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ABSTRACT

The British Association Committee on Electrical Standards was appointed in 1861. In early years, its principal object
was to determine the unit of resistance and then to prepare the best material standard for it. After 1880, the Commitiee
was reappointed to redetermine the standard of resistance and also to determine the units of other electrical quantities,
such as current, electromotive force and capacity. In 1912, the Committee handed over all its work to the newly
founded National Physical Laboratory and then was dissolved finally. This paper aims at analyzing the internal impetus
and the external motive force of this Commitiee in the milieu of nineteenth century Victorian England.

First, it is shown that Maxwell’s emphasis on the role of precise measuring experiment and then his career as a direc-
tor of Cavendish Laboratory were closely related with the Committee’s work during 1860s and 1870s, and that
Rayleigh and Glazebrook faithfully succeeded him. Secondly, technical and industrial demand for standards and
standardization is considered as a major factor which brought about the appointment of the Committee in 1861, and the
reappointment in 1880. But the discrepancy between such demands and the actual results of that Committee is also ana-
lyzed. Finally, it is shown that, after 1890, several scientists’ endeavor to get financial support of the government was
an important factor, that transformed the BA Committee into the National Physical Laboratory.
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I. Solrbe @

19A417] ZH2E 2047 29714 24399 “9d 2 138215 % 35" (British Association for the
Advancement of Science, o] % BAE <ox1)e] “Ar) E9 93" (Committee on Electrical Stan-
dards) ¥ 19417] Fule] 2 dAl oM HEF YXE FotT Utk A o Y=
BAS S471e) 98 Z 713 $99 8L UAd REHQ AuHPoN E g o9
S ESUTHE 71FE BHHT JAUT AT o7l 1947] By wAe FEa
A BA FF9 Hu BEREe] BF AL FoPct Fo AWl 7 (Lord Kelvin)o] H €
2 &<(William Thomson )2 1861 €18l e] A PXRE 19073 ALY wj71=] o] Ao} 7
g AL vyt A2 (. Clerk Maxwell), # < 2] (Lord Rayleigh), JJ. 5<(J.J. Thomson) &
z7] HECYse] du &Fo] BT 993 TAYc%en FHolx HAdT FHAdE
AP A dTEFE olFD Uzd BERABoIAk = A28 (G, Chrystal), o=
B E(R.T. Glazebrook), & &% (J. Ambrose Fleming), s32E{(A. Schuster)$} #& FJEci o
a9 A7 HAY WEEo] o] AW AN AR L=(GF. FtzGerald), Leln)
A (Oliver Lodge) &} o] 7yn gl A theh FAlo] ojlyd “B2LF R E" o] o] T4 o},
o] f¥3e AFe AN UElde oertA g @] dY(unit)E stz 19
3dte EF AU EF(material standard) & Tt== Aol @99t EFold EAlE 7
ol e H¥FH Alio] FHHEI AY|go] o83}, FestEWA I FoAe] Zdsn
RN TANUTE THAT ol WELol9 WA BF AT AFHLE A5 o
3 Fald 4 Qe 55 A4F & Ad FAGT Ao FLdw 1850¢4 Yy TF A
A7 8 BAHo] YA TR Ede Ax(Lenz)E Noll T4 1 foot® Aol Bz,
3] EXAE (Wheatstone)-2& 100 grains®] 2] 1 footE ©9} FFoz AHYown, oz
(Jacobi) & o] & olEo] Jacobi EFA ATt ¢3F FFEE TEUT 1850 o]F HA A}
Qo] GUHANBA Aol Dol YA AUl 1footol ] 1 mile GHZ Folntrh. thAI}
AANAY BANA FZe 1mie dole) Nol6 TelddS APe EFoz ALSsSo] wal,
%YL 1 German mile No.8 HAE, T2+ 24 4m, Zo) lkme] ML TFo & Apgaich
9%, T, 5Ue FHREL A2 247 OE U TRAAE AT gYon, @ U
g} QM E HFAELE At AEshe YHeR 999 F5 S AHE Ak oo} g
e APy A2 gwnd Aol
1) Sldsle] g2 FF7)17hE 18611870, m12]a 1880—-1912d Fotolith A 9dz ¢ds] e
o188 “Ar] =gl TFo T3 2193 (Committee on Standards of Electrical Resistance) 3 © 7 1880
olFoli= “HM7)a] EAe L= HAAY EFEE ST 993" (Committee for Practical Standards for
Use in Electrical Measurement) @ tl. €193y BA2o] delrddojx RuA& HEsl= 18663} 18684
oli HIUME AEdx] LUt o] HIAMELS BA @FHREY &3l Z9¥ Report of the Brilish
Association for the Advancement of Science( 1% BA Reportg® ¥ )of =& 5 2t} 186233 3-8 19123 %9k
9] o] 9jdsle] M= #de]e] Msle] HFHe] 19133 oS3 2 ggroe 29Il Re
ports on the Committee on Electrical Standards appointed by the British Association for the Advancement of Science:
A Record of the History of “Absolute Unil” and of the Lord Kelvin's Work in Connection of These (Cambridge U.
Pr., 1913).
2) 143 Fojgiyd fEtREe] Wk Reports on the Committee on Electrical Standards(Ze1 #2), pp.xxiii—
xxivel] d3 ok
3) BA unit o] EFEAAle] g H=-e F. Jenkin, “Report on the New Unit of Electrical Resistance Pro-
posed and [ssued by the Committee on Electrical Standards Appointed in 1861 by the British Association” in F.

Jenkin ed., Report of the Committee on Electrical Standards to Royal Sociely (London, 1873), pp.191—1988- &
7.
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1861—1870do) A3 1939 27 BF S A < FFES T=EE Aot 2D
o] A2 A9 “¥3 G”(BAunt)EE “2” (chm)olgdtes E5T ZEAAZ TEoj o
ol o] &L o|fF FFAE WolEHUY 18%4d7HRA] A FHAL 7IELE 7
St 1880dd] Al TAE H93E AP 3 dHE ASHSEA FAA A oY
o b2 AR = 01]5- Eo| AE 7] e (electromotive force), A 7|82 (capacity) 3 &2 A
7] Gl BEE AS “Pc%’tr«}“ olF % AF AT FF9 EFo] HUE B ol
o] & B HEo ‘,% gl 23 ZAF e A AAHA @Y FFo2 FAHUGD
WA Zle] 2 AFe 3 A AAAL Aol MRy @9e BES] FEE HAKE
Aol

204 710l Eoletr S93e 8F 2 19000 HEE “THEH A T4"(National Physical
Laboratory, ©]3 NPLZ <3)o] A5 =Stk = NPLe] 4§ ojdde AreA gy e
g4 d7a7 9930 d4 §53 B2 FoT AYES FI2 Aok 53 AHEH
4 AFAe FHA A% d HdeE 2t AYsHd 1880—1884d Bt Ay BEEY ¥
Aot BEE 223 AFEL AFL9 ATYEEH A FYAY. AEUS T4 A¥EH
7] oldelE FP o] 7 BZ&(Kew Observatory) 7t EEATE BB3T AW B4
Agrel AALE B o]FA o] $4se FFo] T FRF BYATLeG UHT B
dg 23 Alvde L A DY BFE, 283 ol HE FAHY FRAHE HAFE
sl ALl Ae)dh®

RECiselA NPLE olojX& 938 85L& 8 ol2BH(R.T. Glazebrook, 1854 —1935)
o AYeMx F =do. I 18768 WA el AECHY AFY AFE A AP
1880 1 €] 1891 71x] 7N Et)4le] ZA}(demonstrator) &, &1l 18913 ¥ E 1898d7tA] 2
A7) (assistant director) & APk £ I+ LU ARYHY £Fe2 A9 188333 BA
A4 o] M2 dB = 1913¢ 437} 2AEY] U& NPL A &3] dAF A
grA 93 MriEA 2 4FZFH 8FS F=d Uit A 20do] de O
& I A ew, 9dsle] A7E 2 Y 27t 1d A AHEY fFUBAE ZER

4) 1862 RE 1912 Eoke] 91 3e] g5 oid &g A2 OJR. Howarth, The British Association
for the Advancement of Science: A Retrospect, 1831— 1921(London, 1922), pp.183—188; R.T. Glazebrook and F.
E. Smith, “Introduction”, Reporis on the Commiltee on Electrical Standards(3F1 %), ppxvii—xxiing & A.

