
More tunneling and  
alpha decay and other applications 



 We’ve seen this barrier 
before, but now E < U0 

 Classically, the particle 
cannot penetrate the barrier. 

 Quantum allows for particle 
to tunnel through barrier. 



 Solutions outside barrier are the same as what we had 
in E > U0 case. 

 Solution in region of barrier are exponentials.  

𝜓𝜓𝑥𝑥<0 𝑥𝑥 = 𝐴𝐴𝐴𝐴+𝑖𝑖𝑖𝑖𝑥𝑥 +𝐵𝐵𝐴𝐴−𝑖𝑖𝑖𝑖𝑥𝑥 

𝜓𝜓𝑥𝑥>𝐿𝐿 𝑥𝑥 = 𝐹𝐹𝐴𝐴+𝑖𝑖𝑖𝑖𝑥𝑥 

𝜓𝜓0<𝑥𝑥<𝐿𝐿 𝑥𝑥 = 𝐶𝐶𝐴𝐴+𝛼𝛼𝑥𝑥+𝐷𝐷𝐴𝐴−𝛼𝛼𝑥𝑥 



 The solution in the barrier does not represent left and 
right moving particles.  

 The momentum (and wave number) are imaginary, 
and the KE is negative.  

𝜓𝜓𝑥𝑥<0 𝑥𝑥 = 𝐴𝐴𝐴𝐴+𝑖𝑖𝑖𝑖𝑥𝑥 +𝐵𝐵𝐴𝐴−𝑖𝑖𝑖𝑖𝑥𝑥 

𝜓𝜓𝑥𝑥>𝐿𝐿 𝑥𝑥 = 𝐹𝐹𝐴𝐴+𝑖𝑖𝑖𝑖𝑥𝑥 

𝜓𝜓0<𝑥𝑥<𝐿𝐿 𝑥𝑥 = 𝐶𝐶𝐴𝐴+𝛼𝛼𝑥𝑥+𝐷𝐷𝐴𝐴−𝛼𝛼𝑥𝑥 



 Remember shorter 
wavelength means more 

KE: 𝐾𝐾 = 𝑝𝑝2

2𝑚𝑚
= ℎ2

2𝑚𝑚𝜆𝜆2
 

 We see lower KE over 
barrier and to the right of 
the barrier.  

 E1 and E2 are below 
barrier. 

 E4 is at first resonance. 
(2L = λ) 
 



After applying the boundary 
conditions, we find the reflection 
and transmission probabilities: 

 
 
 
 
 

 



In the limit L →∞, the barrier becomes as step and 
 
 
 
 
 

 



 Frustrated total internal 
reflection. 

 Wave is totally internally 
reflected, but there is 
exponential decay outside.  

 If a second medium is 
present, the wave can be 
transmitted.  

 Gap is analogous to barrier 



 If barrier is wide,  
 
 
 

 Then the transmission probability is approximated in a 
simpler form: 
 



 An electron encounters a barrier of height 5.0 eV and 
width 1.6 nm. What is the transmission probability if 
its energy is (a)2.0 eV and (b)  3.0 eV? 



 Ch 6: 21 and 24 
 Due Thursday after T-

day break (03DEC15) 
 There will be more! 



 Alpha particle consists of 
two neutrons and two 
protons. 

 Alpha decay: an unstable 
parent nucleus emits an 
alpha particle. The 
remaining nucleus is the 
daughter.  

 The daughter has less 
energy (and may be stable.) 



 Strong force is an attractive, 
short-range force between 
nucleons (quarks really).  

 At close range, the strong 
force dominates over the 
Coulomb repulsion.  

 Alpha particle in nucleus 
does not have enough 
energy to go over the 
barrier. It must tunnel out. 



 Electrons must tunnel 
through vacuum 
between atoms and tip. 

 Measured tunneling 
current depends on 
probability of tunneling.  

 So currents used to 
image surface. 



 A missing atom seen in iodine 
pattern 

 Atoms in surface of iron. 
 The strong electric force 

between tip and atoms can be 
used to move atoms around. 
So STM can be used to create 
nanostructures such as the 
ring shown. 



 Ch 6: 21,  24, 32 and 35 
 Due Thursday after T-

day break (03DEC15) 
 There will be more! 
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