistor having an r. value greater than
1MQ).

The Q 6-100"s at the 2N 1259 bases are supplied to clamp
the bases to a known source for the ‘on’ condition with
very small charge demanded from the flip-flop to turn
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them ‘off . The I1N695's supply all charge required for
turn-off (some 70pC).

The 2N708 in the dump circuit has a difficult job to
perform, because it must remove 0-3uC in 2usec; the
corresponding average current is 150mA and the peak
250 to 300mA. The 2N708 turns on in a short time—about
30nsec—to a peak current of several hundred milliamperes,
while the Vece could still be 20V if it were not for the
R45-1 choke, which quickly knocks down the Vce and
also restrains current build-up in the collector circuit. With-
out the coil, the transistor locally heated in about 0-5usec
to such an extent that the 8 could drop to near zero; the
time required for the heat to move out to the case and
dissipate was as much as SOusec. In addition to this effect,
only one manufacturer’s version of the 2N708 could
support the currents demanded, even at low power, ap-
parently because of epitaxial construction. The circuit
shown accomplishes dumping to within 0-1V of the
reference in 2usec.

Impedance Convertor

The purpose of the impedance convertor circuit (the
right-hand portion of Fig. 3) is to transfer the integrated
voltages to a low-impedance output stage without causing
appreciable charge leakage from the integrating capacitors.
The two cascaded emitter-followers have two separate
feedback paths to maintain the required base current and
the required emitter current constant, no matter how the
input voltage varies. It happens that one path constitutes
negative feedback; the other, positive. Assuming the adjust-
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ment of base current supplied from the collector junction
point is made correctly at 0 volt input, so that no additional
input current is required, then none should be required
anywhere in the voltage range. Actually, the best low-input-
current capability of the device is not needed in this
application, where there is only 30mV integrated offset
produced by each microampere of unbalance current in
300usec.

The incremental input impedance of this portion of the
circuit is several megohms to 1Mc/s, being BiB:RL to fu
or fg, whichever is lower, where Ry, is the total incremental
impedance as seen looking out from the second emitter,
approximately 1k} in this case. Of course, it is possible
to increase the impedance or bandwidth by choosing higher

values for RL or wider-band transistors. The offset of the
circuit is nominally zero, and temperature compensation
is within a few millivolts. The input current can be adjusted
to a small part of a microampere, but seems to hold only
to the order of several microamperes in long-time usage
because of B3 ageing and temperature effects (which could
be compensated by an emitter network in the first stage).
At present, a similar integrate-and-dump device is being
developed for operation from 16Mc/s DELTIC rates.
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A 100V 100mA Regulated Power Supply Using Transistors

By R. E. Aitchison* and W. S. Lamond*

This article describes a 100V 100mA regulated power supply module. The design illustrates some

principles which can be applied in the design and protection of transistor power supply circuits when

the supply voltages exceed the voltage breakdown ratings of the transistors. A number of these
modules can be cascaded to give a higher voltage supply.

(Voir page 651 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 658)

WHEN the supply voltage exceeds the voltage break-
down rating of the transistors, the design of the
circuits must incorporate special features to ensure that
both during normal circuit operation and during switching
transients the transistors cannot be damaged by voltage
breakdown, which occurs virtually instantaneously and
cannot be prevented by the use of fuses.

The basic circuit is a series degenerative type of d.c.
regulator and is illustrated in Fig. 1. The pre-regulated
supply V1 is used to give high performance over a range
of output and input voltages, and a separate reference V.,
so that a number of identical units can be controlled by
the one reference and so cascaded and give a range of
output voltage.

However, main interest is in the problems introduced
by voltage breakdown. The voltage amplifier must operate
at the voltage V), which is higher than the full output
voltage V5. The series amplifier must operate at the
difference between V, and V; while during switching-on
transients it must cope with the full supply voltage Vi, as
the output capacitor C presents a virtual short-circuit across
the output terminals during the initial charging period.
Similarly, a momentary accidental short-circuit across the
output terminals has the same effect. When V, ~ 100V or
more, it is clear that transistors used in the circuit will be
exposed to voltages in excess of the breakdown ratings.

In a practical circuit the methods used to cope with
voltage breakdown are as follows:

(a) Use of a number of transistors in series, with

* University of Sydney, Australia.
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appropriate voltage sharing, to give higher break-
down voltages.

(b) Where necessary, a resistance between base and
emitter chosen to give an adequate compromise be-
tween voltage breakdown and current gain. In this
way the higher collector-base breakdown voltage is
approached, while the common emitter gain is not
appreciably reduced.

Fig. 1. Basic circuit arrangement of a series degemerative power supply
with an external reference V, and a pre-regulated supply V, to illustrate
voltage breakdown problems
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(c) Identification of switching transients and their sup-
pression of limitation using a Zener diode which is
inoperative during the normal operation of the
circuit.

Practical Circuit

The circuit of a particular 100V 100mA unit incor-
porates these principles as shown in Fig. 2.

The voltage amplifier is formed of a cascade of tran-
sistors in series (VT7 to VT, 2N591, Vce 32V). The volt-
age divider ensures equal voltages across each transistor,
and the emitter-base resistors of 3-3kQ give a high
collector-emitter breakdown voltage. This combination of
four transistors acts as a single transistor of much higher
breakdown voltage, with the input to the base of the first
transistor (V'T1) and output from the collector of the last
(VT,). The same principle is used for the series transistors
VT, and VT: (ASZ16, Vo 60V, Ve 48V), but the voltage
divider is of lower impedance, and again resistors (of
470Q2) are placed between base and emitter to ensure a
high breakdown voltage.

However it would be impractical to design the series
amplifier to cope with the switching-on transient of
approximately 140V across the series combination VTV T..

A Zener diode MRZ, of 56V breakdown is connected
across VT: and VT, and a series limiting resistor (1kQ2)
keeps the peak current through this Zener diode within its
ratings. During switching-on, the peak voltage across VT
and VT: combined is kept to less than 70V, but during

Fig. 2, The circuit of the 100V 100mA power supply
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Fig. 3, Method of grouping three modules to give a 300V 100mA supply

normal operation MRZ: is non-conducting and has no
effect on the circuit performance. A small 1mH choke and
damping resistor (150€}) also help reduce the switching
transients,

The remaining details of the circuit follow accepted and
routine design procedures. With a bridge rectifier power
supply giving 10V ripple (peak-to-peak), the output ripple

at full load is less
than 3mV  peak-to-
peak, and is mainly

determined by 50c/s
hum introduced by

MRZ, IN3038A TR

earth wiring. The out-
put impedance for a

MR2Z,

1500

=140V

no load to full load
change of output cur-

o O~L0
250mA

VI,

47N 47x0)

- 2NS91

1uF ®0 ‘
A
Vi, @ )
‘D

33k0 J
e VAVAVAS 10kN

)|
| o :
— rent is less than 20m(2,

and the mains regula-
tion factor (change in
mains voltage/change
in output voltage) for

‘ a =10 per cent change
in mains is in excess of
100

BuF_L

_ﬁ

33 1000:1. For complete-
k0

ness the method of
‘ cascading three units
‘ to give a 300V 100mA
variable (270 to 330V)
supply is shown in
Fig. 3.

