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d(cos wt) _
= —w sin wt

dt

d(sin wt) .
w = —w? cos wt

dt

d?(cos wt d?(sin wt :

( ) = —w? cos wt ( ) = —w?sin wt P ) i {1 e

dt? dt?
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d?x

AR ESRET W e (), x2 (8 Abe T2 — w?x =0

AL —&RME4H & linear combination gy, (t) + bx,(t) tWimeZ TiE= !

d?x d?x
a 1 2 _ + b 2 2 _
+ wx, =0 + w*x, =0
dt? 1 dt? 2
d?(ax. + bx .y
(ax, 2) + w?(ax; + bx,) =0 Feg

dt?
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d?x
dt?

= —w?x
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X = a cos wt + b sin wt

Vv = —wa Sin wt + wb cos wt
a, b HEEAR SRR E

x(0) = a = x,

v(0) = wb = v, b=@
W

Vo .
X = X COS wt +— sin wt
)
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X = xy COS Wt + Z sinwt iEETFEE S EE) TIE T OKEE ©
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X = X, cos(wt + ¢)

ENEEE Y > A

X = X, cos(wt + ¢) = x,,, cos ¢ cos wt — x,, Sin ¢ sin wt
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%
Xg = Xm cosgib,—0 = —X,, Sin ¢
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dx _
V== S0y sin(wt + ¢)
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X = x, cos(wt + ¢)

T AT — A R Y SR BN K T3 B
5 5 P B P SR RE P9 /K 243 B A7 S S BB A 5 o

— (& 2R B A B i B K s s F 0

Light from projector
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motion
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Oscillation of ball’s shadow

Simple harmonic motion of block
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(a)

P’
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\

A

x(1)

([ FaE 2 ) -

P’ is a particle
moving in a circle.

P is a projection
moving in SHM.
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14.66 <<+ An object is undergoing SHM with period 0.300 s and
amplitude 6.00 cm. At ¢+ = 0 the object is instantaneously at rest at
x = 6.00 cm. Calculate the time it takes the object to go from
x = 6.00 cmtox = —1.50 cm.

27 2

SETUP: x=4 at7=0, so ¢=0. 4=600cm. o=—=
I 0.300s

=20.9 rad/s, so

x(7)=(6.00 cm)cos)([20.9 rad/s]r).
EXECUTE: =0 at x=6.00cm. x=-1.50 cm when —1.50 cm =(6.00 cm)cos((20.9 rad/s)?).

1.5
1= l , cos™ 1 (— —) =0.0872 s. It takes 0.0872 s.
209 rad/s 6.0/

> Ll foie . — .5
MHAEZZER  Ag =7—2T+ cos 1%)

-1 1.5
or cos —_—
6.0

A
RG] =2




¢, = m/3 rad

X = X, cos(wt + ¢)

T

max
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+Fy
Fy
IYO Iy
mg v mg
pAyog = mg F =—pAyg + mg = —pAg(y — yo)
F=—pAg-Ay =—k -Ay
k = pAg
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The height of the TE line

is determined by how far

you stretch or compress
- the spring.

. The PE curve is
a parabola
determined by
the spring
constant.

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.
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Energy
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J X T T T X
XL X X, =xg X X, Xy X x X, =x, Xg X Xy X, Xg
K a Usa K b Ush K ¢ Usc K d Usd
The mass is released The particle has gained This is the point of The particle loses kinetic
from rest. The energy is Kinetic energy as the spring maximum speed. The energy as it compresses
entirely potential. loses potential energy. energy is entirely Kinetic. the spring.

A} A E A 1 A ANV.d o
HEENERETEREAE y EIEE K = mv? BIE/KPARE RELRAYZ
1, 1 2
K=§mv =E—U(x)=E—§k(x—xe)
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2. ~EER 12kg AU > 15— 30AAVRE HFFILIRREE T > JETTEERE d Z1%
Pl — (R > HLOE A5 )T (A% & Ry 2000 N/m

PR R 1R - IO BRI AT N TTEERE x = 027 m &A= 1k - FEREERE 4
&%/ m?(10)

2. (FIERE > T REAVIE D ERZ SR 5 T IALRE -
12xgx(027+d)/2=2000x0.27%/2
d=097m




Strong, force, +x direction

~~Mild force, =x direction

U (D), Fee (3)




U(10-3j)




Strong, force, +x direction

~Mild force, =x direction

~ Turning point

K=10Jatx> xs







If the total energy E > Ej3, the particle can “escape” to x > x.
If E = E,, the particle is trapped between x,.and x.

If E = E|, the particle is trapped between x, and x,,.

Minimum possible energy is E; the particle is at rest at x;.”""

© 2012 Pearson Education, Inc.

(a) A hypothetical potential-energy function U(x)

Unstable equilibrium points are maxima
in the potential-energy curve.

