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---to be is to act.
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Action, Wirkung F1{E Hl & % 5 (I BE N 25 A A DI X, The
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MR, IREFRBL, shETEEIL
IR R, B, RIVEREHIEREL
SRR ESR I, R DHuERR
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EHEHITA—N 7 F, JEEAESL
oSS A — /D AETRIEFE (principle

of least expenditure) S kr—
ANGIERR, WEREARIIRYE.,

B E A NRBIREE, HH <25
WL, FHATZRM T Earrdk ==
W AR R AERY AR X — LR,
CEMTIEY B —Ni s . “F 0w
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N, BA, BRI, HEEZ, &
H. Wiicis. ZAE: R,
R EREENE: RIVME
=7, H—NXT WA E S X
BEY: “MBTA WA, FLEA(H
+F, ECREWSsF. A—RIEAE
RS, TafiikE, & 7 EHRI
KUHEEEFEF E, & TR, 18
[k, KZBUMDURSE T, KOFEETHE
BRI #Re TILE, ERiBoy#hiE
5, ANZWEHE—TFRB". X
R A E RN T . (B2, Af]
R& SR MIERI T RERAFH BE
IETHE XH, SR L IRTCEEED 2
A TIEATREERIA, BN, 20

D) BAEAEE, SRR E s R & L L, ek

DIA T 5t B AR G AT i BT
T, WREABFEAR AR 6
PROE T R RAYFTREYE, AR
TEEMAEITT .

AL RBARWN ™Y, BHESIT
R EBER., WEERR . R
¥, BEEAEE, AR TAEFNTEE
LR 5 BRI fR Y, 24 25Xt (A
T SEARORAETER, Af]
AR T 0 S8 oo T i RO A Gl i
& (The Creator) fil] i& f, b {1738 i
DU T A8 R FR AR G 1E 2 = nfer ]
. A, IRk G 2 g
BRI ? BRSO 2 VA 45 AR f R
EHHR/NK), XERRKR LSRR
M T —— “TE=LL SR
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RIERR. ERR/DBERNS. FRR
EEFELRFIERY, T “@
fIaNE” — BB RER, 5’
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ple, FERIEX AR S
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“B/MEREFIET ZHI, AHEF
1% action |2 4, i least action
principle F|JFEEFR A4, BEEE
I Z ik (formulated) 9 DL Anfrl 2K 45
SREHAIRY, ITRE X2t —

2 Action 1K iAICHI A &

Action, 8 3¢ 117 6145 5) 18 B
Hact, EAEFEEXAY active, £ iFE
X HY activity, # 2R ILARY H H1d
L, [BREMXERZIET active FYFL
A ME 8] (technical terms), A 442 ik
B X BN “technical meaning”
1 “everyday meaning” , Active, (¥
FEERNAY. #ERAY, Anactive charcoal
(75 M 28), active electrode (=£ #f) B
. SHAEMAEIXT), Active Fl T &
TPy B o A D s R AY active
force, Active force fH4 T 4K AA]
DRURER, W1k B 28I\ O TEARoHE:
filf 78 3 72 Hh 5 A 4 active forces fY
Mgk, HEAAEUT “REMRRT
INESKT B, e EZZRIE b
Erh, Hact HHCAYIAIMELLFT I, Ao
“Substance is a being capable of ac-
tion ---[and] to be is to act (¥l &G 1E
HEEHWIELE - FR s R EM)”,

4O3E - 929 (20134F) 38

“Thus, ‘activity’ was the primitive

agent and cause of all ‘effect’ in the

universe, Clearly, from the principle
of ‘cause equals effect’ , the total ac-
tivity in the universe was conserved
( “activity” EFHHHFEWHA,
—UINRR, T HRET
R BYEN, 58 RS activity
EARRETER™, F5, HEffac
tivity I URE R, XEOCEH T
BESFEASEE . Action LIRS 4 1F
J7, i E/R'E %4 Mersenne 11 Huy-
gens iy — ¥ 5 A A = . “the ac-
tion ---is called the force (vis, virial) by
which a weight can be raised, whether
the action comes from a man or a
Hifaction 4 {EJ), WWIBF] TH T &
Hy vis Al virial, A3 78 B A P H
virial ARFRES T, i AkKRE
PETp . XERTE R SO E
BHSIRFRREN, RERZEAL]
Cil S - N N EEE A INES
BRENTEME, BYREENES
Hrgik A B XA~ & virdal,

