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ANEFE AR ERFE §1 (American Association for
the Advancement of Science [AAAS], 1993) >
P 25 B [ 22 SR 2 fZ B (National Research
Council, 1996)3( 51| % 5% E HIRFEE SRR
EAREHELE - DAEE e S IR R 2 PR T
HYEAR ~ REHEREANAE - BEAERRE
THEF A AR Ry B RO B — {1 T2 5 A
(Collette & Chiappeta, 1994) -

—  HRER

BCEF AR 1980 2 il » BHEZ S HYBHZE
WIFRRERER TR - HEERIER S
R CHEBEFEBEERIERET » HORAERE
{H e 51522 (Duschl, 1990) - 1 A[HER R FY
B S B BRI R E R IR B - B ATR
B a B S BN AR E R E EH
EHR > HMEARR  UEREHBENIER
A B (de Berg, 1989) » (EFHHRIEE S BRI
HEHIThRE - A B RHEE S R A —
W HIAERRAHZE - SFER B EE B R A S
RHAZ - WELEMBOEAMEEE &G - A
R BB A TR B ZI M -

TE B B2 sl B B2 Ry 4 & AR
B R E R ERE L - NEE
NMEZYFRE T EEAVEARM S - HREEST
TR SR R U 25 H R AR AR -
LS ~ AV TR SRS > H
HEAAFEEREMNBMERE FEANER
o NIt - BIAE - A7 RE S HAHBHAYIE S —
T o AEFEE ~ REBEFRIE T B2 SUR T
S8 R AR S (S A0 > 1995 ¢ Halliday,
Resnick, & Walker, 2011) -

RE T EAER AL A - & B T5
[FEIFHEIRY > (EHAEYIRE BRI E P sz /Y 78
B HysRAR - 5 AR T A [ER > Rizh
Ry TR IR ¢ TS Eh Y ae I EhRE o H

'H & B P U7 FRME R —F(Halliday et al.,
2011; Mungan, 2007) ; E¢ERAE & 2 —FE{EL
FRE J1(Hobson, 2004) - £ 2T BB RE o]
FUES ? EMav 2t ? 25T
R TR R R T S 4R 2 s s
af A Y S B RGN — B 0 S E I
(Jewett, 2008; Voroshilov, 2008) » 15 E A
BRI — (& B B R -

A o BEEERR G e E(C. Maxwell,
1831-1879) F5RIZEE —VIHGEL A4 » F 55—
VIRG B S RE B /F ] (Maxwell, 1878, p.
104) - %5 Bt - RIgE BRSPS R T
e - THELRE TR AT IIR - A S akin e
Tt o

TEfLRE TG 2 EF AW Ry + I AE
BANNBBET) - YR HEERZESE
Fir{F DB I AR (52 KR » 1995 » H10-17 5
Serway, Jewett, & Peroomian, 2012, p. 180) - 7%
LA RAEAT B ELURES b FREE 2 (iR
BT AT TR B BRI R TS R R 7
fLBERY P 4HIEZE S AL NG 2 — @ N %A
W G EIRBUE IR I ERE AR L
Ryl ERE B e Z A& <FIN ? A AERYE =
FIJE R ? Py H B R X2 4] 2R 4 2l &
e ?

—  HIZEW

SHF T AT R TR AR A B R - R
B gL o E B SR | e o B R
AR K30 DA E SRk B B S
ZETIE o FETE ST B IR e AR
RS R R A R RIS W (A 2 A
B - AW FEER

(—) NERETIRE R BB 2
HRaTT) ~ BIRE B RER I el - R TTER
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RESTIRLE ERAVAEDT > ELREIRY 180 Z K240 fef
HE RS ©

(D) NEeEST IR R B AHBA L S R

&2

2 AR B 28 5 LR T B R R P e
WERER > BUARGREME ? SO a0 s
Eie S S R B ST & Z B R
SRR KEFPEFANSEN - B
— R A E T EYRIEE A 7

AW FEE G /N RS AR ER AR AR
BT ESE - HE SRRV EEED
B REEME - At ERE AR =
B A BRIy B A E BT -

Al ~ SRR
Y I B2 A ST IR B T B B2 L
P - SR PR R S St e 2 BR 9T > BRLAE R
B2 EAIWISE - BREZRER » i LIER S
SRR > BLFERLEE SRR A 0 BLETRLER
JiiERVELRE - AR 2 AT o e B R
ERANR T

—~ NEgESTRIE AR &

R RE

E Cardwel (1967)F BUE AE 2 2 SEAYER
=F > DA Iona (1973)EiLehrman (1973)52H! ¥
DBLRE ZUB AT Mt - 25 2 e » K
BT » WARIEER - BLEEE The Physics
Teacher AT L AHRE BV B Gmmt T 2L — 8%
R RFE TR R R B E A IR %
TCATIL 0 LB KA R R B SR AT

(—) I ThELRE BT B IR AT

FE H A0S TR AR SR Bk
HMETFENZE S RAEERE LER

Ry + DhIEZ 2t YRS B i Y 77 B30 P B ]
HIRFARNE » MiEERE T R 2 H I8
L FEHYSRERE AR R (Sex], 1981) © [A[[HESexI £
GRSELLRE BRI - DHRAIE £ By 4 Hil%
HIRE B AL B 240 2 Y RE B - 2
FH A fE 58 FH B A &= 20 B - HIE— 28
ERBIENRERE RSV BRATIARE
SHIRELS - FErtoRsE LA EHHREEEE
FTEHAEYHESE - HE—F > HEBKR
L &~ =P TR A BRAE 2 &L BB
% o Kemp (1984) I fEe 52 55 & 6 0 (5 FH jHY
Wi BRI BSR4 ENRE LA RE > TIE E
PEES © BIRE = mv'/2 > fLBE BYIBEFTIEEHY
FIRE o WL RPREEE EATS © Solomon
(1983) Kz Trumper (1993)3f; F GREL A 15/ NEA[ES
BZ o (FREME BRI HE AT REE AR
EHEPD] -

Warren (1982, 1986)HIFFAREIE % » P05
HAETTEEIER - FRITRESUTR
S A Tl B R BH L RHER ) TR AT RAHY
NENE - H—J7H » V2R EE s —E
HERAAMS - FHAEREEAREESR
— R BH A L AR = A e - T
EHREZ IR — B RE S EEE
=R TRRE B AR E TV EbkG > B
DB FR O A B S A - IR
b YR R A BN — B o S SRR g

EVISREERIE P EE R R IR E —
3 MEARESERET  REEEIIS
FEVEREER E o B EW I B A E
&) (Warren, 1982, p. 297) °

(D) EEERAILUEIINEE D R SR ER 2L
TERREE S e RIS tH 3 2k T 40 RE 2

BIRETS > BF 2 BH R S5 FE 1853 F &R I& R

YIFREASZ 85 4> (M. Rankine, 1820-1872)5% F-Af
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R ¢ gE & Ky ETNEE I (capacity or ability
for performing work)fy—7&E7)'E JRH&(Rankine,
Millar, & Tait, 1881) » )5 E 45 (Carr &
Kirkwood, 1988; Hobson, 2004; Iona, 1973;
Warren, 1982) - {7 & ZEhEEfs © —EENY)
BaSEpAR EIBE T VIR ERIE AT ERYT) |
TR BEZARE R « SPREYEE » BZUE
HBFI2EUER - FifENhSEIE L
L RE ) -

FEHER T A LA S EEnYE
TE 1= P R A A 7K S T 2 BB i R Fomgh
SEL PR 7 i B S i R PR B Y S O IR LR
WA TF. B8 fif = B 17 A Al B R Jth BE A Rl S B -
Hobson (2004)3% Bsltt 3% 1145 437 % R EHY
seEiP = - MEHEEMSZIELE: - A
GTHRERRE -

(D) BEERNZ A LUETIAVEE

Sex1 (1981)58 fy Lt & /2 7T AEThAE
JIHVERE - MRIRFER A E0E » SZ R HIN A 5
FTEE 12 G » REEWRFTEREE - AFF
LAWY - AT g LT -
& BKE RS KA R - fEEEE
% - HALZHEIEINREST » 54h » IR
NI E AR E - EREF R Nk
B EOR AR - BT A IMEDY
(Hecht, 2004) - f£4hLehrman (1973)HIEL/K
JEE BT NEYZK BBl - B BAZK Y AL BE BE 2R K
Lo EERERRAYK - mf DIEEEERER
TETNRE Al b /K BB 2 R Y AE T34
T o HEMEDIBE I N B 2 H A TS NREE
FriE > BHEERESCREFRNETE

Sl
s

Duit (1981)EiTrumper (1991)R L E 58
JEZMEREZ T DMEIRE NHERE - A
b B o Al — 2 ek FE DL B s Y 7 =

Wl RE R Ky ] E A L AYEE T (capacity to
produce changes) » B{EHH S8Ry —FEE[E
(a measure of physical change)k i€ Z(Arons,
1999; Chisholm, 1992; Hecht, 2004) - HEiH5
THELRE LR AR - T9PRERA AR R —
B EHVES G 0 TRH —(E O RS AR
B> 535 h—(E (Bachtold & Guedj, 2014) -

(M) DR T RERNE LR R

de Berg (1997) £ 5RINfE & A e Hidm £
57D, Bernoulli (1700-1782) Kz 2[5 T F2ET
J. Smeaton (1724-1792) » 43 HN1738 Kz 17594
o E E 75 5y B B (Bt 1) B T e FE Y St
H&B@# 5 "B{EET | (potential living
force) 7 " HMZE4 )] | (mechanical power) ° B
FI1 829 A F R FZFIFEF(G. Coriolis, 1792-
1843) & EYie < IPHE 175 1| Z i t%ds
TR Mo | Pdsts » B E By T (work)
(Coriolis, 1829)

RS RL A2 16884 » HHG. Leibniz
(1646-1716)FfEHMImv > T8 EIETT > il
MBS RS N E R 2 SR
FERYSE v - B R SR 1% I B K 8 FE R TE LR
(Kanderakis, 2012) -

FFE F] (Coriolis, 1829)FT#2 ! )7 ¥ (&
EEFTESh 2 RIS e mv?/2 - 6 Ry 2 ThAE
TEHAYAE  {izfE(potential energy)if & HIlE
TE1853FAHEE e E St - M fEE K mT DL
fELhEEEJ1(J. Roach, 2003) - JJELAE #45d K
JIERRE ST IR i 4 HIlE HH S B P B B2 52 55 1
F%(W. Thomson, 1824-1907)ff5€5%(Thomson,
1852) -

TEBRET HalaT 26 A8 BRI Y M3 e B 3 22
R S NEBFHES TFRAE R EEH )
BIENREME 3% » B AN HIBCRER B I S 8 )
AN T H R | 2k)E(Hecht, 2004; Jewett,
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2008; Sexl, 1981; Voroshilov, 2008) - f£i5 1t
WS ELARE S 5k - KA ZER B TT
FET o PCREEIE W EEREFE AR 2 A
IR R E S ELE v DUE FEAVRER - TINEE
IRet A\ e oL SV E IR A # 2 B AR
AIRHEE SRR RE TR HE 45 BT e B B 92 %
TERIERL S B BB E0E o —EE 'V
B BB~ (Matthews, 2014) > H 2 AR 5
[E_[ o

" BB HEEREBIE
Pl

Vi s g A E T B s
AR AT BV ER SR N AR R B IE - BB AR
Wk e R SR E i e A S R o B RE
# o B et EIBEEENHERZE
AR H A2 BT B 2 (Seroglou,
Koumaras, & Tselfes, 1998) o 24 ¥R1E A E 77
EREMHBAEE: ERV SR R KR B RN > B
S

(TR ELEAZNES

LawsonEiMcDermott (1987) 54 $%f28A7 A
—EARM A P b — BB
i (B EE R i T A EI BE R A - 5 B R
EEMEEE R - IE —WIRGBRGE) - SEhifE e
T HER 22 Tl e FEE MR A (B BE B PR IY - W B RV EhAE
KN ? HAE i [FIER45 R E R EhREAR ]
AR BERAEMYIRS ERYThREE
2 ENHY TR B EERE— B - H1RKAVEIRER
@] > PRI S S B E 2 AR« BRI
BAREIINERB R EHE - HSHEE
e A Y Ra P2 BV 2 - BV 38 0V B BE &
b > BHBAE—HE -

A DriverBiWarrington (1985) 1755
SR28fr K —EIE2 NN B EmEH AR

B (EBAIAME AR - WA TEEEEs TR = (-
RIEiE T - ST LR EREN R %) 2 4
fir B2 A (50 P S i 2R A =B AT 58— B o
# o BHINREEE T - 2255 - H)2
H—ArFE S RER FH E &R )70 SR
RIS YIEsERT A -

By T EIR LGB A B - WREVE AT
HEBEEAES > de Berg (1997):8 5 S HY
HEFE I i HEE AT - HPRESD.
Bernoulli (1968/1738) Fz Smeaton (1759)%f1}
ez 5 REEN EI e AR
PR R AR DAL Fr 5 [ AHY F B
TR ECEMAR R G ZERAR - R E YA EIRAEEL
TR - BRI R E S
HITER > ZREHE ThEL N HY7ER] - #E—2F - D.
Bernoulli (1968/1738)#B 1 GHFE 7 BRYGEHYIEFE
HHERS AN TR BT R R D BLE RS FIHY
MENENRE AR - HERIEE BN E %
BERTIED » B TERSRENREAYRA (%R - HE
AIANERER A R DI ELEBE - B A B
HIRE

Kanderakis (2010) 7R R}E2 52 HYERET 45
F o Iff &de Berghyamil - 2R [E 19TH4CH)—LE
JEBELAZEN » ZE4E T Smeaton (1759)fftHe
TR AE R RO Th e ZAV RS R © 25 PRI HL T Y
REE @ SENREGET WA - AIF]
B[RS RAI)Z EF o HILFDHRREAME
R EZ R IAE - SURBUER A
RAFISSARES: -

(OB B F Al S A B Ry

RRE2 s RS2 E B s ny e gy — i
AR ESE B 5 R A8 ] EH RS R ER A R B R
(J. Conant, 1893-1978)7F19514F T3 : E HHHF
FREBH TAMBAIE—1 - FEESTwwE TR
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B WERIERIN 705 > Re SRR R A E
HIFRERG R MRLRERE L
SHkERAZ (Conant, 1951) - & KlopferEiCooley
(1963)EFEHALE - e T E G AN
JVERPER S ZE ] - 1962FF-FLZ(T. Kuhn, 1922-
1996) i hie (RIS aniVasts) —& » R
S A RS ERET LR A R Y S Rt T R
B BEBHE - g2 EE N VPR
(Kuhn, 1970 “f2feifE ~ AR ~ FEE ~ $8
TKIEEE > 1994) o JTHERIRECEY G il
RIS G AHER T EREE - HEE
FRE2 5 BLRL R EERN RS FF 25 HERANT SR
W20 feg Bl -

H.f'Nercessian (1989)50 5 T 12 - &
BRI T B RIRY A B R
FRIEREE Z RIEVELRL > AR ANAIRE
J&& | ° DriverBiiEasley (1978)th 28k " B4 ¥}
RHEZRIRES » % 7T B B s | o A B A
IERE o RSN T R R R R R Y R
SeaEAR > mTER{E A FLAIERAIEK - A
¥t | (Duschl, Hamilton, & Greudy, 1990) -
fE e ER R AVEIRE - o E A RIS
IR - BLE BRI R BB - 2t
HH L HGSF ISR 2R - 1ERPEE LR
oo H] S R RS B AR SR S LAY AT
RERRIA » A AT Bl R B2 A S Ry s (1] B B
5 H B EE T R ERERE 2 (Gauld, 2014;
Wandersee, 1985)

P2 RS ER T ENRIERR - 2
R BRI BN TEIE L | (ways of
seeing) » (HILEIE AL FCAHE LB CE
%35 (Driver, 1989) » [ 75 %217 15 5275 B1Z Al
HY5 & -

Bt FHAtEMAE &

B4 EHEE o A4 e

Pieget,1896-1980) #7 3L #-37 I, Fr b 4

FRE

e iF AR i eh e 1 (assimilation)
PEoow i PLEEE Y hRE
(justification) B3t o § 3 mFL 5 41
Lo REIRIMELE > SR
SRS AR 0 G RATR G P
# if (accommodation)fF > P ¥ & *

£ EFE ¢ g R (discovery) -
FVood R Ak iR Y L K D
TR EY 0 B4 k4R A

S TR EE S SR
2N R AT I e A % o (Stinner
& Williams, 1993, p. 92)

Lind (1980) 58 & ¥ NEEA Zy 21y
e TR AR AR R,
s RREL AT B R RE RE STV AR PR - 55
—5H > BARERE R - Tt EC
HIE B BAEGEGE S AR
i o WA R EHARRTNE S > 2k
R AR B HEERS o BT ER SR TR Ay
YRR as R aaAE - B TR BN B E KRR
SAGET ~ BURZINVEZES)  WHEEER D'
il R AFAYEEfE J1(Bachtold & Guedj, 2014) -

MR % YR ER S PR R A - H
AIFTE A T = E %ot - 20 ¢ SRt
7% ~ AENARE/ NS - R AR - E=
ERE S FRERER - RIERMAEEKH
RelsEE )7 U(BPHE ~ =& > 2006; Kipnis,
1996; L. E. Roach & Wandersee, 1993) - 15L&
REE R E RBREANEZ MR T ER
HUEETEHEL  EAIRRRE N ERB R
W& R DA BRIV R - HSEE
HRFRHEE SEE R R A B B EOR (PR
B > 2001 5 BRZEEE - ZMIE > 2014 5 #Z&
S~ SEER - FRORES - Mi—5 > 2006 1 FFE
gk~ FHIE 0 1995) 0 MMEAHBHEERIA
AR ER IR - A AT R AR A K A B — I T



JIERRE ST R BRI R SRR AR 2 B A 385

WY R B g fE - REE B & T R HE Y

N — B E E 5 R
HYEEAT - R A AR HV IR — AT BhEE A
BRI R LI A B R Bl o APt
ERVECEEN - EEREERRE S|
(Lauritzen & Jaeger, 1997, p. 126)

(S)RIELHY R HE ot FEETE

AT AT SR EREEE - DR
ST ARG E Y FR A B - BAI A D
BOA AV SR BRI B ST 0 PhESE
FeeHHYZH Welch (1973)$H5 (R B2 4 58
DURFEE 5 o 2 5] Y /5 1 Project Physics (HPP)
SRl o BTy R o

Welsh¥f 4= S5 fEHREEHT 17,0004 772
T > B P H AL A [F B R Z AIPSSCHY
PGRPTAREERA: - (C8 TN TRV -
fit 70 A [E A AL - ELFEEERE pEHL ~ HFY
BT ERA - DUHPEEE S RS
ACF A (5 FHHPPERAE (R VAR - A 1137
Rl > &« VIR AMEAYES T - Tk
T RER SRR R R ) B Y FE A
2 BMABZIT S ANWE B EE T
AR > SEEAR R - DR AR EANE
HeH R o MEAE SRR E L > BLE AR
HEE > W RIER - (HEMREREE B
ERWE -« mEEIL - KRB EERSRFE
o BEERHEAGER A LIEE - A ERKE
HEREL T - HPP BRI AR A AR
o ERIEEAYRCH(Welch, 1973) -

H197041% - Mi— 3 RA M2 A
JIER IR ERER R s 2 Sekerd
Welsh (2006)Fr 2t o AR 1L /\F 4R ER
4 P o RO AR A [FIRY IO DTSR - RS )
B 5 > (EHYE SR E - BEAR
EERE D R B2 B FAYRRY o B — DRI

