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It is perhaps appropriate in the centendry vear of the
telephone Lo reflect on the changes thal have taken place in
our socicty over the past hundred vears, and also on the
course that history might have taken had efficient electronic
communications not developed in the way that it has done,

Early history is conveniently divided into ages according to
the development of man’s ability to work certain materials
and to exploit natural resources. From the Stone Age, man
progressed through the Bronze Age to the relative sophis-
tication of the Iron Age. With severzl thousand wears
imtervening, we have now arcived at what might be called
the Petrochemical Age.

But if instead of judging history by man®s skill in exploiting
respulces, it is judged by his ability Lo communicate, what
paltern emerges? From the carlicsl lorms of rudimentary
speech, man progressed through grammatical speech lo a
written language, With the subsequent development of a
mathematical notation, the first forms of effective povern-
ment emerged through the ability to keep records and to
promulgate laws. Tn the Middle Ages the development of
printing gave fresh impetus to man's communicative skills,
while the advent of mass literacy (ruly laid the foundation
for the communications explosion of the last century.

Maow with the mechanisation and electrification of many of
our communications media, lthe communications ndustry,
together with energy resources and an efficient distribution
network, has become one of the pillars upon which our
| saciety today is built. These developments have provided

powerful challenges for the engineer and lechnologist, but
have alse imposed substantial responsibilities to ensure that
future developments are fully unlised for the maximum
benefit of soctety as a whole.

Today, we are poised on the threshold of a new surge in
telecommunications development. The prospect of wide-
band communication into the home, the promise of long-
distance optical communications, of digital swilching and
transmission, and the development of large scale integrated
citcuits offer possibilities undreamed of 50 years apo, Indeed
we might lforecast that the next 50 years will see more real
progress: in communications than the preceding century
which has just been commemorated,
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The centenegry of the fclephone
has been marked throoghoot the
warld by activitics ranging from
the  mssue  of  commemaorative
postage stamps to sacial funclions
and special cxhibitions af tele-
communications equiprnend. The
telephone today forms part uf the
basic fabric of our socicty, znd
technological developmenls now
taking place herald changes in the
mext cenlury of equal significance
ta those in the first hundred years
ol telephony,

Should Afexander Graham Bell
have  invented the  telephone
{page i)

1) years of the telephone |
dawn of @ new era (page 91
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Behind the success of every public
spectacls, such as an international
sporis event, lics a complex com-
mounicalions  problem.  Mational
and international felecommuni-
cations metworks are the unscen
resource  thal bring news  and
pictures o our television screens
and o newspaper offices across
the world, An event as significant
gs the Winter Qlympic Games
poses its own speciel challenges
to the telccommunications admin-
tstration of the host country
Telecommunications foc the Winter
CHympics (pages 16)

When the topic of conversation
furps foart and mallers assthetic,
subjoctive opinions and views tend
to be put forward, But “art' has
its ohijective facets toe, lnindustey,
the mole of creative designers
becomes more imporiant as tech-
nology  becomes more complex,
I'he objective contribation of the
industreal designer can deferming
the sicoess and goceptalility of a
product, and can ensure thal the
necds of the user ure not forgotien
in the solving of cngincering
problerns.

Art in indusirial design (page 15)

As  organisations  grow, their
commurications needs  alse
develop. As their communications
facilitics grow, the efficicot
management of these (acilities
becormes of ingreasing impartance.
Many companics now  operate
their pam privatle comanunicalions
between the various factory and
atfice  locetiors, using  circurls
leased for this purpose from the
Post Office. Tt i3, however, esscential
that the communications facilities
should be matched to the noeds of
the crganisation i maximum econ-
omic and operating benefits are
1o be obtained.

Metting the cost (pagze 19)




by W ) Bray

It may well have been Alexander Graham Bell’s
successful demonstration on the 10th March 1576 of
what was later claimed to be the world’s first electronic

transmission of intelligible speech - enshrined in
Bell's historic call to his assistant “Mr Walson, come

here, | want to see you' — thatl set in motion what

eventually became a major leap forward in
communication al a distance. (1).

But in the world of the mid-1800s there was already in
existence 111 the L nited Kingdom and the United
States a [airly extensive telegraph network, to which
Cooke and Wheatstone had made substantial
contributions, and which had been stimulated by the
need of the railways for the long-distance
transmission of control signals and information. (2).
The discoveries in the field of clectromagnetism by
Qersied, Faraday and Henry in the period from 1820
to 1830 had not only made possible the electric
telegraph, they had also created the essential
foundation of scientific knowledge for the invention
of the telephone.




Should Alexander Graham Bell have
invented the Telephone?

174, 465 TELEGRAPHY. Alexander €. Ball Salern, Mass,
(Filed Feb 14, 1B76)

To all whorm it may concern:

Be it known that I, ALEXANDER GERAHAM
BELL, of 5alem, Massachusetts, have invented
certain new and useful Improvements in
Telegraphy, of which the following isa
specification :

Why then should Alexander Graham Bell have invented the
telephone in 18767 The rcasons are not far to seek, First,
stimulated by his Father’s interest and throughout his own
long life, Bell was fascinated by the nature of spesch and the
prablems of communicating with the deaf,

Secondly, the world of the 9th century was that of the
industrial revolution: science, technology, manufactiure and
trade were on the march and new political forces were making
themselves fell. There was a growing need Lo communicate,
rapidiy and in the most natural way possible.

The zlectric telegraph mel these needs only partially: it was
stow and conveyed little of the personalily of the com-
municators. Human speech, developed during the many
centurtes of Man's evolution and closely linked to the
maximum rate al which he could usefully create, absorh and

respond Lo infarmation, was clearly the most natural mode of

PErS0N=I0=PETEON COMMmuicalion.

Agarnst this background, and with the clectric telegraph
providing a convincing demonsiration of the practivability of
a nation-wide communication network using wires, the
invention of the relephone was almost inevitable.

The history of the invention of the telephone is complex,
confused and incomplete. Elisha Ciray, whose own contribu-
Lion was by no means insubstantial, was later to write:
“The history of the telephone will never be fully written. It
is partly hidden in 20 or 30 thousand pages of Lestimany and
partly lying in the hearls and consciences of a few whose
lips are sealed — some in death and others by a golden clasp
whose grip is even tighter.”

It is clear from the literature that Bell's contribution was by
no means the unique and original one that many of his
supparters have claimed. Between 1820 and 1876 a score or
more of inventors had described, and some had made 1o
work, devices that anticipated the essential fearires of Lhe
Bell telephone as described in his first two patents. These
inventors included Meucer (Haly), Bourseul (France), Reis
(Germany), and Drawbaugh, Elisha Gray and Thomas
Edison (LVSAY(3).

Bell's first patent (no 174 465 of March 1876} shows a battery-
operated magneto-electric telephone, the transmitter and
receiver being similar and equipped with membrane diaph-
ragms. His second patent (no 186 787 of January 1877) covered
the use of a permanent magnet and coil with a’ metallic

.}
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Intraduction to Bell's frst patent (number 174265 filed on the Fih
Febroary 1870
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The ald East India Avenue relephone exchange in the City of Londan
was an example of the *spider’s web' of overhead subscribers” Hnes
necessary in the 18005 Radie Times Halron Picture Libvary,
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Diagrains lrom the second Bell patenr (nuinber 186 787) showing a more
advanced elephone.
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I'be switch room of the ald manuzl ielephane exchange al Helborn,
London.

diaphragm. enabling the battery to be dispensed with. The
sccond patent included, almost as an afterthought and co-
incidentally with a caveal entered by Elisha Gray, a reference
tir the concept of an undulatory current generated by a liquid
vuriable-rosistance transmitter.
Bell hirnself iz on record as sayving that:
Y. . if he had known more about electricily be would not
have invented the principle of the telephone.”’
Furthermore, he was under considerable pressure in the carly
stages of his experimental work on the telephone to give
priority to his harmonic muoltiple telegraph — an early version,
some 20 wears before its time, of the [requency-division
multiplex telegraph thal eventually saw widespread use in
long-distance telegraph networks.
Bell’s words on the Mith March 1876 were nevertheless
prophetic and shewed that he had a fair viston ol what the
telephone mightl do:
“This 1s a great day with me and [ feel T have at last siruck
the solution of a great problem — and the day is coming
when telephone wires will be laid in to houses, just like
water or gas, and friends converse with each other without
leaving home,”
He foresaw too that!
f .. the telephone would be a major factor in the new
urbanisation . . . without the telephone system the 20th
century metropolis would have been stunted by congestion
and slowed to the primordial pzee of messengers and
postmen. And the modern industrial age would have been
Born with cerebral palsy.” (1),

Mot all in the 19th century were convinced of the value and
Future prospects of the telephone, William Orpen, president of
the mighty Western Union Telegraph Company in the Unired
Srates, turncd down the opportunity to bay the rights to
Beli’s telephone patents for a song, thereby inhibiting
indefinitely the prospect of a raliopnal and economic integra-
tion of the two services 1o that country. And in the United
Kingdom, the British Post Office showed a notceable lack of
enthusiasm for the telephone in its early days,

However, by the middle of 877 there were more than 600
tefephones in use in the UUSA, and Queen Victoria had been
syitably impressed by a demonstration at Osborne House in
the sle of Wight. The Telephone Age had hegun,

Diagram [rom Bell's first patent showing the proposal for a magneto-
cicotvic gelephone transmitler,
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Fart of an early handhill advertizing the advantases of the newly
invented relephione (o polential subscribers, Scisnee Mg,
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Should Alexander Graham Bell have
invented the Telephone?