Although the prin-
ciples are illustrated by
their use in this par-

designed around inex-

|
ticular power supply,

! ’
_L I 330 | pensive and readily
= BuF 4x 2N59) ¢———AAANA 10k available  germanium
A transistors, the same
T principles can be used

B in any similar applica-

33ka |
—— A 10kn tion in circuits in which
vr, o ! ‘ the supply voltage ex-
ov [ ‘ o ceeds the particular
o _— S . . D D W transistor rating, and
3:3k0 dangerous switching
+12v REF. O~ AAAA — transients can occur,
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Demodulation Circuits for PAL Colour

Television Recelvers
(Part 2)

By W. Bruch*

(Voir page 576 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 583)

Demodulation with Delay Lines with Respect to Arbitrary
Axes, e.g. (R"—Y"), or X', Z'

It is evident from the NTSC equations that every colour
difference signal can be obtained from a linear combina-
tion of two other such signals. Thus /” and Q’ can be de-
rived from a combination of (R* —Y”) and (B’ —Y’) and
vice versa, and similarly X’ and Z’ are related to I’ and Q".
A similar possibility of combination can also be expected
to exist for the component carriers F\" Fq' produced by
the signal separator of Fig. 1. A linear combination of
these quadrature signals would result in a phase-modulated
signal of the NTSC type. If, however, the components
are made to be in phase they can be added and subtracted
like signals provided that the phase reversals of I,
(. —=r.r....), introduced on alternate lines at the trans-
mitter are cancelled. An electronic switch. such as was

i

Fig. 16. Carrier frequency divider matrix

described above for refer-
ence phase switching, can
also be used to cancel

these phase reversals in
the FY’ channel. A wide-
band 90° phase shifting

—>— Add

matrix, the NTSC equation may be rewritten as

R =Y’ = 0620 + 0-96/

G —-Y = —065Q — 027/

B =Y = 1-70Q" — 1-11I
or as a further simplification with all signals referred
to +Q

161 (R" =Y)= +Q + 154

—1-55(G" =Y') = +Q" + 042

059 (B" —=Y') = +Q" — 0-65I'
This leads immediately to the circuit of Fig. 16. One of
the signals, here FY’, is required both as a positive and a
negative quantity. The centre tap of the push-pull secon-
dary is therefore kept at Fq' potential.

Unlike the NTSC demodulator outputs, the signals from
the demodulators following the matrix network of Fig. 16
are not of equal amplitude. These differences are equalized
in the output amplifier stages. If equal phosphor sensi-
tivities are assumed, i.e. the colour tube will give a * white ’
picture on all three channels with equal control grid

potentials, the gains in the three colour output amplifiers
will have to be

[Va-yn| = |Vo/1:61] = —0-62V,
[Vig-y»| = |Vo/ —155| = —0-65V,
[Vw-y)| = |Ve/059] = 1-70V,
or, expressed in terms of (R* —Y")
Wi -v)| = | =104V x|
Vv = |274V -y

The following expressions would serve to obtain X’ and
Z’ as defined by Carnt and Townsend’:

Fig. 17. (R’—Y’) and (B'—Y’) demodulator for PAL  using matrix of Fig. 16

=it

]
180° phase switch Sync. demod.'red

network is then used to A
turn the colour carriers

Fy and Fq' into phase
alignment so that they can
be added and subtracted
like voltages of video fre-
quency thus producing a Y
new carrier of the same

F.FF,
o— ——¢

-y —oR-r’

- o8-y’

l Sync.demod. 'blue’

frequency and  phase Add

which now contains only
the required colour differ-
ence modulation. For
greater clarity in design-
ing the carrier frequency

B Telefunken A.G.: Hanover.
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Fig. 18, Carrier frequency resistance bridge matrix
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Fine /o
adjustment Transd. equivalent

L

Phase

Fig. 20. I’ALDL demodulator with reflection type delay line and phantom
circuit to separate forward and retorn signals
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Fig. 19. Universal PAL decoder for (B'—Y"), (R'—Y"), X'Z’ or I’ and Q' demodulation with I’ALDL and selection

facility for PAL, and NTSC operation

090X =Q + 107/
060Z =Q — 0281

The block diagram Fig. 17 shows such a demodulator
with push-pull transformer for (B — Y’) and (R' — Y").
The two carriers are rotated into phase, by means of a
shifting network, after the electronic switch in the Fi’
signal path has cancelled the 180° reversals. The ratio of
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R:/Rs determines the amount of Fy mixed with Fg' to
produce Fp'-y). If a switch §, is additionally provided
in the signal separating circuit (for instance for demons-
tration and comparison purposes) the receiver can also be
used for PALs. Even NTSC signals can be received if the
diode switches are kept continuously in their appropriate
state (see S in Fig. 4). The resulting NTSC circuit was
described? although it is not used in practice. A universal
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demodulator switchable to PALypi, PAL, or NTSC can
be designed on the principle described in which the de-
modulation axes can be chosen arbitrarily merely by
changing a few resistors. The same circuit is then used
in such a demodulator for I’—, Q’— demodulation as for
(R"—Y’), (B —Y") or X’, Z’. The same design considera-
tions for the resistance bridge matrix (Fig. 1(b)) also apply
to the high frequency matrix. Fq’ is fed into the bridge
at the right-hand junction of the bridge (Fig. 18) while
the arms are supplied with FY’ and F_¢’ in equal ampli-
tudes. Polarity reversal of Fr is achieved by the addition
of a further diode pair MRs, MR, to the FY' commutating
switch which also passes Fr’ in the reverse direction as is
seen from Fig. 19. In computing the potential divider ratio
of the matrix network the internal resistances of the
switches must be added to the resistances Rs and Rs
respectively. For the diodes a forward resistance of 230
was calculated. The complete circuit with component

any desired direction. Such a universal decoder can be
operated with any output circuit, since any combination
of colour-difference carrier signals can be formed in the
resistance matrix Rs, Rs, R7, Rs. Which combination of I’
and Q' is required for any particular circuit can easily be
ascertained without a laborious determination of the
demodulation axes in the NTSC system (as is required for
instance with X’ and Z’).

