Physics 132 HW #8 Solutions Professor Mallinckrodt

Assignment: From Problem Set #9: 1, 5, 6, 9, 11.2, 12, 16, 21 & Problem Set #10: 17, 22

9-1 a n=N/V = p/kT = 2.45 x 1019 molecules'cm3
b) If 2.45 x 1019 molecules arranged in a cubic structure then each edge has
(2.45 x 101913 = 2.9 x 106 molecules and the spacing is (1 cm)/2.9 x 106 = 3.4 nm.
mass of 1 cm3 of carbon/mass of 1 carbon atom rc
c) NV = 1comB = mass of 1 carbon atom
2.27 glcm3

=2 g/Na) = 1.14x 1023 atoms/cm3
The same calculation asin part b gives the average spacing as 0.21 nm

d) The spacing is about 17 timesthe diameter. A scaled * .
representation is shown at right with the diameter of the molecules being .
1 mm.
€) Using the diameter of the molecules we can see that the scale . .
is1 mmto 0.21 nmor 4.8 millionto 1. N
[ ]

f) Vave=4/8kgT/pm and m = M/Na with M = 28 g (Nitrogen
isdiatomic) so .

Vave=A/BRT/PM =476 m/s °
0) The scale model molecules would be moving 4.8 million *
times asfast or 2.3 x 109 m/s ~ 8 times the speed of light!
h) With molecules this close together moving that fast, collisions should be very frequent!  Just

looking one might guess that a molecule could go on average 10 to 100 average spacings without colliding
with another molecule, but that only takes (170 mm/2.3 x 109 m/s) = 74 psto 740 ps so we might expect
109 or 1010 collisions per second.

9-5(S&B 21-17)
a) The book intends for us to consider the pressure constant and just use

CopVv DT
Q=nCyDT :—ppT =118 kJ

In fact, when we hest the air in a house, we don't change either the pressure or the volume of the air in the
house. How can the pressure and volume remain constant as the temperature increases? The ideal gaslaw
says that this can happen only if the number of molecules goes down and alittle thought will show that this
is exactly what happens. If our house was well sealed, the pressure would go up, but what happens instead
isthat molecules are forced outside through any small gaps. These molecules do work on the outside air as
the gas from the house expands against atmospheric pressure, but once they are lost they gain no more
energy from the heating process.

To work the problem correctly, you should really answer partsc, d, and efirst. So here goes

candd) Infact, a any tmperature E =nC, T =% pV = 35.5MJ. Thus, the energy content of the house
does not change!
€) The energy left the house carried by molecules which also |eft the house!

a) (revisited) Since the energy content of the gas that remains in the house does not change, you see that
the only thing the heat really ends up doing is supplying the energy required for the gasto do work asit
expands to the outdoors! By thefirst law the infiitesimal energy change of the gasthat staysin the house
is

dE=dQ-paVv
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where dV represents the volume of the gas that leaks outside. Now, sincedE =0
dQ=pdV =nRdT (bytheided gaslaw)

and since the number inside the house at any timeis given by pV/RT with pand V congtant, we have
dQ =pV (dT/T)

which can be integrated to find the total heat added
Q=pV In(T_f/T_i)=33.7kJ

b) mgh=Q b m = Q/gh=6.03 x 103 kg (if you follow the book’ s method) or

= 1.72 x 103 kg (if you do it correctly!)

9-6 (S&B 21-19)
Thisisacaorimetry problem. Letsassumethat we mix 0.25 L of air a T4y = 20°C with 0.75 L of water at
Tw =90°C. Thuswe have

DE = nC\/(Taq— Ta| r) + mCW(Ta] — Tw) =0

but we have n = pV/RT = 0.0104 moles, Cy = g R, m=0.75kg, and ¢,y = 4186 Jmol K, so, solving for
Teg, we have
nCVTair + mCWTW o

which implies that the temperature dropped by avery small amount. We would be on firmer ground if we
determined how much heat isrequired to warm the air essentially to 90°C ...

Q=nC,DT=15.1J
... and then cal culated how much the temperature of the teawould drop in warming the air by this amount.

DT =-Q/mgy =-0.005 °C
with allowance for dightly varying assumptions, the tea should drop in temperature by between 10-3 and
10-2°C.

9-9 (S&B 21-23) b) A sketch of this processis shown at right.

a) The rms speed will double only if the temperature quadruples. Since P
TuPVandPu V (P PV =const = B/V;) wefind that both Pand V must 2P
double. Thuswefind

dQ = dE + dW = nC, dT + PdV 5
§PV av P 1 Y s !
Q=nC\DT + 0=y — =nCy(3Tj) + 3 ((2Vi)=—Vi9) Vv
15 3
== nRTj + 3 nRT; = 9nRT; = 9P}V, Vi &Y
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9-11.2 (S&B 21-30) a) A sketch is shown at right

b) 3P Vi9 =P Vcd b Ve =3Yg V=219V, 3P B
0) Tg = PgVe/NR = 3 P,Vi/nR = 3T;
d) (T at the end of the adiabatic leg) P
Tc = PeVe/nR = 3Y8 PVi/nR = 3V0 Ty = 2.19 T, 12
€) W=W;+Wsy+ W3 (seeproblem 9-12 for Wy) P ~ c
PgV i A 2
=0+ 5T (1~ (VBVO)IT) —Pc (Ve —Va)
v
3RV,
=9-1 (1-3@-D9) —pv; (3V9 —1) \Z Ve