Act fE 4 iR (RIER, A&
Wiy, 7= AR EE B - R Ry AT,
K#Zj5operate [7], 711 “His (Newton’s)

theory assumed that gravitation acts in-

spring or a weight, etc”,

stantaneously, regardless of distance (fh
()R FR ISR 5 | ) = B R (E
Ry, SHEESTx)”, R, operate &t
N 475 operator (BLRF), L J% gener-
ate Xf i/ B9 generator (=45 1, =A%
7). EVE T4 T HNER R, FYHE
EAW ZRE—T., Act{EAENHE,
HIFAF LA ‘W) EE, W
“For the first time a steam engine could
now be truly self-acting (ZL/SHLEE—X
A TEIEERSHT) P,
VEA 28, HAT18AY everyday mean-
ing 5 technical meaning 7 [B] 2 /£ &
AHE T LZABRORR, KR
9 F) EL R action, H—
AR DRIERZANT—FEREREITE, M

H  “I can image the cells in there, the

Action

Feynman 15

complicated actions inside which also
have a beauty (F% 8 §E 18 S A8 Ay 40
M, MENEFTA—ElEa
—MFE)” Y, HTRXTHRN—
). All elements of the form gx for
variable g constitute the orbit of x un-
der the action of the group (i 4 g
BER ex BB TR A x FERE
YER TRy,

#H action, A #& reaction, Reac-
tion, = HE ML/ (response), [z zh(a

movement back), Sz {EH (opposing ac-
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tion, force, influence), % 2 , Reac-
tion FEA PR~ 5 | —> oz I3 Bl 2 Di-
rac [ 4% A “I was afraid that getting
married would cause a reaction---(F %t
BEER5IRE—EREM)”, RER
AR E “REARFIRIRRNT, R
iR 2 K N H action-reaction FY - B,
JG RGNS T, Action-reaction & P55
HIAEEE Y, EER T IR HIE, 3%
ErHE ORFITER) " BRSEY
# R I action-reaction [JE N, 5t E—
HINHZF1T891T % (action) A 2 RISE
HUAESTI 5t (reaction), % BRIHTHH fETT
ritiI 51 11777 AR E EH]. they
avoid the inertial system——that ghost
which acts everything but on which
things do not react (= 1{ T 75 £
— B> act THEATEY{HAEMEY
#P A react BRI, act Allreact jif;
=R,

%t action iX > 7] Y technical
meaning, FPE I ERI TR Rk
REIE®A T AE, AFHIAYSE =2 ac-
tion-reaction law, A&, FATH B
FFRENRATE, AR =/
R TIERNETRIER T, 5
BT X AR A, AR = E R
JEZ#m K. Lex III: Actioni contrariam
semper et @qualem esse reactionem:
sive corporum duorum actiones in se
mutuo semper esse a&quales et in partes
ALY 3 SR iE
. Law III: To every action there is al-

contrarias dirigi,

ways an equal and opposite reaction,

XU RAX B action &R &, AT
A B Y action A FH— P E A,
X action AR Y, HE AR
RIBERmE, Rk TAHmE =%
BEELELMER . “When a first

B /N A
A M E K F
{3 B — 4k K 5%
Febd, fhizdfta
FERIES1RUE 2

“
=

T

body exerts a force F, on a second
body, the second body simultaneously
exerts a force F,= — F, on the first
body” , H[I#f action &R KL T 7. (A
&, DRFUFEAEE =, =EmRt
BT T A M R R RS E P AR
., mp+my, AFE”, XEAR
TR S, ERIA—iE, PTIBRY
FH, BLEHIX &R

-1 action-reaction law R %I #b
= T EH S, “Faraday, con-
sciously under the spell of Newton’ s

third law

for every action there is
held an

an equal opposite reaction
opinion almost amounting to a convic-
tion (PRI S8 BIH B R A 38 = e =
BRI, X — OIS L 2 5l fE
M. ZFZLL, BRI action Al reac-
tion AN LG T, X 15 15 15 B interac-
tion A ZWERFHIART, BIREHE
HATEIR, D EINRE T
— ., XEMEHHTT. B,
action 187 Fl 55— #h i H (&) it A
T RIeE Y E R —
least-action principle,

