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IF the title given to this year’s Convention

provoked a philological challenge to the
word automation, there was certainly no
disagreement on the purpose and usefulness of
the Convention, which has been widely
commended as one of the most successful the
Institution has ever staged.

The importance of electronics, and what has
been termed the second industrial revolution,
and the economic and social implications
involved were discussed by the President when
he opened the Convention in the Clerk Maxwell
Lecture Theatre of the Cavendish Laboratories.
In his address, Mr. G. A. Marriott stated that
the technique of electronics has spread very
rapidly into fields other than sound and picture
communication; indeed, the term electronics
was adopted when describing the use of radio
technique at work in ways other than
communication.

Mr. Marriott continued: “So much has been
written and spoken on the subject of automa-
tion that it is very easy to plagiarize, but there
are some things which cannot be stressed too
often.

“There exist ill-informed or wilfully
obstructive people who are opposed to auto-
mation on the grounds that it will cause
unemployment: the same voices are frequently
raised demanding higher pay and shorter hours
of work. Everyone in this room, 1 am sure,
wants more money and probably shorter hours
during which they must work to earn that
money. What on earth are those people doing
who are developing automation if it is not
towards just that goal?

“But there is a more pressing need for
automation than that of making possible higher

standards of living and greater national wealth.
Throughout the world men and women seek
greater individual freedom; freedom from the
need to work long hours at uninteresting tasks,
and freedom to have more leisure in which to
pursue personal interests.

“Here in Great Britain we have long realized
that we must maintain our engineering ingenuity
in order to increase still further the standard of
living which the people of this country enjoy.
Many of our products can bring blessings to
other nations too, for it is largely a world
problem that labour has to be released from
repetitious work, either manual or mental, in
order that people shall be free to use their
brains and brawn in more intelligent and
productive ways.

“The object of this Convention is to review
for the benefit of industry generally the ways
in which the Electronics Industry can contribute
to automation. It is of the greatest importance
that the other branches of engineering should
know just what assistance they can expect
from electronics and conversely what are the
limitations of electronics.

“It is equally important that the users of
automation should appreciate what training is
necessary to feed new machines with informa-
tion, to maintain them, and to get the best out
of them.

“In London yesterday (26th June) the
Commonwealth Conference was opened, and it
is natural therefore that I first of all extend a
welcome to those representatives from
Australia, Canada, India, Pakistan and New
Zealand.

“Science, however, knows no boundaries of
Commonwealth or other distinction, and we
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particularly appreciate and welcome the
attendance of delegates from America, Belgium,
Denmark, Finland, France, Germany, Holland,
Israel, Italy, Japan, Norway, Poland, Russia,
Sweden and Switzerland.”

There was an overflow attendance for the
opening address—accommodated in the Arts
Theatre which the President also visited before
the first two sessions started. Indeed, for most
of the Convention, three theatres were in use.

The official programme, which was circulated
to all delegates, corporate members and
Graduates of the Institution, considerably
helped delegates in the arrangements they made
from day to day for attending the presentation
of papers, visits, and film shows. Over 40
papers were presented and in addition the Third
Clerk Maxwell Lecture was given by Sir
Lawrence Bragg, M.C,, O.B.E., FR.S*

By courtesy of the Pye Company Limited,
closed link television enabled delegates in the
Arts Theatre to follow closely the demonstra-
tions given by Sir Lawrence Bragg during the
course of his address. The slides shown in the
Clerk Maxwell Theatre were reproduced with
amazing clarity on the receivers used in the Arts
Theatre and made unnecessary the employment
of duplicate slides.

Before the Convention Banquet, the President
welcomed all delegates to a sherry party, for
which the Provost and Fellows kindly gave
permission to use the Lawn of King’s College.

The Banquet which followed was, of course,
the main social function held during the
Convention, and the beauty of the Hall of
King’s College was particularly appreciated on
this occasion. Although the Hall and Gallery
were filled to capacity, it was unfortunately
impossible to accommodate all the delegates
who would have liked to attend.

An account of the speeches is given on pages
347-349 but they lack in print and reporting
not only the humour, but the great attention
every speaker secured. Many members present
well remembered Mr. C. O. Stanley addressing
the Institution eight years previously on the
subject “Television Today and Tomorrow.”t
Then he imparted enthusiasm for the project of

* To be published in J.Brir.l.R.E., September, 1957.
t An address given on 22nd September, 1949,
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developing television services—anticipating by
some five years alternative and regional tele-
vision networks. Mr. Stanley’s speech at
Cambridge pithily touched upon the importance
of production efficiency, European free trade,
and the need for not being content with present
achievements either in the development of
electronics or the extension of technical
education.

The occasion resulted in some very late
retircments, but did not in any way affect the
attendance at the final two sessions on the
Saturday. After the scrious business of that
day, the majority of delegates attended an organ
recital which had been organized by the
Chairman of the Convention Committee, Mr.
L. H. Bedford.

In his recital, the organist, Charles Proctor,
F.R.C.O., exhibited to the full the range and
tonal quality of the King’s Chapel Organ. The
technical details contained in the programme
were also not without interest, giving the
information that in the organ “. . . there are at
least 8 wind pressures, ranging from 3 to
18 inches: the action is electric.  The pitch is
C. 522 Hz at 60°F.”

On the Sunday, the greater part of the
congregation at Matins in the University
Church, Great St. Mary’s, comprised delegates
to the Convention, led by the President and his
lady. There was great appreciation of the
Service which was largely directed at the work
and responsibility of the engineer and in
particular the electronics and teleccommunica-
tions engincer. The Lessons were cspecially
chosen and the Address by the Reverend Canon
C. E. Raven, M.A., D.D., provoked much
thought and attention.

The final plenary session in the afternoon
attracted a  surprisingly large number of
delegatcs who made contributions not only on
the achievements of the Convention, but
arguments in favour of the Institution holding
another Convention very soon!

Before finally dispersing on the Monday,
many delegates visited factorics and other
establishments which arc using some of the
electronic equipment discussed during the
course of the Convention.

G. D. C.
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The 1957 Convention Banquet

“THE

INSTITUTION

Charles Orr Stanley, C.B.E.*

The Toast proposed at the Institution Banguet in the Hall of King's College, Cambridge.

“] would like to find words to e¢xpress to
you in the simplest possible way that your
Convention has been a great success. 1 feel
to say much more than that would be gilding
the lily. The numbers thet arc here. the places
those numbers come from and the quality of
what has gone on at your Convention all add
up as a great tribute not only to the people
who have built your lastitution but in particular
to the pcople who have run this Convention.
My mind returns very readily to when the
Institution was formed some thirty years ago-
when to those of us already in the industry it
seemed that little encouragement was being
given to development of the art. In spitc of
that. we have passed from the first stage of
transmitting a signal. to becoming the basis
of the greatest entertainment industry in the
world and to being an essential part in waging
a war. and have now reached the stage when it
is quite c'ear that in our industrial activity, if
the standard of living is to be kept up. it is only
the efliciency of applied electronics that will
allow us to achieve this end.

“To-day you have taken that one step
further in this Convention on electronics in
automation, Nobody is going to deny that the
professional institutions such as yours must
have a very real appreciation of this problem
of improving production efficicncy particularly
in the economy of this country. People rome-
times think that because England led the way
in bringing the industrial revolution to the
world, she is not so active in the present era.
These very problems have figured in a great
deal of the work that has been carried out in
this country during the last generation, and it
is pleasurable to note that your Institution was

* Chairman and Managing Director.
Cambridge. (Address No., 14.)

U.D.C. No. 061.27(425.9).

L.td..

Pye
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the first to recognize the very great contribution
which Clerk Maxwell made to the discovery
of radio science: when we think of computers
we have to give praise to original work done by
Bubbuage.

“We realize that scicnce is not the nationalistic
right of any one country. It is a work that
knows no frontiers but we must feel some pride
in knowing that in practically every fundamental
electronic development, somewhere right at the
beginning a  British scientist had  made a
substantial contribution. What we have done
in this country we have always been willing to
share with the rest of the world but in so doing
we have recognized the great contributions
which have bezn made by other countries
towards the fuller development of some of our
own scientific ideas.

“1 am interested to see the way, Mr. President,
in which you welcome people from all over the
world to this Convention and 1 was interested
when 1 was at the 1.R_E. Convention and Show
in America this year to see that they did the
came thing. 1t has becn delightful to learn
from you, Mr. President. that you are con-
sidering going one step further towards this
international idca: I refer to the proposal you
have had from the American Institute of Radio
Engineers that in the ycars to come you should
hold a joint conveation. possibly in Europe. We
here in England have heard so much about the
common market and the free trade area that
we are conscious of the fact that this ideelism
of intcgrat'ng economies. if it can succeed. may
well be invaluable.  We should all examine in
the greatest deta’l the pros and cons of this
new approach to international industry. How-
ever, all the time we must all accept the fact
that if it is not possible—except at the expense
of wrecking industry —we will have to find other
ways of getting an international platform.
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Surely there is no better way than a common
ground of exchanging scientific  opinions
between the nations.

*“One cannot help thinking that when people
come to a Convention such as this in a town
like Cambridge. they must be sensitive to all
the history in the great grey walls of these
wonderful buildings. Here in this university
man after man has made contributions that
have added to the wealth of this great industry
we have now. These men were there when
there was little profit and practically no
recognition. When you think of them, surely
Milton’s words have great meaning:

‘Fame is the spur that the clear spirit doth raise

(That last infirmity of noble mind)

To scorn delights, and live laborious days; . . .

*“1 want particularly to mention the necessity

]

for continued and more intensive education;
not only in the purely scientific education which
is so lacking in this country but also for the
coupling of scientific education with the broader
philosophy and teachings in the other fields of
culture. It is interesting to know that this
University of Cambridge is today considering a
Tripos that will jointly recognize the necessity
of balancing the intense specialization, which
we must have, with the broader aspect that will
teach us the significance of the worthwhile
reasons and causes for the very things we are
doing from day to day.”

Finally Mr. Stanley paid special tribute to
Mr. George A. Marriott, whom he had known
personally for over thirty years, and stressed
the qualities which he brought to the office of
President of the Institution.

RESPONSE BY THE PRESIDENT

“We were all very pleased, Mr. Stanley, when
you agreed to be our guest of honour this
evening. You have referred to the Institution
in most generous terms, and 1 know 1 speak
on behalf of everyone present in thanking you
for your words of encouragement.”

After a humorous anecdote in reference to
the development of auomation, Mr. Marriott
referred to the great skill now required of
craftsmen and the further demands which
would be made as methods of automation
became more widely adopted. Mr. Marriott
also emphasised the increasing need for training
more professional engineers and to the fact
that the Institution’s examination was held
throughout the British Commonwealth and
other overscas countries.  Stating that the
Institution had been asked to conduct its
examinations in foreign languages, the President

suggested that the development of a character
reading machine might well enable the
Institution to meet this demand!

Mr. Marriott continued: “l assure you, Mr.
Stanley, that we have appreciated your proposal
of this toast. The Institution has never rested
on its laurels, and we are already considering
plans for our next Convention in a year or
two’s time. We do not believe in having con-
ventions for the sake of having them, but only
when the time is ripe to discuss new ideas and
meetings can serve a rcally useful purpose.

“We are a growing body and jealous of a
considerable international reputation. 1 again
thank you, Mr. Stanley, for the way in which
you have proposed the toast, and you gentle-
men, from all over the world, who have so
kindly honoured it.”

THE GUESTS

The proposal of this important toast was
made by Mr. J. Langham Thompson, Vice-
President of the Institution. He stated that it
gave particular pleasure to every member of
the Institution to welcome so many delegates
from overseas. Such opportunities for East
and West to meet and exchange views on the
latest aspects of modern science could lead to
greater understanding.

The [Institution had always enjoyed an
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international attendance at its Conventions and
Mr. Thompson referred to many of the delegates
from the 20 countries mentioned in Mr.
Marriott’s address on opening the Convention.
Mr. Thompson coupled with the toast the names
of Professor K. Sreenivasan, a distinguished
Indian telecommunications engineer, and Major
T. M. Manley of the United States Air Force,
a body responsible for many contributions to
the art of radio and electronics.

Journal Brit.I.R.E.
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RESPONSES TO THE TOAST OF “THE GUESTS”

Professor K. Sreenivasan.—I deem it a great
privilege to be asked to respond to the Toast
of the Guests proposed by Mr. J. L. Thompson
in such graceful terms.

On behalf of the Institution of Telecom-
munication Engineers, India, of which 1 have
the honour to be President, may I convey to
you, Mr. Marriott, and to all the members of
the Institution, our warmest greetings, and our
best wishes that the Institution may continue to
serve in ever-increasing measure the progress
of radio in Great Britain and thereby
throughout the world.

To scientists and engineers throughout the
world, Cambridge is holy ground, a place of
pilgrimage to which one comes with a feeling
of reverence and almost awe. Here have lived
and worked scientists who by their researches
and discoveries have become benefactors of
mankind, whose names have become immortal
and who act as beacon lights for successive
generations. As one goes about the streets of
Cambridge and visits the laboratories, one
almost feels the presence of these great men,
Maxwell, Rayleigh, J. J. Thomson, Bragg,
Sherrington and many others. Scientists the
world over will wish that Cambridge may
continue in future, as in the past, to be a
foremost leader in scientific research.

We have long known about the British
Institution of Radio Engineers through its
Journal. When my good friend, Mr. Graham
Clifford, the General Secretary of the Institution,
toured India he visited the city from which I
come—Bangalore—where is situated the Indian
Institute of Science, one of the leading centres
of advanced education and research in science
and engineering. The Institute was perhaps the
first in India to start instruction and research
in electronics and radio communication, and it
is therefore a source of immense pleasure for
me to be here among electronics and radio
engineers of Great Britain.

July 1957
D

There are in India quite a number of
members of the British Institution of Radio
Engineers, and I know that they value their
membership and your Journal.

I am therefore pleased and honoured to be
present on this occasion.

Major T. M. Manley.—My country has
acquired a reputation for getting things done in
a hurry. In spite of my previous experience
in this regard, however, I really have to
compliment the members of the British
Institution of Radio Engineers for cramming
into four days an account of research and
development work covering years.

When I was asked to attend this Convention
as a representative of the Air Force I thought
to myself—this will be a period of quiet in a
dear old English University town, and I was
looking forward to it as a sort of holiday. The
past two days have shown that nothing could
have been further from the facts! I doubt if
I have been driven so hard since 1 left the
States!

I am well aware that none of the delegates
have been compelled to attend, but have come
here voluntarily and have done a tremendous
amount not only in the real work of the Con-
vention, but in cementing friendship.

You have been very kind, Mr. Thompson, in
proposing this toast. You have yourself visited
many countries, and we hope to welcome you
back in the States in the not too distant future.
As a Vice-President of this Institution, you will
be assured of a very hearty welcome wherever
you meet American engineers.

I count it an honour to speak on “ehalf of
s0 many visitors from overseas, and on behalf
of all of them, I thank you, Mr. President, for
the cordial welcome you have extended to us,
for the intellectual fare you have provided, and
now for this very excellent Banquet this evening.
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Birthday Honours List

The Council of the Institution has con-
gratulated Lt. Cdr. Robert Andrew Williams,
R.N. (Associate Member), on his appointment
as a Member of the Military Division of the
Most Excellent Order of the British Empire.

Lt. Cdr. Williams, who is at present with
H.M. Underwater Development Establishment,
was elected an Associate Member in 1951,

Merseyside Section

As a result of recommendations arising out
of the Annual General Meeting of the Mersey-
side Section, a special meeting was held to
appoint a new Committee on the 6th June, 1957.
The following members were elected to office:

Squadron Leader R. Brickwood, Chairman,

F. C. Potts, Vice-Chairman and Hon Treasurer,
J. Gledhill, B.Sc., H. Hipple,

D. R. Houldcroft. J. Kershaw,

Mr. Kenneth N. Coppack was
Honorary Secretary, and his address is:

16 Lightfoot Street, Hoole, Chester.

During the 1957-8 Session, it is intended to
hold only four meetings in Liverpool. The
dates of these will be arranged so that members
can also take part in the North Western
Section meetings held at Manchester.

clected

Radio Trades Examination Board

Professor H. F. Trewman, M.A. (Member),
has been nominated to serve as one of the Radio
Industry Council’s representatives on the
Council of Management of the Radio Trades
Examination Board. He succeeds the late Mr.
E. J. Emery (Member), whose death was
reported in the June issue of the Journal.

The Institution’s representatives on
Council of Management are:
E. J. G. Lewis (Member).
E. A. W. Spreadbury (Member),
W. E. G. Scott (Associate).
Other members of the Institution also serve
on the Examination, Finance and Moderating
Committees of the Board.

the

350

Obituary
The Council has learned with regret of the
death, on 1st January last, of Mr. Lim Chin Bee
at the age of 53. Mr. Lim was elected an
Associate Member of the Institution in
February 1940.

During the Japanese occupation Mr. Lim lost
all contact with the Institution. He was,
however, one of the first members in the Far
East to resume his membership at the
conclusion of hostilities when he re-organized
his business in Penang.

Corrections

It is regretted that misprints occurred in the
paper “The Characteristics of Magnetic
Recording Heads and Tapes,” published in the
April 1957 issue of the Journal. [he following
corrections should be noted:—

Page 228:

Fig. 9: The letters N and S on both the
second and fourth magnets should be inter-
changed.

Left-hand column:
should read

The second equation

. vt . X
@ = @Pax . SIN 2n T = Prpax - SIN 2x _/—

The third equation should read
do.  2af 2 X
dx p oSt A
Page 229:
Right-hand column, Line 5, Equation should
read

s
P=....= ~ QPg@max) .5;—— COS 2.

RS
an ‘./—: + P (max) .

' 2ng
In the next three lines the symbol s should
be replaced by symbol g throughout.

Page 230:
Fig. 10: The ordinate of this graph should
read HF: mV/100€,
Page 231:
The last equation should read
x=(v.tana.b)/
(b= width of tape or track).

X
cos 2x 7‘

Journal Brit#iRyfa\



THE DEVELOPMENT OF A BUSINESS COMPUTER
SYSTEM"

by

A. St. Johnston, B.Sc.t and S. L. H. Clarke, B.A.¢4

A paper presented at the Convention on “Electronics in Automation” in Cambridge

on 27th June 1957. In

the Chair: Dr. A. D. Booth.

SUMMARY

The shortcomings of the scientific type of digital computer when applied to data processing
jobs in general, and the business accounting type in particular, have led to the evolution of an

electronic digital system more in tune with the requirements.

The basic logical arrangement

of the Elliott 405 system is outlined, followed by a more detailed description of the units.
Particular reference is made to a new type of store using 35-mm film coated with magnetic

oxide.

1. Introduction

In a paper presented to the Institution at the
previous Convention three years ago, the
authors sought to indicate possible methods of
applying a scientific machine—402—to business
accounting problems.} The continued study of
specific office organizations based on the
premise of a solution in the form of an extended
402 brought out two basic, and perhaps
obvious, facts—

(a) No two office systems are the same.