Circuits with Simplified Delay Line

The ultrasonic delay line is the only non-standard com-
ponent in a PALpy (and also SECAM) colour receiver.
With mass-production methods it should be possible to
produce these lines economically. Nevertheless consider-
able thought has been given to the possibility of simplify-
ing and cheapening the delay lines. It would be feasible
to cut a line, consisting of a glass rod and two terminal
transducers, in half and to polish the free end. This would

O | el
m h
o—»—ll— RC
pA——
L
L T
oL,
Fig. 21. PAL;, demodulator with reflecti

values for demodulation with respect to B’ — Y’ and
R’ — Y’ is given in Fig. 19. Only the values of the re-
sistors Rs, Rs, R7 and Rs need modification if demodulation
with respect to X’ and Z’ or I’ and Q' is required. As in
the circuit of Fig. 17 the reference carrier 41’ is here also
supplied to the two synchronous demodulators in the
same phase. A third pair of diodes MRs and MR; serves
to rectify an identification pulse carried by £Q’ which is
derived from the separator circuit. A simple LC arrange-
ment is used to turn the Fq’ signal into phase alignment
with Fr' and thus into phase with the reference carrier. It
is seen therefore that the reference carrier is fed into all
three synchronous demodulators in the same (£1’) phase.
Two parallel resonance circuits LiCy and L.C, are turned
to the chrominance carrier frequency and are positioned
s0 as to avoid short-circuiting the switch at this frequency.

This circuit was successfully used for several EBU
demonstrations and, more recently, also for a number of
propagation surveys both with (B’ — Y”), (R’ — Y*) and
X’— and Z’— demodulation. Of all the PAL circuits it has
so far proved the most adaptable to the combined require-
ments of NTSC, PALpy and PAL,. By exchanging but
four resistors the demodulation axes can be shifted into
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delay line using I' and Q' separation without isolation of forward and return signals at delay line

give two new reflection type lines. The wave applied
through the transducer to one end of the rod will travel
to the polished free end where it undergoes total reflection
to return to the transducer where it can be picked off.
Since the glass rod is traversed twice the total delay thus
achieved with a line of half the original length is still
near enough 64usec. If this type of line is made part of
a bridge circuit, energized at colour carrier frequency, its
length can be ground accurately by a fully automatic
servo system. This is not only an economical production
method but, because of the resulting accuracy, the fine
adjustment line DL, can be dispensed with. Fig. 20
shows a reflection line used with a phantom circuit
well known in telephony. To separate the direct and
delayed signals a carefully balanced push-pull trans-
former T and an accurately adjusted transducer equiva-
lent CxRx to neutralize the direct signal must be used.
Furthermore, the temperature dependence of the trans-
ducer self-capacitance must be corrected. It was there-
fore found rather difficult to make an accurate equivalent
of the delay-line input impedance of adequate band-width
and attention was turned to other possibilities.

It was suggested by W. Scholz* that it is not necessary
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Fig. 22. Practical arrangement of circoit of Fig. 21

Ay Ay,

2A, cos V&'

180°

—_— ——
24;siny /L

(b)

Pig. 23. PAL,, demodulation with carrier injection ahead of delay line

(a) Reference phase mirroring for Q' channel
(b) Reference phase mirroring for 1’ channel

with a PAL-delay-line demodulator to have the direct and
delayed signals completely separated. At the delay-line
transducer input end reflected signals such as for instance
(F + aiF) exist simultaneously, where F and F are con-
secutive line signals and a the attenuation constant. If
from this signal (F + a&F) the direct signal is subtracted
namely with amplitudes (1 + @) and (1 — a1) respectively
the following relations hold, provided the phase delays
are accurate,
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F + aF — (1 + a)F = aF — aF = —2aFY
F + aF — (1 — a)F = aiF + aiF = +2aFq
yielding the required /’— and Q’— signals.

For the first practical tests of this method no delay-line
of the required length was available and a short line had
to be used. Experiments were therefore made with a
circuit as shown in Fig. 21 and 22, in which the direct
signal is subtracted from the mixed signal at the line trans-
ducer (point 3 in Fig. 21) in such a way that only the
delayed signal remains.

L, and C; are used to match the direct signal from
point 2 to that of opposite phase at point 3. Thus a tap-
ping point must exist along the length of resistor R, at
which the direct signal vanishes and only the delayed
signal remains. Slight phase correction can be achieved
by means of L.. The delay time is set accurately, as in
previous PALpy demodulators, with an additional time
adjustment line DL,. In future, when the half-length delay
line ground to fine tolerances becomes available, inclusion
of the fine adjustment line DL. should be unnecessary.
The remaining parts of the circuit are similar to those
used with the full-length delay line. The circuit of Fig. 22
shows the first experimental prototype in which no effort
was made to minimize the number of transistors and other
components.

PALjp. Demodulation with Carrier Injection Ahead of the
Delay Line

As mentioned above, demodulation can be achieved
either with synchronous demodulators or with standard
rectifiers and an added reference carrier signal, the two
methods being equivalent. It is possible, furthermore, to
supply the two demodulators with their reference signal
via the common chrominance path ahead of the delay line.
The reference carrier need then be fed into the system at a
single point only, though its phase has to be switched
over during alternate line intervals. As is seen from Fig.
23(a) the reference carrier may be injected over a wide
phase range in the four quadrants between the /" and Qo
signals. Addition in the Q’- carrier channel of the direct
and delayed components will always result in a vector
along the (+Q") axis if the reference signal is mirrored in
the Q’ axis during alternate lines. If, for instance, the
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Fig. 24. PAL,

demodulator based on Fig. 23
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Oscillator locked in
correct phase

Burst-synchronized | Phase of l

oscillator | rez- ¢ |
(burst phase (A L)

shifted by 57°)  oscillator

Fig. 25. Slave oscillator locking by burst signal
(a) Phase-shift due to polarity reversal of Q’ to —Q’

(b) Elimination of phase-shift by full-wave rectification with pure Q'
modulation

(c) As (b) for pure I’ modulation with reversed diodes
(d) Signal for slave oscillator (sum of burst and signals (b) and (c))

injected reference carrier 414y is turned to A:£—v during
the following line interval, the resultant at the output of
the adding circuit is 4, = 24:.cos y/Q’, that is, the resul-
tant reference is in phase with Q’ as it is required for the
Q’ rectifier*. It is necessary to ensure, however, that A.
is always larger than Q’max. The vector diagram for the
I’ channel is shown in Fig. 23(b). In this case the vectors
are subtracted so that 43 = 24;sin y£/’. This is the vector
of the reference carrier for the I’ rectifier.

