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Please answer all questions

1. The wave function of an electron that executes an one-dimensional
motion along x has, at a certain moment, the form
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where x is measured in 4.

a) What is the wavelength of this electron?
(2 marks)

b) What is the electron’s velocity?
(2 marks)

Solution: A) The wavenumber is
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2. A beam of particles of energy E =9 eV is directed towards a
potential step (of positive potential energy) and 4% of its particles

are reflected. What is the “height” V of this potential?
(3 marks)

Solution: The reflection probability is
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Put x=,/9—- Vv, and remember that x > 0.

2
0.04:[33) =0.04(3+x) =(3-x) =5 0.04(x* +6x+9) = (x>~ 6x+9)

= 0.96x” — 6.24x+8.64 =0
Solving this you get
x =45 x,=2

Thus

45=,9-V, =>9-V,=2025=V,=-11.25eV impossible
2=\9-V,=9-V,=4=V =5V

3. An electron is trapped in an one-dimensional finite potential well of

0
depth 7, =11.6 eV and of width a=104. Calculate the number of
bound states.

(2 marks)
Solution: The number of bound states in a finite well is given by
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=174

4. An electron with kinetic energy E = 5.00 eV is incident on a barrier
with thickness L = 0.200 nm and height Vo = 10.0 eV. What is the
probability that the electron

(a) Will tunnel through the barrier?
(2 marks)

(b) Will be reflected?



(2 marks)
Solution: The transmission probability is given by
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The reflection probability is

R =1-T=1-0.04=0.96

5. An electron and a proton move towards an orthogonal potential barrier
with the same energy. Their energy is lower than that of the barrier. Which
particle has the greater probability to go through?

(a) the electron
(b) the proton
(c) both have the same

(d) impossible to answer
(2 marks)

Correct answer is (a). The lighter a particle the easier to tunnel through.

Physical constants and formulas
h=6.63x10™J s, h=h/2x=1.055x10""J 5, 14=10""m, m =9.1x107" kg,
leV =1.6x10"J

For a particle wave: A=h/p and k=21 /A.

For an finite square well:
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For a potential step: £>V
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For a potential barrier of finite width: £>V
AE(E-V,)
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For a potential barrier of finite width: £ <V
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V2 sinh? (L(zm/rﬁ)o's,/rf0 - E)+4(V0 ~E)E

sinhx = %(e)r — e_x)

T =




