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the value of a conservative
force at point x ...

(a) Elastic potential energy and force as functions of x
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Force from potential energy: In three-dimensional motion,
the value at a given point of each component of a conservative force ...
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.. is the negative of the partial derivative at that point
of the associated potential-energy function.

SIANablaBfRFYV : (RFNEFEFTHENBEEREBIGAHEE

Force from potential energy: The vector value
of a conservative force at a given point ...

" oU. U, oU, a
F=—-\—i1+—j+—k| =-VU
0x y. 0z

Ty
~
",
-
s
.
.

. is the negative of the gradient at that point
of the associated potential-energy function.

-“‘
.
+®
.
o*
*
o*



B WHYS BEHIZe IR I M AR I %%

Vi
mgz

AL

0 2

(a)

F A

Hphg ¢ ?
e

(b)
5.3 ESHHEE

Vi
0 7
Mm
_G =
(a)
Fi
%) v T
_ m
Gz
(b)

B 5.4 FEIHEEE

VA 1
5 kx?
0 Y
(a)
FA
\O\’;{
—kx
(b)

& 5.5 HEHNFEE

<
-

-—-""'-__—_-
o

~Y

(a)
F\

(b)
& 5.6 MERFHFHEE



E5. 1R%E

w

where F, = 0.

MR A TR

Figure 7.24 The maxima and minima of a potential-energy function U(x) correspond to points

(a) A hypothetical potential-energy function U(x)
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(b) The corresponding x-component of force F,(x) = —dU(x)/dx

[ | ' [
dU/dx < 0|dU/dx > 0ldUjdx <0, dU/dx >0  |dU/dx <0
g Fe>01 F.<0 [F>00  F <0 F.>0
NG | > -

B R ZHIBER R AN E A RE S
N B SREN AR AL A R R K11

BaeHZHEER&/IME TR
WUNIPE) (<28 A

EFE
L R T



High Enefgy™\ SRR, MHRFERTGENE (sombrero) AURTIVE—MEER, XMNEBREAMTHEEHFMERS, ITFSERTH
Symmetric Local  » DAY, ERREOETT. XERFRARAS AR, R, R, HATLUREERREE
maxima 7 N Low Energy IRFaiEsiue, FELMRERANGNBAE, HEREIFMETR, REERERT ARAaT AR

No mass R Asymmetric FEiErSFRIETIEE XE, BB SRRCIAEF ARAER BRI —X I FEE e OMAOTERE, EBRAG
Ny Local minimum &ggs, VROERFBRELSE IR, EH0REERS, BEARMOREAR, WT5EIRTHOM
N Mass it SEERFCMREERSERES— M AREART, IRIFIERE 360" AR, FILL, BBk
BRAERSO TR SRR RE RSN, MIFAEEIEERITRE, S, XYEBRAAONIEEE R R EAIEEXIFRE, (8

RREERSTFEEEETRE, EIHIE &R RERIge, [171:203
| RERISHIARI S
V(g*$) = —u* "¢ + A(¢* 9)*;
Heh, ¢2EEHIBG, pu. MNPRIEBEFRE.
SHFIXEFENE. R, BEEAV (¢ O)iFRHG, ToskHE-X/REHgIR L H18116-17
L= (8a0)"(8%¢) + p’¢"d — A" ¢)°.
ANAENAEEFEEHBAREIRR, IXBEEAEIERARIFU—TREEFASIE, BRI SHISIHEE RE. ¢MTIBEBIE
BEXIFRME, (T z-AAARROIBTIA BRI BEREAE, HREEFIEIAE (¢ =0) , BXAERMEERT,
HIRFBRERB LS 2N EHRERERS. NEHZNEHNRKERESS, MERFRELIMH— M REER

B, ARCXBEAE RS rac. XYIBRGHORINEE B BT AETRG — ¢ = e pEERTH, BEdrE
. OIMEEREIEENTRYE, MRS Gve TR R EE AT :

¢U(LC — ¢Lac = ei6¢vac '

.....

