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Time — independent Schrodinger equation : -
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2ml?
Harmonic oscillator: E, = (n+l)ha) ; P(x)= Ce ; E= —+ Kx’
2 2m 2
0 Cpp1ehd [p ] - : -
perators: [p,]= 75 ; [xI=x ; [H]= +[U(x)] eigenvalue : [Q]¥ =
1
Observables: < Q>= jdx‘P'(x)[Q]‘I’(x) ; uncertamty cAQ=+< 0% >-<0>?
: hk?
Free particle U=0) : ¥(x)=¢®® . E= 5= hw ; p=hk
m
g
~22m | dxJUG)-E
X
1

Transmission probability  : T(E)=e

Problem 1 (10 pts) Consider the following 5 wave functions:
¥ (x)=cosx

¥, (x) =

Y.(x)=e™

W, (x) = cos kx +sin kx

Y, (x) = cos kx +i sin kx

(a) Which are eigenfunctions of p" What are the eigenvalues?
(b) Which are eigenfunctions of p ? What are the elgenvalues?

(c) Do you know any other operator for which ¥, is an eigenfunction? If there is none,

explain why. If there is, write down its form.
(d) What are the uncertainties in momentum (Ap) and in position (Ax) for \¥,?
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Problem 2 (10 pts)

Electrons of energy E=U /2 are incident on the triangular barrier of height U;=128eV
shown in the figure. The width of the barrier is a=1A.

(a)Find I = J'dx«/ U(x)— E, where x, and x, are the classical turning points that enter in

X

the expression for the transmission probability. I should be in units ~/eV X A.

(b) If 10,000 electrons are incident on this barrier with this energy, estimate how many
electrons will be transmitted and how many will be reflected.

Problem 3 (10 pts)
20,
U,
E=U,
U E=U/2
E<U/2 [ - —>
—
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In the three barriers shown, electrons are incident with energy half the barrier height. The
transmission probability for barrier I is T,=10"%, and U;=1.25 eV. Barrier II is twice as high
as barrier I. Note that barrier I is twice as w1de as the other two barriers.

(a) Find the transmission probability for barrier II, T;,.

(b) Find the value of U, (in eV) for which the transmission in barrier III is the same as that
in barrier L.

Hint: It is not necessary to find the value of a.
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