37y 3 2 41 least-action princi-
ple B3 sl & /NER B, {8 ac-
tion feHA RN &, PhEEEmIAET kT,

#1E . 1
&, ELEIKID least-action principle i}
WHALEBAR, X—ANIZZEH]
JEBHIE M . Action JE 5t 9 24 1
“TER” WM, WEE R E
£, FORMIEFIe. PUHMISERam
WEVE R FOONE, & EAmEH
TEIRRR, TREYIKREIRS] )R
R PR 25 B b E (action-at-a-dis-
tance), JLEIATIERY “ Egthkal 7
o, BERFHMEOF", Ac
tion-at-a-distance, 25 PIER e ARG FE 23
170, BERANTRY, JaE kAT Max-
well BLRZ 22310 & E T LA [B] Y di-
rect action-at-a-distance, ‘% FH 171 78
TR 2 [E]fY space”, R TH
faf[E]FY interaction”

TERF 1, B — X 28R
I T-(entangled particles) & i [{] — )%
REHERRY, BATRILEERE, B
HHCA R BRSNS E—r M AT 2
17 L (instantaneously) 52 11 £l 55 — 4>,
RIME AT 2[RI BE B AR 2 LR
AU LR R . Xtz
Wi, XKL T Z B R I AR B
HEgmtbotiRim e, &REHERZ 4
spooky-action-at-a-distance ( ¥, & fi% 1%
EEEVERD), % B ErH A O M S e

Action %I /& action,

3) J5i# 4 Les Choristes, &IEPAG, ——EFE
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1935 FER— R EH IR X BT K X
HEXTE, EEWRERTNFRLVER
TERHY, X2 #E 4 HY EPR para-
dox,

Active th 5 principle EHid, B
active principle 1y 1% £ . 1 A a0
“Planet will cease orbiting (due to fric-
tion) if there were no active principle
of the
heavenly order (715 /%G active princi-
ple TR RIARRFHIZE, 172K
BRI 1LIET)” . EE RIS
RS LR XA EEA TS, BT
DIARKE AT BN, (PR 2410
=5, “In other words, Newton is

to bring about a  ‘reformation’

giving ‘action’ and ‘reaction’ a
broad meaning beyond just the accelera-
tive force implied in his Second Law of
motion, This broader conception of
‘active principles’ coupled with the
suggested interconvertibility between
light and bodies looks forward in some
respects to our modern physics (% ac-
tive principle 1955 i iU WL#E, BoLLOE
APy iR AT LB AR &, 7EFAE
T HETE TR A E)” P,
SRIE— A, action fEfETE H Y
J& Wirkung, & 55 52 5 5L A OBt AR 4

Plancksche Wirkungsquantum, X i/ #Y

A % 2 [ 0 e D R k0 ZA MR AT B

4O3E - 929 (20134F) 38

7 Al & wirken (2 fE H , effect,
Wirkung J2 #f) % 16, B 4
RoOBCRAIE R, EIERIE Wirkung
der Aktion ( {E F fy 2 R) B 1y
Wirkung 1 Aktion &b %F v/ 2 32 Y ac-
HEEAKWE, LE®RHA
Wirkung A2 8] B Y JR R — 45 SR B
R, AN, WA E, Euler
F 1 ¥y 78 & Wirksamkeit (effort, {E
FIZR, Fifl b2 B T 2 1A wirksam
TACTARAI L), BEmvwv, Mmwy
8] 2 mv?, WA — BN RIRS
.

cause),

tion

3 YEARIZSTEREN

BT SRR BB ETHREED
W5
“action” (RITEANIEIG AR, TkE
e HARIMARNE, BEA /I
M B H & B, Bk E—1HKEI
FAGER, BRzEmAEHE (Am)Ey
Z5, MZFA SABUKA RERE T
RO xBEEEIE(E 1)? —mifiRsre
BESBHER: X cosd/cost,=A
i, mEDFR, EE, HA=1, RIK
HAHERELT, 6=0,, XA
HERIRIE, =% HotERI R ST
SERE. YR, BRI LR

ix # least expenditure of

& o & & /D I (8] /L £ (principle of
least time), W7 &} # & Snell” s law
(K2), B sinb/sinf,=n, Hrhn%
BRI A 5, anRERAY = B
FLEI I SRR, R A2 B AR R — A
Firp, n=1, WH 6,=0,, RIIHE
B, SRRV,

