Al Calculate the thermal energy of 1 mol of Cu at T = 6p using the classical theory. (for Cu, 6p
=340 K)
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Note: 3KT comes from the three vibrational degrees of freedom, Cu atoms don’t rotate.

A2. A hot wire at 3200 K 80 um across and 5 cm generates how much heat (write this as power
dissipation):

Assuming is a black body
S=o0T*

P =SA=ocoT*(2nrl)

Watts
= (2m) (5.6703 x 1078

0.080x 10 3m
) <32°°K>4<

5 > (5.0x 10™%m)

= 74.7 Watts

A3. 300 g of aluminum block at 100 °C is place in a calorimeter cup with 400 g of water.
The mass of the copper calorimeter cup is 80 g. The initial temperature of the water and
the cup is 22 °C. What’s the final temperature?

Solution: The heat input of the water and cup is the same as the heat output of the
aluminum block. Assuming the final temperature is T:

(90-T) Ca1 =(T-22) (Cwatert+Cecopper)
Ca1 =0.3*0.904=0.2712 kJ/K
Cwater = 0.4*4.184=1.674 kJ/K



Ceopper = 0.08*0.385=0.0308 kJ/K
Hence: T=32.7 °C

A4. In a vacuum tube of pressure 1.333x107 Pa, at 27 °C, calculate 1) number of gas
particles per m?, 2) volume occupied per particle, 3) average distance between particles.

Solution:

1) Using PV=nRT or PV = NkgT, one can calculate the particle density N/V = P/ksT =
3.22x10%/ m3,

2) Volume occupied per particle is: V/N=3.11x108/ m?

3) Average distance is (V/N)¥3=1.46x10%m

B1. An object with constant heat capacity C is initially at temperature T1. It is brought into
contact with a heat reservoir at temperature Tr, where Tr < T1.

a) Find the entropy change of both the object and the reservoir.

b) Show that the total change in entropy is consistent with the second law of thermodynamics.

ASbody=\int C dT/T= C In(Tr/T1) (<0)
ASres=C(T1-Tr)/Tr (>0)
AStotal= C In(Tr/T1)+C(T1/Tr-1)

x=T1/Tr>0 x-1-In x>0, therefore AStotal>0.

B2. One mole of diatomic ideal gas (Cv = 2.5 nR) performs a transformation from an initial
state for which temperature and volume are, 291 K and 21,000 ml to a final state in which
temperature and volume are 305 K and 12,700 ml. The transformation is represented on the
(V, P) diagram by a straight line. Find the work performed and the heat absorbed by the
system.

Solution:
P (Pa) 1.15E5 0.85E5
V (m"3) 21E-3 12.7E-3 -8.3E-3
T (K) 291 305 14

A straight line in (P,V) diagram: P = P; + %(V - 1),
AP AP 1
W=[Pav =[P +22(V-V)|dV = (P, — S V,) AV +3AP(V; + V;) =-1307 )
AU = CVAT = 290 ]
Q=AU+W =-1017]

B3. Show that, for ideal gas, if the heat capacity of a process is constant, then the process
is polytropic PV! = C. Assuming that Cp and Cv are constant.



Solution: dU = CndT-PdV
(Cv-Cn)dT = -PdV=-nRTdV/V
(Cv-Cn) dT/T =-nR dV/V
(Cv-Cn) dInT =nR dinV
dInT®VC" + dInv"R = 0

d (INTS¥-C" + dInV™R) = 0
INTCV"C" + dInV™ = constant
TCv-Cn /R = constant
(PV)CV-En R = constant
PCV—Cn VCv—Cn+nR = constant
pCv-Cn \/Cp-Cn = constant

P V! = constant

I=(Cp-Cn)/( Cv-Cn)

B4. A diatomic gas (Cv = 2.5 nR) expands adiabatically to a volume 1.35 times larger than
the initial volume. The initial temperature is 18 °C. Find the final temperature.

Solution:

CvdT = -PdV=-nRTdV/V
CvdT/T =-nR dV/IV
CvdInT =nR dInV
dinT® + dinvV"R =0

d (INTS + dInV™R) = 0
INT® + dInV"® = constant
T V™R = constant

(T2/TD) (V2/V1)™R=1
(T2/T1)CVNR (V2/V1) =1

V2/V1=1.35,T2/T1=0.887.
T1=18+273.16=291.16 K, T2=258.22 K or -14.94 celsius.
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ifabrikant1
Sticky Note
CORRECTION: According to parallel-axis theorem I=mR^2+mR^2=2mR^2

ifabrikant1
Sticky Note
The correct answer contains extra 2 in the denominator under square root since I=2mR^2.
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ifabrikant1
Sticky Note
Additional question: The work done by the train is nonzero because, due to conservation of momentum, when the woman throws the ball the train gets a momentum in the opposite direction. To maintain the speed u, an additional work should be done by the train.


https://onenote.officeapps.live.com/o/onenoteframe.aspx?ui=en-US&rs=...

OneNote

Problem B.2

Saturday, May 8, 2021 08:46

L= 7-U

- (3uite g = (2o

- . b _ 4 ”‘-)=
€ ule- Lo,my. 37 d’i’é: >

1 of2

5/10/2021, 12:34 PM



OneNote https://onenote.officeapps.live.com/o/onenoteframe.aspx?ui=en-US&rs=...

) S

F6 + Acrg Hgramd =0O

2 of 2 5/10/2021, 12:34 PM



OneNote https://onenote.officeapps.live.com/o/onenoteframe.aspx?ui=en-US&rs=...

Problem B.3

Saturday, May 8, 2021 08:47
Ay 5 el b el @oredts
x. : K.‘_ . ?(.1 ol SJz'blz

) A} %} < C‘NJ,"BLQ

G +AT 2&,
(8
vorle b o =9
3y Lork— enncss Hence—

'.5) AT’) E} "'5:,_

19 Lek Fkd encgy o perld e E°
too F bl frin cagnntia K oeg 4

e P

{
G : 6,"’ et

U= i(?—&},)

-2 -1
(d) Ul“)" ax  —bx

LY

1 of2 5/10/2021, 2:08 PM



OneNote

2 of 2

https://onenote.officeapps.live.com/o/onenoteframe.aspx?ui=en-US&rs=...

) L Y ’ / - -—— - - — l

T | n peciodi
- P ) rth
{ or E<O
l
X" (
> $ oD
E=-;"— — «3 W

5/10/2021, 2:08 PM



	Solutions-CM.pdf
	mech_b4
	Mech_a1
	Mech_a2
	Mech_a3
	mech_a4
	mech_b1
	mech_b2
	mech_b3




