Modern Physics: PHY-104 Spring Semester 2018

Solution Tutorial 5: Modern Physics

1. An electron is confined in an infinite well of 30 cm width.
(a) What is the ground-state energy?

(b) In this state, what is the probability that the electron would be found within 10
cm of the left-hand wall?

(c) If the electron instead has an energy of 1.0 eV, what is the probability that it
would be found within 10 cm of the left-hand wall?

(d) For the 1-eV electron, what is the distance between nodes and the minimum

possible fractional decrease in energy?
Answer 1:

(a) For an infinite square well, the energy is,

B w2h2n?
" 2mL2
For the ground state, n = 1 and the corresponding energy is,
2h2
B = —
2mL?

72(1.054 x 10734 J sec)?
2(9.1 x 10731 kg)(0.3 m)?
= 6.71 x 1077 J.

(b) The wavefunction for an infinite square well is,
2
o =z
/2
wl = Z sin (77_;> .

The probability of finding the electron within 10 cm of the left-hand wall is,
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PO<x<0.1lm) = i ¥ (x)p(x)dx
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01 (1 — cos(2nz/L))
/0 5 dx

;
%/Oo'lu — cos(2r/L))dx
Ly st/

L 27 /L
= 0.21.

0

(c) If the electron has 1.0 eV of energy, then,

2h2 2
% — 16x1079]
m
s 2mL*(1.6 x 10717)
o= m2h2
~2(9.11 x 1073 kg)(0.3m)?(1.6 x 1071 J)
7m2(1.054 x 10734 J sec)?
= 2.38 x 10'7
n = 4.88 x 108,

With this energy of electron, the probability of finding it within 10 cm of left-hand
wall is,

P(O<z<0lm) = /0 Wt @)(z)dz

0.1

2
= Z/ sin(nmz/L)dx
0
_ 2/0'1 (1-— cos(2n7rx/L))dx
L/, 2
1 0.1
= z/ (1 — cos(2nmz/L))dx
0
1 - sin(2nmx /L)1
L 2nm/L |,
= 0.33.
(d) We know that,
A
I = n2
"3
2L
A = =
n
Now the distance between the nodes is,
A_ L 03
2 2 48x108

= 6.15 A.
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The maximum possible fractional decrease in energy is thus,

AFE E,—E, 1

E E,
= (n—1)

n2

21

T on on?

since n = 4.8 x 108, the minimum fractional decrease in energy is,

AE
—— =41x107?J.

2. A 50 eV electron is trapped in a finite well. How “far” (in eV) is it from being free

if the penetration length of its wave function into the classically forbidden region is 1

nm?

Answer 2:

The penetration depth ¢ is given by,

5 = f =1x10%m
2m(Uy — E)
h2

2l = E) = 554070 m)2

h2
—_F =
bo 2m(1 x 10~9m)?

= 38.2meV.