With the growing commercial value and importance of the
telephone, and the many rival inventors, it 15 not surprising
that the next 20 vears saw more than 600 cases of patent
litigarion, including & long drawn-out but unsuccessful suit by
the United States courts against the Bell Telephone Com-
pany's monopoly claim to the wse of electricity for the
transmission of speech. (3).

There were ol course Lthen, s now, some who were dissatisfied
with the performance of the new device. In 1890, Mark Twain,
who was evidently having difficulbty in hearing over the lines of
the Hartford Telephone Company, wrote a letter 1o the New
York World newspaper that read:
‘It is my heart-warm and world-embracing Christmas hope
and aspiration for all of us - the high, the low, the poor, the
rich, the admircd, the despised -~ mavy eventually be gathered
together in a heaven of everlasting rest and peace and bliss
—except the inventor of the Llelephone

The sociology of the relephone, in particular its role in the
transition from the pre-industreal world of the 19th century 1o
the largely industrial world of today, is 4 surprisingly neglec-
ted field of research, compared for example with studies on
the impact of mechanical transportaten, the technology of
mass production, and the availabihity in gquantity of electrical
power (£). However, the available literature makes it clear
that, as with Mark Twain, not all past and present users of
the telephone give it ungualificd support.

Some have ohjected fo the telephone for its intrusions into
persanal privacy: Bell himself is said 1o have refused to have
one 1 his study ! Others have criticised Lhe welephone for its
adverse effect on letterwriting, once a civilised and culuivated
art in Yictorian times, The sheer speed and immediacy of
telephone communication are not withoul disadvantages.

Sociologists fret abour its over-rapid intimation of trouble
and disaster, and its use as a means of promulgating dissent
and disagreement, The mstability and rapid collapse of the
Wall Stroet stock market in 1926 was probably stimulated by
the use of the telephone for panic selling of shares. More than
ong ambassador overseas, and no doubt generals too, have
resenied the lack of freedom of action created by the telephone
Iink to the Foreign Office or Ministry of Defence,

Professor Colin Cherry has speculated as to whether the
telephone, with other means of world communication,
augurs for ill or pood, but concludes that effective com-
munications are essential for the creation of ‘a better world
g

arder through varied, Aexible and overlapping federations of
cauntries, according to a host of spectfic, defined mutual
inlercsts." {5).

Professor Dennis Gabor has postulated a *Ciresham®™s Law of
Commurications” by which *bad truth drives out good truth’,
but poes on o point out the potential value of good com-
munications a5 an instrement for more effective sectal control,
for example in minimising the likelihood of armed confiict
between nations, avoiding the problems of over-urbamsation
by facilitating the dispersal of cities, and assisting in the
control of crime. (6), Others have drawn attention to the
eaistence of ‘communications stress’ that arises from an
excessive fow ol mmformation beyvond the hmil thal ao
individual can effectively absorb, and which could lead to
mental illness, (7],

But overall the evidence in favour of the telephone is elear and
ocverwhelming. There are now same 20 million telephones in
use i the United Kingdom, 150 million in the United States,
and more than 350 millien m the World, and these ligures are
inereasing, economic recessions and civil or military strife
notwithstanding.

1 is evident that the relephone satisfies economically a vast
range of human communication needs for social, business,
imdustrial and governmental purpozes. And this iz because it
provides speedy, two-way interactive communicatian directly
hetween people inoa manner not possible with mass-com-
municaton medhia such as broadeasting and newspapers, and
in a way that closely identifics the personalitiez of the par-
licipants.

O this last point consider just a few examnples of the value of
personal identification — a young child’s first telephone call Lo
a distant grandparent. a call for help by a potential suicide on
the *Samaritan’ telephone, and a presidential call on the
international thot line’ heading off nuclear disaster.

The significance of the telephone has been well summed op by

an American sociolomsat, Svdney H Aronson, He has written
oon has helped 1o transform b in citees and on Farms,
and Lo change the conduct ol Amencan business, both
legitimate and illegitimate; it imparted an impulse towards
the development of a “mass culturz’ and *mass society” at
the same tine 1t affected particulas institutwonal patterns
cducation and medicine, in law and warfarc, in manners
and maorals, in crime and police work, in the handling of
crises and the aordinary routines of life 11 markedly affected
the gathering of news and the patterns of leisure activity; it




changed the conteal and even the meaning of the neigh-
borhood and of friendship; it gave the traditional family an
important means 1o adapt itself to the demands of modern-
isation and il paved the way both technologically and
pavchologically for the thematically 20th century media of
communication; radic and television.” {41,

So | believe we can answer a confident “yes' - with perhaps
some qualification - to the guestion *Should Alexander
Ciraham Bell (or possibly some other persen’) have mvented
the elephone.”

{defi} o
The switch roonyof & London central office in 1881 worked by the shipper
noard system. Radic Times flalton Pictire Libears,

Fodaerver ) ) ) .
Aavearly private branch oxchamge installed by Western Fleciric at the
turn of the cenlury.

friglrt )

Diggrams of the first automala lelephone eschange patented by
Almon B, Stroweer, a Kansas undertaker, in 1891,
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by Ray Arterbury

Alexander Graharn Beil achieved worldwide acclaim and a
certain place in history by the slender margin of &0 minutes.
He filed hes first patent application on an ‘lmprovement m
lelegraphy’ in February 1876, Just one hour later, an inventor
called Ehsha Gray attended the same office 1o file o patent
which proved to be almost idengical,

Fhus it was that Bell assumned bs proud role as the inventor of

the telephone, and poor Mr. Gray melted away into almost
complete obscurity.

Che hundred years have passed since the fGrst primitive
telephene. We need to go cven further back to find the first
recorded reference to the concept of using electrical apparatus
Lo teansmit the human voice, In 1854, the Frenchman Charles
Bourscul wrote °It is certain that in & more or less distant
futurg, speech will be transmitred by electricity’, Words,
mdeed, of great portent,

Seven years [ater, in 1BG), a German physicist called Reis
developed a “transmitter’ in which the circuir was made or

broken by wibration of a membrane under the action of

sound. The ‘receiver’ was simply an iron rod contained within
a solenoid - the rod emirting a faint sound when the solenoid
was energised,

Bell's experiments in [B75 were not concerned with voice
transmission but with simultanecus fransmiasion of telegraph
messages, The summer that year in Boston, Massachusetls
wias hot and humid, and played havoc with Bell's delicate
equipment. He was endeavouring, unsuccessfully, to transmi
six simultaneous messages alang a single wire wsing electro-
magnets to activate steel springs and thus create a signal,

It seemed hke the final steaw 1o Bell and his assistant, Thomas
Watson, when a transmitter falure cavsed one of the springs
to become welded to a contact breaker, However, Watson
decided to pluck at the spring to start it vibrating again and
Bell, who was in another room, heard the plucking noise
caming through a receiver,

Bell realised that the spring (or vibrating reed) had generated
a ‘sound-shaped’ undolating current rather than an inter-
mittent current and the potential of his ‘discovery” was

ohvious. He immediately decided Lo follow this new hine of

research, despite the pleas of his hackers who believed that
his cuperiments 1o telegraphy would eventually prove more
lruitful.

