Lecture 5

The infinite square well summary:

V(x)
V)= {0 T efEen
o2 otherwise
0 a o y2rge
- / E n = 2 2
Solution: B mo
Stationary states: /\VM(IJ:\ = VYa.(x)e
—~—
Z o [T -
\.\}“(-xx = Z Sin ( A x) h"tll‘,..\

WP (k) = ES‘"(%”‘) e

Most general solution is a linear combination of stationary states:

= v
W['J‘.‘E): Z__C“—_LPA('JC:{)

n=I

how 4o Bd co s Wex, 0) G5 Rnown
r

t=0
Use Fourier's rice -
Ch = JA{/:(X) LP(I; O)OI‘)C_.
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Example

A particle in the infinite square well has the initial wave function
_k\l(’z,o\= A x(a-x) (o =xca)

for some constant A. Outside of the well, of course,F\P (=, D) =

Find W (x,€).

Solution

We already know that _Ent/E
i— 2. . /l“

V(x4 = ) _¢Cn |a 41/\ ) e n=12,3...
n=I

We need to find C,

J &4“" %LTI) Ww(x, 0) dx
"V*—/

0

’\P,\ (x)

First, we need to find A (normalize WW(y, 0) ). S (Y (x, 0) ll dx = 4 =9

\UJ

“ 2L 2 2L a
SlAl x(a-x) dx = |A] 5 =7 Ac-

[ = Js;'r\('_"f:c) 20 xla-x)dx
a A a
o '[ s even

415 L cos(0) - cos (nTT)) = 8lis i£ nis odd

(”)T)s nw)>’

("

Cn

1

- nlﬂztf/lmaz

2z |3 1 -
_ 3 (3 : N
Result: W[x,‘l:) = ,% (7‘,) 2 n?® Sin (7 x) e
n=1(3,5...
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L5. P3

What s cn ?

(R
lca) tells you the probability that a measurement of the energy would yield the

value En. Only the values En can be obtained as results of the energy measurements.
The sum of all these probabilities will be, of course, 1.

>

D lea

h=|

l&

= 4 (see proof in the textbook)

When we write that the wave function W (=, ) hasaform

’k\/ (x, '6) = Z__ Cn .\Pn (9('4:)

we say that this state is a superposition of states WP,L (x ,—H .

Let's now explore the concept of superposition further.
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Example

Suppose the particle starts as a linear combination (superposition) of two stationary
states:

\‘J(,x‘ O\ = Cq Yy lx) ¥ Cy W, (%)

We assume for simplicity that Ca and ¥, (< ) are real. What is the wave function

Y (x,t\ at subsequent times? Find the probability density and describe its motion.

Solution

—CEt/h —CE,t/h

Y (x4) =Cs¥a(x) e + Gt (x)e
CEct/h LEyt/h

[W (2, 6)| = (carts @ tCa¥a € )

—Eat/R ~E,t/h
(cie +c, e >

A

2 2 2 2
= G ot Gy,
CEit/t ~CELt IR CE /- iE/E
+  CC, M %, £ + GGy, e

(A

. 2 . _ (B cB.
:Cl U(i +CL%L+C1CL({1%L(Q +e/

where o =(E,- ENt/%
(e .
Now we wuse Ewler's formwfn.' g <CosO +iSinB =7

co -c® . .
e + @ = oSO + 1LSInO + 0sO-— LSin O ‘-20036

a 2 .
(W )] = ¢y t e, $o ¢ Acc, b, 05 LCE-E)HH]

The probability density oscillates sinusoidally, at an angular frequency (E.- E0)/k
This is not a stationary state anymore.

Computer simulation: http://www.falstad.com/mathphysics.html
1D Quantum mechanics applet
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