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An electron (charge e) is moving inside a parallel capacitor of constant electric field
with separation L and fixed voltage difference V. Write down the time independent
Schrodinger equation for the stationary states Yz (x) of energy E in 0 < x < L. Can you
guess if its energy is quantized? Why? No need to solve it. (15)
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fi#’% © The potential energy of the electron is V(x) = eLﬁx. Therefore the time

independent Schrodinger equation is

h? d*g(x) h? d2¢E(x)
Tom dxZ + V() Yp(x) = —5= x-Pg(x) = E-¢e(x)

2m  dx?

This is a complicated differential equation. The solution we have for step potential: 1 =

Ae'™ + Re~™* totally cannot apply here. Some of you still copy here the formula

’%;V(x» But it does not make sense. The lefthand side is a constant but the

righthand side is x-dependent.
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I’ll talk about this case next semester.

A particle’s wavefunction at t = 0 is:

30
Y(x,0) = Ex(a—x) 0<x<a,

=0 x<0,x>a
Calculate the expectation values: (x2), (p?). (25) ¥&/R ' p = —ih%
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In (p?), you must keep the two derivatives in the middle to get the right answer. To
see why, check out my careful discussion in the PowerPoint file. You cannot move
derivative operators around in your formula. That is a key difference between

classical and quantum physics!

Consider an infinite potential box, with boundaries at x = 0 and x = a:

V(x) =00,x>a,x<0andV(x) =0,0 < x <a.
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As we have shown in class, in this potential the energy eigenstate can be written as

: o K2\ n2 . o
\/g sin % with eigenvalues E,, = (%) Z—an (you can use the notation E,, to simplify

your answers) . Assume the wavefunction of a particle at t = 0 (probability already

normalized to one) is:
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Y(x,0)= |=| [-sin— |+ |=| [—sin— 0<x<a,
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A. Att = 0, make an energy measurement. What are the values it could possibly give?
What are the corresponding probabilities? Do they add up to one? What is the
expectation value of energy. (20)

Hint: Expectation value is the sum of the measured value times the probability.
B. For a later time t = t,, write down the wave function Y (x, t,). There is no need to

simplify the answer. (15)
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A.¥(x,0) :\/§<\Esin2—x>+\/§<\/§sin?>=\/%ul(x)+\/§u2(x).Thewave

function is a superposition of the eigenfunction u,, u, of eigenvalues E;, E,, with

i

amplitudes ¢; = \/%, Cp = \/g, ,cp = 0,m> 2. You can simply see it from the

formula or use the formula c,, = f_oooo dx - u,(x)* - Y (x) and orthogonality theorem
f_oooo dx Uy, (x)* - up(x) = 6y to get it. The energy could only be E; or E,. The

corresponding probabilities are the square of the magnitudes c; and c,: g and % °

They add up to one. The expectation value of energy is (E) = §E1 + %Ez.
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An electron moving from left x = —oo to right x = oo is scattered by a step potential at
x = 0. The step potential is: V = 0, x < 0 and V = Vy, x > 0. But we do not know the
value of V, but are sure about E and that E < ;.




As we have shown in class, the wave function of the stationary state (incoming from left,

scattering by the potential) of this potential for E < V, can be written as:

2mE

Pp(x) = ef* 4 g728e7ikx  xy <0 k= 2

Yp(x) =Te™ x>0 k=

VA
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T (complex) and 6 (Real) are constants. § can be measured in experiment. Assume

?(Vo —E)

that the measured value is § = %. From this data we can calculate the value of V.

A. Write the two continuity conditions for the wavefunction and its derivative. They

could relate T,§ in terms of k, k. (5)
B. Calculate the value of S and then V; in terms of E. (20)
$&7~ ¢ Write down the two continuity conditions, cancel T and then plug in the angle

k
8 = Zto calculate =.
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Continuity conditions: for the wavefunction and its derivative to be equal at x = 0.
1+e 20 =T
k — ke=?% = ixT
B RAS =2

k (1 - e_i%) = ix (1 + e—ig)
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