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1. In β-decay, the energies of the electrons emitted are of the order of few MeV. Using

uncertainty principle, argue that these electron do not emerge from the nucleus (Hint:

typical radius of the nucleus is about 5× 10−13 cm).

2. A linear combination of two wave functions for the same system is also a valid wave

function. Find the normalization constant B for the combination:

ψ(x) = B

[
sin(πx/L) + sin(2πx/L)

]
.

3. A photon with wavelength λ is absorbed by an electron confined to a box. As a result,

the electron moves from state n = 1 to n = 4. (a) Find the length of the box. (b)

What is the wavelength of the photon emitted in the transition of that electron from

the state n = 4 to the state n = 2.

4. Consider a particle in a box of width L. Its wave function at t = 0 is:

ψ(x, 0) = 3 sin(πx/L) + A sin(5πx/L) + 12 sin(6πx/L).

(a) Find A. (b) If you measured the energy of this particle, what values might you get

and with what probabilities? (c) Find ψ(x, t).

5. Find the probability that a particle in a box of width L can be found between x = 0

and x = L/n when it is in the nth state.

6. In a region of space, a particle with zero total energy has a wave function:

ψ(x) = Ax exp (−a(x2)).

(a) find the potential energy U as a function of x. (b) Make a sketch of U(x) versus

x.

7. An electron is represented by the time-independent wave function

ψ(x) = A exp(−ax) forx > 0

ψ(x) = A exp(ax) forx < 0
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(a) Sketch the wave function as a function of x. (b) Sketch the probability density

representing the likelihood that the electron is found between x and x + dx. (c)

Argue that this can be a physically reasonable wave function. (d) Normalize the wave

function. (e) Determine the probability of finding the electron somewhere in the range

x = −1/a to x = 1/a.

8. Electrons are ejected from a metallic surface with speeds ranging up to 4.60×105 m/s

when the light with a wavelength of 625 nm is used. What is the work function and

the cut-off frequency of this surface.

9. A photon is emitted as a hydrogen atom undergoes a transition from the n = 6 state

to the n = 2 state. Calculate: (a) the energy, (b) the wavelength, (c) the frequency of

the emitted photon.
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