RN A LB A4 A S B R B s tp R gy
PIREXEUAR N - 1F RsRAERD R 2 Bl 5 28
TR MR R EARIEAEN A 0 E R
SEmANE  BEDHEHRBER A S H
NEEE DRPEMS - BRI DR EAEE T
HIZER o FETRERNAT PR =K% -
ERPEMSEE > F-INRERE
KRN MK - EERAREE SR BRERYAT
PR R HRLER AR ER R - KRR F
s A2 5RH - BHERERE T » JNIRIE T R
HPPHYEH# SR -

= NEHBFERANEBELREFE
[ [A) 2 8%

R T A A B E R E —H R
REFEETFZ—  FERIEHETENTT
F A LU AV FRAR - IR S R AR T
EFTER TECDER B ' B -
S SO RE L0 DA HE B B e A 5T 26 B A e
Z2 | (McLelland, 2006; Wink, 2005) -

SR IE R R T 0% - TR
HA~Z#Keeslar (1945a, 1945b)AVEZ2EE » i #]
W 5 N BB ER A SR A RRAY — S5 e - 4
PERIERA ~ /N OEURT ~ 4T 2 B AR AT 5%
% HRFEMEFLAE » LEREER
PR S e PLl - BritE o EmaHEE - B
G ZHE » REEP R ERITRY B R
xS BEIEMFEEILRRA TR - 2K
TR AR e - 0 R SR 2R - B4R R R IR R
T (HMEEMRE - (DOBEER - ()P
R ~ (EDRFER - (TORBEER - ON)
TEREESm ~ (D)ECR R o E(E R R 5
FIBEV BRI - Bk R H & Frai iR dEay
LRIV JT A o EERATHIZHAT] EAYEF
%m0 RS LLAR 7 2k 2 3 H it 58
S SRR RS R R R Ry ¢ BRI
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TAF > B ARG AR P AT oE - H
RIS R TS BRI 0 -

{EMedawar (1990)%5 7 LI [5] EUAS Ay
ROV TR S SR LY - SRR A SR
o RURs PETE 2 B )7 AT R se DT H 48 o8
HIEA RS #AE - [ F 2ttt
B RPERSZ Y TAR G 0A A i sk e B
I E—HYRIEE T % (Carey, 1994; Rudolph,
2005) - FEE b BIEREFREELESG - Al
B~ S AR B ) AR A R R 0 s B
T g R ECA RIS - BT RR A Y B85 T2 A
{LIFI(McComas, 1998) -

T 50 B & B B EE D7 A B AT Ry E I - B
BREEFFHEEEMAEHCABNEE
HIRE T - TIE R @ e — AR R R AR
(Commission on Science Education, 1965) »
Ty saHE B PR e 2 (Atkin & Karplus,
1962) - FIRELERIE VRGN - Bk
SR EIERERAA R » ZRKIGEARIEED)
#HF2(Schwab, 1964) - TFEZEPRIT A - H
SRS EBLE S R RE(Ayers & Ayers, 2007,
Hodson, 1996; Kuhn, 1993; Tang, Coffey, Elby,
& Levin, 2010) - fEEFEEIE L 25 © [#
SRR T ARV » B ARy B2
B > W e RS EN R - HEE N
W #ZF(Hammer, 1995; Shymansky, Hedges, &
Woodworth, 1990; Suits, 2004) -

ifiKeeslar (1945a, 1945b)fifaRAYFHE
J5iEBLAtkinBiKarplus (1962). 2 PRIZTAHAE -
HESHERRFEEE R ER » E T EE
2 B bt a0 1) 4 B v B B S e R Y S
(Suppe, 1977) » XL REVE &g (EISEHE » —
D) s AR T B IR A T e R E
HIEME o {H LA S K B B s AV &5 5 -
WA RET R T A BRI A - FRanA A
HEFTEBIRMETTE -

(K. Popper, 1902-1994)38 By fl 221
sl A A DABS BRER A AS I R H - (EREE
FOAE  HRAEA —(EEMESE—H
A 0 % A L RZ B IR S EE - SRR IR
ER RIS I A 2 FR R 4 AT i (Popper,
1963) - HA1% FL BRI LAV EIRE - SRR
BB R 3 2 R S M P B B Y B i
AR L - B AP M e AR R A P 5
Ao T2 B R R MEY —fE RN R (Kuhn,
1970 /RS TESEEE - 1994) - ML FIE2EE By
GEREEARL AR AR SR - BRER
BI7EN % Tt BIRER R R 8y 774
RE—ENER - W2H — N BRI TS
7£McComas, 1998) -

A3 55 5w B LR Y B L R - KRB AL
BRI E B BRI A > B H
RE(RMRfEKeeslar (1945a, 1945b) ATig RV E
sa HE A BN AR &R - if AtkinB2Karplus
(1962) T A BEEFT A E Y EHEHEE » g
TR TT7A b FEE TR 2B E A
R AR B A RS - B
BB T E - ARSI AE R
BEANES -

PR R B2 SR Al G B U K~ SRR R
Fe o ERVELEARGEDEESIAT 7 2 &AL
BRI TER S — R AR 7 W0 BETE R
FREERLET  BAEEE b e HH
HERPIEANRES o 25z 0 mEITIE ? 563
RIS e « Bl FEERE R A GN
W7E @R - IEESHR M2 B #(Conant,
1951) » E B2 AR HREZ ——REXR
RIER TIENNE > R R G2
TEHTE
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2~ Rtk

AL T FEER HUFE S 58 74 (historical
research) (Fraenkel, Wallen, & Hyun, 1970 15
i RE ~ HKEEE 0 2013) B LE L M 0E
(literature analysis) GIEESZE > 2007)AY#E fHERL
FER > REMEREYEE L - Jof 2401
W R e 2 Bt BT o H B ) R RE ML S A I
ZHEBER > BEEEEER T - M T2
SRR T HY AR B R SRR (% IR I IR
TR HE B R RE - DU Bh I FR R LS A R
TIBREN I ICERR - AR HETTHY T 0A
=T

— BUERYEHE

LS S - S Y B S AT
A INEABREEATIR - (EEREENY
sk Y EEEEZEDA > BEAERHENT
E < #0Burtt (1924 /fRIAIBEE » 1994) % il
Py 2 R 2] HYE) A BUR > Duhem (1906
/EREREE > 1999) 3 i E 2 iR BT RS
&2 » Koyre (1939 /ZE8HSEEE » 2002; 1965 5
NREE » 2003){E (Al S B A= 0E EURRAERS F/Y
FEAEINT - B By AR EIRAY AL HL 2 1
R se P E Y B RIZ % -
HWestfall (1977 /5ZE&EFERE » 2001) B ks
Bl 7 BR3¢ Y K 8 > BdHarman (1982
HE/DBHEE - 2000)ERE & FHEAE & » TR
LEFZ TR AEEER - AT Ek
BRI 5 RS o AT N9 i 1R A R S
WIEHYEE E ) B -

-~ REMTME

[ RE Y SRR W FERR AR SR — 20 8E - &
0 JA B I R FTS THYERE » (EASIHTSE
B AL [ R v 75 9 L S o 0 1 (181 X5

AYRTRE - A B> BFIT R EEEEER
o LY B S ——Th - EhRE ~ IEREST
INERAVIRAACR - EMER R EIRGSEAIE
HERIRIER N - TRE R AT B A RE e T AG
G EAEGEEENYHEETE  EREAER
FYERE - FEERAIICEE L > IR E B0k
B > Hrth SR EHEEE -

= WERLEHR

SokF 2 i SR B R R o 2R B e
HFEAERE ~ DURBIANSNEE Z T BUSA
RAEIRID &R o — SR AT o i - —
F—FHYE PSR (primary sources) » 22K
HIR B E B EEANFHER - W4HY
(BAE2EEFE) (BT (FE) 7
) (Newton, 1687/1846) ~ {X17.F:(Varignon,
1700, 1725) ~ HEZFIJ. Bernoulli, 1736) ~ EX#L
(Euler, 1736/2008) ~ 735 (Clairaut, 1743) ~
FIF8EA H (Lagrange, 1788/1997) ~ Rl H|
(Coriolis, 1829)Ei& K (Green, 1828)% [H A
{E > TNEARR EZEIERRR « 55 85
[t 92l (secondary sources) » 2K HIEH A FH
HAth BRI B B R RE - ELFE S ED R CCHYRA
T~ ZRIEHEER2E - DURIEFIHIRIAERS
BRI T ERE - /R JfIE 2
B AR S A RANVE AT - 40 Science
& Education ~

Education ~ International Journal of Science

European Journal of Science

Education ;Journal of Research in Science

Teaching °

> fE L ) SR R B Em A BE Y TR A&k
BSEL=ZHZF > ROBERZEI > R
WA ZEBENIGT - ARFHRIE 2 AT
JE IR R SR BT REE L © B T R AR T
TSR —Em R T AN - A SRR RS
SRR ARG - BRI R RS E
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FEGoogle 2 ffi =% - Googlefi & ~ 4ERH
£} o fig AgEUforce ~ work ~ energy ~ potential
energy ~ kinetic energy ~ mechanical energy&il
energy conservationZE BT - FDUFE 4R
REVFEIN AR 248 - e F S a AR
EFERE EEEZER - —fiE - fE18
S RBHGm S Y 28 SR o T RLE 2R
BARREESHYSOR - MR AT REsE A A
HIRH SR ER] - AIRLTEFF T - 4% nlHE]
B EENFEAIER - k— L GERREn
IEREERG - BERSNE—FERR S R
TEFT MO RHHITEESE - EEST
A MEARERRRE TR o ECEAERS  EE RE A T
Aguh b o BEBAREE A = - RE{EHGoogle
B - AMEA{ELR B - BB N EE

