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ABSTRACT

The “elementary” physics education in Cambridge university was reformed in mid-
1880s. It was the result of an interaction between institutional changes and educational
views of teaching staff of the Cavendish laboratory. This paper examines this
interaction. What was the method and content of the “elementary” laboratory
education that emerged as a result of this interaction?

In 1881, the Natural Science Tripos was divided into two parts : the elementary part
(NST-1), and the advanced part (NST-1). This change in the NST produced a
great effect upon the teaching of physics. The lecture and the experiment in Caven-
dish laboratory were divided in the same way. The instruction in experimental work
was not systematized to the extent necessary for the preparation of NST-I, and
students were left a good deal to themselves to cope with their difficulties unaided.
Cavendish laboratory was the first to be responsible for this kind of “elementary”
education. With the change in examination subjects, number of lectures and de-
monstrations in experimental physics were steadily increased. These were mainly due
to the increase in students who chose the subjects. This changed condition must have
become burdens to the Cavendish teaching staff, but it acted as an imperative for
improving the teaching method itself.

During the period of 1883-1885, R.T. Glazebrook and W.N. Shaw actively par-
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ticipated in this reform as “demonstrators”. They carefully analyzed the situation, and
finally chose the method devised by E.C. Pickering, an MIT professor at the time.
When the class entered the laboratory, each member went to see the instructions, and
after seeing what experiment was assigned to him, went to the table where he found
the necessary instruments, and performed the experiment with the aid of the
experimental manual— Practical Physics. Practical Physics covered the ground of the
elementary portion of the work required for the NST-IL

To some degree, this method resulted in a success in elementary education for
physicists. At the turn of the century, some great physicists in Britain were Cambridge
graduates who were trained in this new method. They included C. T.R. Wilson, C. W.
Richardson, and R.J. Strutt. Lord Kelvin, J.C. Maxwell, and J.J. Thomson were
also great stars in physics and were Cambridge graduates. Although both of these two
groups were all Cambridge graduates, the former were basically different from the
latter in the method and the content of the “elementary” laboratory education they had
received in experimental physics,
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71229 wSL AAHelx] EPct NECH A74 “HHAEFC]E” (demonstrator) 24

“2g4%" (elementary demonstration) &S GFAY Sdo]R2HEEF(R.T. Glazebrook,

1854-1935) & o] A|719) F=uhste] AdPFuFo]l "wAE Fob vtn HIHEh

S A0 AH, SFUBAE ZEixY Ag ETAE], ARes AYHY AHER, 2A¥so Fi
T Agde] AR AE ALKl Pefshe AE A ggten, it SYEA 2a2 4EE

1) Sy EstdF4(National Physical Laboratory) & i £%& AQE S ol=2BR2 "1947] &%
9 74 F83% B3 39 F8A tig A4 ¢ slgittn st HEE B S FANHE FERIA
t}. R.T. Glazebrook, “The Rayleigh Period”, A History of the Cavendish Laboratory, 1871-1910
(London : Longman, Green and Co.., 1910), 49%. o] e 9oF History of the Cavendish
Laboratory 2 2} 313 )

2) James Clerk Maxwell, “Introductory Lecture on Experimental Physics,” The Scientific Papers
of James Clerk Mazwell, ed. by W.D. Nieven (New York: Dover, 1952), vol.2, 243-244%.
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sEA oM 2P EHF WYHE IS AAAHY o] HEgohv

ol %L 1870dthY AUYEER dE FLE s AECH A7l APE
2gt A4t AUAT 4] 2E2E A% AF@SL AAHR o)

a8y AR dT4as 1880dU FHEE 2EAE 93 AAH AFALL AT
AlFBigtt. Gt Qs Batst dr)Eok) ‘2FAY” BEo] Fr|H g AEHYY, o] BB
T 2EAE S8 SEsA ude Al vigsle 2AHATE AYnR ke A
=% wo] 1880dUIE FIA TR WslE Fe Aotk

o] F9 FAL o] Wil AL HAFEE Zoth 2HME MES ZFAFPmSKo)
s | g0l BsiM AuEa 3PN AHLEY A A E BAsle ¥ u)
8ol BsiM =23zt

1. “2F4% 2o AAs

18793 124¥ 12¢ #¥el7d (the third Lord Rayleigh, J. W. Strutt, 1842-1919) o] =~
2l HE olof 2tf AL BFE HEHUT ALTVAL 74 YL dogt T, A)Fs)
sjgslol & Yol F=g APVTE EFshe A P9 2 AYPL Ausks Aolgln Tohy
. olF 717 BE A ddaFe] 5009-EE MRSty ofzlo) "B FR(the Tth
Duke of Devonshire) 3} th& AlES] 7193S HalA 4F9 “7) 7712 (apparatus fund)
& AT EH AEFHU Y

AP71 T FF EAEG O A o RS AP EYST 2L AAsEI= 2AY.
B A7l AL dFLoME B9, 53] “aldale Eglo] £A4” (Natural Science
Tripos) & #HIEE 1 sh= “2FTAY"Y S AR sl AAZA AP mo] gy 7Hd
(W. Garnett) o] HIAAEZOIEFUAIT F53] UEFE T3 AL &= Egon, =xg
HA| AFEH & 9T Adusos #HS E £uUnh©

o] A WHsZt U7] AAGE AL 18793 109 A st Eglo] EA FA o] MAEEA
FEHRAT 3]s AR Egfo] ¥4 A|FE dwtHoln 7 2AQ) AL A|HEE 2FAY
(NST-Part I)3% ¥} AFHQ] A4& Agsh= 73X (NST-Part 1) 02 FEa&4ch

3) Glazebrook, History of the Cavendish Laboralory, 43-44%.

