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ARER: (AFTFEER BRANBE—TER ORNBEER DFRNE
E=FERE E)RISEHR

_c saErze-298-1 KBRS IMEHNERAE? (AIAFRKASIEEE]
THHRE B)IARKKASIEFTEIEENRE (OIARNKASIERE]

THRE DO)IAFKHKASIEFEIEENHE B)I1ARNKEBELKER
ZIEENHE FIARKKEBERAKZREFTEIEENHSE

Bk

b omeRxg-258-1 —FRHNASHEENZDEEH?(A)1.2 (B)24 (C)3.2
(D)4.2 (E)5.6 (F)12 (G)42

o oEEERsg-15%-1 AEEFGTEERRENEEEERANREERE? (AS
BER B)BsEBER OEREE ODEERSE




A naeEny- 1 sn-1 BEREE RS CBFE—ER(E - UIAREIURER
M (A)pV =nRT B)p/V =nRT (C)pT =nRV (D)pV/T = MR (E)
pV = MRT

Problem 4 ({§3R8)

(a)

A 12uEmxm-25%-2 NIBREERERENIRESEIAMG > [t
HEHI? (MPV = nRT (B)P-REEMNESH (OV-REEMNEEE (D)T-RENEE
(En=THINKEE (F)R =1.38 x 107 (G)U = 3RT

Problem 4 ({8i%R8)

(a)

_ A 13 gEsmnm-cow-2 NIERRESEHERAZEE N CRERML E IEME
92 (A)R = 8.31J /mol. K | (B)R = 1.38 x 10 3J/K (C)kp = 8.31J/mol. K (D

kp =138 x 10 ®J/K (B)kp = 4= (R = 2

A uFERRE-158-1 (a),(b),()RNFANEBIEDRIR? (A)(a)FRBEIE (b)FE

+ER OEB+ER B))FRBER OEB+ER FB+ES (O)QTER+EHE
B Ob)FBE+ER oOF hBERE D)(aFB+ES O)EST+FE (oF nBiE

B isaEERE- 1 s5-1 ARINAEMZRFSRZANTEREZHB SXOREINE
(300K -> 600K) » BEANERBOTEINE - WRIFBESHRPHNERELR
FEIEQGIEC > 60EC) » BesNZERBNEZINEE? (A2 B)E

_c eHERrg-2ou-1 REBEINAEARE AW =pV BW=V/p (C)
W= [pdV| D)W = [Vdp ()W = [2dV (F)W = [-dp



Problem 6

The temperature in a closed car parked in sunlight during the summer can be high
enough to burn flesh. Suppose a bottle of water at a refrigerator temperature of 5.00°C
is opened, then closed, and then left in a closed car with an internal temperature of
75.0°C. Neglecting the thermal expansion of the water and the bottle, find the
pressure in the air pocket trapped in the bottle.

EFEEEY THHEREFIRERESEIENESRA - RER—IRKFERE
%A 5.00°C B97K#EFTF » 7812 R8E0 » AR BEABREA 75.0°C WHERA/REH -
ZES/KFIHEFROBBEZRR > B R FHRINHRIE S o (01/)\38)

pressure in the air pocket= atm

17: ANS:=1.25




Problem 6
NMEEE LNBEREA ke - FEENEE
FEA0.1m? » SEEVIRINSER =50cm » &
BB RENE - FENSEAZR

h =70cm >

i
oBn

= Je (02/\§B)

TR ERE FIEEMSZI)

(a)RBEIEEAP=__ N/m? = Pa

18: ANS:=98
(b)EEMMIIW=___]

19: ANS:=1.96

Solution:

__F Mg
P=%=3
W = PAV =

[

|

v Zis V=2
W m(’a) \/\,?—l-’S ())‘)
/(// /gf@i‘,/\) _ QV -4)5’65 =
v T= R ()64

= 138 — 98N /m? = Pa

PRAR =98-0.1-0.2 = 1.96(J)

Insulation




Problem 7

A sample of an ideal gas is taken through the
cyclic process abca shown in the figure. The
scale of the vertical axis is set by p, = 7.5 kPa

and p,e = 2.5 kPa. Atpointa, T = 200K. (a) & Py
How many moles of gas are in the sample? -
What are (b) the temperature of the gas at point ¥
b, (¢) the temperature of the gas at point ¢, and ;
(d) the net energy added to the gas as heat it

- /)(((‘

during the cycle?

