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\ 7><>

N>

y
z
7 Bl 1-14 SHREERRAITR P A
----------- e REBNEN.
A g,
X
A=|A| = Jsz +A4,% 4+ A,°
z zZ

1-13 RENUT=H=TBEHERREITRD, TURTAE=ZMLRH AR RS89,



EKEHME (4+B)

FERMNERNAE—TRE, MAEBIINEXE (resultant), W PMEREINENL
MEZANAFTRLE L, HRESETXENTFERE: RERFHEMNK/NENE
t, FRBEVERM, RELUAAZEPEAAEER. K/IVEFNEEHEE—K
£, UMY, XEEZAPULERTFE., BNRSAMBEMIMNA: HEREBNE
IR FBERBANKRS, T KSANRIIERZIKEBNRIERNEXEDEIN AN,
iICAD =A4+B (B 1-15), XENINETUASINS SR RERBITER:

D=A+B=ASR+A,9+A,2+BX+B,9+B,2
= (Ay +B)R+ (4, +B,)y + (4, + B,)2
=D, X+ D,y + D,2
Hoh, XEDHIPEN:
D,=A.+B, D,=A,+B, D,=A,+B,

B A RERNETENNSEL BN, BB N EENINETLLIBE SN EEN
%, BDEEEE N RXERIFBEEERE, F— 1 RXENEBRAZRE— 1 XEXKH
RNEENAZ M ERENEERE, JEBRXEINEN FAER—FEARNZS NESHEN
HALIZ, 200, AT LEHIERE 1-13 DA SASTEE =R _F59I%E
S8948I0: 4 = 68 + 49 + 22,
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1-156 MPXREEMBVUFRTR. XREMEHERRE, RLABAEHRRAE, S2I9MEK
SEZEEEY,

AEATIARE, FADHECTLAUESR:
o XEINEHERHE: A+B=B+A4
+

_I_
o KRENMEBRESE @A+B)+C=

A+ (B +0



XE0RZE (4- B)

ENKENG (negative of vector) —B, XBRESXRRABER, ZEXE5%5EBKX
INBE . AEER (BIRET). BNESEARELAEBNERNMAN—%E, ®RNAD, IIE
D=4-B=A4+(-B), BNFHIUBBINNSESEXERCENLARSR, WA 1-16
Frm. 289, ZSHIRGEHR TR NS MBI RS RKETERTR:
D=A-B=A%+A,9+A,2— (BX+B,§+B,2)

= (Ay —By)&+ (A4, — B,)y + (4, — B,)2
= D&+ D,§ + D,2
Heh, XEDNHEN:
D,=A,—B, D,=A4A

Bl: A DNKRERBREFT A E 5 B8R

J

1-16 BNEEMERNVIERTR, EEELENSINAKXEATIEE-BIIINE,



K EHIFER

XENFMREFRENIREEE, URKENKERR, HPXEMXENTRER
AR, 23l ARE () FIXFE (x), elIEENRoAHIRANRXEHRIR (dot
product) FIXFR (cross product) .

ZEMTENTRE: X2A5KFE HELH) c WERNERNAI—%KE, 84D, H
BERFEANAM0, XNDETF 4Tk B, R BA—RE, NDWAGSAEK.
D=Ac=cA D= cA

NEEANZHEDBITELU ¢



D=A-B= ABcos@

Hoh 4. BHBIAEEANMBHIAN, oRelzElnEsE, BUEEEN0<0 < (B

117) M EE, RS RHFATHL, A—ir2, Bt ROETRAORE. 52 B
. H=R. RIR. BSfREEN, FHAIOTLALLER: ~
A
°%§5iﬁM+ﬁ@'Qﬁ B-4
o RELRMMOEE: A-(B+C)=4-B+4-C
o LEXAN N, RFRAE —

TeXEATF o0°l, SRR Acosg B

KENRRUTLUIAEINSERT:

