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Ceparated in Coppertino

Q: 2 Cu wires are seperated by insulating Oxide layer. Modeling the Oxide
layer as a square barrier of height U=10.0eV, estimate the transmission coeff
for an incident beam of electrons of E=7.0 eV when the layer thickness is 
(a) 5.0 nm (b) 1.0nm 

Q: If a 1.0 mA current in one of the intwined wires is incident on Oxide layer, how much of
this current passes thru the Oxide layer on to the adjacent wire if the layer thickness is 1.0nm?
What becomes of the remaining current? 
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t Measured on the first wire is sum of incident+reflected currents
and current measured on "adjacent" wire is the I  

Oxide layer

Wire #1 Wire #2

Oxide thickness makes all the difference !
That’s why from time-to-time one needs to
Scrape off the green stuff off the naked wires
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A Complicated Potential Barrier Can Be Broken Down 

U(x)

x
……

Can be broken down into a sum of successive Rectangular 
potential barriers for which we learnt to find the 
Transmission probability Ti

The Transmitted beam intensity thru one small barrier 
becomes incident beam intensity for the following one 

So on & so forth …till the particle escapes  with final 
Transmission prob T 

Integration 
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Multiplicative Transmission prob, ever decreasing but not 0
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Radioactivity: The α-particle & Steve McQueen Compared

• In a Nucleus such as Ra, Uranium etc α
particle rattles around parent nucleus, 
“hitting”the nuclear walls with a very 
high frequency (probing the “fence”), if 
the Transmission prob T>0, then 
eventually particle escapes

• Within nucleus, α particle is virtually 
free but is trapped by the Strong nuclear 
force 

• Once outside nucleus, the particle 
“sees” only the repulsive (+) columbic 
force (nuclear force too faint outside) 
which keeps it within nucleus

• Nuclear radius R = 10-14 m, Eα = 9MeV 
• Coulomb barrier U(r) =kq1q2/r

•At r=R, U(R) ≈ 30 MeV barrier
• α-particle, due to QM, tunnels  thru 
• It’s the sensitivity of T on Eα that 

accounts for the wide range in half-lives 
of radioactive nuclei
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Radioactivity Explained Roughly (..is enough!)
• Protons and neutrons rattling freely inside radioactive nucleus (R≅10-15m)
• Constantly morphing into clusters of protons and neutrons
• Proto-alpha particle =(2p+2n) of  ≈ 9 MeV prevented from getting out by the 

imposing Coulombic repulsion of remaining charge ( ≈ 30MeV)
• Escapes by tunneling thru Coloumb potential…but some puzzling features:
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• α particles emitted from all types of 
radioactive nuclei have roughly same KE 
 ≅ 4-9 MeV

• In contrast, the half live T(N e-1 N) 
differ by more than 20 orders of 
magnitude !

1.41x1010 yr4.05 MeV232Th
1.60x103 Yr4.90 MeV226Ra
27 days6.40 MeV240Cm
3x10-7 s8.95 MeV212Po
Half LifeKE of emitted αElement
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Radioactivity Explained Crudely 
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Radioactivity
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A more eloberate calculation (Bohm) yields ( )
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Half Lives Compared: Sharp dependence on Eα

 particles emerge with (a) E=4.05 MeV in Thorium (b) E=8.95 MeV in Polonium.
The Nuclear size R = 9 f
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Potential Barrier : An Unintuitive Result When E>U 
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Potential Barrier : An Unintuitive Result When E>U
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For all other energies, T<1 and R>0 !!! 

This is Quantum Mechanics in your face !
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Special Case: A Potential Step

X=0 X=L

U

∞

X= ∞

U= 0      for x < 0
U= U     for x ≥ 0 
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Transmission Probability in A Potential Step
∞
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The particle burrows into the skin of the step barrier. If one has a 
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