
1

Slide  1

University Physics

Chapter 16

Slide  2

Key Concepts

16-1     

16-2     
16-3     

16-4     
16-5     
16-6     



2

Slide  3

Slide  4

16-1  

1.
2.
3.

dVPdQdWdQdU −=−=

)0( =−= dQdVPdU 16-1



3

Slide  5

16-1  

Slide  6

16-1  

dU 15-14

dTcndU v=

dVPdTcn v −=

dV
V

nRTdTcn v −=
V
dV

c
R

T
dT

v

−=

16-1

PV = nRT



4

Slide  7

vp ccR −=
v

p

c
c

≡γ

V
dV

T
dT )1( −−= γ

常數+−−= VT ln)1(ln γ

常數=−+ VT ln)1(ln γ

)(lnlnln ABBA =+ αα AA lnln =

常數=− )ln( 1γTV 常數=−1γTV

16-2
T V

16-2

16-3

Slide  8

1
22

1
11

−− = γγ VTVT

16-3 T 
V 

T1 V1
T2 V2

常數=−1γTV 16-3

(16-4)



5

Slide  9

2

2

1

1

V
nRT

V
nRT

P ==

1
22

1
11

−− = VTVT

γγ
2211 VPVP =

P = 

16-5

16-4

16-6

Slide  10

例 16-1
2.00 O2 12.0 L 

20.0 L (a) 
T = 300 K 20.0 L 

atm (b) 
T = 300 K 20.0 L 

atm



6

Slide  11

(a)  PV = 

2211 VPVP =

2211 VPnRTVP ==

Pa1049.2
m100.20

)K300)(KJ/mol31.8)(mol00.2( 5
33

2
2 ×=

×
==

−

⋅
V

nRTP

atm2.47
/atmPa1001.1
Pa1049.2

5

5

2 =
×
×

=P

PV = nRT

1 atm = 1.01×103 Pa

Slide  12

(b) PV = 
γγ

2211 VPVP =

V
nRTP =

Pa1016.4
m100.12

)K300)(KJ/mol31.8)(mol00.2( 5
331 ×=

×
=

−

⋅
P

γ)(
2

1
12 V

V
PP =

4.1
5
7
===

v

p

C
C

γ

300 K P1

16-6

16-6

O2



7

Slide  13

atm00.2
/atmPa1001.1
Pa1003.2

Pa1003.2)
0.20
0.12Pa)(1016.4( 5

5
51.45

2 =
×
×

=×=×=P

1
22

1
11

−− = γγ VTVT

K244
31.800.2

)m100.20)(N/m1003.2( 3325
22

2 =
×

××
==

−

nR
VP

T

(a) (b) 

Slide  14

16-2  



8

Slide  15

16-2  

N. L. S. Carnot

the second law of thermo-
dynamics

heat engine
heat 

engine

Slide  16

16-2  
thermal efficiency

ΔQ ΔW
thermal efficiency

Q
W
Δ
Δ

≡η (16-8)

= 1
ΔQ ΔW

1



9

Slide  17

16-2  

ΔQ 
ΔW

Slide  18

16-2  
16-1

16-1  

T1
ΔQ1 ΔW

ΔQ2 = ΔQ1 – ΔW

T2



10

Slide  19

= 1 
ΔQ2 = 0

ΔQ2 = 0 ΔW = ΔQ1
= 1 

16-1 T2

ΔQ2

16-2  

1

2

1

21

1

1
Q
Q

Q
QQ

Q
W

Δ

Δ
−=

Δ

Δ−Δ
=

Δ
Δ

=η (16-9)

16-1  

Slide  20

ΔQ2 = 0

= 1 

= 1 

16-2  

1

2

1

21

1

1
Q
Q

Q
QQ

Q
W

Δ

Δ
−=

Δ

Δ−Δ
=

Δ
Δ

=η (16-9)

16-1  



11

Slide  21

16-2  

Otto cycle
Diesel cycle

PV 

16-2  16-3  

Slide  22

Otto cycle
16-2 PV 

a 
kV 

V (k > 1) a b 
b 

QH

16-2 b c 
16-2  



12

Slide  23

Otto cycle

c d 
d a ΔQC 

)(

)(

advC

bcvH

TTcnQ

TTcnQ

−=Δ

−=Δ

16-2  

ΔQH ΔQC 

n cv

Slide  24

Otto cycle

16-2  

Tc > Tb Td > Ta ΔQH ΔQC 
ab cd

ΔQH
ΔQC

bc

dabc

H

CH

H TT
TTTT

Q
QQ

Q
W

−
−+−

=
Δ

Δ−Δ
=

Δ
Δ

=η

1111

1111

)(

)(
−−−−

−−−−

===

===
γγγγ

γγγγ

VTVTkVTVT

VTVTkVTVT

cccddd

bbbaaa

16-4 (16-10)

