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It is a curious contradiction that many senior engineers voice their opinion that a knowledge of
engineering | hrvmru is essential to hr’gm? a gnnd dﬂvmn engineer, vet very fpw courses in engineering

include a s!udy of h:story in their curricula. The author considers a number of the argumems

which have been pui forward in favour of siudying engineering history and, generally, finds them
less than persuasive. He puts forward his own idea that an awareness of history is inextricably
linked with the notion of precedent and the ability to evaluate the quality or suitability of previous
solutions to engineering design problems. Thus, it is argued, while a knowledge of engineering
ht'story cannot be claimed to be necessary for all engineers, those who wish to be excellent

Al nan fras s $4 s sl nle esnn

3. 27
LEMETIETS tgnure i dai ireir Perii.

INTRODUCTION
IN A VERY real sense we are all historians and are
molz ing 1mea nf hictaru all tha tima_ ~e A
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experience and memory are as essential to our
everyday lives as they are to our engineering
activities. An awareness of more experience and of

more mpmnry—thnt of our contemnoraries and
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especially, of our predecessors—must surely,
therefore be of great benefit to us, both as persons

and as engineers, if we can only use it. This alone,
however, seems not to be an argument of c:ufﬁr-wnt

strength to ensure a place for the study of history in
engineering courses.

Engineering design is an art not a science: it is a
skill rather than simply the gathering of data and
explaining of natural phenomena. It is an art which
draws heavily upon engineering science, but draws
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conceive and represent artefacts in three dimen-
sions and to imagine the processes of their manu-
facture. In common with other arts, engineering
design carries with it an (often implicit) wealth of
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cultural connections mcludmg safety, legislation,
tcchnology, manual skills and green i issues.

It is thus impossible to understand fully
engineering design without understanding the
culture and soc1ety in which it exists and in which it
developed; and this includes the most technical

acnantg anoinaar agian as wall oo thaca
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associated with image, style and fashion. What
student of painting, architecture, pottery, music,
English literature or sculpture would be satisfied

with the engineerino ctudent’c tunical awaranace nf
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the history in their chosen field of study? Indeed, it
could be argued that to study an‘art is to study its

L
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Nevertheless, the last two centuries have seen the
growth of ever more mathematical and strictly
engineering-scientific education for engineering

Tha siltnral agnante tha nrafaccinn
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and of the engineer’s skills have become more and
more neglected. In addition to any consequent loss
of quality in engineering design itseif, there are

some verv serious incidental conseauences. How
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many pohthlans have studied engineering? How
many engmeermg compames are v1rtually run by
non-iechnical peopie with backgrounds in markei-
ing or acc untm_p'? How many contracts have been
lost because of the inadequate social, linguistic and
rhetorical skills of specialist (even narrow-minded)
engineers? There are many who believe these
situations to be due, in part, to the narrow educa-

tion and formation of engineers.

SOME FALLACIOUS JUSTIFICATIONS FOR

QTT TNUIAA TTITQTNADLY
DI1UUVIINUINIDIURNI

Argument in any field which involves passion
and enthusiasm is accustomed to being tainted with
exaggeration and fallacious logic.
despite a friend’s observation that ‘All the inter-
esting engineers I meet are interested in the history

of engineering; the boring ones are not’, it cannot,
11nfnrh1nnfp!v ]'\.Fl deduced that ch]fl\rlng hictary
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unfortunate deduced that studying history
makes people interesting. A similar fallacy lies
behind the claim that an interest in the present is
stimulated by a study of the past. One of many
examples of this fallacy is to be found in a recent

report on Qualitative Analyms of Structures:

Over two thirds of the graduates had apparently
attended no lectures on the .development of

structural meory This is Clearly an area which
would help to stimulate students’ interest in the

subject. [1]
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Yet another frequent claim is that by studying the
mperience and, inorc GSpECiau'y', the accidents and
mistakes which befell our ancestors, we will be able
to avoid the same errors ourselves. This argument,
too, has no logical basis—it 1s very seldom the case

that nrecent nrohleme and circuimetanecec are enf-
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ficiently similar to those in the past for any induc-
tive argument to be reliable. Sadly, it is also usually
the case that relevant historical precedent is dis-
covered only after a failure. The case of the
Taccoma Narrows bridge, which collapsed in the
throes of wind-induced oscillations, is typical.
After the collapse in 1940, a number of nineteenth-
century wind-induced collapses were ‘discovered’
by the investigation team (engineering historians
already knew ot them, ot course). Even this

Innwladoas hnawsasvar wanld nat hava nravantad
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the Tacoma Narrows collapse, since, to mention
but one of many reasons, wind tunnels were only
just being introduced into the research program-
mes in the aircraft mrlnctrv let alone in the (r*nm-

paratively low-tech) br1dge desrgn industry.