5) glEAel = 38|z 1881, 1884 “Paris Electrical Congress”, 1893 Al 9}_1_01]/\-] <9 “International
Electrical Congress in Chicago on Electrical Units”¢} 19123 ¥@lo]A €3 “International Conference on
Electrical Units and Standards"& &-& 4 dth

6) NPLe2] Mdedatdsl 27]8%¢ tlsixe E. Pyatt, The National Physical Laboratory: A History (Adam Hilger
14d, 1983), pp.12—35: R.T. Glazebrook, “The Aims of the National Physical Laboratory”, Popular Science
Monthly 60 (Dec., 1901), 124—144% ¥ #A. R.T. Glazebrook, “The Rayleigh Pericd” in A Hisitory of the Co-
vendish Laboratory (London, 1910), chIl, pp40—74%= #de] A7} AECH AL B #F 2
ol dislA Aol ulBye olstz Jth #FL 2719 MECH sl Fourth Baron Rayleigh,
John William Strutt: Third Baron Rayleigh (London, 1924), ch.7 “The Cambridge Professorship”, pp.99—127%

o] ®uk @iz Al7]o] tiElAE A. Schuster, “The Clerk Maxwell Period”, A History of the Cavendish
Laboratory, pp.14—39; J.J. Thomson et.al,, Jemes Clerk Maxwell: A Commemorution Volume, 1831— 1931 (Cam-
bridge, 1831) ¢l A 21 J.J. Thomson, J.A. Fleming, Glazebrook¢] 31 & & A, 5 TE20] dsfrl= Robert
H. Scott, “The History of the Kew Observatory”, Proc. Roy. Soc. 39(1885), 37—-86& =¥ 3.
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(University College) ] H32& A &gle]l M 93d vixg 33 up2 NPLe %u &
7H(1890~1919) 1@ Zol "

oM 7] I BEL A, o)E & AU HHL FYste Yo] 19417
Fikhg B Fo% ATAS S EYSIA G o)Al vkAZ|o AR 7 B A&Ho=
B FAage] #HE BAY BAE oL ® BFH 2o A #Adsg HF
fBAAE A U8 O obyldth ol dig olf= B9 FEE Hsle AYY HF)
A Fold £ itk F o] F Hie AL AYUS 4F, ¢ gL f5 £AE E F Ue
Aol 1 TR WHE P AT EE YV €2 v OE Y59 $R2ZREH
ojgA 1 CGSunite] Agg 2HY 4 glov, o]8 AT A¥FH AXNE oJFA 6 &
At B AF7 3 0 =AM S3e L oJ¥A Aol derlEs B4 2
o] o]&Hl EAI7l AF YUY AL olUA T )3} EAEL FEE 18603 A
Atk A Azto] A A AWTrLE U39 7 2 ol sl FARE B3 AY 7
Ao A2 WP LN 2F o AL 2HE €olvie b aXE ok

FA FH3fALEo] o] AU ¥ & FeiwtEy FHE AT JSUEIHE
© el WL Yo fdelAUd st AAIY EEH Ao FEA dF T4

< T 38HWolflEd, o] F Sdoj=2B 59 7|97} 13U(FF L 38 L Asn)e A
B&ol ¥F® 2A = 1895d Z7] @9l (magnetic unit)of] the o 139 =FUg THEATY
aZAW 2R A$E JJ B, AAL=9 2 BYAREC] ol thF & B =F
T OEEA Fe Wyt ol Al ol BAT Ut A4 vlEYE 238 F=8
A At ARYS AT429 AF HFAx #AdYst AL gy 1884dde o
THEo] LI 2009 =7 F 7Hol M7 @99t FFH FHP AHolYot 188534 =
148 ZF 2#vro], 18860dd= 11H F A 2¥glo] oo FAE Aot 1887 do= A7)
o d9et HFd B =7 FHE Qe 128 F 28] &, AFSF 2R g
E=EoIA

&3 ol&e TAlol BRY JJ. B&, 2R, HAZE, ¥AYJH. Poynting), (.
Larmor) 9} #-& & HALFAELS A LHE o ©is AJurthe e EA, AA7)
AR A, 2gEol(vortex) YA} 2d, B2l FA7] FY 3(electro-dynamics) o] FA o]
EFHATY A7) 7l ol&2d & 7|9 E P9 #uAlol= A BA HU3le &9 B

7) Glazebrookel] s = o} A= zp3tAlStAle] o8] Hejzl 77 Qe Aotk 2o dE g f-8%
238+ Rayleigh and F.J. Seby , “Richard Tetley Glazebrook 1854 —1935", Obituary Notices of Fellows of the
Royal Society of London 2 (1936—38), 29—569]c}. & W.C.D. Dampier, “Sir Richard Tetley Glazebrook,” D.N.
B. (1931 —1940), pp.343—344; B. Finn,“Richard Tetley Glazebrook”, Dic. Sci. Bio. 5, 423 —424% -§-8 3%t}

8) Agsg el B dFE F71%H BRI (Report) 9 718 =8& RolE F=(Appendix) 08 o] &
oJFrch o] 8718 EIAME AM7i7l AAdde Aol A7 Wi AR Glazebrooks) 7)ej 139
< "X de=da 2 4 ok

9) Oliver J. Lodge, “Magnetic Units”, BA Report(1895), 197 —206.

10) ©] A8+ “A List of Memoirs Containing an Account of Work Done in the Cavendish Laboratory,” Cavendish
Laboratory(F:6 Z3), pp-281—3349 4 U A4l

11) 19471 miAjEl 487]9] W@ xoxlge] #8t 5o disixe Jed Z. Buchwald, From Maxwell to
Microphysics: Aspects of Electromagnetic Theory in the Last Quarter of the Nineteenth Century (The U. of Chicago
Pr., 1985) ; Bruce J. Hunt, The Maxwellians (Ph.D. Dissertation, Johns Hopkins University, 1984) & 2-Z% 7,
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Fole H #4lo]l U olg WA TR EdAle HEde] ARy o|EA JEGY
TAEE AAST, B/AA S83 $AHHE AR st AR olEAAE ASe A
7 A 223 BAAMETE o]Fo] 18889 d2xd o Mo wHd T E B
Wrhd, X-Raye] 28L& ZE B3RS T2 T/HUE Bol ¥Ud AHdoldnh £ WA}
T, AAe] FAT o] EYEFAEL] Y =AY o] HAUW N2 FAEo] 90d

WHEE Edo] Huhsta ol U2 ok 3] sle|d FHetats R &
, EEE A3 olE FE3te g B BHE &2 29d AL FEF dol7|AA
t}.
Faage] € #AAE EA EZHUSOE E7ST 93 €52 15 AAGAE HAAA
A&EA o, NPLojgte= AA3tn F3& Folg Adod 1 442 BdFe d A58
et 3 EEe i@ FAE Mee 2R dA@F UE slewe] obd A9
B85S VA7 ol AEHA F2HF T HEFUE B Xk . o] RN
o] Ao ox& 19417] Futy] @313 Rr1A] 2A-AxZH, Ad7|eFH, FXFH o)
M2 08 2502 BAJYs e AP d79 si&sle] disl), 283 o yolrzba a9
ATFE NPLE o]ojAA dhe dlo] 2% 802 28L& Hole o ik

