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18.22. Solve: (a) The mean free path is
gl and B
42r(N/V)r
where = 0.5 % 10 ' m is the atomic radius for helium and N/V is the gas number density. From the ideal gas law.
N _ p _ 0.10am x101.300 Pa /atm

VoK (1.38x10 % J/K)10K)

= ' =3.07x107 m =307 nm
a2r(7.34x10% m™)(05% 107" m)" '

=7.34x10" m™

A
(b) The root-mean-square speed is

3 3(1.38x 107" J/K)10K
Vi = ST = ( ,){ ) =250m/s
Vm 4x(1.661x10 7 kg)

where we used A =4 u as the atomic mass ol helium,
(¢) The average energy per atom is €,,, = +k,7'=3(1.38x107" J/K)(10 K) = 2.07x 1073,




Solve: (a) The thermal energy Is
E,= (Em )N‘ it (‘Eu. )u. = ‘}NN:kuT +3 N():kBT =$NuksT

N, is the total number of molecules. The identity of the molecules makes no dilference since both are

ic. The number of molecules in the room is
300 Pa)(2 "
Mo =£i= (IOI,.U(}P't)E‘ mx 2 mxz'm} —215%10%
kd  (1.38x10 7 J/K)273K)

(hermal energy is

= $(2.15%10)(1.38x 107 J/ K)(273 K) =2.03x10" J

E,
— 0.8 J. The ball would need 9.8 J of initial kinetic

| kg ball at height y = | m has a potential energy U= mgy
be conveyed to the ball is

nergy 1o reach this height. The fraction of thermal energy that would have 10

_9_.83_ =4.83x10™
2.03x10°]

temperature change AT corresponds to a thermal energy change AE,, = 3N, kAT -
84N, ks = £, /T . Using this. we can write

AR, = Eapr o ar=2ar. 280573k =—000132K
r E,  203x10°]

“ih
| m
room temperature would decrease by 0.00132 K or 0.00132°C.
\e situation with the ball at rest on the floor and in thermal equilibrium with the air is a very probable

ibution of energy and thus a state with high entropy. Although energy would be conserved by removing energy
the air and wransferring it to the ball, this would be a very improbable distribution of energy and thus a state of
entropy. The ball will not be spontaneously launched from the ground because this would require a decrease in
onv. in violation of the second law of thermodynamics.

s another way of thinking about the situation, the ball and the air are initially at the same temperature. Once even
hiest amount of energy is iransferred from the air to the ball. the air’s temperature will be less than that of the
ny further flow of energy from the air to the ball would be a situation in which heat energy is flowing from a
-object 0 a hotter object. This cannot happen because it would violate the second law of thermodynamics.




18.50. Solve: (a) From Equation 18.26 v, = [3k,T/m. For an adiabatic process

¥=l
v ’ 5 z
?H?*=?M“'ﬁ?;=:f;] =T, =1(8)" =41,
f
The root-mean-square speed increases by a factor of 2 with an increase in temperature.
21! . = . .
(b) From Equation 18.3 4 = [443::(!\’ / V]r'l . A decrease in volume decreases the mean [ree path by a lactor of 1/3.

(c) For an adiabatic process,

r=1
A i
— | =T(8) =4T,
v] (B =47,

ﬁW“ﬂW“ﬁt=4

Because the decrease in volume increases T, , the thermal energy increases by a factor of 4.
(d) The molar specific heat at constant volume is C,, =+ R, a constant. It does not change.



18.43. Solve: (a) The number of molecules of helium is
. pv  (20x1.013x10° Pa)(100x 10 * m')
helom = o T (1.38 <107 J/K)(373K)

=3.936x10"

3.936 x 10™

= - =6.536x 107" mol
6.022 10~ mol

= ”hrhuul =

The initial internal energy of helium is
E

“hetium | = '!" N k“T =3041]

helium
The number of molecules of argon is
s . A (40x1.013x10° Pa)(200x10* m") _ 2726 X 10°
S T (138107 J/K)673K) “ 3
_ 8.726x10"
0 6,022 % 10™ mol ™’

=1.449 %10~ mol

&L

The initial thermal energy of argon is
E..  =4N,  kT=121.61

“argon | - Ao
(b) The equilibrium condition for monatomic gases is
“:hclmm i .a\; i1 (Eugm l)a\g = (t.lnul)ntg
Bt g, B (304 +121.6) )

= = = e = - - =7228 )/ mol
n n (6.54 x10 "+ 1.449x10 ) mol

il'Iu-lnim

= Ey i = (7228 1/ mol)n,,,, = (7228 1/ mol)(6.54 x 107" mol) =47.3J
Eyony = (72280 1 mol)n,,, = (72281 / mol)(1.449x 10 mol)=104.7 }

argon [}

{¢) The amount of heat transferred is

Evuin 1 = Evtium ) =4737-3041=1691  E_, =104.71-121.61 =-169
The helium gains 16.9 J of heat energy and the argon loses 16.9 J. Thus 16.9 J are transferred from the argon to the
helium.

(d) The equilibrium condition for monatomic gases is

—E

“argon |

= E el | 'H;u o | )
(Eran ), = {fwu)w ;;,—M‘: = T:“m— =+k,T,

Substituting the above values,
4731 10471
3.936x10" 8.726x10”

=4(1.38x10™ J/K)I, = 7, =580 K



(e) The final pressure of the helium and argon are

 Nyaks T (3:936x107)(1.38 10 J/K)(S80 K)

- Ber=" o 100x10° m’

3.15x 10° Pa-

Nk T (8726107 )(1.38x107™ J / K)(S80 K)

p- f = 3
L SATETEN 200x10° m

349x10° Pa=




Do enSro blom

v | T

L’LO ‘I\)U?—Z ;oms Ne CY JODQC
. s

H& S

]W

aw/l\.«-t hum\'}{b d‘e’\%.‘)l\‘, IS

LW
N Y.ox)o™" ARSI e
7 < e :

53/\\&, fopt -2 - S GLUE V"J‘m‘"’} ARt T
\/%\LT ; 3 ( |, 28X lo S/k>(575)< )
Voms 2 5 z -—20& U éé/)&lodw hﬁ/m)

SR

bv\/\w, b B s Mash Denile. 5



C’) ) 2 LN )_\/72> +ZV2’->

On OV Gy IO/ P &-CZ)UQU@. /&Jw%q_mu%
LN = —713‘, IN*D  oncl

'\ )Pmb 2 \}L\/f’ﬁ 2 \/ZV-’-7 Wk é?j’?_{bz 29y m/:

=2

s Vs >

(l)’r\w, rede at i ’)Dap{':\c,lo_ h .t he rﬁéo’\ni—

il s~ averaye 1S

”'li f\% U] (208087 >) T @E@f’(ﬁ@w 23,94/

8
X (L (h)xio” Lcsf/,,hﬁ (682"7s)

= 160 Ve
—CB ?2 }\-J—%TZ_(%)% X)Di:,)( )i B8 ‘Hohz's-j/K ) (7)75k>2- J();LMZP



