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1 An automobile tire is inflated with air originally at 10.0°C and normal atmospheric pressure. During the process, the air is
compressed to 28.0% of its original volume and the temperature is increased to 40.0°C. (a) What is the tire pressure? (b) After the car is
driven at high speed, the tire air temperature rises to 85.0°C and the interior volume of the tire increases by 2.00%. What is the new tire
pressure (absolute) in pascals?

(a) Initially, PV,=nRT; (100 atm )V, = n,R(10.0+27315) K
Finally, P,V .= nRT, P-(0280v,)= nR(400+27315) K

0280P; 31315K

100atm  28315K

Dividing these equations,

giving P,=395am
or P,=| 400x10° Pa(abs) |.
(b) After being driven P,(1.02)(0280V;) = n,R(85.0+ 27315) K

P,=1121P,=| 449%10° Pa

2 Just 9.00 g of water is placed in a 2.00-L pressure cooker and heated to 500°C. What is the pressure
inside the container?

. nRT [ 900g \(8314J)( 773K )
water contributes p= = =|161M Pa |=159 am
v L18.0 g/m o],) molK /\200x107° m°

air contributes Pair= nRT = ( 2 jmol 8'3”( 713K j =286769.2Pa = 2.83atm

vV 22.41 molK \ 2x107> m’
SUM IS THE CORRECT ANSWER 18.73atm.
A cylinder is closed by a piston connected to a spring of constant
2.00 x 10° N/m (see Fig. P19.50). With the spring relaxed, the cylinder is filled with 5.00 L of

gas at a pressure of 1.00 atm and a temperature of 20.0°C. (a) If the piston has a cross-
sectional area of 0.010 0 m? and negligible mass, how high will it rise when the temperature
is raised to 250°C? (b) What is the pressure of the gas at 250°C?

o1
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kh T
(PO +;)(V+Ah) = POV[?]
(1013%10° N /m 2+200x10° N /m * h)

(5.00><10‘3 m 3+(o.01o Om 2)h)

523K]

2(1013X 10° N /m 2)(5.OO>< 1072 m 3)[293 <
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(200x10° N /m )(0.169)
00100m ?

P'=|135x10° Pa

kh
(b) P'=P+—=1013x10 Pa+
A

An aluminum calorimeter with a mass of 100 g contains 250 g of water. The calorimeter and water are in
thermal equilibrium at 10.0°C. Two metallic blocks are placed into the water. One is a 50.0-g piece of copper at
80.0°C. The other block has a mass of 70.0 g and is originally at a temperature of 100°C. The entire system
stabilizes at a final temperature of 20.0°C. (a) Determine the specific heat of the unknown sample. (b) Guess the
material of the unknown, using the data in Table 20.1.

(a) Qou = Ohot
(m w Gy +mccc)(Tf_ Tc) ="Mcy Gy (Tf_ TCu)_munkak(Tf_ Tunk)
where w is for water, c¢ the calorimeter, Cu the copper sample, and unk the unknown.
[250 g(1.00 cayg-°C)+100 g(0215 calg-°C)](20.0-100)°C

=—-(5009)(0.092 4 cayg-°C)(20.0-80.0)°C —(70.0 g) G, (20 0-100)°C
244x10° cal=(560x10° §-°C) G,

Or G, =| 0435 calg-°C |.

(b) The material of the sample is W .
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A 1.00-kg block of copper at 20.0°C is dropped into a large vessel of liquid nitrogen at 77.3 K. How
many kilograms of nitrogen boil away by the time the copper reaches 77.3 K? (The specific heat of copper is
0.092 0 cal/g-°C. The latent heat of vaporization of nitrogen is 48.0 cal/g.)

1.00 kg(0092 0 cag-°C)(293-773)°C =m(48.0 caygq)

(a) Determine the work done on a fluid that expands from i to f as ™y
indicated in Figure (b) How much work is performed on the fluid if it is §x 105 -
compressed from f to i along the same path? i \

(a) w =—[ pav

a0

W =—(600x10° Pa)(2.00-1.00) m *+
~(400x10° Pa)(3.00-2.00) m *+
~(200x10° Pa)(4.00-3.00) m ?

(b) W ey =] +120M J]

A sample of an ideal gas goes through the process shown in Figure \ | ™%
P20.32. From A to B, the process is adiabatic; from B to C, it is isobaric with Y =

100 kJ of energy entering the system by heat. From C to D, the process is L —

isothermal; from D to A, it is isobaric with 150 k] of energy leaving the system
by heat. Determine the difference in internal energy Eints — Einta.

Wae =—B (Ve —Vs)=-3.00atm (0.400-0.090 0) m *
=-942 kJ
AE,, =0+W
Egec —Epep =(100-942) kJ
Eypc—Egep=579kJ
Since T is constant,
Ejnt,D _Ejnt,c =0

Wos =—F (Vs = V5 )=-100atm (0200-120) m >

|
|
|
=+101 kJ |
Epea —Eqyp =—150 kJ+(+101 kJ = —48.7 kINow, ! i !
| ! | !
Egen—Eicn :—[(Emc ~ Epn ) +(Bueo — Enee )+ (Bnga — Engo )] 0.090 020 040 12

Assume that the Earth’s atmosphere has a uniform temperature of 20°C and uniform composition, with
an effective molar mass of 28.9 g/mol. (a) Show that the number density of molecules depends on height
according to

—mgy / kgl
ny(y)=nee """
where no is the number density at sea level, where y = 0. This result is called the law of atmospheres. (b)

Commercial jetliners typically cruise at an altitude of 11.0 km. Find the ratio of the atmospheric density there to
the density at sea level.

SOLUTION:
(a) Consult the lecture notes from Nov 22/Nov21
(b) M: oMkl _ sMay/NakeT _ s May/RT

1y

3 e—(28.9x10’3 kg/m 0)(98 m /*)(11x10° m ) (8.314 m o1 )(293 K)

_ e—1279 _



