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Chapter 3 
 
 

1.  1
(589.0 nm)(2.604 m) 1.23 mm

1.25 mmn n
Dy y y
d
λ

+D = − = = =  

 
2.  2(0.250 nm)sin 0.8865

2 2(0.282 nm)
n

d
λθ = = =      so     1sin 0.8865 62.4θ −= = °  

 

3. (a) 2 sin 2(0.327 nm)(sin 38.0 ) 0.403 nm
1

d
n

θλ °
= = =  

 
(b) The spacing between planes is 

 

2sin 45 (0.327 nm) 0.231 nm
2

0.403 nmsin 0.871 or 60.6
2 2(0.231 nm)

d

d
λθ θ

° = =

= = = = °
 

 
This is the angle that the reflected ray makes with the plane of atoms.  Because this plane  
makes an angle of 45° with the surface, the beam emerges at an angle of  
60.6 45 15.6° − ° = °with the surface. 

 
4. The Bragg formula for the first-order peak is 2 sindλ θ= .  We need to know the 

relationship between a small angular range dθ and the corresponding wavelength range 
dλ, which is found by taking the differentials from the Bragg formula: 

 
2 cosd d dλ θ θ=  

 
Eliminating the lattice spacing d using the Bragg formula, we obtain (after converting dθ 
to radians) 

-4 4

2 cos cot
2sin

(0.149 nm)(cot 15.15 )(2.6 10  rad) 1.4 10  nm

d d dλλ θ θ λ θ θ
θ

−

 = = 
 

= ° × = ×

 

 
5. (a) 1210.0 MeV 1.60 10 JE −= = ×  

   
7

12
21

8

10.0 MeV 1.00 10 eV/

1.60 10 J 5.33 10 kg m/s
3.00 10 m/s

Ep c
c c

p
−

−

= = = ×

×
= = × ⋅

×

 

(b) 1525 keV 4.0 10 JE −= = ×  
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4

15
23

8

25 keV 2.5 10 eV/

4.0 10 J 1.3 10 kg m/s
3.00 10 m/s

Ep c
c c

p
−

−

= = = ×

×
= = × ⋅

×

 

  
(c) 31.0 m 1.0 10 nmλ m= = ×  

 

3

34
28

6

1 1 1240 eV nm 1.2 eV/
1.0 10 nm

6.6 10 J s 6.6 10 kg m/s
1.0 10 m

h hcp c
c c

p

λ λ
−

−
−

⋅
= = = =

×

× ⋅
= = × ⋅

×

 

 
(d) 15 6 7 26(4.14 10 eV s)(150 10 Hz) 6.2 10 eV 9.9 10 JE hf − − −= = × ⋅ × = × = ×  

   
7

7

26
34

8

6.2 10 eV 6.2 10 eV/

9.9 10 J 3.3 10 kg m/s
3.00 10 m/s

Ep c
c c

p

−
−

−
−

×
= = = ×

×
= = × ⋅

×

 

 
6. At 6 15 6 -1 91 MHz 10 Hz, (4.14 10 eV s)(10 s ) 4 10 eVE hf − −= = = × ⋅ = ×  

 
At 8 15 8 -1 7100 MHz 10 Hz, (4.14 10 eV s)(10 s ) 4 10 eVE hf − −= = = × ⋅ = ×  

 
The range is from 4 × 10−9 eV to  4 × 10−7 eV. 

 

7. (a) 4

1240 eV nm 0.124 nm
1.00 10 eV

hc
E

λ ⋅
= = =

×
 

 

(b) 3
6

1240 eV nm 1.24 10 nm
1.00 10 eV

λ −⋅
= = ×

×
 

 

(c) 350 nm: 1240 eV nm 3.5 eV
350 nm

hcE
λ

⋅
= = =  

 

 700 nm: 1240 eV nm 1.8 eV
700 nm

E ⋅
= =  

 
The range is from 1.8 eV to 3.5 eV. 
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8. With φ = 4.08 eV for aluminum, 
 

c
1240 eV nm 304 nm

4.08 eV
hcλ
φ

⋅
= = =  

 

9.        
c

1239.853 eV nm 3.514 eV
352.8 nm

hcφ
λ

⋅
= = =  

 

s

s

1239.853 eV nm 3.514 eV 0.561eV
304.2 nm

0.561V

hceV

V

φ
λ

⋅
= − = − =

=
 

 