4) J.G. Crowther, The Cavendish Laboratory, 1874-1974 (New York : Science History Publications,
1974), 86%. 3 ALeAL 2MGA Foixle SWYEY FURE o] 71F2¢ REEE sl

5 “ZFY" 2 ‘elementary student” & HHF Rolvh AYHYR WA ZIFSYL YvtAoT AT
g Ego] XA 1 EHjshe e SES NATY. ¥9 133 (advanced student) & o] NFL E7at
g THERith

6) ol Mol ieirl History of the Cavendish Laboratory @) 1% “The Clerk Maxwell Period” 9 Dong-
Won Kim, “The Emergence of the Cavendish School: An Early History of the Cavendish
Laboratory, 1871-1900", @]&% WAlES] =& (Harvard University, 1991)¢] 1% “Maxwell's Period,
1871-1879" & #3ag A.
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NRE TRME A3 EgtolEA Al &S (1) %, (2) 238, 3) FES, 4
ZAE, (5) &%, (6) TESH vjus) i, (7) A F&, (8) FTEAeTOE YRt
o|F ZFAIHoAM = HojA AFT HAEE F 34 HEo B3I 712 X4 L AR 1F
Aol M= shao] AHg g /i “Al 1 B (principal subject) o] #gF B} HEAQ X4
3 o #EI ‘A#EE F (cognate subject) ol FJF A4 & AEHUY. 2E, AFAELE ®
% gy], Tg, a1 AFEAEeE AN

o]¥ 3t 21AHE Erfo] AL Fil= AFHELFuSAE gL uFH) 1881d Bt
A g 71FoR BEES TR Aol 1 8 7+ RElE “2F3E" (elementary
lecture) 3} “TFAE" (advanced lecture) &2 3o /A7) ANRAFGLE (B DL ol F
grlo] MEERE E2d JEERE o] 2 WHIEE I HAEoh 'Y

(F 1> 1881 d &8718 7128714 7idE AEE

1) 18813 B8]
18hd 28hd 38hd

o)

Electricity Electricity Physical Optics.

& Magnetism. & Magnetism. Theory of Electricity

& Sound.

AY

Demonstration in Light. (Glazebrook)

Demonstration in Accoustictics & Elasticity. (Shaw)
2) 1881 71&3%7]

2392 nFHE |
Electricity & Magnetism, Light.

| Conservation of Energy
| & Theory of Unitation.
Optics & Light.

| 44
| Demonstration in Electricity & Magnetism.

Demonstration in Principles of Measurements & Mechanics.

7) Cambridge University Reporter (Oct., 28, 1879), 64-65%.

8) “E&r|"+= “Easter Term” € #HAF ZHeoltl uprsIA|2 “Michaelams Term” & “7F&87)", “Lent
Term” & ‘A7 2 Wy AYrelx] sty $AE4Y dde Ady 712y RE AlFsl, 2
ol ALy, B8], ada WEo=R o|RoFuh dE Eo] FAREAY 1831dL 1880 7HeEV)
(18801 10€-124%), 1881 d AL (1881d 1¥-3¥), 18813 BEv|(1881Y 4¥-6%¥) 2 FAHIUL

9) 1881'd 7IEEVIE uEe FHoZE 1882WE A s/t "tk

10) Cambridge University Reporter (April 26, 1881), 484%; (June 14, 1881), 669%.
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E 2 AEHH ATaddM AL APE, 1882d-18843*

1882E Advanced Demonstrations on Light, Electricity, and Sound,
M.W.F. 10:30-12:30
Elementary Demonstrations on Optics and Electricity, T.Th.S. 10-12

1882M Demonstrations in Electricity and Magnetism, M. W.F. 10:30-12 : 30

(advanced)
Demonstrations in Heat, T.Th.S. 10:30-12: 30 (advanced)

1883L Demonstrations in Electricity and Magnetism, M. W.F. 10:30-12: 30
(advanced)

Demonstrations in Mechanics and Heat, T.Th.S. 10:30-12: 30
(elementary)

1883E Demonstratlons in Optics and Accoustics, T.Th.S. 10:30-12: 30

(advanced)
Demonstrations in Optics and Electricity, M. W.F. 10:30-12: 30

(elementary)

1883M Demonstartions in Electricity and Magnetism, T.Th.S. 10: 30-12 :730

(advanced)
Demonstrations in Heat, M. W.F. 10:30-12: 30 (advanced)

1884L Demonstratlons in Electricity and Magnetism, T. Th.S. 10 : 30-12 : 30
(advanced)
FElementary Demonstrations in Mechanics and Heat,
M.W.F. 10:30-12: 30
1884E Demonstrations in Light and Sound, T.Th.S. 10:30-12: 30
(advanced)
Elementary Demonstration in Optics and Electricity,
M. W.F. 10:30-12: 30

* 1882L~‘1 4% 18°‘ 1882@ 69 209, 1883 4¢¥ 24%. 1883 10¥ 17%, 1884\ 1€ 16Y, 49
214z AYEA st Baxe] 2AHF Foloh

AYAE A 1882 BEIREIE 2FAY H RFYY O o] AMET) A2y
ok 1882-1884d Atolol AMHIW AWAES HEd 919) F 28 R o] 7|2+ BalA
APB}ES “TF I ‘ZFE TRIE o] FDYYSL ¢ F Yok 1883d BElE o)A

11) 1882 49 1894 R A9 e TR = JddS "2FHE (elementary demonstration) 3“3
A" (advanced demonstration) &2 W3slA Hsle] JNAdstgct.  Cambridge University Reporter
(April 18, 1882), 477% &g o] XaAM9 476%L ¥w 1882d EoV|REE Buargel HEEY
o] g “ZF clihs &olrl EFHT] l’—%{‘i°° %‘ T Ut A Eol 4 ZET}%EFE}%G" {papers
on elementary physics) 2, JHe]REEL 2|8 (elementary physics) & ¥tk
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TEE E2SAESE, 9 47, e A7V vid AR e sRdEr] AR

ojFA "ZHEAF AE, "oyt &7, B A wj@r] Hr1H o2 AMEEHEA 2F
A FE5Y A7 ] AFRH. o] dPHEEo] 1883, 84d7AE ddel § WY
vH RS AXRE 1885 FEIE F /Y JEE7] AIFYE Zolth. g B0 1884d 7H&3]
of “Heh &7, 85 d AT ey A7, ‘HIg &7, E?'2}71011 gkt A7) 7 A
A o122 AL AL wAIH 19007 widy] 17) ol 2F4Y HEo] MAHEHA
o 1880\ dthell B4 ATAelM ALY dAHEE0] R ATE FER (F HE BA
2H4E #5Y /HE A7t o] 7I3E Bt ES| UM en, 58] 188433 18851 Aol
28 S7H oL