===

BRAEIESETSNE ©
MEeE, MTFREEFP
LAHAYbER:, PETREADE
HEXIRRtE, 1BFEENE
B ETEBIEEXIR
t, HENEFBRAMERAL
BRI FRIERIER,

REERMITRR-S ¢
RSy- RS BN SR
EHRAPHISCER PRE SHE
v, z-ER AR
%, MSE TR
AR, EUSIERARGT
{5l —TREEFGETIE,

BE, Gvac NETPrac, FHAFBIMOR2mHOREEMES. FILL, XYEBRGI T REEEHEANIFRER BRI T, XVIRRGXS T B &R

HEARR RIS FRIE B RAZ AR B R TR,



RT B BRI AR
o SRR TR (R 1 R G
o AL NSRRI S, AR T AT . SR AT DM E RO L.

WasE] Ty O REE, MRS — A T IHRER:
E,(F)= E,(F) = E, () =] F

> AR SR B EEE EEUE BT R S M S s B H e E mi Ry IR T
 ARBIE RS, WG ANGERDIE ), WEEAITESH RIS



R NERERRSREE

RAJME :

Atoms
o Dark
4.9% Energy {§
Dark 68.3%
Matter
26.8%
' -
MERNFEH
TODAY
Neutrinos Dark
10% Matter
63%
Photons
15%
Atoms EHH E"J = '_H
12%

13.7 BILLION YEARS AGO
(Universe 380,000 years old)

201185

iEREE: BRI BHESIZ5,
SFEH LY ENNE

AT Tl Bl
AR 6]

T ESBR A

iy ifﬁ(fﬁf

I BE it okt JiF

K I

i

IFAE it 3

i)

heok A R FH RN, &

'ml-nnl Lft BLF

/R FR—FHIEEINERZRK

— RN EER, SESEE,
HEE— AR

ST 7 So oo
S G SO

315"

KHHE

TR AHR

AT
JiEghk R 2=

4k (RARMA)

firis A« K

SR ¥ iz B . KBHIE
PRl HE d




F. RRRREIEEEE
F1. BRRH

BIRTETIRD (M) BRRERHIERSe

i, j=12,- N
F2. WA
%%u%%ww_—ﬁﬁm Hﬁmﬁt%b
92 -

RENSRRZIBRIEEERIFR AR

Az f=—1F PEACERSCBR IR, AR 5 S T




F3. BRRENIIRIL]

—JIRADREN=F, B—RERXT, FrERIDHIINEHHFHAZE.
fan, PEERS AR, FMDFIREITIERRT AR ZE S = R AYEEE

FA. [RRERHIDIREELE

HRSSIREE®E: W=E,-E,=AE,

1 1
WetW, = Z(Emzvzzz _Emivizl) =Ly, — B, =AE,

RFEIF DR DN SHNFTFRFENENIEE.



Hep W =W_+W, (4h13-e, AA-I)

1 ) 1 5
5@‘%2}’6?\]}5}? ’_Igf—ﬁ,ﬁ;ﬁ$ﬂ ZWie"' ZW“ = Z E m\v; — Z E m;Vi,

(1) =68

m

— Z% m.v?

(2) SN RS ER DI IEE— 1M IFEINZ L, ToAESSMIFR{ERYTA.

— =

-— G580, HIIA N0



(3) —R4PIDHITh:
dW= F -d7; + F, - d7,
= F,, - (dr; —dF)
— F:'j (7 = 77)
ry =1 =7, R
dr‘ =d(7z — 7” ) HEXITTRIRS
dW= F; - dr,




*len QXﬂLp‘jjngIjJ

1. REWN—XYARTDNIN—RAAZE
2. —XARDHINZ A SAMEIZSRRER TR

3. —XIHDHMINZ AR SIS E R, BT A A SHERI R Six—

NDEEH, WX—ADHINAZE,

[B1] — B35 NEAN | KRR EAEARDHTH, RN ARRAE S R T2 1 s A,
RIX IR 158 5 AR 2 TR BE 5 ) T 2 2 et

T 5 -

iz R Wep=f-s ke W=—f-(s+/) vt — —
Az% R Wi =0 A Wiy =—f-1 1

@
~



) ER .