10.   s,Cu Cu s,Na Naandhc hceV eVφ φ
λ λ

= − = −  

 
Subtracting, we obtain 

 

   s,Cu s,Na Na Cu

s,Na s,Cu

2.28 eV 4.70 eV 2.42 eV
2.42 eV 2.42 volts

eV eV
V V V

φ φ− = − = − = −

= + = +
 

 

11. (a) 
c

1240 eV nm 4.88 eV
254 nm

hcφ
λ

⋅
= = =  

 
(b)  254 nmλ <  

 

12. (a) With φ = 4.31 eV, c
1240 eV nm 288 nm

4.31 eV
hcλ
φ

⋅
= = =  

(b)  s
1240 eV nm 4.31eV 0.61eV, so 0.61 volts

252.0 nms
hceV Vφ
λ

⋅
= − = − = =  

 
13. (a) The total number of oscillators is 
 

/ /

0 0
0

( ) ( )E kT E kTN Nn E dE e dE kT e N
kT kT

∞
∞ ∞ − −= = − =∫ ∫  

 
(b) The average energy is (from Equation 3.31) 

 
/

av 0 0 0

1 1( ) with /E kT xE E n E dE E e dE kT xe dx x E kT
N kT

∞ ∞ ∞− −= = = =∫ ∫ ∫  
 

The definite integral is a standard form that is equal to 1, so avE kT= . 
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14. (a) The total number of oscillators at all energies is 
 

/ /
/

0 0 0

1
1

nE kT n kT
n kT

i n n
N Ae A e A

e
e

e

∞ ∞ ∞
− −

−
= = =

= = =
−∑ ∑ ∑  

 
Setting this result equal to N, we obtain /(1 )kTA N e e−= − . 

 

(b)  On the left side 
0 0

nx nx

n n

d e ne
dx

∞ ∞

= =

=∑ ∑ and on the right side 2

1
1 (1 )

x

x x

d e
dx e e

=
− −

.  Setting  

these equal to each other gives 2
0 (1 )

x
nx

x
n

ene
e

∞

=

=
−∑ . 

(c) 
/

/ / /
av / 2 /

0 0

1 (1 ) ( ) (1 )
(1 ) 1

kT
kT n kT kT

n n kT kT
n n

eE N E e n e e
N e e

e
e e e

e e

ee e
−∞ ∞

− − −
−

= =

= = − = − =
− −∑ ∑  

 

(d) For large λ, / 1 /hc kTe hc kTλ λ≈ + and thus av /

/ /
1 1 / 1hc kT

hc hcE kT
e hc kTλ

λ λ
λ

= ≈ =
− + −

 

 
As λ goes to 0, /hc kTe λ →∞ and av 0E → . 

 

15.   
2

5 /

2 1( )
1hc kT

hcI
e λ

πλ
λ

=
−

 

  

  
/ 2

2
6 / 5 / 2

5 1 1 ( )( / )2
1 ( 1)

hc kT

hc kT hc kT

dI e hc kThc
d e e

λ

λ λ

λπ
λ λ λ

 − − −   = +    − −    
 

 
Setting dI/dλ equal to zero gives 

  

  
/ 2

/

5 ( )( / ) 0
1

hc kT

hc kT
e hc kT

e

λ

λ

λ
λ

− + =
−

 
 

or, with / ,x hc kTλ=  
     ( 5) 5 0xx e− + =  
 

This equation does not have an exact solution, but an approximate solution can be found 
by trial and error: 4.9651 / ,x hc kTλ= =  so 

 
3

5

1239.853 eV nm 2.8978 10 m K
4.9651 4.9651(8.6174 10 eV/K)

hcT
k

λ −
−

⋅
= = = × ⋅

×
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 16.  
2

5 /0 0

2 1( )
1hc kT

hcI d d
e λ

πλ λ λ
λ

∞ ∞
=

−∫ ∫  

  
With 2/ and ( / ) ,x hc kT dx hc kT dλ λ λ= = −  

 

  