(F P ARCH ATrAN AU APIES) 4 1882-1890
- AETES B A
2332 EETES BEREE]

1882 1 2 6
1883 2 2 6
1884 3 4 7
1885 6 4 10
1886 5 5 10
1887 6 4 10
1888 5 7 1 13
1889 7 5 3 15
1890 8 6 3 17

* ZoesBe B4A 2FHE, LIREZ A7 fle Afde ERde TEAFIA g FAdvt
EFAZ .

ojgL "EFHY Y I HEe] T AEHAF AL 2, &F F dFOE
FFEH7] AESE A 7103, FAEEE 1884d w8l JHE #E, B8t 7)o
3 FEA ‘s L g OF 3o AEE wET A ozt Fuch ' o] #
= 294E e T g7t TUkIA AY dEE F IdFoE SAE Vs E dEstn
A5 gty 23y 1885 19 1797} w7 Hele 2549 ("F34 A7) o] 4
23 10-12410 AdRhGa sHA 22 d 2F 3Ad HHEEw at HEgle B
sohd” olghe @A 7E Aol URTh o] HL 1885d FE7I9 2F4A¥®, ¥ A
AeoE 7R & 4dA & 5 e AAE 18859 7| FHE 2F3HE S
SJJ SHE (1041-12A1) 3 2% shF(3A-5A)) 22 gsh= Zlo] AHF=At

EBFI

‘mﬂ dp

83
>

12) Cambridge Universily Reporter (April 21, 1884), 612%.
13) Cambridge Universily Reporter (Jan. 17, 1885), 338%.



46 "Rt stalels) ], A)15E AH13(1993)

(B 4 278 SHOoZ Uio] 9% AYFAEE, 1884-1890*

1884E Elementary Demonstrations in Optics and Electricity, M. W.F.
10 : 30-12 : 30. This Course will be repeated at 3 p.m. on the same

days if necessary.

1885L Elementary Demonstrations in Optics and Electricity, M. W.F.
10-12. This Course will be repeated from 3 to 5 on the same days.

1885E Elementary Demonstrations in Optics and Electricity,
T.Th.S. 10-12. This Course will be repeated from 3 to 5 on the same
days.

1885M Elementary Demonstrations in Mechanics and Heat,
T.Th.S. 10-12 / 3-5 p.m.

* 1882-1885\32] Cambridge University Reportero] A3 AlZEolth

o|gL F7to wet JHETH ATANA Pk she A EFTE 80 d] Zutol] BlE|A
AHUA F7HIT. ol#E% 7k el d74Y HHAEdoHE A Ay FEE
FUE Aol dT4E o]gL Wl ofH 4o REX] A Fslool Frt. HR HHAER CJE
oA Fol Hede] A HuiET o]Eo] YA HFIUETHE EATH

ofgle] (X S T4 HUAEHoHE—FHolZEE &£ (W.N. Shaw, 1854-
1945) o] duh} & HE X3 JAJUEAE Ho|7] sl 1883l #YelFo] A7 Aol
. 2 AEYA d7adA AFEhes ZFES 1 AFQYS Egfolx A T & £HE= 34,
2. 939 NEE FHlsh= ¥, 3. A7) #38F 7143 34 (technical course), 4. A% B
& Foo] #H3F “AEA A (special course) & HFZ FHELI v &hr] o3 ] 739
o HHAE#olEEC] Eole Aol F9 10 A olie] €& HFYh Y
o] T 1, 2& 7 FATY F7M sl A7 2 E sold JHeAe] Atk HdelF L
HaaMd ZHz ok tjFu 19 dAfd mE 18833 RE= 78 EffolEA -2 B3
AL 2FARE Eglo] ¥4 1A Ao wet 2AAHE Effol¥ A [ o] WA|FO HlE X}
3 Egol¥x [E #HE & A HWV] W 2348 S w48k FYEY = oS
71 Aol

HUelF 2 oi7tA] AP uKS HAPHse AlAFo] oA R AJFHo|YR|g, AT AP
3 RS o idsold ¥ 80t Jvn Btk 2By av AFY JYHoREE RS AIE
7 fom 't “Ad Ee)ska) (department of experimental physics) & 7} F83% Q7+
HHAEgolE &9 RS dolFE solgta Z2UHE 271 AZRE 718 ol A AlAl=
299 “AQ) HHAEHSIE” (senior demonstrator) 8 7 s 4=o] v|# ks utEe] B

14) Cambridge University Reporter (June 13, 1883), 880%.
15) Cambridge University Reporter (June 13, 1883), 880%.
16) Cambridge University Reporter (June 13, 1883), 876%.
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&£ 5 NECH I TN A Fsh= 7ot AFE
- 2 o Qe e | g An
1. Z/dst EglolTA 1 & F|ske 3R 3%7] o)A 3
27434%-4 A8 S Blﬁk— 34 2%87] ? 2
1 3 710 #F 7&A 4—}751 187] 1
4 2dg FVIE sk deiﬂr@
g, sEHYYET T 187]
| 2719 7] 33817
‘ ] 28] 4 Y
2 28}7]
A 18]
- B 7’{}341 110 4