(b) The development of some new equipment

was essential.

The first means that the machine designed
for scientific work is not generally flexible
enough, particularly as regards input/output
arrangements. The second meant that, as
mentioned in the paper, the storage capacity
of the usual drum type of machine was quite
inadequate to cater elegantly with the file
up-dating problem. The development of a
magnetic tape type of equipment was, therefore,
the most pressing requirement. This was being
actively pursued at that time, 35-mm magnetic
film being the medium chosen. This type of
store will be referred to as “film,” “tape”

* Manuscript received 26th February 1957. (Paper
No. 404.)

1 Elliott Bros (London) Ltd., Borehamwood, Herts.
U.D.C. No. 681.142,

Journal Brit.1.R.E., July 1957

Two specific applications of the use of the system are quoted as examples.

implying perforated paper tape at all times.
The use of standard (plug-in) units was
already well established as a method of
constructing different types of machines. It
was felt that a similar technique applied at
the level of complete “sub systems” (now called
catalogue assemblies) which could be inter-
connected as required, might well be a solution
which escaped the need either of having to
make something unique for each new require-
ment, or else having to foist a maximum
machine on already reluctant potential users.

2, General Principle of 405 System

The 405 system is based on the principle of
a simple calculator backed by an elaborate
arrangement of data transfer units. The
realization of this was much helped by being
able to use the long l16-word (1-6 msec) nickel
delay line which had been developed since the
inception of the 402. A 4-word version of this
was used in the 403, which is the large general-
purpose computer WREDAC at the Weapons
Research Establishment in Australia. Co-
operation with the Mond Nickel Company had
resulted in a material which allows the
construction of a long delay line having a

+ “Applications of a high-speed electronic
computer to a  business-accounting problem,”

J.Brit.I.R.E., 14, pp. 293-302, July 1954.
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temperature coefficient sufficiently near zero
under production conditions to be able to do
away with any form of temperature control in
the equipment other than the usual cooling
measures. The working store of the machine
can, therefore, be distributed both functionally
and physically. Fig. 1, the block diagram, and

| o 1
—— - —
|
eom oem | een feom | b

1 PR 3 4

nDUTS

BYSTEM CENTRE oisc Fi-M

Fig. 1. Block diagram of Elliott computing service

405 system.

Fig. 2, the “map” of a typical arrangement
show how this fact has been used. The store
out of which the calculator works is also in
most cases the buffer storage for the transfer
of information to or from the slower access
units.

3. The System Centre

The system centre as the “simple calculator”
is termed, works from a nickel delay line store
of up to 512 words total capacity. High speed
calculating being not in general a feature of
data processing systems, the system centre can
work fast enough from the store of 16 msec
maximum access time, even though a single
address code is used. The single address code
has two main advantages. The more obvious
is that the instruction becomes shorter, and
thus two orders make up a computer word.
The second advantage is that the programmer
need not think specifically of where the next
order is situated.

However, the majority of system centre
instructions take only one word time to obey,
and thus it is wasteful in time to have to wait
16 word times for the next instruction. To
save time it is arranged that the locations within
the 16-word cycle appear out of sequence such

352

that successive addresses occur at three-word
time intervals (Table 1). This means that by
careful choice of operand addresses and use of
orders with no store access, pairs of orders
can be executed at a maximum speed of
300 microseconds per pair.

The comparatively fast access working store
eliminates the need for this form of optimum
programming in all but a few particularly fast
routines. The control part of the system centre
is the “master mind” for all operations of the
system. A separate set of order codes is used
for controlling the other units of the system
and the overall system functions. These are
called one code orders, and eight different sets
of these are possible. Table 2 shows the one
code order allocation.

Table 1
Time Address Time Address

0 0 8 8
1 11 9 3
2 6 10 14
3 1 11 9
4 12 12 4
5 7 13 15
6 2 14 10
7 13 15 5

Table 2

Magnetic Film
4-6 Spare
7  Overall Machine Control.

The detailed order code structure of both 0
and 1 code orders is given in the Appendix.
Two of the 0 code orders are of particular
relevance to data processing as opposed to
scientific calculations.
(1) A direct multiplication order enabling
multiplication by 0, 2, 4, 8, 10, 12, to be
carried out quickly.

Journal Brit.I.R.E.
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Fig. 2. Diagram showing layout of the . SLAVE  SLAVE
405 system, SRED oS S e S MRS SN

CABINET 1 m TYeE! "‘(E?Ea
(2) A block transfer order enabling ]
the contents of one 16-word line to TT1T71
be transferred to another part of the ===
working store in one operation. L]

Additional working storage not tied
up to any transfer equipment can be | ‘ ~
fitted to bring the total number of k — ) C )
words of working storage up to 512 in  [wsr .,.N:%' T ”
any one system. | ]
r
. l

Immediate access storage (L.A.S.) L l L '

can also be fitted in a system if thought
economically desirable. This uses the
usual nickel line register units and is made up
in blocks of 16 words. The block transfer
order mentioned above still applies and is
useful as a means of loading or unloading
all I.A.S. registers at one time.

4. Drum/disc Store

The drum/disc store is taken next as it is
physically next to the system centre. The 405
is a synchronous machine in that the timing
or clock is taken from the drum or disc and
the logical units, registers and working store
are all directly controlled from this waveform.
The address track is also generated by the
drum or disc. Although it is possible to have
a system which does not require either of
these devices, no such machine has yet been
seriously proposed.

July 1957

Transfer of information between drum or
disc and the appropriate section of the working
store is done in blocks of 64 words. As this
is quite a large unit of information as far as
the system centre is concerned, relay switching
is considered to give fast enough access to
different tracks, and is used therefore in
preference to electronic switching, which is
considerably more complex and expensive,
Transfers between drum or disc and working
store are carried out independently of the
system centre once initiated, a busy line
technique ensuring that the system centre
cannot read “partially transferred” information.
This philosophy of independent or multiplex
transfers spreads to all one-code orders and it
means that several operations can take place
simultaneously in the system as a whole. This
gets the most effective use out of the total mass
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Fig. 3. Type 1 drum store—4,096 word store.

of equipment, as well as giving a considerable
advantage in speed.

Mechanically the drum (Fig. 3) is identical
to that used in the 402, except that here there
are 32 working tracks, plus ¢lock and address,
each working track containing 128 words,
giving a total drum capacity of 4096 words.
As 405 uses long delay lines the speed control
has to be of an order of magnitude better than
that of 402, which depends on a servo referring
to a tuned circuit in a conventional form of
Foster-Seeley discriminator. In 405 (disc as
well) a fine speed control circuit beats the
333 ke/s clock with a 330 kec/s crystal and
carries out a discrimination on the 3 kc/s
difference frequency. As the grasp of this
circuit is narrow the coarse speed control is
still necessary to bring the speed from the rough
standby value to a position where the fine
speed control circuits can lock on. Provision
is made in the amplifier of the servo which
controls the d.c. motor to be able to vary the
speed over a narrow range by means of keys
on the console. This has the same effect as
varying the lengths of all the nickel lines, and
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hence allows a marginal check on all delay lines
to be made from one point.

The disc (Fig. 4) is the same design as that
installed in the 403. It has 64 working tracks,
each of 256 words giving a capacity of 16,384
words. This is not the place to go into the
engineering reasons why both disc and drum
type memories are used, but for large capacities
the disc is a preferable solution and one of its
virtues can be shown by the fact that the
capacity of the disc can be doubled by an
increase in diameter of only 3 in.

It is technically possible to have more than
one disc in a system, but the transfer equipment
would be more elaborate because the slave
mechanisms would be asynchronous.

5. Magnetic Film Storage

In order to carry out bulk data processing
it is necessary to develop a means of storing
large quantities of information with relatively
long access time. Magnetic tape presented a
solution to the problem, but unfortunately
brought with it numerous difficulties. One of
these troubles was the effect of small dust
particles coming between the reading head
(usually in contact) and the magnetic surface.

Fig. 4. Type 2 disc store—16,384 word store.

This can cause loss of signal and unreliable
operation. The UNIVAC system uses a
metallic tape which can be wiped before
passage under the head. Oxide coated tape is
not easily wiped, and running out of contact
secems the only alternative to a costly air
cleaning plant. It is, however, not an easy
task to keep a constant clearance between the
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reading head, and the very thin magnetic tape.
Thus, 35-mm film coated with magnetic oxide
is used in the 405 system. The stouter.
sprocket fed film can be run under tension over
an accurately machined drum, thus keeping
the necessary clearance. The film is basically
an optical medium, and therefore homogeneous
in consistency. which leads to very few, or no
flaws, in a 1,000 ft reel. However, due to
this drum and sprocket wheels, a greater mass
is involved when starting and stopping the
transport mechanism. These considerations,
amongst others, led to the design of the existing
mechanism (Fig. 5). which will be described in
subsequent paragraphs.

The film mechanism was designed to move
the film at a speed of 30 in. per second, since
this speed, while not being excessive from a
starting and stopping point of view, allows
information to be recorded at 5 kc/s on each
track with a digit length of 0-:006 in. At this
speed it is possible to start and stop the film in
50 millisec and reverse direction in 60 millisec.
These times are slow compared with those
achieved by some magnetic tape transports, but
the film has the virtue that it is possible to
carry out more than 30,000 reversals over the
same small piece of film before any appreciable
wear is apparent. At this stage a certain
amount of tearing begins at the sprocket holes
with the recording surface remaining efficient.
There is. of course, no head wear due to
contact with the abrasive oxide. The film reels,
which are enclosed in a removable cassette, are
driven by servo-motors controlled photo-
electrically by the arms. which form the film
reservoirs on each side of the main mechanism.
These arms are fitted with trip circuits so that
if one side either becomes too tight or too loose,
the whole unit switches off in order not to cause
damage to the film record.

The method of recording on the film uses a
phase modulation technique, similar to that
used in the disc circuits. In the disc a
permanent clock track times information being
written, and provides a strobe pulse with which
to sense the information being read. On the
film it is necessary to write a new clock track
each time information is written. This is
because it would be neither practical to read
clock on one track of a multiple head at the
same time as writing on other tracks, nor, due
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to possible film expansion, to read clock with
a separate head displaced along the film. This
does, however, lead to a simplification of the
logical circuitry connected with writing on the
film. Since the clock track is to be written the
whole operation can be carried out in complete
synchronism with the rest of the machine. The
word time of the machine is 100 microseconds
and thus each digit on the film, written at
5 kc/s, will last two word times. Thus the
clock waveform (Fig. 6 (a)) which is written on
the film consists of one word time up, followed

Fig. §.

Magnetic film unit.
1.000 ft. ree! of fiim.

300,000 words per

by one word time down, and so on. Where a
“one” is to be recorded the wave form
(Fig. 6 (b)) consists of one word time down
followed by one up, whereas a “nought” is
produced by one word time up, followed by
one down (Fig. 6 (c)). It will be noticed that
the clock waveform is displaced by about half
a word time relative to the information. This
is in order that, when reading, a strobing digit
(Fig. 6(a)) can be produced from the leading
edge of the clock waveform. which will occur
in the middle of the second word time. This
will produce a digit when a “one” is read, and
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no digit for a “nought.” This method of
recording is particularly suitable for an a.c.
coupled system, since the minimum frequency
necessary is 2'5 kc/s, or half the normal
frequency. This is produced when a “one-o-
one” configuration is recorded, on a particular
track.

The disposition of the tracks on the film is
shown in Fig. 6 (e). Since the film has nearly
one inch of working width it is possible to have
several tracks in parallel. This means that the
effective digit frequency can be raised con-
siderably. Each track will need individual
reading and writing circuits, together with
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Fig. 6. Magnetic film recording.

extra logical units for conversion to and from
serial form. It is quite easy to record nine
tracks on the film. At least one of these tracks
must be used for a clock track, and a second
must be used for recording block markers. If
the film is to be used as a true store, it must
be possible to change one item of information
without disturbing adjacent items. This means
that there must be a gap between items since
the speed of the film may vary slightly from
day to day.

Thus it is desirable to record information in
fairly large quantitiés, so that the ratio of gap
to information is small. A block of 64 words

356

was found to be a suitable size. It is convenient
to use the eight remaining tracks as two sets
of four tracks each. This combines the
economy of needing only four amplifiers, with
the reasonably high effective “bit” rate of
15 kc/s. This is achieved by having three
parallel information channels working at 5 kc/s,
the fourth channel being used for the clock
track. As has been mentioned above,
information is written in synchronism with the
computer, but when a “read” order is being
carried out, the amplifier waveforms have no
direct connection in time with the computer.
Consequently, the strobing pulse, and then the
result of strobing the three information wave-
forms must be staticized in order to use the
information at the right phase of a computer
word time.

The arrangement of the digits of a computer
word, when written on film is shown in
Fig. 6 (f). Since there are 32 binary digits in
each word, they can be recorded on the three
magnetic tracks in eleven rows, with one spare
cell left over. This cell is used for a parity
check, whereby the number of ones in the word
is automatically made into an odd number by
the addition of the 33rd digit where necessary.
When the information is read back from the
film the number of ones is checked and any
word containing an even number will set a
warning register so that the programme can
take appropriate action, such as re-reading the
block.  During both reading and writing
operations, the film clock pulses are counted,
and every time eleven is reached a new word
is taken from, or fed to, the assembly register.
This register shifts its contents three places
each time a clock pulse is encountered, so that
all thirty-three digits are used.

The facilities provided to the programmer
which are most often used in this section of the
system are those of reading or writing the next
block, going back a specified number of
blocks, and finding a certain block. The first
two use a particular portion of the high speed
working store as a destination and source,
respectively, of the recorded information. The
third order is self-explanatory, whereas the last
is more complex. There is no address track
on the film, and thus the first word in each
block carries the so-called “address” of the
block. The order in question causes the film
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to move forward until a block is read which
has an address corresponding to the number
specified in the second half of the order word.
It will be noted that this system does not require
addresses to be serial although an increasing
sequence is generally desirable. All film
instructions can be obeyed independently from
the rest of the system, which is only held up
when a second film order occurs before the
first one is complete. It is arranged that when
a block has been read or written the film is
automatically positioned so that the next block
can be read. In order that the gap is not too
long, allowing for stopping and starting, this is
achieved by making the film reverse into the
block which has just been operated on. This
would mean that it is necessary to reverse the
mechanism twice between successive blocks,
which would be rather tedious under certain
circumstances. Thus it is arranged that if a
second order is presented to the film control
unit before the reading or writing of the first
one is completed, the mechanism will proceed
at full speed. Other facilities which are
provided are for changing from one set of four
tracks to the other, and for testing the parity
register. When the tracks are changed the
direction of motion is also changed, so that in
a serial application the film will travel from
one end or one set of tracks and back to the
same end on the other. The controlling
circuitry is designed to serve up to 16 film

. o :
79 SR AN

mechanisms, of which only one can be used
at a time. Each film is capable of storing about
220,000 words, or 4,400 blocks.

6. Input/Output

Input and output, taking a computing
system as a whole, should refer only to the
introduction of information into the system
from outside and vice versa. The up-to-dating
of the electronic file is really an extended
system store, although it may possibly use
input and output apparatus. The sophisticated
data processing system aims at utilizing the
memory and decision ability of the main
machine to reduce, as far as possible, input to
changing information and output to an
essential minimum. In practice it is here that
natural conservatism has its strongest hold and
probably where time and usage alone will
demonstrate the true power of the digital
computing technique.

Several alternative arrangements of input/
output units will be described below, but new
ones will evolve where other existing methods
appear to limit the speed of a proposed system
or new apparatus becomes available to the
designer.

The control console can legitimately be
described at this point, as it is a means—a
vital one—of input control, and also forms an
output display for programming and other
work. 1t is illustrated in Fig. 7. Functionally

Fig. 7. Control console.
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Fig. 8.

it splits into three main parts. Firstly, the
the major part of its front surface is covered
with miniature filament lamps, which are relay
controlled from pulse lengthened digit pulses in
the machine. The use of filament lamps
allows different colours to be used, and also
makes for considerably better visibility than
neon lamps. Speed of response is not serious
as little can be gathered from a display
changing at computing speed. the normal use
being for display under step-by-step conditions.
The fixed spatial distribution of lamps is far
easier to understand than pulses on a cathode
ray tube, and this contributes to the speed of
programme development. Various registers in
the machine can be displayed as selected by
switches and the information is in some cases
semi-decoded. A loudspeaker is also provided
as an output channel and is useful for keeping
track of the rhythm of the machine while
calculating.

The row of switches across the lower middle
portion of the panel is a number generator
(hand switches) and is read by the computer
as location 0. These can be used for data
input but one of their main functions is for
starting a programme off at a manually selected
point. The dynamic pulse train is generated
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Punched card reader—600 cards per minute

from the number generator by means of a
special nickel delay line which has 32 drive
coils spread along the line instead of the usual
one. These are all in series and pulsed at the
same instant. Pulses would be generated at
all points but those not required are eliminated
by short circuiting the appropriate coil or coils
with the hand switches. Control of the machine
is exercised from a group of five keys at the
bottom right hand corner of the console. The
normal facilities of step-by-step working, and
optional stops are available, together with the
built-in facility of transferring control to the
number generator or to the first location of the
drum.

The third console function is associated with
power supply, the machine being switched on
entirely from the control console. Behind the
two locked doors are, on the right, the power
and h.t. controls with an hour meter, and on
the left, marginal operation setting keys and
a meter for monitoring supply voltages.
Emergency “power off”” buttons are mounted
on the main panel.

The input medium used in business
accounting is usually either perforated paper
tape or punched card. The ubiquitous Ferranti
reader is used for paper tape. For punched
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card reading a new form of card reader has
been developed for computer use. The Mark 1
model of this reads the standard 80-column
IBM or Hollerith type of card endwise at
speeds up to 10 per second (Fig. 8). The
endwise reading technique uses germanium
photocells to generate the information serially.
thus making the information available in a
more economical form for computer applica-
tion than the normal method of reading which
implies a parallel to serial conversion. Cards
can be demanded one at a time but once in
motion a card cannot be stopped. Redundant
zero punching must be used on the cards. Both
these mechanisms are connected directly to the
computer.

Output mechanisms may be connected
directly to the machine but in general this is
not the most economical arrangement. Jobs
vary so widely in printing requirements that
unless fortune is unusually kind the coupling

could only be achieved, if at all, by an
extravagant amount of working storage.

By running the printing equipment remote
from the computer buffered by paper tape,
punched card or magnetic film, the choice of
many slow printers or few fast line printers
becomes a question of the quantity of printing
involved, coupled with the degree of flexibility
required. This, of course, does not eliminate
the necessity for one slow direct output device
which can be used for summaries, queries, etc.,
and is also needed for programming work. The
mechanism of output can, therefore, be split
into two categories, buffer output and actual
printing equipment.