Iate DEAA W24 o nidd sMECHS Axb7] 289 AFo] o gYsle &
T4 2HsA #EE 23 UUE B ol o] & Fi #HdYY FHolzHFolgs, BA
AL E o]FL UG 71 F2% ATAES WEPLL BY Aot olojA MAgGME
9], ¥Fo] FET ML WAA FE 2ids FAA YN r&F - 493 "yt
1861 H1d3le] AAH, 1880 A3 ATA F2F FIHNSE Holg ¥k 2¥x
Tk 1883 ol F 99 e FFo] A eAEo] uiEd HAAHA FEFL WFsm 2R
7o AL HASE EFHYEY FFATLE 55 (Board of Trade) Atslol T+ 2
o d tpolzkee B Holth VAAE 1890 o]|F AJERo FFATA} FHIRE]
Halel] AT #}EAtEo] BA 919389 S5 BIANA A AL XY gog
3 =837 AlFgen o]zo] BA $193]E NPLE olojxA Y&& Holy o

3% 4o ofi of

12) Heavisidews A7) P& oA 4z& oIl 4= Y= HeavisideLorentz Unitel o Bl 53 w9 )
AE FAA[AY 21FAT 2= U AUF B s oAEMU)S S A T AR T of
% Z@AdE BAumE 7193 S2-E YA 4r2 Pde Ad'gxn YaHoez s8slx: gith E
Weher, “Introduction”, Q. Heaviside, Electromagnetic Theory (Dover, 1950), p.xxv.

13) Xaay, WAMs, ®xte] LA 2310] B8ta} Abslo) ol 2248 A Keller, The Infancy of Atomic Physics
(Clarendon Pr., 1983), pp.55—97¢] 3 A &=slo] Qi)
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I. H2d3 A4 74 AF

Age] @99 FFE ke 1860dU ] A¥E e &F JMF FLE d¥e Yd #AF
e dadolgrt BA AW A2 ZE X (King's College)d] AFde a4gd Hade
1862 %E o] 93 FFAY 2e Iutg FelY W (Fleeming Jenkin) 3 7| o]
o EZo] Us oleHel BAS, 3] " #A7] ©9)(absolute electromagnetic unit) |7
o ZAMA AR @9E AFse FASH #F AAAHJL BIAME HEALH,D o
olZo) ZAEA M7, WTo] AF¥olE(Balfour Stewart) e} 4 AL BEES Al H4F
< Hzz =yHPL® 13 He] 18643 RiaAjoalE mAd, A, 37 (Charles Hockin)©]
63 o] ¥ZE AES o A S 2 AE A7 o] ZAR L3 FAFHoR
“¥3 99’ T “ohmad’gt Aol 999l ¥FE L TEITE WEL 91 JYYcH® 1865
W owmaAE fess 2450 € 239 3hg wARYE TEE BT ARoH”
1869 $198= 3ol A M #FHo) gE FAS Fiu YL 1A Hej) 18709

14) Waqgo] gi¢sle] FF3A E HHAHA F71E £IP&HA HoZE= AARES A gith ot 1861
HE] wiago] ‘Yeo] A7) o] & (electromagnetic theory of light) & Aztglon], 1 FAHolX [HH7] <
ool A7 FY[Br) B de] AriegFlel ghel o Hxebe wwe d¥Ee} ‘dielectric ca-
pacity’ 9} ‘index of refraction’®} @AV} ol& YFde 8T TAV Evhe AL AHAES g 99
AgA ks DA o8l £XE EAHse A WeAdel 1E ASFEE 53 & & Utk
olalst grAly} wiaddo] W. B&dAl Byl HAdA ZolWth “Letter from Maxwell to Thomson”(Dec.
10, 1861), J. Larmor ed., Origins of Clerk Maxwell's Electric Ideas as Described in Familiar Letters to William
Thomson(Camb.,1937), pp.34 —36.

15) o474 absolute measure@ Zo|, A7k, FAMe R Halr] GHE BARTHE ovjo|n, electromagntic
units Ae AL AF, AL gL ARy AL o A =89 & & U7 WEeIk J. Clerk
Maxwell and F. Jenkin, “On the Elementary Relations between Electrical Measurements” ( Appendix C of the
“Report of the Committee”™), BA Report(1863), 130--163.

16) 3|7 =Y (Spinning Coil) A olglxm ¥R o] 49 vtz WL King's College 2H-dolA 1863
49 2E] 8¢ T ol=ojArh J. Clerk Maxwell, B. Stewart and F. Jenkin, “Description of an
Experimental Measurement of Electrical Resistance, Made at King’s College” (Appendix D), BA Report(1863),
163—175.

17) J. Clerk Maxwell, F. Jenkin and Charles Hockin, “Description of a Further Experimental Measurement of Elec-
trical Resistance Made at King’s College”(Appendix A of the "Report of the Committee”), BA Report(1864),
350—351.

18) 18621 9195 AT 100 m/sE “186213 9" (unit of 1862) Ei= “C. Bright$} L. Clarke] Ajtgh ="
o= =2ayle gtk “Provisional Report of the Commitiee Appoinied by the British Association on Standards
of Electrical Resistance”, BA Report(1862), 125—135, &3] p.127. Bright, Clark7} 1861'defl kgt o)<l
AL MBo “galvat’, 7)Aol “chma”, A7|gkol] “farad”, 22l A g “volt” Folith 1863l
= “unit of British Association”o}&l: ®3-& AU or], 186430 FFEAHY-E FEIHUA “BA unit”
wis “chmad’@} i ofA] o} Ex%th CGS.gklel “ohm”eldt wae] Avlx W& 1873d BAel “Com-
mittee for the Selection and Nomenclature of Dynamical and Electrical Units”oll 4 ¢]o, =A]23jql &<t
18812 wte] =AF el BFATe] FHe disixi “Report of the Committee on Standards of
Electrical Resistance”, BA Report(1864), 345—349, 53] p.347& & 2.

19) “Report of the Committee on Standards of Electrical Resistance”, BA Repori(1865), 308.
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Hop AEH 3 A48 E FAHHEA A Y2

Rode AL FF37] olHFE HIWE A ds) L AL AT U
1856\ ool wiEj4k Zhe] A (Marischal College) o] AdA e mFE FHYF W2 e 19
HY AN AAE S 9 8H(mechanical science) ¥ E-3) 8 (physical science) 0.2 UF 3
o €882 A g AT BT i A¥H FHo) JEsn gL RGP
Hado) ofad E A bR glE FEE ‘o] AAY rx Ao ZWA BEHEE A
ol QAMTE F, = FA uat SYPE A"o|UhP = O B ge] Yo Ay
o3 Weljlel WMok 2yt 23& Mgy X E & vt 23X FeUtE AR
A A “ARe] Aol AEHQ =Elel I AANer EEdte ANAE HE & Jun
2 oHF ol fx ' FERH P

A& FAT ol BHEH HFY FoA Y B2 AYL 1860EUE Fd v}
A5 dg FIE olF T HFES EA ZFHo] vEdr] Al 1870 BA
29 - 78 £39] oA Ao HAL L fToA] FRAIEE Aol F(quality)F U¥(quan-
tity) el &to] THEA AL Feo] FHol Ao FHE FAHow, oA “HatH
AE] HAol @ FE F4F V8, 283 o]FA Lol A 5 EEo] =HIU
I AFRGD 2e YT FAH 9 HIH ong FUHAE F¥PEG, 2 F e =
HERAIHO dor HEo] AL FHo| AAY UL =8jlle Holded, ®E &
Sute oY EFEQ dHolge AW =¥ E T QAFH AN E TEo] W= Ao
At

~ERETIIAE 27l o8] DAL AZY Exel UF FolAe 2H o4 FYLL AL
Aok olel@ 27hY EEe) FUHS ATt 1 %vhe) Fele) HA (spirit of justice)s] HTolTh - ol
A Spepggossel $e7t BEe BAS JHdor @ BAIth JFRES HUHIT Tt 24
A¢ £3Ye) ARl I Y 2FY A%y ATE AT Y& Aol

to

20) “Report of the Committee on Standards of Electrical Resistance”, BA Report(1870), 14—15. 1870\d¢i= A7)
A BEAL} SASEBAA AL, Ar] XY, AFY EFF S 9T ¥ d5oiF o B
Stewart, L.Clark, C.T. Varley= 27183 TZ 9934, W. Thomson, Maxwell, Jenkin& @l ¢J¢3ld],
18]35 Hockin, A. Matthiessen, A.W. Williamson A5 $1¥3d $384 5k BA Report(1970), lviii—
lix.

