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Q23) [Read the Book, solved there]
The wavefunction
Yx) = Cxe~o*’
describes a state of the quantum oscillator, where the potential is given by
U(x) = —mcozx2
(a) Using Schrédinger’s equation, obtain an expressnon for a in terms of the oscillator mass
m and the classical frequency of vibration w.
(b) What is the energy of this state?

(c) Normalize this wave. 'Z\
(d) Find the uncertainty in the position Ax. (,"'
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Q24) [proved for all cases] Consider a square well having an infinite wall at x = 0 and a wall
of height U at x > L. For the case E < U, obtain solutions to the Schridinger equation inside the
well (0 <x <L) and in the region beyond (x > L) that satisfy the appropriate boundary
conditionsat x = 0 and x = oo. Find a relation that can be used to obtain the allowed energy levels
of this system.
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Q) [Solved in the Lecture] For particles incident on a step potential with E < Uj, show that
transmission probability for the particle is T = 0. Justify your answer.
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Q) [suggested Problem Q21] Suppose that a hydrogen atom is in the 3s state. Taking r = a,,
calculate values for (a) Y35 # (a,), (b)| 2 # (a,)]?, and (c) Pss(ag).

" 1 2 (1 2r 2r2) .
3s = N7 3 LT - e 3ao
4 (3(10)5 3a, 27ag

£ 1/
(«) Gla) =g o (1- % - F) "

(D

3
- ,l/TI_ﬂ_T_ (3__’6’_;)/?—% é- ]/3 _ 5’24’ )(;0'3”7-3/2_
| ‘ 3) _ 275 X0
(b”qﬁwﬂ :(5¢quﬁ).. ” C>
~2F

r4 2 2 _
©) Bg(a) = 474 [Ys(a)| = uma, w275 X10

_ assxi0 m!



g ?o‘/\}‘}

Q22) [Example in the lecture] The radial part of the wavefunction for the hydrogen atom in the
3d state is given by

R34(r) = Crie"/3%,
where € is a constant and a is the Bohr radius. Using this expression, calculate the average
value of r for an electron in this state.
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Q) [simple and gift] What are the possible values of m, if (a) £ = 3, and (b) £ =4, and (c) £ = 0?
Compute the minimum possible energy for each case for the Li** ion.
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(c) L=0 = n-1

E, =~ 13649 = _ 122.4 elf
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Q) [Example in Ch7 lecture] In a particular semiconductor device, electrons that are accelerated
through a potential of 5.0 V attempt to tunnel through a barrier of width 0.80 nm and height 6.0 V.
What fraction of the electrons are able to tunnel through the barrier if the potential is zero outside
the barrier? Which is more effective in preventing tunneling, the barrier potential height or the
barrier width?
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