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ABSTRACT

Engineering education in Britain in the nineteenth century was characterized by
the apprenticeship system. The apprenticeship system meant different things to

different people, but it normally involved a training of apprentices — either
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workman or gentleman apprentices — in a workshop (shop, office, factory, or
manufactory), and/or in the field, and/or in public works. British civil and
mechanical engineering, which symbolized the triumph of the British Industrial
Revolution from the 1770s to the 1850s, were firmly grounded in the
apprenticeship system. Electrical engineering, however, was somewhat different.
From telegraphy through power engineering to wireless telegraphy, electrical
engineering was more tightly linked to the mathematical and experimental
sciences of electricity and magnetism, and the apprenticeship system and
workshop tradition were relatively weak in electrical disciplines. Engineering,
including electrical engineering, was transformed into so—called “scientific
engineering” in the second half of the nineteenth century. Engineering became a
“scientific” discipline, in the sense that mathematical and systematic scientific
theories were more tightly linked to engineering practices, which became
experimental and quantitative.

The aim of this paper lies in supporting, and at the same time qualifying, the
thesis on the development of “scientific” electrical engineering. This paper
supports the thesis, because it will show that technical colleges and engineering
departments in universities, where students were receiving a “scientific”
education, were in a continuous state of growth from the late 1870s onward.
This chapter, however, simultaneously qualifies the thesis, because I will show
that technical colleges or scientific instructions were never dominant until the
early twentieth century. The apprenticeship system not only survived but was
still the main method by which engineers were trained — even in electrical
engineering — in the early twentieth century. Scientific education in colleges
using theoretical instructions and laboratory experiments had by then been
firmly established, and was considered to be a respectable way to train
engineers; yet it was not a substitute for apprenticeship, but merely a
complement to it. The coexistence between college education and workshop
training in the early twentieth century was a unique feature of British

engineering including electrical engineering.
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24y William J. M. Rankine, “Preliminary Dissertation on the Harmony of Theory and Practice in Mechanics, ”
(1855-1856) published in his A Manual of Applied Mechanics (London: Charles Griffin, 1888), pp. 1-10.

25) Huxley, “Science and Culture,” (1880'd ¢l Mol ZelA] Aal 713 73S in Sdene and Education,
Collected Essay 111 (New York: D. Appleton, 1896), pp. 134-159, on pp. 155-156.

26) N. B. Deatle, Industrial Training: With Special Reference 1o the Conditions Prevailing in London (London: P.S.
King & Son, 1914), on p. 282 9|4 <1&:



=l WS Ak EA R upyHA S 2ALY] D37 S8 6
dutuS Y FAY 1872 AXE s A3 (o] 2n dEA Y
%]”(Devonshire Commission))7} F8h= Astus TA O st =AQo =z oJojx

t}.27)

A ZEAY ddo]l FUMAE Zex] e A ey 22 wYkus s
O 2ol A3 S dandrt. 93 9d3]e] Huxe= ‘HEurte] By 5SS
A Tue] BFTo] G=e] vlwug A|=ge 7P Aze ofelgtar 4
o F3 714 A Yol 241 9IE S ~(Joseph Witworth)= ©] Ao 3l 3f
Ao 7 At S A dstr] g AsaS QAT TSl g A
l,ﬂ__

1840 thell Al 1850 tholl o]27| 744 Fsto]l &3k AA A1 Aol HA A <A
Yoy £o=w MEYT. 2B E AE|E<(Robert Stephenson)2 HEEHYA the
= 7AdshHA A} o]E I A 71<(Eaton Hodgkinson)Qo ZHE I R 7139
A2 AR gk =88 Wttt 243 A= BE (LK. BruneDo] HA|
S71A (53] 2 olE ol2~' F) AN & A3 Al |} o]2d SA¥E
=94 €89 ZFE=(William Froude)®] 389 =& Wity A dde] ojgh
42l F<&(William Thomson) 9] 38H4 o|22 wlAMgt Ax AFAYL vlz7A =
A AR diAS Fd Ao gEed 5ot B Qo] Helok e |
AA A i A Yol QS stHA FElo| 25 o] &ete] T Q1%
Hgdgo]l gl #E AAT. ZUle E ZEd AdbAl Al vlgo(J.R.

olggt At Eo] Eoluvte A B EY ]x]qqao stat Ze ol A& FHok
o}, #Ad9 FUBAE Z2] A (University College, London: UCL)E 1826 <
AX 2y mkQl 1828 AMAYAY StatE AP, dAxYo|dl & B (John
Millington)& A ®x w2 Jd&3ct. 27t /\]'OZE Soll fFUHAIE ZEA =

27) Scott-Russell, Systematic Technical Education . =8+ Emmerson, Engineering Education | pp. 174177 3
2B B3} B89 0 Buchanan, The Bngineers , p. 164 435, E-429- Crosbie Smith and Norton Wise,
Energy and Empive: A Biographical Study of Lord Kelvin (Cambridge: Cambridge University Press, 1989)2;
@7}e1& Hugh B. Sutherland, Rankine: His Life and Times (London: Institution of Civil Engineers,
1973), pp. 7-95 A= “gsty Flve] &3] tallA= Buchanan, “The Rise of Scientific

Engineering, "2~ 38k 7.
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1841dol] EEFst w4E e GAjo 7 71 dgal
1= *(Charles Vignoles)E& 1L
FISL A el Aol s srne

A
&

oh. geld E(William Pole)ﬂ Zay AMNe nEF UCL94 ERFE wyg
t}. UCLY EEFd wztes 4894y At (Alexander Kennedy) 7} 18743
styp gt wgE s dAYojge Aga wsS ‘:010}‘3“1 =2

-
oo
oo *

[¥ 2 -D c

BAdS Ak UCL ¢lolx ddle] Fx Zex7) 1830dthe}l 1840 S dA 2
2 3E2E(Charles Wheatston) ¥ €29 & 27 (William Hosking)< JL—,—E ol
sto] AU oy wSES AAPT. HF oddHy didtat H3le] = tfshe] <A
yolg wgsts a7 eAT, FEaa gk S a2 ol glth 18410
22~ e g2 gy FAbelA BRS Eghow 5o ek soa] g
Fol2 alE(Lewis Gordon)s EH38d o8t agate] dWgtt, 152 o] @
H digtol A 7S JeR A E3 A 18550l AFIFAINE o] HE o] & &l
< a3E A dXYAR stz wrEAT. @1 A (Es] €93 <l
Aoy o] 7jojglon EREstyt 7| A et opill A Fito|ES XSk
g v wIAAME oY A At EHE dgoje} FPxae] HAME A%
AAolAF qlxYolQl & dY(John Elder)w Aurgetyt d3shel sl 27109
2AE T 9L F8% S ZIkle]l 1872y =g ~ar tigo A Ao
¥ AL 915 Fosty] AlA T AR o] t29)

1868 At SHEtofR Al 9] <A Yol o] oAleA Fa st ﬁﬂoﬂﬂ 1851Lﬂ°ﬂ d
225 9-(H.E. Roscoe)7} °]11+= g3tz FHd

o] WA ~E e 18680 AMEE A UY n4yHE A5y
= 2%(0Osborne Reynolds)E At £ o] Zdw AN ddHy
diste] Xy wgste] AW At dRol= FUMAIE ZelA

of EEFstel A wgxRE A=, o] AelelE 1874wl AUTiZE A
Aok A A AE 186996 Al APAGS ddon, ABA gighe o o2 (G.
B. Airy)9} 2 E g~ (Robert Willis)7} &8 938ta} olxo]& %
3 o]%ol 1875\ o] 71AIgt &89 Fof wgHES wEAdn AY

(James Stuart)E A HA AUy w42 29 )30

[t

29) |l tisle] dixYols] HAbe| el A= Emmerson, Engineering Education , pp. 117-1265 & Z.
@7klo) el F£O A REE David F. Channel, “The Harmony of Theory and Practice: The
Engineering of W. J. M. Rankine, ” Technology and Cubture 23 (1982), pp. 39-520] It}

30) Buchwnan, The Engineers , pp. 169-173. A B ] #] tfgte] ABQE wae] AU Yap & B
FAANR & A e =AML S T}, “Prof. James Stuart's Workshop,” The Cambridge Review
2 (16 March 1881), pp. 226-228 (on p. 226).



