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Chapter 1 
 
 

 
Solutions to Problems 

 
 

1.1 a. The minimum photon energy is equal to the metal work function: 
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     c. Visible part of the electromagnetic spectrum.           

 

1.2. Planck’s radiation law: )]1(/[2),( /52 −= TKhc behcTI λλπλ  

a. For large wavelength or high temperature: 

4

/

2
),(

1............11

λ
π

λ

λλ
λ

Tck
TI

Tk
hc

Tk
hce

b

bb

Tkhc b

=∴

≅−++=−
 

b. For short wavelength or low temperature: 
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1.3 a. Coulomb’s and Newton’s laws give: 
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 Angular momentum quantization gives: 
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1.4.  a. 
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1.6. a. 
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b. Visible region. 
 

    1.7.  
 

λ
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A: Absorption, where evE 86.2=Δ  
B: Emission, where  evE 967.0−=Δ   

      C: Emission, where evE 572.0−=Δ  
      D: Absorption, where evE 572.0=Δ  
 

a. B 
b. A 
c. B & C 
 
1.8.  
 
   Information a gives:  
 
                            11 )( φ+Δ= sVqhf  and 22 )( φ+Δ= sVqhf ,  
                            where VVV ss 48.421 =Δ−Δ  
                            ev48.412 =−∴ φφ  
 
 Information a and b gives: 
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1.9. a. The total energy flux, power per unit area, is given by the Stefan-Boltzmann 
law (see example 1.2.2): 
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1.10. For Balmer series, where 3≥n , 
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    This is an ultraviolet wavelength range. 
 
1.11. Planck’s radiation law: )]1(/[2),( /52 −= TKhc behcTI λλπλ  
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                Chapter 2 
 
 

 
Solutions to Problems 

 
 
2.1. a. Schrödinger equations for the three regions are given below.  
     Region I:    
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    c. R=1-T=0.96 
 
2.2. The first and second derivatives of the wave function are:  
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2.3. The first and second derivatives of the wave function are: 
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Substituting the second derivative above into the Schrödinger equation gives: 
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2.4. a. The minimum uncertainty in determining the position of the particle is: 
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b. The Bohr model of the hydrogen atom, an electron orbiting around a circular 

path, is not supported by the uncertainty principle. The uncertainty principle 
states that a particle confined to a region of space cannot have a unique single 
value of momentum. However, the Bohr model indicates that if we localized an 
electron at a distance r from the nucleus, we can exactly determine its velocity,   

rm
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which is a clear violation of the momentum and position uncertainty. 
 
 

2.5. a. 1s22s22p6 
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c. The angular momentum hh 2)1( =+= llL  where l=1 
d. hlz mL = =0, h , h−  where lm =0, 1, -1 
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2.6. Quantum mechanics does not allow the ground state energy to be zero. If we assume 
that an electron has zero minimum energy and that we are able to locate its exact 
position, then automatically we know its momentum is zero. That is a clear violation of 
the uncertainty principle.       
 
2.7. a. 
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b. Conservation of energy states that the total kinetic energy is equal to the 

electric potential energy: 
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2.8.  
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2.9. a. The energy equation can be rewritten using the uncertainty of position 
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2.10. The probability density when only one slit is open is given by 2
11 ||ψ=P  or 

2
22 ||ψ=P , where 1ψ and 2ψ are the wave functions of electron passing thru slit one and 

two respectively. If both slits are open, then: 
2

21 || ψψ +=P . 

At the interference maximum, the wave functions are in phase and the probability is 

written as: 
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Chapter 3 
 
 

 
Solutions to Problems 

 
 
3.1. )1()( 2
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b. The probability of finding the particle between –L and L is given by 
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TkEE bfeEf /)()( −−=∴ (this is a Boltzmann distribution function). 
 

3.4. a. The force at equilibrium position has to be zero: 
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c. Infrared region. 
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3.7. a. The angular momentum h)1(2
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   c.  

The radial probability density for the hydrogen ground state is obtained by multiplying 
the square of the wave function by a spherical shell volume element. 
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The 1S radial probability is shown in the figure above and the maximum probability 
density occurs at 0ar = . 

 
3.9 
When radiation strikes a semiconductor, it will often excite an electron to the 
conduction band and consequently leave a hole in the valence band. This process is 
known as the creation of an electron-hole pair. 

 

 
 

3.10. 
 
 The probability of finding an electron that has energy above the Fermi level increases 
dramatically when the temperature is very close to the Fermi temperature Tf: 
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Chapter 4 
 
 

 
Solutions to Problems 
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where ECBC IIII /&/ == αβ . 
 

4.2. a. The channel current for Vds=3V is: 
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4.3. 
a.  
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4.4. The DC output voltage can be approximated from the average of the input as: 
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w π  and the diode is 

reverse biased between t=π and 2π 
 

Ohm’s law gives VRIV Ldcdc 20==  
VVV dcm 8.62==∴ π . 
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4.6. The answers are given in section 4.1. 
 
4.7. The answers are given in section 4.2 and 4.3. 
 
4.8. The minimum photon energy is: 
 

min

196

834

min 243.1)
/106.1

1(
10

)/103)(1063.6(/

EE

ev
evJm

smsJhchfE

g ≤∴

=
×

×⋅×
=== −−

−

λ
 

Silicon is an appropriate material, since its Eg=1.14ev.  
 
4.9. The maximum photon energy we need is 5.5ev. If the photon energy is higher than 
5.5ev, the diamond will start absorbing the photon. 
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