His initial patent, in additcion to his electromagnetic trans-
ritrer, also contained reference 1o a variahle resistance form

The style of an carly ielephong from the privaie coliection of Mr. L.
Michols, 5TL, 5 contrasted with the latest pushbulion Quicksiep
Deeltaphone. Plrotegraph By Poul Brictley

of transmitler using a battery — the aim heing to improve the
sensitivity. In the same maonth, the variable resistance concept
was put into effect when Bell developed his ‘liquid® trans-
mitter. It was with this that those famous and first-cver
intclligible words spoken on a telephone passed from the lips
of Mr. Bell to the ear of Mr. Watson — "Mr. Watson, come
here, | want to sec you'.

This cvent teok place on the 1h March 1876 and was truly
the birthday of the tclephone as we konow it today, The
variahle-resistance transmitter concept, in a much more
developed Torm, is used in almost every relephone that we
now sec around us,

lprovements on Bell's concept followed fast and furiowsly,
In 1877, Emile Berliner produced a transmitier consisting of a
metal diaphragm in contact with 4 metal ball. Vibration of the
diaphragm produced corresponding variations in the contact
pressure between the ball and the diaphragm giving reguired
varigble resistance.

In 1878, Professor Hughes presented an historic paper to
the Royal Society in which he revealed his discovery that any
svetemn of loose contacts will form a transmitter. About the




100 Years of the Telephone . ..
the davwn of a new era

same time, Thomas Edison was hatly pursumg the possibility
that carbon was the best material for the purpose. Edison, in
fact, had made the next vital breakthrough,

For a while, carbon received the undivided atteotion of
inventors. The Reverend H. Hunnings achieved much
better results by using carbon granules instead of a solid
formation. The Hunnmimgs transmitter, unlortunately, sofféred
from the fact that it had to be operated in vertical position in
order for the granules ta maintain constant contact with the
diaphragm. This problem was later selved by other designers,

Up te now, this article has been concerned with telephone
transmitters simply because the development of the relephone,
and the associated systems used for exchange egquipment,
were completely dependent upon this aspect of the device.
Heceivers, although they have developed with the passing of
time, have always tended 1o be of the eleciromagnetic type
psing a flexible iron diaphragm. Varying magnetic pull on the
diaphragm causes it to vibrate according to the variations in
current recaived,

There are, however, two major design factors which must be
faced in receiver development. Firstly, the available energy is
less than 0.1 oW and maximum use of this energy must be
made to convert the diaphragm vibrations into audible sound.
In addicion, the diaphragm must also be capable ol reproduc-
ing a wide range of frequencies with a high degree of response,

The first telephones to be installed were nsed for communica-
tion between twa fixed points — for example, a master’s study
and, say, his butler’s room. The instruments generally con-
sisted of two Bell telephones - one receiving and the other
transmitting - together with a bell which indicated a call, a
press button to make a call, a battery, and hook for carrying
the receiver which also served as the telephone line switch,

In Great Britain, the frst company formed 1o provide these
simple systems was The Telephone Caompany Limited, which
had the task of promoting Bell’s patents, The company was
launched in June [B7E with American equipment and just ten
clicnts bul, over the next 3 vears, interest in the new "toy’ grew
rapidly and its use spread into many commercial applications.

In the United States, events were proceeding at an even faster
pace for, in fanuary 1878, the first commercial telephone
exchange had heen opened at MNew Haven, Connecticut.
Contact with the exchange was madc when the receiver was
lifted from its hook, and the exchange operator connected the

A proposal fara business terminal for the Viewdsta scrvice, Post Qffice.

caller’s line 1o the line of the person being called. The limita-
tions of such a system arc obvious. In 1892, the first public
automatic exchange was opened in Indiana, LUSA. Six years
latcr, telephones first used barttery power provided from the
exchanges.

The search was now on in the United Kingdom for a reliable,
high-performance, automatic exchange svstem. The world
leaders in the ficld were the Amcrican Telephone and Tele-
graph Company and its associate, Western Electric, which
developed the "Director” svstem and an improved version of
the Strowger system, together with the Bell Manuofacturing
Company which promoted the very complex ‘pancl” system,
These received lengthy consideration from rhe British Post
CHfice (which had taken over all existing exchanges in 1912)
but, in 1922, the decision was made to opt {or the refined
Strowger ‘stepebyestep’ system.

Lintil around 1895, telephones linked to automatic exchanges
had used a pushbutton system Lo signal the subscriber code,
but the Strowger system changed the emphasis 1o the fore-
runner of the dial which we know today. Early telephones




were generally wall mounted, with the transmitter 1 the wall
unit and the receiver held to the ear by hand., The ‘candle-
stick” relephone, which was developed in 1900, allowed
telephones wo be held, for the first time, in two hands — the
transmitler on the top of the ‘stck’ in one hand aod Lhe
receiver taken from the cradle in the other.

Telephodne system proneers, in addition o companies already
mentioned, included such names as Siemens; the General
Electric Company, and Ericsson. In the United Kingdom a
major lorce continued 1o be the Western Electric Company
which had opened its first office in Moorgate, London in 18835,
Im 1925, the name of the British Western Electric Company
Limmited was changed 1o Standard Telephones and Cahles
Limited, and the organisation bocame a member of the
International Telephone and Telegraph Corporation.

Both the British Post Office and the telephone manufacturers
had, for some Lime, been experimenting with varnous forms of
handsets. Their design, casc of handling, and the critical
nature of their dimensions had become a precise science, The
problem of side wone, accentuated by vowel sounds such as
‘ah” and ‘*aw’, had to be climinaled and the transmutter
mouthpiece had to he able to compensate for the variations in
sound input, dependent vpon the strenpgth of the vowee and
distance from the mouthprece. 16 was the Post OMee’s mlen-
ticn to standardise on one design and there was obviously
tremendous competition to gain the contract.

fn 1927/8 STC completed 4 major development for ITT of 4
completely new telephone designed by L. €. Pocock. Pocock’s
development incorporated an entirely new design of handset
with associated transmitter and recerver designed with anti-
side-tone properties. The st was subscguently widely manu-
factured throughout the waorld,

Mow commitied to the telephone set business, STC continued
to feed the home market with picce parts such as dials,
transmitters and receivers. In 1938, STC produced the 1.5.P.
Roberton equalised receiver which became the standard Post
Office Lype 2P, the receiver playing @ big part in wartinme
communication sysicms.

After the war, new telephones of improved efficiency and
incorporaling equahsation were regquired — able to operate
over ever increasing distances (rom exchanges. In the United
Kimpdom, telephones had to be operable over 1000 ohm Hines,
and STC, with s combinaton of the rocking armature
receiver and the number 16 type carbon transmitter. played a

I'hee latest loudspeaking telephone draws inspiration from the design of
tive carfier Deltaphone subser, together with the modern features of the
nushbycton Quicksep Deltaphone,

leading part in the development of the type 706 wlephone
instrument which 15 stll 1n gze, with minor modifications, Lo
this day.

In the late 19505, the Post Office and the Counal of Industrial
Design were stressing the need for 2 more [uxurious home
telephone unit. [n 1963, STC launched the two-colowr
Deltaphone, Ts hightweight body was only shightly wider than
the dial itscll, and the handset, dbout half the weight of
previous types, rested along the major axis of the set, resulting
i1 A very compact design,

An clectronic tone caller replaced the usual bell and a volume
contral allowed the user to set tone loudness at an acceptable
level, Automatic line egualisation ensured the best possible
communications conditions irrespective of the length of the
line betng used, and the acoustic principles employed were the
same as those adopred for the high-efficiency operator’s
headset previously developed by STC and adepled as standard
by the British Post Office.

The Deltaphone, and its imtercom counterpart the Deltaline,
recelved hugh recognition when they won Design Awards in




100 Years of the Telephone . ..
the dawn of a new era

1966 and they remain popular to this day. While continuing
the same design line, the new pushbutton telephone, the
Cuickstep Deltaphone, s being equally well received in
international markets, This instrument contains a semi-
conductor memory that stores impulses from the keyboard,
however quickly entered, and then transmits them at 4 speed
acceptable to any exchange system.

The pushbutton telephone is the first of a new range of
developments made possible by advances insemiconductor
technology. An early established and remaining principle in
telephone systems is that electrical power is provided by the
exchange. The rapid improvements in semiconductor circuits
has brought miniaturisation and an ability to work with
minute currents and voltages, both opening up the possibility
of telephone facilities other than specch.

