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PHIBICS DEPARTMENT COMPRENENSIVE BXAMINATION #2b

April 3, 1976

Gonersl. Ingtruetions

This Comprehensive Fxaminabion for Spring 1076 {#2h) consisis of aix
problens of egnal weight (20 voints eaeh). Half of bHhe problems ave
Judged to be ab inbermediate undergraduste level, the oblher helf af zradu-
abe level. Work covefully apd show all your sbaps so that parbial eredit
can be given liberelly In came you 40 nob complete a problesm. Use no
gerabch paper: do all work in Bhe blushopdk, using one bilusbook per problem.

IT gomebthing is omitbed frow the stabement of the problaw or you
feel theve eve smbiguibles, pleaze geb uwp and ask your geeskicn quishly
and privately, so a3 2ot bto disturd the others. Pub all materisls, books,
and papers, except penell aod bluebook, op the floov.



e

Angwer il queshions. Esolh gpeshlon iz wortk 20 poinks. Show all work

so that pavd crsdldt may be given where Jusbified.

1. §4) Describe the essentilal features of one sxperiment which gives direch

evidence for guenblsabion in each of the Tollowing cases:
{a} The ensrsy of wonpchrometbic radiation.

(b} The component of sngular momentim in a fixed direction.
{2} Yhe exeitabion energy of an abonm.

{4} The nuwber of vories lines In o superfluid.

In each of thesne, conbrast the actual obgervabion with predictions

of clasgical physics.

{8} Describe the essential feabures 0f en experiment which esteblishes
the wave pabure of electrons, snd one which establishes the pariticle
nebure of Liztt. How save each of these reconciled with their

regpsctive clapgicel dempcriptions?

2. A ¥ meson with kinebic epergy in the laborvebory frame thelt is egusd to
Lte rest enevgy is moving in the x~divectlom. It desays inbo two pholons
which are smithed perpendiculiar to the divection of motion in the rest
frame of the %, Find the energies and directions of motion of the btwo

pheobons in the laboretory frame.



3.

The polerization state of plane polarized iight (propegeting, sey, in the z-

Alraebion ) man‘ba represented Wy & pormalized bwo-component vechor
. o
[y {%x? EE 2.0 2} 2
By XY

If a photon from an ineident beam passes through an m-oriented polariszer
it emerges with x-polerizatlon. I¥ L% pagses a y-oriented polarizer the
photon emerges with y-polavizetion. With such polariszers the degrese of

2 and v polarization of the beanm can be determlined.

Any such dyvemical observeble {e.g. the transparency or opacity of the
polerizer o a photon) is represepted ir quenbum mechanics by an Hermitisn
oparetor whose sigenvelues ere the meswursble bub uvupredictable resulits

of amy singie mensubvemend.

Oonsider the twoe mairix opersbors
o _ {oo
e = gw} Py = [m-]

{a} ¥Pind the eigeznvelues and normelized eigenfunctionsz of these cperators.

{hy Discuss the inberpretabion of the eigenvalues and plgenveshors in
berme of the nessurenment mede by & polavizer placed in the peth of
& plene polavized light beam.

(¢} Show thet for an incident Light besn we may wribte

<§K> @ cos£¢ @P§% = &iﬁ2¢

{4) Show thet for sa iucident Light besm the uncertainmiy in the degres

of m-polavizablon is
<pPx 1% = cosfy pin®

where ¢ iz mome sultably defined angle.



el

L, Three electrons sve confined to the verbices of sn equilabersl triangle
and they inbswect with sech obhsy vie the megnetic dipole-dipole
ivtberaction

g o

7 3 5
w---.

{a} Give the pussible values of total spin of the system and the
degeneracy of each tobal spin staie.

(b} Find the energy of each of these spin stabes.

(e} Deduce the partibicn Puacdion of a colleotion of W  such systems.
{Assume thet they do nobt inberast with each obber.)

5. The ground staie of bhe fisld fres [(magnatic field free and radietion
field feee) hydrogen abom is esplit iodo two levels by the hyperfine

interaction
B 6.
HHy‘P = a8 Ted

with an enevsy sepavshion AL ¥ 31420 MAZ. Here ¥ is the proton gpin
anguler mousnihue operator., ? ig the totel elecbren snpulsr mouenbum
aperator with :%., = f; + 'ﬁ, .%, belng the electron spin operator and T
the slecbrop orbitel sngulsy momenbum operstor. The probon spin asgulay
momepbus quentim pueber L T = 1/2, and for the bydrogen shom ground
sbate L = 0 so that the gquenbum mmber J is slso 1/2.

(a2} