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AZ2. Solution:
For ideal gas, V=nRT/P.

ov nRrR oV nRT
s0.(3), = (7)==
oT/p P’ \or/T p?

_1<6V) _nR_l K — 1(6V) _ 1( nRT)_
“=v\r),"pw-rT “r=7vep), T v "2 )P

A3. In a game, you repeatedly roll a standard die with the numbers 1 through 6 on its faces. If you roll a
6, the game is over. If you roll any other number, you may roll again.

a. What is the probability that the game is still not over after N rolls?
b. What is the probability that you roll a 6 in the N-th roll (so the game is over then)?

c. What is the average number of rolls a player makes in this game? Hint: (d/du)u® =au®™*
Answers

Part a.
Probabilitytorollal,2,3,4,0or5 p=2
Probability torolla6: q=1-p=1%

Probability that game is still not over after N rolls is (3)"

Part b.

Probability that game is not over after N-1 rolls is (3)" ™
Probability for a 6 in the N-th role is % (and then the game is over).

So the answer is (2)"(%)
Part c.

o0 B 0 ~ o d d -
(N)=3 Np" =Y Np" (1= p) = (1= )3 p" == P) o> p" =
N N N=1 N=L

—(1— iiz_ _—1_zl_p=1:1:
“a-mgp{ g e P




B2. Solution:

p

Assume the temperature of Aand B is T,
Tc=PscVac/R =% PecVe/R=%T.
We then write everything in terms of T.

A

A
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AU

Q

W

A->B

0

RT In(2)

RT In(2)

B->C

-3/4 RT

-5/4 RT

-RT/2

C->A

Y% RT

Y% RT

0

The total work is W=RT [In(2)-1/2]
The total heat in is Q = RT [In(2)+3/4]
The efficiency is then W/Qin = 13.4%.

B3.

Consider a one-cylinder Otto-cycle engine with r =10.6 . The diameter
of the cylinder is 82.5 mm. The distance that the piston moves during
the compression is 86.4 mm. The initial pressure (at point a) of the
gas/air mixture is 8.50x10* Pa, and the initial temperature is 300 K
(the same as the outside air). Assume that 200 J of heat is added to
the cylinder in each cycle by the burning gasoline, and that the gas has
C, =20.5J/(mol-K) and y=1.40.

a. Calculate the volume of the air-fuel mixture at point a in the

cycle.

b. Calculate the amount of the mixture in moles.
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c. Calculate the temperature of the mixture at points b, ¢, and d in the cycle.
d. Calculate the efficiency of this engine and compare it with the efficiency of a Carnot-cycle engine
operating between the same maximum and minimum temperature.

Solution

(a) The change of the volume
AV = AAL=rV =V

where A = wD?/4 is the area of the base of the cylinder

. AAL  xD2AL
1’5: 1/ =

= = 4.81 x 10™°m".
r— 1 4(r—1) o

V, =7V =5.10 x 107'm>.

C paVa 85 x10'-5.10 x 107

V., = nRT,, n— _
Pa¥a =Titla: 1 ="pp 8314 - 300

= 0.01738 mole.

(c) Point b: For the adiabatic process

'Ta ( rV :] =1 ITb V= 1 -.

T, =Tt =771 K,

Point ¢: Heat added

Qu = nCy(T. —T),

therefore

On 200
nCy T 0.01738-205

T. = + 771 = 1332 K.



Point d: For the adiabatic process, since V. =V, Vz =rV,

Ta(rVYy ' =TV
Ty=T./r" ' =518 K.
(d) The rejected heat in d — a
|Qc| =nCy(Ty —T,) =78 J.

The efficiency

_ Qu —|Qc|
e = i —I=Cl

= 0.61
Qu

The Carnot efficiency

T
€Carnot = 1 — T—C =1-300/1332 = 0.775
H

is larger as should be.
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