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Quantum Physics Answer Sheet 5

1. The time-independent Schrodinger equation is

W )
2m  dz?

+V(@)p(z) = Ei(z).

If the wavefunction

bn(@) = { %sin(’%x) O<z<d

0 otherwise

is a normalised energy eigenfunction, the following conditions hold:

(a) ¥, () satisfies the boundary conditions: ,,(0) = ,,(d) = 0.
(b) 1, () satisfies the time-independent Schrodinger equation for 0 < = < d.

(¢) ¥ (x) is normalised.
Consider these conditions one by one:

(a) By inspection, 1, () satisfies the boundary conditions forn = 1,2, .. ..
(b) Substitute 1, (z) into the left-hand side of the Schrodinger equation for 0 < x < d:

h? A, (z) h? d*,(z)
2m da? +V(@)gn(z) " 2m da?

_ _ﬁ?fcﬂs- (m)
~ omVdd2™M\ 4

_ W(m)?f- (rme)
~ om\ad /) Va4

= E,(zr), where FE, =

[V(z) =0for0 <z < d]

h*n2m?

2md?
Hence, 1, () satisfies the time-independent Schrodinger equation in the region 0 <
x < d. The corresponding energy eigenvalue is E,, = h*n?r?/2md>.

(c) If ¢, () is normalised, the integral

N o= [ dr

must be equal to 1. Check this by evaluating the integral:

2 4, /nmx 2 d
N—g/OSln (d)dx—dx2—].

Hence, v,,(x) is normalised.
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2. Using the result of Q1, the energy eigenvalues are:

h*n?m?
En = W n = 1, 2, cee

The energy emitted as the nucleon falls from the n = 2 level to the n = 1 level is
3nPr? 3% (1.05 x 1073)? x 7

omd? 2% 1.67 x 1027 x (10-1%)2

~ 98x107"J &~ 610MeV .

EQ—El =

This is a sensible number. The energy released in fission is about 200 MeV per nucleus.

3. (a) The energy difference AE = he/\ = 6.63 x 10734 x 3 x 1078/5.5 x 1077 = 3.62 x
10719,

(b) We can use again the result derived in Q1 (or the result from lecture which is equiva-
lent):

h*n?m?
En = W n = 1, 2, cee

The transition is between the n= 2 and n= 1 states so that:

3h2m?
AE = ——
2md?
So we can rearrange this to find d:
J - h*n2m2
2mAFE
. . —34\2 7T2 _
Which gives d = 2X9.31Ti11'8§§1X3.)62XX10,19 =7.04 x 1070m

(¢)d o \/1/AE o VA
32

so going to 320 nm emission means that d should reduce by a factor % = 0.763, so
d=5.37 x 10719,

The depth of well could also be changed as the well is not exactly infinite this will change
the energy levels, at the same time the electron effective mass and the levels involved in
the transition could also be changed.
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6 ) Q\ = k; "hﬂ.
2 k: +k]1 C\Ii-\?j[)
Wk‘dt \‘113 7_~_'1 t omd “112 QM(E’Vo)
* w
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