% -

o~ SEE SRR

sl A ESERERVE Y - FEA]
i By FF 1 5535 (historical evidence) » AJES
FESREEE - R Z Rl A A i 2 B Y
sg 0 DU SRV E BRI St - BN
TBESCRR A ITIERE — « RREE BN A
RIFEWITE © (—)FME5 58 (external criticism)/g
T SORHHY I 2 i 52 25 i H B (R B e 1
BT HERAS » A EER AT &R
HEFR o £ Google f HoAth AP AR 2 B2l 14
FZER . WS EEZEREEAF ~ ]
&~ AR - Ryl HEY - HHEERTE 0 ——
SLEE AR 0 IR - AR AR BN
{8 N REC - EESR o i3
=R - EAE #AT S [HE - 5E
ERmBEFTUWESFIAN SIS > v AT TERE
HERE o B84 FTFS T RIVERIR Z 2 LR Al
o~ NEEREREARERNEE - BELI
fFRAins » HEFEHEANEES - (DN

E-& 5% (internal criticism)ZEEE5ER 2 ANBEARE
RANLASEE » DAREE BRI AR AT SEME »
NERYE TR - ER N EEER
TEERAEE - fEER T8 PR TR E
0 AR RE - BUESEHE ? AL
i o

FA - RIS 1829 YIRS 32 T 8L
MR Z AR o E R - (HIhE
B EREZEENIEH MR - [
et - sl Ry — E BN YIRS vl AEDI Y & 5
mv?/2 > HEZREEE > BRI R AR T
RERA(RAVETLE - BT REH B FAVEED
F o 18534 B il v LAYETHHYAE /7 R L RE
EEE M R—SMNIE R BRI —
BV IEG oy » AIBLA TREH LA RETFAE -
75 S S AR Y & B M R A B E Y i
JE > J7 AR H AR T A -

5 HEANER

FEXGHEIME ~ WIEFREZ1R - FTERHE
H SRR SRR 0 HEREEARL > 4
AR & WY H AR AR RE - T REfR (R A B
B o P ERECUR O T ARE P2
HEIFTIE ARAT R SRR - i B MEER A AP i
MHBANTFE > ARSI ZFE A > LGRS
LG ~ JEEE ~ AT~ S R & T
A ER SR G ~ MERETHRE N R B (& ~ $R5T
BB ~ Rl H R SR - SRRV S
BB TF - DESHERAEEE - KE
bt e HE S AR ST I A S R AR - It
B S IR AR oL ~ BLSURIAY R A ST Ay TAE
TERCE IR > R E A TRV
HEEEE > HEVEWERLL > BEETER
H SRR — BT ERE - A ARET S S
AEERCR -

Bian - FrA H Al a] &EIHY SRR E 7R
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I A2 E17384F FHD. Bernoullizl 18294FHy
BEERIFTEE S - 2810 & B O i 38 41
(FH) —F  2E0193(EdarE V539
IR A S Bt e] K1 R P RGP =2 [0 )
BT B RAG T 2 ZWHE - RIENYIREE (T
BUENARE  MEABEERNERKY
BHERE R RV B TR - JREEfNE HE %
YIHEL B SR B AR L S S5 I > B E T
[aF S S EC R N 2 [ SO 1 s A N
#5(Clairaut, 1743)Fr2/RAVAIRER ~ BLATA
BAH (Lagrange, 1788/1997)(Y/JE2RE <IN
= WA RO RZIMS - AR
FIERSE -

7S BRAGEIR TS B AS R

B RIS HTHTEIR - BT S
TR R A JE SR (R R
IR FOTRE RS - R
PR 4 Sl A BB 9 0 - TR
SHESTHIR S B L BT R -
FARAHTAIR - S AR - w0 B
T A TR I A - BN AT
BB SRR A A2 B o 3 B T WL
O SREAEE s foTi B RR SORRE B
B -

TERIMAIERT - SRR g
B T AR AFL S AR IR AT
P 3 ERT T DN LA R SR A SORR - %
BRI - SRR
R TR TR T A R
B - IR MLPIFERFSE Ik A SRR
WA RS - L2 R ETR AN
I 1786 3| PR A B 2 e 7 P 5
B - R SR SRR 2 KBS - RS
7B 51 0 B B o R S
o AR SR T Wt TE e 1 g o

B o TR ZE H BT R fE AR
&M > B I AR A I RRR -
TR REMHRE Z S - ) E A EH
{ERYIHERZ MFTEER - (HE]EE B LY
BHERGR PR B 7 LA B PRt S R P KT
EHMAIR » HAE &P 2 R HBEAERTH
SRS AT TR AT 5 BB R
R EAE T AR R B2 B TREH
(EPNGREEEEI LN e 2 R S A S (ks
B2 -

B~ e
ERE ST IR E 2 BRI R 52 %

- jj
=
(T)ThEEE RV ER—H ~ EEEREHE
f=ma R
ATE R T Y B B R fBRRL T
VIR ER AR Sy R BB U705 - Wi TR
B FAVEF S H RS - RIS R BT
YEFI(R. Westfall, 1924-1996)f :
Wil Fle@ e chfi#gf b > 4 b
S L | ey
AEfBREATE RSN o 2 H
f A b BHAOFEF Y
EH? A ET AL DR A
AR A S R T LR
dt o (Westfall, 1977 /8 HE=
2001 » E152)

BEL T, MRERERLUARTE
FH-FEFL(R. Descartes, 1596-1650) 5y &5 HY 14
Pk & T BRSO - KRB TEH T M
KO A P am B RG  BheGER  IE E RRe e
FEE ThfRE AR5 EEH IR EH)(Descartes,
1644/1983) - {HAHAIRMEREEH T &
REEREETIR G - [ IRERHVER LS
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B pl i S BN (G BE R R AR R
(Westfall, 1977 /&85 %E:% > 2001) - {FHE
Z (BAEENHEFE) (BT (FHE)
T2) — & A T8 Ry BRI EE S —— 5
i

% _#&4 ¢t 4 (impressed force)®_*
A b denitr > Vg d
Bt R AL - B ARITE
i@ B AE Bk i o (Newton,

1687/1846, pp. 73-74)

WRLESR TN MR R HE - R B
HEEYRGES) TRRE ) o8 RFIERER
HHNIEFEYIRG £ - T 7 BLE SRR 2
I EALRA (A - AT ATE T Efz O BB E
AL -
TR & e chsg (b 8 o 4o chi@

4 (motive force) =t ] ;

T FE i L F A

e B> o b oo (Newton,

1687/1846, p. 83)

FEIE - EEVE(E > FRHVRLEIR S E
EHEAEE - FEE (FE) FsETE
CHE: THERE—FD > (FREENE
SIFRE > NATEN =N FER
BV R RNTIE B RS R TT > 2RI TE
EBENERSAHME ZAH S - It
e R A B AR A A e —
EEHHOEEIR - ZEHRBTH(A. Einstein,
1879-1955)FEA-0H « | AP s BAVERS - (R
AMEEF > BB AR E4ERES ~ FIA]
ST A FTRE S ERAYME—HYERS ) FFEI
SEISEE > 1976 > H14-15) - tA[E2A &
HIEER > B A e -

BB E A R SR A TSR
A2 R R - AFTEIIER DI

BEARRIRMAYE EE  MAEE LA
ERELBIAY RE AR I © & 2RSS i)
TEFE DU B A i B i R R A
ZXH](J. Bernoulli, 1667-1748) - i B #5548
SIS B E TR (. Bernoulli,
1736, p. 6)

f=ma (M

A OB ~ B8 - 2R —E
RS AT ER A S e E AR A
A DA% TR R R A R R HYHE (R A
H > R BEZRE - (R EZ N - — /%
SRR BT EERLEE SRR A EL(M. Jammer, 1915-
2010)AYERZE » B0 Fsf = matz T2 FH G 18
ESZEHI(L. Euler, 1707-1783)4E 1736 /Y5
S MechanicaF i 5~ (Jammer, 1997, pp. 88-
89) » {Hintiax /7 4aE{F(Euler, 1736/2008)
eEEHENX(DVEZL  EAR AT =
npdtld > Hrfie, t, A, pirRIFERE - BFRT
'BE By nBELBIE R ST REHY
R R © J1f = (Unymavide » [BERZRF 2
f=mafyI3 > BB H— AR IE AR U4
ARG - EEFEIE R © 4-lHE —EEh T
FRIVEEID S = maZ2HABFAE1T364 » &
FET -

X B RS BB E RS = ma/fiBH
[ SRR EEMETRRE - EEAEE
HYHE T ECHL ST » A IEPTET im A 1 — 245
YRS = BMER - BT B2 FIRIGEHEYE
L WELE—TEYIES 207 O RY EEEE R Y
A AR R AR A B A FIT Jite T ) Re 8 5] B )
(Newton, 1687/1846, p. 83) °

(OThEE RS E R BIR—4 1R
BRI AT R DS BRI EE)
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ERE 1 (FHE) E—EFTEMEL
TEER "I, B TERE ) SRR ESE
api39 8 R A UM R I TSy S
RRHIE
FHRLERA
SYENE &1 BT
I S I SRR T B
o AT ATEEE B Y P
& o (4c B 1)(Newton, 1687/1846, p.
165)

fEfbarE T o PR RS E AR E
F(AEE EREBD ~ ERG MR RIPIRE - 1E
ZENELTT > AHBRR A EHVE I (EHIEE
Y REAE A TS (L B s B LT 5 E R 2R 2 B
& - a0 > fhEEE ) Rt - (LB Rdtdd
Al 8 5 P BRE— I R E Fov = Aw/AtK B U 5E
FRF oo Av/At > BIRSEIYIBGEE R iR DA
M FIDFHIAR N

;V sk A

FoeAv-v/IAx B, FAxcvAv  (2)

WRYIEG B AR A L2 IER% - &
H NEZEER: - nLRIIHUNRRZI T B R (R(2)
ZREREAR » R HIEER AT IEVAERUR - Bl

2F Ax oc 2Zv Av 3)

fir g

Bl : D—{uErRE
ERIIR (B E Newton s Principia by Newton,
1687/1846, p. 165 -

EAZEERE N — LB G T ZmE
ABGE » BRI RyHvAvET RFRAVIEITR - 5P
BEIEARE RBR 1L > RiZvAv BREEET R B R
BERLRE R IR P = A EE /2 -

