Seminary exercise Nr. 11
Thermodynamics II — First and Second Law, Heat Engines

For all exercises, let assume the following values:

 gravity acceleration ¢=9.81ms™"

+ gasconstant R=8.31Jmol 'K’

1. An air bubble of volume 20cm’ is at the bottom of a lake 40m deep, where the
temperature is 4°C . The bubble rises to the surface, which is at a temperature of 20°C .
Take the temperature of the bubble’s air to be the same as that of the surrounding water. Just
as the bubble reaches the surface, what is its volume? The density of water is

0p=1000kgm™> .

V1=20cm3= plzpatm+phydro:patm+phg:
—2.10"°m® =1.01-10°Pa+1000kgm >-40m-9.81ms °=4.94-10°Pa
T,=4°C= Py=Pum=1.01-10° Pa
=277K 5 5 3
PV 494-10°Pa-2-10 °m 3
— 9o — V.=nRT, ; n= = =4.29-10 “mol
T,=20°C= Pi*s ! RT, 831Jmol 'K 277K
=293 K i o
_nRT, 429-10 °mol-8.31Jmol 'K 293K _ 43
h=40m V,= = - =1.03-10 *m
P> 1.01-10° Pa
p=1000kgm™°
V,=?

2. The temperature of 2mol of an ideal monoatomic gas is raised by 15°C . What are
the work done on the gas, the total energy transferred as heat, the change in the internal
energy of the gas? Suppose the process is done under i) constant volume and ii) constant

pressure.
n=2mol ) _ _ _ _ _3
i) AV=0 ; W=-pAV=0 ; AU=Q ; CV_ER

monoatomic gas
AT=15K Q:chAT:2mol~§~8.31Jmol*lK*1-15K:374J . AU=3747
W=2 2

Q=" ii) cp:gR; Q=ncpAT:2mol%-8.311mol_lK_1-15K:6231
AU=?

, W=—pAV=—nRAT=—2mol-8.31Jmol 'K 15 K=—249J
i) V const.

AU=Q+W=623J-2497=374J
ii) p const.



4. When 20J are added as heat to 2-10°mol of an ideal gas, the volume changed from

50cm’ to 100cm’® while the pressure remained at normal atmospheric pressure. By how
much did the internal energy of the gas change? What is the total energy transferred as work?
Find the valuesof ¢, and c, .

isobaric process p c,p

=nc AT ; AV=nRAT ; AT=——=AV ; AV
Q=20J Q P P nR R
—9.10"3 . -14--1
n=2-10"mol c,= QR _ 2(2] 8.31{4mosl K - 329/mol 'K
V,=50cm’= pAV 1.01-10°Pa-(10 *m’—5-10 " m’)

=510 °’m’  c¢y=c,—R=32.9Jmol 'K '-8.31Jmol 'K '=24.6 Jmol 'K
V,=100em’=  w=—_pAV=—1.01-10° Pa-(10 *m*~5-10°m’)=—5.05J

11043
=110 "m AU=Q+W=20J—-505J=15.0J
p=latm=
=1.01-10° Pa

AU="?
w="?
c,=?
c,=
6. An ideal diatomic gas undergoes an adiabatic compression. Its initial pressure and volume

are 12:10°Pa and 0.2m’ respectively. Its final pressure is 2.4-10°Pa . How much
work is done on the gas?

diatomic gas 7 R
adiabatic process pV?=const. ; y:& = 2 = 7
s cy O 5
p,=1.2:10° Pa §R
V,=02m’ b |3 1.2:10° Pa |
o Vi=p,v)!; v,=|2 v =| == 02mP=0.122m°
p,=2.4:10°Pa P1YV1= P2V 2 ( i 715 4.10°Pa
=7 _
W= p,\Vi=pV’ ; p=p, ViV’
Vz Vz VZ 1 Vz
W=—[padv=—[pVIV>dv=—p V]| V_de:—prf/{—_ Vi o=
v, v v, 1-y v,
p. VY _ 1 _ _
== V=V = VIV = p ViV
1 - - p,V,—p,V
D A R A A i e v
5 3 5 3
__2410°Pa-0.122m’~1.2-10°Pa-02m’ _ ,p 5

7
5



9. Imagine a Carnot engine that operates between the temperatures 7T,=850K and
T,=300K . What is the efficiency of this engine? What is the condition that assures the
efficiency to reach 100 %?

Carnot engine |-
T,=850K
T,=300K

n="2

condition for
n=1 7

12 ) isothermal expansion
pV,=p,V, ; AU,,,=0 ; —Q,,,=W,,,=—nRT, In—>

2-3 ) adiabatic expansion

P,V =psVy 5 Qy3=0 5 AU, =W, =—
34 ) isothermal compression

1%
psVi=p,V, 5 AU;,,=0 ; —Q3_)4=W3_,4=—nRTL1n74

3

4-1 ) adiabatic compression
nRk
pVi=p,Vi 5 Q=0 ; AU4-)1:W4->1:_TJ/(TH_TL)

Ps=Pa— 5 pVI=pVLVIT 5 p=paVa VIV

pP= == p4vi:sz2V{_l§ p4Vf(=p4V4V§_1V2_‘yV2V1_1

V=V, VIV, VI S VLV T E(VVLT S VLV =V,

nRk
=AU 5, +AU, 3 +A U5, +A U4-)1:_1Ty(TL_TH)_

Woae=WiaatWosat Wo, (W, =
V2 nR

=—nRT,In—>—
n anl 1_y

nR
T T, T,)=0

AU
1—

cycle

(T,—Ty)—nRT,In——

V2 V4 V2 V2 VZ
=—nRT,In——nRT,In—=-—nRT ,;In—>+nRT,In—=—nR(T,,—T,)In—*
Vi Vs Vi v, v,

n= chcle — - VlzTH_TL: £:1_300K
~Q..s v, T, T, = 850K

VI

13100%=T,>0VT, oo

=0.647
—nRT 4In