If y=45° A. and A:; become equal. In this case the
reference carrier phase must be switched through 2 X 45°
= 90° on alternate lines. According to the law of image
formation the phase should in general be switched through
an angle of 2y. In practice the mirroring of the reference
carrier can be achieved, for instance, by the method illus-
trated in Figs. 14 and 15. Fig. 24 shows a block diagram
of the method outlined. The fact that this method func-
tions with a single carrier voltage and a simple phase
switch could lead to considerable economies. Using the
circuits described?® for regeneration of the reference carrier
from the burst signal, the electronic phase switch could
be omitted if the reference carrier was injected at 45° and
a special burst signal was transmitted which was advanced
by 90° for alternate lines.

New Approaches to Subcarrier Regeneration from the
Chrominance Signal

Remanent variations in colour saturation due to phase
errors 3 can be eliminated if the reference carrier phase is
made to vary synchronously with the errors. If the phase
modulation e of the chrominance signal could be re-
moved from the colour carrier at the receiver, a purely
amplitude modulated carrier would remain which could
be used to synchronize a reference carrier oscillator in the
required fashion. For the NTSC system this problem
remains unsolved to date. For the PAL system with delay
lines two methods are described which have proved suc-
cessful in practice. The first of these methods uses the
signals

FQI and Fll

separated by the delay line demodulator to synchronize
the reference  carrier.

Fig. 26. Reference carrier generator symchr

— e

Burst
btanking

«-»—3-?»» ~
4 NI |
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F

Burst

Burst
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e carrier These two  amplitude
modulated  signals no
longer contain the chromi-
nance phase modulation f3
T but comprise a phase dis-
placement e* to which
the reference carrier can
be related. They are how-
ever not yet suitable for
the required purpose as
Q’ and I’ may occur after
synchronous detection
both as positive and nega-
tive signals. A change of
sign is equivalent to a
180° phase shift of the
corresponding carrier (Fig.

—*

—hJQ Demi‘“"

— 90° |

+Q’cos w,t

* This argument is valid if
the reference carrier s
injected in the first or fourth
quadrant, if injection takes
place in the second or third
quadrant  reversal of the
rectifier  connexions  will
produce the correct signal
phase at the output.

Oscillator

—7

4-43
Mc/s
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25(a)) which is removed by full wave rectification. A
half-wave signal of twice the colour carrier frequency
results which can be wused to pull a local slave
oscillator into phase. There remains a phase uncer-
tainty of = due to the double frequency signal, which is
in turn removed by a starting signal derived from the
burst at the beginning of each line. For instance a start-stop
oscillator may be triggered by the burst and continue to
oscillate under the control of the half-wave signal. Stability
of this oscillator need only be sufficient to prevent it from
drifting by 180° for most of the line duration. The circuits
at present in use comprise a continuously running LC
oscillator which in addition to the half-wave signal is
supplied with the burst signal of an amplitude sufficiently
high to ensure reliable locking-in. For this oscillator to
have a sufficiently fast response, under differential phase
conditions for instance, it must have a low Q-factor such
as is given by a circuit capacitance of, say, 1000pF. To
ensure reliable phase synchronization with any colour it
is necessary to derive a half-wave signal from both Q'
and I’ and to use the sum of the resulting half-waves. For
the summation to be performed one of the signals must,
of course, first be delayed by 90°. The synchronizing
signal amplitude which is now proportional to (Q'+1I') is
always present, even when either Q’ or [’ pass through
zero.

Another signal suitable for synchronization can be
obtained by summation of the I’ and Q' voltages with
initial 90° phase shift with the diodes of the two full-wave
rectifiers respectively connected in the opposite sense. Both
a.c. voltage curves (Figs. 25(b) and 25(c)) are of basically
the same shape as is their sum (Fig. 25(d)). The synchroniz-
ing signal supplied to the slave oscillator (Fig. 26) is the
sum of the burst, phase displaced by 57°. and of
O’ +1I'<) as shown in Fig. 25(d). Tests were made with
an artificial sawtooth modulation of line frequency fed
into the encoder with phase displacements of from 0° to
a maximum of 80°. With these extreme phase displace-
ments useless pictures were obtained with the NTSC
system and with PAL circuits, employing crystal controlled
regeneration, progressive loss of colour, reaching prac-
tically monochrome reproduction was observed; perfect
colour images were however maintained.throughout the
phase error range with the new controlled oscillation
circuit. In this “Improved-PAL” receiver component costs
are reduced by at least the price of the quartz crystal and
it may therefore be expected that the total cost, which is
determined largely by the delay-line, can be reduced by
almost 30 per cent.

REFERENCES

9. U.S.A. Patent No. 2 868 872.

10. BRucH, W., Dirks, E. Die Synchronisierung der sequentiellen Um-
schaltungen beim PAL-Farbfernschsystem. (To be published).

Electronic Machine Tool Control for
Concord Project

A large installation of machine tools equipped with Ferranti
numerical contro! is building up in the plant of Sud Aviation,
Toulouse, in readiness for the production phase of the Anglo-
French supersonic airliner, the Concord. A proving programme
started two years ago on parts for the Caravelle and Mirage
IV. These tests were so conclusive that already four Cramic
routers and a Huron vertical miller have been installed. A
fifth Cramic router is on the point of delivery and within the
next few months a Ferranti controlled plotting machine also
designed and manufactured by Cramic Engineering will follow.

Although assembly of Concords will take place at Sud
Aviation and at the British Aircraft Corporation factory in
Bristol. each company is responsible for the entire manufacture
of certain parts of the aircraft. For Sud these are the wings
and centre section of the fuselage. When Sud Aviation first
considered numerical control for machining wing ribs, spars
and fuselage bulkheads. two major factors influenced their
decision to adopt the Ferranti magnetic tape system.

Firstly, the capital cost of the equipment is lowest. for
unlike punched paper tape systems which predominate in the
U.S.A.. an interpolating computer is not needed on each
machine. The major advantage claimed for paper tape sysiems
is the facility for hand programming, which car eliminate
dependence on computing services. But Sud considered this
of dubious benefit since hand programming is uneconomic for
continuous path work anyway, and the use of a computer is
to be encouraged, not discouraged. It was thus reasonable to
take advantage of the lower capital cost of the Ferranti
system and the inherent greater reliability that must come with
a simpler mechanism. The second factor stems naturally from
the first. By using central computing services the latest improve-
ments in data handling can be adopted as they become avail-
able, without affecting the machine tool control.

Translation of design data to the finished product need
only take weeks. instead of months as with normal methods.
since the long and costly task of designing and making jigs.
fixtures and templates is eliminated. Only simple holding
devices are needed on the machine.

