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Classically, if a particle approaches a barrier
with B>V, it is transmitted. If E<V,, the
classical particle will be reflected but the
quantum particle can also tunnel through.



In Regions I,IT and IITI, the Schroedinger

equations are kX etbﬁx
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If we set

omE om(Vy — E)
‘g: h2 , R = h2 .
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the solutions are familiar:
ur(xr) = Aet® 4 Be ke
urr(x) = Ce ™ + De™

U[[](f) — Feikx—l—Ge_ikm.

Remember that ¢** moves right and e
moves left. In region III, we can set 6=0

because there is only a fransmitted wave
there.

At this point, we match solutions at x =0
and x =L, using, for example,
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UU(L) — UIH(L)
dU[](L) dU[][(L)

dx dx

with a similar expression connecting u; and

urr at x = 0. The interesting quantity is the
ratio |F|?/|A|2 that measures the tunneling
probability. Solving for F, one finds

Qe—ika
2 cosh(ka) + i(k/k — k/k) sinh(ka)|

L.
=

The tunneling probability is then
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|[F|* m V2 sinh?(kL) -
aE ' aEm B |

When «L is large, this becomes

F|? E( E) okl
> 16 — (1 — — e
A2 7 V)

Suppose an electron is accelerated through
a b volt potential and strikes a 10 volt
barrier of width 0.8 nm. What fraction of
the electrons penetrate the barrier?
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Here, L=0.8 nm, V,=10 eV, E=b eV and x is

V2m(Vo — E)
h
\/2(0.511 x 106eV/c?)(10eV — 5eV)

6.58 x 10~16eV s

3.43 x 1018~
k= > 115 %100t
C

From this, kL=9.2, which is large compared
to 1. We can then use

| F|? <5e\/)< (5ev>> 184 s
—— =10 1 — F=4.1x10"°.
A2 10eV 10ev/) € :
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Alpha decay of Polonium 212

| 212P0  %2Pb + 4a

L

E =8.78MeV

Ty, = 0.3us = 3x1077s




Tunnelling Probability

[16E(V0 E)]

|

— T=e

T =

ICI?

c°C

16k2p2

A2~

A*A

|

(ﬂZ + k2)2

I e—zﬁa

—-2Ba

Tunnelling probability equation

ﬁ:

1/ Zm(Vo = E)

h



Simplified approach
ry =TroAY/3 o = 1.2fm

r = 1.2(4'/3 +208'/3) = 9.01fm

Vo = 010 _ (82e)(2e)

7 4megr ~ 4mey(9.01x10715)
=4.19%x10712]
= 26.2MeV

8.78

r/frr;



Simplified approach

@G (82¢)(2e)

- - =269
4megE  4mey(8.78X1.6x10-13) fm

E/MeV

26.2
a=269fm-9.01fm= 179fm

8.78

9.01 26.9 r/fm



Simplified approach

| 2E j2x8.78x1.6x10-13

L O P ...
=M V= Im 4x1.67x10-27

= 2.06x10" m/s

v 2.06x107

~2r ~2x9.01x10-15 = L14x10%s7

9.01 26.9 r/fm
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A better model

17.9fm

9 % % % 0 r/fm

v

T = e~2Pa
Step Height/MeV | Tunnelling Probability

219 1561052

16.4 1.73 %:10™*

131 1.47 x 1073

11.0 9.33x 1073

9.4 8.46 X 1072
T'=2:33%1071°




A better model

E/MeV
17.9fm T = 2.33x10715 f = 1.14x10%1s"1
o [ Sauhe A= fT = 2.66x108s1
___________ 0.693
| Tyjp = —— ~2.6X1077 = 0.26ps
CERT) I )
110 fecccccaaaaa
9.4 fm=mmmmmmmo-
Experiment = 0.3us
> Not bad!

r/fm




A better model
E/MeV

a

T~e f:lz 2B (x)dx

B(x) =

JZm(V(x) —E)
h

\ 4

r/fm