Buffer output equipment may usc as a
medium paper tape, punched card or magnetic
film. The Creed 25 characters per second
perforator is the simplest and at present the
fastest available method of producing per-
forated tape in this country. The use of

Fig. 9. Compuprinter mechanism—20 characters per
second.

of a fast line printer directly to the computer
will either mean that the computer is waiting
on the printer or else that the printer, which is
an expensive piece of equipment, is idle for
unsatisfactory periods of time. To couple a
number of slow printers to a computer directly,
though technically feasible, would require an
almost impossible programming task, which
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punched cards as a medium is, with present
equipment, rather unwieldy. New develop-
ments may help to rectify this but except for
special requirements (e.g. local office filing)
cards are a rather expensive medium to be
used merely as a buffer.

Magnetic film is used in two forms, as has
been indicated already—
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(1) Written in a manner for subsequent
typing by a single character printer. In
this case information is written at 300
characters a second and played back to
a perforator for subsequent printing at
the much slower speed of 20 characters
per second.

(2) The normal storage film method when
used to feed a line printer.

Single character printing in its simplest form
is the teleprinter, which is too well-known to
require further discussion. The electric printer
used in the 405 system is a new development.
The Compuprinter, as it is called, has the type
hammers directly operated by solenoids; also
the carriage is positively driven forward by a
motor so that speeds up to 20 characters a
second are achieved (Fig. 9). Only upper case
letters are available, as in the teleprinter.

The line-at-a-time printer that was used with
the 403, and is also available under certain
circumstances for the 405 system, is the Bull
printer. This has 92 alpha-numerical columns
and can print at up to 24 lines per second.

Three methods of utilizing this range of
equipment are described below, being in
increasing degrees of sophistication.

Simple Input [Outpur : This uses the Ferranti
tape reader for input and the Creed 25 and/or
compuprinter as output. In this case all
organization and conversion must be carried
out by the system centre under programme
control.

Input [Output with Compiler may use paper
tape and punched card inputs and the output
may be paper tape, direct typewriter or
magnetic film. The facilities indicated by the
order code in the appendix show that both
binary to decimal conversion and some degree
of data organization can be carried out by this
equipment.

Input [Output  with Compiler and Block
Transfer has all the facilities of the above with
the addition of the automatic build up of
complete blocks of information for printing.
This is used for example when several outputs
are run simultaneously and to programme
using multiplexing would be involved.
Alternatively, in conjunction with the magnetic
film controlled line printer, complete 16 word
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blocks can be built up and transferred to the
store film to be subsequently printed from there.

Data raising equipment for input information
may be conventional direct keyboard apparatus,
or as a by-product of unit accounting machines.

Ancillary printing equipment may be the
paper tape driven teleprinter, the paper tape
compuprinter, magnetic (output) film con-
trolled perforator, or magnetic (store) film
controlled line printer. This last is a large
piece of apparatus in its own right, containing
buffer nickel line storage to convert from the
serial data film to the parallel channels of the
multi-column line printer.

7. Power Supplies

The power supply is built up in separate
cabinets, as necessitated by the quantity of
equipment involved in the main cabinet
assembly of the system. In all cases a motor
alternator set (a.c. to a.c. three-phase) is used
both to stabilize the mains, mostly for the
benefit of the heaters, and also to iron out any
missing half-cycles in the raw supply. A no-
break supply type of motor alternator diesel
set can be used if the local main supply is in
the habit of failing completely. These sets are,
of course, located remote from the machine
and are stopped and started from the console.

Each cabinet of the main equipment has its
own cooling fan requiring a through flow of
air of 200 cubic feet per minute. The limit
on ambient air inlet temperature is set by the
germanium diodes in the equipment and should
not rise above 35°C. Provided this is
maintained no form of air conditioning is
required.

8. Typical Applications of the 405 System

In the paper presented at the 1954 Con-
vention two possible computer applications
were discussed in some detail.  These
applications were payroll and invoicing, which,
together with many other problems, have been
programmed in varying extents during the past
year. The payroll of some 800 workers in one
group has been computed regularly for nearly
a year, whereas some other applications have
reached the pilot stage, and many others have
been demonstrated in a general form. One of
the points which has become plain in all the
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system investigations carried out is that,
although a demonstration has been planned
and programmed, this generally does not mean
that all situations are covered. It appears
usually that no case is completely catered for,
and so the demonstration programme can only
be used as a framework on which to hang a
practical application. Much hard work is
necessary before all the exceptions and minor
variations have been included. It is necessary
for all circumstances to be foreseen in the
programme, if only so that the computer can
reject the most exceptional cases for human
attention. In practice such rejections are most
inconvenient, since they lead to incomplete
analyses at the end of a run. It is thus that
a comparatively small basic programme, doing
the majority of the data processing, becomes
a large one with many small sub-routines for
dealing with exceptional cases. Programmes of
two or three thousand pairs of orders are quite
common in practice.

8.1. Small System

The 405 system can vary widely in size and
composition. depending on the application.
The smallest system which demonstrates the
power of the fully electronic method of
accounting is that installed by Norwich City
Corporation. This machine consists of the
basic system centre, together with a drum store
(4096 words) and two magnetic film units. The
input and output facilities are limited to paper
tape feeding straight to and from the accumu-
lator of the machine. The most noticeable of
the uses to which this machine is being put is,
to Norwich ratepayers at least, the production
of Rate Demand Notes, and the subsequent
account keeping. In actual fact the basic use
of the machine will be in the keeping and
analysis of the many costs accounts of a busy
municipality. One important fact is demon-
strated in this system, in that although it is
very small there are still two film units. This
is due to the desirability of up-dating from one
film to another. In this way an effective copy
of all films is kept, since if any mishap should
occur to the current film, it can always be
reproduced from the old film with the same
input data. This system consists of nine
standard cabinets with the control console and
paper tape equipment on a separate table.
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8.2. Medium-sized System

A medium-sized system is being used for the
internal accounting of its maker’s group of
companies (Fig. 2). The system has stretched
in this case to fifteen cabinets with the addition
of two more film units, a compiler, and a disc
(16,384 words) instead of a drum. The original
payroll is being extended to cover four
thousand employees and also to carry out cost
analysis. A start is being made in the field of
production control using this machine since it
is felt that it is here that the greatest economies
are to be made. In the past (and also the
present) the yardstick by which the feasibility
of a computer has been measured is the number
of staff to be replaced by the machine. It has
yet to be proved in practice that the application
of this type of machine can lead to far greater
efficiency and productivity, but all the results
of present experiments lead one to the con-
clusion that this will be the case. The 405 is
capable of still greater extension, with a
maximum size of eighty-two cabinets (most of
which would be film units). This maximum
has not been approached by a long way, but
with the use of two or more master film units
and immediate access stores the system
described above has been exceeded several
times.

9. Conclusion

It can perhaps be said that whereas the paper
presented to the Oxford Convention was a
chapter of hopes and gazing into the future,
this paper is the chapter of realization of those
hopes, although the amount of practical
experience gained so far is limited. The age
of “Automation” brings with it many challenges
which must be met with machines such as the
405. Tt is hoped that the next Convention may
be presented with a chapter of successful
reflections.

10. Appendix : Order Code

The 405 order code is single address. The
least significant digit determines whether the
order refers to the System Centre or to other
units. For all System Centre orders this digit
is zero (0 Code orders), for orders referring
to any other unit the digit is one (1 Code
orders).

There are two orders to each word which
are normally obeyed successively.

361




A. St. JOHNSTON and S. L.

H. CLARKE

1. System Centre Orders (0 Code)

dys is the most significant digit.

dIG (115 (114 d13 dl‘.! dll le d9 dB d7 dﬁ dS dl d3 (12 dl
Function F Adlin /] B Code (0)

The A4 group either defines the address of the
number to be operated on in the store or further
specifies the function.

The B group specifies one of three storage
locations the content of which is added to the
order as it enters the order register. These
locations are immediate access registers in the
System Centre having addresses !, 2 and 3.
Address 0 is used for the manual insertion of
information via the number generator.

The Code digit always zero for System Centre
orders.

1.1. Functions

The following abbreviations are used:
N denotes the number given in the A group.
C(N) denotes the content of storage location N.
C(A) denotes the content of the accumulator.

The results of operations in the accumulator
are always left in the accumulator.

2. Drum and Disc Store Orders (1 Code)

dxs dx du dady dudy dy dg
Drum: Spare Block Number 4
Disc: Block Number 4

The A4 group specifies the number N of the
64-word block, two more digits being required
for the disc than for the drum.

The § group is always 2 for drum and disc
orders.

The drum and disc stores have 128 words of
quick-access storage considered as first and
second halves, each of 64 words.
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The functions provided are:

0
1
2
3

O 0~ N

10

11
12

Add C(N) to C(A4)

Collate C(N) with C(A4)

Subtract C(N) from C(A4)

Negate and add (subtract C(A) from C(N))
Fast multiplication by common numbers
(the number is specified by N and may be
0,2 4,8 100r 12)

Left shift (double N times)

Multiply C(A4) by C(N)

Divide C(A4) by C(N)

Unconditional transfer to location N
Transfer control to location N if C(4) is
negative, otherwise proceed normally
Swap: place C(A4) in location N and C(N)
in A

Replace C(A4) by C(N)

Count: if the content of I.LA.S.] (known
as C(1)) is non-zero transfer control to
location N, otherwise proceed normally.
Increase C(1) by 2-%

Right shift (halve N times)

Transfer 16-word block from first half of
store

Transfer 16-word block from second half
of store

d'; (15 d5 d. da d;_» d]
— N
Function F S Code (1)
Function F S Code (1)
. Functions

Read block N into first half
1 Read block N into second half
2 Write from first half into block N
3 Write from second half into block N
4-7 Spare
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3. 35-mm Magnetic Filmn Store (1 Code)

The film is divided into two halves, one of
which may be read from or written on when
the film is moving in each direction. Each half
contains three parallel information tracks and

(11(; (115 (114 (113 dl?

—

(111 (110 dg (13

———
———

N No. of unit T

a synchronization track.

In film store orders the second half of the
word may have a separate address significance
(see Function 6 below).

d: ds ds d,dyd, d,
Function F S Code (1)

Block Address A

The N group specifies the number of blocks
to be passed (see Function 1 below).

3.1. Function
0 Spare
1 Run the film back N blocks
2 Examine parity check (checks errors in
stored information)
3 Change from one half of the film to the
other

4. Input (1 Code)

dyo dis du dyg dp dy

N No. of unit T Function F S

The N group is as specified in the Function.
The S group is always for O input orders.

4.1. Functions with a Paper Tape Reader
0 Find a character which is the telecode
equivalent of N
1 Ignore N character positions
2 Input N characters (1. <N-<6) in telecode
3 Input a decimal integer of up to N
characters
4 Replace C(A) by the content of the input
register
5 Test check register (to guard against
reading errors)
6 Spare
7 (Without block input) Read a character
to the accumulator
7 (With block input) Read a block 96
characters off the tape, forming 16 words)
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(110 (19 dg

The T group specifies which of the 16 units
is concerned.

The S group is always 3 for film store orders.

Spare

Read next block

Find block (the address being given by
the second half of the order word)

7 Write next block

[NV B S

d; dg ds

—

(14 d3 dz d1

—_—

Code (1)

The T group specifies which input channel is
concerned.

4.2. Functions with a Card Reader
0 Find a column containing the telecode
equivalent of N
Ignore N columns
Input N columns (1.<N-<6) in telecode
Input a decimal integer
Replace C(4) by the content of the input
register
5 Test check register
6 Spare
7 Read a complete card

W -

Note that when simple input alone is provided
the only function available is that of reading a
single character from paper tape into the
accumulator (Order 7 in Section 2.4.1 above).
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5. Output (1 Code)

dlﬁ dlS d14 d13 d12 dll le d9 ds d7 d6 dS dl d3 d2 dl
—— ~— — —— N — — ——
N No. of unit T Function F S Code (1)

The N group is as specified in the Function. The T group specifies which output channel
The § group is always 1 for output orders. is concerned.

5.1. Functions with a Paper Tape Output Punch

0 Output a character whose telecode 5 Output a decimal fraction of N characters
equivalent is N 6 Output N characters of remainder left by
1 Output N spaces Functions 2, 4 or 5

7 (Without block output) Output a character
Output a group of N characters (1 <N <6) 7 gWith block outpug O)utpu{)a block

3 Replace content of “constant register” by Note that when simple output alone is
C(A). This register is used for binary to provided the only function available is that of
decimal conversion, etc. sending out a single character from the

4 Output the N most significant digits of a accumulator to the output punch (Order 7 in
decimal integer Section 5.1 above).

6. Overall Input and Output Control
This control is specified by a 7 in the T group of the order.

6.1. Overall Input Functions
0 Stop when the last character or card is read.

6.2. Overall Output Functions
0 Replace C(4) by content of the assembly register
1 Stop when last character or card has been punched.
2 Switch output to block
3 Switch output to accumulator.

7. Overall Machine Control

These functions are characterized by a 7 in the S group of a 1 Code order and affect the
operation of subsequent 0 Code orders.

0 Spare

1 Sequence register to location 1

2 Set single-length multiplication
3 Set double-length multiplication.
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FLUID DENSITY MEASUREMENTS BY MEANS OF
GAMMA RAY ABSORPTION*

by

R. Y. Parryt and A. E. M. Hodgson, D.L.C.t

A paper presented at the Convention on “Electronics in Automdation™ in Cambridge

on 27th June 1957.

In the Chair: Dr. Denis Taylor.

SUMMARY

The paper discusses the phenomena involved and the parameters controlling the usefulness of
a method of measuring the specific gravity of liquids flowing in a pipe (during manufacturing
processes), and of detecting the interface between liquids having different specific gravities, e.g.
petroleum products. To ensure stability and accuracy a pressurized ionization chamber is used
in conjunction with a vibrating reed electrometer, and a heavily shielded gamma source of the
order of one curie. Changes in specific gravity of 029 cf liquids in steel walled pipes of up
to 14 inches diameter have been detected. Details are given of typical industrial installations.

1. Introduction
Gauges which measure the amount of

radioactivity transmited through a material,
and use the resultant signal to indicate the
thickness or substance of the material, have
been very widely reported'--3, but the use of
this method to measure the density of fluids
flowing in a pipe or tank has received less
attention. It is the purpose of this paper to
describe an equipment which is capable of
detecting changes in density of the order of
0-2 per cent. and to outline some of the
problems involved.

In general, the measurement of fluids is
carried out in pipes or tanks of from a few
inches in diameter up to several feet. The walls
are usually of iron or steel and may be
surrounded with lagging or refractory materials.
It is therefore necessary to use gamma radiation
and this paper is primarily concerned with the
use of caesium 137; this is a relatively cheap
source of 0-661 MeV gamma rays, and its
half-life (the time taken for the quantity of
radiation to reduce to one-half of its initial
value) of 33 years makes it very suitable for use
in an industrial plant.

* Manuscript received 28th May 1957. (Paper No.
405.)

+ Ekco Electronics Ltd., Southend-on-Sea, Essex.

U.D.C. No. 621.387.42:531.756:656.56.4.

Journal Brit.l.R.E., July 1957
E

2. General Requirements of System

Gamma radiation consists of electromagnetic
quanta which are the result of random disinte-
gration with time within the source, and are
therefore subject to statistical variation. This
means that the accuracy will depend upon the
number of quanta detected, 250,000 being the
required number for a mean probable error of
0-2 per cent., and therefore a very high counting
rate is needed for high accuracy.

The well-known Geiger-Miiller tube has a
dead time of from 100 to 400 microscconds
after a discharge has been initiated, and as a
result is not suitable for accurate measurement
under these conditions due to its limited count
rate.

The scintillation counter is capable of
counting at sufficiently high speeds, but the
associated electronic equipment  becomes
extremely complex.** 1t may also be used in
a d.c. manner but in either condition it is
difficult and expensive to obtain the necessary
stability because of the large temperature
coefficient of the photomultiplier tube, and its
susceptibility to changes in the voltages applied
to the dynodes.

lonization chambers, on the other hand, are
fast enough and capable of extreme stability but
require considerably larger radioactive sources
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than the other detectors, and as the signal
resulting from the radiation is a small direct
current at high impedance. a very stable
electrometer is required as the measuring
element. Except for the heavy shielding needed
by the gamma source, these problems are the
same as have been successfully overcome in the
several thousands of beta gauges in use
throughout the world; indeed, due to the fact
that a thin window to permit the entry of beta
particles into the ionization chamber is not
needed. the ionization chamber becomes
probably the most rugged component of the
whole installation.

The use of a vibrating reed clectrometer, in
which the d.c. signal is converted to a.c. by a
vibrating capacitor and subsequently applied
to an a.c.-coupled amplifier, virtually eliminates
the zero drift experienced in the older types of
direct-coupled electrometer without significantly
increasing either complexity or cost.®

With a | curie source of caesium, 2 inches
of lead shielding is sufficient to reduce the level
of radiation to below the tolerance level
(7-5 mr/hr) at a distance of 1 yard, and this is
suitable for most applications. Additional
shielding may be added where necessary.

A typical equipment would therefore consist
of : —

(a) 1 curie caesium source.

(b) T.P.A. ionization chamber filled with

argon to a pressure of 20 atmospheres.

(c) Vibrating reed electrometer with ancillary

supplies etc.

3. Practical Considerations

For the purpose of evaluating the per-
formance of such an equipment, the problem of
measuring the density of water in a 12 inch
(304 cm) diameter iron pipe with a wall
thickness of } inch (1:27 cm) will be considered.,

Under these conditions the distance from the
source, treated as a point, to the centre line of
the ionization chamber, will be set at 20 inches.
At this distance, in free air, the radiation
intensity at the detector will be 1-35 roentgens
per hour (r/hr).

The effect on the radiation level of the
water-filled pipe can be calculated from the
expression :
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I=1yexp (- nwpwx = 2upppt)
where l,=original intensity
I=intensity after absorption
e, tp=mass absorption co-efficients for
water and pipe respectively
pw, pp=density of water and pipe
respectively
x=Ilength of path in water
r=thickness of pipe wall

The values for water and for an iron pipe
are as follows:

ty, 0-0864 cm?*/gm
up, 0-073 cm?*/gm
pw, 1°0 gm/cm?®
pe, 7°5 gm/em?
From this expression
I=Iexp[-(0-0864 x 1 x 30-4) -
-2(0:073 x 75 x 1-27)]
=lexp[-2:6144 - 1-3907]
=lyexp [ -4-0051]
=1, x0-01822.
Taking I, as 1-35 r/hr as stated above, /
therefore is 24-6 milliroentgens per hour.

The sensitivity of the system, that is the
the change in radiation intensity with change in
density of the water, can be obtained by
differentiating / with respect to py.

ﬂ— —pyxl
dPu'_ o
d
and 7[ S llu'Xde

Calculating for a 1% change in the density
of the water:
drs

< =-002614

and dI =0-02614 1
Turning now to the electrical side of the
system, an ionization chamber converts
radiation into a direct current, the expression
for calculating this current being:
1=9-24 x 10~" amps per cm® at N.T.P.
in a flux of 1 r/hr.

