
Modern Physics: PHY-104 Spring Semester 2013

Recitation and individual homework 4

Quantum Leakage

In the recitation we will provide outlines to the solution, while you

will complete the homework working alone. You will be graded on

a coarse scale, with 0, 5, 10 or 15 marks. Solution will be provided

after the deadline, Monday 6 May, 10 am. I find it important

you do this assignment on your own to obtain a good working

knowledge of Schrodinger mechanics.
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Consider the potential energy barrier of length L and height V0 as shown above. An electron

is injected from the left. It has energy E < V0.

(a) Write down the wavefunctions in regions I, II and III. These wavefunctions should include

physically plausible terms. The Schrodinger equation (space part) is,

− ~2
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d2ψ(x)

dx2
+ V (x)ψ(x) = Eψ(x).

(b) Write down the boundary conditions at x = 0 and x = L.

(c) If a single electron is injected, will it be reflected from the wall at x = 0? Can it penetrate

through the obstacle and be found at x > L?

(d) Can the electron be “really”—I mean physically be found inside the region II? Use the

uncertainty principle to answer this question.

(e) Find the probability T that the incident electron from the far left is transmitted into

region III.
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(f) Now consider the Fig.(b) with, E < V0, E > W0, and V0 > W0.
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Using your result for part (e), find the transmission probability into region III.

(g) If the barrier in figure (a) is to act like a 50:50 beamsplitter, what are the required

conditions on E, V0 and L?
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