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d?x
dt?

= —w?x
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NEEREZ S B E#E  x, = sin wt Xz = COS wt
A E—4# M40 E  x = a cos wt + b sin wt 2z |
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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 ©

e B R R R T

X = X, cos(wt + ¢)

ENEEE Y > A

X = X, cos(wt + ¢) = x,,, cos ¢ cos wt — x,, Sin ¢ sin wt

WA 40 B eI A (%

%
Xg = Xm cosgib,—0 = —X,, Sin ¢
W
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| | | X
=X, x=10 $5x,,
X = X, cos(wt + ¢)
dx _
V== S0y sin(wt + ¢)
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X =Xy cos(wt +¢) =MREEEEHRE - o JE TIRE
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t—t—— Tt

=Xm

Displacement

Al

x(t) =x(t+T) — cos(wt + ¢) = cos(wt + wT + ¢)
=AW —EEIHER - AENIN2T o T = 21
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W = = — wil R MR Angular Frequency ©
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T =21 E
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X = x, cos(wt + ¢)
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Light from projector
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Turntable

Circular
motion
of ball

| — Ball

|

Shadow :
N Screen
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7
Oscillation of ball’s shadow

Simple harmonic motion of block
\ |

NVVWVVVVW |
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0

(a)

P’
)

\

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







+Fy
Fy
IYO Iy
mg v mg
pAyog = mg F =—pAyg + mg = —pAg(y — yo)
F=—pAg-Ay =—k -Ay
k = pAg
FIEAFE SRR A A2 R IEEE - BIREEE EE) |

PIoR S R Em S ARt A L E R A -
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-+ vectors show motion of hand and string
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Y Sinusoidal

trailing edge -... . leading edge
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wave pulse
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Motion of the wave Amplitude A
Crest

> > |

>1\ >

Trough
Amplitude A

The SHM of the spring and mass generates a sinusoidal
wave in the string. Each particle in the string exhibits the
same harmonic motion as the spring and mass; the
amplitude of the wave is the amplitude of this motion.

©2016 Pearson Education, Inc.
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o - . ;
The string is shown at time intervals of 3 period
for a total of one period T.

Oscillator Three points on the string,
generatmg wave one half-wavelength apart

K’omt B\

L | X
|
y rL PomtA | Pomt C
| |
I L |
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® | ®
I | |
I | |
l | |
2 | | |
t=igT J @ 4 ® X
: | | |
| | |
Y| | | [
|
3 % /e _
r= §T[;- | ’ | X
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5 | | |
Y] | | |
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r= xr il I [ | *
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Y| I | | )
| @
=37 A NG A x
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| [ |
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L
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= <1 8% X
8
| Bl B Al
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I |
t =17 [Py T : x
1l ¢ | N\_s
: | | |
Y1 | | |
C} I ® I
=T Il | [ 5
I |
® ®

k—r—>
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----- Motion of bead is entirely vertical . . .

0.06 s

0.12s

. while pulse propagates to the right.

0.18 s

B MEE R E AR

0.24 s

IVEA FEE B |

0.30s
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The string is shown at time intervals of % period
for a total of one period 7. The highlighting
shows the motion of one wavelength of the wave.

Oscillator Three points on the string
generating wave

" The wave advances
by one wavelength A
during each period 7.

Each point moves up and down in
place. Particles one wavelength apart
move in phase with each other.

© 2012 Pearson Education, Inc.




(@) Waveatr = 0 (b) The same wave att = QO and t = 0.057

9’

vy=0

* Acceleration a, at each point on the string is proportional to displacement y at that point.

* Acceleration is upward where string curves upward, downward where string curves downward.
©2016 Pearson Education, Inc.
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y(x)zymsin(zfx) Sin(;x)—sin(%x +7ﬂﬂ,)

2T
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y(x) = ym sin(kx + ¢)
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y(t) = ym cos(wt + ¢)
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Internal Energy A
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Insulation
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Thermal reservoir
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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)
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Volume
W (EEVEARRIRH & (P, V) #E—IR S - (P,V)->T

RIS T BR ) B RS FE A pr 3 -
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IRBE TF2=, Equation of State

T=fPV)
PV = nRT T AE SRS

an®
(p aE 7) (V —nb) = nRT Van der Waals @ f5

<
E_HE
s
Coe

i
A N
e T=320K
® - LT ~’

T=310K

T=300K
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volume: dQ = nCy, dT
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Heat added: dQ
TE R AR essure: dQ = nC, dT

ﬁ)g—étt;?“ Cp Q = ncpAT m T—T + dT
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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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A== Hi == Y e MA PV
S ERARERY B S ERS AR R T B HORE T =
50002 2000x4 5000x4
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@ = TIxR T, = = = 962K  Tp="7 —— = 2406K

a - bE AT © BRI EBRILEE - A A A |
7 7 c

Qab = ncpAT = nRAT = x8.31x1203~35K] AEg=>nRAT~25 K]

b - cREEZEIR | VR - AT AL -

5 5
Qbc = ncyAT =2 nRAT =~ x831x1544~ — 30 K] =AEy
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Pressure (KN/m*)

