PHYSICS DEPARTMENT COMPRENENSIVE EXANINATION £33
March 3%, 1979

General Instruchkions

This Comprehensive Examination for Spring 1979 {#33) consists of six
probiems of equal weﬁght_(%@ points sach). Half of the material is Judoad
to Do at intermediste undergraduate ievel, the other h&%f,aﬁlgradmat@ Tevel.
Work cavefully and show as ¢learly as possible all your steps so that
partial credit can be given Viberaliy n case you do not compiats & problem
o m&k@ errors. Uss mno scratch paper; do 211 work in the bluebook, using
- one bluebook per problem. ‘Use the exam paper for owestion #3, and m&k@‘guwﬁ
before you turn 16 in that 1% has your code number.

IT somathing is omitted from the statement of the probliem or y@& ferd
there are ambiguities, please get up and ask your question guietly and
privately, so &s wot te disturb the others. Put all materials, books, and
papers except pencil and bluebook, on the Ficor. -
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{18}

{5

. A single-alactron atom $5 9n an @?b%t&?‘p state. Ifs total angular
momentum quantum number § s 172,

{a} Derive the ralations connecting the product wave Functions of the
spin and orbital components of this system with the wave Ffunctions
af the total angular momentum,

3

(b} Prove that [¢|" s sphericsily symetrie,



2.

Tuo hostile spaceships, 3 and 8, approach sach other on a paraliel near-
coliision course at velativistic velecitias. § and $' have the same

‘proper length L and thelr veletive velocity is u. A leser gun protrudes

from the tall of 5 in a divection perpendicular to the direction of the
relative mobion., UWhen the pilot in the fromt tip of § is even with the
tail of 57, he Tives kis qun. However from his point of view, the length
of §° is contracted and the laser beaw passes harmlessly over the bow of
the snemy ship as shown fn the sketeh below, ‘

it w:ﬂm §

i e
w—=d g

ﬁ S

But from the polnt of view of 8, 1t 1s § whose length s c@ntra@teég and
the laser beam hits 1t broadside as shown below.

{2) Has 3' been BIT or not? IF 9t has beem Wit Find the paint a¥ shich
it has been hit. I¥ 1t bhas not been hi%, caloulate the distasmc. by
which 1€ has beun missed. You should assume that the twoe ships pass

so closely thet the propagation time of the lszser beam can be neglected.

(b Explain cavetully the origin of the appavent pavadox. Sketchk the
relative positions of the twe ships as %@@ﬁ‘by-ﬁg‘at the moment of
Firing. Give the coovrdinates of the Fors and aft of each ship in terms

of  some  convenient set of axes. |



3. Complete the following sentences in the space provided:
{a} By scatiering electrons from 2 crystal, Davissen and Germer orovided

avidence for

(b} The enevgy of an electron knocked out of a metal by a beam of Tight
depands on

(1

{ 11}

(381}
bt not op

{ v}

This s svidence for the guantization of

(e} Einsteln and Dehve applind Plancks hypothesis to the specific heat
of solids and were able to explain

{eontinued on nent page)



3.  {continued}

{d} Give an approximste vdlue in om For the size of
{ 1) A nydrogen atem.
{ 11} A& Tesd atom.
{111} Hydrogen nucleus {protond.
{ v} Lead nueleus.

£ v} The universe,
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"’é‘@

A rim%d rotator with the moment of inertis ﬁa hag z ma@neigﬁ roment
u = & which interacts with a magnetie Mald B contyibuting an axira

e af

term Hm “ u$&°ﬁ o the Humilitonian.
{&} Supposs B is untform 1n the ® direction

{ 1} UWhich of the following quantities ave @@néxan%s of the metion:
Lo Lvs ng teg parity. {Parity sends E into E }

(13} uhat are the energy levels of this rotator aﬁd what 1s t%w
degeneracy of cach level for the twe cases: B = (3 and 3 # 0

{b} Suppose 8 = 3 and the wave function of the rotator st 2ime ¢ = { is

1

w{8,¢, =) = = §a€§ + &0% 6
‘ &¢w

{ 4} For all possible values of the guantum numbers {o.m) give the
probability that the rotator has an angular momentum I8 with a

2 componant sk,

(11} What s the wave function at a Jater time t » 079



5. A particle of mass m is in a ove-dimonsional souare well with dimensions

-

shown below. It is inp an eigenstate at an energy Eq whose wave function heg two
nades . '
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(2} How many elgenstates are there with energles Jess then Eﬁ?

{b} Estimate how many eigenstales there are with energies £ such that

[

§E=§ %« f o« %’W

(el Evaluate the retic of probability densities p{%@fp@&) for the

efgenstate in terms of m, a, vﬁﬁ and hgn

Evaluate the ratfe of probebiiity densities e{a)}fo(0) for the
afgenstate in terms of w, a, Vg and Ey.

o
=
LR



{10}

Ho Aot

isolated two-Tevel system with 2 popelation iaversisn is eommonly

described as being at & negative temperaiuve.

fal

{e)

Using the First and second laws of thermodynamics, show Shat heat

will always flow spontaneousiy from a system at a negative femperature
into a system &t & positive temperature 17 they ave placed in thermai
contact.

i

Consider an isolatdd system of N particies sach of which has one of
o possible states. 5% of them are in a stéte at energy F?

and Mg are in a state at an energy E? = 4, The particies are at
thermal eoudlibrium with each sther, so bthey have g temperature T which
may be regative, Trealing ﬁﬁﬁA$y$ﬁﬁﬂ 8¢ & microcanonical ansamble with

an internal energy U = ﬁﬁﬁg % ﬁzﬁg and an entyopy

e
= f iw e ,@ﬂg g““ﬁmg"

£ 1} Derive the tehperaturs T.

{ 1) Find the range of values of ﬁzfx for which T < 4,

{148} Find the valus of T for which ﬁzfﬁ =

I¥ you cannot solve this problem tn terms of a mierocanonical ensemble,

you can get partdal credit and be in 2 position to answer par © 1F vou

use some other method, such as assuming a canonieal sngemble.

Rerive an expression Tor U in terms of T and show that the heat capacity

dU/dY is positive for all valies of T, which insures theymodynanic
stabitity.
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