1870t $Nke] 71 5T whek AR ddel| AJElef A= 7]l (City and
Guilds Technical School)7} ¥ o]t} o]= 1878 11€ /‘éff} Ao 5
dxgEol 7IsuSs FAA77] fal 7sas 1E&ES 93 99 A= 3] (City
and Guilds of London Institute for the Advancement of Technical Education, X
& CGLIFF =3l5)E A-e ARl S2E90 18801 ol o d3= AE
g 7] dgtul(Central Institution)E& 98k 1851 91943 (1851 Commission for
the Central Institution)®}2] A& Sl A2 2 He diofRe] F& 353513
ok o] A oldel A= e olu mE-Hrte] FAFSu(Middle Class
SchooD ZH-H W& WA A4 wsaEd AAES A% AY FRE A

At ololE2 EAl=-E Y e gl A ‘3} EokebA 1879 7he AlES A= V=

e =83 g dWEHAeH, FAEF(HE. Armstrong)> 33HE 7HEX4]7]
ﬁ%ﬂ wgE AT 187904 1880744 o] 5L “H7)eh A7) AAH 87

_IR

gkel ", “steke] 7Ry, o S8 BlgHe ey e AEES U=
3L, 1009 ool stAEo] ZF Al Aatel 7tk 1883 doll= AxwE] 7]
Ao o] mpe]ElaL, 1885del= AlElef A=o] aF 7]EnlS 7] 9el
EdY Zledigurt Abe-2 A" £8 49 -% @EE 71
feuzg AgE AL AA(W.C. Unwin) I} 3
of dAYF I 3 ugr dHEHAT. Pr
el ByagolA 2 Anbyrs FEo] Axve Vs ZeA 1 e s ek
rﬂr_31)

194171 WA EE AREA 7] E2t AU ol® A et Ay
w2 S7tehs FAR ST olBy ek A Yol <)
Y o] AREEAARE, AR 1875 o] 59| e ZA A Apolrh St

)y

__>L‘
r& au)
o
2
l
1)
2
[
-
. of

o My
ot
o

i

AAZ AAYoEL A7 548t oo Wigh AL olslE w71 fla Eu
spot AN g 2SS FHRARE, 2o g2 AFALS AHS 9 2Y
21”(demonstration laboratory)o]$lom 1 &2 ‘1 o] o] WS H I
Aow A AT =AE A7, FIRI, 2FJESL ZE o] B2 A
= TF A5 A (workshop)oll Al =491 A5 s o7l oA
a5 ARG AT AU 2y A3 wFEY dAE AF T3t
AA dAYAY FAEY] WSS 9% 2> ofHUnt ojupw HHE 5iHs A ¥

31) Adrian Whitworth ed., A History of the City and Guilds College, 1885 10 1985 (London, 1985), pp. 1-8;
Cardwell, Organisation of Science, pp. 126-132. o|o|Hz} FAEF 0] 1879-18801d 7J&} = “Technical
Education,” Journal of the Society of Arts 28 (2 Apr. 1880), pp. 403-404 9l v} ¢Ith LR o)A djo]y
o] A= o] A= Yuzo Takahashi, “William Edward Ayrton at the Imperial College of Engineering
in Tokyo - the First Professor of Electrical Engineering in the World, ” IEEE Transactions on Edwcation 33
(May 1990), pp. 198-205 2 F=%
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A =l A B SEwr e A g a8 A

o\l BB WEE EOUA HRH YL Fo FEUIE 9
$ S =3 o9 Holglon 1ES el ntke Al o /gt $E
B A AAUCIY} BAT AP ZHL theel g Wi 93 BEHQ
Aol g Ag Aol e.a)

Aze fFEe) Aol AP APwE e Gy AV 18749 Al
o FUMAE ZeAe] $858 L 48 wrE PwEe] 18759 109 “AAY
o} awselx ZEA o Ao] thated e AxA AL W Aol 0
i mobE sfolo] ohuth, s Auels A@AL 18799 10¥e] B A
d, GAel TAX oI, (Engineering) A= “AAUAP A@doleh Edo] thi
A BALE FURS RS AMNYL o742 F U%e] AXU el

=4
Agido] FEEoF & 7P AEe FHe “HEF oItk 2nE, BAEE] (James
Brindley), A=y o} =1 g}o] E (Richard Arkwright), 18] B~ (James
Hargreaves), Z~ElE<& HExp B39 HEx}(Marc Isambard Brunel and Isambard
Kingdom Brunel) & 959 Z& 43 dXYUAELS 2o AFoA 2x2