5% O &R/ EREENZH
WHER, A RIRE T 55 0% R I 12 HE A i
%5 R F# s [E] (minimum descent time) (7]
(A 3): Wik B S — A msEd it
H— mg 7, BBATE T AR
R R %52 1696 45, Johann Ber-
noulli 48 [A] 2%, R[IFfr18 /Y brachisto-
chrone (7 i i& A% /] H]) problem, 1
SRR i DR E 8 N )
BRI N R AT REMFELRT
REFENELE—R—PREEEF
HELENES, EEEE— AT
o IR % (cycloid), T5 2 %
x=R(@-sinf), y=R(l-cosb), /THLE
HEEREERPEZET AT
BT e,

e N

AT HARWEAR TR,
P ARIFEHEEN —EEREEIEM.
fEid, SEMEZLIN O B BlERI P

B3 Foll THEM, M—xi Ol 55510 — 5 P it

NS R L O RN P RAIEEL
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AR, BRI MR R &
ZE1FHY ( He (Leibnitz) concluded that
of all the worlds God could have creat-
ed, the one we live in is “the best of
all possible” ), AHIXZEGH A HZEE
AR R BT R IR &
% /N Candide F1#9 A\ ¥y Pangloss 18
TzH, RRFN . ORIEH, FE
AFTRE A A T HIVKRAORET, HX
F—EYROEE A N, &
MEYIERR A T &IFHIHAEIER,
XMRBEIEIR, JERIETRE A
Rl 108, HitshZE AEE A
B i, /R # (Pierre-Louis Moreau de
Maupertuis, 1698 —1759), = (il /R
T, BHEEER A EEQRE AL
la Académie frangaise) 1 &+ Rl 7
BIERE, FRch—i s, =R
R MEFRRA, MRS B
ZURERIRAIR, EEHIANAR
genetics FSEIX, e RERRVFRIC 2
AR e AT,

1741 5, Eff/RFBE—RELN
Loi du repos des corps (W& IEHYE
B EREER. —PEIENR
g, RFRXEIAE, HEMEL
KERENEZ RN, XNE

AJJA % action, XRIZE, MEEIEIT
BEs), BEEHT2ABE, &N
By X MR R B R R T A R
RERTE R FHIWE, EFEDAEE
B RARI MK Z %, X least-action
principle b &% T J12F @AY —1
T _E 90,

“Least action” W KGR E A5
JR0. Rejget/DIETR, — M EER
“BTEATRNEE TR R
GEHFANNEE, EEM/RFBE
k¥, XRGFE—NTIREENCIEE
Z A IR, EAM/RIELE 1750
FH A Essai de cosmologie (F 5 ~F
XEYHEETXNEE, Hib, =
R /RFFAE XA R E B pY Py 2R 2
RCEE RO T, Bk 2 fih i R
sk, RATSH T EHBFEERN
ANETF R AIETE . ER/RFH T =
THENDRERETXAREE, b
Fl| action |\ 1Z AR E . ELTHY
AR, XIRARRZBEE
£ (Loi du movement), K A I I,
11 fth 7 iR 51 T least-action principle, {H
ERABRZ RS E ™ ES, 4R
fth 5 BE R ALAG B B ABAE LS HiZ B
PRSI FOR

4  Least action princi-
ple [ =7 3¢ F A\ 4% 5
/R 7% (Maupertuis, 1698—
1759), ¥hi(Euler, 1707—
1783) #n Hi 4% 1 H (La-
grange, 1736—1813)

T T PR, (D
BN F)S TR AR, 4T
B/VERBEIE R, BIfrAses
ARG A H (R T B R simEk
(E4). JEREIE K R ERE— BT
ZINWIE 45| A T action S, ZET—V
X—RiR B H B TR, &
IO H OB R R,
S=["Lg.snde , Hrbnn REER,
EHER/NEZE, MikEHE
oL _doL _o  yp)# 4, i) Buler—

dqg dtaq
Lagrange /5712,

ALK B JE B 2 Y (R LA B
% &7 B9 Euler—Lagrange 75 f%, #nill
b 2% [F] 3 (geodesic), 4, &
SREM ENENKE AN g, H—5%
22 A G R 26 yda bl M YR EE
% 1o)= [ e y0) e, MR -
BT A5 R BEE S 52 O A Bl 4
KER TS (infimum, 1% 72 least
B — ). B TXMNEN, BE
e LR A R IR B R i AR 4y R
K5, 51 AIFAY action 5 % RE &2
W, E0)=3[e,00.70) , HEuler—