21) 18563 119 3o szl o] AHe MA@ Ao} EEEo] YR XA R.V. Jones, “James Clerk
Maxwell at Aberdeen, 1856 — 1860, Notes and Records of the Royal Sociely of London 28(1973), 57 —81% pp.
7081 FEE5|o] gtk

22) 7HA] Fulflis L Glasgow didlte] W. £ oA 185080 Zytel) A2 o183 s 49
Hetoz PEST APl Pio] AFH FA USE TRt Aolvh W2Wo| 1850dFE]
W. &8 43 e, B35 1854dXE HA7|8, 47 o|&e] #F WA mFrF B, 18559
Glasgow?] BA FqolA E&8 Ut AMEES 298 o 2] AUg Z2Hojg s E&
9] Fgo] AP AL R AAXY ADE S U B ZFRE C Smith and MN. Wise, En-
ergy and Empire. A Biographical Study of Lord Kelvin (Camb. U. Pr., 1989), pp.120—135& - #A.

23) Jones, “Maxwell at Aberdeen”, p.76. ©] F+HL 1860 YR A2Le] King's College ¢l dddx
®Ego] go]7} 9dtl J. Clerk Maxwell, “Inaugural Lecture at King’s College London, 1860”7, Am. J. Phys. 47
(1979), 928 —933.

24) Jones. “Maxwell at Aberdeen”, p.76.

25) J. Clerk Maxwell, “Address to the Mathematical and Physical Sections of the British Association” (1870), W.D.
Niven ed., The Scientific Papers of James Clerk Mexwell, vol I{Camb. U. Pr., 1890), pp.215—229, £3] p.217.

26) & A, p.225.
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2 Aozt AT F=dx AXHPAD ol g HAade] FHL A4a
A dig FFeAY, 89 FEHe] @A YL t2A7] AT Bz
Z+atd BA1e] AtRgo A e HAFHA AUk
EF AEH F40 g AU AR A4 F4F 2H BFg UE 19 A
B AAFE FHo] UM e Fo2] ATA A4 Al

‘1)‘ =4
;O
r]r

I >x ofl mx
@ :m
v i
N‘ﬂ
Kol
T

W

oyl

N

22

o

3

e L L A

_°.rlon]¥
Lo
R Y

LS = - M| G = o T
El
Ho
N

i 3
AR
o lo fr r o

u\)
o
n
ki

B olste] $2F DA ARHR Qe sl FAAE, 39 ATLE A5 wa ud s
Fa3 $2Y RolAW, 2R stz AYSA YA € ol Aad $AYRY A TS
3 g 2Rl T Rolh?

B3 SHRoh H2do] A7F HdEH AFE olFA TFAoE IUHH A4 F447
d2Ho] AUD HelUcth
7t BAlE oldd d4¥A AFvt FAHoR AueR diste] 43 o)A oj®A s}
Tt Aotk HAde Puexe Astmgo] £ YFoln AAE NEER HF
e AR AEH ditte] BAREe] HAstdMe g9 A¥e AW Hristn UA
Fate AHdE 2 4483 A dEkM Oe B9A olE& HE5Y ed AWE U/
o ol A8 e ETS BEE A d¥e] RaAHA HFo] UL AHEFA o)
o F, Aot @, V), A7l 2 Zeo] 2 B S AFE o)FojAgd AFe
Zolg A, FAE e A o] FAste] tiie] obd o] Whdel Wil olslg FHAl
71e 9%8E e Aok wEA
TaolMe] f2e FAUAA AP ZE FFHY HY WPsd € A& &3, aNES v
Vﬁ-ﬂ. aRAEe g Hriske RAeldh zn ¥U MR g AA AHE FdA A A 2

27) J. Clerk Maxwell, “Introductory Lecture on Experimental Physics”(1871), Scientific Papers of James Clerk
Maxwell( 325 3+%), pp.241 —255, 58] pp.242—243. W24 & King's College 39 AHLANE Age u
F= AT d3es d¥eg 2R YUk “Inaugural Lecture at King's College” (23 #2), p.931.
28) “Introductory Lecture on Experimental physics”, p.244.
29) Mol FH9 ZAhel Jehd ol e HAHeA ZHL Schusterd] Iaeld F =epdch A
Schuster, The Progress of Physics During 33 Years ( 1875— 1908) (Camb. U. Pr., 1911), pp.7 —10.
30) “Introductory Lecture on Experimenial Physics”, p.244.
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FEL 32T B2l A8 Suvh %A wHe] 4T G4E FYshn U 4N 2HE g 4
FEOE, Wl AR 238 $E9 dithg QMR R At 8 Aoln oE A d7in
o o714 SYEAs 6 ALY AelTh

Ao Mol ArM B U7l @ Eo] HAdo] o7 “xpstFH uvl#@ g
(school of scientific criticism) 7} FS1Q171E A &3] o35V |= Y= 22AT Yoja] AF3
BAo Aol ddeA 271 A7), A7lelA dzde olgw diFe o8& d=E WA “BFA
st FIHA] ol ol B 3] HWrlety] HsiA 7k olw #EH nxo ZEdior
B3 FEPSE e o 27 AFS Bi@ o] o|EA A dF vBAH] AFEhe 9n
E WESD USS JAY £ Aok oA dRel et dF, F ALY FH L A5 4
R 283 98& FYP3te Aol € & AUG Heolth

AT ATaY #AYge]l FII SF FAH A Folojof sttty W AHZde=
BAI A3 oMo Aol FFol gt Aol AR Faj e mzch fdgq &
oAsti ARG HEAL, Z1EAES 599 29 vyt 11?1}7101] w3 A7E B3 A
719 & Hu 3 "}Hxﬂﬂli Ak o Holo] HM7lo #IAME U FsAr} opd wiE 2}
AEo] H22 GAAY EF2 L UEYe 4T ARYE 7‘]14“7 AR H® e =il
o ITE VIRE A HEH AHY FFol FAAR, 28T FL VHAAR slEHe A
S A SHAD AbgolAnh® ol e HEe Hadd gL “&F7 AEAAE FE O
g A7t #EH e BASE A oled AAAHQ oYL s ew AAE B
2 9Ee dgE 448 gy ke b 23 Aok
A3 A o] F 1871d BAE A& Ao #EE BA9 RE HAYrT EEA
< MEYs dT4RE &4 Fou, EFAFY BRI FAAFY AAE o ATl
Fe712 AP olHF AR A EEH FAHo] Ui Bade F3 AL AT q,
1 AEYs] AFie] 7HE Fo% A3 olHe] BAYHAI Y Ay #AFH Aol
A2 A2y Adoldrh 18759 EHE Ag2E€d &Ti(S.A. Saunder) = | ET]4 o

rql ro"

JHT

5}

BaFo] gl EEANLES AR vias] BUA, 249 NgEe] HFEE AEZHse A

¥& FYggon, I A}E 1876d BAo Edix RFHL® o5 dFAde MEHS
A7Ps0] Hxo ATARE o shgch T3 1874d 29 WA EHIHE AFH
2 AZ317) 93 91937} BAd] TAET, oW (Everitt), 172E (A. Schuster) 9} 37 9 2

31) #& #,p.250.