The sensitivity of an ionization chamber
depends on the quantity and type of gas in the

Journat Brit.l.R.E.
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sensitive volume, the parameters affecting this
being the volume, the pressure and the atomic
number of the gas. By using a UK.AEA.
type T.P.A. chamber which has a volume of
5 litres and filling it with argon to a pressure
of 20 atmospheres, an increase in sensitivity of
30 is obtained over a chamber of the same
volume filled with air at N.T.P.

Applying these values to the above
expression results in a current of 1'5x10
amps per r/hr and the calculated level of
24-6 mr/hr will therefore produce a current of
37 x 10" amps.

This current, if passed through a 5 x10"
ohms resistor will develop 18-5 volts and a
change in density of the water of | per cent.
will change the voltage by 480 millivolts, which
is a change of 2-6 per cent.

Taking two further examples, one of small
dimensions and one large, it is found that with
a 3-in. inside diameter iron pipe having }-in.
thick walls and filled with water, /=14 r/hr
and a 1 per cent. change in the density of the
water results in a 0-66 per cent. change. Using
a 5 x 10° ohms resistor as the load, the change
in output voltage will be 700 millivolts.

With a 2 ft diameter iron pipe or tank having
3 in. walls, /=0-17 mr/hr and a | per cent.
density change will produce a 5-8 per cent.
change, which, across a 5 x 10" ohms resistor,
will produce 700 millivolts.

The source and chamber clamped
to a pipe.

Fig. 1 (above)
Fig. 2 (right). The indicator
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Resistors of this value are not easily obtain-
able with sufficiently stable characteristics, and
in this latter example it would be advisable to
use cobalt 60 in place of caesium 137. The
gamma energy from cobalt 60 is 1-1 and
1-3 MeV, and this would produce a radiation
level at the chamber of 60 mr/hr. A | per cent.
change in density would produce a 4 per cent.
change which, across a 10" ohms resistor,
would be 360 millivolts.

The previously mentioned random nature of
the radiation from the source results in a noise
signal superimposed on the standing d.c. level.
The final reading accuracy will depend upon
the ratio of this noise signal to the change in
d.c. level resulting from the change in density
of the measured material. This is a normal
signal-to-noise ratio problem which limits the
smallest density change that can be detected.
The calculation of this noise signal is lengthy
and the typical figures given below are the
result of visual observation.

With caesium:

3” dia. pipe +0-03% of density
127, .. +05% ., -
24”7, ., +20% "

With cobalt:

24” dia. pipe +0-3% of density

These figures relate to a | second time-
constant and the magnitude of this noise can
be reduced by integrating over a longer time
or by increasing the strength of the source.
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4. Applications

The equipment used in an industrial installa-
tion is shown in Figs. | and 2.

The source is contained in a lead “bomb”
giving a 2 in. shielding in all directions, except
a collimated exit hole. Provision is made to
retract the source to a “safe” position by either
mechanical or electro-mechanical means. The
ionization chamber is a standard T.P.A. fitted
with a smaller source of caesium 137 in a
shuttered holder. The purpose of this second
source is to enable the calibration of the system
lo be checked without removing the chamber
and source from the pipe or tank.

Installation is extremely simple since both
source and chamber are external to the vessel
and do not need to be in contact with it. They
may be mounted independently on opposite
sides of a vessel or fitted to a pipe with the
special clamping device shown in Fig. 1. An
essential point is that the source and chamber
must be rigidly mounted with respect to each
other and the pipe or tank.

The indicator is identical with that used for
beta measurements and consists of a vibrating
reed clectrometer, and a stabilized voltage
supply which is applied in opposition to the
signal from the ionization chamber. This
voltage is adjusted to balance out the standing
signal produced in the ionizatica chamber at
the mean value of density, thus enabling the
electrometer to measure changes from this
standing signal. The purpose of this arrange-
ment is to increase the sensitivity to small
changes in density.

The sensitivity is adjustable and in its most
sensitive position, the electrometer will give
full scale deflection for 220 millivolts. The
day-to-day drift of the zero will ke less than
+ 2 millivolts.

For the examples already given, this
sensitivity would permit full scale deflection to
represent a change in density of less than 1 per
cent. with a zero stability of 0-01 per cent. of
the density.

Limit alarm and automatic control facilities
can be built into the indicator.

One of the most promising uses for this
equipment is to detect the interface between
petroleum products of different specific gravities
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when flowing sequentially in a common pipe
line. It is important to be able to detect the
change in product quickly to enable it to be
routed to the correct storage tank.’

The specific gravity for some types of fuel
is as follows: —

Paraffin 0-775
Commercial petroleum 0-737
Premium quality petroleum 0-707
High octane petroleum 0-697

As this instrument will detect a difference in
specific gravity of 0-002 it can be seen that the
detection of interfaces is quite practicable.

Other possible applications include the
measurcment of the solid contents of slurries,
the specific gravity of solutions, and the
measurement of the level of corrosive or high
temperature fluids in tanks or furnaces. Other
applications will undoubtedly arise as the
capabilities of this relatively new tool become
appreciated by engineers in the chemical and
other industries.
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THE INDUCTOSYN AND ITS APPLICATION*
by
H. J. Findent and B. A. Horlock (Associate Member)+

A paper presented at the Convention on “Electronics in Automation” in Cambridge
on 27th June 1957. In the Chair: Mr. E. E. Webster.

SUMMARY

The inductosyn is a new control element mannfactured in rotary and linear forms. In its
rotary form it is capable of indicating angular position to an accaracy of 5 seconds of arc with
a repeatability of 1 second of arc whilst in its linear form it is capable of a positional accuracy
better than 0-0001 in. with a repeatability of 25 microinches. This paper describes hoth forms
in some detail, together with digital to analogue converters suitable for use primarily with the
linear inductosyn when used as a position control device. A generalized description of the
associated electronic circuits is given enabling the linear inductosyn to be used for machine
tool control. Particular reference is made to a programmed co-ordinate table measuring
10 in. by 8 in. which may be positioned in one plane in the x, y co-ordinates to an accuracy
of - 00002 in. Co-ordinate information is given in the form of punched cards and any number
of co-ordinates may be specified and programmed. This is illustrated by considering a typical
machining problem, that of placing hole centres in a small gearbox casting to the accuracy
specified.

1. Introduction
1.1. Rotary Form of the Inductosyn (Fig. 1)

The development of the Rotary Inductosyn
was undertaken for the American Air Force by
the Farrand Optical Co. Inc., New York,
US.A., in an attempt to produce an angular
measurement device of very high accuracy. As
a result of four years development work the
Inductosyn reached its present form, having an
accuracy of 5 seconds of arc, repeatability of

1 second of arc and a sensitivity of 0-25 seconds v ‘ ’;‘.S’J'.\ﬁ.!c."w.l{.?l9§.\ru-u

RAND CONTR %
AR e YORK, NO,LS- Ing

of arc. These figures are quoted for a unit
, PAT PENDING * TRAOE ang

having a diameter of § in.; by increasing this
diameter to 10 in. an accuracy of 0-25 second
of arc has recently been achieved.

The Inductosyn may be likened to a resolver
in that the quantity that varies as a function of
mechanical motion is the electro-magnetic
coupling between two conductor formations. In
a resolver these conductor formations are coils
of wire wound on suitable iron cores, and in
its simplest form two windings are arranged to Fig. 1. Rotary Inductosyn.

* Manuscript received 16th April 1956. (Paper No. be in space quadrature, normally called the

106.) . . BT
stator, whilst a third winding capable of
+ The Plessey Company Limited, Roke Manor . . i} s
Electronic Research Establishment, Romsey, Hants. rqtat!on m'the magnetic fields of Fhe stator
U.D.C. No. 621.314.2:621-52. windings, is called the rotor (Fig. 2(a)).
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Alternating voltages are applied to the two
quadrature windings such that the magnitude
is in proportion to sin 8 for one and to cos 0
for the other. An output is obtained from the
rotor until it is turned to an angle 0 deg. from
its reference when there is a null voltage,
continued rotation produces an output voltage
but now of opposite phase until it is turned
through an angle (6+180°) when another
null is obtained. Consequently in a rotation

: N
e vz
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- - [ = —— .
leee"ite"iee sob
3 AAANNA 3= TS & 29
o guduvuuubuy | H [ 1
SEL i 1:, uuii il g
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Ma N FRAME
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:

) ACTL POSITION OF PLATE IN USE

Fig. 2. Diagrammatic representation of the

Linear Inductosyn.

of 360 deg. two nulls occur and the resolver is
said to be a two pole resolver. There is then
a uniquely defined angular position of the shaft
for every sin 6 and cos 6 ratio of voltages
applied to the quadrature windings.

In the Rotary Inductosyn the conductors are
formed by printing hairpin type windings on
circular glass plates, the two stator windings
being printed on one plate and the rotor
winding being printed on another plate (Fig. 3).
They are arranged to be in line axially and the
magnetic coupling between the plates is through
a small air-gap. Large numbers of poles are
provided and in the case where there are 180
poles then a rotation of 4 deg. corresponds to
a rotation of 360 deg. of the simple two-pole
resolver. This therefore performs the same
function as a simple resolver which has been
geared up 90 to 1. Any number of poles may
be provided and when used as a digital/
analogue converter and binary numbers are
used then it is convenient to use 128 poles
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resulting in 64 cycles per revolution, but for
decimal notation then 100 or 200 poles would
be more suitable.

Because of the low magnetic coupling
between rotor and stator the frequency of the
excitation voltage is normally made about
10 kc/s. Having a large number of poles all
virtually in parallel helps to increase the
coupling as well as to reduce any random errors
which may be present. It should be pointed
out that the masters used to reproduce the
elements have been made up using optical
measuring techniques and permit the high
accuracy claimed to be realized.

There are many uses to which this rotary
form may be put, for example, an electronic
servo-controlled dividing head, an electronic
gear ratio free from Dbacklash, precision
theodolite, etc. For machine tool use the
Rotary Inductosyn would be mounted on the
lead-screw and whilst the angular position of
this lead-screw would be defined accurately
the linear position of the machine table would
be dependent on the accuracy of the lead-screw.
It was to overcome this drawback that a Linear
Inductosyn was developed.

STATOR

Fig. 3. Rotary Inductosyn rotor and stator windings.

1.2. The Linear Inductosyn (Fig. 4)

A scale corresponding to the rotor of the
rotary form consists of a single hairpin winding
printed on a glass block approximately 10 in,
long by 24 in. wide and # in. thick. The slider,
analogous to the stator of the rotary form, has
two space phase windings printed on a glass
block approximately 5 in. long by 3 in. wide
and # in. thick. Fig. 2 shows the Inductosyn
diagrammatically.
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Fig. 4 (above).
Lincar Inductosyn.

Fig. 5 (right).
Linear Inductosyn mounting. =

~

PR

Glass is used as the scale and slider material
as it is stable and readily available; it is also
relatively easy to secure metallic patterns firmly
to its surface. When high accuracies are sougnt
temperature effects must be considered and a
glass with a similar co-efficient of expansion to
that of steel is available, the actual difference
being only 1-1 microinch per “F. Fig. 6 shows
the effects of operating a set of three scales at
80°F., i.e. 12° above standardization tempera-
ture. Ruling of the masters used in the printing
process has been accomplished using an
extremely accurate dividing engine, capable of
ruling 14,000 lines to the inch. Pole spacing
represents one twentieth in. and this dimension
represents the 180 deg. of the simple resolver.
There are 32 pairs of poles and the outputs
from all pairs are parallel so that any random
errors in spacing are minimized. Itis possible to
control the positioning of the Inductosyn to an
angle of one milliradian which gives the linear
form an accuracy of approximately 16 microin.
In use it is often required to control movements
greater than can be accommodated by one
scale, and several scales may be placec¢ end to
end connected electrically in series. As the
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output signal is dependent on the averaging of
a large number of poles there is no discontinuity
at the gap between adjacent scales.

AZCURATEL

MCU Y E
A*D DPERATED AT BO F

Fig. 6. Expansion of steel and glass plate.

When the machine tool to be controlled
comprises a work table moving linearly past a
fixed part of the machine it is convenient to
affix the scales to the table and the slider to the
fixed part (Fig. 5). The air-gap between scale
and slider is not critical but obviously the closer
they are the greater is the coupling. A spacing
of 0-005 in. is recommended and this should be
maintained over the whole length of travel.
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2. Digital to Analogue Conversion
2.1. Resolvers

The shaft position of a resolver can be
uniquely defined by impressing an alternating
voltage V', on one winding proportional to sin 6
and an alternating voltage V. on the quadrature
winding proportional to cos 0, when its shaft
position will be at angle 6 deg. Such a repre-
sentation of position may be used with the
Linear Inductosyn. The 360 deg. now represent

Fig. 7.

Resolver digital/analogue converter.

0-1 in. linear travel and this may be divided
into 1,000 parts, i.e. each 0-36 deg. being
equivalent to one ten thousandth of an inch.
Resolvers can be used to divide the 360 deg.
into a thousand parts in decade form; this is
shown in Fig. 7, where the first resolver divides
the 360° into ten parts of 36°, the second
divides 36° into ten parts of 3:6° and the final
resolver divides 3:6° into ten parts of 0-36°.
Voltages V', and V. appearing at the outputs
are then the trigonometric additions of the three
decaded angles. The accuracy of this method
is dependent on the resolver accuracy and in the
mechanical accuracy of setting the shaft angles
correctly. These inaccuracies may be overcome
by using tapped transformers and selecting the
tappings by switches.

Resolvers may be wused conveniently to
provide vernier control and for obtaining a zero
offset, these applications are shown in Fig. 8.

2.2. Transformers

Figure 9 shows the arrangement for 3 digit
representation in decimal form. Voltages are
added trigonometrically and are impressed on
the slider of the Inductosyn as V,=sin0 and
V,=cos b,

The addition conforms to:
Vi=sin (@a+b+c)

=sin ¢ (cos a cos b —sin a sin b) +

+cos ¢ (sin a cos b+cos a sin b)........ 1)
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Vi=cos (a+b+c)
=¢0s ¢ (cos a cos b -sin a sin b) -
—-sinc(sinacos b+cosasinb)........ 2)

In (1) and considering the decimal number
111 where each unit is 0-36°, each ten is 3-6°
and each hundred is 36°, then assuming 1 volt
is equivalent to sin 90° or cos 0°

V,=sin (36 +3-6+0-36)=06413 volts
and
V.=cos (36 +3-6+0-36)=0-7665 volts.

For very small angles the sine is equal to
the angle and the cosine remains very nearly
unity, consequently for the least significant
figure the sine transformer may comprise nine
equal windings and the cosine transformer does
not require to be tapped.

IR )

IEX IR L}

\
MECHANICAL COUPLING o0 %,

(6) 2ERO OFFSET

Fig. 8. Resolver control (@) vernier; (b) zero off-set.
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Fig. 9. Transformer digital/analogue converter using
sin/cos transformers.
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When the dimension is such that the
represented angle exceeds 90 deg. then a centre-
tapped transformer must be used in order to
cater for the changing sign of the sine and
cosine functions in all four quadrants: this is
shown in Figs. 9 and 10.

Transformer digital/analogue converter
using sin/cos/tan transformers.

Fig. 10.

As the inputs to the Inductosyn slider are
required to be in the ratio of the sine and cosine
of the represented angle a further practical
simplification can be made.

The addition conforms to: —

V.=sin (a+b)=sin a cos b—cos a sin b ...(3)
V,=cos (a+b)=cos acos b-sinasinb ...(4)
then by dividing (3) and (4) by cos b the ratios
remain the same and the following results:

V,=sin a+cos a tan b
V,=cos a—sin a tan b

This then necessitates only one secondary
winding of the transformers to be tapped per
transformer and only two switch banks are
required per decade to effect the tap changing.

Table 1
Voltage Ratio Measurement

MEASURED RA” O |
TRANSFORMER
- -

VOLTAGEL
RATIO
LIMITS

FUNCTION

. 77" QSloﬂn%W‘; O 9515 095! > 95 2
sm 72°=0 ] 525015 09 > 95 s S

b 1222 0 8095 | 0 8098 | O BO92
:awojz o —. §
058544 j N
.| 030625

ofo|

cos 36° = O BOSO2

sin 36° = O 58778
= 2

55 72° = 03094 | 0306 OJO“«'

+ 1

-cos 72°= O 3090 Yorel N
4 e
N O 58544 -
«n36°= O 58778 [———=— O 5869 | O 5869 | O S8%2
059014

[Go50iS

- N 081072 I T
cos W= O BOYO2 |-———=—4 O 80 © 8087| C 8CSC
s n72= 095106 |-

o > 8073
L 0 95194 |
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It is this simplified method of conversion from
digital to analogue form which has been
adopted and is shown in Figs. 10 and 11.

Construction of the transformers may take
many forms but single “C” cores using 0-004 in.
strip would seem well suited enabling ease of
manufacture of the multi-tapped windings.
Care must be taken to maintain the correct
number of turns although some tolerance is
allowable. Table 1 sets out these tolerances
and indicates the measured values of some
samples of a typical sine and cosine transformer.

3. Application of the Inductosyn

A description of the various units required to
be connected to form a system for position
control in one axis follows. 1t is visualized that
the position of a machine tool table is to be
controlled and hence the Linear Inductosyn
would be employed. However, similar units
would be required to operate an angular system
employing the Rotary Inductosyn.

Figure 18 shows how these units are
connected to give control in two axes for a
co-ordinate table: provision for automatic input
of the co-ordinate data is also shown.

3.1. Digital | Analogue Conversion

Initially the digital information must be
converted into information suitable for feeding
the Inductosyn element. As stated previously
a trigonometric voltage analogue is used and a
unit comprising transformers and switches
accomplishes this conversion.  The same
method can conveniently be used for feeding
a resolver which acts as the coarse position
element and provision is made to overlap the
least significant figure of the resolver with the
most significant figure of the Inductosyn
(Fig. 11).

Whilst the resolver may be fed direct from
the transformers a matching unit must be
employed to couple the transformers to the
Inductosyn.

3.2. Coupling Digital | Analogue Transformers
to Inductosyn
Two voltages, whose ratio is that of the sine
and cosine of the represented angle form the
output from the transformers. For any given
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The switches are set to represent
6.6666 in. Note the overlap of the
last significant position of the coarse
resolver control and the most significant
position of the inductosyn control.

setting of the switches the tapping points of the
sine and cosine outputs are not similar, conse-
quently any loading on the transformers due to
the Inductosyn must be minimized in order that
the ratio of outputs remains correct. Since the
voltage output from the transformers is about
1 volt for representing sin 90° or cos 0° and the
optimum voltage input to the Inductosyn
winding under these conditions is required to
be approximately 100 mV, and as the output
impedance of the transformer is approximately
600 ohms whilst the impedance of the slider
winding is approximately 0-5 ohms, a matching
unit is required having a voltage ratio of 10 to 1
and an impedance ratio of 1200 to 1. Two of
these units are required per axis, one for the
sine winding and one for the cosine winding,
with the important consideration that the final
ratio of outputs be exactly that set up in the
transformers. A negative feedback amplifier
fulfils these requirements satisfactorily (Fig. 12).
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Fig. 11. Schematic diagram of
digital/analogue converter.
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3.3. Inductosyn Element

The voltage output from the scale is
dependent upon its position from the electrical
null of the slider. For a movement of
0-0001 in. from the null the voltage output is in
the order of 6 microvolts r.m.s.

