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18.32.

\S 3
W) pV - NKT (Eq. 18.18), s0 N— 2/ (1013107 Pa)(0.18 m) ~14.3%10% molecules.

kT~ (1.381x107% J/molecule - K)(300 K)
(i) From the factor of  in D)y = %(vz)w.
Evarvate: This exercise shows that the pressure exerted by a gas arises from collisions of the
molecules of the gas with the walls.

IDENTIFY: Apply 14 :L and calculate 2.

47rﬁr2p
SETUp: 1atm=1.013x10° Pa, so p=7.09x107 Pa. 7=2.0x107""m and k=1.38x10% J/K.
kT (1.38 x1072 J/K)(300 K)
4;:J§r ' 4742(20 <1070 m)*(7.09 x 10~ Pa)
EvVALUATE: At this very low pressure the mean free path is very large. If v =484 m/s, asin

Example 18.8. then 7., = A 330 s. Collisions are infrequent.

EXECUTE: =08x10°m
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19.31.

IpENTIFY: Combine 777 ™ = 7,77 ™" with p¥ =nRT to obtain an expression relating 7 and p for an
adiabatic process of an ideal gas.
SETUp: T, =303.15K

71 71
EXECUTE: V:"I;T 50 E("RT] ( RT] and Ty T2’

noP
G-y ( 04114
0.900 x10° Pa)
TrTlL ] —(303.15 K)L#OSP:J ~2933K=203°C.

EvarLvate: For an adiabatic process of an ideal gas. when the pressure decreases the temperature
decreases.
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19.43.

IDENTIFY: Segment ab is isochoric, be is isothermal. and ca is isobaric.
SETUp: Forbe, AT =0. AU =0, and Q=W =nRTIn(V,/V;). For ideal H, (diatomic). G, :%R

and C, = %R. AU =nC, AT for any process of an ideal gas.
EXECUTE: (a) T; =T,. For states b and ¢, p¥ =nRT = constant so p,V}, = p ¥V, and

V.= V,,[&] —(020 L)[ 2.0 atm ]: 0.80L.
P,

0.50 atm

.
PaVa _ (0.50 atm)(1.013x10° Pa/atm)(0.20x10™° m®)

=305K. ¥, =V, so for states a and b,
nR (0.0040 mol)(8.315 J/mol-K)

o) T,=

I, T, 2.0 atm
TV _constant so a=to g -1 (2 :(3051()[ u ]:12201(; T,=1220K
p nR Pa P P 0.50 atm

(©) ab: Q=nCy, AT =n(3R) AT. which gives

0=(0.0040 mol)(%)(s.315 J/mol-K)(1220 K —305 K) =+76 J. Q is positive and heat goes into the gas.
ca: Q=nC, AT =n(ZR) AT, which gives

0=(0.0040 mol)(%)(8.315 J/mol-K)(305 K —1220 K) =—107 J. Q is negative and heat comes out of

a

the gas.
be: Q=W =nRTI(,/V3), which gives
0O =(0.0040 mol)(8.315 J/mol-K)(1220 K)In(0.80 L/0.20 L) = 56 J. Q is positive and heat goes into

the gas.




image7.tiff
(@) ab: AU =nG,AT =n(3R)AT, which gives

AU =(0.0040 mol)(%)(8.315 J/mol-K)(1220 K —305 K) =+76 J. The internal energy increased.

be: AT =0 so AU = 0. The internal energy does not change.

ca: AU =nCyAT =n(3 R)AT, which gives

AU =(0.0040 mol)(%)(8.315 J/mol-K)(305 K—1220 K) =—76 J. The internal energy decreased.
Evarvate: The net internal energy change for the complete cycle a >b —>c¢ —a is

AU, =+76 J+0+(=76 J)=0. For any complete cycle the final state is the same as the initial state and
the net internal energy change is zero. For the cycle the net heat flow is

Qoo =+76 T+(-107 1) +56 T=+25J. AU, =0 so O, = W,,. The net work done in the cycle is
positive and this agrees with our result that the net heat flow is positive.
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18.29.

IDENTIFY: v, = /3kT
m

SET Up: The mass of a deuteron is m = my +m, =1.673x 1077 kg+1.675x107% kg =3.35x10 kg.
¢=3.00x10° m/s. k£=1.381x10" J/molecule K.

—23 6
ExecoTE: @) vy = J3(1.381x10 Jmolecule - K)(307 x10° K)

— —1.95x10° ms. Yms — 650107,
3.35x107 kg c

335x107 kg
L3(1 381x107 J/molecule - K)
EvarLuaTe: Even at very high temperatures and for this light nucleus. v, is a small fraction of the
speed of light.

®) T:(;;‘(](V J(Z 7x107 m/s)? = 5.9x 10 K.
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18.31. IpEnTIFY and SET Up:  Apply the analysis of Section 18.3.
EXECUTE: (a) 1m(?),, = 2kT =2(1.38x 107 J/molecule- K)(300 K) = 6.21x 107 J.
(b) We need the mass m of one molecule:
M 32.0x107 kg/mol

m=—=——— = =5, 314 x1072 kg/molecule.
N, 6.022x10” molecules/mol

Then 1m(?),, =6.21x10™" J (from part (a)) gives

)= 2(6.21x10721 J) _2621 x10721 )
= m 5314x107° kg

(©) Vi :J(v’) — 23410 0 /s? = 484 s,

() p=mvy, =(5314x107 kg)(484 m/s) =2.57 x 107> kg-mvs.

036m _ 036m
Ve 4840

Inacollision # changes direction, so Ap = 2mm,, = 2(2.57 x 107 kg-m/s) =5.14x 10 kg-m/s

_ A 514x107 kg-mfs

At 744x107 s

(f) pressure = F / 4=6.91x10"° N/(0.10 m)* =2.13x 10" Pa (due to one molecule).

(@) pressure =1 atm=1.013x10° Pa.

=2.34x10° m*/s%.

=7.44x107s.

(e) Time between collisions with one wall is =

=691x102° N.

F= L s0 Fyy
dt
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‘Number of molecules needed is 1.013 x10° Pa/(2.13 x10™'® Pa/molecule) = 4.75 x 10** molecules.