Already developed are repertory diallers in which semi-
conductor memories in the telephone can store a personal
selection of directory numbers. By operating & pushbutton a
stored number is selected and transmitted to the exchange,

Semiconductors are also used to achieve loudspeaking tele-
phones with which remote speaking and listening makes
conferencing possible. This is realised in the loudspeaking
Deltapbone. Microcircults play an even greater parl in the
new generation key system which is now in an advanced state
of development and allows a telephone to have multiline
access, intercommunication conference and other faecilities
which were oniginally only  possible through a  branch
exchange system.

Advances in material and processing technology are also
beginning to change the basic parts of telephony, the micro-
phone and earphone, Current development makes possible
improved performance from units no larger than a drawing
pin. which when combined with microcircuits will allow
improved speech quality over longer telephone lines.

In the not too distant future, the telephone will become a
miniature home ot office computer terminal with aceess to
data banks, and a video capability allowing face-to-face
conversalion. Muoch of the “talking” will then be conveved by
digital signals allowing direct transaction with banks, stores
or public services Lo be achieved.

It will also contribute to changes in teaching techniques and
the organisation of industrial and commercial activity.

Already the Post Office’s Viewdala system is planned o
prowvide subscribers with & vast information store which can
be tapped at will,

A varialion on the theme of the pushbutton telephone @ this repertory
dialler, which stores up to ten frequently-used numbers and dials them
auiomatically at the push of a bulton.

Today, Alexander Graham Bell could walk into an office and
exclaim ‘Surely, that is a ielephone!” But tomorrow, he is
likelv to look at it with the awe and amazement the Wright
Brothers nmught have on seeing Concorde. &

Foy Arrerbury, formerly with ITT Semicasdicions, s now a conswliant,
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INDUSTRIAL

DESIGN

bv Benadict Austen

Few people question the origin ol products. Most aceept as
inevitable those that exist, and may buat occasionally offer
criticism or praise of thoss who have been responsible for
their design, The eriticism or praise would rightly fall on the
team of spectalists who perhaps vears earlier had tried to
strike & halance between the elements of profit and cost,
marketing, manufacture, electrical and mechanical engineer-
ing, and in many cases industrial design.

In order to appreciate the contribution of the industrial
designer in striking this balance, it is useful to consider his
historic context. Foar thousands of vears the things that people
have used were designed and made in accordance with long-
sranding traditicns determined by trial and error, success and
failure,

Improvements (o design were gradually evolved owver the
centuries until products reached a high degree of sophist-
cation, hoth funcrionally and aesthetically, all the time being
designed and manufactured at the hands of a skilled artist,
craftsmen who had developed a sensuows and intellectual
feeling for materials and the use and function of the product,
as well as for its appearance and decoration,

With the coming of the industrial revolution, the craftsman
manufacturer was displaced from his once essential role as
maker, and the articles which had been lovingly made by him
were ftom then oo to be produced by the new machinery of
industry.

With this demise of the manufacturing craftsman, the *artistic’
element in products went too; but almost immediately there
wis an urgent call by minorities lor an ‘injection of art into
industry’, and it was this appeal that sowed the sceds of the
industrial design profession inthe early 18th century.

It was from this timc that discussions about the function and
raison d'8tre of the industrial designer, though wet not so
named, began. The debate has been coloured by varying
interpretations of the word art or those aspects of “art’ which
relate to the industrial manufacture of products, be they
concernad with appearance, decoration, form, colour or a
newer consideration embracing both situational and aesthetic
matters.

Industrial design has become concerned with the right,
acceptable or best solution to a design problem in a particular
place al a particular time in history. Thus the concept of
*situational aesthetics” has ansen where one can talk in terms
of a higher level of aesthetic achievement being reached by
those products that gaim the greatest acceptance by the total
community, divided though it may be by time and geography.

But whilst all the philosophising about the nature of industrial
design was going on, designers continued designing, Since the
industrial revolution they have become progressively involved
with more technologically complex products. Whereas in the
carly days they were, as individuals, concerned with the shape
and decoration ol such products as lextiles, pottery and
furniture, they now frequently work together in teams of other
specialists, among them mechanical and electrical engineers.
Unfortunately, in certain quarters, designers have had ta live
down the doubtful reputation built up by some artist/sculptors
during the second and third decades of this century. These
*artists” had attempied to finject art into industry”, which was
what they then thought Lo be the missing ingredient in indus-
trial design.

Many of these pioneering designers, ignorant of the properties
of new materials, and of manufacturing and forming tech-
nigues, designed visually exciting, and certainly controversial,
shapes which stretched the skills of production engineers to

the limits. The ghosts of these designers, or their early contri-
butions, still haunt the industrial scene today,

It was not until the late 1940s that industrial design courses
were set up for students to be trained for the light engineering
industries. These courses over the last 30 years, based prin-
eipally on learning by doing which had been the philosophy of
art and design colleges since the turn of the century, have been
successful. Furthermore, the way has been made more easy
for the new graduates (o find employment by the absence of
engineers trained in design,

Engineering courses since the war, perhaps in an attempt to
become more academically respectable, drifted from design as
an objective and concentrated on the acguisition of techno-
logical knowledge and the pursuit of pure research., New
engincering graduates were left at the end of thelr courses to
develop their design expertise as they progressed m industry.

With the immediately daily pressures of work, engineers
frequently had to remain content with merely producing
design sofutions that worked. They rarely had the time,
initigtive or incentive to attack design problems at their roots,
let alome to approach the design of a product as a togal
congept,

Nowadays, industrial designers, by their peculian training, are
taught to guestion their brict {even if only inwardly), to
examine the market, to consider the interface between the
product and the user, and to ask if the product is a nice thing
to have, il'il 1s easy Lo use, does il look good, and 1s it right to
have the product anyway 7

The situation has now arisen where better-trained industrial
designers can exist happily in teams complementing the work
of engineers, the engineer’s principle concern being Lo cnsure
that the product will function and do the job for which it was
designed, The indusirial designer, on the other hand, cannot
rest until the relationship between the prodoct and the user
has been fully considered, therehy ensuring an acceptahle
product not only in terms of appearance bui also ease of use,
The latter concern can be seen 1n many present-day consumer
products, in table ware, furniture and domeslic appliances,
and nct least in probably the most familiar product peculiar to
the 20th century, the telephone handset.
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Art in Industrial Design

"
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I'he design of the telephone clearly has a variery of solutions,
each with its own impertant visual, lactle and ergonomic
expression, and represents a clear example of the product/user
interface. When the technologist has translated the rescarch
of the scientists into a practical application, there remains the
physical manifestation of the product which has to be con-
ceived, designed and manufactured, as well as be used and
seen by countless millions of people each day.

Were the telephone a new social phenomenon, the modern
industrial designer might have questioned or commented on
its desirability . . . he might have consulted a sociclogist,
Perhaps he would have commented on the quality of sound or
referred Looan electronies or acoustics expert [or advice. The
tactile, visual and ergonomic aspects most closely relate to his
unique preserve, and he would hold these considerations close
tohis heart, I he had decided or been advised on the plastic to
use for its constructions, he would be aware that ccrtain
plastics have undesirable smells and that their specification
should be avoided,

Whether or not his design solution can be reproduced easily in
mass production, he would resolve with a plastics techno-
logist and production engineer, and its sales appeal would be
discussed with the marketing people. The trug industrial
designer has matured out of his earlier simple role as ‘artist
visualiser’, and his work now impinges on and pengtrates the
contribution of many other speciglists and because of this he
co-operates closely with them thus developing a working
knowledge of their disciplines.

He comes into his own when he consulls and coordinates the
requirements of the relevant professions. with ther often
confiicting requircment, and conceives a solution, drawing
sketches and making models and protolypes, at the same time
writing specifications to ensure that the product can be repro-
duced economically and repetitively by the mass production
techniques of industry.

The interface berween the product and the user is often not
immediately obvious. For example, if one considers much of
the switching and transmission eguipment used in the tele-
communications network, one would be tempted at first glance
to think these meces of apparatus are made, boxed in and lelt
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to functron on their own — that there 1s ne human interface,
Further thought, howewver, reveals that the human interface
remaing, be it occasional or periedic, and it is, inthis complex
equipment, vital.