Schwarz A2 L <2(b-a)E(y) , Hrh

5) WXANFRRARY, REACICEESFREE, AHzEEAR,

PR AE—R T . Action (9—FoR, ARTHRERSWNE, Hithd
WEG NG TRz E], PR E AR, FRY —EHE
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HIZEAE [ ()| 4B ARz, BT8R/
RIZ R E, XTiZKERZBE) IR
Fl Euler—Lagrange 75 f2 5t 2 il i 28 75

i - dzx)l ).dix#M_ H=
iFIs ﬁ/itﬁ dl2 +F/.u/ &t di _0’ >X

o I, JEFEE LAY Christoffel 155, #
BTN ICHIEE A RECETER
B, XNHESEERBES] 5
ArgE =,

TERE &/ RIED:, A
437 (calculus of variation), 2%f New-
ton Al Leibniz {9 RN 73 (0 % e,
e/ MER ERVER 2 R #9757 224 Bul-
er—Lagrange 7512, {HJ&, MIXTT
18 B B A AU 1E F & (stationary
action), #ZHBRUHIAYILE:, BRIEER
/N, HIE AR (zuweilen) 25k, MiX
ANE SRR, XAREERNZRAR A
2 /& F J5 78 (the stationary action
EASERRE, EED
7=, RAERBIZAZA SR, =T
AARREZE = LRSS, 2EAL
1t B AR R RAE A ERIZ R 2 sta-
tionary point fYFS{EIE? Hk, Xa[/E(R
R, IrmRERA R, §
WARMEME—R, B—FU, RAEX
MNESERFREESN, WREE
BBz 7 R ER AT DU s h A B H
ERtAERER",

Hi I 3K 15 Euler—Lagrange J5 £
I, RIEERI S SEEER, R
FRAZH Pt T AR, WZ AR 53 (A
B2 BAGE e ok, 15 % 10 (Rowan
Hamilton) 33X > [R1#E BE 4T T R AHY
WgE, RKEE LD FACESE—
TRRM, MEETEE. Kl
JE kAT 2 X e A A X s AR AL

principle),

23]

HEYSEIR], AT & T DRI TR,
UK SthEAFRPTETR, TS
RAILIERRE T,

5 X least—action principle

HIFERY

/NMER R E R =
AERSESHHAL, BEEING “tis
the ‘highest and most general axiom’
(EEEERTRENAE)” ", ZK
IREE 2% (Hermann von Helmholtz) #H{Z
B/AMERREATRERE R T B AR
BRI EIERE®, f 5 (Joseph
Larmor) A 4 A5 43 O P B =T LA
XFA—E4EE, LRARIANGR/ME
MAEFEA B S, BAER
BSIATHEME, EHEERER (causa
efficiens) iR 22 7% & 4% J7 (causa finalis),
HRER U SHIERZE R 2B
HIRTER . HRASCREAIFEH . “R/ME
MR PSR E R A
BRIERERE, Nid, BFIE
BRI, HERAXBGRERE
HIER, FNEEARFAGRXANEER

7) FERVEZE BA SR — RS (A INEY, B0 A B TR B AR 1Y
R, R NEEARTIR? —REKBBBRRA—L, 5—F
EAGA S~ WiFREAHCH "B X FamETaEtd,

5 WELEFRIR MR BB B RAEAETIA R T %)

FHEED 7Y, mEEAREN]
bR T B — N E R IR A R —
MEFERIFRIN, BT EE,

6 SMERFEERNEAAR

VPR R — S BRI, R
WAL IER, B AN HE
B R, MR TFHIERHET THY
Y& F & (Generalized action) it Bohr 5%
HET 8L A ppdg=nh , 3X2IH
BT NFBL., BahiIisy 5 EM
B/MER R Z [BIR S 0 6 & 7R
MR T TR IR RAOR T
REE A LR R AR AF MRS T
2, BREELEI TX—H, ®R2E
HAAre e TR ¥R
HayRn: — M RAZRNIEERT
BRIBRIRTEIL, BREREXN N AYLE
M 1 B AR AR 437 1ok Y action 4 25 H
Rl oc ", JLEE R RIIBB AR ER 1R XS I 42
HROEER, EEWAS, EREEL
REE B AARIARA, (AR AINE
1y, & H dlic) IS TEA, KR S5t
REHIERR, NSRS EANE
FTH¥FREEE T, "RELE, &