(e
A3k o] Znl “AA 2l AlEE"(practical men)o]AT}. o] FA A3 AES AU

2 ASE A 44 g dolgld, ol g8l A $4 Frle] Ax ol
A4S 1009 A9 AAUlY A3t PHstn Ak FAND DA Bt
F4gch AU Al AxUelse HAe Aede mashs o] ohe 17
2 Shtm, A4 be JAS A48, § 2 B WL, o wud ueg
Zial, AdwAow g Brhsd 95 AUES TR gons dxUol
o mEe AEF ABA whol MFEA w3 B ALY e Lo}

dueidistae] el o] e WS ARSSIA] S0 Bs
< FASEHA g e, o] AFde olF AJH At Ao
d w7b | A2 F9 James Bwinge] 2 2]l T}, Fleeming Jenkin, ‘On the Application
of Graphic Methods to the Determination of the Efficiency of Machinery,” (1877) in Papers, pp. 271-341,
esp. on p. 336. AZ1L o] Ao ddnie] Systs]e] FuldS 474t
33) Alexander B. W. Kennedy, “The Place of Colleges in Engineering Training,” (Introductory Lecture
delivered to the Faculties of Arts and Laws and of Science at University College, London, 5 October
1875), Journal of the Sociery of Ars 23 (22 Oct. 1875), pp. 963-968. “The Engineering Laboratory at
University College,” Engineering 28 (26 Sep. 1879), pp. 247-248.
34) Kennedy, “The Place of Colleges,” on p. 964, 967. AH|t]e] FAPHL FA] T2 =28 o]t}
Gulel BEFAEL AT BEFe Aol whAel s WA EauE 44
2 43 JAA, ol T N2 EAEC] HAA WS AHSElA adAoR dd
T Puka B 5 dof, 1865 EREelsl 3|7-S Wk uhE-2](John Fowlen ©]
ek Q22 A S0l “FAR Aoy AAE, FRe A AFe Ade] 43S FallA
ARl s A= oJoF sttt 7JZ3Ith. John Fowler, “Address of the President,” Miuautes of
Proceedings of the Instizurion of Civil Engineers 25 (1865-1866), pp. 203-228, on p. 207.
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dAdolM ol 2l

HE AAAT YL oY dS A%, 34, ol dojornt & A
o]t} Auvit]e] AL Ao Y FAE] TFI AAYolH APHS zE 7
Aol A gElEAE gt AEs] WES FTES B = drks Hoqlrs6)
18791 UCLell Adit]e] <Iixyols Aol Azl o]F2 dxvojy A
2 ZEA e gistes weE HE2 HAZt 71AEsa 29 A9(William C.
Unwin)& 1883¢ @] 4+ olr]el d ek

Ng ,q] tr:] ]_SIL/\ Al

d F=2 AdE 2 St AAdS A =
St A¥AdL 7P Al 18843t 1889 Afojoll BEAES] FUMAE 2]
35) Ibid.

36) Ibid. AlHt]e] A3 AL “The Engineering Laboratory at University College,” Engineering 28 (26 Sept.
1879), pp. 247-248; “The Engineering Laboratory at University College,” Engimeering 34 (22 December
1882), pp. 603-6049l AFAEHA HALE o] Tt
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A, ABEe] W a(Firth) 2EA, el=e] aAM 2A, o

, g T
UHAE] 2 x]7F 42b Z)AE e dddS wEdn dd e B AE ZgA et
B ZAeAE BF 1890dd] xoll drlest A¥FAS AT, BB YA dgt=
ojs} HI2EE Al7]ell AUl AAHE I 194171 2o dr]Este] dig §

n e AFelA ZHE FH 2~ (Robert Fox)9b ¢hvh #7141 (Anna Guagninl)b “dll
X]‘%Cﬁa Aol g7t mhEA " e THAAL AYS

ol w2 dxyojs] Agae fig Al ~"of| &3k #ehAQl %OFEHJ =B
‘401%-4 ol A& FXIAZY. A A AR #HolEze] 3|avt o] HE

BolFa gt

“AdA ey AP Aol - Bl dolm=as ofrke ukR Zzlo] vt R FA
LY Aoletar wax ;%E}, 18721 521873 | ol = = 28 AR Fo] A
yola) st 5] g A4S A AAS sens A5 A9 =ge) gk s
AN BRAZAE Eeta e AZH AN 7F 2 B f7kx] deetA] Bew
O A ATolE dolzk 19 g B WAV vk Btk A9gE Alee A
o] diaiA= Be Felwel AR A disjA o 71skAvia 2E vk Al
w183l 7 ol A= As B AgteA e Fler, obvke T ] A4
ol 2 Azkek #AF = A AT

“@@N”O]E}—E o7t 7Vﬂﬂ kARl 32 AHgR| o] Aol Mg & =edr A

A3t wTE AW AYYE 2RO EE g
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37) Fox and Guagnini, “Laboratories, Workshops, and Sites,” on p. 210.

