PHYSICS DEPARTMNT COMPREHENSIVE EXAMINATION #23

Japuary 17, 1976

Genarval ITongbructlions

This Comprehensive Hxaminebion for Winter 1976 (#23) consists of six
probleme of equal weight {20 poinbs eank), Half of the problems ave Judged
to be s inbernediete undevgrzduste level, the other half ab gradusbe level.
Work cearefully spd ghow all your sbeps so thab pa;x*i;ia,.l ereddt can be given
Jiberalily io case you de nob complebe s problam. Use no scvabch paper; do
all work in the bluebook, using one bluebock per probleu.

If somebbing is omitted from bhe shabtement of the problem or you feel
there ere swbiguities, plesse get up and esk your guestion quietly end
privetely, go s not to disturb the others. Pub all metevials, books, and
papers, exeept peneil and bluebook, on the fioor.
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A parbicle of masg o moves in & one dimensionsl box of width L and
potential V sueh thet V=Q Ffor OE3L and Vee obherwise. 4% Gime
20 the nonormeliized wave funetlon of the particlie is

. ¥ . 3uw
1) e ¥ s jm o Jrsaier e
y( ,6) gin T A /8 gin I

{a) Find the normallzed wave fupchion at ell times #50.

(b} What are the pomsible oubcomes of a measursment of the enem*gy of the
vertinle? What sre the probebilitles of ohserving each value?

Caloulate the aversge value of the energy of the parbicle, <B».

{e} Wnet im the minimem time thab wust elepse before the probabilisy of
finding the perticle in the inberval x , x¥dx veturns to thebt of
the inltisl stabel
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A gz of molectulen baving o muber density n and temperabure T i
epclosed in o contalner whose dimensions sre lavgs compsred Lo bthe mean
Tree path of the woleoulen. A smwll hole of ares A 1z punched in s
gide of the conbalner and the gas is allowed 40 szcape slowly inbo an
evscuated spase. |

The wonormelized speed disbribution of the gos inside the conkainer
is

2

s
Wvidy = e ~ %v &

B

where % lg Boltzmennte consbent and m  is bthe molecular mass.

(2} Whet is the bobel mmber of molecules per gecond escaping the

container?
(b} Uhet is the speed distribubion, N@(v?d.v , of the escaping gas?

fe} Find the mesn speed, RM3 mpeed, and the most probeble speed of the

gas molecules in the conbainer.

(@} Pind the mean speed, KM spesd, and the wost probeble mpead of the

gas nolecules that escaps the conbeiner.

{e} Deseribe briefly, but criticelly, an experiment to determine Lhe
digtribubion of speeds for the wolecules of 2 ges 2t & fixed

wemperature T .
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e dn

A swall head of charge g is fixed at the botbom of a ring which lies

in o verbical plane. The radlus of the ring iz R . A second bhead of

like chorpe o ond mass m  slides without friction along the ring.

{a}

{b}

Find the neb torque, takewn shout the cenber of the ring, thet acks
oxt the gecond bead. Erpress the wesult as & functbion of the angle
& w

Find the equilibrium position ¢O ,» of the second bhead.

Mipd the frequency of mwall soplituvde oscillabions mede by the second
bead ahoub Bhe equilibriuvm angle, ¢0 . fAssume q2<<ng2 s that
the secopd head lies In the quadvapt shown. g Ls the acesleration

due to graviby.)

e




e

L, &n ideal transmission line consists of two {or more} perfect conduchors
of srbitrary uniform evoss-section thet exbend, say, in the z~direchilion.

{ 3} {a} Write an expression thab describes & monochromabic TEM weve that

vropagabes along the trenemissiom line in the peositive z-direction.

{71} {b} Sharbing from Mazwell's Boustions show that the electric and megunetic
fields of this TEM wave gotisfy the zame cquations se do gleckbrogbabic

znd magnstogbabie fields,

{7 {e} If the eslestric and mognebic fields were independent of time then
+heir velues would be independesnt of each other. Show that the
electric end megoetic fields are devendent for the monochromatic

TEM wave that propagebes in the poegitive z-direction.

{ 3) {8} In the prectical operabion of o travsmission line the ratie of the
electric to megnebic Field {and accordingly volbage to current) can
take on any valve. Why is thisg so?



b

5. Many wmodels of Liquid He& trest the Heh atoms ag an idesl spin serc Bose
gag. This idecl Bose gas undergoes & phase braunsition called the Bose-
Bingtelin condensation ab a temperature TQ which ig cheracterized by a
maaroscopic mumber of particles Just beginning to appear in the ground
ptate of the system. Above Te the pavbiloles all occupy excited stabtes
of the systen. &b T=0 all the particles are finally in the ground state.

{ 5} {a} BShow thet for bthe ideal Buse system the chemieal pobential, u .,
satisfies the inequality ua0.
{Aissune the ground gtate enevgy of the particles is BETO. }

{ 5} {b) Show that in the ldmit TH0 the chemical potential for a macroscopic
¥ose gag sablzfies the equallty
LI 3
C“’KBT":L ]
where N Iis the cumber of gas particles and KB ig Bolbzmann's

ooushant.

{ 3) {a) Photons, phonons, MeENONs, Dlasmons, are also Bosons but they do not

undergo & Bose~Einsteln condeusation. Why nob?

{7) {4} Show thab the Bome-Hinsteln condengetion temperature for the idesl
Boge gep iz glven hy

o= Zﬁhg__i hy *\2/3
e W ‘2.6

whevre M is the wass of the particles and n iz the nunber density
of the pertigles.
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6. Hal? a right eirculsr cylinder {cubt on the oyiindrical axis) is allowed

0 rock on a horizonkal suwfsce,

y
4 N
xagan - Y y ) RS
Colon_ ’ R

The redive of the half oylinder is B , its length is L , 1bs mass is
M end itz moment of inertia shoub an axis parallel to the cylidiadricsl
sxis and pasaing through the cenber of mass iz I . A is the diztance
Trom the flst surface 4o the ¢.M.

Find the Ilsgrangisn for the rocking eylinder in the case

{ 5% {a)} Tt vooks on an eggentially frichbionless horizontal surface.

{ 5} {p) T rocks withoub glipping on the horizookal surface,

{ 5} {c} Find for came {a} obove, the frequency of smsll smplitude roeking
ogeillations.

{ 5} {d} ™and for case (b} above, the freguency of small smplitude rocking

oacillations,
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