32) “Address to Mathematical and Physical Sections”, p.228.

33) “9l9B)= WA =gy AT (S)AAS ddsior] Holx A FF #, HZR ol&g &
AL wAA 4 Uy dEAA AEow wrEchk 28N ol HHEL AT diRE g9 Baas
°ﬂ 1o} olz=E| ok 18643 Qe os MEE Aol BARo] F Ao RyEo] glon,
the BaRo] AA zhxo] Ui A7) FlExEe] &d Eojrt U}, “Report of the Commttee on Elec-
trical Standards”, BA Reprot(1870), 14—-15.

34) 1864130l B A go] -FEE|0] 1865d7kx] 1 ok 20708 HAlEo] vbEoiAHA 1 F 16747 FREE
AA AR WEE gk “Report of the Committee on Standards of Electrical Resistance”, BA Report(1865),
310.

35) R.T. Glazebrook, “The Rayleigh Period”, Cevendish Laboratory( 6 =), p43.

36) f“’-‘{iﬁ»]._ lohmal # %ol lvoltE do] FU& o Agel Wil 1077 ohm= o} ZAvke HAolfirh ©

91913 o] ¥IA L “Report of the Committee, Con51stmg of Professor Clerk Maxwell, Professor J.D. Everett,
and Dr. A. Schuster, for Testing Experimentally Ohm’s Law”, BA Report(1876), 37—630] 48l 3tk
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Do) o] doll FoatedA Ao AR A FoAJL 3 o= Wro o A o
gdd 492 Fgade] FE FYPPon? 1876 HECS T4 B FHZE
Fo] Agor dd HEL o] Ay AgEe g HAY JHFE FLUIA FH3=
Lol 1878 3o EHHol MEYH =] e BEALS AFHste 4§ o

oA =L om,? *0101 o] 4L ZH 2B FA Ho Ztrh

AN A2 A7 e AAEYUHAGNAN Y ‘B viRndE 23 9EY e FFo] oY
Atk B2 ZAAE o] Aol FAl L4 ?i?*oﬂ/\i ziltﬂi olFold & Qe
3 3o Ho|glem, O AFUEL Fold, &9 HEgF g ATel, Aol o #HUe A
To) qEEe Mg RO =3 B 03-?%1—%01 1-3d W2 & gl Aelg Fo}
A74AE Uy Prf B2do] AFLE FIRE A= FXS AfHdFIHed, ot
A ERIHE F8 Ao A, B8] 2E(Donald MacAlister) = JET 4 2] HR WA
HZol, 728w F %8 (spectroscopy) o] E-Fop Akt

Yoz Efsty dAade] HE W ddde H2do HdE9 ouig FoAHE T
Bz BgslA 48d Ageldoh IE 1882¢ FBE XA WYEAFAA w2
A A (hg) FArel ois] oS3 2ol AHsta Q)

&7] ©7) Aol Uiz A7lel disiHE ¥ B4 TA #3 AUtk AFAW (4AH) U An
A7 o FA2 ool A wABeD, B2 oIAE o} TS ARFAZ 4 0] 4 o
FHstis Aol REAT. o] BE A& MaLe) G V|AsT YTk

B35 ABYH drart “2AY dF7E FYdor ok L ARG ddHAAEY
gaoz FEI AP/ T/ wdso] Jon, EdU gL AT7HEEN o8 H2d A7
2EH d7AN 2HIUEY BEAT ASAclgE EAE AdH dTie TS
AARR] AT AL g 2R o]ft ANUTEY B Ko] 1864d 24 01%9] FAR FH
g Ao s SUo ZFah-$4(F. Kohlrausch)¥ 2% 9] 23H&,® Z-&¥=(H. Rowland)

37) AP HEF= 1ohme] Aol 1voltE o] F:U-2 d A% A= 10 ohmB o) &A= Zolth o] &
f3)e] ¥ 3w+ “Report of the Committee, Consisting of Professor Clerk Maxwell, Professor J.D. Everett, and
Dr. Schuster, for testing experimentally Ohm'sLaw”, BA Report (1876), 37 —63¢l] A& 3tk

38) R.T. Glazebrook, “Early Days at the Cavendish Laboratory”, James Clerk Mexwell (56 =), p.135.

39) J. Ambrose Fleming, “Some Memories of Professor James Clerk Maxwell”, 72 #,pp.116-124, 53] p.119&
2 A

40) “2Eu U= 2] slFEA Y O ARGIEOS QFA) S0 By FHelga AdEiAE @an,
el wvizA sdy Qe gi=tl”, “Letter from Maxwell 1o Fleming” (Jan. 14, 1975). o] #z]i=
J. T. MacGregor - Morris, The Inventor of the Valve: A Biography of Sir Ambrose Fleming (The Television Society
, 1954), p.21 el A 7~H°U§—

41) WAL A7) 7 Bk AlBuy AFae AsEuA AAd sl Dong Won Kim, “The Cavendish
Laboratory under James Clerk Maxwell(1871—79)", T3+ 1} 8}A18F3] 7] ; A|118(1990), 70—105, &3] pp.
91—-98% #z2¥ A.

42) Lewis Campbell and W. Garnett, The Life of James Clerk Maxwell (London, 1882), p.358¢ 4 A 1-&.

43) A. Schuster, Progress OfPhySICS(-rZS) #7), pp.30—3L. F2E= ddelrt AR dFALE FLEE B
slol] FAAF TR AFE TRz XoE ’}"U“‘:]j 7l&star glch

44) =2~8], XA Ye] z‘ﬁoﬂ/ﬂ ALz )\]7 ‘0 g0 A2 gt =2l John William Strutt !
Third Baron Rayleigh(5c6 2+2), pp.109—126-% 7;1.

45) F. Kohlrausch, “Determination of the Absolute Value of the Siemens Mercury Unit of Electrical Resistance”,
Phil. Mag. 47(1874), 294 —309, 342 —-354.
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Ed79 d7e 1-15%9 &34& AT YU g o]Ro] Apdolztd A A
%] EEXE 1%°173 vtH ok I Aol

el 1880 6YUHE] 72E, AlAY o AH(Mrs. Sidgwick) &+ &4 &9 =L Az
gom,” Y =F 1860t #UF Y HHo] AAH fx Aol oA BA IE9 g
UE 24 Hrigoe 8% ZEd =2dW® 4% Z3= 1 BA unit7} 1 ohme] obd 0.
9893 ohmo 2 UElGTH? A= 1881d EHREH A2 I 3Y e Azsld gEHITL
A& Pom™ 1882 49 HE 8Y7A HUo Zd=x(Lorenz)7} AAs Wez o] e
Al 2P HF A= 1 BA unit7} 0.98677 ohmo 2 e Felolzr g e s
Heol AT EF A FEAFE ALsMe 71283 2(G. Kirchhoff) 9] Wl o g F&x 82
2234 1883 d 1 BA unit7} 0.98665 ohm<¢l & 4§ th?