Additionally, the number of machine hours required for a
set of parts is drastically reduced. Since operating efficiency
is in excess of 90 per cent, the time actually spent cutting metal
rises steeply. Cases can be cited where machining time com-
pared with conventional methods is cut by as much as 85 per
cent. In one particular example from the proving tests carried
out, the machining time of the finished component was reduced
from 18-28h to 4-2h.
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Accuracy is another factor which encourages a trend to
numerical control, for much time is saved by reducing hand
fitting and finishing during final assembly. Accuracy is far
greater than with conventional methods. In practice, accuracy
on the numerical machines is between %0-002in in relation
to the theoretical profile, but more importantly mating profiles
are repeated with *£0-001in.

Design data defining the profile of wing spars and ribs is
supplied to the production department in mathematical form
as tables listing the co-ordinates and interpolating curve re-
quired to create the wing aerofoil. Hence information needed
to machine the profile can be transferred directly to the pro-
gramming sheet.

Once change points have been transferred to the program-
ming sheet and milling information added. a paper tape Is
punched on a Creed teleprinter. The paper tape produced is
despatched by normal airmail services to Ferranti, England,
for computing and processing on to magnetic tape. This chain
of communication may well be shortened in the future, how-
ever, because with the growing use of systems on the Conti-
nent. Ferranti and Sud Aviation have decided to establish a
magnetic tape centre in Paris, in the Courbevoie factory of
Sud Aviation.

Transmission of data in this manner is generally confined
to wing components where the design originates from mathe-
matical calculations. But many components, fuselage bulkheads
for instance, are designed graphically on full size drawings and
often altered artistically when the wooden mock-up of the
aircraft shows need. There is no mathematical data to work
from.

When the form of such a component constitutes straight
lines and circles the programmer redraws the profile and, in
number sequence, marks out the change points required to
produce it. In conjunction with the original part drawing the
programming sheet is then made up listing the co-ordinate posi-
tions and the required milling information against each change
point on the X, Y and Z axes.

When the curves involved constitute irregular profiles how-
ever, it is necessary to make a full size drawing of the com-
ponent on sheet alloy metal, sheet metal being used to give
a stable description of the part. From this, co-ordinate points
at specific intervals along the form are plotted off and the
measured dimensions transferred to the programming sheet.

Experience has bcen building up on components for the
Caravelle and the Mystere 20. To date, 90 different jobs have
been programmed needing over 300 tapes. It is estimated that in
Toulouse one programmer has a weekly output of about one
hour’s running time on the machine. By using the profile data
this figure will be multiplied by about five.
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Sequential Access Ferrite Store with Stepping
Switch Addressing

By M. D. A. B. Rackowe*, B.A.

A stepping switch is used in conjunction with a ferrite core matrix and semiconductor circuits to form
a low cost digital store. The store is of the word access type, and the one described here has a capacity
of 10 words each of 10 bits.

The simplicity resulting from the use of stepping switch addressing is only achieved by sacrificing
speed, and random access would also be difficult to obtain.

(Voir page 651 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 658)

A SMALL-CAPACITY sequential word access ferrite
core store is described in this article. One-hundred
cores are arranged in a single plane matrix to give 10
words each of 10 bits, the words being selected by a uni-
selector stepping switch instead of by one of the more
usual semiconductor or magnetic addressing systems. The
use of a stepping switch means that the store is only useful
where neither high speed nor random access are required.
However, a considerable saving in complexity and cost is
achieved. The uniselector is driven round by a separate
timing circuit and amplifier which constitutes an analogue
store governing the time spent at each uniselector position.

The storage system used here is of the word access!
type, since the inherent simplicity justifies its use in small
capacity stores. Also this
system is most suitable for
use with the uniselector,
which performs the address-
ing function and the overall
timing of the store.

The addressing system used [
with a ferrite core memory '

D.C.+

has to be able to handle fast,
high current drive pulses.

Moreover these pulses must s::,‘,f;:'
be able to pass in either T
direction along the matrix f‘
line. These conditions are
difficult to meet with solid
state components, and such
systems are complex and
costly. Where random access _

READ/WRITE

o—————

— - =

line. If it is desired to write a ‘1’ into a particular core,
a coincident half current is made to flow down the appro-
priate X line

Fig. 1. Matrix arrangement

UNISELECTOR DELAY

CONTACTS MONOSTABLE

!

READ/WRITE
PULSE
GENERATOR

* [

UNISELECTDR

Enable timing

Reset

CONTACTS

\

Il

CORE
MATRIX

READ
AMPLIFIERS

FLIP=FLOP
REGISTER

|

X DRIVERS

or high speed access are

necessary there is at present

no alternative. However, in

some applications advantage

may be taken of the simplicity and cheapness of stepping
switch addressing, since it is clear that a bank of contacts
can perform all the functions necessary for routing core
drive pulses.

The core matrix is in a single plane, with three wires
threading each core, one in the Y direction and two in
the X direction (see Fig. 1). One X wire is used to pass
current during the write operation, and the other is used
to collect the read signal when a core is switched.

For the matrix the sequence is as follows. A full read
current pulse passes down the selected Y line, and a ‘1°
is read out from each core, which was previously in the
‘1" state. All the cores are then in the ‘0’ state. A half
write current of opposite sign then passes down this Y

* Coutant Electronics Ltd, formerly AMF International Ltd.
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S —
Rewrite

Output
Fig. 2. General arrangement of store

Stabilized power supplies are used. These provide + 12V
and —12V, at a maximum current of 2A, of which 1-5A
are required by the uniselector coil.

General Operation of System

Each cycle of operation of the store is initiated by the
uniselector wipers moving from one position to the next.
The uniselector itself is controlled by a separate timing
circuit and amplifiers. Timing within each read/write cycle
is achieved by using a chain of monostable delays, so no
clock pulse is required.

The general arrangement of the store is shown in Fig.
2. A pulse from one bank of uniselector contacts triggers
the delay monostable. At the end of the delay period a
pulse from this monostable triggers the read/write pulse
generator. The read/write current pulse is routed to the
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selected Y line via another bank of uniselector contacts.
The word is read out via the read amplifiers and stored
in a register of flip-flops. These flip-flops were all pre-
viously reset to zero by a pulse from the delay monostable
occurring at the start of the delay period. The delay is
only incorporated to allow the uniselector wipers to come
to rest before the read/write current pulse occurs. Other-
wise since a certain amount of contact bounce takes place,
the current pulse is interrupted.

After the read pulse has occurred, all the cores on the
selected Y line are in the ‘0’ state. When reading from

ing one. Differentiation produces a positive going pulse
suitable for triggering the monostable.

The monostable output is differentiated and clipped, so
that the leading edge gives rise to a negative going pulse.
This is used to reset the register flip-flops to ‘0’ at the
start of each cycle. The trailing edge of the monostable
waveform triggers the first blocking oscillator in the Y
line pulse generator.

Y Line Pulse Generators and Drivers

The circuit is shown in Fig. 5. Transistor VT and the
associated circuit form the first blocking oscillator. This

—r 1t Matrix ¥ - produces a pulse of length 8usec, with 0-2usec rise time.
l | & ©--._ lines  &— ol _ The trailing edge of this pulse triggers a second identical
| °\ - .- > circuit. The two consecutive pulses so produced are taken
\ +—o
\ Pulse
1000 generatori
‘ —12v- e AAAAY — -
D.C. com. Delay Py - ! 1
¥ monostable + K7 _From M 1000 *220pF |
BANK 1 BANK 2 uniselector 2/ 2
A J 22k
r
rn' - 4 o-omF# l 2N1306
A | 10k0 =
wma l | v [
log lawli AAAA R o 9=~ 1000pF S [ 10kn Reset ¢
~ Q ~ | m
»
A0 o \ t S |
| ) ] | 3000
:2V r < Interrupter SOO“F f WF pF
- contacts 47
B I 1om B
Timing capacitor «— - - 1K
BANK 3 BANK 4 Com: .
Fig. 3. Unisel ar Fig. 4. Delay mooostable
Uniselector Matrix
Y lines —12v
E— —t > + — 7~T— — > —
2200 § 2200
10k0 10kn 1 Ve 10oa
' Enable
' | gates
| e e i
4 4 |
vr‘ vr, YTy vr, =75 Cilen VI,
[ — | =
From l
dm. [2N1307 N1306 0c22 2N1306 !Acv19 ‘
2200 | | 2200 [
B 1om§ 100pF ‘ 100pF o S10k0 Sa7ka
kN :I- 4700 1000 [
1000 l L \
_ e & . ) G B S
_ Com.
S +12v

Fig. 5. Y line polse generators and drivers

the store, it is then necessary to rewrite the information
into the cores. To achieve this the flip-flop outputs are
fed via a series of gates to the X line drivers. One of these
gates ensures that the X line pulse coincides with the Y
line half write pulse. On write, information from the
store input, instead of from the flip-flop register, passes
through the gates to the X drivers.

Delay Monostable

The second bank of uniselector contacts in conjunction
with the monostable input circuits, produces a square wave
pulse each time the uniselector steps round (Figs. 3 and 4).
This square wave has a fast leading edge and a slow trail-
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via invertors VT3 and VT, to the Y drivers VT, and
VTu. The outputs are transformer coupled to the matrix
Y line in such a way that the read and write pulses flow
in opposite directions in the output winding. The turns
ratio is chosen so that the write current is half the read
current. All the transistors operate in the saturated mode,
so dissipation is low. The voltage output from the drivers
is converted to a current output by a resistor in series with
the matrix line. Since the number of cores on any one Y
line is small, effects on the driving voltage due to back
e.m.f. of disturbed cores, wire inductance and resistance
are negligible.

VT is another invertor which provides an input to the
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Uniselector Timing and
Drive

The uniselector is
driven by pulses which
are derived from the
astable  multivibrator
consisting of transistors
VT15, VTls, VT17 and
associated circuits. The
output is shaped and
amplified by VT and
VTw, and applied to
the power driver VTa.

100uF

—

Fig. 6. Read amplifier and flip-flop

AND gate used for synchronizing the enable pulse (see Figs.
2 and 7).

Read Amplifiers and Flip-Flop Register

The output from each X line read wire is amplified,
and the pulse resulting from a switched core on that line
sets a flip-flop to the ‘1’ state. The information is held in
the flip-flop until a reset pulse sets it to * 0.

Referring to Fig. 6, transistor VT: behaves as a linear
amplifier. Each read line is decoupled separately close to
the amplifier input transistor to avoid the ingress of stray
pulses. Potential dividers in the base and emitter circuits
of VT, are arranged so that normally this transistor is
biased off. Only negative going pulses greater than 500mV
will drive this transistor on. Thus unwanted disturb signals
are discriminated against and strobing of the amplifier is
unnecessary.

The output from the read amplifier is taken to one input
of the flip-flop. The other input is diode coupled to the
source of reset pulses.
The diode is back
biased wuntil a reset
pulse  occurs, thus
avoiding coupling be-
tween the individual
flip-flops in the register.

The store input and
output levels are be-
tween 0 and —2V for
a ‘0’ and between —9
and —12V for a ‘1"

Bank 3
wiper
——— 1
%2 -2kN

e

<

Enable Gates and X
Line Driver

The enable gates
comprise three AND
gates and an OR gate
arranged as shown in
Fig. 2. The circuit dia-
gram for the gate and the X driver is shown in Fig. 7.

The first two AND gates select the input or the rewrite
signal according to the position of the read/write switch.
The outputs are taken via the oOrR gate to a third AND
gate which has an input from the Y line pulse generators.
This gate synchronizes the pulse from the X driver which
is a single transistor operating as a saturating switch. The
X drive pulse is 250mA, and all the X drivers are pulsed
together. This would mean a current drain of 2-5A for the
pulse duration. The drivers are therefore divided into 2
groups of 5, each group being supplied from a capacitor,
which is recharged at the end of the pulse.
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This transistor switches
the supply to the uni-

selector coil, which
Matrix enable 5 enable
Input wire wires
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Fig. 7. Enable gates and X driver
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Fig. 8. Uniselector timing and drive circuit

operates at 22V and 1-5A. The correct d.c. level for the
power transistor drive is obtained with a Zener diode.

The period between pulses supplied to the uniselector is
governed by a set of variable resistors which are selected
by a bank of uniselector contacts (see Fig. 3). One resistor
is used for each position, so that the time between two
successive steps may be independently varied. In order
that this should behave correctly the charging current to
timing capacitor C (see Fig. 8) must be interrupted before
the end of the pulse. Otherwise timing of the following
interval will be effected by the wrong resistor. This is
achieved by including the uniselector interrupter contacts
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in the charging circuit; these contacts open as soon as the
solenoid pulls in. The duration of the pulse is made
sufficient for these contacts to have opened before it
finishes.

On write, the charging current to capacitor C is inter-
rupted by contacts on the read/write switch. Stepping of
the uniselector is then controlled by the push-button
switch.

By the use of further banks of contacts, the uniselector
cycle may be modified in various ways. Thus unused
positions can be rapidly passed through, and a switch
may be included which will halt the uniselector at a pre-
selected position.