As the inductance of the scale and slider are
only a few microhenries the impedance is
mainly resistive at 10 kc/s therefore the output
from the scale lags the input to the slider by
almost 90 deg.

3.4. Error Amplifier

Amplification of the 10 kc/s signal from the
scale has to be carried out to a suitable level to
enable its phase and amplitude to be detected.
This level is dependent upon the type of
detector employed but in general it is required
to be of the order of a few volts for a positional
error of the scale and slider of 0-0001 in.

Amplitude stability of the error amplifier is
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not a ‘serious problem as the whole system is
a null seeking device, ability to provide low
noise at null is by far the most important
requirement as the ultimate resolution of the
system is dependent upon the discrimination
between 10 kc/s signal and noise.

Owing to the very low impedance of the scale
a large amount of amplification may be
obtained in the input transformer itself and
a factor of 1000 to 1 may be realized. For
consideration of noise the input stage should
be tuned to a narrow pass-band around the
signal frequency. A cascode amplifier is used
in the input stage and further amplification is
followed by a cathode follower feeding the
primary winding of the phase detector
transformer.

3.5. Coarse|Fine System

Ambiguity of position occurs every 01 in.
travel between the scale and slider of the Linear
Inductosyn, so for measurements greater than
0-1 in. a coarse positioning device must be used.
It has been stated that a resolver would seem
best suited for this application.

The resolver can be geared to the table and
made to represent any desired length, the limit
being set by the usable resolution of the
resolver, that is, the resolution must be some-
what greater than the distance between nulls of
the fine control. Using the Inductosyn this sets
the overall resolution of the coarse control,
including gear train and electrical error, to be
about 0-02 in.

It is convenient to gear the resolver so that
one complete revolution represents ten inches
of table motion. The sine/cosine supply can
then take exactly the same form as that
supplied to the Inductosyn (Fig. 11). Resolvers
may be obtained to work at 10 kc/s or greater
but those designed for use at 400 ¢/s have been
found eminently suitable.

Further resolvers may be geared to extend
the range of table movement still further, e.g.
1 revolution to represent 1000 in. giving a
coarse /medium/fine system.

The input to the phase detector must come
from the most significant resolver until the table
is moved to within the range of the fine control.
An electronic switch is used to accomplish this
and it is inserted between the error amplifier
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and the phase detector. The most significant
signal is used to bias off the least significant
signal until some pre-determined take-over
point is reached.

3.6. Phase Detector

This may take one of many forms but
ultimately the output is a signal suitable for
feeding the servo amplifier, the polarity being
determined by the relative phases of the signal
and reference voltages, and its magnitude
determined by the amplitude of the signal input.

FEE08ACK
w00, AMBLIFIER o, %
A vourace wam 2048 [

ouTRyT O
INDUS TOSY R
SLIDER

FEEDBACK .
leooa AUPLIFIER osa _ sin
VOUTAGE GAIN -2048

LAST STAGE OF
G JANAL CONVEATEA

Fig. 12. Coupling digital /analogue transformers to

Inductosyn.

Dependent on the type of servo amplifier
employed its input may require to be a d.c.
voltage or a 50 ¢/s voltage. In the former case
the d.c. signal can be obtained direct from the
detector and in the later case the d.c. signal
must be used to produce a 50 c/s signal the
amplitude and phase of which is determined
by the magnitude and polarity of the d.c. signal
from the detector (Fig. 13).

3.7. 10 kc/s Oscillator

The supply to the Inductosyn is nominally
10 kc/s, the actual frequency being of no real
significance except that it should give good
mutual coupling between scale and slider and be
low enough to use without undue screening of
cables, components, etc. Frequency stability
should be good, in the order of 0-5 per cent.
and the harmonic content should be low. These
requirements are required due to the tuning
of the error amplifier and the addition of the
sine/cosine magnetic fields in the scale, and
may be met by a resistance capacitance
oscillator fed from a stabilized h.t. supply.
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Two 10 kc¢/s outputs per axis are required,
one providing the input to the digital/analogue
converter, the other providing the reference
voltage for the phase detector. Provision must
be made to enable the relative phase of these
two outputs to be adjusted to cater for the
phase change of signal input as mentioned
earlier.

3.8. Servo System

The size of the machine to be controlled and
the speed of setting the table determines the
power requirements of the servo system.
Electronic servos are perhaps best suited for
powers up to a few kilowatts but for moving
large masses quickly a hydraulic servo has
much to offer.

Considering the electronic servo the power
amplification of the error signal may be
performed in several ways and those may be
classified as follows:

(1) A.C. Valve Amplifier: Under normal
industrial conditions this would be required to
work at 50 c¢/s and for low powers of up to
about 100 watts a reliable and efficient unit can
be achieved. It would feed a 50 ¢/s two-phase
motor and the range of these motors is rather

— T

2 ——
\{ BALANCE , |
3o CONTROLS é lE

50¢/s

- ! i
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1Ok foo”
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limited and confined mainly to low -power
machines up to about 100 watts.

(2) D.C. Valve Amplifier: Large powers are
obtainable using d.c. amplifiers and they are
used to control split field d.c. motors. Large
stabilized power supplies are required and
problems of drift have to be overcome.

(3) Magnetic Amplifiers: Magnetic ampli-
fiers are probably the most reliable types being
completely static and again large power outputs
are obtainable. Where only 50 c/s excitation
is available the ultimate size is usually con-
siderable. Difficulties are also encountered due
to time lag in response to the control signal but
for a purely positioning device this may not be
important.

(4) Rotary Magnetic Amplifier: Magnetic
amplifiers of the amplidyne type may be
controlled by very small d.c. signals, in the
order of a few milliwatts for each 100 watts
controlled. The overall size is somewhat
smaller than the equivalent static magnetic
amplifier. Again split field d.c. motors are
controlled and for powers greater than
100 watts, this type of amplifier is well suited.

Whatever type of servo system is employed
it would be controlled by the error signal

~—I—>50c s Plige’
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(b) USING TRANSFORMERS AND VELVES

Fig. 13.
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(c) BRIDGE DETECTOR AND D.C MOD,

Typical phase detector and modulator circuits.
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appearing at the phase detector. In order to
stabilize the overall response of the system and
to prevent undesirable overshoot and subse-
quent hunting it is expedient to provide negative
feedback. A tacho-generator coupled to the
motor can be used to provide a feedback
voltage which is proportional to the angular
velocity of the generator and hence proportional
to the velocity of the machine table, this
feedback signal may be introduced into the
system in series with the error signal at the
input to the servo amplifier.

4. Programmed Co-ordinate Table using the

Linear Inductosyn as the Measuring
Element
4.1. Desirability

There are many instances where the

machining of frequent short-run production
quantities are involved. and usually it is not
economic to have expensive jigs made nor is

it economic to have each work piece “hand
made” for this type of production.
¢ e
i gt
§
g
N
b 6450cp 2
8 3
bt
o
~
ORIGIN'
(0" NORMAL DIMENSIONS
Fig. 14.

A typical problem concerns the manufacture
of actuator gearboxes used in the aircraft and
allied industries (Fig. 14 (a)); this problem is
used to illustrate the use of a programme-
controlled co-ordinate table where the require-
ment is that of accurately positioning the
centres of holes numbers 1 to 11 to within
+0-0002 in. of the dimensions stated.

Definition of the hole positions must be given
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in co-ordinate form, as explained later, so that
the table can be moved along its x and y axes
in order to position the casting correctly. It is
desirable to set the whole of this data into the
machine so that the entire drilling operations
can be performed in sequence, and this may be
accomplished using punched cards for the
intermediate storage of the data. Provision for
manual input of the data is also required to
enable initial setting up operations and for the
“one-off” job.

Thus the accuracy of expensive jigs is
retained whilst giving economic flexibility in
being able to cater for any positioning job
capable of being accommodated on the table.

4.2. Input Medium

The co-ordinate data required to be set into
the machine comprises two five-digit dimen-
sions, i.e. ten digits per hole centre. Standard
business accounting cards are divided length-
wise into eighty columns, each of which
provides twelve possible punching positions.

"2 0839

(EXEEEEENN
X ORDINATE

{b) CO-ORDINATE DIMENSIONS

Actuator gear-box.

Ten of these cater for the digits O to 9 and one
other is reserved to indicate the last group of
data in any one job. Each card can therefore
accommodate all the relevant data for locating
eight hole centres. Fig. 15 (b) shows two cards
containing all the data for the eleven holes
required in the gearbox casting; note the hole
at the head of the final column indicating “job
finished.”
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Fig. 15. Card preparation.

Some of the advantages in using punched
card control for this type of work are: —

(1) Card readers are widely available in various
reliable forms, the reader used in the
programme control unit comprises a
standard “Hollerith” card sensing and
transport mechanism.

(2) Dssirable ancillary equipment such as card
verifiers and reproducers are standard
items and often already available in an
engineering organization.

(3) Simple visual checking is possible.

(4) Cards are readily stored enabling easy
selection of any one programme from a
lerge collection of programmes.

(5) Speed of operation is already much higher
than actual machining times.

4.3. Switching Components

It has been pointed out that it is desirable
to cater for automatic input and manual input
of the co-ordinate data. The sequence of the
setting operation is shown in Fig. 16 (¢) and by
using selector switches that can be set manually
or automatically a considerable reduction in the
size of the digital/analogue converter can be
achieved (Fig. 16 (b)).
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Actual switch requirements in the converter
described in Sect. 2.2 are for 2-pole 10-position
switches for X,, X, X,, X;and Y,, Y., Y,, Y,
and 4-pole 10-position switches for X; and Y,.
Switch positions are also required to enable the
contents of the converter to be displayed and
further positions are required for control and
checking purposes.

Eight level double-ended Post Office type 2
uniselectors form efficient and reliable switches
and it is possible to set them other than by the
card reader, as described in Sect. 4.52. Two
or four levels as necessary are used for the
transformer switching, one level being wired to
the display panel and three levels used for
control and checking circuits. The converter
contains ten uniselectors, i.e. five for each axis
and two further uniselectors are used for
controlling the converter when the data input is
from the punched card. (See Fig. 21 (b).)

4.4. Co-ordinate Table

The size of the gearboxes considered enables
them to be readily mounted on a small
co-ordinate table. Such a table measuring
10 in. by 8 in. has been used and modified for
automatic control of its position in the x and y
ordinates (Fig. 17).
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REPEATED MANUALLY N TIMES
POSITIONING

SELECTOR
SWITCHE S OF
SET MACHINE

(1 GROUP OF DATA ) CONTROLLED

JOB DATA SHEET
PREPARED

(N GROUPS
OF DATA} REPEATED
JOB DATA AUTOMATIC AUTOMATICALLY
TRANSFERRE D £ ROGRAMM NG N TIMES
TO INPUT MEDIUM uNIT
(N GROUPS OF DATA) LOADED
(a)
REPEATED MANUALLY N TIMES
SELECTOR
SWITCHES
SET I
| GROUP OF DATA )
JOB DATA SHEET POSITIONING
PREPARED of
(N GROUPS MACHINE
OF DATA) CONTROLLED
JOB DATA AUTOMATIC SELECTOR
TRANSFERRED PROGRA MM SWITCHES |
TO INPUT MEDIUM UNSIT SET
N GROUPS OF DATA) Loaoep |7 jiv cRoue OF DATA

REPEATED AUTOMATICALLY
N T
(o)

Fig. 16. Data sequence,

In using such a table the power requirements
are kept sensibly low and it can be
accommodated on a variety of machine tools.

Figure 18 shows the overall block schematic
for the complete system using the Linear
Inductosyn as the measuring element.

4.5. Operation

The first stage in the operation is that of
transcribing the normal workshop drawing into
one in co-ordinate form (Figs. 14 (a) and (b))
where the origin is chosen so that all the
ordinates are positive and the hole positions
are then numbered in an order such that the
total distance between consecutive positions is
minimized. A card preparation table is then
made from this drawing showing the co-ordinate
information together with other relevant data
such as size and type of tool, drill speed,
lubricant, rate and depth of feed. From this
table the positioning data is punched on the
card or cards, and the data is then in a suitable
form to be read into the machine. Normally
the operator would receive a copy of the card
preparation table and the associated cards, as
this enables a visual check to be made on each
position set up and informs the operator of
the other relevant machining data.
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4.5.1. Automatic data input

After the cards have been loaded into the
card feed hopper and the power to the
machine has been switched on, operation of
the INITIATE DATA INPUT push-button first
checks that the selector switches are in
their dormant position and then, assuming
this check is satisfactory, causes the first card
to be transferred to the column 1 reading
station. After a check is made that the card

Fig. 17. Co-ordinate table.
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Fig. 18. Block diagram for programmed input co-ordinate table using the Linear Inductosyn.

has been fed correctly the most significant X,
position uniselector is then stepped to rest on

the position indicated by the digit punched in
At the end of this cycle the card

column 1.
is shifted to column 2 and X,
uniselector is stepped to rest on
the digit punched in colunin 2. The
cycle is repeated until all the
uniselectors X, to Y, have been set
according to the digits punched in
columns | to 10 respectively.

A further check is made to
ensure that all the selector switches
have been stepped to a wvalid
position and if this is satisfactory
power is fed to the servo motors
to enable the table to move to its
first position. When the table has
reached this position the output
from the null detector monitoring
the error signal is used to dis-
connect power to the servo, to
initiate the machining operation
and to clear the selector switches to
their dormant position. As soon as

its second position.

when the machining operation is finished power
is again applied to the table so that it takes up
These processes

are

TABLE
MOVEMENT

DRILLING '

POWER ON ~=-=——t==F=+
LOAD CARDS =~ =—-=-f--f--1

INITIATE DATA INPUT

SELECTOR SWITCH SETTING COMPLETE
TABLE MOVEMENT {INITIATE

TABLE MOVEMENT COMPLETED
DRILLING INITIATED AND INPUT OF SUCCEEDING DATA INITIATED

SELECTOR SWITCH SETTING COMPLETE

DRILLING COMPLETED
TABLE MOVEMENT ([NITIATED

TABLE MOVEMENT COMPLETED
DRILLING AND INPUT SUCCEEDING DATA INITIATED

SELECTOR SWITCH SETTING COMPLETE

DRILLING COMPLETE
TABLE MOVEMENT INITIATED

this occurs the previous events are repeated

according to the digits in columns 11-20 and
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repeated until the “job complete” punching is

SELECTOR SWiTCH

SETTING

Fig. 19. Sequence chart for fully automatic control.
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detected, the last machining operation takes
place and the card is ejected.

Figure 19 shows the sequence of events
diagrammatically.

4.5.2. Manual data input

All the selector switches are wired to a
display unit where the positions of the switches
are shown at any instant. Manual control of
the machine uses this display unit together with
ten “digit push-buttons” each of which is
associated with one selector switch. Depression
of any one of these push-buttons causes stepping
pulses to be applied to its particular switch.
Thus to set in the co-ordinates manually, each
push button is depressed in turn until the
required digit is displayed. Operation of the
INITIATE DATA INPUT push-button supplies
power to the table allowing it to move to the
defined position. Output from the null detector
now operates a signal lamp to indicate that the
table has come to rest and that the machining
operation can take place, when this operation
is complete the lamp goes out signalling that the

second position can be set on the selector
switches. These processes are repeated as
necessary for the completion of the job.

4.5.3. Operating using alternative drill units

Although the word drill is used it is meant
to convey all types of vertical boring machines,
and it has been assumed that this unit has a
power feed capable of being automatically
initiated. In the interests of greater flexibility
in the use of the programmed co-ordinate
table, the drilling control has been arranged to
cater for other types of drill units such as: —

(1) Power feed but manually initiated when
required. This is useful during initial
setting up of depth of feed.

(2) Simple manual feed.

Figure 20 shows the sequence of operation
for the possible combinations.

4.6. Construction and Layout

The complete equipment comprises a
modified co-ordinate table (Fig. 17) connected

SET
"DRILL FERD ITIATION
SITCH — AUTOMATIC

OPEAATE
"INITAATE B

(13

OPEHATE

“DARLING

COMPLETE "
"

L]

“ORILL FE
SwiTem —a

LOAD CARDS

TABLE
MOVING,

OPERATE
“ORILLING

COMPLETE

SwiTCH

J

Fig. 20. Operating sequence.
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via a multi-way cable
Control Unit (Fig. 21).

4.6.1. Co-ordinate table

As already stated the work table measures
8 in. by 10 in., and it is carried in a vee slide
by a 20 turns per inch lead-screw. A similar
vee slide assembly, but at right angles to the
top slide, carries this top slide, and again
motion is effected by a 20 t.p.i. lead-screw. The
bottom slide is contained in the base which may
be bolted to any suitable machine tool table.
Provision is made for mounting the following
components on each axis of the table: —

to the Programme

(1) The Inductosyn element, mounted so that
the slider moves parallel to the scale and
the direction of motion.

(2) A coarse position resolver geared to the
lead-screw by a 200 to | reduction gear.
This ratio together with the 20 turns/in. of
the lead-screw enables 10 in. of linear
motion to be represented by one complete
revolution of the resolver.

(3) A servo-motor geared to the lead-screw by
a reduction of 18 to 1 on the top slide. On
the bottom slide this ratio is increased to
42 to | as this slide carries not only the
weight of the work piece but also that of the
whole top slide assembly. Motor generators
are used to supply a velocity feedback
voltage.

All gearing from the motor to the lead-screw
to the resolver is contained in one gear-box for
each axis. These gear-boxes are mounted at
one end of both the top and bottom slides so
that direct coupling to the lead-screws may be
obtained. The calibrated hand wheels at the
other end of the lead-screws are retained. The
servo-motors and resolvers are mounted on
the gear-boxes direct whilst the Inductosyns
are carried on arms cast integrally with the
gear-boxes.

4.6.2. Programme control unit

Mounted on the top of the desk are the card
transport and sensing mechanisms, and the
control panel, whilst the complete control
equipment is housed in the base.

Three sub-panels make up the control panel,
one sub-panel has all the contro! switches and
indicator lamps. the other sub-panels are both
identical, one for the x axis and one for the y

382

axis, comprising five vertical columns of lamps
indicating the ten digits 0 to 9, and one push-
button for each row. Every defined co-ordinate
is displayed on these sub-panels whether it be
set automatically by the card reader or
manually by the push-buttons.

A knee-hole is provided in the desk giving a
right hand, a left hand and a rear centre
compartment. By sub-dividing the control
equipment each of these compartments is used
for a particular section; in the right-hand side
is contained the programme unit which includes
the uniselectors and digital/analogue trans-
formers, the left-hand side contains the
electronic section mounted in sub-unit rack
form and the power supplies are contained in
the rear centre compartment.