El 1-17 B ERERFNUTERR,

. HAfREFTHNREHIXRNTRLLEL]
A-B=A,B.+A,B, + A,B,
Yy ZBEBIIRZIE,

Bl: M PRENKRRFT NS EHIFRIRZA,



XENNIR (AxB): REAMKXEBNNRNA—XE, 8D, HFOEETX
SANXEBFIENTE, OHEGFEURE;, XN\ D AXSATNEREBIA/NFLUE
Nz BXABIIEZIE:
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1-18 MM REX RN UTERR, RENXIREB/ATF AN,
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XK E, AUXFERAKIR, 2R, NEX EFMTLUER, XEHIXIRIK
INBIBITE|D|FTFLAR N RENLHFTHIAFENER, RIBEXENENENX, 11D
DIRBZIIBBBENAEZEEAXIREXR: Ex9=2. §yx2=%. Z2x%=9., HNIEITLL
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FEXFEBRMNRAHE: AxB=-BxA

REXNFRMNDER: Ax(B+C)=AxB+Ax%C

M PNFTERFEITHRENNIRAET (FTELFEEIRAS)
SWNREEEN, EXREIR/ND|INE&EAX: |D|=|4AB| (8 =90°)
FENXATLUABINSEMBENLAERET:

D=4xB=(4,
= D,&+ D, + D,2
Ho XE2DHHEN:

D,=A,B,—A,B, D,=A,B,—AB, D,=AB,—A,B,

A

B, — A;B,)X+ (A;B, — A:B,)y + (A,B, — A, B,)Z

S|

-
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FHiR (4F-2) EERE:

A. BIAMIRER

_)

B. If. ©hEe W=F-%s
C. oEeEE (BN ERRIINEERIE)
THREERE:
IN
D. &g £ RAR. BLOR
F. RF 1

G.  INRE/RIE

E. HBETE



A. BARMRR

ERERRIEIRIEIT S HERN—ROANBAMIFRER, LURRIEMEPRS0R
[EEITHESEE s RIBERRRINE, NARs ARRRBEREIR, Hizsihiz:

s = s(t)

SEREZAEIERANPRIAQR, IEEIRIEEIENAS
As = s (t+ At) — s(t)

ERATRN—RfIREe, HIRZHEBRGARE ¢,
ffeZEE BisM AT MM A ML R IKEe, FRIEERMBMNEE €,




As ds

RWERXENAN (ER) : v=lim — = —
RERERIAR/NN (=) am 7

REAFRBIAIERIIR, NEEXERRRA:

INEEXE: a=a1€; + a2€,

dv db ds db V2
= — (), = _— — O
dt t dt ds Iy,

SRR HITHIHERTR, IRfEIL
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If a particle moves through

[ A . v .
B ° I}J N E}J Bg a displacement s while a

constant force F acts on it
in the same direction ...

o] = P Y 0F0T0

S

=
L" — F ° S ... the work done by the force
on the particle is W = Fs.

REEDRENHE LRSI F, 2T (does work)

F| does no work onthe car. p\==—=—————— F -
" F| = Fsing

The car moves through
displacement s while a =
constant force F acts =8 &S e mm e e e e e e
on it at an angle ¢ to

the displacement. }—H
s

¢

|
|
!
| .= Only F) does work on the car:
=—== W= Fjs = (Fcos)s

Fy = Fcos¢ = Fscos¢




(1) I (Work) BIRERIX:

-~ Magnitude of F

Work done on a particle -+--..., ¥ .
W = FscoS ¢ ¢ -Angle between F and §
A

by constant force F during
straight-line displacement §

p/

*Magnitude of §

RATANE, EEEE, MRNAR: aeb=|alblcosd

Work done on a particle -----.....,
by constant force F during ‘W=F-§

straight-line displacement § e = S
Scalar product (dot product) of vectors F and s

NEFNRENUZEENLE. BEBE—MrE, KEHM, BRIER.

INEVEE(: EH (joule) , 1joule = (1 newton) (1 meter), 1J=1Nm




[ELH. SRINFOZ=IN

Figure 6.4 A constant force F can do positive, negative, or zero work depending on the angle between F and the displacement s.

Direction of Force (or Force Component) Situation Force Diagram

— — —>

- F F
(a) Force F has a component in direction of displacement: / ‘ /ﬁ b F,

W = F;s = (Fcosg)s

Work is positive. >
S F, = Fcos¢
. . o . , F F F R
(b) Force F has a component opposite to direction of displacement: \ ¢
W = Fis = (Fcosg)s =" ¢
Work is negative (because F cos ¢ is negative for 90° < ¢ < 180°). >
3 Fy = Fcos¢

(c) Force F (or force component F) is perpendicular to direction
of displacement: The force (or force component) does no work ¢ = 90°

on the object. - -——>
s
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BRI EARS R T 22DI07
(a) (b) Free-body diagram for sled

Y

A
e

F.=5000N
1807} A =369
X
() £=3500N | «_on
—

1
o e
N
-ll.