HHAEG ol (assistant demonstrator) E0] 4E & B8} Aotk ' o) g Aghe) ¢
e AAE dolEodAA] 18843 A= &rlol= #E (J. H. Randell) o], 2 3§98 EI7|HE=
W3y (]J.C. McConnel)o] E%Z HHAEFoJEHZE ZYo|RBEEY 48 St
X gt AR5, ST Tk o ARY e FUTCEE= sjAE EAIE o
t}, FAROE s} F7igl dEl Agr1TY o] Az ¥ 18809 FdeF
0] 7IE2REAE BAAM B V| TEES B3 XY olFL 1R TS FUIE A4S
2 oYYt EF HEVITY FEL HAYFTSS Uo7 dFE uFoh AFHYTY
E Mo AP BE SAEe] B2 7|TFE VIR 22 FA AEE ¥ U Y
7‘101‘:% mERA HHAE#olE = 2 APR OE 7 7E AMEShs 4E S 9 =ubol Qi
g
o592 Azl 7P uiEAG AYe AF4dN nsg JIT JHEE FAYF Frt) wF
g sl wgoldtk ey o] WHE Wit Aol =& A E Fon, wmeld FARA =
A ¢ e o] ofddinhk E & dYoRE APuds £5& Wie wyo] ATk
gAY 5o] HHAEHolE7t dgsle AL AdstAY, 2 479 Evte] AP E kA &)

= W 501 AE T UMH 2 AAE dYE HEo=M Bl djd BT olElE
2E AL 2EEE K FHOE YAINE olvdlA us FHY Y FEE Trisfor
ke o]gd ™2 A7) o2yt olfl AR 0B sglo] FHolzBEN 4E AF4
M AT = e AR 717, T3 J¥E P AEH R AMRE] A HES HAdun
& WHE ngsfiort ok

=

le]
QAT Feo|2HELS shySel Fuld YL & Y AaA APns ZAL 2o
MITHHst 4 22)e9d M2 (E.C. Pickering, 1846-1919) o] ket WhHolA 2gro

1)