To assist in servicing and maintenance of the
equipment the components in each of these
compartments are readily accessible. A multi-
range meter is built into the power supplies
to enable spot checks to be made on all supply
lines as well as to enable balance conditions to
be set in the detector modulator circuits when
setting up. Valve types have been kept to a
minimum, CV 455’s (12AT7) forming the
largest group, CV 2136’s (6BW6) are used for
the power output valves of the servo amplifiers
and the power unit utilizes a CV 2523 (6AS7G)
as the series regulator and a CV 449 (QS83/3)
as the reference valve. All rectifiers used are
selenium types.

4.7. Summary of Performance

4.7.1. Co-ordinate table

(1) x and y co-ordinates may be specified up to
9:999 in. and 7-9999 in. respectively, and
positioned to an accuracy of +0-0002 in.

(2) Movement in the two axes is 74 in. per
minute for the top slide and 3 in. per minute
for the bottom slide. As the total
movements envisaged are small the time
taken for the table to move from one
specified co-ordinate to the next is not great.

(3) An area of approximately 24 in. by 18 in.
is required to allow full operation of the
table, and thus it may be accommodated
on a variety of machine tools.

4.7.2. Programme control unit
(1) On automatic data input, the machine will
programme for jobs requiring any number
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Fig. 21.

Programme Control Unit.

of positions to be defined up to a total of
approximately 1.500 without any inter-
mediate operator control.

(2) The alternative of manual data input is
provided, the operating requirements having
been simplified as far as possible to reduce
operator fatigue.

(3) The reading-in and setting-up time of the
programme unit on automatic data input is
of the order of 4 seconds for each position.
For all positions except the first this is
carried out coincidentally with the drilling
operation so that for the majority of cases
where drilling takes more than 4 seconds
the effective reading-in and setting-up time
tends to zero.
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(4) Any length of time may be specified for the
machining operation so that all cutting
speeds and feeds may be accommodated.
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APPLICANTS FOR ELECTION AND TRANSFER

As a result of the June meeting the Membership Committee recommended the following elections

and transfers to the Council.

In accordance with a resolution of Council and in the absence of any objections, the election
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MORRIS, lan Glynn. Liverpool.

SATYANARAYANA, Madabhushi, M.Sc. Kakinada.
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KAPOOR, Mulk Raj. Barrackpore.
MADAN, Amrit Lal. Barrackpore.

MAIHOTRA, Bahri Jagmohanlal, B.Sc.
MARTLEW, Allan. Wigan.

NAMBIAR, Kunhi Kannan, B.Sc.
SAUNDERS, Michael William.
VASSILIOU, Miss Athena.
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Knhangad.
North Chearn.
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STUDENTSHIP REGISTRATIONS

AHMAD, Habecb. Rajnandgaon. KIRKUS, John Rodger. Hornsea. RAJARAM, Tukaram Rokade. Jalahalli.
AHLUWALIA, Daljcet Singh, B.Sc. New KOHLI, Suraj Parash, Ambala. RAMADORAL, T. C., B.Sc. Tiruchirapalli.

Delhi. KONIECZNY, Gustaw. London, W.3. REES. Heath Watkin, B.Sc. Pinner.*
ALL.AN. William. Lochwinnoch Renfrew- KULTAR SINGH, B.Se. Dehra Dun. RENGASWAMY, P., B.E, Tiruchirapalli.
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KEMP, Paul Courtney. Plymouth. Lavinia, Ceylon, ZEGEL, Mclte. Rigswiik, Holland

* Reinstatement.

384

Journal Brit.I.R.E.



BARIUM TITANATE AND ITS USE AS A
MEMORY STORE*

D. S. Campbell, B.Sc.t

Reud before the Institution in London on 22nd May 1957.
in the Chair: Dr. G. L. Hamburger.

SUMMARY

The use of barium titanate single crystals for memory matrices is considered. It is shown
that the discrimination between read-out “one” and read-out “zero™ on a matrix is reasonably
high and that the response times and current flows involved compare reasonably with other types
of store. However the lack of definite coercive field and heating effects limit the minimum
access time of such a store to¢ 10 usec. The energy dissipation per bit is shown to be slightly
less than for a ferrite, and there will be a further energy gain over territe stores due to the low

current flows involved.

Transistor drive circuits can be used with such stores due to the low

currents. The over-all size of a store is small and the maximum number of digits that can be
stored is shown to be limited by the growing of suitable crystals.

1. Introduction

Ferroelectric memory stores are based on
the existence of states of permanent polariza-
tion in certain crystals. The application of a
voltage pulse in the same sense as the crystal
polarization results in only a small current flow
to the crystal, while the application of a pulse
of sufficient amplitude in the opposite sense
reverses the direction of the polarization and
therefore is accompanied by a relatively large
current flow to the crystal. Thus it is possible
to detect the previous state of polarization.
This behaviour is analagous to the reversal of
magnetization in a magnetic material.! The
rate at which the reversal takes place as a
function of applied field, the accompanying
conversion of electrical energy to heat, and the
charge change on switching are the important
parameters in considering the use of such
crystals as stores. It is also essential in most
practical applications that small pulses in the
opposite sense to the polarization should not
cause reversal. This implies that the relation-
ship between the polarization (P) and the

* Manuscript received [5th May 1957. (Paper No.
407.)

1 Plessey Co. Ltd,
Towcester, Northants.

U.D.C. No. 621.315.612.4:621.395.65:681.14.

Research labs., Caswell,

Journal Brit.l.R.E., July 1957
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electric field (F) shall take the form of a square
hysteresis loop.

Of the known ferroelectrics, barium titanate
has been the subject of most study and would
appear to be the most practically suitable
material.> Thin single crystals of sufficient area
can be grown and suitably orientated. They do
not contain water of crystallization and are not
directly affected by humidity, though workers
have reported a slight effect due to the
surrounding atmosphere.* The material is
tetragonal in structure between temperatures of
approximately - 5°C and 100°C. The longer
axis, “c” axis, is the optic axis and is parallel
to the direction of spontaneous polarization.
Above approximately 100°C the structure
becomes cubic, the ferro-electric properties
disappear and the permittivity falls off with
temperature according to the Curie-Weiss law.
The room temperature coercive field at 50 c¢/s
is approximately 1 kV/cm and the saturation
polarization 26 microcoulombs/cm®.

2. Method of Growth and Mounting
Single plate-like crystals of barium titanate
can be grown from a flux of potassium fluoride
by the method due to Remeika?; with pure raw
materials, however, it is found that only
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approximately one-tenth the amount of iron he required thickness. The plates grow with
recommended is needed to obtain satisfactory thicknesses varying from 0-4 mm downwards,
and a useful thickness for a practicable
operating voltage is around 0-1 mm. Crystals
that are too thick can be etched down in hot
(130°C) phosphoric acid using a platinum
basket for holding the crystals. It is necessary
to etch the crystals above the Curie point
otherwise differential etching in the “‘¢” and “a”
directions is found to occur.

The crystals are found to be heavily twinned,
containing laminae and wedges in which the
“c” axes are parallel to the plate surface. As it
is desired to orientate as much of the crystal
as possible with the “c” axes perpendicular to
the plate surface it is necessary to “polarize”
the crystals. This can be done by placing the
crystals on a metal plate, and immersing the

Fig. 1. Appearance of crystal melt showing E03 de-lomzed. water. The plate is then
“putterflies™ on edge. connected to one side of a 50 ¢/s source, and
a carbon electrode in the form of a rod to the
results. Fig. | shaws the manner in which the other. With 200-300 V across the system the
crystals grow, as thin clear plates and joined in  carbon electrode is moved over the crystals,
pa‘rs forming “butterfly wings.” The effect of without actually touching them, using a stroking
the iron would seem to be that it limits the motion, for up to 5 seconds. With correctly
number of “butterfly wings” which start placed illumination, it is possible to observe the
growing and hence allows only a few large mis-orientated sections of the crystals actually
plates to develop. Fig. 2 shows a single being moved out, until little, if any, twinning is
“butterfly.”” Such a pair can be split along the left. Figs. 3 and 4 show crystals before and
joining side forming two right-angled triangular ~ after “polarization™ treatment.
plates, the hypotenuses of which can be up to
2 centimetres.

Before one can form a cell that can be used
to investigate the switching properties of the
material the crystal has to be etched to the

Fig. 3. Crystal before “polarization™ treatment
(monochromatic polarized light.  Xx3).

The largest crystals are usually found to be
so irregular in surface structure and difficult
to orientate that they are unsatisfactory.
Fig. 2. Single “butterfly” (x13). Accordingly there appears to be, with the
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techniques at present in use, a limit to the size
of usable crystals.

e

Fig. 4. Crystal after "po[arizatjon" treatment
(monochromatic polarized light.  x5).

To investigate the switching properties a cell
can be formed by evaporating on a clean
crystal, a bar of silver or gold on one side and
a perpendicular bar on the other. Such a
simple cell is shown in Fig. 5. By extending the
principle, a matrix of cells can be formed by
evaporating more than one bar on each side
and Fig. 6 shows such a crystal containing 100
cells. The bar widths and spaces on this unit
are 0-3 mm which is approximately three times
the crystal thickness, but units have been
constructed with bar widths and spacings of
0-2 mm.

Fig. 5. Mounted crystal with single matrix element

(x1-7).

July 1957

Because of the limiting size of crystal there
will be a limit to the size of the matrix that can
be obtained on any one cell. Units with bar
widths and spacings the same as the crystal
thickness (0-]1 mm) are feasible, and this will
allow of a 32 x 32 matrix on a single crystal.
This seems to be the practical limit at the
moment.

3. Electrical Properties
For use as a storage device, the following
properties are desirable:

(1) The hysteresis loop shall be as rectangular
as possible so that, amongst other things,
the read-out “‘zero” signal shall be as small
as possible.

(2) The switching time and the current require-

o

Fig. 6. 10x 10 matrix store on a single crystal.
ments shall be such that it can compare with
existing storage systems,

(3) The coercive field shall be small so that the
power consumption of the material is
relatively small.

It is proposed to deal with these three aspects
in more detail.

3.1. Hysteresis Loops

As has teen mentioned above, the hysteresis
loop of barium titanate is relatively rectangular:
Fig. 7 shows such a loop taken using a 50 c/s
alternating voltage on a specimen with wide
clectrodes (2 mm). In a matrix, the loops will
be less rectangular due partially to clamping®
(i.e. restriction of domain-wall movements by
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Fig. 7. Hysteresis loop of crystal with wide electrode

bars (2 mm).

the fixed structure of neighbouring domains),
and partially to the stray capacitance of the
circuit being relatively large. However, quite
satisfactory loops are obtained as are shown in
Fig. 8, the nine loops corresponding to the nine
cells of a 3 x3 store (bar widths and spacing
0-2 mm).

Fig. 8. Hysteresis loops of 3x3 matrix (0-:2 mm bars).

The squareness ratio of a ferroelectric
hysteresis loop can be defined as the ratio of
the polarization (or displacement) at plus the
complete field, i.e.

P ‘,
= NS 1
e )

This ratio will vary with the maximum field
considered, and Fig. 9 shows some typical
curves obtained with normal samples that give
hysteresis loops similar to those shown in
Figs. 7 and 8. It can be seen that a maximum

S.R.

188

value of 96 per cent. is obtained with crystals

having large electrodes, but for a normal matrix
element, the maximum is somewhat lower.

100

0 O\
z\\\

; x \\ E/f.c
\ \
-20| V

\ \ ) Crystal with
\ large electrodes

S
-
-

- 80 > \\ﬁ{::ﬂmi;rn,ﬂn)
—
0 _‘_‘ ‘"? -
20 30 2.0
Applied Field, S (2]
Fig. 9. Squareness ratio for various values of the

ratio, applied field: coercive field (50 c/s).
(Curves shown for different electrode widths.)

It should be noted that maximum rectangu-
larity is only obtained with a crystal after it has
been ‘“‘exercised” by applying an alternating
voltage for a few minutes. This phenomena is
noticed as a squaring of the corners of the
loop. 1t is presumably associated with the
clamping effects of domains noted by Drougard
and Young.> Domains having opposite orienta-
tions and lying adjacent to each other tend
to be strained in opposite directions by a given
half cycle of field and therefore to mutually
clamp each other. On exercising, these small
mutually clamping groups tend to get broken
up, resulting in the squaring of the hysteresis
loop. A similar effect is observed when a
crystal is switched with a low field, and will be
referred to later.

Input > _—

Iig. 10. Circuit for discrimination measurements.
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Closely associated with the squareness ratio
is the discrimination, i.e. the ratio of output
pulse when the crystal is switched, to the output
pulse when it is not switched. Discrimination
is usually measured using the simple circuit
shown in Fig. 10. The ferro-electric capacitor
C; is connected in series with the resistor R and
the integrating capacitor C. The time-constant
value of the series R and C must naturally be
less than the maximum repetition rate that is
expected in use. The discrimination obtained
depends on the value of the stray capacitance,
and with a crystal of large electrode area
(9 mm?®) about 50:1 is possible. This is
illustrated in Fig. 11; the input consists of two
groups of pulses in a sequence, the first of two
positive pulses and the second of a positive

Fig. 11, Discrimination of read out “‘one” and read
out “zero” for a wide electrode cell 2 mm bar width).
Input 3 positive, 1 negative pulse.

followed by a negative pulse. A single cell of
more practical dimensions formed as illustrated
in Fig. 6 (0:-1 mm?) will give a discrimination
of 8:1. Fig. 12 shows the discrimination
plotted against input pulse voltage for such a
cell. Shown on the same curve is the voltage
developed across the integrating capacitor and
it can be scen that an output pulse of 0-16 V
is possible. These figures shown are typical of
the behaviour of a matrix element.

A more practical figure is that of the
discrimination across a complete matrix.

Measurements of smallest read-out “one” to
largest read-out “zero” in matrices of 100 cells
(10 x 10) have yielded values of 6-5: 1.

3.2. Response Time Characteristics
The information on response time charac-
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teristics of barium titanate is perhaps best
considered separately for high fields and low
fields.

/

/

/

S
Read out “one
Read out “1er0°

—
a
&
o
o 0 7N
3 / ~./ §
T } & Discrimination E
3 / /"/ <
o
i 3
|- s Q
) il o
|

Fig. 12. Discrimination and voltage developed across
output circuit for various pulse inputs. (Matrix
¢clement, bar width 0-2 mm).

3.2.1. High field response times

High field response times can be measured by
climinating the integrating capacitor of Fig. 10
and observing the current flow through the
resistor R. In this connection, R should be as
small as practicable (3-4 ohms) since, during
switching, the instantaneous capacitance of the
crystal will reach a high value, and R must be
small so that, in spite of this, there is a
very small voltage drop across R. The read-out
current pulse will be as shown in Fig. 13, ¢,

Fig. 13. Typical current response for high ficld
switching (1 division=0-5 psec).

being the response time. and /.., the maximum
current flow. Merz has published two of the
most important papers®’ on this aspect of
barium titanate. It is found that for large fields
(>3 kV/cm) the response time, f,, is inversely
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proportional to the field and directly propor-
tional to the crystal thickness. The maximum
current is directly proportional to the field at
large fields and also directly proportional to the
electrode area.

From the figures given in Merz’s papers and
from our own work it is seen that it is possible
for barium titanate to compare with existing
materials in switching time and current require-
ments. Thus a pulse of 35 V (5 kV/cm) applied
to a crystal 0-07 mm thick will give a response
time of approximately 1-0 usec and a maximum
current flow for a cell of the dimensions shown
in Fig. 6 of approximately 50 mA. This latter
figure will reduce to 5 mA if a bar width of
0-1 mm is used.

These high field characteristics are the criteria
that one should examine when considering
reading out information from a matrix store.
Such information can be obtained by applying
a correct polarity pulse to a particular column
and observing the current flow to the individual
rows simultaneously across a resistor and a
capacitor (i.e. a parallel system of operation).
With such a system only the cells in the pulsed
column are affected and advantage can be
taken of the short response time at high driving
voltage.

Partial switching can be observed at high
fields. At high fields it is possible to apply a
positive pulse of such a length that the crystal is
not completely switched. If so, any subsequent
positive pulses will complete the switching,
the total time taken for the crystal to switch
remaining constant. This effect is illustrated in
Fig. 14. Two positive pulses followed by a
negative were applied to a crystal and the
current response observed. The response when
the first positive pulse was longer than the
switching time is shown in Fig. 14 (a); the effect
of the second pulse (read-out zero) was just
observable. When the first pulse was shortened
to a length of half the response time, the second
pulse completed the switching. This is shown
in Fig. 14(b). It can be seen that the total
response time remained constant.

More than two positive pulses have been used
to complete the switching and the time interval
between subsequent pulses has been made as
long as 10 minutes. Thus it would appear that
switching takes place progressively during any

390

time for which a field is applied.

3.2.2. Low field response times.

To read-in information to a matrix cell,
voltage pulses are applied to the appropriate
row and column so that only the selected cell
receives sufficient voltage to switch it. Thus the
maximum voltage that can be applied is limited
since one of the pulses. by itself, must have
little or no effect on the other cells of the row
or column to which the pulse is applied. The
read-in speed is thus limited.

(b)
Fig. 14. (¢) Current response showing effect of
second positive pulse (1 division=1 psec).
(b) Current response showing effect of second positive
pulse when first pulse too short (1 division=1 usec).

The possibility of such a read-in system
depends thereforc on the existence of a definite
coercive field. With single crystal barium
titanate this is not the case, and it is possible to
switch a crystal slowly at a field that is only
a fraction of the coercive field as measured at
50 c/s. The possibility of this has already been
noted by Merz® and can be expected from the
fact that the coercive field measured from a
1 ¢/s loop is only about half of the coercive
field measured from a 50 c/s loop.

Switching at low fields has been investigated
by making use of the pyroelectric effect. It has
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been shown by Chynoweth® that measurable
pyroelectric currents can be produced in barium
titanate by the alternative heating and cooling
produced by a train of light pulses. Since there
is a variation of polarization with temperature,
the temperature rise of the crystal will cause the
polarization to change and this change can be
recorded as a current flow.
Now the pyroelectric current, i, per unit area
of a crystal is given by
dpP, dp, dT
“dr dT dr
where P, is the spontaneous polarization at a
temperature 7. Thus to obtain a measurable
pyroelectric current- d7/dr must be made large.

......... 2)

A diagram of the apparatus is shown in
Fig. 1S5. A light beam from a bulb fitted with
an infra-red transmitting window was focused
on a chopper so that the beam was interrupted
800 times per second synchronously with an
800 c/s amplifier. The chopped beam was
then re-focused onto the crystal which had
semi-transparent bar electrodes on its surface.
The pyroelectric output was measured by the
800 c /s variable bandwidth amplifier and passed
to a milliampere-recorder. In practice the
bandwidth had to be narrow to reduce noise; the
resulting loss in signal could be counteracted
by slightly defocusing the beam on the chopper
blade. Although d7/dr was reduced, more
800 c¢/s component was introduced into the
pyroelectric current waveform.

y rl
PR ¢4
§00¢/s -

il

Apparatus for pyroelectric measurements.