Conclusions
The limitations of this store are mostly imposed by the

uniselector. However it replaces some fairly complex elec-
tronic circuits. The store cycle time is about §sec, whereas
with static addressing it would be about 25usec.

The number of words in the store may be increased
up to the number of uniselector positions, merely by in-
creasing the number of matrix cores in the X direction.
If it is required to increase the number of bits of each
word, the matrix must be extended in the Y direction.
Each bit requires a flip-flop for the register, a read ampli-
fier, an X line driver and a set of enable gates. In the
present unit these are built on to one plug in printed
circuit board. The number of these boards required will
therefore be equal to the number of bits per word.
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A Pulse Phasemeter
By R. E. Kingt, Ph.D., M.Sc.,, M.LLE.E.E.

A simple circuit using semiconductors giving an output indication proportional to the incidence

time-difference between two binary input pulse trains is described. The circuit involves a con-

ventional bistable and a differential gate to give a ternary output. The addition of a pre-amplifier
to each input channel converts the unit into an audio-frequency phasemeter.

(Voir page 65| pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 658)

THE case often arises in electronic and control systems
where it is necessary to give an output indication
directly proportional to the magnitude and polarity, or
phase, of the time difference - between two binary pulse
trains having the same period 7, as shown in Fig. 1.

Where an indication of magnitude only is required (as
used in certain phasemeters) this is in general no problem
since the two pulse trains, denoted 4 and B, can be used
directly to trigger a bistable circuit resulting in an output
C* if the bistable is triggered on the positive-going edges
of the input waveforms. The signal C* can then be suitably
averaged to give an output proportional to 7. It is obvious
that for such a circuit if the pulse train B occurs prior
to A (with respect to some known time reference, i.e.
ts < ta) the output signal of the bistable would be identical
to the former case for ta > s, as shown in Fig. 1. This
simple arrangement is thus insensitive to the relative time
of incidence of the input pulses i.e. is  polarity ’ insensitive
giving in effect an output indication proportional to the
absolute value |1a — 18l = | 7|.

By a relatively simple modification, described below,
however, the desired ‘ polarity > sensitivity as depicted by
the ternary output signal C in Fig. 2, can be obtained.

The * Polarity > Sensitive Ternary Circuit
Details of the circuit are shown in Fig. 3. Two Schmitt

t Queen's University, Belfast.
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trigger circuits using transistors VT1W T, and VTV T, (if
necessary) square up the input pulse trains 4 and B to
give respectively antiphase binary outputs 4+, A—, B+
and B— at their collectors.

The operation of the circuit is explained with the aid
of the waveforms of Fig. 4 where the signals are charac-
terized by a ‘0’ when a pnp transistor is ‘off* (i.e. at
approximately —h.t.) and by a ‘1’ when the transistor is
‘on’ (i.e. at approximately zero voltage). The symbol ‘—1"’
indicates a ‘reversed 1’ state in common with ternary
logic notation.

The base-triggered bistable (VT; and V' Ts) is used here
in an auxiliary mode to generate the pulse train D. Here
the bistable is ‘set’ with the positive-going edge of B
(actually the positive-going edge of B+) and ‘reset’ with
the negative-going edge of A (actually the positive-going
edge of A—) in readiness for the next pulse cycle. The’
negative-going edge of A4 can thus be considered as the
time reference for each cycle, the maximum theoretical
operating range for r being equal to half the period
ie. +7/2.

Finally the output signal from the bistable, D, is sub-
tracted from A+ in the long-tail pair differential gate/
meter-drive circuit using transistors V'7T; and VTs The
resultant differential or ternary output signal between the
collectors of VT; and VTs is the desired polarity-sensitive
signal being positive-going (+1) when 1A > ts (i.e. > 0)
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Fig. 3. The ¢ polarity * sensitive ternary circuit

and negative-going (—1) when g > 4 (ie. 7 <0). The
time-average of the output signal C is indicated on a
centre-zero moving-coil microammeter whose sensitivity
can be varied with RV, Diode MR; ensures that the base
signal on V77 does not go positive and potentiometer RV;
is preset to give zero output deflexion when the pulse
trains 4 and B are coincident.

The transistors used are all 2S302’s and the diodes
0A10’s. The individual elements i.e. Schmitt triggers,
bistable and differential gate are all of conventional
design.

In cases where only impulsive inputs are available, a
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monostable circuit having a delay 7/2, may be used to
‘reset’ the bistable,

Phasemeter Conversion

By preceding each Schmitt trigger by a high gain pre-
amplifier the circuit described can be readily converted
into a phasemeter for input signals of audio and sub-audio
frequencies. Important requirements for such an applica-
tion are that the pre-amplifiers and Schmitt trigger circuits
should have no phase shift over the operating range of
frequencies, that the pre-amplifier output should at all
times be symmetrical even when saturating and that the
Schmitt trigger circuits should have negligible backlash.
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Some Transformations of the
Nodal Admittance Matrix of a Network with
Application to a Difference Amplifier

By K. G. Nichols*, M.Sc.

A technique is presented for establishing the admittance matrix of a k-port network, the ports being
completely distinct. The result is then specialized to give the admittance parameters of a four-pole
network. By a similar technique, but using a different transformation of the admittance matrix,

a long tailed pair, or difference amplifier, is analysed for its out-phase and in-phase responses.

(Voir page 651 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 658)

HE nodal analysis method of solving network prob-

lems, with its attendant nodal admittance matrix, is
well established!. Further, node suppression techniques
have been presented*** for the determination of the
admittance parameters of a linear three-pole from the
nodal admittance matrix of the network once the input,
output and common nodes have been designated. These
techniques provide powerful systematic methods of solving
network problems and this article is concerned with
extensions of these methods. In particular a method for
determining the admittance matrix of a linear four-pole,
having completely distinct input and output ports, will be
presented.

In the first instance, the conversion of the nodal admit-
tance matrix of an n-node network to give an admittance
matrix for the network considered as a k-port, all ports
being completely distinct, will be considered. This result
will then be specialized to the case for a two-port, or four-
pole network and applied to a Wheatstone net as a simple
example of the technique.

Finally, using the same technique, but a different trans-
formation of the admittance matrix some analysis of a
long-tailed pair, or difference amplifier, will be carried out
to obtain the ratio of the out-phase to in-phase gains of
the amplifier.

The Admittance Matrix of a k-Port Network (all ports
completely distinct)

The column vecter of node currents of an n-node linear
network is given in terms of that of the node potentials
by the equation:

i=Yv ... (1)

where Y is the nodal admittance matrix of the network.