(16-11)



13

Slide  25

Otto cycle

16-2  

1

1

11
−

−= γη
k

k
1

15
11

=
k

115
11
−

−= γη

= 1.4
= 0.66

1

Slide  26

Diesel cycle
16-3

a 
b c 

ΔQH
d 

16-3  

ΔQC 
a



14

Slide  27

Diesel cycle

16-3  

b 
a b

Slide  28

16-3  



15

Slide  29

16-3  
A

16-1 
16-4

16-4  16-1  

Slide  30

16-3  
16-1 T1 ΔQ1

T2 ΔQ2
ΔW

21 QQW Δ−Δ=Δ

1

2

1

1
Q
Q

Q
W

A Δ
Δ

−=
Δ
Δ

=η

16-4  

A



16

Slide  31

16-3  

B B
A

B T1 ΔQ1 T2 

B 
2Q′Δ 22 QQ Δ≠′Δ

1

2

1

21

1

1
Q
Q

Q
QQ

Q
W

B Δ
′Δ

−=
Δ

′Δ−Δ
=

Δ
′Δ

=η

Slide  32

B ≠ A

16-5 
T1

T2

Q1

B W W�'

Q1

Q W�1

A
W

Q W'�1

T1

T2

Q

AB W = Q

(a) (b)

16-5  (a) (b) 

16-3  
22 QQ Δ≠′Δ



17

Slide  33

B > A
16-5 A 

A 
B

B > A
B A

A T2 
T1

T2

Q1

B W W�'

Q1

Q W�1

A
W

Q W'�1

(a)

16-5  (a) 

W ′Δ

）（ WQQ Δ−Δ=Δ 12

WW Δ>′Δ

ΔQ1 T1 
B T1

ΔQ1 

Slide  34

T1 

B ΔW A 

B T2 

T1

T2

Q1

B W W�'

Q1

Q W�1

A
W

Q W'�1

(a)

)( WW Δ−′Δ
）（ WQQ ′Δ−Δ=′Δ 12

16-5  (a) 



18

Slide  35

T2 

WW Δ>′Δ 22 QQ Δ<′Δ

）（ 22 QQQ ′Δ−Δ=Δ

）（ 0>ΔΔ QQ

T1 
T2 

ΔQ ΔW 
ΔW = ΔQ 16-5(b) 

T1

T2

Q1

B W W�'

Q1

Q W�1

A
W

Q W'�1

T1

T2

Q

AB W = Q

(a) (b)

16-5  (a) (b) 

Slide  36

B > A

T1 T2



19

Slide  37

16-4    
Carnot cycle

16-6 PV 

Carnot engine

16-6  

Slide  38

16-4    
a 

TH b

ΔQH

c

c Tc 16-6  



20

Slide  39

16-4    

16-6  

ΔQC

a

Slide  40

16-4    

ΔUab = 0

∫ =−Δ
b

a

V

V
H dVPQ 0

)(ln
a

b
HH V

V
nRTQ =Δ

15 



21

Slide  41

16-4    

)(ln
d

c
CC V

V
nRTQ =Δ

)(ln

)(ln
11

a

b
H

d

c
C

H

C

V
V

T

V
V

T

Q
Q

−=
Δ
Δ

−=η

cd QC 

16-15

Slide  42

16-4    

11

11

−−

−−

=

=
γγ

γγ

dCaH

cCbH

VTVT

VTVT

11 )()( −− = γγ

d

c

a

b

V
V

V
V

16-15
16-4

d

c

a

b

V
V

V
V

=



22

Slide  43

16-4    

H

C

T
T

−= 1η

16-15

d

c

a

b

V
V

V
V

=

(16-16)

Slide  44

16-4    

H

C

T
T

−= 1η (16-16)

1

TC = 0 = 1
TC 

0 K = 1 



23

Slide  45

16-4    

H

C

T
T

−= 1η (16-16)

16-15 16-16

(16-17)
H

C

H

C

T
T

Q
Q

=
Δ
Δ

)(ln

)(ln
11

a

b
H

d

c
C

H

C

V
V

T

V
V

T

Q
Q

−=
Δ
Δ

−=η 16-15

Slide  46

例 16-2
TH = 500.0 K TC = 300.0 
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例 16-3
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S = S( P, V , T)
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