BBEFPAMITEIRIETZ abca EEIEER
BERVARA o HtERRVZIEH py = 7.5 kPa ] 10 30
Poc = 2.5kPaiRE ° R a, T =200K °
() xmHPEZ/VERRE ? (b) 2 b BRAR
EmE (o) M c ENRERE » Uk (d) EREEERFEAFSRMEImET

MFEEEEEZ ) 2 (04/)\5B)

Volume (m?)

(a)number of moles of gas are in the sample=__ T

20: ANS:=1.5 ? 2 €00

(b)the temperature of the gas at pointb=__ K

21: ANS:=1.8E3 \/ =

(c)the temperature of the gas at pointec=__ K ,V\— ‘L’(
s gydic S 8U0 @06
(d)the net energy & - W +A U ) C\

23: ANS:=5000 - b(’)rvd-%‘w_)-?oog w=(§

L umEERH-158-1 RisEZmTRTEERANREBRNRERTBONESR
F=force, p=pressure, V=volume, A=area, T=temperature. (A)p = FA (B)p = % (C
p=4% Op=% Ep==<

_C sTERRE-158-1 Rizedlm it B NIRERADRERT"N'NER
F=force, p=momentum, x=position, v=velocity, m=mass, t=time F7||fi—{E A 2

EENNES © (AF =mv B)F =1/2mv® (OF = 22| D)F = 22 (E)




AP
F =7

D6 EEERE-1 98- RAzEE AT B ARER T T IIhE —REEE

HARFRERERA=? (A) T

©)r (D)3 (B)ge

8 yaEsxs- 1 s8-1 BEMNRES FNEAEZEEDED Bl Av,, vy, v,
» L6 FRIENBERE S (A)3m(vy + vy +v,)2 (B)3m(v: + v + %) (C)
m(vy + vy + vy) (D)%mv% (E)%mv%

o saEsve-1on-1 RAED FROEBTIREZ A (A)orms = 1 (B)
Urms = V3RTM (C)’Urms - % (D)vrms = 3RT (E)vrms — Y M#T



Problem 9
A beam of hydrogen molecules (H2) is directed toward a wall, at an angle of 55° with
the normal to the wall. Each molecule in the beam has a speed of 1.0 km/s and a mass

of 3.3 x 10—24 g. The beam strikes the wall over an area of 2.0 cm?, at the rate of
10?3 molecules per second. What is the beam's pressure on the wall?

—REDF (H2) SI[alfBEE » BIIRERAGIELRR 55° A - MRPNEBED FHRE
£ 1.0km/s » BEA 3.3 x 10-24 g ° JLRUEH 10% ED FHORKIEREEE
EiEA 2.0cm? o REZENEAES D ? (01/\FE)

the beam's pressure on the wall= Pa ’F':W\\r = 3 })(LS‘»Z 103

A/\D_a: Q’ﬁo&bﬁﬁ
)C';D AT= | = (¢*?

l 07.3

29: ANS:=1900

3

— 0.398¢C
R:%__oeﬂ&‘é 1813 Q)

2 X Ly

— 0 2
F: é/%ﬂ 92»&;}u§'t<aoz(§ x10
o




Problem 10
Calculate the root-mean-square speed of the following molecules. (02/)\)

(a)Hydrogen molecule at T=300K, vpyps= m/s
2,629

30: ANS:=1920

~3
(b)Nitrogen molecule at T=1200K, vpyps=__ = 2 SLX(0 k}
31: ANS:=1034

: - (BRT _ [3683D0o0)
Hz. U;ms T \/:XWB —

= (24

sz \E(X%D_Q;@; S l03:5~é
2 EX0

PR
pu=nRT =5 Um2¢430

/



Problem 10
BRI REsFRAEMERE : (02/)h8)

—{EZE10 molesERMREHE > JBET=300K » EAREU= J

S:=37395 U = -23—.
KL > BREBRN=p, RIENEE=V  pV=__
T R P, R P — }i ((0)(g 3 ‘)(}OG) :373?1'

33: ANS:=24930

2: A

Problem 11 ({€#%RH)

(a)