Fig. 15.

Using such an apparatus and applying low,
steady voltages to a crystal, it was possible to
observe the slow change of polarization with
time. Fig. 16 shows some sample curves
obtained on a crystal with a coercive voltage at
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50 c/s of 20 V. It can be seen that not all the
curves show complete switching: at very low
voltages there appears to be a locking in of
domains before the crystal switches completely.
The 50 c¢/s hysteresis loop of a crystal in such
a state will appear somewhat distorted when
first examined and it will take several hundred
cycles to return the crystals to normal.

H
o
|

N
=1

0. NG
Time (minutes)

Pyroelectric Current U {drbitrary units)

Fig. 16. Pyroelectric current/time curves for various

d.c. bias voltages. (£,.[50¢/s]=30V.).

Allowing for the incompleteness of switching
in some cases it is found that the change of
polarization is exponential with time. This
behaviour has been confirmed by other workers.®
Thus the current flow is exponential with time
and contrasts with the current flow at high ficlds
(Fig. 13). The change-over from one form to
the other occurs smoothly as the switching
field is lowered through a value correspond-
ing approximately to the 50 c/s coercive field
value.

Since it can be shown that the accumulative
property of switching applics at low as well as
high fields, it is important to examine the effect
of the lack of definite coercive field on the use
of barium titanate as a matrix store. Before
this can be done, however, it is nccessary to
decide cxactly what level of interaction can be
tolerated. A practical criterion that has been
adopted is that the maximum disturbance that
can be tolerated in a stored “zero” is such that
the read-out signal is one-third of the signal for
a read-out “one.” Using this criterion, a curve
can be plotted of the total time of pulse that is
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needed to disturb “zero” to the one-third level
for various voltages. Other levels can be
decided on, however, and Fig. 17 shows some
sample values, taken on a matrix element
of 0-1 mm* on a crystal 0:07 mm thick. The
lower curve is for a disturbed “zero” of one
third, the middle curve for a disturbed zero of
one-half and the upper curve for complete
switching. If the input pulse length is limited
to the response time of the crystal and assuming
that the row and column amplitude is one half
of the total voltage needed to switch a cell, then
for a given response time and hence voltage it
is possible to calculate the number of half
voltage pulses that will disturb a “zero” to the
level selected.

's Disturbed

"y Disturbed

) 0
<
hd
<
« 10
e
3
E3
[y
3
S0
©
J
~
107 Completely disturbed (Read out one)
{
0 3
= 5 o— \'
o ) 10 5 20

Voltage (Volts)
Crystal thickness (0-07mm)(1vz 188 vjem): (£, [50¢/s]=101 kV/cm)

Fig. 17. Time to switch so that “zero” disturbed to
one-third for various voltages.

(Crystal thickness 0-07 mm. E_[50¢/s]=1-01 kV/cm.)

Figure 18 gives a plot of this number for
varying response times: curve A is derived from
the middle curve of Fig. 17 (1 level disturbance),
curve B from the lower curve of Fig. 17 ( level
disturbance) and curve C from a similar plot to
Fig. 17 on a thick (0-16 mm) crystal with a large
electrode area (1 mm?).

The curves of Fig. 18 are thus representative
of what can be expected from a barium titanate
store. For an access time of 10 usec (so that
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Fig. 18. Number of half voltage pulses to disturb
“zero” by given amounts for various response times.

a maximum read-in time of 9 usec can be
allowed), it can be seen from curve B of Fig. 18
that approximately 20 disturbing pulses can
be tolerated before regeneration becomes
necessary. This figure can be improved con-
siderably if a parallel read-in system is adopted
and the input voltages are divided in some ratio
other than half on a column and half on a row.
Fig. 19 illustrates the situation on an elementary
3 x 3 store; the read-out is shown for com-
parison. For read-in' the voltage is divided in
some ratio between row and column; in
Fig. 19, for example. 3V /4 is shown on a

Fecdout — g
I
l Output
= [\
kd VW
1=
- A
- (\
> _-{\M_\L{
.-
Feac 7 3V Re
'
v Re .
- 3 Readin pulse
i — -0

o -— —

: Read inpudse

(Voltage V necessary 1o switch in time t)

Fig. 19. Schematic diagram of read-out and read-in

circuitry.

column and V/4 on a row With a parallel
read-in system, the “zero” cell shown will only
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receive a voltage pulse of height 3V/4 once
until the column is read out, all the other
disturbance coming from V /4 pulses for the
other columns.

The improvement that results from such
division is shown in Fig. 20 for a read-in speed
of 9 usec. The number of row (lower voltage)
pulses that can be allowed, subsequent to the
column (higher voltage) pulse, for the various
ratios of row to column voltage, is shown. It
can be seen that it is possible for a “zero” to
withstand over 500 interrogations if the voltages
are divided in the ratio 3:1 before it is
disturbed enough to give an output of one-third
read-out “one.”

No. of Pulses to disturb “zero"by %

Pe—0%2 o+ . 06 93 0

113 rz
Ratio Cz‘l’;vmn Voltage

Fig. 20. Number of row pulses to disturb “zero” to
4 for various values of the ratio of row:column
voltage (10 usec access time).

For slower speed operation there is a
considerable improvement on these figures.
Thus for a read-in speed of 100 psec, a disturbed
“zero” would just be produced by seventy

pulses if divided in the ratio <—g : ;) but it
would need 10° pulses if divided in the ratio

v VvV .
<—4— : Z) as described above.

Thus it can be seen that the switching time
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at read-in is limited so that, although fast
read-out is possible, access times less than
10 usec are not practical. Such an access time
implies the need for regeneration approximately
every 500 interrogations. This figure could be
further improved by the use of suitable gating.

3.3. The Coercive Field
Consumption

As noted above, there is a considerable
change of coercive field with frequency, the
coercive field increasing as the frequency as
raised.!™!! At a certain frequency however,
heating effects begin to cause a reduction of
coercive field due to temperature and this limits
the increase due to frequency. The frequency
of maximum coercive field can thus be taken as
the point at which heating effects become
noticeable and can be used as a guide to the
maximum frequency at which the crystal can be

and Power

0139mm’

-.°‘
s

Coercive Field E. V/em x 10?2
I
K

SRS R

100 1000 ~ 10,000

Frequency (¢/s)

Fig. 21. Variation of coercive ficld with frequency

(Crystal vol. 0-14 mm?®).

operated. This maximum frequency will vary
with the cell volume that is switched. Fig. 21
shows a typical coercive field/frequency curve
for a volume of approximately 0-14 mm’
(0-1 mm thick). Plotting a curve of maximum
frequency for different cell volumes, the
crystal thicknesses lying in the usable range,
0-1-0-2 mm, it is found that a volume of the
size to be expected in a matrix cell will operate
at 100 kc/s (Fig. 22).

The heating effect thus imposes a further
limitation on the minimum access time that is
possible. The time-constants for the heating
effects are of the order of 5 seconds so that it
is only the sequence rate that is of importance.'!
The actual positioning of the pulses within
a sequence does not appear to affect the
observed response, even when consecutive
pulses are as close as 2 usec and the sequence
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is repeated several million times.!' (This is in
contrast to references in the literature'*'? to a
failure of barium titanate crystals to give con-
sistent response on prolonged pulsing, although
in agreement with a recent statement by
Anderson'* that crystals can be prepared free
from this limitation).

Crystal Volume (mm?)

——y

ot —
100 10000

10,0600

Freqguency cls

100,000

Fig. 22. Frequency at which heating effects become
noticeable for various crystal volumes (Crystal
thickness 0-1-0-2 mm).

It is of interest to compare the energy
dissipated in barium titanate with that of a
ferrite. The unit in a ferrite store is normally
a toroid of 2 mm outside diameter (5 x 10~* cmy
by volume). It is made of material such as
Ferramic SI. which can be switched in 1 usec
by a field of value twice its coercivity. The
smallest practicable barium titanate unit is a
0-1 mm cube (10 °cm’) which can be switched
in lusec by a field of five times the coercive
field at 50 c/s. On this basis the barium
titanate element requires half as much energy
for switching as the ferrite.

For slower speeds of operation (5 usec)
titanate must be compared with a different
ferrite, for example Ferramic S3, and again
bariun titanate uses approximately one half the
energy.

In the case of a ferrite matrix, due to the
relatively high maximum currents and fast rise-
times, the lead inductances cause considerable
reactive voltage drops whereas for barium
titanate, operating on voltage and with small
maximum currents the dissipation is much
reduced. There will be some loss due to
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charging up cells which are not switched, but
this will be small, and the effect of cells in
parallel with the switching (column) cells can
be eliminated by earthing the unused columns.

4. Conclusions

It has been shown that barium titanate single
crystals can be used for memory matrices
although they are essentially slower than
ferrites. Limitations to speed are imposed by
heating in the crystal and also by the amount
of regeneration that is considered tolerable.
Crystal matrices can be only used as two
co-ordinate systems and are incapable of the
versatility given by three or four co-ordinate
systems which are possible with ferrite rings.
In particular they are not easily adapted as
switching matrices.

However, barium titanate stores are voltage
operated devices requiring currents only of the
order of milliamperes. Thus it is very simple to
design transistor drive circuits using transistors
that are at present commercially available.
There is also a saving in power, both due to the
material and due to the low current flows in
the circuits. A further advantage is that less
space is required for the store; a practical
10 x 10 unit can be constructed in a square inch
(Fig. 6) and using smaller pins and electrode
bar widths (0-1 mm) a 20x20 is possible.
Limitations in the crystal sizes at present
available make it very unlikely that a store
larger than 32x32 on one crystal will be
commercially available without radical altera-
tion of the crystal growing process.
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of current interest . . .

Summer School on Computer Programming

A Summer School in programme design for
automatic digital computing machines will be
held in Cambridge during September, 1957. It
will be similar to those held in previous years
and will take place in the University
Mathematical Laboratory. Teaching will be by
members of the Laboratory staff and others
associated with the Laboratory.

The course is intended to provide basic
training for those who are entering the field of
computer programming. The subject will be
treated throughout from the point of view of
the user and, from an early stage, emphasis will
be laid on practice in programme design and
the actual running of simple programmes on a
computer. For the sake of clarity, pro-
gramming will be taught, during the early part
of the course and throughout the practical
classes, in terms of a machine in use in the
Mathematical Laboratory.

Mr. H. F. Smith
Personal references in the Institution’s Journal
are normally confined to items about members.
It is however appropriate to record that Mr.
H. F. Smith, Editor of Wireless World since
1941, retired on May 20th last after thirty-two
years” service with this well-known journal.

Aged 65, Mr. Smith has been connected with
radio for forty-six years, starting his career with
the Marconi Co. at the age of nineteen. After
serving with the Naval Reserve during World
War I, he joined Wireless World in 1925 as a
technical editorial assistant. He later became
assistant Editor, and assumed editorial control
sixteen years ago.

New Element Discovered

A joint research effort by scientists from
Sweden, Great Britain and the United States has

led to the discovery of element 102. This is
the first time this element, to be called
nobelium, has been observed. The new

element was produced by bombarding curium,
which is element 96, with carbon ions
accelerated in the 225 cm cyclotron at the Nobel
Institute, Stockholm. Radioactive atoms were
first observed and isolated on March 23rd.
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In making nobelium, curium 244, itself an
element produced artificially by irradiation,
was deposited upon a thin foil and exposed to
a stream of accelerated carbon ions generated
by the cyclotron. The carbon ions included
both carbon 13 and carbon 12 particles,
of which carbon 13 particle absorption in
the curium led to the formation of nobelium.
This was collected on a separate foil placed
near the target foil, along with other atoms
produced and ejected by the interaction of the
beam of particles and the target. The experi-
ment required very close control of the energy
of the incident beam of bombarding ions since
the probability of observing the formation of
the new element is critically dependent upon
the number of neutrons lost in the reaction; the
number of neutrons lost in the reaction is
increased as the energy of the beam is increased
beyond the lowest energy at which the reaction
begins to occur.

The new element was identified among the
products on the capture foil by radiochemical
methods; the isotope identified had a half-life
of about 10 minutes and emitted alpha particles
with 85 MeV energy. The isotope probably
has a mass of 253 but this has not yet been
established with certainty.

B.B.C.’s Television Station in North Scotland

The B.B.C’s new television transmitting
station at Rosemarkie near Inverness is now
nearing completion and will be brought into
service on August 16. It will transmit on
Channel 2 (vision S51'75 Mc/s, sound
48-25 Mc/s) with horizontal polarization and
maximum effective radiated power of 1-5 kW.
By the summer of 1958 v.h.f. sound trans-
mitters will also be installed at Rosemarkie.

The Rosemarkie station, which has a 350 ft
aerial mast and is built on a commanding site
some 680 ft above sea level overlooking the
Moray Firth, will cover an area which includes
most of the counties of Nairn and Morayshire
(where it will link up with the service area of
the station at Meldrum), a substantial portion
of Inverness-shire, including the Royal Burgh
of Inverness, and the eastern coastal areas of
Ross and Cromarty and of Sutherland.
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AUTOMATIC COUNTING TECHNIQUES APPLIED TO
COMPARISON MEASUREMENT*

C. C. H. Washtell (Member)*

A paper presented at the Convention on *Electronies in Automation™ in Cambridge

on 28th June 1957.

In the Chair: Mr. E. E. Webster.

SUMMARY

The paper discusses the repetitive counting of independent pulse sources which are
required to be measured in ratio form, and for which the results are presented as a paper record.
Examples in X-ray diffraction, tachometry and meter-testing are given to illustrate the technique.

1. Introduction

The use of comparison methods in test and
inspection procedure is an acknowledged
technique. The application of counting to such
methods, with the advantages of enhanced
accuracy and the possibilities of automatic
presentation, is now receiving considerable
attention at the hands of instrument designers.

If a measurement is ultimately required in
the form of a percentage or ratio of a standard
or other reference, and the parameter to be
examined can be translated into a number of
pulses, then the use of a ratio counter provides
a convenient approach to the solution of many
problems.

The fundamental principle involved in
making a comparison of two sources of pulses
which, when counted, will portray a direct-
reading of the ratio or percentage existing
between the two independent channels, is to
accumulate a ‘“‘unit-count” in one of the
channels to which the other is to be referred,
and to use the time occupied in making the
unit-count to examine the other source. In
adopting this treatment, it does not matter
whether the measurement of the reference pulse
source and that of the source undergoing
examination are measured simultaneously or
separately after an interval of time. The
principle remains the same, requiring the
accumulation of a unit-count as a triggering
11th May, 1957.

* Manuscript received (Paper

No, 408.)
1 Labgear (Cambridge) Ltd., Cambridge.
U.D.C. No. 621.374.32.
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point in the former case and the time for a
unit-count for the latter case.

2. Comparison Counting

We will consider first the method of
simultaneous examination, as required for
instance in X-ray diffraction measurements
where the pulse distribution is random in time,
and a unit-count method is employed. The
unit-count number is chosen to be 10" where n
is an integer. This most conveniently suits
conventional decade counting systems which
will thus display the unit-count as 100 per cent.,
i.e. figure 1 followed by n zeros. Therefore,
if counting in both the reference and
monitor channels is started at the same
instant of time, and is also stopped simul-
tancously by a pulse coincident with the
registration of the selected unit-count (10"*")
in the reference channel, then it is plain that the
count displayed in the monitoring channel,
having been accumulated during precisely the
same counting period, may be directly read as
a percentage of that displayed in the reference
channel.

Where it is required that the count-rate
should also be known, a third counting channel
is introduced. Into this channel may be fed a
source of regular pulses whose frequency has
been suitably chosen for sub-division as a
time-count. If the input to this third channel
is gated simultaneously with the previous
operation, the count-ratc may be easily deduced
from the count-controlled time display. The
addition of this channel also provides the means
of obtaining a time-controlled count simul-
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taneously in the other two channels, where the
count-rate in these two independent channels
is required to be directly displayed. It should
be noted, in passing, that the use of a unit-count
as a gating pulse derived from the secondary
channel enables a reciprocal result to be
obtained.

In the case of separate examination of pulse
sources, as may sometimes be required for
repetitive measurements, the time-count method
of triggering may be used. This method of
measurement is particularly applicable under
circumstances which do not demand that
comparisons be made at the same interval
in time (or where it is inadvisable due to
deterioration of the standard, or just impossible)
providing that the information translated into
regularly spaced pulses has a common feature
of derivation.

For this method, a unit-count run is carried
out on the reference pulse source and the time
taken for the run accurately measured. The
time-count obtained is then used as a fixed
gating-period for subsequent determination of
the count-rate of the pulse sources to be
examined. To memorize a time-count for use
as a gating interval, it will be necessary to
employ a selector type of counter incorporating
coincidence circuits which may be subsequently
set to the registered time-count number in order
to furnish gating pulses at the appropriate
time intervals when making future ratio
measurements,

3. The Ratio Counter

The essential unit in such a scheme of
instrumentation is a ratio counter of the type
shown in Fig. | comprising a dekatron counting
chain and three electronic gates (which are
connected to operate in parallel) associated
with one or more ancillary counters. Gate B
controls the input pulse-drive to the ratio
counter dekatron chain. This chain is normally
employed as the reference count channel, and
hence is equipped with a unit-count selector
associated with the output cathodes of the
dekatrons and the facilities for automatically
operating the three control gates. The gates
marked A and C control the input pulse drive
to the additional dekatron counters required to
measure the work under examination and/or
count-time.

398

The three gates are identical, each using
short suppressor cut-off type valves. They are
operated with the control grids normally held
at a cut-off potential, and are suitable for
positive-going pulses having an input amplitude
of 5 volis minimum peak. 5 to 150 microseconds
duration. The band width of the gates is from
150 c/s to 5 Mc/s (- 3 db), the anode circuits
being inductance-compensated to achieve this.

—> SLAVE COUNTER A

COUNTER CHAIN B

csofac]

A

GATE A 4—] K
GATE €

- SLAVE COUNTER C

Fig. 1. Triple gate ratio counter control unit.
The gates are operated in unison using the
suppressor grids as the control electrodes, the
potentials of which are altered by variations at
the anode of a gas-filled trigger tube operated
by the stop pulses. OQutput pulses from the
zero carry-cathodes of the dekatron chain are
available at 104, 10°, 10*, and 10° counts.

Using pulses of random distribution in time,
the accuracy of a count is subject to sampling
errors. The standard deviation is 1/4/n,
where n is the number of counts in a given
run; 10° counts would thus provide a statistical
accuracy of only 3 per cent, so that the
normally used unit-count is 10', which provides
an accuracy of 1 per cent. (This is for the
reference channel; it would not be identical for
the channel under measurement unless the ratio
approached unity.)
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COUNTING TECHNIQUES APPLIED

TO COMPARISON MEASUREMENT

4, Associated Apparatus

As the ratio counter forms its own pro-
gramme unit, ratio measurements can be
continuously or progressively repeated if means
are provided to change the work to be
examined, cancel the previous record of
measurement, and re-open the control gates.
In a completely automatic scheme, a printing
counter is substituted for the slave counter
employed in the monitoring channel, and thus
provides the necessary signals for this purpose
from its printing sequence mechanism. Such
an arrangement then gives a printed record of
each measurement in traditional form, without
the attendance of an operator.