There remain two further popular ]ust1flcatlons
which are givel‘l for Sl‘l.‘luyutg mStory but ‘wru(.u
although worthy, are by no means guaranteed of
success and have no logical force behind them:
bvthe studv nf'arpnf men
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ople spec:ally, can be inspired by role
models, heroe s or idols, but it would be unrealistic
to assume this io be an imporiant effect in the
engineering world, except, perhaps, among the
immediate f family. We have moved on from Samuel
Smiles’ well-known biographies of Victorian

anmineere whish wara firgt and faramang aocanng
CUELICTLS wiiltil wiiC, 1151 dalllu 1UICHIustL, 18550115

on the virtues of ‘self-help’ [2].
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learn humility

Our present age seems to be characterised by a
certain arrogance about our place in history. Since
the mid-nineteenth century progress has come to

ha an and in itcalf and Ana ~nncamianaca 1o +

UL ddl C1Iu 111 1LCll allu vl bUllﬁU\.il-lbll.\.«b 15 th ﬁl 111,
but erroneous, belief that our present achleve—
ments, and by inference, our abilities, are greater
than at any time in the past. Even a cursory glance

T~
1

at the nact will confirm that nowadave we have a
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monopoly of neither extraordinary achievements
nor outstanding abilities. Again however, such an

argument cannot be defended on 1og16a1 gl’OllIlClS

BENEFITS OF KN
A fundamental goal of an engineer must surely

be to act intellicently. and it ig nnl}r pneml"\lp to act
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intelligently today with some understanding of our
past Such an understandtng is also necessary in
order to be abie to uereno one’s choices and actions
and to be able to propose new and untried actio
with confidence.

Perhaps the most obvious benefits of being
aware of the past are to be found simply in knowing
what has happened, in order to copy what has been

seen to work or to avoid what did not work.

s
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Awareness of precedent

Most engmeenng is tacklin ig pr oblems which are
not new. The past contains a wealth of design and
manufacturing solutions which, if used carefully,

can be a fruitful source of ideas.

Knowledge of success and failure
Reports about major disasters can have far-

reacnmg effects on GESIgD pracuce in a whoie

industry (e.g., the Comet air disasters in the 1950s
[3])
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Newton was one of several great men who was
well aware that his contribution to learning was
wholly dependent nn the achievements of many

hafare him Fnoinearce tnan ars in thic nacitinn and
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can only evaluate their own contribution and
importance in the light of past achievements. It is

also lmportam to understand which direction
‘forward’ has been in the past, and is in the prese

Avoid ing rumour and untruth

s ol P . | atesanl

Al UIC IMoOstL lul.l.Ud.ﬂl.CIlld..l Il.lbl.UliLdl lCVﬂl, an
accurate record of historical data is needed. A
knowledge of these can avoid such commonly-held
erroneous beliefs as the idea that Eiffel’s Tower is
il AFf ctaal and +that Whittla invantad +ha 1o+
UULIL VI SlvCl alnd uiatd YYLLILLIG LIV OLILGAUL Ll J\.rl.

engine.

At a very practical level, in some branches of

enoineerine there is also the matter of repair
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maintenance and refurbishment. Rather unusually
amongst the current range of branches of engineer-

L e

ll'lg, lllC struct
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the problems o f ealing with old artefacts, increas-
mgly so with the growth of the ‘heritage 1ndustry.
As earlier generations of engineers die out, so

vyniinoar mannla mict lanarn and iindarctand 'I-“\n ald
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techniques of design and manufacture in order to
be able to repair and maintain them [4, 5, 6]. These
facts alone ought to be sufficient to require struc-

tural enoineers to learn somethino of the construc-
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tion techniques and materials they are likely to
encounter—a point which has a particular urgency
in the present climate in which many clients are
keen (albeit sometimes under pressure from plann-

\AUEIL SOIIICIRES U 1 PLeseulc L1LOI Paallll

ing authonnes) to retain, rehabilitate and reuse old
buildings, if at all possible.