ARG = B

E=Ek+EP

+ % i



G2, RRFMIEERIE
/{%ﬁumm@am W,

\ﬂli{%ﬁ‘ljﬂjjlfl"l'ﬁkﬁ W T 1 B g
- NI Ep J\ NN I H[ﬁ

E, iR RBAE
We + Wy +Wey = £ — £, = AL, ‘

We, = _(Ep - EpO) =—AL

W, + Wy, = (£, +Ep) — (£ + Ep())

p

=E-E,=AE
FRFEERE: RRAEEaIET, eI

AFECRST A ZIRTIRN SR 0SS T R St IEERYIE £,




G3. HWEEFIBEER Grranzn
EW,=0,Wy=0 AE=0=E, +E, =E, +E, #fsace

Q RS PRVENREFNE RERT LUAE R, BB BAT IR, BIR
FARGHDHUMEEN T

tigeFEER: WRRFAREGHRTAIDMID, IRTHIIFI—I5MNIER

AMET (BRRADTTINZNAE) |, NERSHRIREFIBRER LIEIR, SHAIE
HItVmEER BT LISEE %R, (BRWURMEERZ,

QAR —IRERFUMETE, BEZ—RERPIMES—ETIE.
Wy SERREXX, M We SSRARBX.




FIREL: RANEIRRT ML, RERPMAERTFHE?
HAREASFIE. HIBEES), TOUMIURARR A RARE, X R P E.

2. RGENAIRRT T, RERPUREER —E A TFIES?

A—r. W, FERFIEEIMT), B8 XX EEIIRETIZRAZE.
TCIHZHRZFE, BrCAVUREEHR AR F1E

m2
R : A HEAE ! £’ »1

ml

BEIMEDAE %



G4, geETIEEE
EX: MR
— AR BIEAMRGEMI RS, NTFAIRS, SHRND—ELE.

REETIEERE: —MNIARR, EEUERET, ZAFHTEREENSHE

AZERY, BEERBEN—HIEZIVMAZ—IE N, BIA— T AEES—1
YRR,

#W,=0, W |Wy=AE
A IR ST N 1 =AU RE AR 1L,

BEHRAITIEE

o
gl
]







Bl2-17 ‘mENHMNLE Rz —RE A {0, UEE
Vo MCIE TR, mERTR. SEENRABMNER, Bk
AR IEREAT T RE, HEN2888 2/ DMMREK?
(RNLARIZERBOVK, NLBREBAT. )
RERBNER, MLBFZKBRANLIIBELZK?




i

HTJ‘/

%éﬁﬁ‘w PRAE T .
¥ St AR B SRR L

UES]

v B AL HIDLAREE

iﬁﬁﬁ%ﬁ%ﬁ@ﬁl&i%xm ? _______ v
2 0

E. = E mv, A

EZ =%kx§

DA B 3 7

x

1_I

L AREE N FERINEE R NN, S
RN EEANESNHRNEFR, UG

E,; =0

IERR . HIERAIN 22 B BT H ) R Gt -




SRR T FER

E =0 Ef;

VIR BE ST 1E -
1 1

Emv§+§kx§+mgh =§k(xo+h)2\

YR I BRIz BT,
28 R B T A2

(AL

e HIBLB R -

=%k(xo +h)?

M2z

1

mg = kX,

—> h=1/%v0

E, =0




5 AL B A L Bx=x o+ 87 22 28 I B R fH
K&, b4 Bir 2 s RKH

|

Fr ., =F; ., =k(X,+h)

= k(%+1/%vo) = mg + v kmy,



Bl T EE—FHEHEE

2. HERFE MR, FENIM, DEFE I Im. B TR
TEREHOTE h S S ERVES) I R i 125, R K HE,

fie: RS v, GRHLERIIE SEE A,

| Mm 1 , Mm
gesptg,  —mv, —G——=—mv’ -G
Mm v

At . G = m
: (R+h)}  R+h

A=) R
5. vlz\/2GM_GM - V1=\/gR(2—R .

R R+ h

h<<R &5 ik

gR

=79%x10°m-s™!




Bl :

T EE T PR

KNE A = R BR 5| 7T LB B S R
(1) BEESHIER S| I, KARRIBN ALK T B T
(2) Wi B hER S| T3t (Bg5mat) , KRS J1RARENE
Mm

e L2 o gMM_p yE —0
2 R

7=
S§

v = 2GTM:,‘/2gR =2y, =11.2x10° m 5™




AR
1%

NNZ
V22 —

1




H1., RRI0&E

B0 BROCESHREDHEXRN—MIER, ERNMNEEHIEN L
RERET IO,

1 3 FREIEEE D TRIIK :
Te =27 ) Ml
_ Ide t
U_) = iz m?’ I/ZE = m. @
c M bt Idm 7 e
i I_; ®
B =7 -7 5 ;




