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Q1. (10 points)

(a) Find an expression for the de Broglie wavelength for an electron accelerated through a large
potential difference V.

(Hint: use relativistic linear momentum and energy.)
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(b) Calculate the de Broglie wavelength for a potentlal difference of 10 MV.
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(c) Calculate the percentage error introduced when the classical de Broglie wavelength is used
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Q2. (10 points)
(a) What is the difference between phase velocity and group velocity?
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The angular frequency of the surface waves in a liquid is given in terms of the wave number k by
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force on an element of the surface liquid). Find
(b) the phase velocity
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(c) and the group velocity for these surface waves
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(d) Do we have dispersion in this case? Explain.

SMQ‘L ’U} d&}}ed& o k )we /P\va OlA\.SFQ/rft\)r\ _



Q3. (10 points)
\f

Using the nonrelativistic Doppler formula (K = —Af) calculate the Doppler broadening, AA, of a 400
c

nm line emitted by a Hydrogen atom at 2000 K. Calculate the broadening by considerin& the atom to

. . . 3 .
be moving directly toward an observer. Take the kinetic energy to be K :EkBT , wWhere kg is

Boltzman constant and T is the temperature of the atom.

(Hint: Find first the speed of the atom)
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Q4. (10 points)

Consider a proton moving with a speed of 3.0 x 107 m/s along the x-axis. If the uncertainty in its

position is 0.01 x 107'° m, calculate the minimum uncertainty in
(a) its momentum
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(b) its speed
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(¢) its kinetic energy
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Q5. (10 points)

An electron is trapped in a one-dimensional region of length 1.0 x 107" m (a typical atomic
diameter).

(a) How much energy (in eV) must be supplied to excite the electron from the ground state to the

third excited state? =
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(b) In the third excited state, what is the probability of finding the electron in the region from
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(c) Draw a diagram showing the probability density for the third excited state and deduce from the
diagram the probability of finding the electron in the region x = 0.0 and x = 0.75x 107 m.
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Q6. (10 points)

Consider the wave function of the ground state of a simple harmonic oscillator. Calculate
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(f) Is the uncertainty principal violated? Explain.
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Q7. (10 points)

Consider an electron held in a three dimensional infinite potential well in the form

=0 0<x<LO<y<2L0<z<2L
U3} {oo otherwise

(a) Find the energies of the five lowest states
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(b) What are their corresponding normalized wavefunctions?
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Q8. (10 points)
(a) Write the radial wave function for the 2p states of the hydrogen atom.
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(b) Calculate the energy of the electron in this state.
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(c) Calculate the average value of r for an electron in the 2p of the hydrogen atom.\
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(d) Find the most probable distance of the electron from the proton when the electron is in this

state.
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FORMULA SHEET
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Constants: ;
e=16x107" C m, =9.1x107" kg h=105x107 J-s
m,=167x107"" kg c=3x10°m/s Iu=166x10" kg

k,=138x102J/K k=9x10° N-m’C’ m,’ =0.511 MeV mpc2 =938 MeV
a,=0.05292 nm





