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Schrodinger's time-independent wave
equation
2
T ey ta)=0
Ox n
We know that

l//(x)=0 for xZ% and xS_—Za

We have

V(x)=0 for oy
2 2

so in this region

o’w(x) 2mE
8x2( )+h—21//(x)=0

The solution is of the form

t//(x): Acos kx + Bsin kx
where

= ’2hm2E

Boundary conditions:

—a +a
x)=0at x=—, x=—
w(x) > >
First mode solution:
Wl(x):Al cos kyx
where
222
hi
k, = LN E = il
a

2ma’
Second mode solution:

w,(x)=B, sink,x
where

2 4r’h?
kQ:—”:>E2: Th
a

2ma’
Third mode solution:

¥s (x) = 4; cos kyx
where

212
=3, 2

a 2ma’
Fourth mode solution:

v, (x)z B, sink,x

where
4 167°h*
k4 — _ﬂ. = E4 — ﬂ
a 2ma
2.33
(a) ForregionIl, x>0

o’ 2
TV 2y ()

General form of the solution is

v, (x)z 4, eXp(jkzx)"'Bz eXp(_jkzx)

where

2
kz = h_T(E_Vo)

Term with B, represents incident wave and

term with A, represents reflected wave.

Region I, x <0
%y, (x) | 2mE

axz hz !//I('x):()

General form of the solution is

0

v, (x)z 4, exp(jklx)+Bl exp(—jklx)

where
2mE

i ey



Term involving B, represents the

transmitted wave and the term involving A, Combining these two equations, we find

represents reflected wave: but if a particle is
transmitted into region I, it will not be 4, = (kz —k, j B,
reflected so that 4, =0. ky +k,
Then 2k,
v, (x)zB, exp(—jklx) B, = k, +k, "B,
V> (x) =4 exp(j k2x)+ B, exp(— Jks x) The reflection coefficient is
(b) . 2
Boundary conditions: R= ﬁ _ (kz —k j
(1) l//](x=0)=l//2(x=0) B,B, ky +k,
oy, oy, The transmission coefficient is
Q) —| =—F7 4k k
Ox |x=0 OX [x=0 T=1-R—>T= 1%
Applying the boundary conditions to the (k1 +k, )2
solutions, we find
B, =4,+8B,

k,A, —k,B, =—kB,

Question 3
h2n?m?
a)En = ez M= 1,2,3 for the 3 lowest energy levels

b) E1=1/2 m vi> (m is free electron rest mass)

c) The wave function is

Y(x) = \Esin(%) Where a=3A

For the position x, the expectation values defined as:
<x>= ffooo Y (x, t) x Px, t) dx The average value of x

The meaning of this value is the average value of position for a large number of
particles.
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we know that P,peraror = T == — the expectation value of momnetum is

i 0x
_ [P pax ~_ had
<p>= Toveax Where p = jox

— —sin
i Ox

h 0 . (nnx) _ hnm cos (nﬂx)

a ia

<p>= f_oooo Y (x) ? :—xllJ(x) dx = % (—inTﬂh) foa sin (%) cos (naﬂ) dx =0
<p?>
2m

<E>=[" ¢'(x

<E>=

_hZ 62 h2n2n.2
T e P dx = ——