Cheick assembly, aceess for inspectien, lesting and repair are
important where loss of use represents significant loss of
money. [ lhe eguipment has not been designed to facilitate
these activities the industrial design input s lacking, both fram
the social point of view [ease of usc/lrustration) and the
functional point of view (speed ol wsefloss of meney), It is
herg that the industrial designer can make an important
contribution torationalising methods of assembly and layout
of components lor access v inspection, testing and repair,

Bur he can and does contribule more (o the appearance of
these products. A suite of controls of & compuler installation
should show an attractive Tunctional selution to the problems
invalved with the presentation of coemplex information fram
the maching to the operator, and, at a less techmcal level,
small mstruments can provide a refined and delightful Tace to
those whao have to live and work with them,

[he increasing awdrcness of the surroundings by the com-
murity, and mans’ current questioning of the fundamental
principles which determine the shape of his environment,
highlight the importance of the contribution of the industrial
and engineering designer, The industrial designers” work is
hecoming no longer considered as a luxury For the clite, but as
a necessity for a good economy and the creation of an habit-
able environment., His peculiar training encourages him 1o
approach design problems with an unuseally cpen and sensi-
tive mind, which has variously been referred tooas lateral or
divergent.

His present and future concern s to look at design prablems
not merely in the light of satisfving a briel put to him by his
clicnt, but Lo put his briel, as all professionals should, into a
global context, where the ceonemic solution to a problem is
recopnised as only part of the answer. 5

Benedict Avstew i mgiaier, prafessiongl serrives w il e Desurn Candicil,
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Tpage 130 As products become increasingly complex, the industrial
designer works more closely with the techoalogists involved. In this
wisual dispiay unir, the designer has worked with computer and
electromics engineers in exploiting fully the advantages of an electronic
readout 1o provide an ergonomic soiotion to the presentation of
infarmationand a lso an arzactive -.l.:_lrking Snvironment.

1 Good design, as weil as fulfilling the functional requiremcnis af a
product, must imcorporate the reguicements ef the user, Should the
cauipment be operated in a sithing position, as with a teleprinier, the
equipment nocds to he positioned on a work surface at a height related 10
the heighl of the operator™s scat, thus ensuring that the Bands of the
opars toe coinchde with the manual keyboard az the right height and ina
canforiable position

2 A new design of repertory diatler olfers a high degree of gesthetic
achievenicrt, a5 well az technical performance and ease of manufacturne,
eovipsred to the previows gencration of similar product whickh was a
combination al crelt and seulpture, and modern materials

A Whereindividual producrs are giad in syslems, both Lhe svspem and
product designs have 1o te considered, The TTT 6004 0% nessage
switching system, whivh received a Diesign Council award in 1977, jsan
exainple ol a syster incorparating ¢lements of computer and
telecormmunications technology,

4 Theconcern Toe the bumiin interface is not 2lways evident in comples
equipnenl. However, gssomhly, installation, testing. fawlt finding and
mainienance are aspects of the buman interface thas fgure promanently
in Lhe design ol ielecommunicatisns lransnission egquipmeni

5 In the past, this appearance of specialist clestronic equipiment has olten
aeen neglected. Modern instruments, typified by this laboratory power
sunnly, are easy and pleasing o operate and present an aliractive face
which can help e mcrcase Lheir sales appeal,

i Theweord ‘modudar is often sssociated with attermpts by indusieial
dezigners 1o rationalise the development of products dn the comtext of the
design challenge posed by a modern clectronic telephione exchange
syslerms, Lhe modular selution prevides clear technical and manufaciurine
prfvantages as wellas facilitating the human interface with the various
campanent parts of the system.




Teleecommunications
for the Winter Olympies




Innsbruck, heart of Auvstria’s Tyrol region, and scene of the
XN Winter Olympic Games, The Winter Olympics are a
spectacle few are tortunate to attend, bul which millions can
enjoy through the facilities provided by modern telecom-
munications technology.

Te cater for the needs of Lelevision and radio broadeasters and
newspaper journalists from all over the world, extensive
television, lelephony and telex communications facilities are
required. Only & small proportion of these crcuits could be
provided From the existing public telccommunications network
and [rom the remainder of the circuits installed specially for
the Winter Olympics last held in Innsbruck 12 years ago, most
of which have now been taken into the public network of the
Austrian telephone admimistration (Osterreichische Post- und
Telegraphenverwaltung - OPT),

In addition to the demand to special circuits, the public
telecommunications network serving both national and
mternational routes has bad to be substantially extended 1o
serve the 100000 plus visitors to Innsbruck and the whole
[vrol region, Extensions of the public network in the Tyrol
which had been planned for 1976 and 1977 were therefore
brought forward, in addition to further new installations of
switching and transmission cquipment for the duration of the
Crames,

In the course of extensions (o automatic telephone exchanges
in the Tyrol arca, some 30000 exchange connections
were installed, which will provide the basis for the installation
of a carresponding number of new subscriber lines during the
nexl few years, In the field of telex swilching, equipment for
1&D additional connections was installed in the Innsbruck telex
exchange, while 312 carrier telegraphy channels were installed
to link outlving districts with the teleprinter network,

A new long-distance & GHz wideband radio link syvstem
providing three plus one television and 1800 relephone
channels was also built 1o link Tnnsbruck with Pander and
Feldkirch in the far west of the country, This route uses relay
stations located at easily accessible points in the moantains,
soe that, besides doubling the capacity of the existing facilities
of another altertative route, the new systems are casier Lo
maintain and give a higher security of scryvice.

Tir realise such a large project — six repeater sections with an
overall ling lengrh of almost 600 ki —in a short space of time,
most of the new relay stations were housed in containers
rather than in fixed buildings, These containers were partly
equipped hefore being transported 1o their sites in the
mountains by helicopters provided by the Awstrian Army,
some of the telay station sites being between 2000 m and
3000 m ahove sea level.
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In a similar way the antenna platforms were also transported
by helicopter and installed right over the containers already
in sitw. Using this method, it was possible o install a com-
pletely new radio link system in difficult circumstances in
utkder a year.

On the international link berween Innsbruck and Munich, the
existing radio link systems were extended for the duration of
the games by two lelevision channels, In Innshruck itsell a
new radio link system with cight television channels was
petablished between the transmission centre of the OPT and
the (Mympic Games broadcast centre. Television cameras
serving the different sports arcas were provided with their own
mohile radio link syatems to conneel with Lhe broadeast centre,
these mobile systems feeding television =signals into the long-
distance transmission systems of the OPT via video switching
equipment specially installed for the Olympic Games,

To improve the telecommunications facilities in the areas
immediately o the west ol Innsbruck where a lotl of sports
events took place, two new 4 MHz ceaxial line swstems cach
with 960 channel capaciry were installed. After the Qlympic
Games, one of these sydems will be extended 1o the western
border of Auslria through the new Arlberg road tunnel, and
will then he zquipped with a 12 MHz system for public
telephony,

The eoaxial line systems cach handled 16 primary groups for
the purposes of the Games, while for the increase in the
oummber of public circuits a similar number of groups was
needed, In the Lizum area where most of the ski races took
place, these groups were cxtended by [12-channel systems
operating over symmetrical cable pairs. A number ol other
coaxial systems providing 120, 300and 600 telephone circuits
were also installed inthe Tyrol area,

Besides frequency division multiplex telephony and television
systems, a number of symmetric pair hinks with up Lo S0
pairs per cable were necessary to connect the different centres.

18

These included smaller cables belween the various press
centres and the connecting stations near Lthe different sporis
arcas (Lhe ice stadium, skijumping area, bob route, ski route
etc.) and also the commentary points along the ski and bob
raules themselves,

Tao facilitate the work of the world’s press corps attending the
Games, the OPT installed 206 telephone booths and 85
teleprinters, with 42 tape machines and 70 radiophoto
connections. For the special Olympics services in the
Innsbrick area, 599 OFT cmplovees were seconded for the
duration of the Games including technicians and exchange
opcrators, Those employed as telephone or Lelex operators
underwent a specially-desipned 6 week English language
colrse ysing the most up-to-datc methods of instruction and
cmploying teaching machines,

Through its transmission division, STC has supplied equip-
ment Lo the OF1 i connection with the Winter Olympics.
Substantial guantties of multiplex equipment were ordered
for the expansion of the communication facilitics in the
Innshruck area, and the company has olso supplied all of the
12 MHz coaxial line systems which constitute the OPT's
backbone trunk netwaork, 5

Plyrereraygalis corrtesy ol Awsteian Nasiomal Toweise Offee QP T el Frant:
Woilfean [ Rex Feafies




The Post Office twice increased telephone call charges during
1975, Several organisations reacted on the sccond occasion by,
among other things, restricting outside calls during the
marning peak period. The result was that mornings became
frustrating and alternoons chaotic, so that [ar from being an
essential Instrument of business, the telephone suddenly
became looked upon asa sieve leaking money,

After this initial reaction more managements took a closer
look at the problem, and have shown an interest in ong solu-
tion that helps cut costs and ncrease efficiency, This is Lhe
creation of their own private communications network. 1t
invalves taking a leaf out of the Post Office’s book, and what
an organisation does is to emulate the public subscriber trunk
dialling {s.1.d.) system in Lerms of its own needs.

