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Announcements
1. On line evaluation forms –

You have received an email with a PIN number to evaluate this 
course.   Please help us with your candid anonymous 
opinions.

2. 4th hour exam – Monday, Nov. 25th -- Focusing on Chap. 19-22. 
Bring to exam:

Clear head
Equation sheet (8 ½ x 11 in2)
Calculator
pencil or pen

Exam time:  any time after 8 AM (Olin 101).  
1 PM (Olin 300). 

Extra review session – Sunday at 3 PM in Olin 101.

3.   Waves after Thanksgiving
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Advice:

1. Keep basic concepts and equations at the top of your head.

2. Practice problem solving and math skills

3. Develop an equation sheet that you can consult.

Equation Sheet

WQE −=∆ int

∫=→

f

i
fi PdVW Ideal gas:

PV=nRT

Problem solving skills

∫=→

f

i
fi T

dQS

Math skills
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Problem solving steps

1. Visualize problem – labeling variables
2. Determine which basic physical principle(s) apply
3. Write down the appropriate equations using the variables 

defined in step 1.
4. Check whether you have the correct amount of 

information to solve the problem (same number of 
knowns and unknowns).

5. Solve the equations.
6. Check whether your answer makes sense (units, order of 

magnitude, etc.).
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PV=nRT

“State quantities”:
T,V,P,S,Eint

Quantities that depend on path:
Q,W

Specialized concepts – (ideal gases)General concepts — (always true)

∫=→

f

i
fi T

dQS

∫=→

f

i
fi PdVW

WQE −=∆ int

1γ1γint −
=

−
=

PVnRTE

1γ −
=

RCV 1γ
γ
−

=
RCP

constant

  :process  adiabaticFor  

=γPV
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Review

Heat –

Change of temperature within a given phase:

dQ = m C dT

For ideal gas:

dQ = n CV dT

dQ = n CP dT

Entropy –

Example:  1 kg water, Ti=280 K, Ti=290 K

Qi→f=41860 J         Si→f=4186 ln(290/280) J/K= 4335.5 J/K

Heat capacity/kg

Heat capacity/mole









=∫=∫=→

i

f
f

i

f

i
fi T

T
mC

T
mCdT

T
dQS ln



11/22/2002 PHY 113 -- Review Chaps. 19-22 6

More heat –

Heat associated with phase change in matter:

dQ=L dm

Example:   Melt 1 kg of ice at 273.15 K

Qi→f=333000 J

“Latent” heat for phase change per mass unit

T
LdmdS =

J/K 1219
15.273

333000
==→ K

JS fi
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Quantitative statement of thermal conduction:

x
TkA

t
Q

∆
∆

=
∆
∆

thermal conductivity coefficient

cross-sectional area

0.0234Air
0.6Water
0.8Glass

238Copper
k (W/(m·oC))Material

Units: 1 J/s = 1 Watt (W)
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Thermodynamic statement of conservation of energy –

First Law of Thermodynamics

∆Eint = Q - W

“Internal” energy of system

Heat added to system

Work done by system
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Ideas behind our model of Eint for an ideal gas:
For monoatomic ideal gas:

Eint = N K = N ½ m<v2>

Force exerted on wall perpendicular to x-axis by an atom 
which collides with it:

If

t
mv

t
pF ixix

ix ∆
=

∆
∆

−=
2

d
x

ixvdt /2≈∆

2
2

2

     

/2
2

x
i

ix

i

ix

ix

ix

ix
ix

vm
V
N

V
mv

A
FP

d
mv

vd
mvF

=∑=∑=

=≈⇒ vix

-vix
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Ideal gas energy analysis continued:

Therefore:

Also:







=⇒

=

2

22

2
1

3
2

3
1 

vmNPV

vvx

TNkvmN

TNkT
N
RNnRTPV

B

B
A

=






⇒

===

2

2
1

3
2

m
Tkvv

Tkvm

B
rms

B

3
2
3

2
1 

2

2

==⇒

=








RTnTkNvmNE

Tkvm

B

B

2
3

2
3

2
1
2
3

2
1 

2
int

2

==






=⇒

=







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RT
-
nTk

-
NTkNvmNE BB 1γ1γ2

3
2
1 2

int =⇒=






=

Internal energy of an ideal gas:

derived for monoatomic
ideal gas more general relation for 

polyatomic ideal gas

H2O
N2

He

Gas

1.304/3
1.417/5
1.675/3

γ (exp)γ (theory)

Big leap!
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P 
(1

.0
13

 x
 1

05 )
 P

a

Vi Vf

Pi

Pf

A

B C

D

Examples process by an ideal gas:

∆Eint

W

Q

D→AC→DB→CA→B

-Pi(Vf-Vi)0Pf(Vf-Vi)0

1-γ
)( ifi PPV −

1-γ
)(γ iff VVP −

1-γ
)( iff PPV −−

1-γ
)(γ ifi VVP- −

1-γ
)( ifi PPV −

1-γ
)( iff PPV −−

1-γ
)( iff VVP −

1-γ
)( ifi VV-P −

Efficiency as an engine:

e = Wnet/ Qinput
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Carnot cycle

∆Eint

W

Q

D→AC→DB→CA→B

00

00










A

B
h V

VnRT ln










A

B
h V

VnRT ln









−

D

C
c V

VnRT ln

( )
1γ −
−

− ch TTnR

( )
1γ −
− ch TTnR









−

D

C
c V

VnRT ln

( )
1γ −
− ch TTnR

( )
1γ −
−

− ch TTnR ( )
( )

h

c

AB

CD

h

c

AB

CDAB

T
T

VV
VV

T
T
Q

QQe

−=

−=

+
=

1

/ln
/ln1
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Stirling engine

P

Th

Tc

A

C

D

B

DAAB

CDAB

QQ
QQe

+
+

=

∆Eint

W

Q

D→AC→DB→CA→B

00

00










A

B
h V

VnRT ln










A

B
h V

VnRT ln









−

D

C
c V

VnRT ln









−

D

C
c V

VnRT ln

( )
1γ −
−

− ch TTnR

( )
1γ −
−

− ch TTnR ( )
1γ −
− ch TTnR

( )
1γ −
− ch TTnR

Example: 

Th = 3Tc    VB=VC=5VA=5VD γ = 1.3

( ) ( )
( ) ( )

%7.66

%6.50

1γ
/ln

/ln

Carnot =

=

−
−

+

−
=

e

TTnRVVnRT

VVTTnRe
ch

ABh

ABch
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