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1 A 4 liter sample of a diatomic gas with y =1.4 confined to a cylinder, is carried through a closed
cycle. The gas is initially at 1.00atm. and 300K. First, its pressure is tripled under constant volume.
Then it expands adiabatically to its  original pressure. Finally the gas is compressed isobarically to its
original volume.

a) draw pV diagram of this cycle
b) determine the volume of the end of the adiabatic expansion
c) find the temperature of the gas at the start of the adiabatic expansion
d) find the temperature at the end of the cycle
e) what was the net work done on the gas for this cycle
(a) See the diagram at the right. P
(b) PV, =PV | B
Y = v
3PV = BV¢ Adiabatic
Ve =(3"7)v; = (3%7)v, = 219v,
V. =219(400L)=[877L T
PL__ C
(c) P,V = nRT, = 3PV, = 3nRT, | |
L ! V(L)
T, = 3T, = 3(300 K) =[ 900 K V=1L Yo
FIG.P17.43
(d) After one whole cycle, T, =T, =| 300 K

(e) In AB, Q5 =nC,AV =n (gR) (STZ -T ) = (5.00)nRT,-, Qgc =0 as this process is adiabatic
PV =nRT, = P,(2.19V;) = (2.19)nRT; so T, = 2.19T;,

Qca =nCpAT =1 (%R) (T, - 2.19T;) = (-4.17)nRT,
For the whole cycle
Qupca = Qup + Qpe + Qs = (5.00 - 4.17)nRT, = (0.829)nRT;

(AEin)apca = 0=Qapca + Wasca
Wopca = =Qapca = ~(0.829)nRT, = -(0.829) BV,

Wipca = -(0.829)(1.013x 10° Pa)(4.00x 10 m? ) =



A sample of an ideal gas goes through the process

shown. From A to B, the process is adiabatic; from B to C, it P(atm)

is isobaric with 100 k] of energy entering the system by heat.

From C to D, the process is isothermal; from D to 4, it is ¢
isobaric with 150 k] of energy leaving the system by heat. [
Determine the difference in internal energy Eints — Einta. :
Wec = ~Py (Ve - Vg ) = =3.00 atm (0.400 - 0.090 0) m? |
=-942K] : D
AE,, =Q+W ; <
|
Ein, c —Eing B = (100 - 94-2) k] : :
| 1 7
Bin, ¢ = Ein s =579 0.090 0.20  0.40 13 Vs

Since T is constant, iy Tl o
Eint, D™ Eint, c= 0
Wpa =P (Vs = Vp) = -1.00 atm (0.200 - 1.20) m?
= +101kJ
E Ao —Eine p = =150 KJ +(+101 KJ) = —48.7 K]

since change of internal energy for the whole cycle is 0, we can write:
Eini, 8 —Eing a = - [(Eint, c~EinyB ) + (Eint, D ~ Eing, C) + (Eint,A -Ein,p )] =-(5.79+0-48.7)kJ = 42.91kJ

3 An ideal gas is carried through a thermodynamic cycle consisting of two
isobaric and two isothermal processes as shown. Show that the net work done on
the gas in the entire cycle is given by

Wi = =B (Vs -V, )In2

W=W,+W,.+W,,+W,,

nRT,
W ==nRT, In V5~ p (Vi ~V,) = pp(V, =V )=nRT,In "2 =W = -aRT, 22— nRT,In—L2__ p (v -V,)-
v, V. nRT, RT B\Ve = Vg
Pa Pc

W ==nRT,In24— p, (V. =V,) = p,(V, =V )=nRT, nLC = _nRT, 0B p, (V. -V,) - p,(V, =V ,)=nRT, In 22
Ps Pp P Py

W ==nRT In 2L 4 nRT, In 2L~ p, (V.= V)= p,(V, =V ,) = RT, - nRT)In 2L~ p, (V. = V)= p,(V, = V/,)
12 P> P>

W=(pV, - pV)lnp1 -p, (V. =Vy)-p,(V,=-V,)=(pV, - pV)ln —(nRT, —nRT,)-(nRT, - nRT,)
1 1 2 1 1 1 2

P> 12

Thus: W =(p,V,-p,V)In2L Q.E.D.

P



4
from 1.00 m® to

a) what is the the change in its internal energy?
b) what is the final temperature

AE,, =W +Q =-pAV +Q = -2500(3-1)J +12500. = 7500J

An ideal gas initially at 300 K undergoes an isobaric expansion at 2.50 kPa. If the volume increases
3.00 m® and 12.5 kJ is transferred to the gas by heat,

AE.  =nC,AT = (pl—V‘)CVAT = 7500/ = MER(@ -300K) = 7500 = mg(l} -300)=1=
TR OR 2 300 2
T, =600K
5 Fill the missing entries in this table
Degrees of Average Energy of 1
Molecules freedom molecule (K) Cv (R) Cp(R) Gamma

A 6 3KT 3R 4R 4/3
B 7 7/2kT 7/2R 9/2R 9/7
C 9 9/2kT 9/2R 11/2R 11/9
D 10 5kT 5R 6R 6/5
E 2 kT R 2R 2

6 Using the approach demonstrated during the lecture show that for pVv =const. for adiabatic gas process
(Present your derivation on the opposite site of this page
CHECK LECTURE NOTES FOR THIS DERIVATION!!!
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