17) Cambridge University Reporter (June 13, 1883), 879%.
18) R.T. Glazebrook: W.N. Shaw, Practicl Physics (London : Longmans & Green, 1885), x.
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AR 29 M "BURAYE, (Element of Physical Manipulation, 1873)2] MBo|r me
FPES At MER 4P| =Zd S A

~~~~~~ YA W Azt wold o) Aol dge] WAY U] JFEL Folsn 1 Holz
Aol ATt AL Bt PAZ Sy 01§L 242 Fho] Hol AGAS) AAwe] HojEch,
SYEL AP WA ANBIA ) AHHo] Y AA VI NS AW oL,
2 g BEW 71 gAlE Eolge sl d¥e ok

v
10

o] ¥h{o bt & FHL TR AYF
ay A At del @& g0 7] ge
EdlolBls EE MYEY I4 AH S AU Ay
olEl= SHIEANAl Aol ER3 X4 & E2 AP | lth AYL=ES HAIS
A HHAEHOHEL SYE] FEol, o] YRS REL vy mlolat & glgio 2
R o) o] 4 WA WK FIE= SHYEo] Aol T A B Iup} 223
THIE 3 gevtel mek 2ozt A wiEelRith o1& HslME JAdslns AAe g ma) s}
Ay SHo|=ESH ae HA AFuAE Fo] ALHIY FFHY r2oAUEL,
b4 (F. Kohlrausch)ﬁl =3 Y&, S HEY AT o] AEo] AYYA| gAY 4
ﬁiﬂw@ﬂ 232 gotn #ogich T&*EE} AT A HojA oF e 4Y 7

2 9’HtEH drael gle Aol Y] wZelgith. A3 o)lEL AEUH dAF4V AR a
A AFZTE o1 7 A, AFHY FHE FHI] g AFuAE 2A =HJS oA
o] vi2 "HAFHEHE, (Practical Physics, 1885) o)QE Hojr}

o
)
flo

22X {2 F Aths Helyih

o|Z2& a9 AN Hux
ol . dEbA g AED)
].

mz
@
o

i

,rxl FIF

im
g wo 2

g
=
O!

ruE
ok
4r:

. e A¥ws wA-TdgEe3y

Folo|2ngat &t TN P AN ZFAPULIN GEQY P vhslo]
ragEeish & Honl E 18859 ol o] o] APNT TAZ ARHY] B2, o] B
g Buahe Aol AYuelx skl APmEe] WEL olsisle Bl FasTT 2 + Yok

19) Edward C. Pickering, Elements of Physical Manipulation, 2vols. (New York: Hurd &
Houghton, 1873, 1876). 8o Qv HAFAPe w& History of the Cavendish Laboratory, 44%6)X)
21 83} ot

20) L.R. Wilberforce, “The Development of the Teaching of Physics”, History of the Cavendish
Laboratory, 254%0lA Q&

21) F. Kohlrausch, An Introduction to Physical Measuremenis with Appendices om Absolute Electrical
Measurements, elc. (London: J&A Churchill, 1873).

22) "A¥EDE, & FHY Longmans & Green ZWALY] “FH3@A" (Text-Book of Science) A2}z
FuZ 2@HUAT o] HFwA Azl "AHEEYE, Yo% Fleming Jenkin® Electricity and
Magnetism), SHo|Z2B &0 Physical Optics, WAL Theory of Heal %o) TaHo] glglon, o] A=
2 AYHA] diFtelM mAR AMEED AP EE, & 1885de] 2@e] &uE olE, 189347
4] 2@HUCH
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o] AL 217 827% (section) 2 FAH] 93, FF AL 3 71X AU TLE ALLSH= dhte
AR FHolgitk (HF 6> "HEEYE, d A= 82719 AFES YR webx] 28 Ao)
o},

(% 6) rayEe e o gl AYS
Ro} g Agus ) |
228 2% ZPue
2a)8 A | 1,2, 3%
B Ul o) &3 A8 1-4% 19 4,5%
o3t AY 20-4% 26 6,73
S5t AY 27-44 31 8%
d A% 32-2% 44 9-11% |
Bt A 45-4F 68 12-16% 1
7] A¥ 69, AF 70 17%
A7) AY 71-49 82 18-21%

‘A g o AdEel st 2 BopdE 7iekelA ASEE, ‘Ko dhaedt go 2T
A s, W-AHAA 23 F-AojA], AHEoE T34 2L Y7 TE o] gl doles A3}
v A¥E"l AE vHFYH, 54 & AESId nAl9) A4 UEE 23 ¥|E
(specific gravity) & AR sle AHEE FAHJT. ‘I8 & g o] L3 FHLEEY =
A, BAATY 34, HERATY 3%, A9 4 &2F Tol B 4¥es FAHAYJLh
‘Folle HYd 2EFY FRE AN 258 A AYT nA9 Hx)9) v JY
< FAste 48, 7IAIY 58 Y3 AE Tol ANt 2 Boko APEL 489
AT, 3, =8 vlusty 2Ashe Aoldth. "B o= 71 B 40 Aol Ak
#=4 (photometer) & ©] 83t WO AEE FH3te= 4AY, LEALY EE2AL9 £4A
g Z¥Yst= A%, E%7](spectro-photometer) & ©] &3l 4o} A g wo| o g &3}
= AT Yo #Hyo I} AY T FAUT A|"dls 29 UukAEQl Ao @I
2718] Ago] Utk BOE “FHI" ol ZnlwrlE (galvanometer) & o] &3t HAF9] A7 =
ZAsh= A, VIR FAE ol 8l HMFE 2= 4, NHEE A= AF, )
329 Age FH= Aol EFHILL

5718 ek HL& “FAolg FOlIZI?T & Ad9ey, “Euld %7, ‘293w, ‘EuF
A" ge ZA FI GREHQ =90 50F AEE TRt Motk of Ruge ‘gl
3 “HJE o] 247} 20, 40F AEH L B30 EOim AgE goldct ojgo] “‘Z2F o) I
YutzQl =9)o] AzFEC] UL Xl olfE FOIREE LA QoA “EF o] =d
FRA WZoldtt. Sdo|ZEER & o] Ho e AYPY MR} 24 A )AL T
& IR 1 & HAEATE Y mgA FHoix o] oA AP ‘2" FYs sidel

23) Practical Physics, 1%,
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Roltt. o2t “FA" o F a4 it AzEY 4ol A A “ZH" 9 dE — A ——
B ol ‘A7 iAo #I GuHHQ =08 F83 AoE mEYW Aotk

T ol5Al FHTL T “BYA ¥ 2 ojdn, E8lF o 2L “%EVE. *s
1 Y D9 (uint quantity) o2 Blmshs 37 oln, ‘Yl = 9FY wWi4s A=
ZolFdt. * et FAE E2A & (22 X (B99%) o2 BAFECE 48 So] Axg-A