2—-g(3V9 —-1)
=" g-1 PVi = 0.829 PV

9-12 (S&B 21-31)
a) Find the work done in the adiabatic expansion

-8 —pv.g8 _Bvi : -1
W=8Padv =PVig Bavive = g1 (1- (Vv

and, with P; = 21 atm (gauge pressure = 20 atm), Vi = 50 cm3 and Vs = 400 cm3,
W =150J
Thiswork isdone in thetime it takes for 1/2 of one revolution since afour stroke “cycle” takes two full

_ 11min
revolutions. Thus,t=35 35p5 = 12.0 msand

Pa\/e: W/t =125 kw

b) Pave=16.8hhp. A diesal engine with four such cylinders would generate 67 hp at this speed
which seems quite in line with typical engine powers.

9-16 (S&B 21-37) Wefind that
. NNn(20km) — nN(0) exp(—ngh/kgeT)
ratio & 10km =75T0km) = no(0) exp(-mogh/kaT)
= (ratio at sealeved) exp((Mpo — MN)gh/RT
where M = Nam and R = Nakg. Thus
ratio at 10 km = 4.00 exp[(.032 —.028)kg (9.8 N/kg) (10 km)/R(300 K)]
=4e0157 =468

AIM:1/1/02 Page3of 5 Homework #8 Solutions



9-21 (S&B 21-49) a) Using the formuladerived in the text,

1 kgT
' = VapcPn, “Vzpap T
b) Solving for p we get
__keT__ 3pg = 8
p_\/_ZdeI =95x10°Pa=9.3x 10°am
C) Using the same formulawith | = d we get
kgT

= = 6 =
p V2pd 30.5 x 10° Pa= 302 atm

d) Since, at this pressure, the molecules are essentially right next to each other, we might expect the
gasto beforced to condense to aliquid or solid.

10-17 (S&B 22-17) &) Qin = W/e =214 J, Qout = Qin =W = 64 J

b) With the Carnot engine runing in reverse as a heat pump

using the 150 J output of S we have atotal heat of —36 Jfrom the

firebox and —36 Jto the environment. That is, we have built aperfect 214 /\ /\
refrigerator transfering 36 J each cycle from the environment to the 250 36
firebox in violation of the Clausius statement of the Second law of

e)!

Thermo. _ }{

The two devices and the equivalent device are shown at right. 64 150

C) Qin—W = Qgyt = 100 Jand W = (0.70)Qjn 100 36
P Qin=333Jand W =233J

d) With S operating with 100 J of exhaust

each cycle, it supplies 233 J of work each cycle, 150

Jof which can be used to run one cycle of the Carnot /N
refrigerator. Inthiscase we have atota heat of 83J 333

from the firebox, 83 J of work output, and no net heat W 250
to the environment. That is, we have built a perfect S
—{ 233 150
0

heat engine transforming 83 J of heat from the ::>}C< = o3

firebox to work each cycle with no exhaust to the 10
environment in violation of the Kelvin-Planck 100
statement of the Second law of Thermo. \/

The two devices and the equivalent device are shown
at right.

€) In this case the change in entropy of the universeisthe change in entropy of the firebox, so
DS=Q/T =-83J750K =-0.11 JK

83
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10-22 (S&B 22-22) Thecycleisshown at right. We are given

Va =500 cm3, Pa = 100 kPa, Ta =293 K, Va/Vg =8,
Tc = 1023 K, and that the gasisideal and diatomic.
Thus,

Vg = 500 cm3/8 = 62.5 cm3
Pg = Pa (VaA/VR)9 = 1838 kPa

_PeVe _ _
TB=Pava TA=673K

Pc = Pgp(Tc/Tg) = 2793 kPa
Pp = Pc (Vc/Vp)Y = 152 kPa

_Peve _ _
TD_PAVA Tao=673K

The energies can be determined from E = nC, T = 25 nRT = 2.5 PV. We get

P C
2
B 3
\D
1\14
A
\Y,

sate  T(K) PkPD) yemd) Ent()
A 203 100 500 125
B 673 1838 625 287
C 1023 2793 625 436
D 445 152 500 190
A 293 100 500 125

PiVi
Now we can find the heats and works as follows. For the adiabatic paths, Q=0and W = glfll [1-
(Vi/V§)9-1]. For theisovolumetric paths, W = 0 and Q = nC,DT. We get

Path Q) W (J) DEint (J)

A®B 0 ~162 162
B®C 149 0 149
C®Dh 0 246 —246
D® A —65 0 —65
ABCDA 84 84 0
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