Although this argument would secem to be
obvious, there is plenty of evidence that many old
bu11d1ngs are needlessly demolished, damaged or
aitered insensitively, without regard to their his-

tariral cantavt hacance cliente and architecte can-
OICa: COMICKRL 0CCaUsST CIlChiis aliG alCiiliCls Lall

not find structural engineers who have the
necessary historical understanding Often, of

course, me Clleﬂ[ or me arcmtect Wll.l not reausc
that such understanding is desirable or necessary

and hence will not know the right questions to ask.
Conversely, engineers who lack the necessary

Ph PR | PRI, | P neaseallata A~ o
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job; rather, they will put forward only those

solutions which they feel competent to deal with,
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even if they are damagmg, insensitive or unneces-

sary. ].I Conl;lnumg prOIeSSlonal Gevelopmenl lS to
bhe taken ePnnuelv canlv Certification of Com-

petence in the restoranon of timber, masonry, cast
and wrought iron, steel and reinforced concrete
historical structures should have to be acq‘ducu by
engineers before they are let near a medieval house
or a Victorian mill to restore or adapt it for late

twentieth-century use.

THE NATURE OF PROGRESS IN
ENGINEERING DESIGN

It is sometimes claimed that engineers do not
need to know about history because they must iook

towarde the future in arder tn nrovide the nroorece
WHAIUDS LGC IULUIC AL UTUCT WU PIUVIGC Uil PIUEITSS

which society demands. This is a very short-sighted
attitude. Without a long-term view of what progress
is, and the patterns it follows, it is easy to lose an
overall sense of the context in which enmneenno

takes place, both relative to other activities and
between different branches of engineering. Three
e Al Tamasd v vmaoo at+ lhacs

w1ucly-uclu UUllUlb aoout lJlUElCDD dlC, dalb vUcHL,
misleading, and at worst, simply wrong:

(1) 1t is a common belief that history progresses
streams add to the main ﬂow ‘The conse-
quence of this view is the mistaken belief that
every development in the past was somehow
leading towards our present position, a view
which imposes the idea that our present state
is, by definition, the best and that aii previous

nositione were t0 a greater or legcer extent

positions were, greater or lesser extent
inferior.

(2) Another common belief would have it that
engineering progresses by means of a series of
inventions, While some steps of progress have
indeed been associated erh inventions, the
inventions have usually required enormous
dev'exopmem oy equauy mgenioua peopie in
order to make them viable. Every invention
needs a new design procedure and develop-
ment programme to achieve successful pro-

Aunrtinn althanoh thace ara caldam rannrdad in
GulLuUll aruiUUgn uitst alC SCiGUINI TCCOTGLa in

our history books. On the other hand, there has
grown a certain romanticism surrounding
inventors, and they can become convenieni
heroes!

(3) There is also the view that developments in
scientific theory precede and, indeed, bring
about developments in engineering practice.
This is, in turn, based on the idea that engineer-
ing des:gn is a matter of ‘putting theory into
practice’—an idea which, under examination,

ran ha chaum ta ha mnﬂrriﬂn-‘nnn 71 Dinly by
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studying the separate developments of each of
the three strands of engineering history—
engineering design, technology and engineer-

1n_g gcience—can the relationchin hetwean the

SvaATAILY T VGl LUV LVAGuVLISIU Y Ul vl uiv

three be understood.

These ideas about history and the nature of
design tend to mask important aspects of both

subjects. When studied without these preconcep-
tio ons, engineering progress can be seen to fall
broadly into two types that which results in a
gi‘auuai evolution of a branch of engineering, and
larger fundamental changes—revolutions—which
result in a wholly new way of looking at a problem,
even a redefinition of the problem itself. It is

imnartant ta laarn tn recnonice tha cione whish
lllll}ul LALIL VU IvdAalil W AU\VUEILIDU L 015110 YVilivll

characterise the end of a line of engineering
development and lead to the state of crisis which
precedes a revolution in engineering design [7].
Such annroaches to enoineerino historv and nro-
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gress can also illuminate the nature of the design
process itself. Far too many engmeers nowadays
confuse the ability to calculate, ubu‘lg the equations
and formulae of engineering science, with the skill
of design. This understanding can be particularly
developed by a study of the history of engineering
Aacion mathndc and nraradnrae and thair ralatinn_
\.l!.n)lsll Hivuivud aliu LUVLVUULGO, dLiu UiVl LTelauull

ship to parallel developments in engineering
science and technology.

SOME LESSONS FROM HISTORICAL

MRADTTLIMNATAOT My
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Hegel reminds us that,

What experience and history teach is this—that
people and governments never have learnt any-

) P P | o~ <
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deduced from it [8].