ol 2 FAT Hhe] o] 10cmATHE o)A L [cmiks ©go] 10419 Eald %L ou)st
oh ol FHL OgH o] F HECE FEE £ ok

SO 8 SHI: YUE 1 AUS BA(F] 2 Adshe A 2 A S g X
Hol S w9 (F Y WFE BHSK Relth o T @A RRe Agel o IV

A9 AgFo TECE ZYAY F MY 8T AL BYE ddss AFgoluh s
G Addo] wet Ao s AR EE Wt GEixy] gt} dA|g oju] o), A
ARG 22 71EA G999 BEo] ZAH Q) WEe) o] ZEUAAAE ulolsoH
& sh= Atgel AoH oz g9 g Addshe 98 doux] e gatd 239 A
oul= A3 A% dAFY wso Aol Hrh

Eg ol5 2 2T TR ot AHA P 93 S 78 byl o3t
Y02 FAUo] TREETL Bkt “AHA whg" e Zo|, AP e v|EAQ g
e ATEAAA sl TSl A A A& ANgSte G vk Zolth 'AY
£33 9 4% ED} et Fo 473 57 A 3 vFY AL o2 YA

ZR B APES BEE FEo|oh

‘g 24 24?8’%J A7t Al s
(calipers) & o] &3} Holg FHsh= "4 . e By B
17 oltt. AYHAE HIFCE vrEoizl AA} > m‘ ) ___f_{@D
2y ez FAEHY dsd o Zdds c ‘ B
S A it wFol A Aok A ¥ G '
Haol g 3 R (2¥ 19 DF) & 134 pt ol

o g3, o0& FECE L 4L A 2
Sheel ok FAFuA s BAE EA C (a3 1 Beag o)8d ol
Apolel 3 AL Ast BE 2Ase] Bt CG

I
o

£ EA0 AsHA AR o wEE HEW T o] FHA M 28 e L
$ie Aotk = DE= 1 QA 7149 & &3°] MAA Atk o] 2L 105859
AeH, o] [0FEE F5& Al 55+ wF oh2hA 0. 02 Q1A 7}75—-% 3}% =)
olgt Xt Wl CGY F52 ¥ FAL F3& 205EF Aoty wely o] & AL
0.001Ath.  ghef e CG7E 354 4Atolo] $1X8) lx =& =3¢ 7lEdle ﬂ’éﬁﬂ 134

24) 22 X

25) Practical Physics, 10%.
26) Practical Physics, 2%,
27) Practical Physics, 51%.



FAg, AYERYR digte] dBETaS, 1880-1900 51

2Atlell AT o] EAQ "ol 3+3/10+1/50 Q1A Rrhe =3 3+3/10+2/50 QA R}
= 22 Aot} old WAt BE ARl ot MdshA 24T w5 (S CGY w3 o 130]
AoHd o] EA19] dole 3+3/10+1/50+13/1000=3. 333 AA]7} AL} o]ge &L wHEs}
of 73 Hgel EA19 Hojrk ool "AHYA whF o A7 FHo|rh

a3y AxEL T AFAA F8A7Y ojHT HHA nw’ g B doARAE g2
o 235le A w7 g o] diAR] et Bt dE B IFAEHIHAES
o] &3t ML FYshs A9 AF AR 7P AA sfol F YL AYyE EEE AY
Rx$t AaE k= AP Ri, Rx, ReE HAHFA widste] ZubenelY) vhso] EETA @A
AP & dAjslke 2ot o] AHdA 2= &(0hm) &) WA & o] &ste] APgk RxE A4t
sh= Zoloh  webd A FATY F¢e AFHEH FH Y Aes gr EHH @4
BT o] EFQ olsfrt DrAelth. 49 oo S HA B/ ol YIohA AL &
g 7 /Rl Aotk FAo E9A olErt YL AE o]t FEIIEESY V&

FTE/IEET) ofdet dolg €3 e A FIYY. & AFE e SYEL T=2 «
Vg (ge FH/IEE, Te A9 F7], 12 Azl Zo)) ghe #AlE <2 Aojof o} A
DofA SHYPEL AP s7] Aol A dAbel #3 28 WA S olaislokt W Holoh
ol olfolA 2L Y E B YEo] B3 olalY YEE “HAZ sels) RE 73
ol7|x= gt

olEgt “ZHEZ W ol o3t FA o] YHHAERl F e ARHEY A4S fokA o T
Zo] (& Tyolth ¥ o] FE FalA AHAEL RE EA o] AFL Zo], A A
2L "Hrt gt B2 FF 02 ARTE £ USS TEkm UUE Y welA ofE A=
Z3hAto] A oF A71H oF AAH FF Ho] UE FH K= g8l YJAE BT
sla AAZ FHEHE & 2E 57 Ak dE ol vE-AS, ATFRPIEY A7), HAzp)
FEA = B5 34 vhs (spinning needle) & o] 83l 725 & &3k P o|2E &L &=
ol e A5 AFAM zo)7} Y= AL GA viES EFATE Y 71¥9Y #olgln ®ytth
ot R 2EL o]H3 T &3l AF (F2 A e FEsHA olEjdictd v AY
E& ojdidhz ol E8o0] € F Uvtn A4Foh

olMy AzlEdAE Euld Y5 9 o2 FAlM B3I olsil viE FEF Yo #F
ot dE 5o (X 5& ¥ 9 AHAS dAE FHH= < % WY &
Ay, Zo], (A|Zh 2ot} ¥ o] ¥& F=m - dS/d%(me H#H, S &3AY, te Ah R
FAHE gol B3 YA 2] )4 A% (physical dimension) 3 YA|sla irh. AAEY olH
3 Qlale Zk Agd U 259 =9 TAYE FFE FULh olEL "HYEEYE, Y 7
A (AY) oA S5t} sk 1A o9 A" FY, g HE ol #3 o]&349] =95
3 oh2o Al #E V&g sIHd Aolnt

28) Practical Physics, 4% T3 AY 778 g A,

29) o] By AAEo| FAR Heol AR Po|th Practical Physics, 6-7%
30) Practical Physics, 18-18%.
31) Practical Physics, 7%

32) o7|AM ZHEEE £R58 AZleg FAHER AL ol (FAHm) g (MhIeE BAE F Uk
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& D ZFAY ] He FEH HAAE SHIH=E JEY 9
=1 s HAAE ZHHEe 4 AU
g3
area length 1-6
volume length
velocity length, time
acceleration velocity, time
force mass, acceleration
fluid pressure force, area 24-26
coefficients of
elasticity force, length 22, 23
SYoA o
pitch (sound) time 28
LTI
’ temperature length 32
quantity of heat mass, temperature 39
?
oo g
| index of refraction angles 62
intensity of light length 45
A7) %
electric current qn. of magnetism,
force, length 71
E.M.F qn. of electricity, work 74

resistance

electric current, E.M.F.
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e gt dE So €%

588 FE7t s olgrh