LS BB AREANQ) » FLE
Ry NBAIREIRIRA R E - IERINIHEYIRE
FifEz TIh, 5 EAFEEERE T - FX
HEZ BREER2 » REE HEFTEYRE0
"EhRE - BUELLEE R HGREET o FEHE
KOFREHIE R T DR ThELEhRE A - B
BEEIHY etk B IERERA (5 © BB ) —
Bl & T EPAESE —=zh > e
S EEA [Fir B Ry 2R — sUEhAE » BITH
TEHRENRE © RESL > ATHEESR) A DR AR
FEHIlrEE - HELarE a5 S H s L > ThEd
BIRe SR TR SR -

(=) DHELE BERL SR 2 2R~
=
Ry T BTN A A 5 (st g - 1700
AR ITEE(P. Varignon, 1654-1722)F] F3{F findd
FYBERT R > (LR B R AT f oy &= (differential)
dx=X d Al AT DA H#= 45 (difference) AxEAL » [T
o ABA L BEANREE - BFERES
FHEAZ Y AHZR » v = dx/dt ~ AxIAA]1BAL = Axly
BWdt = dx/v - FERIILELS: - Ml (R anid
SONFEI AL Ry
4 b (e

(Zava

#Rv— ik
%3y = dvldt)¥ “vdt =
ly » Fl#tdxlv = dvly:

&R y2 B
dx/vE dt = dv

vdx = vdv (4)
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Iydx = % vy 5)

(Varignon, 1700, p. 27)

HBE A - AV B R SR R
OB ER AL T (FRE) —F Ay s e
J& o ERIE A AW FR FEEm A

1
fmydx =5 mv’ (6)

370 8 (F I BT B dx TR 2 1857 > Bl
FH®RZER LB R - BXIERE
RAT=> THhEEEHE | (Halliday et al,, 2011) :

SNITEYIREFRERIT) = PIReBiRe 2 1k

—REBERRE LA EEEE
ol - EE ST T B TEE RN
HIEAE R - AR BEHEIRIE BT -
SR PUE T HKFRLI AT R > A 2Ty
FHF A SRER > 1995 > H10-17) - {HEf
EatE SR - AR E AR RO I ERET]
BEREPTERIL) > REERET THID ) FOUHY
I > AR 7300 P e o R 2
2 - NIt - HRFEF AN - B
SUTAR IR A A T D SR R T B Eh AE A AV AR
ABBERNENEEE  FEEEBNY

I ©

(M) ERMNBSAVIR H— B S

H AiATaT sy =0(6) Z ThRE e B - & AE )
B A% 77 R M [RIF T RO » 5 R A D B %
T EARERE - AR ? 171048 [ 85 FHE
SRANRETIRE] > B (RE) 55—
G AR RE > 4082 - &R - It

AR A Tt T B RS T (R R [EIEE - i)
HYIREFTEDINE SR © aiad055 5 *
FoPHMELIE - oA (40
C)ie* » @ fiz— B s b (4oVIK)iE
TP V- PRRSF D AT (4
VDE): ¢ k- 40k 3 RPFF(D
BT RApE o R AE W iE
LB REPF(ESK) v P aud &
4 ‘FK ¢ 48 % o (Newton, 1687/1846, p.
165)

AIEfEmRE PR T EEE S
HEEF - EaEEES T > ARG T
HIRE INEAVIEEERY )0 FELR R R AR s -
Bl

Av oc FAt (7)

A AT RIS — VD EBL AR — VIKH S -
e N ERENERESRALRE T A L E
F,> Aol s - MEEEH R L

C

B2 : @O AINEEGR S RO EITZRERE
BERER 515 Newton's Principia > by Newton,
1687/1846, p. 165 -
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EF, > ARG T E - HDEIET]
OCZEEREEAMEE - RoIEZ R EYIReRT 2
ZIEOTIFR/ANISHIE > o] E R 2 4R EL
DE = INKFIRELFELL T » HAEDELEA]
ARAHE - POEAEEEEE T o B DBy B EEHK
ZAIBDESIK - 1] 5y BT Z ] A
At' - QIE DEIEZ R E Ay, - BHEIFIKZ
RE Ay, > 1708 B (TAVEE 2B R

Av, oc FAt oc DE - DE = DE”

(®)
Av, oc F,At' oc IT . IK = IN* = DE’

SIS AR BOLIE AV, = Av, > Hip
F AR D INAES R DT (S RS IR )
Z5va > BT > b5 TEE A= AR
AINKPS > TEBNERHETR 2 T2 B2 LI
BRIT - IK = IN* « Rt - AERLA R R
FEFECOIESLK) » & TR G A8 - 1]
o -

H () F, AR B IK T [ 122 1153
& R RAVAIELER T 2
J15 8 ) AL IK (RIS RIA)RITERY - SR
YR S B RE AR T 2 15
& 0 RERREBRB TR IAOR

3y Lo E

fukg P

()

H B A B AR SRR A F RO
MG EE - 8 TR AL
= RENYEE > B2 & TEE ) (energy)
— FHEPRIETEER "I (work) -
17174 > ABFERILBIES - 125 T
HIRRE(AIE3) -

FPEE G APpEE M v ]

Ed(oB3) 0 R TIpREis - A

¢ FPyeicd a4 fphkr 2P p

BFPR 2T {7 o weeee Fd R kenp

L F N EE S fpehMmEPC

Rlin#-¢ i&m @ 5% 4 Fang i &

Cp> P TFxCp, » 2 i

M# | ° (Varignon, 1725, pp. 174-

176)

EEEF = CpBllig I FEL % PpiAs 1751557 &
Cp (BiAE3 (b)) 2 PCY) 2 3efE » JRENS H
Frs " IFEREYREIE AL PpFTEN
g e

FE L B 25 A2 T B R % R TR Y
"y e BE T E R T R R [E
IR > WHERI TEIMER TR "1
REIRE , - FNFFEETD) > i B AR 124
R TR - plRy H &AL EIH . L.

P

NaPA| ﬁrm:} AP
Zfutgng 'é

(b)

B3 : (o) CoRAIBPPIS NI A2 DE (D) RIS N5 @2 IR 8PC' HVHRE
ERACE 51 H Corollaire général de la Théorie précédente, Varignon, 1725, p. 190 -
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Lagrange, 1736-1813)F &L TrHY & 7 2 5Lt
(Lagrange, 1788/1997) - (It#H > » (9 385K
IR B s B S R M R 2 R B -

()RS B —=KE

17434F B R vk 45 (A. Clairaut,
1713-1765) » {EERETE T BRI IR 2 Y
am IS+ SR R B AR M BR R 1A < il By iy
Hy 7> & R PEiQ » RIIE YIRS 2 B
PRI FR{EHYT 3 (effort » tatE HIEFT=HY
N EsPdx + Qdy {1553 -

% Pdx + Qdyis & & & i~ (exact

differential) ik % :

dP/dy = dQ/dx

BIE 4wt ivenst [Pdx+ Qdys B S
AN @ B Ed ¥ (x, p)irikEen
- B gy,gt o

S ARER » T ARIE TR N AV IE S o R
TEFE LR 8 FF9R0P/0y = 0Q/oxFem  2hifE
— B DU SR EANERE - AR T Rl

DR PHEOR L B A 2 E

% OP/Oy = 0Q/0xP¥ » R|Pdx + Qdy

- R Sdku(x, y)2 > ok (total

differential) »

du = Pdx + Qdy
ou Ou o
J%du=67xdx+afydy » F5du = Pdx + Qdy °

RIlP = 6u/ox > Q = ou/dy > IEHFPELQAMT &I
Gtk - B

Q:i(ﬂ :i(iu):ﬂl
oy Oy “ox ox 0y ox

FEZIRIR
Y= SRRk AR ASK S AR Kl

FEMIE? > R AT S

PP AR (Clairaut, 1743, p. 34) - HHEAE Ry

I?de + Qdy = ﬁdu =u, — U,

AT P ETR Y RSN EAS SR A REKE SUIENTL TIPS
AT o B —EFEARABR R PELOFT
[FEA R BT - Bt R E
(e, PP E A — {8 R -

17734 > fIF& B H IR ERET T 22 K5
W5 Y5 I RIERS - 5 T R ACERAE -
TR LR G PERE Rl - HFTZmI5 [ IF «
17 SELEHIE B M > RI5]JJ(Lagrange,
1773, pp. 14-15)
;
BEER R & SRR 7 A f5 A R - TEETEmT [T

{F FIAEAT 2 L 09sh [ Farks - ¥ Fdril %7
By — AR5y - Bl

— du=Fdr )

AIZh

[ Far == du=u,~u, (10)

HoHE FHuAE AL RE BLAR L s B E AR TE - T B
BSARAERE . H 5[ /F AEY RS ERIThERE R
FIMLREIRCANLAE  AMSFE IO B e E R
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__ M
u=-™M
r
du _d M. _ M _
A=y =g ()=~ 7 ~FilmiEs iR
T e

Eridos 2% > NIREIH RE Y HEE
FIEH L — 8 u(r) Z &5 du - RFRYIG
ZNFFHEIUNE - O AR -
fir B e Bu(r) (B2 H R YELE ERrEry T i
BE  BREL - MR ARG IABRE I LASNZ (LA
HAWAL ST ACEH AL RE LR B u(r) o TTEEF(9)
M E Z T B AE ek Brud TR A\

_du

F= dr

WEkEk AR RS LAVEEAEES % (Halliday et
al.,, 2011) -

N NRETIRERNEY—HIEEIH
P AL B E A AR BEAY Dh RE E B (el

39) » BRa T E N FERIAEE & Fm¥Rs LRV
W (Lagrange, 1788/1997, p. 186) 55| :

W=J.Fdr=m-%(v2—v§)=T— T,

HABT = 2 v BRI Ty = B3 - 53
—J71 - RAZHIF =1 o R

ARG

PR SR I ANl S S
w=[Far=-m] 5 =-m (" L

sy, = - Lrwntrse - v - - Y mokhr
0

fE - &Ll E— =L > A5 (Lagrange, 1788/

1997, p. 234)