In order to avoid the nihilism to which thic gbserva-

tion could lead, we need to ask ourselves why there
might be some truth in it. Two answers are relevant

ul IJIC PICDUIH coniexi:
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¢ we are not taught how to learn from the past.

MThnAoa anaginaare wwha ara axrmera ~AF ¢tha hictaeor ~AF
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their art are also often the ones who are able to

draw lessons from it. The lessons which may be
drawn from successes and failures have already

been mentioned Thic can he anite ctraiochtfarward
oeen mentioned. 1S can be quite straightiorwarg

when a report into a failure exists. It is a more
difficult skill when faced with an engineering
artefact of any kind, to unlock the engineering
knnwledce which is contained in that artefact. This

is espec1aliy so when it involves imagining the
nature of the engineering problem and the intellec—
tual and other tools which were available to the
engineer at the time of its design or manufacture.
These are skills which can and must be learnt if they
are to be useful.

Mact af tha nainte mantianad nraviangly ralata
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to technical matters. There are also several issues
which touch on what can only be called the
character of engineers, and their place in our

gocietv and culture Durino the Vietorian ace and in

SURAT LY QiU VUit v ALl g WAL ¥ ALV AGUR G Gaats 222

the early part of the present century, this role for



Engineering History and the Formation of Design Engineers 411

the study of history in generai, was considered to be

avtremelv imnortant [Q 101

extremely important [9, 10].

In the last century it was unquestioned that
enginccrs playcd an essential and major part in
shaping our world and these achievements were, in
general, widely publicised in all sectors of society.
The same can hardl be said of the late twentieth
century. It is w1dely agreed that the engmeer has
lost status, both financially and in his standing
relative to other professions. This change has
arisen both from society’s perception of the
engineer and the engineers’ perception of them-

calvecg
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It is in this last area that history can have a role.
To some extent, everyone’s self-esteem depends on

a knowledge of our past, at the ievel of culture and
qnmew at the famllv level and in our own work.

Over the last 100 years or so, an engineer’s educa-
tion and training has changed from being largely by
apprenticeship (and thereby empirical and histori-
cally rich) to being largely based in academia (and
thereby theoretical and historically poor). Many

engineers now see themselves as little more than

technicianc and ecalenlataore—thic ic demeanine and
SULALLLIGNS QAU LA uiaiUi ST LS 16 UliiiCaniiig anla

in need of considerable enrichment: an awareness
of engineering history can provide such enrichment

1N 141

110, 11].
There is an important difference between educa-
tion in the humanities and in engmeermg In the

former, in true classical tradition, the skill of
thetoric is still cultivated. T This enables students of
humanities to put forward their ideas and argu-
ments more effectively, to defend their opinions, to

criticise and evaluate alternative proposals and to

naranads nthare tn rhanaa thair minde Ry ~ramo
peioualGl Ouills 10 Cialigd uwilil miiias. oY O

parison, engineers, who do need these skills in their
jobs, are given little opportunity or encouragement
io deveiop such abilities as students. Their ability to

Deﬂll]adﬁ hence often relies onlv on the results of
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calculatlons. This can lead to particular problems
for structural engineers who so often need to

communicate closely with architects who are
educated so very firmly in the humanities tradition.

Small wonder, also, “that engineers often have
difficulty in influencing politicians. Historical study
cannrovida nigafiil glrille in thacas arana i

Can proviae useri sKius in these areas in two ways,

through criticism and the art of persuasion.

a
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RV stundvino evicting enoineering artefacte ctii-
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dents can develop their critical abilities by learning
to explam why certain works are good models and

uult:.lb llUI and Wﬂy certain engmeers are unport—
antin terms of the contributions they have made to

their field [13]. In this way, the essential idea of
quality can be introduced and young engmeers
become aware of what the characteristics of good-
quality engineering design and production were,
and are. Thus, an academic and critical rigour can

be introduced which is often lacking among young

enmpeere in their nnaritinal ansantanra nf tha
SEwAS, Ak watil UNlTIUlar alllpuaiics Ui uil

current state of the art as if it were unquestionably
correct and infallible. This type of awareness and

understanding aiso serves to develop both their

calf-ecteam and confidence
seif-gsieem ang conngence.