1881d mhe] A7 ZAF o)A 0CoA @3 1lm’e] 39 HEF Zo)2 1ohmE Y
EJJ &)= A 9H(Siemens unit)o] R o8 o]F o]z BA ©ieley] #AWE I Ax HY
2o £33 AF F AP E 28 Mg §4 HUle 39 F9 EEFor FIe A
%&ﬂr A &9l FTFEE AHdle AYGaAE 433 F83% AAE s gen, o9 #A

d dox Aedse AFHEES FAARAGEN

3, 18800 A7AE BA2 f¥3e 1881d RIAAA Hdel s2HY FFEAY Q
Toll B3t B E, ® 1882d BIuAMdA ‘YAt ALCH 720 AL AAstn Fel
AEL UFse AAE 248 F dg A T AFAHA Rugs TFFHP 18833

N

46) H. Rowland, “Research on the Absolute Unit of Electrical Resistance”, Am. J. of Sci. 15(1878)281 —91, 325—36,
430—39. EZAYES] EF LT BY ZdTe ATE 1878-18819 Fotol olFojHA 2
= &%tk 2§ A9t R.T. Glazebrook¥} T.C. Fitzpatrick “On the Permanence of the Original Standards of
Reﬂstance of the British Association and of Other Standard Coils”, BA Report(1888), 56 —690l| 4] Zg=le] &

E 248 gt ZHY A4le] 332= J. Ambrose Fleming, Memories of a Scientific Life (Marshall, Mo-
rgan & Scott Ltd., 1934), 1)62E 2 7.

47) A Agol olFjAE TF %i F 2" e olUAth F2H JRP o] ATEEY 5
A% BA ¥k 2unk ’*O‘CIV—'!QE o HEINYE dYUES HE =EUch John William Struit!
Third Baron Rayleigh, p.109& 2 7.

48) #-& H,plls5.

49) Rayleigh and A. Schuster, “On the Determination of the Ohm (BA unit) in Absolute Measure”, Proc. Roy. Soc.
32(1881), 104 —141.

50) Rayleigh, “Experiments 1o Determine the Value of the British Association Unit of Resistance in Absolute
Measure”, Phil. Trans, 173(1882), 661 —697. 2 A+ 1 BA unit=0.98651 ohmo] i t}.

51) Rayleigh and Mrs. Sidgwick, “Experiments, by the Method of Lorenz, for the Further Determination of the Ab-
solute Value of the British Association Unit of Resistance”, Phil. Trans. 174(1883), 295 ~- 322.

52) R.T. Glazebrook, J.M. Dodds and E.B. Sargant, “Experiment on the Value of the British Association Unit”, Phil
Trans. 174(1883), 223 —268.

53) Rayleigh and Mrs. H. Sidgwick, “On the Specific Resistance of Mercury”, Phil. Trans. 174(1882), 173 —185¢]| ]
F A2y lohmo]l & 106.24cme}x ABAUTh o] -2 1883 “Experiments, by the Method of Lorenz”
(%51 #=)oA 106.214cmzs A=Yk

54) Rayleigh and Mrs. Sidgwick, “On the Electro-Chemical Equivalent of Silver, and on the Absolute Electromotive
Force of Clark Cells”, Phil. Trans. 175(1884),.411—460. <}7]A] #ldel+= 1 C.G.S.unit of currentE &2 A
7]-3}8} w8 (electrochemical equivalent of silver)¢! 0.0011794gram/s®, ¥ A A8 Clark celle] 7|xe-&
1.435volt 2 A eld .

55) “Interim Report of the Commitiee for Constructing and Issuing Practical Standards for Use in Electrical
Measurements”, BA Report(1881), 423—439, &3] p.424.

56) “Report of the Committee for Constructing and Issuing Practical Standards for Use in Electrical Measurements”,
BA Report(1882), 71.
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A8 A3 BA FU%0) “1 BA uniti= 0.9867 Rohm” olgh= #ldele] Z23& A=}
1884 2] A7 ZA S oA £ 106.3cnE “HAH & (legal chm)o 2 A3 o] F BA=
o] Y3 &3 BA unit9}e] Atg3d @A tﬂvﬂ AUy APEHAE AYHAG® T 2
(1881), = a]2€(1882), FH o] 2B 5(1882), £ Y (1882)7} &2 FEUH ] AFd &9

#HetzEo] BAYH3E ?&vs}i, 1883\d eﬂ olzH Fo] 99139 A7 dEE HAx
49 FgFHo] 2% wFE AXZFT YA oA AFe HPE T HLel= 1863
—64de] WAl A4S %}%M 713 AP o, Baddo] UL ol ¥UE AFE
EFE3A Asdcth JJ. ESol AFHE A2 ‘LY 2F AH|t B FYole EE F8
T A7H a9Ee] A =FPor AAHJE A olAY

I. A771=d A71349) 87 2E3 53

At A4e AFse FBNALES FU G2 FHEFAD LY/1EE A7)
s R Q¥ e o YRR YT U BE o mFe FAHA Fehst 2R
o 5e Sen Aled 9AH 4 TRE WG S G5 FHEG. A S| 17
A7 g B Aols] WAL AHAY Ro|ArI Rt 4R BEF BTN Fa
A9 dol, 4%, A7 5o 24 AR B Aotk TFAD AT wxste] A, H3
e 249 Fa4¢ obd QMK 2@ UG, e AV 3L A se
£7 7128 AASRT YUk 1947101 A3HF X9 Ao} wW WAL Aol AL
o =oll} £E9) EEE dod FA W. 5&9 AEE A 2L YUE 37159
24317} oot Atols] Yok TFAT o= Agle] VARTE Hste 4ol F%
7led g ok

BA7| 89 Wo1714, A AolME 23T 2ol AL Bw 7149 A5gee o)
7}13}» que st 2o A7, 289 WA, ANl FHS FElE oF BHAEL A
&, A71%, 7144, 4%, @71%&4 2e ZEAY AIRES AT o] g AW © 3
a9 2Ha7 AT o AHe MedE U7 HUA W(raio)s] EFo) AEUAT 4

[ e

ol A
=3
[o]
=

m{): N

57) “Report of the Committee for Constructing and Issuing Practical Standards for Use in Electrical Me-
easurements”, BA Report(1883), 42.

58) #Ydalel A= 1 BA unit=0.9889 legal ohm, 1 legal chm=1.0112 BA unit%} t}. “Report of the Commitiee
for Constructing and Issuing Practical Standards for Use in Electrical Measurements”, BA Report (1884), 30.

59) FHojRH o] 7|2 qiHE 18834 H Uz BAd & F¥E-L vl Ak Ady= 1882d
o] B - 48t Brle] o, 1884 o= BAY A& AWch

60) J.J. Thomson, “James Clerk Maxwell”, James Clerk Maxwell(56 =), pp.1—44, £ 3| p.21.

61) 98 Eo] MN. Wise and C. Smith, “Measurement, Work and Industry in Lord Kelvin's Britain”, HSPS 17
(1986), 147—173 & B A, Adoxe] §&FF o] Ulg £ t}& =27} David F. Noble, America by Design.
Science, Technology and the Rise of Corporate Capitalism (Oxford U. Pr.,, 1977), ch. 6("Laying the Foundation/
Scientific and Industrial Standardization”) o] gt}

62) DS.L. Cardwell, From Watt to Clausius: The Rise of Thermodynamics in the Early Industrial Age (New York,
1971), E3} ch.6—ch.8; C. Smith, “William Thomson and the Creation of Thermodynamics”, Arch. Hist. Exac.
Sci. 16(1976), 231 —288.
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A FHE G9E FHsa aRE JFEoE AUYFES god HaXe YTHIUL® W
1840t B o] AAL o] F&3 WP 7B AslFd U ELY FFAAE 2F
e A3 wf7g oAtk 53] 18400 ol ¥ guttaperchas} 2L W Edo] =Y T A
149 Hol7b soldel wet Aea A& Fo] h G olshe] WaAo] ZIHG®

ALY 18501860 o) WM ai A HalollA 7 Hanze| 2gon, ol 18619 Y5
J FHL ¥R A 229 WAL
W. S22 o3 A4AA 279 B3kdel 24 AFAIZ AlZoldnt 2= 1840d )