SF, = Frcos¢ + (—f) = (5000 N)cos 36.9° — 3500 N
= 500 N w=14700N

2F, = Frsing + n+ (—w)
= (5000 N)sin36.9° + n — 14,700 N




(2) IhEzhee: EhEERIEN
EEESEPATN OISR v = v+ 2a.s

2 2 2 2
Speed v, Speed v, . 4. = Uy — U F = maq. = mv2 — U]
- - Net force F X X X X
x
I—b W=Fs = %mvzz— %mvf
X S ox

EXPHNEEE5EIEREL HRIFEIAIN—3F 98088 (Kinetic energy)

-------- Mass of particle

K==%mf |
.- Speed of particle

Kinetic energy--...,
of a particle

FRE R m (IR shREF TR E N FRLEINEE] v BRI
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(2) Th5zRe: TIREIRE

IN8e/RIE (Work-energy theorem): —\NREN
B, FTHZIRERIZ L

m E‘JE'J—__'

'ANNY /

Work-energy theorem: Work done by the net force on a particle

equals the change in the particle’s kinetic energy.

Total work done

=
=2

on particle = .-"""""“'}Wtot — K2 _ Kl — AK< ............... Change ln
work done by B B kinetic energy
net force Final kinetic energy Initial kinetic energy

1 XENIIRERER&EFRRYER, BREEEFAISRAY

SIREEEF. EERMIRDESIREEE

/INEJRR . 4X100>K3Z/IFE R EIPAABCDIY AZBRAIRIS R,

EARANEBIIZ, (BisaETRI

T I0?

ZNE7] F18AY




1B fEnIREAIT)RE[RIE

IRENBEM R A RIS/ NIRRT LA T NET THER

1. 2 kgHI¥PIARLA 5.0 m/sHOIEEIET);

2. 11 1.0 keRIIURRURIUIASEERLERY, SAEXI BT I0 30 );
3. 1N 1.0 keBVYIRRVHIERER 4.0 m/s, AR EM T IH20 J;
4. 11 2.0 ke RRIRIERE R 10 m/s, ARNIB—MIRE T

If1 801,



(3) BEZizaH

2 JIHEYTI -

-=|=-¢t|

TR LA, R HIREAE:

W =

A/, DIETIXIEEERIARS

F, Ax, + Fp,Ax, +- -~

, .- Upper limit = final position
Work done on a particle by a o
varying x-component of -*=*===+--y W = ’ F dx & Integral of x-component
force F, during straight-line - x " of force

displacement along x-axis

Ay

R: AR NEERIZEL, T8

1

-Lower limit = initial position

2

2 MUj

X X2 X2
de=dedx=v% mot:/dexzfmaxde/mv@dx
ar dx dr | dx f % T

U2
. 1
Wit = mv, dv, = §m022 —
U1

EIR:

I SARNIL

(a) A particle moves from x; to x, in response to
a changing force in the x-direction.

Fl.r FZ).‘
* #
| T X
X1 Xo
(b) The force F, varies with position x ...
Fx
T A . T =
2x | Graph of force !
as a function :
of position,_ |
: I
I
I
le T | I
|
| X
0 X1 X2
——— Xy — X ————>
(c) ... but over a short displacement Ax, the force

is essentially constant.
F, The height of each strip F
represents the average F,, ,ﬁ-—

foi‘ce f(])r that F >y 7
interval.
4

F.
ex
F
Folagl

ax
_4"/

X

O x; Ax, Ax, Ax. Ax; Ax, Axp x;



(3) EZizn]EE eI

§$%1$&Ib The area under .the graph represents the work
done on the spring as the spring is stretched

from x = 0 to a maximum value X:
W = isz
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H

E790.1FRAIESHIEBTHIET — 1 ES20.0 N/msRE FE41AI5E
SRR AENRIm. &), HEREAMR, BITHILAL50 m/sHE
EsiRAa.

a) NERERT], WEIBTHaIEREKIES d;

b) ZFENERT], ThEERERE W =047, dAZXK?