2.0 4.0
Volume (m”)

PV
s (ER RS BE BRI AT B SR T=
5000%2 2000x4
T, =—p —=1203K  T,=—— =962K

\ e 1 5
Hm BRI R R ARE | E, =nc, T = %nRT AE = > nRAT ~—5000]
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?: _ a b
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2.0 4.0

Volume (m”)
= —AFEME = (5000 — 2000)x2x0.5 = 3000]
55—

Q=AE+W =W = Q¢+ Qap + Qpc = —2000 + 35000 — 30000 = 3000]
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4 WEFTR - E41P, =1.00x10°Pa » ¥, =0.10m’
V, =0.15m’ - .
p

Ph

Pa

O

ER2(E PV B L2 (5K

, P, =1.50x10°Pa -

A. STRIIRERIRIVAET,. T, 77hlEZ%/D K - (10).
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3. FREELHHIRR  )EFH 515%“%100111 Rk A FARGTRAYIN (E - TR AR T BE ) 8
A TR AERF L FAVRR(R © P=al” > K a=1010 Pa/m® -

»
Ll

1.00 m® 2.00 m®
A MBI AREHNARRE S/ ? TR E EEF‘PSIE“Ei'BD%/) 7(8) .

B. TEILBRET - SNRERAGEENZD ? (7).
C. TEILERET > |ASBEAEIE ) 7 (S).

%

A P=aV’=1.01x10°Pa- T, =

P,-Z =121.5K - T, =167, =1944K - AE:%RAT:22.71<J ° .
n

B W=|prPav=|ar’ dV:%V“ PO_3 79K . |

C. O=AE+W=227+3.79=26.5k] -.
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20.271 + A sophomore with nothing better to do adds heat
to 0.350 kg of ice at 0.0°C until it is all melted. (a) What is the
change in entropy of the water? (b) The source of heat is a very
massive body at 25.0°C. What is the change in entropy of this
body? (c) What 1s the total change in entropy of the water and the
heat source?

~[ QO

M{ESHAVIRES © AS =S, —S; =

SET Up: For water, L, =3.34x10° J/kg.
EXECUTE: (a) The heat flow mto the i1ce 1s O =mL; =(0.350 kg)(3.34 x 10° J/kg) =1.17x10° J. The

5
heat flow occurs at 7 =273 K, so AS = e = L17x107] =429 J/K. Q 1s positive and AS 1s positive.
T 273K
~1.17x10° J
(b) O=-1.17x10" T flows out of the heat source, at 7 =298 K. AS = % = 29;K =—393J/K. Q0

1s negative and AS 1s negative.
(c) AS, =429 J/K+ (393 J/K)=+36J/K.
EVALUATE: For the total 1solated system, AS >0 and the process is irreversible.



:aptured with HyperSnap-DX =iz B %
se temporary license at @% LMEQ EP o

vw.hyperionics.com

Apr. 2010
1. #ZZKE Eyjafjallajokull K (LHVES 7 FTLUS K ZEENEE - EF—EHERE
HEER XU EFEREFEEEN KT BREARENK BB E -
BB EIRIERKZER - MBESELEFEETERAEATINKILK - FEE
HKER S TFRF M ELTRERESNEZE MR KEE ENEE -
EBEIE S e AR ALRE 1000°C » /i B M OHEEET - REQOE R HEZME /K
MR - BER/KTaKERRAERZ 0C -«
A. EE 1.0 A KEEERES 0°C KAVBET » IFE287EE RS/
K ? KB REKERNB(LESD VK ? KB RESZE 333 kikg - (10).
B. X EfE » Z 1.0 AR KEERIEEILRE HEL 100°C - FHEEFKEY
wE(LEZE/ VK ? KEYEEELL 4.18 kIkgK 2T < (10)-




1. 3Z20KE Eyjafjallajokull K (LEVESEF 7 FrLUSkEENEE - EF—FEEE
PERERE X EFEREFEZEEN /KT BRERENK HEHVEE -
BREEEIRIERKER  MBSELEZEEREFEREZINKLRK - FEEg
KRR O TET N BLTHRERESHNEZE iR IEE EEE -
BB S e RE AL R 1000°C » T B E L EEEVT - REQE R B4 /K
MR - BEKUEKERBER 0C - .

A EFE 1.0 \U@Bﬁsz%ﬁf’*‘amﬂt% 0°C /KevEEF - IBEEE RS /D

JK ? KB BKEBEHEB(LES D K ? K EEEE 333 kikg = (10)-
.
. ~333x1000 x1000
1. &_ASz% s AS =" Xm,,X =—261x10°T/K - $kK :
YA
333 1000 x1000
Ag="T"2 R _1.29%107 K .
273
Q
AS=S5,—S5, ==
2 1 T
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