The matrix may be either the indefinite or definite
matrix relative to some particular node. In the latter case
the admittance mairix and column matrices of equation
(1) will be of order (n — 1). Without loss of generality and
for simplicity of notation, all matrices will be taken as of
order n irrespective of whether they are the indefinite or
definite admittance matrix. The implication in the latter
case is that the network has (n 4+ 1) nodes.

Methods of determining the nodal admittance matrix
for a given network have been considered elsewhere's
and no further explanation will be given here.

In the given network, the nodes should be labelled such
that the first port is between the 1** and (k + 1)** nodes,
the second port between the 2°¢ and (k + 2)** nodes, and
so on, there being k-ports in all. This is illustrated in Fig.

* University of Southampion.
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1. Such an arrangement is possible, since by hypothesis all
the k-ports are distinct.

The voltage across the r*® port is denoted by:
.......... 2)

Further the current flowing out of the lower terminal

r=ve—vegx; r=012,..., k

i
yanN
O / Y
Y, [ 1st PORT
o\ &
po—— ]
u, | 2nd PORT
| \J i
o ~
NETWORK
s o— e e —
4y | kth PORT
P N & ]
Fig. 1. The n-node network with k-ports d. The r (n — 2k)

nodes are not identified in this figure

of the r® port is equal to the current flowing into the upper
terminal of the port, i.e.:

fetx = —Iir o P 520000 (3 cono0co000 3)
Thus the matrix equation (1) may be written as:
i Yu | Yo ! Y vi
S| Yl Yal Ya v
0 Yo Yo !Ys [ | w
...................... 4)

where the matrices have been partitioned after the first k
and 2k rows and, where applicable, columns. Here i is
the column vector of currents flowing into the first k
nodes, v, is the column vector of potentials of the first k
nodes, v: that for the potentials of the next k nodes, and
v; that of the remaining nodes.

If the current column vector of equation (4) is pre-
multiplied by the transformation matrix:

_ I.! 0! 0
I ) O
0! 0 | Ip-a
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where 0 is the zero matrix of appropriate order and I, is
the unit matrix of order r, the resultant column vector
has i; for its first k entries and zero for all other entries.

The transposed inverse of W is readily found to be:

wht=| Bhi-Ljo
0, L'!o
0| 0 Lo

(6)
and if the voltage column vector of equation (4) is pre-
multiplied by this matrix, v; in this vector is replaced by

U=v— v
Using these transformations equation (4) may be written:
i =WYw? | u
""" v
e _;3_

...................... @
The partitioned form of the matrices W, Y and WT
enable the product WYW?” to be readily evaluated, the

result being given in equation (8).

o Yu+ Y ! Y3 —’
. L Yu+ Yu ! Y+ Y ]
A S '+ Ya + Yo !
i Yau + Yu | Yz

¥)

This matrix is thus formed from the original matrix
of equation (1) by adding the first column to the (k + 1)t
column, the 2°¢ column to the (k +2)** column and so
on finally adding the k* column to the 2kt column; and
then repeating the procedure with the rows.

The next step in the reduction process is to express i
linearly in terms of u. A method of achieving this reduc-
tion, known as node suppression, has been described
elsewhere®** and will be utilized here. The partitions after
2k rows and columns in the matrix of equation (8) are
dropped, but those after k rows and columns retained. The
partitioned matrix now has the form:

The matrix equation (7) is then multiplied out and
breaks down into equations (9) and (10) as follows:

V2
i1=Au+B[——-:|
V3

and

If |C|# 0, then C! exists and equation (10) gives:

[ ]=cpa

v. P—
Substituting for [ v :'
3 :

into equation (9) gives: l:

\£3

A\

Ys+Yp, —Ya
—Ys , Ya+Yp

]

the network, considered as a k-port, and relates the cur-
rents flowing into the ports to the potentials across the
ports.

The Admittance Matrix of a Four-Pole (with completely
distinct ports)

In the special case of a two-port, or four-pole, network,
one node may be taken as the reference node. The arrange-

ment is shown in Fig. 2.
] and u vi— Vs b
in Ve -

The matrix [A — BC'D] now gives the two by two
matrix of the admittance parameters of the four-pole.

As a simple illustration the Wheatstone net of Fig. 3(a)
will be considered. This is a two-port network, and if
desired, may be redrawn as the unbolted lattice network
shown in Fig. 3(b).

Vin I

Fig. 2. Two-port network, termimal (» + 1) as reference node

Vin
Vout

In this case i;

it
L

. . ] Voul
1w ==y 1
Y

Common node
Yner =0

(Ref. node)

(Ref. node) (a) (b)
Fig. 3(a). Wheatstone net

(b). Unbolted lattice

By inspection, the definite admittance matrix, relative to
node 4, of the network is:

Ya+Yp, —Yx , O
Y= —Ys , Ya+Ys, —VYg
0 ’ _YB ’ YB+YC

(12)

Adding the first row to the third row and then adding
the first column to the third column, the following matrix
is obtained:

Yr+Yp,

—Ya Ya+Yo

Yr4+Yp, _(YA+YB)i Yi+Ys+Yc+Y

This latter matrix is shown partitioned ready for reduc-
tion. Carrying out the reduction, the admittance matrix of
the two-port, or four-pole, becomes :

1 Yi+Ys

_ ) Ys+Yp , —(Yx+Yp)
Yot Yot Yok ¥o | —(ratrs | [TATY? 1+ ¥3)]

i, = [A — BCD] o 1 (Ya+Yn)(Ye+Yo), YeYp—YaYc
"= v T Ya+Ys+Yo+Yp | YeYp—YiYc , (Ya+Ys)(Yc+Y)
The matrix [A—BCD] =~~~ " 0 T RS (13)
is the admittance matrix of ... ..
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In particular, from equation (13), it is apparent that zero
transmission occurs if :

YiYec= YnYp
the well known balance condition.

The Long-Tailed Pair or Difference Amplifier

As an illustration of a slightly different transformation
of the admittance matrix, a single stage difference amplifier
will be considered. The basic circuit of the amplifier is
shown in Fig. 4, in which the networks N and N’ are sup-
posed to represent similar but not necessarily identical,
active devices and which have admittance parameters, rela-
tive to node 5, given by the matrices:

l_yi.yr l_yl',yr’
. ¥, Yo | and | y, ¥’ _| respectively.

The active devices may be thermionic valves, transistors
or any other active linear circuit elements.

— —

ol

Reference node
[eg

Fig. 4. The equivalent circuit of a difference amplifier

In Fig. 4 the loads g, ¢’ and g« are assumed to be purely
resistive although this restriction is not es<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>