JEI \\éédz/]_@?\ :

My, = ) m;v;
i

FOERNEIE, WE
FraRESEFT L,
EEARIEEIER



! — — —
LO ZEdt - Zmivi - Zmz’vio = my, —mv
i i z‘

oA ZFdz‘—mdv ) Zﬁ;zmdg" = ma

l d

RUEREE: RONEIERT—NRANEY, XMESEERARNNEE
CERR AR SRS SN BRN,
RORTERISHREINENR, EIHRREEERERL HEENE, HES
15 (BB , SRR,



H3. HEFAEEMRVCRPIIGEEE

R Rz R ogeF T RORIEEE, MM ERR
(1) MEAETE (BLREHANERRANR) ST ROFHERREHNT LGN

E, ZEZmivf :EZmi(*c +7) :%va +> mV; .\7C+%Zmiv{2 :%va +E,

c =0 BOABIRREN IS

%Zmi(vﬁv:)z}:zﬁi -d(ﬁ+ﬁ')+; fy-d(F, +7)
d(%zmivﬁj _YFdr+ Y di = ]
i | i) |

FRIERPEGEEERNEN S EHEE
(BRUORALIAIERER)




H4, XECRIRDIER

J' xdme I ydm

TEIG: X = J.dm Ve = Idm

=i
i

ik dm = p,dl ZAR 7
it dm=pds  EES
FREEMI:  dm= pdV (L2

=i
gl




fBl: REFEEARIERC
& . dm=pdl=p,RdO
X, = J-xdm / m
= jxledH/ﬂRpl

A 2R
:lsziné’dQ:—
ﬂ.O

/4

» BLOA—ENTYARNE -




B



FiER - T8

il
)T
> \
X
T

22 1 FiEE TR T H2EH
FEEBEAEE = gEspE = | Fe-ei=sos
REPPRE AL = BEETE e [ Faro s gmd-gmd
FRVEEAENE = AHRTE = -l

AIEE: 1RMER, IEHEFILMH

W—EEAK?
RN IEH, IEMEEEE e E—ERATIE-ENEXE, T
RETEEE—REESANESN=TIEEE.

]
m
)
(|
il
i
cs
Iy



\——

saNfi2 ( Constant of Motion )

ma=F(t,rv) & o TR, T 26 548 r(t) A (t,)
— RIS, qNHEHER 115 250 T B 29 M6 24 Rk i e i
MR IRGE J157 R Gia s i 3l 77 A2 4 mT L AR 70 15 21 25 1
ez LRI R, WHRH S, WkgE. )k,
o Es. ML 0 &2 H29-11

& AR I BIAFTE S e 5 R 4 X PRI FHER 22 (Noether i€ F).
I 12 AR 0 W e FILE n] LUK TR )i, (H 28R 28U T
#h Haefs 2/ b Hus s sy, R

TR BRI, WRtkE. ShE. AR,




T XTR

Q Space translation symmetry — ZZ 8% ( THEHR ) - MIBEEAT > =

D

O Space rotational symmetry — ZE[E] et X R ( LR AL ) - YIBEEALT > A=

O Time translation symmetry — B5[8)*F% ( BHEHFNER ) - MEEEAL > BEE

R R B AR RS B0 L A 2



Homework :

1.

(REREHNEORIMEIAR. —RKKFHE, —RFE LBEH,—RFSR ThH, IIR=1REE
—F & NEEMETER, BN — A RERIIN RS ?

[[_LI—aR BEfee R T=SEAARR, RIEX—SLinAaR EFrE&S <A
ARYEEIE L EEFERIE AT RYBTIRIZERE L,

FREA72kgHI ABREEER, 5514

NG

SREC20m, HERECI60N/m, ZER=SE. )L ABBE

SEtdE E T EENREEKUIENERERZ/D? QEMBEST FTEAZKEOm, LABT

[REAREKE?

A 25.0 kg child plays on a swing having support ropes that are 2.20 m long. Her brother pulls
her back until the ropes are 42.0° from the vertical and releases her from rest. (a) What is her
potential energy just as she is released, compared with the potential energy at the bottom of
the swing’s motion? (b) How fast will she be moving at the bottom? (c) How much work does
the tension in the ropes do as she swings from the initial position to the bottom of the motion?
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