The print-out unit® developed for use with
the dekatron glow-transfer tubes employed in
the counters under discussion is of special
interest, due to its importance in the operation
of automatic counting schemes and will now
be considered in some detail.

Dekatrons provide both a decade scaling-
factor and a visual display in a single tube, and

* British
10242 /55.

Provisional Patent Application No.

U.S.A. Patent No. 576994,

have a long useful life. Except on the occasions
when the glow-discharge invests the zero or
carry-cathode, the standard counter tube
provides no electrical information of its
indicated position. Whilst photographic film
and light-sensitive pick-ups both offer a possible
solution to obtaining a permanent record of a
displayed count, these methods have not so far
progressed beyond the experimental stage.

The production unit to be described, shown
in Fig. 2, is an electro-mechanical device which
utilizes the re-cycling principle to obtain
information of the glow-discharge position.
The action of feeding ten recycling pulses into
a dekatron will cause it to make cne complete
revolution and finally register its original count.
In the process. an output pulse will occur as
the glow-discharge invests zero, and thus the
original position can be determined from the
number of pulses required to obtain this signal.
Plainly, such a read-out system is impracticable
when applied to the input of a conventional
multi-decade counter, firstly, because of the
problem of preventing the carry-pulse. so
produced. from actuating the next decade:
and secondly. because of the time required to
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Fig. 2. Decade, drive, trigger and control circuits.
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re-cycle a chain of tubes, even if the input pulse
rate were increased to the maximum permitted
by the tube.

The dekatron counter employed with the
print-out unit under discussion is, therefore, of
special design to overcome these difficulties.
Each decade is arranged so that its input may
be switched in “series” for counting and in
“parallel” for printing, to accommodate the
re-cycling principle of read-out.

The operation of the complete apparatus is
as follows: —At the conclusion of a counting
period, the counter decades are switched from
their normal cascade connection and simul-
taneously re-cycled through one complete
revolution in a clockwise direction to again
indicate the original count. The printing wheels
are rotated in synchronism with the dekatron
driving pulses, but in the reverse direction. The
output pulse produced as the glow-discharge
passes through zero operates an electro-
magnetic clutch associated with the appropriate
printing wheel assembly within the print-out
unit and thus halts the wheel. At this point,
the wheel will have progressed the equivalent
of the complement of the dekatron number and
thus will be in a position in conformity with
the original dekatron count. After indexing, a
solenoid-operated printing-bar in alignment
with a standard typewriter ribbon causes a
record of the count to be printed on a paper
roll, together with a progressive five-figure
serial number and a batch or identification
symbol. This print-out is automatically per-
formed in approximately one second after the
conclusion of the count.

Following the print-out action, the paper is
advanced one space, and the printing wheels,
the counter dekatrons and external apparatus
are reset to zero, and the serial number
advanced one digit in preparation for the next

print. At the conclusion of the printing
sequence, a signal re-starts the counting
programme.

The equipment provides facilities for self-
testing, double-spacing of the print, auto-reset
cancellation, timing, stand-by and manual
operation, and is therefore admirably suited to
the conversion of counting equipment to
automatic operation.
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5. Application to X-Ray Diffraction

Measurements

Figure 3 shows a printing counter arranged
for use with a ratio counter and other electrical
instruments in conjunction with an X-ray
diffractometer. The equipment includes two
accurate ratemeters and a ratio recorder, so
that both an integrated rate and a digital
measurement of count ratios may be obtained.
The counting scheme also includes a third
channel giving a time indication when making
an experimental measurement of a count ratio
for the determination of an appropriate dead-
time correction, where this is required. The
detection apparatus illustrated consists of two
argon-filled glass-window CuKe X-ray Geiger
tubes polarized from the ratemeters, and two
quenching-type pre-amplifiers having adjustable
dead-time.

This group of units represents the necessary
instrumentation for the control of a suitable
diffractometer table to form an automatic
equipment for routine X-ray measurements.

The ratemeters are normally used for general
profile examination, and the pulse-counting
and printing arrangement for accurate analysis.
The ratemeter time-constants are chosen to
indicate a measure of statistical fluctuation,
and are connected respectively to the fixed
reference tube and the movable monitoring or
analyser tube. The diffractometer table is set
to make a continuous scan of the specimen
under examination. The combined outputs of
the ratemeters drive the ratio recorder, and thus
produce a graphical record of the ratio of the
count rates obtained from the two pulse
sources. The use of two detectors compensates
for the short term instability and superimposed
slow drift of the X-ray tube output.”

The ratio counter and its associated
equipment is used to provide an accurate
evaluation of the intensities within the line-
contour measurements obtained from the
count-rate observations. To achieve this, the
ratio counter is connected to operate from the
source of reference pulses with the printing
counter operating from the monitor tube pulses,
and the diffractometer table drive mechanism
is set to make small angular increments after

»

* “X-ray Diffraction by Polycrystalline Materials,
p. 210. (Institute of Physics, I.ondon, 1955.)
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Fig. 3.

cach individual ratio measurement. The ratio
counter provides its own counting-time
programme, and at the conclusion of each
counting period initiates the movement of the
table to a ncw position in preparation for the
next measurement whilst the previous result is
being printed.

If the table can be readily switched from
continuous rotation to incremental angular
movement over pre-determined arcs, the
analysis time can be considerably reduced. For
this purpose. the graphical record obtained
from the ratemeter observations is inspected,
and the angles of special interest requiring
accurate evaluation by counting techniques are
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Printing counter, and ratio counter arranged for
X-ray diffraction measurements,

sclected. The table drive mechanism is then
pre-set to make a number of angular incre-
ments over the total angular range required to
cover each of the individual sections to be
investigated. Its operation within the selected
arc is then controlled by the programme cycle
of the ratio count, and the table is automatically
changed to continuous movement between the
arcs of interest at the termination of each group
of measurements and returned again to
incremental scanning at the
angular position selected
for the next group of
measurements.  Upon the
completion of the entire
analysis, a trip circuit shuts
down the equipment.
Investigations are being
made into the possibility of
employing the ratemeters
to control a stepped pre-
sampling scheme in place of
continuous rotation between
the ranges of specific in-
terest. Such an arrangement
“could use relatively large
angular steps to sense a
given increase in the rate
of change of count-rate as a
means of locating the posi-
tion of the peak intensities.
without the necessity for
obtaining prior knowledge
of the range of angles in
which the counting tech-
nique is to be concentrated
and subsequently pre-setting
the machine. The unpredictable level and
changing slope of the mean background count,
and the need to refer continuously to it,
constitutes the main problem to be solved.

6. Other Applications of the Ratio Counter

In the field of revolution counting, the ratio
counter has many uses in torque and clutch-slip
measurements, where comparisons between the
driving and the driven apparatus are required
to be analysed. In its simplest form, the
technique is illustrated by the measurement of
clutch efficiency which is related to the ratio
of the revolutionary spced of the driving shaft
to the speed of the driven shaft. By applying
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a photo-electric pick-up to each shaft in turn,
and measuring the number of revolutions per
unit of time, it should be possible to compare
the two results, providing only that the driving
shaft speed is constant. This complication is
completely avoided and the result obtained
automatically by the use of the ratio counter
and slave counter examining both sides simul-
taneusly, and the direct reading of the ratio
also presents the result directly as a percentage
efficiency. Where routine repetitive or pro-
gressive readings are required, possibly aligned
to load applications in an unattended series of
measurements, the printing counter will replace
the slave counter, as before, to permit an
automatic technique.

A further application of this method of
measurements to routine final inspection of a
manufactured item is illustrated by an auto-
matic  watt-hour meter calibrating scheme
vhich has been successfully devised for
industrial use.

Figure 4 shows the simplicity of the scheme
which provides a printed inspection  slip
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Automatic meter test and calibration system.

showing the deviation in a number of tests
against a standard. The meters under test
are sequentially offered to the equipment
by a rotary conveyor and are continuously
energized from a variable voltage and current
supply. Photo-electric pick-ups are applied to
the eddy-current discs of the standard, and the
meter under test, and the pulses from these
pick-ups are routed to a ratio counter and a
printing counter. Ten measurements are made
on each instrument and a programme-sequence
unit triggered by the ratio counter at the
conclusion of each count makes the necessary
changes in the conditions of test. As the ratio
unit-count gating pulses are required to occur
at 100, 400 and 800 counts and to be selected
by the programme cycle unit, the instrument is
modified to operate from a GCI10/4B type of
dekatron in the appropriate stage, and its output
cathodes brought out to a suitable selector
device.

These variations of the use of counting and
gating techniques to comparison measurements
indicate the attractive possibilities of this
method of treatment.

Journal Brit.l.R.E
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621.3.018.7
Calculation of the amplitude characteristic of an
alternating voltage containing harmonics. R.
CIGNETTL.  Elettronica, 6, pp. 16-21, March 1957.

The calculation is made of the peak and mean value
of an alternating voltage with harmonics in terms of
their percentage in order to obtain the instrument
error when measurements are made with a peak- or
mean-voltmeter calibrated in r.m.s. units.  These
readings and -their relative errors are tabulated
together with the five first harmonics.

621.314.2:621.374.4.029.3

The output transformer of a high fidelity audio
amplifier, P. CrReMaschl. Eletironica, 6, pp. 26-33.
Maich 1957.

After a short summary of the requirements of a
push-pull high fidelity a.f. output transformer several
equivalent circuits at low, medium and high frequency
are proposed from which the expressions giving the
response are deduced. Formulae are obtained in
terms of the windings and core materials which will
give parameters similar to those of the equivalent
circuits. The laboratory methods used to measure
directly parameters to check the theoretical calcula-
tions are described. An example is given of a 20 watt
push-pull output transformer and the measurement of
its performance.

621.315.59

Collector bias, the tramsistor equivalent of cathode
bias, and some applications. R. F. TREHARNE. Proc.
Instn Radio Engrs, Aust., 18. pp. 149-159, May 1957.

A self-bias circuit for stabilizing the operating
point of a transistor amplifier without unduly
decreasing the gain at very low frequencies is
discussed. The circuit is similar to the cathode bias
arrangement commonly used with thermionic valves
and may have equivalent general application in
transistor circuits.  Expressions for the frequency
response, stability and input impedance are derived
and the application of the circuit to amplifiers,
oscillators and active filters is considered.

621.317.341
Gas-discharge noise tubes in the range of high
discharge admittances, H. SCHNITGER. Nachrichten-

technische Zeitschrift, 10, pp. 236-240, May 1957.

The operational range of gas-discharge tube noise
generators can considerably be increased when the
tubes are fitted with delay lines instead of being
coupled 1o waveguides or coaxial lines as employed so
far. Quantmes for equivalent circuits are given thus
permlttlng approximating calculations of the attenua-
tion response for such arrangements with relatively
high plasma densities. Measurements of attenuation
as a function of pressure at various currents confirm
the calculations. The attenuation in helium at
0-1 mm Hg is still adequate for producing noise factors
of approximately 30 db. Noise generators containing
diodes can be calibrated in the region of 1,000 to
100 Mc/s by means of the usual gas-discharge noise
tubes.

July 1957

A selection of abstracts from European and
Commonwealth journals received in the Library
of the Institution. All papers are in the
lunguage of the country of origin of the journal
unless otherwise stated. The Institution regrets
that translations cannot be supplied.

621.317.75
Photographic recording of physical phenomena with

cathode-ray tubes. P. E. KLEIN. [lettronica, 6 pp.
22-25, March 1957.
The arrangements illustrated are the recording

sections of multichannel instruments used to record
simultaneously various amplitudes even when not
related. This instruments comprises two parts: the
photographic camera and the indicator with cathode-
ray tubes all assembled in a common chassis. A
time-base is not required because of the film traverse.
A special arrangement reduces the c.r.t. anode voltage
when the film does not record. The whole assembiy
can be remotely controlled and used in full daylight.

621.373.421
Simultaneous generation of two frequencies in one
generator and the stability of the frequency differ-
ence, W, FEIsT. Nachrichtentechnische Zeitschript, 10,
pp. 215-222, May 1957.

Two frequencies can simultaneously be produced in
an oscillator with feed-back, when the feed-back
network exhibits steep enough slopes in the phase
response at the frequencies of oscillations and when
suitable operating conditions are chosen for the valve.
The stability of “difference oscillators™ is discussed
with the aid of an example.

621.375
Amplifiers with grid-leak bias. V. SANSONE. Eletiron-
ica, 6, pp. 10-14, March 1957.

After a very brief note on the effect produced in
the grid circuit of a grid-leak current a simple method
of measurement is outlined based on the equivalence
of this effect with a load resistance across the grid
circuit. To illustrate this an example is added to
show the use of this method with valves type 6BA6
(EF93) and 6DA6 (EF89).

621.385.16
Space charge waves for a finite magnetic field at the

cathode of a cylindrical e¢lectron current. R.
LIEBSCHER. Archiv der Elektrischen Ubertragung, 11,
pp. 214-221, May 1957.

The development and investigation of transit-time
tubes requires a knowledge of the plasma wavelength,
The calculation of the plasma wavelength is known
for the following limited cases of magnetic focusing:
(a) infinitely strong magnetic field throughout the beam

generating system,

(h) finite magnetic field along the electron beam, but
no magnetic at the cathode of the electron gun
(magnetically shielded cathode, Brillouin flow).

The plasma wavelength is calculated under the
assumption of a finite magnetic focusing field at the
cathode.
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621.396.5:621.395.74
Planning of radio link networks operating with
metric and decimetric wavelengths. H. PauL. Nach-
richtentechnische Zeitschrifr, 10, pp. 223-233, May
1957.

A classification of radio relay links into various
“grades of channel performance” on the basis of
obtainable noise power per kilometre results in noise
characteristics which can be combined with the path
characteristics (path attenuation plus fading margin) by
means of a handy slide rule. The latter then provides
a ready information of the “performance grade”
which can be expected or of precautions which may
be required for obtaining an optimum performance
of the link. The mutual interference in radio link
networks, particularly in those employing mobile
stations, can quickly and easily be determined with
the aid of two further slide rules which take into
account factors which depends upon propagation and
frequency.

621.396.1 1
Some comparative measurements of propagation
conditions in the frequency bands Il and IV. W.
KNOPFEL.  Nachrichtentechnische Zeitschrift, 10, pp.
233-240, May 1957,

Measurements of attenuation in band 1V behind
diffracting edges and in populated areas were per-
formed in order to provide data for the planning of
networks. These measurements resulted in a 6 db
larger local attenuation and a 12 db larger diffraction
attenuation in band 1V as compared with band 1I.
Larger transmitter powers and more transmitters are
required in band 1V to provide an adequate service.

621.396.621.621.396.666
Theoretical examination of a diversity method.
E. HENzE.  Archiv der Elektrischen Ubertragung, 11,
pp. 183-194, May 1957.

The mean power and the probability distribution of
the power fluctuations primarily determine the quality
of a communication circuit. General equations are
set up for the characteristics of the resultant signal
obtained with certain receiver and antenna diversity
methods, without previous specialization onto some
predetermined probability distribution of the signals
originally picked up by individual antennas. The
antenna diversity method is investigated with
statistically independent individual signals, and the
receiver diversity method as well as the antenna
diversity method is investigated for statistically
dependent individual signals, with a discussion of the
attained improvement in transmission performance.
The influence of external noise on the distribution of
the individual signal is also taken into account.

621.397.813:535.6
Level clamping and its effect on colour television
reception, W. DILLENBURGER. Archiv der Elektrischen
Ubertragung, 11, pp. 195-213, May 1957.

Studio equipment for television in natural colours
for a separate amplifier channel for each primary
colour (red, green and blue). The amplitude ratio of
the three video signals given at the input of the
amplifier by the colour information of the picture must
be preserved. The colours undergo a change due to
slight variations in the shape of the amplitude
characteristics of the individual amplifiers, the amplifi-
cation values, and the lift. l.evel clamping in such
amplifiers turns out to be far more difficult than in
black-and-white television.
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In the N.T.S.C. system channel level variations are
less critical, and the same holds for variations in the
shape of the amplitude characteristic in the amplifiers
through which the N.T.S.C. signal passes. Particularly
exacting demands, however, are placed on the
constancy of the differential group delay as a function
of the luminance signal. Dependent on frequency,
carrier interference as a more serious effect in the
N.T.S.C. channel in the black-and-white channel. The
signal-to-noise ratio for carrier interference whose
frequency is near the colour subcarrier must be far
higher than in black-and-white television.

Equipment has been developed for investigation into
the effects mentioned above. This equipment is
described and the results of preliminary measurements
given which agree fairly well with experimental
results abroad.

681.142
Studies on a high-speed electronic differential
analyser. N. S. NaGARaJA, S. SampaTH and V.
RAJIARAMAN. Journal of the Institution of Telecom-

mumnication Engineers, 3, pp. 130-139, March 1957.
This paper describes the principles of operation of
high-speed electronic analogue computers used as
differential analysers, with particular reference to the
analyser set up at the Indian Institute of Science. The
potentialities of such an analyser in solving linear
differential equations and also in dealing with physical
systems in which several types of non-linearities occur
are discussed. The paper then describes the solution
of some typical problems with the aid of the com-
puter installed at the Indian Institute of Science.

Extended summaries of papers from the November
and December 1956 and January and February 1957
issues (Volumes 39 and 40) of the Journal of the
Institute of Electrical Communication Engineers of
Japan are available in English. The following are
included:

Current-inversion type negative impedance converter,
T. YANAGISAWA.

A new differential type RC oscillator. Z. ABe & H.
SUGAWARA.

Design of electron gun strip beams,
and T. KANEKO.

D factor of electron guns for TV cathode ray tubes,
R. NISHIZAWA.

10-75 Mc/s quartz crystal units. K. TAKAHARA, 1. IDA,
M. KoBayasHi and Y. ARralL

M-derived waveguide filter. H. Yanar & J. HAMASAKI,
Electric field displacement in the ferrite-loaded reg-
tangular waveguide. S. KumaGal & Y. NAKANISHI
Increase of the interference noise caused by nonlinear
distortion of the discriminator, T. OvATsU.

An experiment on magnetic noise in ferrite of rec-
tangular B-H characteristic. H., Uno.

Microwave transverse magnetic type uni-directional
strip circuits. S. YOSHIDA.

S-curve measuring procedures for the dissipative
shiuut admittance. K. SUFTAKE.

Active RC transfer networks. T. YANAGISAWA.
Theoretical analysis of electro-mechanical filters.
1. NAKANO.

Mutual inductance of coaxial shielded coils. K. ITO
New microwave radio relay equipment, T. Fuxkami.
M. MoriTa and [. KoNISHI.

Parametric excitation using barrier capacitance ot
semi-conductor. K. ZeNniTI, K. FusiMi, K. KAraoka
and K. YAMANAKA,

K. Funsawa
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