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Lecture 13

Important reminder, we will take our departmental photo today, October 8th, at 
promptly 9:20am out on the front steps of the Science building. We haven’t 
taken a department photo since 2019. We strongly hope you will join us to 
freeze frame out time as a Physics & Astronomy family!



Chapter. 6
Unbound States

Outline:

• The Potential Step
• The Potential Barrier & Tunneling 
•  Alpha Decay & Other Applications
•  Particle-Wave Propagation

Potential Wall

E > U

A free electron encounters a 
potential step that is 
classically surmountable.

Case (1)

< 0



incident

reflected

transmitted

incident reflected

Probability Density

~ proportional to the 
number of particles 
per unit distance on 
the left of the step and 
moving to the right 

transmitted

< 0

The wave function 
and its derivative 
must be continuous at 
the point where the 
two regions meet. 

v = p / m= hk / m ~ k

Transmission Prob.

Reflection Prob.
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T + R = 1

C = [2k/(k+k’)]A

B = [(k-k’)/(k+k’)]A

Like in

Optics

Finally, we express the Prob. in terms of U0 & E *using the definitions of k, k’)

5 eV

2 eV

3 eV

Potential Wall (KE<U) – “Potential Step”

Case (2)



< 0

The solution is not oscillatory !

(exponentially damped wave function)

C = 0

> 0

However, the region to the right of the step extends forever, so 
we must throw out e+ax since it diverges as x à + infinity.

100% Reflected



“Penetration 

depth”

Exponentially decaying 
wave function outside the 
wall has the form
a|x| = 1, where x = 
distance from wall
d should be come 
deeper as the E nears 
the value of the 
confining U0

Reflection (R) &transmission (T) 
probabilities for a potential step

If E < U0à wave is totally reflected.
When E > U0à R falls rapidly with 
increasing E

Region 
II

Section 5.6

Would a 

particle 

penetrate 

all the way 

through?

6.2 The Potential Barrier 
&

Tunneling
• Tunneling is one of the most important & startling
   ideas in QM. 

• The simplest solution is a potential barrier, a PE 
   jumps that is only temporary.

• If a particle’s E < Barrier’s height. 
  it should not get through - classically

Potential Barrier





R(L)

T(L)

(!)

v = p / m= hk / m ~ k

Transmission Prob.

Reflection Prob.

Resonant Transmission

Is there any “L” that would give 

T = 1,  R = 0
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Resonant Transmission

Is there any “L” that would give 

T = 1,  R = 0
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= 0

Resonant Transmission

T = 1,  R = 0

for:


