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The particle is projected The particle has gained
upward. Energy is entirely potential energy, lost
kinetic. kinetic energy.
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The energy is entirely
potential at the turning
point.

Kd Ugd
The particle gains kinetic
energy and loses potential
energy as it falls.




The height of the TE line

is determined by how far

you stretch or compress
- the spring.

. The PE curve is
a parabola
determined by
the spring
constant.
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When you throw a ball at awall, you can be sure it will bounce You would be extremely surprised if the ball suddenly appeared on the
back at you. other side of the wall. In quantum mechanics this type of phenomenon

is called tunnelling and is exactly the type of phenomenon that has
given it a reputation for being bizarre and unintuitive.
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SRRy TUNNELING THROUGH A BARRIER

-t
i

OO0

NOLLMOS

A 2.0-eV electron encounters a barrier 5.0 eV high. What is the
probability that it will tunnel through the barrier if the barrier
width is (a) 1.00 nm and (b) 0.50 nm?

SOLUTION

IDENTIFY and SET UP: This problem uses the ideas of tunneling
through a rectangular barrier, as in Figs. 40.19 and 40.20. Our tar-
get variable is the tunneling probability T in Eq. (40.42), which
we evaluate for the given values E = 2.0 eV (electron energy),
U = 5.0eV (barrier height), m = 9.11 X 10731 kg (mass of the
electron), and L = 1.00 nm or 0.50 nm (barrier width).

EXECUTE: First we evaluate G and k in Eq. (40.42), using

e

20eV
50eV

. 2.0eV
50eV

G 3.8

=]
Uy— E=50eV —20eV=30eV=48x10"]

~ V2(9.11 X 107 kg)(4.8 X 1071°J)
1.055 X 107#7J-s

K =89 X 10°m™!

(@ When L = 1.00nm = 1.00 X 1077 m, we have 2kxL =
2(89 x 10°m N(1.00 X 10°m) = 17.8 and T = Ge L =
3Rer 0 TG

(b) When L = 0.50 nm, one-half of 1.00 nm, 2«L is one-half
of 17.8, or 8.9. Hence T = 3.8¢ 3 4 5.2 X 107~

EVALUATE: Halving the width of this barrier increases the tun-
neling probability T by a factor of (5.2 X 1074)/(7.1 X 107%) =
7.3 X 10°, or nearly ten thousand. The tunneling probability is an
extremely sensitive function of the barrier width.

N Ry F B a8k
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(a) A hypothetical potential-energy function U(x)

Unstable equilibrium points are maxima
in the potential-energy curve.
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(b) The correspondmg x—component of force F(x) = —dU(x)[dx

|
dUJdx < ol dUJdx > 0 IdU/dx <d dUldx >0 |dUJdx <0
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|
|
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F(x)
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(c) The force F, as a function of r
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anunens Near equilibrium, F, can be

approximated by a straight line.
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The equilibrium pointis at r = R

—10U,y/Ry - (where F, is zero).
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(b) Potential energy U of the two-atom system as a
function of r

U
=g Parabol
arabola
u(r) Near equilibrium, U can
U, I - be approximated by a
parabola.
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