T+V=T,+V,

BIYIBR(EES [IfER - M H Ao+
N Z IR - ViefE o) il ESUR I BRI T
{E (s B ) LV {E (SR L RE ) Z (&7 Ry
ERRE)AERTIRE - HLAS B LR AR B TUE
FsriEy > MEHBRYESERMEZ
" ERRESFIERE ) - WEESFINEEAH
R E - SNFERSEAH T E5ERK -

(D) ThAAMNEL—REER

T RE ST N E B L L - HHE
HEBL S e A AR —E - 18294 » JEEIR}
BRMEMERRES T "oy, ATEE o M
CGrtgaIgst®) —ShEd - SEE
= RyplgZ EEEFTZ IIESIEE T 2 F » E
TS E BT ERY D 2 AT > GH S8
B EE » u]f5(Coriolis, 1829, p. 15) :

) r— dz do2
¥ [Pds - X[ Pas'= 2%—2 ng (11)

4 37 i (dynamic effect) ~ 4 5 # %
(mechanical power) ~ 1% £ (amount
of action) ~ # (force)# ¢ 4 - & #
S =1 S B SHN
A Y 2 S SR S B
i o NERE K] A TR T D
i_[Pds v ez & 8 4 5 (dynamic
work) » & @ £ 5 # (work) o
(Coriolis, 1829, pp. 15-17)

Bk L
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It » YIRs ST PSS ) 2 fir B ds
TR B A Pds o RS "Th, o B
W= [Fdsz (WRERTAR B ES -
A (EEE - IR )RFINIER
(EE B FIESNEETh > A > S E A S
HEBLYIBNRE 2 35 > TRENIRS P E  TIhEEE
My -

(VBRI RE R RIS — 2 BEX
PR BRI

R TRER ) ElAE - EYHEER
e+ LS A S T 4R B 1R 2k B ~ &8~
B BAEBER T AN ERCER - A
TLHEARHIME S « 18524F4 H19H » S
B 5257 (W. Thomson, 1824-1907) » 5t
ERRKNEHEE L  £F T EEREGFN
FmP RN BAEENEEYRE - FIEE
HIRZ 22 - EYRe LAY EGES) - SIAH

I 77224t | (mechanical energy)fV&Eh JJTF fE
(dynamical kind) (Thomson, 1852, p. 304) -
R VHBRESHILEEE N " BE&E
& (actual energy) » [N BRG] 58 221
HEHRE 0 W 18S9OFE EREEREE RYIRE
'E B BUH P SfefERY —F(Rankine, 1853, p.
251) »

itk > JR 1862 7 HOU B (R £ —
ARy (ER) FumCT o IRRIEZA T8
fE 1 (kinetic energy) KHUCEE MV EIRAE R -

EAE 2o R

&

-

T R PR
B AN 0 F o ik RE 4
E-RRT o B ET pRFER S
MenFRe@hg R Y @ -

(Thomson & Tait, 1862, p. 602)

I PR R m SRR S TR
12 BT YRR -

I
M S
#

RIS BH H A E YR 5% vy 40 o
AZTE M FAY18284F » TR R} B2 AL HK(G.
Green, 1793-1841)AHZE(E (GREEEERR
B 2 i) PR E AW
Fe—ERHVIERE Fyg - ELATIERCHY T AR
Fy—dv/idqgWs > RlValan Ry T AL RE KL
(potential function) ° 55

—AVdqa E - R E P S
R OER LpB L b2
£ A o g g o ] H
A5 N s pEREERA @D
et o d T A Y AT
JETERTE ¥ )

% ehiz iy S ¥ o (Green, 1828, p. 1)

FLH AR 1846 HY M (A B T R Y
"B AR IR ER > VMR
TIIRLER o - RE B E AR R B E VB B A
AR A AR ) (Harman, 1982 758/0
5% 0 2000 » H57) - IR IEHIEANRHE - BEE
BEEMBOLS S T 2Ry R ZHH
RS 25 EMERMHIERESER S
R TReFSAE - RERAGRE L - [[EE
st FTETAEM e - S REERE R E
RHVEACRBIE 22 5 A TEAT AN A, -

EERAESE g

— BT REREEESR R
B2 &
SEIRNE AR R E R EE L 1]

PR R IR AR R B IR R RS - YRR A

RHEERVEEfE - B RFTF 55 E TR © 5E0H

Pregq-1r 28 th A RS HU 5 26 e Bl ik i

TR BRIV EIE ST (Wandersee, 1985) ©

HETE "3 EBEZHE L ShEk

—BAEFEBNRRER B REEE

YK SRS AT AE D) 2 BIRE F il A H
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FIERe IR R LR T AR ER 2 A

UIERNEE W EAH  FEAESMS
THE TR FRIEEMEE? S
2 W) G B fir BE 2 I B DAV R D PR/
HIDH 2R GE £ » B Ry frl & He N f 1 0 1F F &
E o AUBEALEETELE (Jewett, 2008; Lawson &
McDermott, 1987; Mendelson, 2003) ? JE&& N FAM
o 2R A 0] FH T B2 RE 45 IR SR ERET AV A SR -
FEE WP ER R ZE R EENEW - F
Wt L PR ER A2 B Y E A EREHRSH o 200t
AT ERR SRR R AR FAVEE -
E R R B R RSB
ofe iR DR SE B E S YRS -

(MM EREERBERESEENEH
—4UBRTIR HAVEASE 5%
THEAEhREHY B 38 M H B i 7 3R AE
1687EAH (JRE) —FhaniE39 - M2 f
TERERYREZEOIER  HER TR
FEAETE AL B B 2R v ] Y S FERR (R H2 L -
RERIIL HEY - DA EE S RG Y
WAy > Horh P (s P AR A S (D fs

alx =vAv (12)

teiia RPIBG RS > AR AH R AvRfl
By o P A IR R R TE BASA

vy =v
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HlaAx = (AvIADAx = vAv > L ATFEE Rya 8L
I BAVIEE R R BRI -

LGB 2 HREER BIvAy
H B & E (L0 E4) By — i i BRI A B
& AEYRYELE  HERERGRE
BTz =APHE  EREELTZ—F
V2 o SR FEER 0 (FRHEBHTS 2V T8
BE 0 EEREH T — AR B AR R K Ry o 8
BETE R B 20 RN -

H(12)7 EfE L BZaAx = ZvAy =12
[Esk_EE & > A[EIFAx = mv'/2 > fEBE
T —frERHS TOVEE - b2y o
REEHABE S FT% - HER

Th = R#ke

EtE " ThREERE | BER - AR ESEE
mEKE B - RKEYER T E AL E /Y 2#
g

A DLRSEEHIER > S RIE YIRS — B
HEREE e RIFIFF = ma = mavldt > B 3KAS
Vi 2N K2 o BEHYIBRTR 2
817> RIFIFThEE E 8 > (H n] SRSV FE (T
BIBENHEE - WERA LT Riidrd - Fy
{68 FH I B 57457 B IE & B A SOE By
Bl Sy -

o Av

$
%

B4 : REVEIREBIBEAVTRIETEZEDE

it ¢ IR B AETEYRGHUREIRE © HaAx =vAv
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H—IHE A X (12) /518 R R
T— R BRGE TOmEE - R EFHZES
B%X(12) > A SE1EGE0TENRE » BT
EenvE 4 B g > mIEEHRE -
N EHERE R LERB R — A5 E 5
— LB EESER  ERCETERIAE
EEREREERD) > AT REE R T i
SRR (HAMD B T T R S R A
ERVE -

ThEE B R — e R R P A
At FEEESIERT o Ve S R i
B o RGNS B A K 2as = v — v,
(SR ANR > 1995 > EH10-17) < E )45
FrE B RO T - SERIEEE JIEH
T VIR B I R A R AL o At
ST S BT AR E B B 2K B A XA R AR
Bi{haAx = vAv > LR« IEEEME > BEE &
FFEBE 22 5 B B BB AT K
TG > LR UE BV AV RIS /2 -
RIL > DhEBIRE S R IhRE B ER AT TP B2 fi
EMFEEES 0 PP a VBB bt
M4 AR IEBURH B B A RRIE 7
SRR BB I 2 F A2 (Matthews, 1994, p. 50) o
i IhAE EEE &N SR RER T > 6IE
ERREEENZT 2 TR H
REAEIESKREIE A A st [ | 1y —{& R ArEpl
(Kimball, 1967) ¢

ARTHE B (58 A B9 /N 0 & R RAE SR T Y
A ANETH RS B BERSTRE
o RYERY o AT E R TERIL T EHARE
AR R T2 TR 5 2 (Yeatts & Hundhausen,
1992) -

OLUABRRINER—EB o %
AANNA GRERK

BB T F AN [ERE o FTEA R

KA—rER (&R MRV - 15 X5

ORI EZ IR ERER T RS
TEEYIRG A IR EE - AIEAEIGE )T
W EZ0EF, A EESR - WS
Bt e (R ) —F PR - HlE)AVE
TERE > JIa 7 F 2 o B U M HIFRAR
FE AR E R EAVET ARV - HI

(BRFEHE &) o« (JITERE TS [F 2597 )
x (1F ) oo O TR 257 &)
x (firf%)

H B SRR — P HEE - SIAT
8 SN E 8 2R E
B SemE  WHEAESHE T8
M2 Nt ) KFoR - EIERNTR R
#IHiE -

(DHFEET RS CHIhEEMNER ——

BE BB EINMED)

H AT A Z & T o iE (8 45 2 RS
FFrhEE 2K (Jammer, 1962, p. 167) » fiE—
L TAZET > EBVEE S FE T2 - JEE
REEAE S AR e HAE T LAYIEH] -
A 5 TR AT D B2 S | G AHAE &
HYERS o B HEZIRBEYE AR Ry - il
AL