(a) (b) No friction (c) With friction
| |
M Ay

ﬁprl’ng
«—¢ X €E—e—49

Feon
spring ﬂ(

W:mgv W:‘mgv



(4) D= (Power) : BA{S: EpAFWatt (W), 1W = 1J/s
IhZR: B(VRYIBIARTIEEYT, HOAEINRIRIE.

SZj:’;]IjJ >_7%__< . Aver?lge power during---..,, p — AW =+ Work done during time interval
time interval Az av Atve..... Duration of time interval

BRI THER A TIXIRI (BIAYTRIS -
Instantaneous --.., AW dW % Time rate of
power *P=1im — = — > .
Atﬂ—>0 At dr doing work

Average powef over infinitesimally short time interval

B TRETHAEMEELENSE, BW = F -5 A48

Instantaneous power _, »Force that acts on particle
for a force doing work **""" " *P =F
on a particle

cl

v--..-Velocity of particle



(5) Hize (%7]) 1=aIFIRTSE: tip:

(a)

s, SR .
gﬁﬁ &*/\/\E\I \ZF . k /’.
P /7/
D [
T d

Xz ERERITRD,
5 EFR: B
AR

During an jnﬁniiesima] displacement dl.,
the force F' does work dW on the particle:

dW = F «dl = F cos ¢ dl

dW =

Upper limit = =-..., -
final position . p, -
Work done on - v :/ d
a particle by a Pre.. 1

Lower limit =
initial position

varying force F
along a curved path

_)...-"..;;,‘_ P2 P2
 dl =/ Fcos¢dl =/ Fdl
P i P 5

éngie between
F and dl

Rz M Zz s B EEl R 3L 7]

(b)

Only the compone’ht of F parallel to the
displacement, Fj| = F cos ¢, contributes
to the work done by F.

F-dl = Fcosddl = Fydl

Scalar product (dot product) of F and displacement dl

1

'Componentﬁof F
parallel to dlI



2522 TN

INRTEZKTEZS T F {ER T &8s, BIERBEE L
ISR TOFERS, BRRTFSEESARH.
k: (1) F 0930, (2) AR,

i, I =mgtan @
F\=Fcos0 = mgtan §cos @ = mgsinf

= J'ﬁ.d;?’ :_[Fllds — jgmgsiné’ [d6

—mgl(l cos0) FFh
Wig= Img dr—j —mgsin@ 1d0 = —mgl(1—cosb)

55 HHZRI1EE)




(6) T0: JIH=ERAR (FRD) XA

IERKA]E 7 ERITAR

2 T ERIKID:

DIfEIARYZR I EZS BIHIFR RN,

b~ b
W = F-dr:j F cosads

(X ZA LG &@AALT Y,
BX
dW=F -dF = F.dx + F,dy + F.dz
W = I:’dex + I;bedy + _EbFZdz

1. TS 0FNEZED

ATS 5 3 g £ 4n 4% B4 WIRF )

2. NS ZMRE

BX

F 5S8BRTX,
=V FASE =S

|5



o [EHHIT: W= Fcosa‘AF‘
= F - AF

o THRITI: AW, = F cose,

W = ZE. cosa,|Ar;
FT=2NER Ar, .
WERRER: =) F AV

® S5HYLD:
j(ZF) i =y jF dr—ZW

EFRZANDF ﬁﬁzE’JI)J W, E’Jﬁ*ﬁn




(7) ToF0=nEeRy—EER

@ HHERITE, ERBBVIE

BUFIEAZ . BAI1RYE

HETPR
He>Z

@ 5nEE

DRIIEE. JMNIHITIES]

/_

X

® #IREEE

EHRER, oIReEERE—

=l Tf= =N =7

FEL L

—~J L

L]
L]y

X

i

HERE, EERNTE,
AINANENERE, IIERINEE,

=

AN IEFE
"BIIHTGIA,

FRER. eSS




C. EERITHEEEIE ne, ahTufsens cES TR
R m EEDROVEF TOREA M a SREENE] b i
Vs

dW= F .d7¥ = F cosa ds ds ——

d ’ﬁa b

V .