A dmemwm-sn-: BERIETEETT
A B HEARRVEREF - TIIRGREILZ E

Stopcock

VNN

W NN
YA

Y
W
N1
17
NS
Z
.
A

O
=
h\
~
7

AN

\//::‘\\ x)/'-\r{‘/ ~_’- Zl )
R > (AAQ =0 (B)AW =0 (C) = N ¥ o=
57 R I < 3y F=7A
AU =0 (D)AP=0 (E)AT =0 e o 0 o BN N (08
’7:?\'0 © oo o N S ?\9
Solution: ff_cg ® 00,20 Vacuum =3
olution: S o "o [B) 77 &
73 7 +/ E}/T\‘O o o B '\“‘\;/ /’.-é
BE.Q=0,BHHFKR: W =0,— AU =0 '/7“{9\.3:--:(;@ N 19\\>
N o o ® ¢ red A \\ 7
B EL 4o B0 42t I S
ERGRIBEEAE - VRN AR ) R

Insulation

A sEaERxg-1ot-1 IEEREEETEH

BEHFRNEREREIR © ABEREBINASRUVERR R AENRE (B)IEE
SENAREUVEESREEEBNERE OFEERENNEEUVEZRIZE IR EL
(D)IEBREBNARUVERREAZNRE B)IEBRENAREUVEZREINZ
A PR 21

Solution:
BRIRES - BEFRE N » ABERE » FRAURERE ] » BEFERIREL - )RE
BIANEE—1RAE > FIHRERWNAEERIREL -

Problem 11 ({83£5H)

(a)

_ A 36mEszm-2s5m-2 NIIBERERRETETERSBERE 2RGHIFLLEIE
R (AW =0 (B)W =pAV (C)AV =0 (D)AU =0 (E)AQ =0 (F)



AU =nC,AT (G)AT =0 (HAp=20
Solution:

BEFEEITE : AV = 0,W = pdV = 0, AU = Q = nCy AT

Problem 11 ({€#%RH)

(a)

_ B 37 mestzm-2su-2 NENREBEEREEEITERBRE 2 W HiL 2 1EFE
197 (AW = 0 (B)W = pAV (C)AV =0 (D)AU =0 (E)AQ =0 (F)

AU =nC,AT (G)AT =0 (HHAp=20

Solution:

BAOEE : Ap=0,W = pAV, BT ENAEESBENRE > AU = nCyAT

B REEHXE-158-1 BERFOFIEHERLEH- (AR (B)L.5SR
(C2R (D)2.5R (E)3R (F)3.5R

Solution:

AU = 3nRAT = nCyAT — Cy = 3R

b wEERRB-154-1 BRFDFZEHERLIEE-= (A)R (B)1.5R
(C)2R (D)2.5R (E)3R (F)3.5R

Solution:

Q =AU + W — nCp,AT = nCy AT + pAV
— nCp,AT = nCy AT + nRAT
—C,=Cy,+R=15R+ R=25R



Problem 12
—& 7500 ELRVEEENHEIL 12 A B/ NFFRORE S —HERAS o SEENEEIRL T I0( T2
5?2 KKEDEREIRR ERMTEAFZ RIS ? (01/)\ZE)

KRN = N

40: ANS:=2250 I: qu.
3

_ 1210
rtm | ( (60 )

F=22% (V)

P XN
34233 = 00 26=0

b=k




Problem 12

—1& 3.0 BHRIZEEEN RS 35% » RAENEENREF—EEh - —1E
R12.0m > FMA 30.0° IR - REZRIGE ? ZREER - MENBEA 245
kgeo EX1EH =746 E - (01/\FB)

%EH§F§=— S
41: ANS:=18.4

Solution:

P =3 746 x 0.35 — 783.3; t — —L = 1% _ molsmf _ 14N _ 454



Problem 12

ANR—EREIR] 70 A FTHIA 100 W BUIRFRHFEREE » T— AR B AIEIENE
MNEYIEEES 450K » AIEANRMRNZEE S » thEBRNEHFEZ MEEE ?
(01/)\&R)

HIEENEE=_
42: ANS:=19.2

Solution:

In one day the person expends 100 W x 24 h/d x 3600 s/h = 8.64 x 10E6 J. The means the
person needs to consume (8.64 < 10E6 J) / (450 KJ/bar) = 19.2 bars.



Problem 13

NREEE 70 AFTMABRZIZMME 450 KJ BOHERE » AN BESZEABEH
FEZERNTEBE ? BEEEAE—LAEFTE 60 keal - WRAZNCIEN - it
FEIIMESE ? BRI ASEEEE EAEMAEIIERE 25% © (01/)\E)

2E= m
43: ANS:=328
Solution:

First note that 1 Kcal =4.187 KJ, so 60 Kcal/km = 251.2 KJ/km. Also note that when we are
given how much food energy is required to do an action, the efficiency is already taken into
account. So we find the person needs to walk 2 x 450 KJ /251.2 KJ/km = 3.6 km.