AT BB LY AR

&R BRI A ehin g b

AR O PR R 4

4 F (effort) » gt 3 VA 4

s XY

IR SN
» B REE S e A -
A LR e d v A
P T AL To @R E2 A
k%7 (faculty) » (Coriolis, 1829, pp.
19, 27)
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IR L H (2 305 2R S )
EFAANE - IREI5R I R TR 5
HISME SEHE—— MR oA - B BB ML
FIHL T AT SE R fE (Serway et al., 2012, p.
180) - &L IRAUE ST 2 B IE A T AE
(R AL B R > 5| ATHERAIEE
KEHR i3 5k 5 B SN TP 53 15
FEIFH - A > ERRERRE
(D AE T S Dk [ PasiE e & - %
B AP ES 2 A KT TR (6)
e [Paxse 2 5 - B2 LT
BHRL - ST e (L A B AT P B3
R T 2RISR B2 5 F(Kanderakis, 2010, p.
1004) » HEIHHFLRE R EE T ARA R R
B — 4O A TE TS -

2B L R YE A %R
WAERE ML R EEEEE L
FEE o ) BT T 1 O AL T R P A
(Mendelson, 2003) » {EDOfES | > SZA0LL -
TR A I SHI PO o TEAE TR (R 5
BRI > ThEIBEE AR - Ik
WASETEE > 0T (B A S AR -
— AR | TR A o R
Ty otk R R P S AR o T
S PTEAE T — R B o il dE R s
SIS PLE AR - ITEYRE TS D
R BACRIGSERS ) TR B TR -

R EYAKESH) - AR IETHR
(R > K pi4iShaw (1940)f7 3 © SRR A iHE
RETEERR TR o RER R
AFIS BEIRREE T AR o AR TAE
BHEHT o i IEZ AR P R ¢
7 157 b 3L T R 3 R K T R
1l > BRI EYRED) - 4-EATS DGR
WRSBRE - ARSI - B E
FEAEE Ty RAEE > R

BA RGPS # R PR E
Bl 5 [EI0 > B E T R S AR R R
fift Lo Py AR AR 2 2 g (Garrison &
Lawwill, 1993) -

(M)A gEAVIm AT IMERI
NEEES * EIRERINIIEIE
77 S FR R SR 2 = R AT (R I Tl 8 T
A (Halliday et al., 2011) o J—35 455 5 e
ARy T EIIRERAE I IIMNIAL 1A
EIFAE > (LREMETE M ESFESMER JIEThA
AR o H S R R HIR AT R W) Y 2
FMOVEEM > SeAER R E EH YIRS E
A ThEL S AR SRR - (ETh 2 A A DA— (L B
BRIV ()R E AR EH H Rl D5 H AL
BB GEEE ST > BIF = —dVidr
VBRSPS AALEE © figRs [ AR
ELIANZ AR HAtrd ) - ZRE AL AE -

LUE & By ¥ B » ZEIF = -mglF
FE By, T %y, » HIE S AR FED)
HAE 5

2 2
W= Lde = —Ilmgdy
=—mg (y2 = Y1) =mgy, ~ mgy,

WL FE LWL By BURL By, P ERY
P e B E mgy, Blmgy, 2 7% » IITBETE
= Sy ZARRE e Emgy Ry A SRR EE AL RE - |
KBRS T EAED B R AR A S
WEL(10)— 2L - Hbzihsk LE st 2
S| IEFIFT I ERY AL RE > dGHHZHS | AEE ST BA
HNZ AL SIS R T R o B U RE AR Ry 2
SNIIRGTE T - YRR KRG 2 SR AT E
HYDEEE MoK - IR RE S R A B
R o AP A S 20 [ A At i BE o [S)3E
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FEZEIER TR - RS ASMEAL
71> Bl R R EE A B R AV AL AE -

(AN EERENR Y EER—E

SR e RS AL

BT EWIALEERE 2% - BLOT1R E A
BT NIERESTINER - EWYIRR 2’ 0 A
CEREER > It R 25 IER o i (T
H At AT T S B ) S B A R EE 24
RIsh Bk 5 [ TS a8 ER T W FER L AE
VELIRAIBEVZ 7 BIW =V, - Vo 55—
[ > HIIEEE R » MERE GIRFTERT) - th
FEN O Z RENBETHIENRE T, 2 7 » BlIw =
T - T, &t == ZAISEIREEL I RE 2 FI
HeFFARE S BT+ V=T, + V,= EH » [FrE
ST EIJIERESFINEEE -

Rt - A s 2 AR A ZE T > M
N2 HA T IER - a2
RESTIRUERE B BT EAVEFIRR - 15k
yERHE B E A EEIYIRS > 2 FE Bk
I Z IE[A ST Wit ER - ZRIER IR
PRI R EEN RS EE > T AED) > TR
NEZH—BENERH - BEZYRERYES) ]
JIEBRESTIN E AR I - BRARE AV - 4
QSR A HHEREEIED) - 2 e ST RE SR
TR o BT A & IR R E N AL A o HA A ME
HWh - meHE—NENEAT  DAER
HARETSFIRLRR (% -

(N EB A IB MR TE

A B H B E G 0 TIHIRE e
IEHEFHHE Y REARREUENEE - S2E
GrEFRE L o 8 T EEEEE AR (G.
Galilei, 1564-1642)07 B4k

L E P Nt s S

Mo B g- P OHATERE S Af X

Fam o, RNFig ot @s v XAk
3 ° (Galilei, 1638 /K 3% » 2005 -
E155)

FRp= I e RGNS RS i (b &)
F ERE Yl &0 By ARG Bl L (being &
becoming) - MEHMEHE - & RALEH
=ML BRI AES) - 1
or B 26 7# (Aristotle, B.C. 384-322)jAHffy
Z () —F o FHRBLLIEMT
HY RS EEN TR 7 8YES B (Waterfield &
Bostock, 1999) » {H REEA MR AIEE - —
YR 2 57 Butterfield (1957)FfE " 311500
A NBLG T RTEEE AR FTE &
P o Ao NEEET  BLERA KET SR AV
B SR AEREENME - EEHEEE
A M R RE Y SR (SRR A Y
HENEEE M-S TEH TE o &
BRI B R st B T S R Y A
E”% o

TEBRR T2 EiE | - VR
ME LRSS S - MM EZEERKET
FESAIHR R S

IR peflvg B0 AT R A A T

FRIR A TH AP

BHRECal#H v i BB

R E AT e 41 o (Burtt,

1924,/ #RmBEEE > 1997 > EH90)

BT TERHE Y IR R B R VSR
LA R RV BLER R (5 - R R Bl 5 24
B 575 - A R E SR B - Elek
T AR At nE AT SR LUE M 0 2k
BRI (4R - T A BTS2
AN BB EhR Aty - NI - BAS
B2 gimris 1% > TED)ER
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PRAFELE A B AR - LG

S R - L e

AL o fr AL F K pw Lehfep

Bren s T 5 v A GRS A R R

# & - 4 o (Duhem, 1906, ZFFE R

32> 1999 > EH300)

WIRBIEZ N B R 24 Wit R
SRR - I 2R R P
A2 YEEREEE A — DA
HE w2 BB R E 0 BB E A RN
By 575 — SRR B B SR B R Y 4 & R
Ao EERCE AR B AR — DU SIS R
2 B B PABR G o It AT R 22 s
W R DY —FE 22 & (Garrison &
Lawwill, 1993) -

(OHEZ#HEEAE

Rl DL EBRETGERIERAEBRRE S L
sipRiE N Zaxat s > Mhm B2
Al 2 # 2 oRig ~ BLAAE 2 7K — 2
% o EBHE - HEEABENEE > H
AP EHHETEE) (TR) ik zHm EERY
TEREE, c BEBHNBERILHEENTE
A TLIEREE - AR~ BEEEETH
SBIEE) - FHOTAAGET RS > e
LEH T LURIBEH CHVBEHEE > BIGHYE
MEEAER T SRR ARNEEHN - £
fiLgE 5 Ehth S BUEE) > KA RS2
&he o EISL SRR (BIEE - HEE
2003) -

H ATE N B R A MR B
fi AR S AR - BB AR s e
EE  FRAHRVBER U FT AR ETAT T ¢ ()
BRE5 > SRME  (REEERTR - H
SR ERRER > EhERgEs
Zig o R EREA — (RIS HIREEK - (5)

SIS - e R ¢ — KRR R
— N ERgp— e n DRI T -
(S IEME - ETEIT - BIRBE HRE
] > DRE AR AR EERETHY B R - B
FRIERVEE T =~ AERET AR - W
/INHIN G T o [/ NV AIRREE OB &
F—FRIERVERET TAF - TEh#ET R EIFIE
FHLAE - BEMAIRBIETERE o (M) =488
BENE  FHEE O ILIE > BERIHA T
TERCSR - SdE i sh Ay &Chs - 0 HR & sk
on o (MGFERHE » HEEIEM © frslt i
K > iR HE PRI RS E RS
Hi > 2001) »

TR N AR AR FRMA
AR PREUE E R (learning cycle) iy EAH T
B0 104 888 (cognitive change)y 274 [F B 2K
FAE o IRRFEE A E S flHR (exploration) © F5
= E e s im R s i 4a B2 A4 BN [H]
HyEEs 5 ZA1& %8 (invention) * 5 [ AGETHEZ DA
W BhEAEEM MR R B R ER S &
&9t (discovery) © FRER A B R L S
FEHIER (Atkin & Karplus, 1962) - it E42
i B IR BB E BRI 4GB A BRI RS
sk B bR AR g B DU AR
S > 1A YA (Lemeignan & Weil-
Barais, 1994) -

R R AH e AT (AR 202 DA B S5 By
£ o BRIV E DA R EGE T L o AR
Rl - HRIKERIIEEANS » He =
HAR—BEREFRECE —E— -+ HEH
REEE - FPIREEHE oy B (E 54 © (—)
Ih ~ BhREBLTIRE BB o (D)L REEE I ERRE ST
TR - KRB 23 - BRIt AR 2B B
73 WA SRR A -

A AR T R DA AV
VIga 2N ERTT - A THAIEEA ELE
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HYERRE 7 It n S 2 ThEA B RE IS - Hor
WY EFERE S 22 EAE - HERFEMAFEE
ZEREF = ma o [BRHSEAEA A A A R
He o (B AN IR BRI AR, - FEAR
B ER > AL R R ABF = malTEE
NS A TR -
FHHER D EEREETEE) © JAIHY
a8 LR A ARE S - BILR

&1 : 1) EpRERT S 2 S IEIRIE

FRE

PRI W o S50 AT B a0
fats b SRR 504 THT - LU
SRERE R - 315 BE R
PRETI BRI AATT

| BB BB R AEF = mat B — %
A

(1) E IR 5 0 = Av/ACES TR RESE (L5

BRI (LB AY = aAt

BB
REME

L H AR 5 28RS T aiaitk » SRR E 2
2RAITEHBASY S T - AEA EI RS ?