For example, Unilever, which opened Britain's largest privace
network during the very month that telephone charges went
ep, has desk-lo-desk communication for over 30000 cxlen-
sions in 177 locarions, These locations are linked by lines
leased from the Post Office, This s a unified svstem in thar a
user, wherever he is within the orgamsation, dials the same
digit to gel access Lo the network and then the address code
for a particular location followed by the extension he reguires.

All this is under the control of the erganisation’s own aulo-
matic switching centres. There is a commaon dialling code
book, as for the public network, This is a planned and en-
ginecred syslem, and must not be conlused with a spiderwork
of interconnected lines that has grown haphazardly over the
vears, In that kind of pssudonetwork one has to check, when
visiting another location. what the dialling routine s for getting
back to one’s own office.

A planned and engineered network is not just the prerogative
of a large organisation like Unilever, It can be adopted where
there are only three locations, Whether 1L 15 economic
depends initially upon the pattern of the lelephone traffic and
how many calls are made af each location, This has to be
established by a traffic study over a period of at least a week
a l-dav period is not sefficicnt to cstablish a pallern — Lo assess
the numhber of calls, their individoal duration and total distn-
bution over the working day. Important figures to establish
are the greatest volume of traffic and the time at which it
DOEUCS,

T get an accurate picture, employees necd to be asked (o log
their calls Lo other locations for the complete study period, or
the Post Office will undertake this investigation on a coms-
pany's behalf. The traffic logged can then be costed for the
public network and a comparison made with a possible privile
network that will cope with an average voluome of busy hour
calls, taking into account the cost of installing one’s own
swilching centres, the leasing of lines from the Post Office,
traffic growlh and any other significant factors,

Mearly abways a loading factor has o be agreed 1o allow for
contingencies and the extra traflic thar will be generated
simply because 2 guick and efficient system is 1o hand, Analysis
for a large installation has to ke done on a computer, and the
planming and design of an appropriate system could take as
much as 2 vears.
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‘Traffic patterns obviously vary according to the structure of
organisation, the nature of their business, whether one division
has a community of interest with another, and so on’, points
out Owen Case, communications manager of GEMN, "MNet-
waorks are individual. each mecting & dilferent sct of specilic
needs'. For this reasen they are often described as *dedicated’.

Nobody has yet created the self-contained bureavcracy
postulated by Professor Parkmson m owhich the staff pass
messages entirely (o one another and have no contact with ihe
outside world. Certainly the cost of making calls to the outside
waorld has increased so much and so often that more manage-
ments are looking to privals nelworks 45 a possible economy,

Wideband circuits, the main telecommunications *highways',
can be leased from the Post Office al a negotiated rate, A major
cost item can thus be calculated. Onee operaling, a system
can be used for 24 hours a day, 7 days a week for no further
circuit charge,




(v fofr ) A close view of & crossbar multiswitch

Feehorve fefi and contre Lot ) A tandem exchanee system established by 1T1
Business Systerms at ils Foots Cray site i solve interswitching problems
between step-hy-step and crassbar exchanges

(o fofi ¢ Part of & rander switching centre

fobove } Pentomat private autontalic branch exchanege consoles situated
in & modern ofice enviranmaent

fabove righe ) A sandem switching centre showing the alasn signals,
(rigie) A bay of switching racks for a Pentomat LT exchange.

Execulives do not have to reorganise their day 1o avoid
making morning telephone calls, making life more convenient
and business more efficient. Nor in the cvenings do they have
to curse because the switchboard operator has gone home.
The desk-ta-desk communication is still there,

Indeed, by reducing dependence upon the public network an
organisation may well be able 1o economise on its number of
outside lines and on operdators. A good internal network also
makes it easier Lo bar certain extensions from access to the
public nelwork.

Switching centres do not necessarily have to be sited in high-
cost city areas. British Stzel’s manager. speech and trans-
misston, Fred Harrs, has been working closely with ITT
Business Systems on the planning and engineering of a net-
work that will have six centres: one in s London head-
quarters, the largest one near Botherham, one on Teesside,
another at Bavenscraig in Scotland, and two in South Wales,
Metal Box has its centres at Acton in West London, Worcester
and Westhoughton near Bolton., ‘This last was the most
economic of six possible sites in the area’, says Jim Davey,
Melal Box communications manager.

Dialling on a private network involves fewer digits for a better
service. For example, from a London office a public call 1o
Liverpool invalves dialling |1 digits which wsually only gets
you to the distant operator who will have to connect you to
your ¢xtension, Compare Lhis with Unilever's private system;
using 8 maximum of seven digits yvou can dial from London Lo
Part Sunlight and be talking to the exlension you need.

Conneclions are faster on & private network because you are
not competing with other public subscribers for a line. *Our

direct dialling system gives us immediale connection 1o any.

ofe of some 4500 extensions’, quotes Jim Davey. “These are
spread over 54 locations”. A call is also routed through fewer
cxchanges on higher guality lines so the speech is clearer, [F
crosshar switching is used, as in the Unilever system, then the
speed ol connection between centres is increased,

All these advantages have becorne more apparent within the
last year, as communicalions costs have risen, Higher telex
charges have made managements more conscious of the value
of operating their own message switching systems, For some
time there has been an increasmg pressure exerted by data
processing managers concerned with the transmission of data
from terminals to computers and from one computer lo
another. Many people have had the network notion.

This has highlighted the role of the communications manager,
who, it is increasingly being reabsed, has & much more import-
ant function that just advising on individual pieces of equip-
ment. His job is becoming more and more divorced from
office management. He has to look at the provision of inte-
grated systems, be they for volee or data, or more ambatrously
for both,

Far-sighted managements are looking at networks including
facsimile transmission: at the use of Telenote, a ‘moving
facsimile’ that reproduces sketches and noles as they are
being drawn at the other end of the line; at message switching
systems using modern teleprinters that are as compact and
quicl as clectric typewriters: at visual telecommunications
conference facilities to save groups of people travelling: at
the possibility of correspondence being composed at one
location and typed in another, with the communications
network deing the postman’s job.

Mor is the application of thess ideas limited by national
boundaries. Multinational crganisations will more and mare
develop multinational communications. As major users they
will expect telecommunications 1o provide the facililies so
necessary for the efficient conduct of international businecss.

Those who were early Lo put the network notion into practice
were able to see the cost advantages only too clearly. In such
circumstances the advantages must be very well defined,
Lnstalling a network undoubtedly increases the cfficiency of an
organisation, and properly designed it will bring great
economie benefits, .
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14.05
Nobady injured.

14.06

14.08

14.09 Fire control
hazard.

14.11

15.04}

A fictitious, but typical. incident of the type dealt with daily
by Dorser police in the eastern division control room at
Bournemaouth, 1t could equally have heen a serious crime or 3
major civil disaster. Or a distraught mother who had losl her
child. But in all cases, two common factors would prevail, The
need to knew, almost instantaneously, an gccurate lecation
and duty comnutment of bath foor and mobile police patrols,
and the means of deploving the nearest unit to deal with the
problem quickly and effectively.

Thus communications and control are the essence of madern
police work. To preserve the integrity of its command system,
the Dorser police have recently installed what is believed o
be the world's first operational fibre optic link (as cpposed Lo
cxperimental protolypes). This s used to connect wisual
dizplay units in the control room with the computer in another
part of the building which contains details of the disposition
of Lhe varicus police patrols,
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Car involved in accident outside the New
Street Garage. Petrol spilt on the road,

PCs 700 and 30| trallic east atiending.
Trafie supervision attending,

informed of possible f[ire

Local authority requested to sand road.

Car removed, Road now clear.

The police communication system is based on hoth v.n £ and
u.h.f. networks, the former being used by mobile patrols and
the latter for the personal radios of panda and Footl patrols, So
Lhat the duty and location of any mohile pairol is known in the
contral roomat any given moment, semi-automatic car locators
are finecd into all vehicles, These use a coded tone generator, set
by the vehicle crew, to transnit information to the contral
room, where it s automatically recorded on punched tape
and committed to the computer memory.