: Stable’ equ111bnum points are minima

| lin the potential-energy curve.
: | 1 1 |

X X3 X4 Xy

| | |
| | |

(b) The correspondmg x—component of force F,(x) = —dU(x)/dx

dUJdx < o' dUJdx > 0 }dU/dx < ol dUJdx > 0 'dU/dx i)

F>0|F<0|F>O F,<0
-

Fx#|<

F.>0

|

o




AERGRGEEF R TR 2Bt Egs —EE T S8R NA R
TR R 2 [ BV EEEE x B8 o FEIaVArEE 7] PALLAN 7Y Lennard-Jones Potential
AT

12

U<x>=4g[(g) _(gﬂ

Hbeo FIEFHE - BRE—HET  EWEES - 0=2.63x10""m >
£=151x1077J -

U(107%])

5.0 —
\ ' ! f | | 10

_ﬁ .\(']”7 m)

—9() =
4.0 4.5 6.0

A. WERIERET—HERAE x @ BEHTELR > Hdh—(EEEERS - &
5 —(EE THIER T B — PR - FEI T EREE RS I xo &%
Lm? (8)

B. IR TIEEERE B 25107 m R B A% AR > B TR 4.5x107 m
o BIRER %/ 12 (7)

C. EEHEIE TR 2.75x10"°m jE B 5% (- PR - Wi{E E F-HY R ARE
HEERE% m? (5)
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6(t) x(t)

A

v

Angular speed w = d6/ dt Linear speed v = dx/dt

Angular acceleration a = dw/ dli Linear acceleration a = dv/ dl

e e — e

T =la “ > F =ma
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Useful Equations in Rotational and Linear Motion

Rotational Motion About a Fixed Axis

Linear Motion

Angular speed w = d6/dt
Angular acceleration a = dw/ dl
Net torque 27 = Ja

If wr= w; + a

a = constant 0= 6, + w;t + %ati’

(1)/2 o (!),'2 s QQ(OJ_ 6,)

oy
Work W = T dO
0;

. . . l ‘)
Rotational kinetic energy K = 5 Iw”
Power ? = T
Angular momentum L = lw

Net torque 27 = dL/dl

Linear speed v = dx/dt

Linear acceleration a = dv/dl

Net force 2F = ma

[t U= v; t+ at

a = constant { Xy = Xx; i 05 A é(zt2
vf = y? + 2a(xr — x;)

Xy
Work W = f : F. dx

X;
Kinetic energy K = %va
Power P = Fv
Linear momentum p = muv

Net force ZF = dp/dl

SRR ENl e

PR EEE ¥
e atE RERESE  6(0)

HIETE
> x(t)

o
T
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mg —T = ma
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mg—T = T
I

w = at

1
0 = —at?

= mn%RZ
1+ i

a= gI
1+mR2
a
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£ PV [E EEtESRRGE SN ERIZHW

System Ax

N

PA

7

Force that system

exerts on piston
3.0

TESEPR/INEAE - SRASE I NTERYTS
W = PAV = PAAx = PAV e "
BIRBIRIR B - SR VBRI \
vy & 1.0 =
W = f P(V)-dV AV —> f P(V) - dV
AV—>O V; 0 m.‘x ;0 30
Vi N—s00 Volume (L)

SRATPTERY TR R B ] e B Re AR IR 7 |
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Volume
WA (& ZAPE AR AH & (P, V) T FE—IRTE - (P,V)>T

[ T /2 BRI BRGHR R R -
T =f(PV) RFE 22 Equation of State
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IRBE TF2=, Equation of State

T =f(P,V)
an?
P+ — (V — nb) = nRT Van der Waals & 1o

]
TEMiARE \/ T=320 K
® LT -

v

I'=310K

T=300K
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M EFFES LR ey 2 HEL -
Type of Gas Gas
Monatomic He
Ar
Diatomic H,
N,
O,
CO
Polyatomic CO,
SO,
, H,S
B 17T 4H YR AR SR AG
> R
Cy ==
)
B - aH Y ER AR SRS

%R+ FAH A EY AR SR AE
CV:3R

S A 4
B T 4

Cy

(J/mol « K)

12.47
12.47

20.42
20.76
20.85
20.85

28.46
31.39
25.95

He

58 °

R~8.31]/mol - K



TEHI— © 5T EERIEREAYIES » 5 EBAEEEL -
EERRT » BEFENEE -
Q = AH = A(Ejyc + PV ) = A(neyT + nRT ) = n(cy + R)AT

gy -
Q = AE;,; + PAV = ncy AT + A(PV) = ncy AT + A(nRT) = n(cy + R)AT

RIEE =
= ncpAT =l /
Q P ; ________ L |
= : , A
| I
ﬂ:t CP = CV + R : p AV : T
V| | SV +AV

Volume



Cp:CV+R

B o0 T 4H peHy E AR SR AG

3 5 Q
Cy = —R Cp = —R T
2 2 He
JAN y =
B R o TV TE SR A
>R ‘R \
CV = = CP = — )
2 2 /
YAN y = Heh
%R+ A HY B AR SR RS ”
CV - 3R CP = 4R “/}\\\l
Table 19.1 Molar Heat Capacities of Gases at Low Pressure
& C, C, — Cy
Type of Gas Gas (J/mol * K) (J/ mol « K) (J/ mol « K) v = C)J/Cy
Monatomic He 12.47 20.78 8.31 1.67
Ar 12.47 20.78 8.31 1.67
Diatomic H, 20.42 28.74 8.32 1.41
N, 20.76 29.07 8.31 1.40
(0)) 20.85 29.17 8.31 1.40
CO 20.85 29.16 8.31 1.40
Polyatomic CO, 28.46 36.94 8.48 1.30
SO, 31.39 40.37 8.98 1.29

H,S 2595 34.60 8.65 1.33
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- PV
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