<

ESE
HEEE

el 2

{E =AY & (FRE)

51 EYREZEIFINIER - B EERF = mat EANEE » SRR ES AR A o
— AN FARIE L B 2 BREVIE 2
Loy SHUS SR ST S BN B (F = maly 55—
(1) J0fe] ER RS GE Fea = Av/ALES TR AL (Av) Bl P (A BRI A2
(2) A0AT R PEE SE 3Ry = A/ ArfiRF BT (A BT B {b(Ax) B EEESRE 2
() B A1) ~ 2)FREAYEEER > A0 el EEITAE A B8 b (Ax) B S8 B(Av) [ER B I A Y B 2

(4 B3 TR (4 > RIE[ER LEEm  AEENEREF = mav] DFRECEREE R ?
2. (R o B — BOEBEEF = mal RAIGER
(5) K54 TREAIBA R - EELNIREA » AT AL FoR ?
(6) A ERRHIE BV ES - Ee—(HEENYEED)) -
(7) BIBRA R L RS - B RS It UGB R R ECRIE - IWERSERY' ? BERES—

(8) I ] LAl a4 56 5T REA R B IRE ARV RA (42 2 (ThRERRha{eiThaE e B

EIE

HEEER

1T AR B s B B F = mally 55— 3Rz« FAx=vAv ¢
25 AHET R AN AT SR BB T 2 EE I F = mg > TR N EEBEc(% - HLE R fe 9
(1) & 5m T E YIRS T T ERY D F foT 2
(W=32FAx=FXAx=Fx=mgx° )
Q) B EmA e A IR E > TRORIH 2R 2
(mgx=W=mvV/2 =V =2gx )

HIE(F
HEFHRSE

LoTREIESE ~ RERIHERE
2.5 AR AT
3. B MERTE |

(D) FHEEVPFE BN - R EYZ 835 EHOIAER - KPR AR ?
(2) AZE 2 EIMERRIS 1 PR - Ryl A SERVERAR A T 2

ki eVDE S

LSRRI B RovAv B RORATETvAVEDL il {4 -
2.5y S LI HEAN TR I THAE RE - FeOIch s -
3. LB TR i L P R ] S AR -
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Q) FHHEERY = Av/Arm] SIS LELL
HELRIGRAL = Axv

()G LIGER TR SRR
LB B LB e = vA -

A LB A > WEESRE Em > RIJES)
TEMRF = man] LIEHARY FAx = mvAy -

2. DM E R R RE —REHERF =ma
BSR4
O)RFBS TEHRR - BRI A FRoR
BTFAx = mZvAv (1) -

(6) LX) EEBIN I FEYEG L AxaRTERY
RRE - BRI E IR ERZ > B
W =XFAx -

(7) B FaME B EEs - B EBREE
{HmEZvAy = mv'/2 > Tl EYIBEHIBIAE -

®) & PF LIt =K ETGW = mv'/2 - HEREGAE
FDIREEH -

LEE ISRy B 22 - 2
DIEEA B B 2t - WAEEEEEM - HIE
HREAVEER ST > BTS20 5 % g R Y A
Bk o

F R R Sy - B
EOER - AREIMNET RO T > Ve E S
ek E&pe - ENFTERYL) > HELKIE
AR R B E L 7 - LB BT
RALRE - BV AR E ZEIIEH S
RERE T RRAIAE RS © FRFDIAE B EE B AE R
BOHERER - RIAI1S 2 S Y I RE <TIALE
(2 -

FBHR EERREEE T o HG [EE
sy~ WEE R PR N E Z BRI T
LEEmYEEBRINE S E RS ZHE -

ENHMEAERZD ?
(WEEmVEEZEDNERET > EIHKR

/NEsmg > JTIA][A] Y

(2) VHs B B = kb 7 S > LAV
Fyh > J7EIEN - BLE S T RAHE -

Q) EEmYIRS B Bt S A% 2 HE o B
JIFTh = 7 x fir#% = mgh

(4) IAE D EmghSls AL BERARR - T8 R
REAEhERHINLAE -

2EEmY)RRHSAZBEFIEEME -

B RE B BEEAfirAE 7

S)VkeEEE 1Ly, = 0% EHHIZEE Ry, -
THEEEHINW = mvy/2 — mvi/2

OV HEB) ~ (4) T8 - BEmPY)EE B HEH
[H=h = hE7% £HER, = 0 BIIED)
{EW =mgh, — mgh, °

(NPkeERF 1Ly, = 0 (E&h = bk 21
MHh, = 0 ZRE Fyv, > o] LBIRE 2 B
BEZE AR ST BIZRIRINW = mv;/2 — mvi/2 =
mgh, —mgh, °

®) I FE ()T - VIReHI W) EhEE KAWL RE
- BUREHREBUR A BEMIEHSE - B
mvi/2 + mgh, = mv;/2 + mgh, o H1H R
508 Ry TR RE IR -

I£4b 2R de Berg (1997)7E 52235 H1%
FHREE R824 BEEERORATH
BB - i F A
LERIETNEL S + o 5N 3 f ) SR R

T -

2 R A JE e 4 5 DU 1 B ) 2K E 2%

I R EER X ETERY) -

3RIEINHE SR » AN Bk o) B Eh s 2 L e

At -

4 SRR AAREHED) - BYREHEAEE + (EIE

TEE BB - AR LAE MR -
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&2 @ iR

HIHT meT FEREF

» NERETIRRBZHEEE

Bz
SRR

LBER TR - FrE BT EE SR ? E(ETh R IEs & ?
2PER N RIE(LBET  BREFEAANENYHEE ?

<

5 [t

i

e IR

SIE  YRE TR B - FrR E DB T R G EE ? ESERYDH RIESE ? HAEBE AN
AfATAERE ?
LEEmYRe BBt S A BRR S S - E YRR E A% ) 2
(D)EEYRGZEIEMET - EIHIR/NETTE Ry ?
(2) Ve B BE T = AR TS A » (RS AR/ N DT Ky fa] 2
() BEmYHe BBt E =BT EHE - BV R R 2
) BLIEThEB S E AT AR - T8 RYRa —E Y R ((IEE) -
2B EmYIREEE S AR B LTS S A - WSS YIREHYENRE B AL ?
() VrReEEF by, = 07% E S Ryv, » HHTHEEEFAIfAI Lhy, v, 2R 2
(O)HEG) ~ ) TE > BEmYHeE B E A = hJai& E ik, = 0 BHESHENM LR
RFR ?
(D PIREEE IRy, = 0 & = h@Sg EHEA, = 0 ZRE Ry, » ARIIBIREE MR 2= 5l
TR ?
(8) B ()T > VIHGHIPIBIRE KA MLAER] > BURENRESURAIRENIE AR 7 IEIN R (50 By
TIEERESTIREE -

o LEfE
HEITHRA

LA 4HU SR B s e EmIRe R 1y, = 0 0 15k = h Rk Efhimh, = 0 217 By,
HENREBLCRENAE — WIEhEE) B AR L(RINLAE — RALEE) ?
(EHHENREELAIAEE TS » BIREE(E = mva/2 — mvi/2 > {BESE (b= mgh, — mgh, * )
2 TR YIRS TR Ll BEEEA RNENYEE ?
(1) HEDEEEEE » EITEYIREFTESh SR EIRE S W = mv)/2 — my/2
(2) XHE TP ERIEE R L 8 L W= mgh, — mgh, -
(3) EIEEE L = Ty = (T BE B L = mvi/2 + mgh, = mv;/2 + mgh,,
= WIJIE G = RJEREE - LW B SR LB AR P 4 R o )

GrEiVE

R IEH

LOYAEIFSE ~ TERIHEE
2. B
3. SRR MERE
(1) BB b2 B2 B R(ESNITE R 2 &I R Th @ &I E P {ERYTh 2
Q)AL YCR A 8 - ZREIENEEFESZENEM - S IFRENI R EERETIAIEN
T ? e VR RE ST Ry ] 2

pa i

BApcR

LAY S UMORA A 2 B - R -
2 EMUFIER | PRI R - RO EAS © TSNS HE
e

3 S 4R o L R 5 R R -

SoAELUER " RERE W MMETHIEETT S - KRR E - $1¥fde Berg (1997)FiEtHER
KBRS © EEAREAE I - ISR 8 A
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Abstract

We investigate the theoretical developments of work, kinetic energy, potential energy and
the conservation of mechanical energy. Our study finds that the concepts of work and kinetic
energy originally appeared in Newton’s Principia. These concepts were proposed due to the fact
that Newton wanted to find the speed of an object at any position under the action of centripetal
force, rather than the external force exerted by the machine. His idea subsequently was expanded
by J. Bernoulli, who established the work—energy theorem for an object under the elastic force,
and also wrote down the famous mathematical formula /= ma for the first time. He also proposed
the concept of inner product between the force and the displacement of a body. Their analytical
methods of manipulating the tiny increments and cumulative sums set up the cornerstone for the
arguments in mechanics. Clairaut then found that the work done by gravity on a body around
the Earth was independent of the path due to the fact that the gravity could be expressed as the
differential of a state function. The state function is the so-called potential energy. Combining
the work—energy theorem and the concept of potential energy, Lagrange finally established
the conservation of mechanical energy. The results of the investigation on the development of
mechanical energy can help students avoid the common misconception about work and energy.
They may also be good references for teachers to guide students to construct deep scientific
thinking, and to comprehend the essence of nature of science.
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