The art of persuasion

By being encouraged to have to explain where
we are (in engineering history), and how we got
here, as well as why we did not end up somewhere
else, engineers would develop their ability to argue
‘LiSii‘lg ‘soft’ data rather than Oi‘uy’ numerical data.
With these skills of rhetoric they would then also be
better able to argue, with confidence, about where
they might go in the future and to be able to
persuade others of their views.
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Although it cannot be maintained that a deep
knowledge of enginecn'ng history is essential for all
engineers it has been afgucu that there are benefits
to be gained. If the aim of engineering education is
to create articulate and confident graduates who
will wish to continue to improve the quality of

anainaarina dacion nradnstinn and nraorsce in
CIISLICUL LIS ULOIELL, PIVUULUULL aliu pPIUVRILO0 1l

their sector of industry, as well as to seek to raise
the status of their profession, then, based on the
arguments given above, the author would suggest
that it i1s essential that enmnepnna students should

study some history. The questlons remain, what
sort of history? and how to teach it?

A distinction must be drawn between the meth-
odology of the study of history and the raw
material. There would be little point, let alone time,
to furnishing students with an encyclopaedic

Lnnwladoa af tha hictnru nf dacion tarhnalnov and
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science, in many branches of engineering. Rather,
students should be introduced to different sources
of historicai data, such as artefacts, the printed

{academic) word ppnnrllr'ale biooranhies. official

avausainyy mAARRALGAS, VAV RAGpanatS, VRANEGS

and pubhc records and so on. The dlfferent
problems posed by artefacts which survive (eg,
bridges ) and those which don’t \cg, maaunery )
can be discussed. The importance of preservation,

libraries and museums can also be dlscussed and
evaluated [14].

T marticnlar it wanld ha ranlicad that hic
iil paiuifuial, it wiuil UL fediidol uidi 1S

an approach to handling information; it can be
way of thought and a means for creating knowledge
out of raw factual data. Records and artefacts are

nrimarilv valuable for the knowledoe thev contain

PraauGiay Voruauit iUl v RUIUTAVUELT wiv ) Wsiiihail,

and need to be worked upon using a variety of
historical techniques in order to yield up this
knowiedge

Since it is always arg
are already full, it would be unrealistic to suggest
more than a small historical input, at least to begin
with. Sometimes, such as in a course introducing
the behaviour of engineering materials and struc-
tures or the principles of mechanisms, historical

examples can be used extensively—they are often

easier to ‘read’ than modern examnles. A dedicated

vaoivi v LIAGEL LUV L VARG, S BTGt

historical course of perhaps only ten hours of
lectures can introduce a number of case studies

=4

ued that enmneermg courses



412 W. Addis

from the hlstory of engineering, and illustrate the

variety of subject matter and i
approaches to the subiect. In general, bi

oaches to the sub In general, biogra
not to be recommended since it usually has a ather
low density of intellectually challenging material.

Mot smmmartantly ctindante chanld ha aclad ¢~
MOS8t IMipOTiaiuy, Stachis Sinouild o askEd o

undertake some investigation, probably from
secondary sources, in order to develop the skills of
seiecting and interpreting factual information: even

non-enoineering tnplr'c could be tackled, such as

non-engineering topics could be tackled, such
why were factories developed? or How do cities
feed themselves? In the technical field, the true
complexity of technical deveiopmel‘lts such as the
steam, internal combustion or jet engine, could be
studied, rather than treating the
tions. This would illustrate tl

]
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tarhmnlasy Adagion mat
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ence.

Most importantly, for students in those branches
of engineering which involve repair, maintenance
and rehabilitation thp}r would need to derive from

WA CAAGURII LG LA ALy aala AAT00 U LTAIVe aa i

their study a confidence in dealing with old materi-

als, artefacts and engmeenng techmquc s in uch a
’ay that they can deal with the challenges i
sensitive and knowledgeable way.

Fmally, the skill of engineering criticism (analo-
gous to the skills of literary and music criticism) can
be introduced at all stages of an undergraduate
course. It should be the principal process by which
an appreciation of skill in engineering design and
manufacture is developed, and both self-awareness

and self-confidence are built up. Practice can be

SviiTvUnnuviIve Uerit avuLlc Lal

given on a range of artefacts, some of undisputed
excellence, for example ‘classics’ such as the centri-
sl T e __.1L 1

fugal governor or the Pelton wheel, others of lesser
quality which may even have fa i

hich may 1 | ,11@, in service.
These skills can then be applied by the students,
with rigour and confidence, to their n work

T wave ciirch ag thacs hath fantiial bnaad
Ll ywways Sulll ad titsie, ULl latitual RIUwWlL

engineering history and the methods and
approaches associated with the study of history can
be introduced to engineering students. It is aiso
likelv that this type of encineerine education will he

LRTLY wid LS P UL Laniitllilip theLlaQun Wi U

the more appeahng and challenging to students.
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