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ELECTRONICS IN AUTOMATION

“TLECTRONICS IN AUTOMATION” was the

title given to the British Institution of Radio
Engineers’ Convention held in Cambridge during
June 27-30. The philological challenge invited by
the word ‘automation’ should first be answered. 1t
may be classed as an item of that vigorous technical
slang which profitably accompanies the advance of
the specialized arts. Such words may start as an
adaptation or corruption of some accepted dictionary
word but eventually acquire & specialized significance.
The present word denotes the replacement of human
operations by automatic systems in industrial and
scientific processes. This tendency is not new, but
the remarkable increase in its tempo, which has
recently been evidenced largely as a result of the
introduction of electronic devices or concepts, may
be interpreted as the beginning of a second industrial
revolution.

The economic and social implications of this
situation were discussed by the president, G. A.
Marriott, in his opening address. His conclusions
may be summarized in his remark that ‘“The only
gerious threat to the British economy and standard
of living would be failure to take advantage of every
possible aid from automation’. .

The papers were supplemented by an important
though limited exhibition of apparatus, a valuable
selection of films bearing on automation and a range
of visits. )

The papers were grouped into six sessions under the
following headings: (1) Office machinery and
information processing, (2) machine tool contrql,
(3) chemical and other processes, (4) automatic
measurement and inspection, (5) simulators, (6) auto-
mation in the electronics industry.

In the first session the papers emphasized the
importance of the ferro-magnetic store, which seems
likely to take over the memory function in computors
to an overriding extent. Another logical opera-
tion which created great interest was concerned
with the automatic reading of typed or printed
characters. .

Session 2 presented convincing details as to the
increasing importance of automation in the control
of machine tools ; for example, the operation of a jig
borer from punched card or other digitally stored
data. A problem associated with these operations is
the accurate measurement of table movements. A
new and interesting solution to this, the ‘Inductosyn’,
was the subject of a separate paper. The construc-
tion of the ‘Inductosyn’ is relevant to Session 6, since
the device amounts to a ‘resolver’ with accurately
printed windings. ) )

The papers presented in Session 3 were arranged
in two groups, the first dealing with the problems of
instrumentation for the control of process streams in
atomic energy projects and the uses of radioactive
techniques in process control, while the second dealt
with the process control of chemical plants from a
more general point of view. Automatic sampling
methods are essential in atomic energy plants and
involve the engineering of laboratory methods which
were described in one paper, while two papers showed
how the measurement of absorption of radiation
provides methods of monitoring the density of fluids
in pipes from outside or for controlling the level in
vessels. In the field of general process control, the
possibilities of programming the controller by means
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of punched cards or by a computer were discussed
in some detail.

Session 4 emphasized that basically an automation
system must depend on the inspection of its final
product and & paper in this session was devoted to
the special advantages of various devices. Other
papers described the control of steel strip manufac-
ture, and automatic ultrasonic and X.ray inspection
techniques. The ultrasonic system employs scanning
to speed up the inspection of castings, plates, etc.,
while image intensification of the fluoroscopic picture
is used in many industrial processes.

A more apt title for Session 5 could perhaps have
been ““‘Simulators and Analogue Computors”. Under
the first heading three of the four papers were devoted
to training devices, namely, radar simulators for
military purposes, and a training simulator for
nuclear power plant operations. The degree of
realism introduced in these devices was notably high.
The analogue computor group embraced applications
to the design of aero-engine controls, and the study
of elastic beams. A general paper presented the case
for analogue versus digital computing in certain cases.
These two devices are complementary and in some
cases digital methods may be incorporated in analogue
machines. This involves an analogue/digital con-
verter, the subject of a separate paper.

The emphasis of Session 6 was on printed circuits
and associated manufacturing methods. The impor-
tant subjects of automatic valve production and
automatic component production were excluded by
security considerations. One paper gave the most
complete disclosure to date of the giant Cossor
printed wiring installation. There seems no possible
doubt that printed wiring plus a limited degree of
printed component technique will take over almost
completely from previous methods. Most printed
wiring manufacture involves a liquid etching process.
One manufacturer, concerned with long-life telephone
apparatus, prefers to avoid a possible corrosion
hazard by relying on mechanical engraving. Although
the printed-wiring board by itself constitutes a major
advance, it is possible also to render the assembly
and soldering processes fully automatic. Advanced
technique was shown, but it must be recognized that,
assembly costs being small in relation to component
costs, major economies can be found only by reducing
the latter.

The discussion on these subjects tended to limit
unduly the economic aspeects, with perhaps insufficient
recognition of the technical and sociological advan-
tages which the new techniques imply.

L. H. BEDFORD

TENSORS IN ELECTRICAL
ENGINEERING

RESTDENTTAL six-day course on ‘‘Tensors
in Electrical Engineering”’, organized by the
Extra-Mural Department, was held in the University
of Liverpool during the Easter vacation. The lectures
were given in one of the University halls of residence,
where the students were accommodated. Twenty-
five graduates from industry, government establish-
ments and universities and colleges attended.
An introductory lecture was given by Dr. W. J.
Gibbs, of the British Thomson-Houston Co., Ltd.,
and sixteen lectures were given by J. W. Lynn and
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C. V. Jones, from the University Department of
Electrical Power Engineering. Ample opportunity
for discussion was available at the end of each
lecture, and Dr. Gibbs encouraged and guided informal
discussions each evening. The enthusiastic and often
heated arguments which took place may be con-
sidered as a measure of the success of the course.

