PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #28

October 8, 1977

General Instructions

This Comprehensive Examination for Fall 1977 {$#28) consists of six
probiems of equal weight (20 points each). Half of the problems are judged
to be at intermediate undargraduate level, the other half at graduate level,
Werk carefully and show all your steps so that partial credit cap be given
tiberally in case you do not complete a problem. Use no scratch paper; do
all work in the bluebook, using one blushook per problem. )

If something is omitted from the statement of the problem or you feel
there are ambiguities, please get up and ask your question guietly and
privately, sc as not to disturd the others. Put all maierials, books, and
papers except pencii and blucbook, on the floor.

Some information vou may Tind useful:
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{20) 1. A uniform thin Film of transparent Viquid (soap 1lm) with thickness ¢

(15}

(5

2.

end refractive fndex n cavses interference in transwitied Tight due o
maltiple reflections within the fitm. For white Tight at novmal
incidence, derive an expression for the fraction T of transmitied
Tight at & glven wavelength A, and determine the ratio T /T

max’ “min for
adjoining transmission maxima and minima, assuming that n {s independent

of A.

{a) A projectile is Fired horizontally along the sarth’s surface. Show
that to a Tirst approximstion the angular deviation From the direg-
tion of fire resuiting from the Coriolis force varies Tinearly with
time at & rate » cos @, where « is the angular frequency of the
sarth’s rotation and ¢ is the colatitude.

{b) BDerive the divection of the Coliolis force as seen in the northern
hamisphere,
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3, The twe lowsst single-particie efgenfunctions of the infinitely desp
ong-dimensional square well preblem are given by

bylx) ﬁJ%;aas €%§', and b, {x) m-% $in {%?-g

va

whare -2 5 x £ a. Thase elgenfunctions are novmalized.

{5) {2} Determing the smallest single-particle energy eigenvalus Tor this
probian.
{ 5) (b} MNowmalize the following single-particle elgenfunction:

o{xd = vylu) + 2u,(x).

{ B} fc} Determine the selection rulels} for the one-particie dipole
transition matrin eiements for this problem.

{ &) {d} Consider two non-interscting farmions bound in an infinitely deep
one-dimensional square well. Weite out the suprassion for the space
part of the lowest emergy eidenfunction for this sysiem which has
odd parity snd is amtﬁ%ymm&&vﬁc with respect {6 suchange of
particies.
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Suppese that in the simple photodisseciation of a triatemic molecule
the dissociation process can be treeted as the braasksge, or rupture, of
a chemical bond. Thus, Tor example, the process

y!»@tg-wﬂgvéﬁ)s,

which d@m%mmt@ﬁ the sunlight photodestruction of ozone in the stwat@sphereg
could be d@pna&@ﬁ as shown below. (In fact the bond angle for 03 is 117¢
vather than 80°:; howsver, this represents a wminor correction of the
picture. )

O

The fmpulse, ;?@&!9 given sach phototragment during dissociation is assumed
to ogcur entirely along the iine shown. This fmpulse glives rise to released
enargy (RE), which s partitioned betwesn released kinetic energy (RKE)} and
interpal ezcitation of the 02 Tragment.

{a} What Traction of RKE is carried awsy by the O-atowm?
{b} Aszsume the @ m@%@&ui@ to be & classical rigld rotator, and determine

the w&sa?{@m h@twwﬁm RKE and the 02 rotational energy, ﬁﬁu Aiso,
determineg the ratio REJRKE.



(5

5n

G

A system conbalng N Tixed atoms per unit volume {i.e., 1n a crystal) which
are non~-intevacting end each atom gives risz to Tour two-zlectron states.
Each atomic state is described by am occcupancy number n = O, 1, or 2, and
& total spin which, because of the Pauli princinie, is non-zere only IF
= 1. The epergies of the possible states of each atom in a magnakic
field B are given in the table below:

n 3 E{n,s)
4] ¢ 0
i +1/2 ~Togs, B
3 -1/2 m3$mb3
i ¥ YALL!

in the table T is the binding energy of ar slectron, and U iz the repulsion
gnargy Yor twe electrons in the same ene-electron state.

{a)

{e)

{d}

Determine the grand partition function Z{B.g.n) for this system and
exprass it in 2 closed Form. Remowmber that g = 1k, and p {s the
chemical potential of an electvon {Fermi energy). Hint: For

K independent particles,

i ]
Z =K by @“ﬁggsngnﬁj} - wﬂjj

o

3 mjpsj

What is the magnetic moment M of the system?
What relation must ba satisPled 1F thers is spontanacus magnetizabicn?

Derive a relation which Fixes the walue of v, given the average number
of electrons per atom Is ¥, and alse given 8 and B.
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6. Suppose one were to bulld a radio telescope comsisting of N small,
eoually spaced antemnas mounted in a stratoht line.

{ 5) {a) Assume that the spacing of the individual antennas s d and the
wavelength of the source is A. Find the direction{s} of maximum
gain.

{ 5} {b) Find the power galn of this array as compared with a single
antenna.

{10} {c] Derive the angular resolubion function (sensitivity function)

for this apparatus.
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