=
FE 2xe A o gs Argon, 1851ddE EHA B se & 2 =4
o Agel ddd GHE FANT = e FAGE Ze BHL B 18559 Feog
4 Axolgd HAdY frxol&F AHgsiM A A5 e X (retardation)s] E F3HH
d9E AT I e A5 Ade] =49 Ay 1AL 88 A Avje
of 2tz vlE grhe RoIUTE™ o] PHd ojatd MG Aan 2o FAL $0] JEs
7] A e =49 A Fastste Aol M 4% BAV I 2gAwT A& el A
Aol 1857 R E Alzte Rl M F HUAGANA ELe ol FAHYT ¢ A
< A4 FAe 2 71 EAY ARAME AU 28T ulx] o]Re] Wele]
R AAH o] AR AREA AH2 Fuha TR

of Aol HA FostAE RYUAD &S ST APYA A HAAlo] Wed
AE2FEL FH3T AU 18579 T R E ¥ AYL X3 goddn gAH
A THEAY] AR A& gho] TR Holst low, nlke] B&Eo WEAE 30-40
% "olAA TETHE AL Lobdk” 53 AWAA Mg sl AAAGe] Ao, A

o ot&el A HA IAtFe] BAAENA A& FHE F2 YL I4E ESNAE vt
2 o] Ay JEE e do] ¥ AFHus FoF B l%lﬁ} e 1A Ae] A
A& ZASAL ozl M e widsty] 8 el “shA A 993" (Submarine

Telegraph Committee) &} FE3| oA “df 9] 7FEe EFE 1% Zdol fvke 4F3 A

63) HY Eelt FoblA 7bg WA fojo) @iyl BLHUY Roke 1830 GaussE BIET EY 3
stAtgol diA FHody A7azld] @d@8E HEok o) C. Jungnickel and R. McCormmach, Intellectual Mas
tery of Nature: Theoretical Physics from Ohm to Einstein, Vol 1 (U. Chicago Pr., 1986), pp.63—77-&¢ & #. £9
o] Weberi= 1846 o] AF&7] oA ALEd AU @& A7|Rok7A] ALY AL =gPo
™, 1851delli= Me-g Huld d92 33 dug XYk WE Weber, “Elektrodynamische Mass-
bestimmungen. Ueber ein Allgemeines Grundgesetz der Elektrisch Wirkung” (1846), W.E. Weber, Werke, 6 vols.
(Berlin, 1892—4), wvol3, pp25—214; “Elektrodynamische = Massbestimmungen, Insbesondere
Widerstandsmessungen” (1851), 2-& #, vol.3, pp.301 —491.

64) M. Faraday, “On Electric Induction-Associated Cases of Current and Static Effect”(1854), Experimental Re-
searches in Electricity, vol.3(Dover, 1965), pp.508—520-2 [lectric Telegraph Co.o] 8.3 ¢ wlal dtlz} A
Ao FAE AR Frol&g Bl FHE Aok

65) W. Thomson, “On the Theory of Electric Telegraph™(1855), William Thomson, Mathematical and Physical Papers,
6 vols. (Cambridge, 1892—-1911), vol.2, pp.61 —75; “On Peristaltic Induction of Electric Currems in Submarine
Telegraph Wires”(1856), Z2 3, vol 2, pp.77—92. ¢] :=2E & 19M7]E E3] A7]7]¢ S Hzoa =
A% 71 xR udew FIT

66) Smith and Wise, Energy and Empzre( F22 Z3), ppbH61-—675.

67) S.P. Thompson, The Life of William Thomson:Baron Kelvin of Largs (London, 1910), pp.339—351. <9 o]
4z “On the Electric Conductivity of Commercial Copper of Various Kind”(1857), Mathematical and Physical
Papers, vol.2, pp.112—117; “Analytical and Synthetical Attempts to Ascertain the Cause of the Difference of
Electric Conductivity Discovered in Wires of Nearly Pure Copper”(1860), 22 =, vol. 2, pp.118 —128¢]] la]
1.
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748 ofAo] gitkm AzHeh Ye 3Ale A7) N EoA dde A YL AT gl
E A F84E A F78 gt o] BAY T8 FEARS

1860 tioll= W. & cl9eE o8] 7l&xtge] o] A& th77] A& 1860

d 5d
o] AAXA(W. Siemens) & | # A5 BA|AN @8 lm’e] lmF2FE Ao &z A
e YriFel Aot FTE® g & 1861 o =e] ufElSe Wl At A &

]

AAA Bt ‘F 66%, & 33% FF'L FEATOE AAe, Ad2oes & 02 AHE A
ARTE® Exe ) 69 FHEI A HHEI =AM wve AFg T ojHE FxEd
Wi BAY 88 222 58 o EFEEL AW FL20E F AUA EE WiHES
FEos 3 AJAE AFY & Uvhe /eAE HHEAGY 28 99 BAY EYeMeE 2
EQt A Ao Yol BodPon 18600 FHE ARWE Fota(L. Clark) ot BelolE
(C.Bright)7} 71439 E&S Asle AUE F73s =88 LHEAG? o] EF ofF A
71A&e] FFo] Ulg 943le] FAE Ass B ool AEFHUNeM,P BA9 ¥Ho
e o] 943 ML Urteta 500 =e] AHUFS IFAE f43 Y 509 HAbe
ol A AAEHIUG Heolrh

3ol My 7] GFo] aFPEo] 18704 3719 FL HYUIE FAFEA HA
¥ 91937} 1880 Al PFAE dHx 7i&Zel ot 2 WP o g HEFct 1870 T
AE MY &AL 438 F AL F FEAYHE 2FE(B. Stewart) 7} 212 AR
7 o)X, AFAYHE ulESo] AR olF, 1y EENF HUse H2do] sjEYS] 1
42 HYF o]F E o] Ak B3| Ml 3 EHT #¥el e TUA Y F
ol ZAZ e Azt 298] AV&FE A FAFY oA AS AAX
olo] ule} M7l &Fe] EF S AT oyt FUEAT A7 F5 (electric absorption) £+
‘o] 73} (residual charge) A2 o1& A& ofFA TEUT 18673 o] FH(mica)E
A28 1074C.GS. unite] ZHAE 042%2 A2 AAPot BAY FAEFOE AHEHA
= gtk olF 1860 %E AMeHoE AFE A AT Fod =(A Murhead)e 7HE F2
gAA7 “dFos WHYR &2 (mica coated with shellac) & B3I 1/34f8F EF

68) “Minutes of Evidence Taken before the Submarine Telegraph Company”, Parliamentary Papers 62(1860), 115.
& 7|4 Smith and Wise, Energy and Empire, p.66711 4] 221 §-.

69) Qe o] =% Poggendorffs Annalen(1860)¢l 5% 5 o1} &7]= M.W. Siemens “Proposal for a New
Reproducible Standard Measure of Resistance to Galvanic Current”, Phil. Meg. 21(1861), 25—380l| A =3

[=]

=N

70) A. Matthiessen, “On an Alloy Which May Be Used as a Standard of Electrical Resistance, Phil Mag. 21(1861),
107—115.

71) W. Thomson, “On the Measurement of Electric Resistance”™(1861), Mathematical and Physical Papers, vol.5, pp.
369 —385.

72) Latimer Clark and Charles Bright, “On the Formation of Standards of Electrical Quantity and Resistance”, BA
Report(1861), 37—38. Helo]Ey 154 o) Electric Telegraph Companyel] £0i7t4 H47l&E& A3 o
& A A AAA Aol 24 rlexE ¥k 2 o] FEE 2649 FAFK(Sin) e #9E oSt
th 222 HSoi= AL 71&AP o) 18509 Electric Telegraph Companyol] Eo]7}A] 18536z 1
B Abe] A 7]ezrl Bk S22 18599 BAE “slA AN A4ETe A felUh o] B
2% E&y ARS A3 QY “Sir Charles Bright”, Proc. ICE 93(1888), 479 —487;“Obituary :Josiah
Latimer Clark”, JIEE 28(1899), 667 —672.