Since some of the students had no previous know-
ledge of tensor analysis, the opening lectures were
devoted to the elements of matrix algebra and its
application to electrical problems. The discussions
showed that those to whom the subject was new
wore impressed by the practical nature of the methcd
in its applications to numerical analysis. It was
shown that the equation V = ZI could be applied
directly to complex circuits by replacing the quan-
tities 7, I and Z by the corresponding matrices. The
use of compound matrices in obtaining the inverse of
Z was explained and the delta-star transformation
and Thevenin's theorem were included as special
cases of matrix transformation.

The introduction of tensor analysis followed the
general lines developed by Gabriel Kron, who in 1934
made the first of his sigunificant contributions to the
mathematical treatment of electrical machines and
networks by tensor methods. It was shown that the
simple transformation of co-ordinates in geometry or
field analysis, A@ = C A, could be used in electrical
systems for interconnecting the windings of machines
and networks. The fact that powcr is invariant to
guch an interconnexion leads to the following equa-

tions: Ie = C%Ie; Vi = CR\Vis Zys = Zea Oy, e

where the Greek affixes indicate quantities in the
new system. Since static networks form a holonomic
olectrical system, they can bo analysed by tensor
transformations. However, when windings are
rotating with respect to each other they may have
non-holonomic constraints, depending on the reference
axes chosen. Some useful reference axes (such as
those rotating with a synchronous flux wave) can be
included only by use of non-holonomic equations.
The general analysis of machines involves these more
advanced concepts, which were next introduced. In
particular, intrinsic and covariant derivatives of
vectors and tensors are required. Stress was laid
upon the work of Ricei, which showed that if in a
differential equation which holds for rectangular
Cartesian co-ordinates, ordinary derivatives be
replaced by intrinsic derivatives and partials by
covariant derivatives, then the modified equations
hold for general curvilinear co-ordinates. The appli-
cation of this theorem to clectrical machinery is as
follows. If the temsor equation of a stationary
machine is

. B
Vo = Ruﬁ'lﬂ + Laﬁ 3%

then when the machine is rotating the corresponding
equation is
, 114
Va = Raﬁ W + L”Bé

348, e o
where 5 is the intrinsic derivative and
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The general machine equation then becomes
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The different forms of I'g, . which arise under different
operating conditions and with different reference axes
were next introduced. lhe terms arising because of
non-holonomic constraints were studied in detail.

The long-established rules and concepts of the
tensor calculus were seen to lead to a generalized
theory of electrical machinery. The power and
flexibility of these tensor applications, due to Kron,
are becoming more widely recognized.

ROYAL BOTANIC GARDENS,
KEW

REPORT FOR 1956

HE review of the work of the Royal Botanic

Gardens, Kew, during 1956 follows the general
pattern of earlier reports (Kew Bull., No. 1; 1957).
During the year Sir Edward Salisbury, who had been
the director for thirteen years, retired and was suc-
ceeded by Dr. George Taylor, keeper of botany in
the British Museum (Natural History).

The Herbarium staff, as usual, has dealt with a
truly vast amount of material and has been visited
by some 4,455 botanists, many of these from the
Commonwealth and other countries overseas. The
report also records extensive and varied inquiries on
botanical matters and the receipt of many consign-
ments of plants. The work on several floras has been
sustained and constitutes a notable effort in scholar-
ship.

In the Department of Economic Botany the number
of inquiring visitors has been greater than in the
previous year. Inquiries cover a great deal of ground,
often of an interesting and important character. It
would be impossible in a short note to do more than
touch on one or two points. The distribution of
economic plants still ranks as an important function
of this section. The propagation of cacao was actively
continued during the greater part of the year, and
many plants were dispatched from the Quarantine
House. These consisted chiefly of materials collected
in Colombia during 1952 and forwarded to Kew in
1954 via the Imperial College of Tropical Agriculture
in Trinidad. After the required period of supervision
in quarantine, the plants were propagated as rooted
cuttings, which were sent on to the West Africa
Cacao Research Institute as materials for its breed-
ing programme. It is noted that a variety of cacao
from a widely different source, known as Lafi
No. 7 from Samoa, has now been propagated and
distributed. This material has aroused wide interest
because of its reputation for high yielding capacity
and its possible disease-resistance properties. Rooted
cuttings have now been sent to Trinidad, West
Africa and Malaya for trials under differing con-
ditions. The work of the Quarantine House in
relation to banana problems follows the lines reported
on in previous years. Special interest is attached to
some varieties of the diploid Musa acuminata, col-
lected in New Guinea and Malaya, which in due
course will be used in the breeding programme in
the Caribbean.

An important result of the work of the Jodrell
Laboratory is that a draft of practically the whole of
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