Similar information Tar the foot patrols is sent by specch, the
details then being encoded and entered inta the memary via a
kevboard. However, the Dorset palice are gxperimenting with
methods of sending coded data via vw.h.ll pocket radios in the
same way as with the car locator system. It is probable that in
the luture all police patrols will send routine information
about their duty and location. whether by v.hof, ar u.hf, by
these means, leaving the communications channels clear Tor
urgent operational messapes m plain language.




With valid data about the disposition of patrols available,
which is automatically updated when a vehicle crew resets ifs
localor system or a foot patrol reports & new duty, the police
radio controllers can readily alert the nearest patrols and
reassign resources to meet any emergency situation, This
information i1s oblained from the computer by a visual display
unil locialed on the contrellers” desk. By keying-in an arca
code, a list of nearby patrols and their status is presented n
alphanomeric form on the v.da sereen, and the positions
are also presented on a wall map (o provide s complete
geographic picture.

[t 15 this link between the computer and the centrol room
which 1s vital 1o the continuing efficiency of police operations.
In 1974 the link was pul out of operation by a lightning strike,
which caused severe damage to the compuler installation and
disrupted communications for several hours. The loss of real
tme data for eperational contral and management informa-
tion purposes lasied for several months, and it was to prevent
such a recurrence that a fibre optic link was installed.

Since the concept of optical communications was first put
forward ten years ago by Standard Telecommunication
Laboratorics al Harlow, rescarch and development activities
have highlighted a number of advantages for fAbre optic
systerns, The ise of optical means for the fransmission of
information provides a high bandwidth. a high degree of
security, no cross talk between adjacent channels. [Tecdom
from electromagnetic or radio frequency interference. and,
as m this application, immunily © damage from electro-
magnetic surges such as are produced by a lightning strike.

The systermn employed by the Dorset police was designed and
islalled by lhe Leeds-based optical equipment division of
ITT Components Group Europe, in association with the
Home Ovfice Police Scientific Development Branch. Based on
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optical fibre cable and {erminal technology developed by
STL and ITT Components Group, the system wses pulse
position modulation techniques for the transmission of an
analogue video signal to the visual display units.

The system consists of two terminals and a length of optical
fibre cable, with optical connections being made by means of
modified ITT Cannon circular multiway connectors. The
cable itself consists of three plastie-coated low-loss operational
optiacal fibres, topether with five stand-by fibres which help to
preserve cable geometry and a centrul plastic stremgth
member, the latler cnsunng Lhat unduoc stress (5 not cxperi-
enced by the aptical fibres. The whaole is encapsulated in an
extruded palyethylene sheath. ]

faboe) S
The cantrol room of Darset Police’s eastern division at Bournemouth,
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SEHGE Ak
SULTERS OF SELAISN

= e L

by John Wilson

The border is barely marked as you cross from Northumber-
land throwgh the Cheviot Hills inte Scotland. Change, ar
first, is barely perceptible but vou suddenly realise that this
is it — the Scottish Borderlands of Roxburgh, Sclkirkshire and
Berwickshire.

A landscape of rolling hills well stocked with Black-face,
Highland and Cheviat sheep, and Galloway and other hardy
breeds of cattle, In the valleys, the fasl-runming salmon and
trout streams of the Teviot, Yarrow and Jed flowing into the
River Tweed. Frapments of forts and ruined, but still noble,
abhevs are a reminder of centiries of border skirmishes,

Above afl, this 1s the country of Sir Walter Scott who immor-
talised it through his poems and novels, and once n the arca
it is hard Lo escape from him. After the enormous 200 ft-high
Gothic memorial at Edinburgh, the city of his birch, his most
enduring monument is Abhotsford House, near Melrose,
which he built and furnished over a period of 12 years and at
which he died in September 1832, Like many prolific authors,
Scott was also profligate and needed an enormous output o
keep abreast of accumulating debts, not least those arising
[rom Abbotsford House.

Walk through the town of Selkirk and you'll find a statue of
Sir Walter Scotl, who was Sheriff there from 1799 to 1832,
Although small, with a population of only some 8000 souls,
Selkirk is the county town of Selkirkshire, with a Royal
Burgh Charter granted by David T in the 12th century and
renewed by James Vin [535.

The ancient craft of the citizens was shoemaking and in the
dialect of that day those employed as shoemakers or cobblers
were known as souters’, a term which stll lives on, Selkirk’s
soulers were eventually to abandon shoemaking in favour of
the woollen trade, which 15 the most ancient of Briiain's
staple industrics and of great importance since medicval
times, Scatland has a long history as a manufacturing area for
specialised  high-guality woollen cloth, and the Border
counties especially for the style and quality of cloth known as
tweed.

Gialashiels, Hawick, Selkirk and Peebles are the hesi-known
Lweed and knitwear towns, and are stll very active in wool,
But the advenl of man-madc fibres and the ready availability
af cheaply imporred gonds from low-cost labounr areas through-
aut the world has necessartly reflected on the prosperity of the
traditional focal industry. MNew mdustries needed Lo be
introduced, and today we find that some of the descendants of
the ancient souters of Selkirk are invelved in space-ape
technology.

Omne of the most moedern factories in Selkirk s owned by
Exacta Circuits Limited, founded in 1962 by two men and
now one of the top three manufacturers of printed circuits in

Fhatographs coweresy of Bririd Toarist Anthavicy, Hawker Siddeiey and

Exaeta Civetits Limiten




the United Kingdom, During its early years Exacta occupied,

appropriately encugh, a lormer textile mill in nearby
Galashiels, but rapid expansion of business dictated a mowve,
Land was acquired at Selkirk and the present main plant
and offices. completed in 1971, were the first in Britain to he
designed specifically for the large-scale manufacture of
printed circuit boards. With the opening of the new factory,
Lthe old premises at Galashiels were retained as a store and as
a manufacturing facility for short=run and specialised circuits,

Printed circuit boards have cevolutionised the construction
meihods, the performance and reliability, and the cost of
clectronic equipment, The technology is comparatively new,
the first printed wiring being achieved in pioneering form in
1941 and the first patents being filed in 1943 In the post-war
vears the techniques have advanced rapidly and present-day
achievements in data processing, asrospace, telecommuni-
cations, industrial electronics and home entertainment all
depend on the printed cireuil as a lundamental building block.
Printed circuit board design and production is a muoli-
disciplinary activity employing the skills of the chemist, the
metallurgist, the electronics engineer, the printer and the
mechanical engineer,

Ag with most products for the electronics industry, the total
market may be divided into the consumer and professional
sectors, the former markel being dominated by cost and
volume of production and the professional market with
guality and reliability as the predominant factors. The policy
of Exacta, since its earliest days, bas been o serve the
professional market, and now its customers include almost
every major manufacturer of professional electronic equip-
ment in the United Kingdom, as well as large international
corporations and hundreds of medivm and small manu-
facturers.

The basic technigue in p.c.b. manulacture s Lo take an
insulating board coated with copper foil and to print the
layoul of the required “tracks' (wiring) with acid resistant ink,
Surplus metal may then he etched away leaving the wiring
‘printed’ on the board. The simplest of these boards have
wiring onone side only, but double sided hoards are also made
by this process,

Where more complex circuitry is involved, boards can also be
manufactured with tracks on both sides, interconnected by
copper deposited in drilled holes, These boards can use
soldered through, through pinned or p.t.h. (plated through
hole} techniques. In the latter case they are gencrally made
from a copper-clad epoxy plass laminate by first drilling and
chemically metallising the required hole pattern and then
electroplating 0.025 mm of copper on the hole walls and track
pattern, The track pattern is defined by a plating mask applied

either by screen printiog or, in the case of highly complex
patterns, by a photomechanical mask, Finally, the tracks are
over-plated usually with tin/lead (solder), the mask removed
and the unwanted copper between the tracks etched away,
Plated through hole techniques enable up to 130 integrated
circuits 1o be mounted on one hoard with often maore than
4000 holes and as many tracks interconnecting them. Exacta
Circuits has specialised in the production of these types of
p.c.b.s since 1966,

Further technical developments resulted in the multifayer
board, in which several layers are honded together under heat
and pressure with the result that copper tracks are at various
levels throughout the interior. MNaturally, such boards can
carry oven more tracks than a double-sided p.c.b.