Fcosa=ma, =m— . K

dd v 4,
dW= Fcosads =m d:ds mvdy

R
1

W = jdA :_"vz mvdy =Em(vz2 —v)=E,-E,_

TR AR AR, NRERTR. SERM AR, BI0H
DL R A5+ A R KPR € |




G BIENEEEIR: 25400 (net force) XRAFMMBITHER-

RDIBERYRAL.

1 |
W = _mvzz __"”’W12 =k, — k£,

2 2

7

XL EtEEEIR, RIBMRRDBFRAVINIEFT I EIGERESE, 1BIM5RRY

(EASREFRINSSENBERRIER,

k=

1. BMINThEREEUNER. W >0 £, > £,,,W <0 £, <E,,

2. W.E 58£546%, TRIEERETINANET
3. AL ER AR IERPRLIL. .
A #SFR: F-dF=dE,, F-V= o

an

FHY




AJLIEER, YIRRERK, shEgiX,

IKTT, — R REJADIFIIN T T E . 92 K el — AN s s ks, 4%7KJJDE§§400mpa
(60000psi), ZAJEIEIE —HRAH/NImEE L —EIRESIMETR (LIFE3ME) KKHE,
TE KT R —FEVTHN T RR] S, B &5 20 T TAFEAT DB .



7]

hmli
[TLCTI

JURRE DR -

dW=mg -dr
mg =-mgk  dF = dxi +dzk
dW = —mgk - (dxi +dzk) = —mgdz

W = —mg“‘z2 dz = mgz, —mgz, 0 X

- BT R TR AL T OB, T BT
BT




JUMPE L DR9ET0: BE5|7D

i MariizshBlb .

BREAMBIE AEE, B—HREAMKRSEMBIE] /13
F=—cM;
r
" Mm
W=| -G -dr
J;a > r-dr
r-dr = r‘d?‘cosa = rdr
W = GMmjrb dr = —GMm(l—l)
a rb

> I 5 I AR I R AL B IR E, 115 B R To 0%



JUAR s W JIRSEN : 58

Ik
L
L

F =—kxi S

W:jﬁ'-dy‘c':jxxz—kxf-dxf:—jxxzkxdx

\N=%hf—%h€

> WPEIIESN R 5 SR CALEA K, 1S RE s TR



Tk

JUAE WORIMIN . BT

ﬁf :_ﬂmgét
a—b

W= Jjﬁdffl} = j:— mgue, -dr
= jj— mguds =-F.S ,

> B IS E AR K



e, SEMRE

FE5|A\BEE (potential energy) Uil EAX/NIZRMCRMYIVRRINLE

LT

RIAMMII A S1a R A E1

— i-L .' :.."

LN IKIERE ?

SXA97], UE

Bk 5 GBI N IKIR FEE AR 5K 2

KA, ANKIRE—HFIR

273,

55173, %73, . .

5K,




E/IBEE:

Vertical coordinate of particle

Gravitational potential energy -.., . : :
. . : S =+ (y increases if particle
associated with a particle U _ e’
oray mgy moves upward)
Mass of particle * “Acceleration due to gravity

BRI, FTRHNEDNHERN:

.. equals the negative of the change in

the gravitational potential energy.
. t,:‘

= —A Ugrav

Work done by the gravitational

force on a particle ...
o

Wgrav — mgy) — mgy, v: grav,1 Ugrav,2

.
-
.
-
-
......
mEm

MaS.S of Acceleratlon Initial and final vertical
particle due to gravity coordinates of particle



MNRREENDMT, BBARHIREETE:

If only the gravitational force does work, total mechanical energy is conserved:

Initial kinetic energy Initial gravitational potential energy
_ 1 2 _
Ky = amuyr.., ,.‘-“""Ugravl — Mgy,
‘o
Ky + Uravl K Ygnavo
Final kinetic energy Final gravitational potential energy
_ 1 2 _
Ky, = 3mv; UgraV,Z — Mgy,

E = K + U,y = constant (if only gravity does work)



X(\NEEIRE EEJET 2 Eijﬂ]‘ﬂﬂﬁJ’E ] (BER=SE
jj) . ISHIRBEE-BRE ﬂb% VEH0-2F1ERY.

Ilrnl

Moving up: Moving down:

» K decreases. * K increases.