38) Osborne Reynolds, “Duscussion,” on Kennedy, “The Use and Equipment of Engineering Laboratory,”
Minntes of Proceedings of the Institution of Civil Engincers 88 (1887), on p. 83. o|R T} 27t e Q4o
Fox and Guagnini, “Laboratories, Workshops, and Sites,” on p. 212 = A& )t}

39) Fox and Guagnini, “Laboratories, Workshops, and Sites,” on p. 213 ¢||A] A <14,
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40) James Alfred Ewing, “The University Training of Engineers,” The Electrician 26 (3 April 1891), pp.

676-677.
41) Jenkin, “Technical Education,” pp. 173-175.

42) Kennedy, “The Use and Equipment of Engineering Laboratory,” Minutes of Proceedings of the Insiiturion of

Civil Engineers 88 (1887), pp. 1-80.
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A= Pt FAYE AAYo]5RT o] JHAE Z oldsta AME BT
S e AAYAAEAA “FuAl o] dia &v] fE ddie] AES A &
= AAF A3 s &) fa 1E[ZF 2 ARE]Y ALS HA A A
gk I g eld FElETe] Ao 2 AIRE Bule 3oz A844l
Aste] diaf o] B AE W F S Fojth AEFE fAAE d5 AES ¢
2ol Aagivh 1870 EESat P37t Su0g Tg=3 o]xoAe] ERgd)
zke]l W& A9 ek AR o]22 <l A Ao] wtEA] I otar AsE A
S G AFo] ofygla B4 51 d F Y & gy olEdl &
Y Z(Sir John Rennie)& Ao E 98k o] 240 wHoz 77| 2 714 A
25 otgM e mAAES 3 A fE BER dA YA s} LA HEe} ¥
FARdOl B3l e RS FAEUT 1884d7HAE e e Adas dx
S dAYAY wSS vasgdetE 893S WA oy go] Lyt U
ZF37|& AESH(polytechnic schools)9} 22 7|HoAqwt RE WSS Wk o
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43) Kennedy, “Use and Equipment,” on p. 1; Josiah McGregor, ‘Discussion, ” on p. 112; W. Stroudley,
“Discussion,” on p. 116. 5= T2 21414 X o] W. Anderson 23] Ao 4 o] 2Flo] 2o ~
ALoA o]FolFth= HAE AA YT},

44) 1. K. Brunel, Private Letter Books V1 (2 Dec. 1848); Institution of Civil Engineers, The Educaiion and Status
of Civil Engineers in the United Kingdom and in Foreign Countries (ICE, 1870), viii-ix. ©]7]A] Buchanon,
The Engineer, on p. 163 and p. 169 d|lA] Z}z} 21-4.

45) dve] =] da|A= Peter Lundgreen, “Engineering Education in Europe and the USA.,
1750-1930: The Rise to Dominance of School Culture and the Engineering Profession,” Awnnals of Science
47 (1990), pp. 33-755 A= AWl A= Bwing, “The University Training of Engineers,” on p. 677 9] 4]
SEEES

46) Fleeming Jenkin, “On Science Teaching in Laboratories,” (Lecture at a Conference at the International
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AAY el F47 1A A g6

A%
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SFHE Hopt: AR

o] Fa= o2 AAY AE FEE Axsta g, e EAE Al
P A 715 AFEska 6000014 3000-E0] o2& vk dojo] AXS ol &
gromA olxHl, obEwty, HepAE Rl IAbelM s Aol AstetA AdE
AEF" BFaL AT A7A BWIzo] HAl (FAE]) WS o] &t dfeol A
A7l F-ol A xR AAHAT A2 A Al Egsts A
st A= GA ol Fold = UAAANE ZelA| o] FAAQ EEdt AFHAAME o
g Aol o[ Aol vtz HAZ|AME]l FAIdT-o] AAZE AeA oA A FH 7]
offrtar AZHeh o3tk o] Aol el FHE Al AxYol AH ARIZIAE €A

47) William H. Preece, “On the Advantages of Scientific Education. A Lecture Addressed to the Telegraph
Staff, 7 Jowrnal of the Society of Telegraph Engineers 1 (1872), pp. 266-276, on p. 267.
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