Ao exg -
3 i oleld Bt LEE

Quido T &

Tl

EQ o]2H Y& tFE E2E FolA o} B £ & UE

ZXo G HY"EE tFEE 78*01]"1 I8 g3 d#AHe

gt W3 BE A4S =9sHAe AR Zolth. o]E9] 18 EHo) AA A
‘ex FAO B3 A2 AR 58 & RoE

EAe] 94 AE (thermal condition) & 7&«]6}2] . BPolxBE

ZA = -\L‘Z‘“"ﬂ »101’4“ Qxﬂ;‘“’] E'r.’:‘a FA %@% ]2 81

B

0 olEe eng 2] AsME B

33) Practical Physics, 183%:.
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A4E FoA Y T Us ESFE Folof T BT AE S0, IAI Y sloA
o] 714 Rulof Wiz}, Mo ArixEghe] Hale g9 Wil s HAYsh= E2)d S0
o gad 2EE S AsiME oY AAES EFY 5 A norE AYHIITE ALE
&t A slof sh= Zlojt}. S olREEN} &t o] Ao &k YW A O APEL
olgo] ol ot Ee]A ANE FH3= Aotk AE S0 “HF 327 = AT U oA
259 Walo] 9% 1A T WHIEE FH3te Aol oEL WA 879 TAE
ZR8ta, & A 8719 FAGA L2717 FAE WA Evie] 2AE Aot B9 TAE
FE g9 FHE AL tE 8718 JHEdle 155 W B9 Buj9t 755 wo] 9 Rilg
ZA% ¥ 7IAY WEE 259 WHIHOoRE by Flo] B9 AWIAFAT:. oA gL
o WA E o] 88l “AY 33 oA EF ¢E, JdHES F=HL 2PN oMY
AL AAH FHd =& F= BT /g 2 0|88 "AgEe S, o gton, YE
2 olge H¥EE B3 s Y #HE ETY Y0 3% ol E dA HUoh

BESHAY HA] ol FHS & HoFrh Uukdog 5 P B2 [, I, AZE
ri, re2h SoHH BEY He Aol FAIE=1 L = r?ir? 0F FAEY. o] HAL Hdys)
71 F3A AR}Eol B AL FAM (R, W, E. Bunsen) 3} X (Count Rumford) 7} 10HgH
BEAQS Y AE ¢la o] AEE Fvlske 3Y AFEE FEA THEL FAe, 2o
A71E vladhe 7179 A Y8l FEHAC #F oEE AL £ AT olHF WL
AP E st oAl HAIZEQ] E&S £ 7 A& By oplzl, dYEo] E8F Jdo B3
olsiE dv H EE Frv 2F4AE 289 AT etk

3 AP ET o] gEd] 2EAE L3 AFIATE otk o] & uFTPES
208 obE £EEL WLE JG1 AUt &7 283 A, Practical Work at the Cavendish
Laboratory, Heatol= 188439} 1349 (@) 9] depi2rt e Qledl, o714 e A5 4
o] 1/33 50 dF3te 7719 AdES &3 B30 "AFEE, 9 do B3 AFL &
(=

oAMA = HAEEDE, o B2 SHES 9 Y& ABAT|Y AmRgitt AFREHE
Z2Eo] o] Hol A EAES FTAEA ofEA HALdlReriel s AdHEAny o|ES
FYEE slodg HYEE FHM HAHSIES Fo2H FHo Qe Hd #3 ZE FRE
A8 BrERom St Eo] A¥Y e W #Fa FE3] ol Tt AP S S
AT ER o]EL AE Fo PAESY =EE FAR AF A3 g2 uy dug)
ZSolr e ¥ AFE P Tk At EAyA] EoE E4iFd 71Ystn
I Al FE FUG 2|2 E8slcty AJztelw e AP E wkEdlA st Y ol
< Ao wKE FAlA SHOIREEY &4F PSS HAF Ao A% wrER, ¥

o2 EA defE ol E dA sk ul E&E T 3Gtk olHY AxEL e

34) FEE FYUoIA v Wol Az 3ARIY] vldstn FHOoZREIY A=Y A|Fo wh|H =
Halef wieket s

35) W.N. Shaw, Practical Work at the Cavendish Laboratory, Heal (Cambridge : Cambridge Univer-
sity Pr., 1886), 5-6%.

36) Practical Physics, viil.
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olal o] AEE Fotshs FHoRE AFPRES o83 a8ja 2FHPEARGA HFEE
o] A HALE FASHE HEE ARE0] AEYH 749 HAAEHOE A& ARIGH The
T Y HlEAE#CIHENA A% dob YAt

AP E Aol AELH AFAA drht TR AAFEAE KAF= FL2 471 1897
g 217t Egjo] EA A& MASEE AlEAAM UeldrE 1896 109 AdE Egto]i
29l AEHEL “‘AFE HAAFE Azl sHPES] AY FHE FGsHA HIIE] o=
27, 2 B0 AgPo] ‘A AR H4o] AEV|ES HE, 18 5 A 8 gy
= Aors ‘2] 2 81899 3)” (Special Board for the Physics and Chemistry) o Xy o’
o] Aore ] S8 &Y 1897 1€ 209 EE] ¥ SO A E W A A9
FE3 o)A AAeH Efo] EA0] Ao “zANE Erjo]E A FAE= SMIES A¥al
£ 993y bHAE0lE Y AFol v AFLEE AATOA A HAgew =
Z31g ARl E ZANCE Y a2y "AFRE U HIIE €A Hsld v &
“Alge] BAHL A S0 FAL & F JYuUE He o YA, SRR FAM FE
3 4 Utk AL BHE AL opyy e} e vkt 2o AWale] A3 ] YAl
A ZEEe] APLESY AA AAE Fauwt g B AHo vFAI7IA VIR gom, AL iy
= zaspst Egle]¥A T ZAIXIE Aot

NEE FA B3 ANERNA ABr)H AF40] AT7HUES HEANE HILE HAE
T2 Ay oS ZEsHAl KA 53] Aedd asRd JJ) & U]
Thomson, 1856-1940) & APLEE Ao EFAZ 0 &2H S Eo] HEE 7|esh= d Er
PP L& BoLE 3= wSH ERE AE 5 ASE FHAG P B ol FHAM $
= AEd d7ie] dTFAE] AFLES Y HAE FAAM A& 7 AT wsH a3
2 FAH R HrEly JAYSE ¢ F Aok ol#HI Hrhs 1880dH FRHFE AIFEHAW
AFCES o] &3 m&o] AFHoUuhs AAEY HPS FoA FAd Folth

V.1 o]%

4 1887d0] AFEES HA7l Hol HHAEGCIEF S ARSI T SWo]XESE HA|
18900l AT42] A% H (assistant director) 2 QPHo] UMM EWAITE o]E0] MAF
o 23AYTL] R g 7B EL FI(H.F. Newall: 1886-87d, Ex
g AEYolE, 1887-1890d HHAEH0E), ¥MEA(L.R. Wilberforce : 1887-90d, X

Z g AEZolE, 1891-1900d HHAE#oE]), A7|L(S. Skinner : 1891-1904d, tiH 2
E#ole]), AG(G.F.C. Searle: 1891-1934\3, HlWAE#ole]) ol 2sfir fAIHAT