* Ugy,y INCIEASES. * U,y decreases.
*E=K+ U *E=K+ U

grav
.+ stays the same.

grav
stays the same. .,




(a)

EE'I.E%AB . : =10 Here the spring is
Hb ) X — Y neither stretched

NXNM&NNM/V\N' m | nor compressed.

. Force constant of spring 0!
Elastic potential energy ----» U, = 1 k}2 Elongation of spring |
c 3 g |
stored in a spring el 2 Feeors (x > 0 if stretched, (b)  As the spring stretches, it does negative
x < 0if Compressed) work on the block. — S
l X2 1
i— X1—=>1 '
ST H-Fhabarll - |
SEJIMAYTD, ST AR REE(L MMV
Work done by the elastic force ... ... equals the negative of the - Fom—
., change in elastic potential energy. }
9 "y 1
— 1 2 1 2 — N — _ (c)  As the spring relaxes, it does positive
VVCI Zicxlk 2 k):z el, 1 UeL 2 A Uel work on the block.  § —euumm—
.' '0.. "o’ | xl
e |
Force constant of spring Initial and final elongations of spring =%

T

W

NRREEETNTI, BBALWMBESTIE: - —

| spring

If only the elastic force does work, total mechanical energy is conserved: |
Initial kinetic energy Initial elastic potential energy (d) :
12 17,2 2 l

Ky = smufi -, Ua,i = 2kxi : il | A compressed spring

« g | le | also does positive
Kl + Ue],] = {(2 + ge],Z : <= X, —| .vtvorl; on the block as
. L R ) ) , | it relaxes.

Final kinetic energy -~ " Final elastic potential energy “W‘d !
Kz = %n/lvzz Uel,Z = %k.’fzz ﬁ# 0



S BEER A BEEE M), AU ER:

General relationship for Kinetic energy and potential energy:
- Final kinetic energy

Lmll

Initial kinetic energy

.......... 4 .""""'-----Fmal potential
Work done by other forces energy of all kinds
(not associated with potential energy)

Initial potential
energy of all kinds



Bl

—IRIEEEAORNE ZE k=200 N/m, BE#IHTEm . SEE bR

R B — R Im=2.0kgBUFE B SN,
(1) KU/SFERS FRERIRAREERY maxe
(2) KEEAS TBE(L/2)Y ax FTHIIRE V,

e 1

(1) ESIMMTH: Mgy,
SREEINEE . V2K(Y a2

HURBESFIE: mMgya= Y2K(Y )2

(2) : HARBESFIE: YamQgy o= Y2K(Y e/ 2)2+2mv2



BRI+ BAMTS EE T—HEN A

GpL et Wy, =mg(z,—z,)=—(E,, —E )
1 1
Faa At Wy = GM”’”’(? R r_) =~ (Ep = Ey)
| 1 1.
3D W, = Ekxj ~ Ekxbz =—(E,,—E,)
VAR VAR 2 o W / vay . Ep
e YT ESH L HIAREE ‘ : A
wh%fe  z,=0 E,=0 £ =mgz 0

_ _ _ GMm E1—>, 31 78 B i 2
2| 79 v, =0 pr_O E = ; /

‘ L, 5 E,
L Xy = E,=0 Engkx E ‘ { PR Al 22

0]

o
o
[ayay

o
o
[ayay



Bl - NRF 72 FHIEBEH %
E F(”i)=—(d—Ej_ >0

% é P \ dr ).,
& & dE
é 3 @ O ¥ krz o 15 r‘ F(VO)__[—] =0
I"]\l J/ dr p_—
E
A F(r)=— i—f) <0
Zyh-IRHTEE (3535: Lennard-Jones potential) , X#RL-J#&, 6-128, 512-6%%, i

= AR B RN D R FEEEFRBEN—TIERERNHFRE, &R
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3] : energy diagram
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The limits of the glider’s motion
are atx = Aandx = —A.

(b)

On the graph, the limits of motion are the points
where the U curve intersects the horizontal line
representing total mechanical energy E.
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(@) A hypothetical potential-energy function U(x)
g U % Unstable equilibrium points are maxima
in the potential-energy curve.
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(b) The corresponding x-component of force F\(x) = —dU(x)/dx
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