3 3
2

0 0

4 3 4 4
2 4 4 4

3 20

( ) 2
1

22
1 15

x

x

kT kT x dxI d hc
hc hc e

k x dx khc T T T
hc e h c

λ λ π

π ππ σ

∞ ∞

∞

   = −    −   

 = = =  − 

∫ ∫

∫
 

 
 with 5 4 3 22 /15k h cσ π=  
 

17.  
1/ 3 1/ 35 4 5 23 4

2 8 2 4 8 2

2 2 (1.38066 10 J/K)
15 15(5.6704 10 W/m K )(2.9979 10 m/s)

kh
c

π π
σ

−

−

   ×
= =   × ⋅ ×   

 

 
                346.626 10 J s−= × ⋅  
 

18.  
3 32.898 10 m K 2.898 10 m K 483 nm

6000 KT
λ

− −× ⋅ × ⋅
= = =  

 
This is in the middle of the visible spectrum, close to the peak sensitivity of the eye. 

 

19. 
3 32.898 10 m K 2.898 10 m K 1.1 mm (microwave region)

2.7 KT
λ

− −× ⋅ × ⋅
= = =  

 
31240 eV nm 1.1 10 eV

1.1 mm
hcE
λ

−⋅
= = = ×  

 

20. (a) 
3 3

max
2.898 10 m K 2.898 10 m K 9.4 m (infrared)

307 KT
λ m

− −× ⋅ × ⋅
= = =  

 (b) Assume a person can be represented as a cylinder, about 6 feet (1.83 m) tall and 1 foot 
(0.30 m) in diameter.  The surface area is 22 2 (0.15 m)(1.83 m) 1.72 mrLπ π= = . 

 
4 8 2 4 4 2

2 2

(5.67 10 W/m K )(307 K) 504 W/m

(504 W/m )(1.72 m ) 870 W

I T

P IA

σ −= = × ⋅ =

= = =
 

  
 (c) For T = 20°C = 293 K, 
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4 8 2 4 4 2

2 2

(5.67 10 W/m K )(293 K) 418 W/m

(418 W/m )(1.72 m ) 719 W

I T

P IA

σ −= = × ⋅ =

= = =
 

 
Thus the net power radiated by a person is about 150 W. 

 
21. 4 8 2 4 5 2(5.67 10  W/m K )(1750 K) 5.32 10  W/mI Tσ −= = × ⋅ = ×  
 

2 5 2 3 2( ) (5.32 10  W/m ) (0.62 10  m) 0.64 WP IA I rπ π −= = = × × =  
 
22. This small wavelength interval can be treated as a differential dλ.  At T = 1546 K, 

5(8.6174 10 eV/K)(1546 K) 0.1332 eVkT −= × = .  From Equation 3.39 we obtain 
2

5 /

34 8 2 9
2

9 5 (1240eV nm)/(932 nm)(0.1332 eV)

2 1( )
1

2 (6.626 10  J s)(2.998 10  m/s) (1.74 10  m) 42.5 W/m
(932 10  m) ( 1)

hc kT

hcdI I d d
e

e

λ

πλ λ λ
λ

π − −

− ⋅

= =
−

× ⋅ × ×
= =

× −

 

 
23. (a)  We consider an interval of width dλ = 2.0 nm at a central wavelength of 531.0 nm.  

At T = 6000 K, 5(8.6174 10 eV/K)(6000 K) 0.517 eVkT −= × = .  The intensity in this 
interval is 

 
2

5 /

34 8 2 9
5 2

9 5 (1240eV nm)/(531.0 nm)(0.517 eV)

2 1( )
1

2 (6.626 10  J s)(2.998 10  m/s) (2.0 10 m) 1.96 10  W/m
(531.0 10  m) ( 1)

hc kT

hcdI I d d
e

e

λ

πλ λ λ
λ

π − −

− ⋅

= =
−

× ⋅ × ×
= = ×

× −

 

 
(b)  The total radiant intensity emitted by the Sun is 

 
4 8 2 4 4 7 2(5.67 10  W/m K )(6000 K) 7.35 10 W/mI Tσ −= = × ⋅ = ×  

 
The fraction is then 

 
5 2

7 2

1.96 10 W/m 0.0027 0.27%
7.35 10 W/m

×
= =

×
 

 
 