BEAGEGRT . —EHoKR, ZI—&BRRE—SI)LBERENN, 5

W39 - 2% (20134F)3 1)

S3KMNA T — s, TREMNGIRT, %7 RETF, itz
TR T — RIS, RENEHHELAE—E, ATHE: JTK
kit RAARBER, FTAEREES —EXTEREIRE.

—
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s dliEs

SRR, R T RF R A=
BRI FE MY, A MR 4R
SR R E R 5T T 2k
ALy —JE “little paper”, FFiRAn{A
R/ MERRFRENHTET Y,
AIUWE AR TEE SR EE
HERANEF ¥, ABHRIE,
KR T AR A XA R ATATE

REET HFERR, FTLTERE
A%t 52 Sk F(sum-over-histories), %
REHUA, ERMER L, FrEm
FRIREREE A IR . ARG LB
REREPVIETIRAIRR, T
2 LI G 1 E B A AN REER I AR
PH, R, FaEXNE, WMEE
A% 1% (history, A& pathyE &ALt
HH, (BEELIERRIRE FRNIZE
E(ES), XME, (RE T action
fF, A kA B9 i (God” s plea-
sure)” ",

7 WRERTH.

Least energy principle

W

x <V ;
%f
VG

kS

E6 el e LR ARERREL T 2R ARSI E s G e R
SAFERTAS I AR, WIFRBL T A 2E XA e A i

BRI, EaGERENE, HOR
)24 K (the current moment), KT
BEEIAIER, SEbr b, EHFEBL, B
e T EA D RIER, AT
TR A& 1%, AT
Xifns, ERJFREEN LR TRE
BRI AR, mMELIRIF.
BT AR ELIC T action 2L4E
HIEAHRR", SEEER R
i), FEPdr ST 15 SRR E &
MR, K LSRR
W MTHRENRZIRERR, %

7 ki _EfEE
RE T, AR
FRE 7k =2 5
) A~ [&] domain |- 1Y
BLHAERE, BELT
KRB R AR AW
(ridges)™!

B8 Y ke D
% R IR L, H2
SHRT R I T, B
A A R — A 56 T
i Bl 13 3 1 2 5%

SR S5 R 2

8) JLIFIRE 1904 E4R Y, REMWEFREAN S —, —EHE
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A D5 SERIVE A D5 s AR Ay action,  HiE
R Z T8 A0 R RE Bk 2 B /)N RE B RO
T, BARXERFRERSMARLE
AURER . 4N, %) Thomson A]EY
HSmt R T SRERE £ n DB
SRR, HOP SRR R R IR
WRPECHEEZ AR/, SR E
RIEVEE NERRPER =M.
RAE—MAEME Z 5] AR KHIR
73, WIH kL2 % A JE B (buckle), RJI
FEAEAE A, XARHLER R AT R A
JEE+ B BRIEEERR R B, NREE
R ZWFEAMYARE, BT LU B Fi-
bonacci F} FIMETE FIXS A, +F X AE
REGAER B2 (B 6), X T Ekik
k%, AILIES], ERRET. 18
Xt Rz JE IR 137K S = 2 802 (Al Fh 1
EUE E, RASRIMHEERN R
B, Hp—SHI T HRRRIR
FOERIMIL (B 7)., X 7R IR B4
TEFANE X7 ) FRmAR R A4S
R FMEAEE, ATUSERN
FIR PR, XA, "]RER
AR e/ N RE R AU R, TR
/INBERFH iy, PRETREC &R S
2T, SRR R R R
A, IREUIERIARSRSL, i/
S R ——REE T
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B9 it SRR S R AL B U A SR e, SR e/ METH (Rt 42) SR Y
BRAT . g B IR AR A B AT AR O | ARSI, X /R RS DA A
2 R B IR e ?

R R RN HF A&, action,
energy BLF A AU 4, &/NMERTIE
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