37) History of the Cavendish Laboratory, 254%.

38) Cambridge University Reporter (March 2, 1987), 644%.
39) Cambridge Universily Reporter (March 2, 1897), 645%.
40) Cambridge University Reporter (May 11, 1897), 901%.
41) Cambridge Universily Reporter (June 24, 1897), 1272%.

42) Cambridge University Reporter (May 11, 1897), 902%.
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alx)vr 39 HHAECIE|Eo] 1880 Futel AR APuS WA YLE JE g
3 AL olitt. 2318 SEo|2EE &0 s FHAA BHEE 257 ARYYD 2FHY
W& T HHAEYOHEY T3t AR =¥ S FaiA Rouo] YHE BEO0E Has)
A Gtk 2EY o3 = 3 7} 18873 AL UJY, ook APE Kt HA
Hog AAANINHE AZYGEE A o] 25L &) ‘ZFEYT M A Agusl =3t
A kol BSiA 703 @] AEFAE AT E S AoE AU olEL AP A
Ax), dupbeolE, Y, A9, etV EREEZE FAE 6-870 AEY APATE FH|stn
Zyzke] M EdA M9 el TYe 7L MM seE vEA 2AH ¥n 2 APRE
sl Z 2B APANE M E B TIES o, A3 A3E £ s Fok ¢

AR BE sHYEo] 2L AETE X3 FoolA TE FAo s} AYshe ol
gralo] w&olE oheal 22 oErix] FEE] Atk A, AoE FaA AP ¥R
Z213 Qo] #3 olslE 2L F UNT e Fols HFEE FjEke B ) FiRo)
g itk EA SRYELS oA 5K Y FAE AT MM HHAEHEHE
Sl A Fr1 ATk oRIRO R RANOE SYEL TUF AAL FOTH MZoA
58S F F slen, w3 AgAne nag FolA 2RI BES AR AYE £ UN
th. oAy HWAE#CIHEL WHY WS Eoly] s tEd AEE s

w3l Ao WLl AAME HEIF YAt HEAEHOIEEL 1890t ZnAR|Y E¥
&o] ubi g Ad Sl Wit 1 Al 1894de] FRBOE 29E AP S, 4%
oldtt. o] WM “Hr} whedt 49 FFTol ‘&x9 &R 7o A Fo) FriF
3 tga ol 57, “goll 370, “FE ol 270, “zpr1"ol 57N, "7V o 270 AFEo] Fr1HA
oh. o] WA G 2SS FELS zr|d @3 RRoIh. zrige] B 2719 FAIFHQ
AFTE GFUE Auyes g F8I 2ppiEe) v, 7FeA WA, (=T 23 ) H
5,2 59 28 En £EELS AFEe] ARt B Hap] §EE EYE A
(227 o2 Z7pEdh

33 1890 th & AvhEA xjdsst Eglol A B8y} HY8 Yshs sME0] S5
= 2y Ager e Fs|ztt AEH o AYHa] g 2419 EgdatEo] o)A
Aeist Egto] ¥ AE 428 Effo] TAJET ol23t AFL 18519 AMEE Egfo] Al i
5} Egto] £ A7} YA T2 % #Ekx] ggi) 1941718 FsiA o o] wiEF A 28)st
zL AelA, WA, @Yy, a8n ] ] BE T8 BEF £t EdolT A 943 HHS
Ao P22 (wrangler) Ytk AR 18903 AUbHA] o7 g ZEAQ Walrt o
LAl Aol nls] 2o sHYEo] xAARst Egle]xAE AHrt £ ¥<&(D.B. Wilson) 9
Fae] gsld ol F tg7t dEd zelg Fe Ayl HAok Y o] HE 189030 E

43) History of the Cavendish Laboratory, 112%. HAE7|72] ¥Fo] olgL ukio AFmKS] 713 &£
o 2ol siA|Ft HEAEHOEHYH FIL o] Fole dgFHon 779 FF FAE G +
ggirkn #@oh e A, 1115 1885-87d Aolel ARD4 ATl AFHor o AYTE F
szl ZhbeolElgcl. Dong-Won Kim, “Cavendish School”, 177&& #3ag A,

44) David B. Wilson, “Experimentalists among the Mathematicians : Physics in the Cambridge
Natura!l Science Tripos, 1851-1900", Historical Studies in the Physical Sciences 12(1982), 325-371,

B3] 359%E #H1¥ A
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3 e AFALoA ATehs AAFHQ 2FAFuRS P 22l v 2lEe
& Z3fjFEct

BIX|gF Ged] AAHE Egjo] A 2419 BERIEL] 71 U1 Ak otk ol
9] H+= 188413-19003 Alele] zpAIEr Eglo]TA A9 EAE F YY) (Royal
Society) 3|{7E B2 Aol

(B 8 29 Y T AAHE Egjel¥x Ao EAE
°lg NST Ao 471z |

C. Chree 1884 1 1884-1893
R. Threlfall 1884 1 1880-1886
A.S. Eve 1885 1

G.F.C. Searle 1888 1 1888-1935
W.C.D. Whetham 1889 1 1886-1910
G.A. Scott 1890 1T 1886-1890
C.T.R. Wilson 1890 I 1895-1934
S.W.]J. Smith 1894 1 1894-1897
H.S. Allen 1897 1 1898-1900
A.A. Robb 1898 I 1898-1901
R.J. Strutt 1898 1 1898-1902
O.W. Richardson 1900 I J 1900-1906

ol F 2EHE, & A=< WA (radiocactivity), XA (x-rays), =z} (electrons),
H2}+2 (atomic structure) & 22 204]17] ZRF Fa)5te] ZEAQ EA S0 #af o) st
ATE e, €& gaese 7k 192733 19280 =HAL FASIPTE ¢ o)H g
AML S 2FAE wSS B FHE F IRV 45T ESRE RS 9uisit)

V. 9=

1890the] AROH AT4Y HEiEdlH R P LFS FIUY AME e
gelsh w4 QU EAE 191066 RO A4 mee] wAol Do) dFaEA ‘o 2
o AHHORE YT B ohlet ] Pedut thw 470l A8 4 AL W fele
2ol 4 & Mtk F32 FFANY F U 3L oloplmrh 0 1880WT] Awby] 2
He FATE B9 37k ARDH Q740 AUYY O 4TE FO) suas AR

45) B2 2 360%
46) L.R. Wilberforce, “The Development of Teaching Physics”, History of the Cavendish

Laboratory, 279%.
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04 A4 o2 870l sl S Aol AEY APLAY A AL
e FolA ML TP olEel AL HFHololq 2047 xwel $53 EsRE
gol W2aA BT 22% FUIZNET &8 WEW ARNH AFse YEAEYHE
& olgin 9g AN