24. 2 2 2 2 2 2 4

e e( ) ( 2 cos )E m c E c p pp p m cθ′ ′ ′+ − = − + +  
 

2 2 2 4 2 2 2 2 2 2 2 2 4
e e e e2 2 2 2 cosE E m c Em c EE E m c c p c pp c p m cθ′ ′ ′ ′ ′+ + + − − = − + +  

 
 With 2 2 2 2 2 2and ,E c p E c p′ ′= =  
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interval is 

 
2

5 /

34 8 2 9
5 2

9 5 (1240eV nm)/(531.0 nm)(0.517 eV)

2 1( )
1

2 (6.626 10  J s)(2.998 10  m/s) (2.0 10 m) 1.96 10  W/m
(531.0 10  m) ( 1)

hc kT

hcdI I d d
e

e

λ

πλ λ λ
λ

π − −

− ⋅

= =
−

× ⋅ × ×
= = ×

× −

 

 
(b)  The total radiant intensity emitted by the Sun is 

 
4 8 2 4 4 7 2(5.67 10  W/m K )(6000 K) 7.35 10 W/mI Tσ −= = × ⋅ = ×  

 
The fraction is then 

 
5 2

7 2

1.96 10 W/m 0.0027 0.27%
7.35 10 W/m

×
= =

×
 

 
 
24. 2 2 2 2 2 2 4

e e( ) ( 2 cos )E m c E c p pp p m cθ′ ′ ′+ − = − + +  
 

2 2 2 4 2 2 2 2 2 2 2 2 4
e e e e2 2 2 2 cosE E m c Em c EE E m c c p c pp c p m cθ′ ′ ′ ′ ′+ + + − − = − + +  

 
 With 2 2 2 2 2 2and ,E c p E c p′ ′= =  
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4 8 2 4 4 2

2 2

(5.67 10 W/m K )(293 K) 418 W/m

(418 W/m )(1.72 m ) 719 W

I T

P IA

σ −= = × ⋅ =

= = =
 

 
Thus the net power radiated by a person is about 150 W. 

 
21. 4 8 2 4 5 2(5.67 10  W/m K )(1750 K) 5.32 10  W/mI Tσ −= = × ⋅ = ×  
 

2 5 2 3 2( ) (5.32 10  W/m ) (0.62 10  m) 0.64 WP IA I rπ π −= = = × × =  
 
22. This small wavelength interval can be treated as a differential dλ.  At T = 1546 K, 

5(8.6174 10 eV/K)(1546 K) 0.1332 eVkT −= × = .  From Equation 3.39 we obtain 
2

5 /

34 8 2 9
2

9 5 (1240eV nm)/(932 nm)(0.1332 eV)

2 1( )
1

2 (6.626 10  J s)(2.998 10  m/s) (1.74 10  m) 42.5 W/m
(932 10  m) ( 1)

hc kT

hcdI I d d
e

e

λ

πλ λ λ
λ

π − −

− ⋅

= =
−

× ⋅ × ×
= =

× −

 

 
23. (a)  We consider an interval of width dλ = 2.0 nm at a central wavelength of 531.0 nm.  

At T = 6000 K, 5(8.6174 10 eV/K)(6000 K) 0.517 eVkT −= × = .  The intensity in this 
interval is 
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34 8 2 9
5 2
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2 1( )
1

2 (6.626 10  J s)(2.998 10  m/s) (2.0 10 m) 1.96 10  W/m
(531.0 10  m) ( 1)

hc kT

hcdI I d d
e

e

λ

πλ λ λ
λ

π − −

− ⋅
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−

× ⋅ × ×
= = ×

× −

 

 
(b)  The total radiant intensity emitted by the Sun is 

 
4 8 2 4 4 7 2(5.67 10  W/m K )(6000 K) 7.35 10 W/mI Tσ −= = × ⋅ = ×  

 
The fraction is then 

 
5 2

7 2

1.96 10 W/m 0.0027 0.27%
7.35 10 W/m

×
= =

×
 

 
 
24. 2 2 2 2 2 2 4

e e( ) ( 2 cos )E m c E c p pp p m cθ′ ′ ′+ − = − + +  
 

2 2 2 4 2 2 2 2 2 2 2 2 4
e e e e2 2 2 2 cosE E m c Em c EE E m c c p c pp c p m cθ′ ′ ′ ′ ′+ + + − − = − + +  

 
 With 2 2 2 2 2 2and ,E c p E c p′ ′= =  




