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I. ¢8) Assuming that hydrogen siom has a circular eleciron orbit and the centripetal
force and the electsie force are balanced, calculate the total encrigy of the hydrogen
atom using classical dynamics. { 7%

{b) Bohr's condition for hydrugen atam is that an electron orhit contams an inicgral
nwmber of de Broghe wavelen-gths Find the atbital radius of bydrogen atem in this
Bohr model. ( § 7]

2. An clectron is confined in a one-dimensonal bos with stde . {a) Caleylate the

energy of the electron. (b) 1 the ground state crergy of the eleciron is equal to kT ar
304K, what is the value of LY (" 4% + 7%

3. Twa particles of wass m, and m, cespectively interact with each other in an otherwise
free space. Let ¥ P, be the momenta, and r,.r, bethe position vectors frelative o the
originy of the two particles in some frame of referenee {5) The Hamibtonian of the

2 3 1
. L Kir-r,
two-particle system is given by # = Al = +— I;_r_ —hL ) :
i, Im z
: . m
fa] [otroducing new vanables R = ﬁ, P=p +p, {the center-pfmass
: my o+ I,

.. . =mm .
posiion vector and e 1olal mﬂman[um] and r = r-F,.p= f-"l_._ll—,llz |:1]-.¢ rclative
i+

position vector and mamentum), express the Hamiltopian /f in teon of these new
varighles (Ifint: A shoawld be given in the form HIR Py+ Hir,p), whete H{R, P}
contains ohly B P, and H(r,p), only rp ] (7%

(b} Starting from the commutator relationship in the frame of refecence S, show that
the part FI(R.P) and Az p) in your cxpression of & in (2) commute, that is.
[H(R, PY, Hir,pi |20 { £ %)

{c) Mow solve the time-independent Schrodinger equation of the twe-particle BYSter
and find the energy and eigenstates in frame of reference S. { 7 44)
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4 A particle of mass m moves one-dimensionally in a potential ¥(x) =¥, l;m:[-;}

Suppose we are only interested i the ground state, thae is, the movement of the

particle close to the ongin, find the approximale value of the ground state energy.
(15%)

5. Wavetinetions and sytmetry,

i} Cousider 3 Hydrogen atom Plot qualitetively the wave fanction s (1), where 1 is
the distence of the clectron from the nucleuy. (5%}

ity Consider a ring of four coupled H-atoms. Suppose that the system has a 3-fold
retational symmetry, and that there 15 only one state (2. 15} on each isolated atom

Plot qualitatively the wavefinction of the lowest morgy eigenstate slonp the ring,
{10%%)

& . Chemical bond.

1) Explam why normally the energy of an electronic stale increases with s number of
nodes {10%))

) Cosuider an Hy' molecule (with one plus charge). Explain how the fornwtion of
chemical band lowers the kinetic snergy of clectrons. {10%)