For applications where space is at a real premium Exacta
Circuits has developed special manufacluring techoigues,
An example is the Harrier jump-jet where, in conjunction with
the customer, Ferranti, multilayer circoits with inner layers
constructed in Kapton were developed, enabling flexible
tails to extend directly from inside the board to contact points
on various parts of the airborne equipment,

Printed circuit board manulaclure s a capital intensive
industry with high levels of automation in the production
processes and great sophistication in equipment and methods
of inspection and guality control. As well as numerically-
controlled multispindle dnlis and lully-automated electro-
plating lines, computer-controlled production and quotation
systems are used for speed and efficiency. The Exactaplan
syastem has also been developed, mn which use 15 made of a
standard grid system for customers who need experimental
prototypes and small production guantities with quick
delivery at modest cost,

A new production line has recently been established at the old
premises in Galashiels and this will be used exclusively for
volume production of high-quality printed ecirenits for the
new generation of TXE4 electronic telephone exchanges
which, were developed by STC in conjunction with the
British Post Office. The production contract is such that
Exacta will this year become one of Britain's biggest
industrial users of gold for plating the connector *fingers’ on
the plug-in edge of cuch board,

The burghers of Selkirk have a proud history and live on,
adapting their skills 1o modern needs. Bur Sir Walter Scott,
novelist and poet, could never have imagined in his days as
Sheriff that the 19705 would see the souters operatimg along
the new borders of space-age technology.

Jokr Wilson Js a weiter and fowrmalint specialiving in the telecommun-
feations and electronics fmdusirics.
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Mew Hydrospace Division formed

TOPS Goes Nationwide

A prowing area of activity where 8TC's traditional expertise
in communications is facing new and exciting challenges is in
hydrospace. With over 120 years experience of the develop-
ment, manufacture and supply of undersea cables, systems
and equipmeni, 8TC and ils predecessor companies have
acguired an extensive knowledge and expertise of the
problems to be overcome in a harsh underwater environment,

The continuing growlh and success of the company’s activities
in this demanding field has now led to the formation of a new
hydrospace division. This brings together the hydrospace
activities formerly carried on in the company’s telephone
cable and submarine systems divisions,

Hydrospace activities within STC include the design and
manufacture of special-purpose  electrical and  electro-
mechanical cables, shipboard cable and mechanical handling
systems, and cable glands and terminations, A complete
matrine system capability is available, ranging from initial
survey, through design, manufacture and installation, to
final commissioning,

The company is an international leader in underwater
electromechanical cable technology, These cables combine
electrical circuitry with mechanical load-bearing capacity and
arz employed in both static and dynamic modes, Some types
incorporate pnenmatic and/or hvdraulic services. They must
withstand the vibrational lorces and shock loads associated
with towing underwater hodies in sea states up to gale force
conditions, and operate reliably under all other maringe and
environmental conditions,

Over 500 electromechanical cable types, each specially
designed to meer a specific need, have been produced to date,
Cables [or the remote conlrol of underwater vehicles, lowing
cable for sonmar devices, underwater cables for offshore
driliing applications, and cable for undersea surveillance
systems and Hle-support umbilicals are some of the many
types already developed. Lightweight optical cable is also
being tested for use in some of these applications,

Complete shiphoard handling systems for submarine cables,
diving chambers, towed systems and other underwater
equipment are engineered, produced and installed, together
with a range of high-quality pressure-tight housings, cable
glands, encapsulated products and cable jointing equipment.
& pluog and socket has recently been developed which is
onique in enabling troe underwater connection while
energised.
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The final stage of British Rail’s nationwide computer-based
system which continuously monitors and provides up to the
minute reports on the operations of its 175 million ton a year
freight business was inaugurated in October 1975 by the
minister for transport, Dr. John Gilbert.

A brief ceremony marked both the end of a quiet revolution
on British Rail, during which thousands of its emplovees have
learnt new technical skills, and the beginning of 2 new era of
[reight management where the information for decision
making is now at the finger tips of loeal stall. Now that the
£16 million TOPS system covers the national rail network,
substantial financial benefits are expected to accrue from a
reduction i the wagon fleet, from lower train movement
costs, and from providing a better service to the customer.

Through computers located in London, which are linked o
155 freight centres throughout British Rail's 11 500 route mile
network, TOPS (which stands for Total Operations Proces-
sing System) provides continuously updated information
aboul the location and status of every wagon in the fleet.
Freight managers thus have immediate access to all details
of eyery wagon in or cn route to their areas, vard managers
can et several hours notice of the volume and type of traflic
wilh which they will have 1o deal, and headguarters staff can
maonitor the performance of any part of the network,

At present TOPS is mainly being wsed for processing infor-
mation about wagons, 4 total of around 300 000, including
privately owned and ferry wagons and some 30 000 wsed for
engineering purposes. Bul plans are in hand lor the scope of
its operations to be extended to embrace parcel vans and
locomaetives. With details of all these wagons stored in the
computer’s memory, together with an hour-by-hour record
of their vse in traffic; TOPS will provide a valuable bank of
information for a wide range of planning and operational
needs,

Information lor the operation of the TOPS system is routed
to the communication data control centre in London via
British Rail's own telecommunications network, This is
comprised in the wain of & nationwids web ol coasial calles,
capable of carrying up to 960 high-quality telephone or data
circuits.

Through its telephone cable and transmission: divisions, STC
has suppliecd much of the equipment for this network,
including ceoaxial cable, coaxial line systems and frequency
division multiplex equipment, as parl ol the development of
British Rail’s national telecommunications plan.




With the completion of installation and commissioning work
at the British Post Office’s Skyport telephone exchange near
Heathrow in November 1973, the first complete 30-channel
pulse gode modulation systems 1o be ready for ficld trial
operation in Britain were handed over to the Post Office by
STC s transmission division.

Operating over a 27 km route [rom the Faraday exchange in
central London, the field trial systems were developed by
STC under a contract awarded in 1974, and 124 dependent
regenerative repeaters and 12 terminals were supplied for
operation over existing audio-pair cables,

The ¥-channel poom, systems provide up to 30 lelephone
circuits over two pairs of audio cables in thejunction network.
Such systems have a transmission rate of 2,048 Mbii/s and
form the first level in the Post Office’s planned digital com-
munications network,

Following the invention of the concept of pulse code modula-
tion by the late Alec Reeves of Standard Telecommunication
Laboratorics in 1938, i1 was not until the development of
modern semiconductor technology that economic systems
could be produced,

STC pioncecred this work with experimental systems in the
early 1950s, followed by the first working 24-channel p.c.m,
system in 1936, Subsequently over 1700 such systems have
heen supplicd to telecommurications administrations through-
out the world, The latest 30-channel svstems mark the latest
step forward in the development of digital transmission,

The Largest Ever Export Order...

A single export order worth £40 million for an undersea
telephone transmission system hetween Europe and South
America has been won by 3TC's submarine systems division,
This is the company’s largest-ever single export order and is
for & 3240 nautical mile long link capable of carrying 1840
simultaneons telephone conversations between the Canary
lslands and Venezucla, the contract being placed jointly by
the telecommunications administrations of Spain and
Yeneruela.

Named Columbus, the svstem will be Venezuela's first direct
cable link with Europe and will supplement its existing satellite
communication links. STC will manufacture and install the
entire system, which will be ready for service before the end of
September 1977,

The cable runs from Maiquetia, near Caracas in Venezuela,
to Aguwimes on Gran Canaria. Connection between the
Canary lslands and the Spanish mainland, and thus to
Europe and bevond, is over the existing Pencan [ and 2
undersea telephone systems. Totalling 2000 circwits, these
systems were also supplied by STC.

Columbus will be the third such major 8TC projecl involving
a Latin American country, Undersea telephone systems
previously supplicd by the company are in operation between
Brazil and the Canary Islands and between Vencezuela and the
Virgin Islands.

... Order for World's Largest Capacity System

The company’s submarine systems division has also been
awarded 2 £25 million contract for a high-capacity undersea
telecommunications link with Spain, the order being awarded
by the Compania Telefonica Naciona!l de Espana. The system,
Lo be called Pencan-3, will run for 730 nautical miles between
Chipiona on the Spanish maimnland and San Cristobal in the
Canary Lslands,

The systern has a bandwidth of 45 MHz and will have a
capacity of 3520 circuits an this route, It is the [argest-capacily
submaring communication svstem available anywhere in the
world, and when ready for service by the end of 1977, it will
be the fourth and longest of its type to be installed.
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