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1. A 100 Mev photon collides with a proton that is at rest. What 15

the maximum possible cnergy loss for the photon? (The rest mass of
the proton is Mc? = 938Mev. You can assume it to be 1 Gev for
simplicity. (20%)

. Use the uncertainty relation to estimate the energy and the size of the

ground state of a Hydrogen-like atom with nuclear charge Ze. For
simplicity, you can use atomic unit , where m, = i = ¢ = 1. The unit
of energy and length is given by la.u. = 27.2¢V and apon, = 0.5294.
The Hamiltonian is given by {s-e z )

. At t =0 a onc-dimensional frec particle has the wave function
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W(a) = acxp 2027

where ¢ 18 ﬁ constant. Calculate

(a} the constant a. (5%)
(b) <z >, <x* > (10%)
(c) Az =+/< 2?2 > — <z >? (10%)

{(d}) Ap = /< p? > — < p>? by first calculate the momentum space
wave function for the system. (15%)

. 'The bonding and anti-honding states of two atoms can approximately

represented by the Hamiltonian matrix '
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where V* is the complex conjugate of the interaction matrix element
V. Calculate the energies of the bonding and the anti-bonding states.

Determine the splitting of the energies in both limit cases |V| > |e; -
ea] and |V} <€ le; — ea|. (20%)
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