When an object moves upward or a person climbs stairs, the mechanical work done is W =
mgh. Since a person is not 100% in converting food energy into mechanical work, some
energy is also converted to heat, E =W + Q. In this question we are told W = 0.25E, so mgh
= 0.25E. Isolating h and using the indicated value of E, we find h = 0.25E / mg = 0.25(2 x
450 KJ) /(70 kg)(9.81 m/s2) = 328 m.



Problem 13

B—EAABXRZHFEMR 450 KI (iER » —FEAHRR - SERNEEEAGEEME
AN TN RETRREZR - BERRRERVBEE R E4A9.3 keal/g ° LEAGSIEINETEE ?
(01/)\&R)

BEALBIIREE=__ kg
44: ANS:=8.724

Solution:

First note that 1 Kcal =4.187 KJ, so 9 Kcal/g = 37.68 KJ/g. In one year the person has
overeaten 365.25 x 2 x 450 KJ = 3.287 x 10E5 KJ. So the weight gain is 3.287 x 10E5 KJ /
37.68 KJ/g=8.724 x 10E3 g = 8.724 kg.



Problem 14

—{EE B 70 AT EEEMANERHES 100 W - thETEETAR—BrNE
ITEEIRTT » WAERNIZEIN 450 K BEROFEX B2/ DB - a1 —EASXES
B 8 /\BF o A Google i 23X IR —E A BITEFAVBIER S 1.0 cal/(s-kg) °
ftITE 7T ZMF ? (01/\g8)

FIEREE=__
45: ANS:=221
Solution:

From question 14, in one day the person expends 100 W x 24 h/d x 3600 s/h = 8.64 x 106 J .
The means the person needs to consume (8.64 x 106 J) / (450 KJ/bar) = 19.2 bars each day or
134.4 in one week just doing very little. Vigorous exercise requires extra food energy. We
need to find the metabolic rate of the person while bicycling, P = 70 kgx 1.0 cal/(s-kg) x
4.187 J/cal =293 W. So the person is using an extra 193 W while biking. So the extra energy
required 1s 7 d x 8h/d x 3600 s/h x 193 J/s =3.89 x 10 9 J. This requires (3.89 x 109 J) / (450
KlJ/bar) = 86.5 bars. In total, the bicyclist needs to pack 221 bars.



Problem 15
ER—EYIEEEET > 1% -20.0 °C B9 75 TZKIIAZ] 1350 38 80.0 °C HY{RBEIK
REARRYKAF - KIHRZRIEEEZ D ? (01/)\F8)

Solution:

The heat lost by the ice must be absorbed by the water. The insulated thermos prevents losses to the surroundings, so the heat energy is conserved.
Thus

Qjce T Qw=0.

The ice must warm from -20 °C (253.16 K) up to 0 °C (273.16 K). then melt. and then the ice water must warm to the final temperature. At the same
time the other water cools from 80 °C (353.16 K). The ice water and the other water will have the same temperature Ty when they reach equilibrium.

When a material is in one state. Q = meAT = me(T¢ - T;). When ice melts the heat required is given by Quejtins = mLf.
In this case. therefore, we have
Qice warming *Qiee melting * Qjcewater warming *Qw=0.

or

MoCical273.16 K - Tje o) + mye Ly + mycecy(Ts- 273.16 K) + myeyd(Te- Ty ) =0
We isolate Ty

(M + myy)eywTe= myecyi(273.16 K) + myyey Ty g - MjeeCice(273.-16 K - Tice o) - MLy

Using the given values

(0.075 kg +1.350kg) (4190 T / kg K)T,

= (0.075kg) (2220 T / kg - K)(273.16 K)
+(1.350 kg) (4190 T 1 kg - K)(353.16 K)
-(0.075 kg)(2220 T { kg - K)(273.16 K -253.16K)
-(0.075 kg)(333000 T / kg)

This reduces to
(5970.75 J/K)Tg=(45481.14 + 1997649.54 - 3330 - 24975) T .
So
T;=(2014825.68 J)/(5970.75 I/K) = 33745 K =64.29 °C .

The system reaches equilibrium at 64.3 °C.