73) S.P. Thompson, Life of William Thomson(F-67 Z+2), p418.

74) BA Report(1861), xxxix —xl.

75) R. Sviedrys, “The Rise of the Physical Laboratories in Britain”, HSPS 7(1976), 405—436, 53] p.426.
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Measurements”, BA Report(1894), 1230] =% o] )t}

117) “Report of the Committee for Constructing and Issuing Practical Standards Use in Electrical Measurements”,
BA Report(1892), 134.

118) “Experiments for Improving the Construction of Practical Standards for Electrical measurements”, BA Report
(1893), 127.

119) J.V. Jones, “On Standards of Low Electrical Resistance”, & &, 136—137.

120) “Experiments for Improving the Construction of Practical Standards for Electrical Measurements”, BA Report
(1896), 154.
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121) W.E. Ayrton and J.V. Jones, “On a Determination of the Ohm Made in Testing the Lorenz Apparatus of the
McGill University, Montreal”, “Experiments for Improving the Construction of Practical Standards for Electrical
Measurements”, BA Report(1897), 212—217.

122) “Experiments for Improving the Construction of Practical Standards for Electrical Measurements”, BA Report
(1896), (1897)& & 7.

123) PTRell djgt =¢l&: David Cahan, “Werner Siemens and the Origin of the Physikalisch-Technische Re-
ichsantalt, 1872 —1887", HSPS 12(1982), 253 —284; An Institute for an Empire: The Physikalisch-Technische Re-
ichsanstalt (Cambridge U. Pr.,1989) 7} lth

124) Oliver J. Lodge, “Presidential Address in Section A”, BA Report(1891), 547 —557, 53] p.b50-& & #.

125) 2-& &,55L oj8l olrjela Zaje] FPATAL Sgnlel A Gl AMAHD {2 onel NSLt v £
& Aejqd 04 th
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126) o] E& W&-& “Physics at the British Assoctation”, Nature (Aug. 18,1892)¢l 4~%-5of lth

127) BA Report(1892), Ixxxv.

128) “Letter from Rayleigh to Lodge”(Oct. 23, 1892). &J 71 X += Life of John William Strutt: Third Baron Rayleigh, pp.
276—277o1 2] Ajel&.,

129) “Report of the Committee on the Establishment of a NPL”, BA Report(1893), 120.

130) Douglas Galton, “Presidential Address”, BA Report(1895), 3—35, %3] pp.31—35& & 7.

131) #& &,34.

132) Douglas Galton, “On the Reichsanstalt, Charlotienburg, Berlin”, BA Report(1895), 606 —608.

133) BA Report(1895), xci.

134) “Report of the Committee on the Establishment of a NPL”, BA Report (1896), 82—86.
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136) @f\_ =, 8

137) “National Physica] Laboratoy” (Editorial) Electrician(Sep. 25, 1896), 698 —699. o} AR e gz mor olyel
HEe S0l ARAEY 1% #Hoto] e ALE AYUT YA B2 71g 2 FAE A}

138) “National Physical Laboratory”, Electrician{Sep. 25, 1896), 687.

139) BA7} W. Thomsono] /1 23 memorandom, “National Physical Lab.” 7|4 3= Smith and Wise, Energy and
Empire, p.686 n.ol| A A&,

140) o} Rge} AE-e] “A National Physical Laboratory”, Nature(Feb. 18, 1897), 368 —369s] & 3]t}

141) #& 2, 360.

142) o] Weo| uls] Naturet= “B=o] s}dtel] 2|ulel Aejo] Edol vlsh HAXA U= o] oA 8} =}2]
Aglo] ofet Mo YRl Moty e =P OoH, Electriciane “HR 2] o Abo] LA A 3
HlEla AR NPLE §1% 35000085 2.8 4 91 R"olebx =%dth “The National Physical
Laboratory”, Nature(Feb. 25, 1897), 385 —386; “Notes”, Electrician(Feb. 19, 1897).
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143) 1¢3le) A¥3 2 LA “National Physical Laboratory”, Electricain{Aug. 6, 1897), 4714) 1}-2} it}

144) “Notes”, Electricain( Aug. 6, 1897), 469.

145) o] T ts]Ai= E. Pyatt, The National Physical Laboratory (36 %), p.198 £ A.

146) o] B3 2le] M E o] “Report on a National Physical Laboratory”, Neture (Oct. 6, 1898), 548 5491 d3& U
=

147) %<& &, 549.

148) Naturel: 9193 o] BRIl AHe] FA7 wx A& AAF Tk “The National Physical Laboratory”,
Nature(Oct. 13, 1898), 566.

149) Aol FPes2 2l WAE HE =Y AZAT4Y DE, 4¥E 1950003-¢=, 1d ofiko]
15,0005} =% t}. E. Pyatt, The National Physical Laboratory, p.34 n.

150) AP L= SPers el o (Lord Lister), AN L3, A7), 2=l 4752 4 7I(C Boyle)7} &< 3
o2 EFEAUen, 7 AL 63, Sy o2} dlM 658, 1] 6719 FledelA] 2t 19
# & 6g EWch ojAlEE 919 49y FAR 2oy, Telm FP A JH 2459 <A}
9} ZlegtEodA fud 12w olxlz FTASNT oAb, HePAEe] AT PHEY oFoz
Fdal st 9J g AL2-L “The National Physical Laboratory”, Nature(May 11, 1899), 25270 & ich
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151) Rayleigh and F.J. Selby, “Richard Tetley Glazebrook” (%7 #=), p.32.

152) o] 19d7F NPLE& E3x Yz 27t o] A48 S HAE o Avrici “Jublate Deo” Wtk ol z
B&o] qlul 4212 “The National Physical Laboratory”, Nature( Aug. 17, 1899), 373¢] A& ith

153) NPL %7] 4340 dig SeeolzB S 43 AHS 7] 19013 5¢ 24 Royal Institution®] Fri-
day Lectureoll A 818k ddolA @ =e]dr}h. R.T. Glazebrook, “The Aims of the National Physical Labora-
tory”"(F6 #Z). NPL2l R 1d F<te] a7t A9, el olF A#d disirds “Report of the
Executive Committee for 1900 and Programme of Work for 19017¢] E-&o] ®th o] ®iald] tgh HAo]
Nature(Jan. 24, 1901), 300—302¢]] A& gich

154) H. Barrel, “The Rayleighs and the National Physical Laboratory”, Applied Optics 3(1964), 1125-1128.
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155) R.T. Glazebrook, “Double Refraction and Dispersion in Iceland Spar:An Experimental Investigation, with a
Comparison with Huyghen’s Construction for the Extraordinary Wave”, Phil. Trans. 171(1881), 421 —449; “On
the Molecular Vortex Theory of Electromagnetic Action”, Phil. Mag, Ser.5, 11(1881), 397 —413;“On the Refrac-
tion of Plane Polarised Light at the Surface of a Uniaxial Crystal”, Phil Trans. 173(1882), 595—620;“A Com-
parison of Maxwell's Equations of the Electromagnetic Field with Those of Helmholtz and Lorentz”, Proc. Camb.
Phil. Soc. 5(1884), 120—131.

156) <& ol R. Moseley, “The Origins and Early Years of the National Physical Laboratory: A Chapter in the
Pre-history of British Science Policy”, Minerve 16(1978), 220—250% & A.

157) o1 ol YAA 1890 AEAES] 52 U A YiF R YL aTEH 1870d
o} ‘7R T3 Alolzt lth 1870 G HetRE e ZE-Fo] tsiAi= Roy M. MacLeod, “Re-
sources of Science in Victorian England: The Endowment of Science Movement, 1868 —1900” in P. Mathias ed.,
Science and Society, 1600— 1900 (Cambridge, 1972), 111 —-166-& F2Y¢ A.
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