
QM2 Concept Test 17.3

Sally uses the WKB approximation to evaluate the 
approximate wavefunction and energy of a particle (in the 𝑛𝑛th 
stationary state with energy 𝐸𝐸𝑛𝑛) interacting with a potential 
energy well defined by 𝑉𝑉(𝑥𝑥).  Choose all of the following 
statements that are correct about the WKB approximation.

1) It is a semi-classical approximation.
2) It works well when the potential energy changes slowly on 

the length scale of the wavelength of the particle.  
3) It works well for high 𝑛𝑛 stationary states.

A.  1 only  B.  1 and 2 only  C.  1 and 3 only  D.  2 and 3 only  
E.  All of the above.



QM2 Concept Test 17.4

A particle in a bound state with energy 𝐸𝐸 is interacting with 
potential energy well given by 𝑉𝑉(𝑥𝑥). If 𝑉𝑉(𝑥𝑥) is not constant but 
varies slowly in comparison to the wavelength 𝜆𝜆 of the particle, 
choose all of the following statements that are correct.

1) Over a region containing many full wavelengths, the potential 
energy is essentially constant.

2) The wavefunction Ψ 𝑥𝑥 of the particle remains practically 
sinusoidal in classically allowed regions.

3) Near the classical turning points (𝐸𝐸 ≈ 𝑉𝑉), the wavelength of the 
particle goes to zero.

A.  1 only  B.  2 only  C.  1 and 2 only  D.  2 and 3 only  E.  All of 
the above



QM2 Concept Test 17.5

A particle interacts with an infinite square well where the potential 
energy 𝑉𝑉(𝑥𝑥) has a bumpy bottom between 0 < 𝑥𝑥 < 𝑎𝑎 as shown in the 
figure below.  𝑉𝑉(𝑥𝑥) changes slowly compared to the relevant wavelength 
of the particle.  Choose all of the following statements that are correct for 
large energy states (n>>1).

1) Inside the well, the wavefunction can be approximated as Ψ(𝑥𝑥) ≅
1
𝑝𝑝(𝑥𝑥)

𝐶𝐶1 sin𝜙𝜙 𝑥𝑥 + 𝐶𝐶2 cos𝜙𝜙 𝑥𝑥 .

2) The phase at 𝑥𝑥 = 𝑎𝑎 is 𝜙𝜙 𝑎𝑎 = 𝑛𝑛𝑛𝑛
3)∫0

𝑎𝑎 𝑝𝑝 𝑥𝑥 𝑑𝑑𝑑𝑑 = 𝑛𝑛𝜋𝜋𝜋 .
A. 1 only  
B. 1 and 2 only  
C. 1 and 3 only  
D.  2 and 3 only  
E.  All of the above.



QM2 Concept Test 17.6

A particle interacts with a potential energy barrier where the potential 
energy 𝑉𝑉(𝑥𝑥) has a bumpy top between 0 < 𝑥𝑥 < 𝑎𝑎 as shown in the figure 
below.  𝑉𝑉(𝑥𝑥) changes slowly compared to the relevant wavelength of the 
particle.  Choose all of the following statements that are correct for the 
particle with the energy shown.
1) The region between 𝑥𝑥 = 0 and 𝑥𝑥 = 𝑎𝑎 is classically forbidden.
2) In the tunneling region, the approximate stationary state is of the form
Ψ 𝑥𝑥 ≅ 𝐶𝐶

𝑝𝑝 𝑥𝑥
𝑒𝑒
1
ℏ ∫0

𝑥𝑥 𝑝𝑝 𝑥𝑥′ 𝑑𝑑𝑥𝑥′ + 𝐷𝐷
𝑝𝑝(𝑥𝑥)

𝑒𝑒−
1
ℏ ∫0

𝑥𝑥 𝑝𝑝(𝑥𝑥′) 𝑑𝑑𝑥𝑥′.

3) If the barrier is very wide and/or high, then in the tunneling region 

the wavefunction is very close to Ψ 𝑥𝑥 ≅ 𝐶𝐶
𝑝𝑝 𝑥𝑥

𝑒𝑒
1
ℏ ∫0

𝑥𝑥 𝑝𝑝 𝑥𝑥′ 𝑑𝑑𝑥𝑥′.

A. 1 only  
B. B.  2 only  
C.  1 and 2 only  
D.  2 and 3 only  
E.  All of the above



QM2 Concept Test 17.7

Using the WKB approximation, the probability of a particle tunneling 
through a wide potential energy barrier of width 𝑎𝑎 is 𝑇𝑇 ≅ 𝑒𝑒−2𝛾𝛾, where 
𝛾𝛾 = 1

ℏ ∫0
𝑎𝑎 𝑝𝑝(𝑥𝑥) 𝑑𝑑𝑑𝑑 = 1

ℏ ∫0
𝑎𝑎 2𝑚𝑚 𝐸𝐸 − 𝑉𝑉(𝑥𝑥) 𝑑𝑑𝑑𝑑. In alpha decay of 

uranium, assume that the alpha particle with energy 𝐸𝐸 interacts with a 
potential energy curve as shown below.  If the average speed of the alpha 
particle is 𝑣𝑣, choose all of the following statements that are correct.
1) The average time between the “collisions” of the alpha particle with 

the “wall” is 2𝑟𝑟1
𝑣𝑣

.
2) The probability of the escape of an alpha 
particle at each collision is 𝑒𝑒−2𝛾𝛾.
3) The lifetime of the uranium nucleus is
𝜏𝜏 = 2𝑟𝑟1

𝑣𝑣
𝑒𝑒2𝛾𝛾.

A. 1 only           B.  1 and 2 only  
C.  1 and 3 only  D. 2  and 3 only  
E.  All of the above.
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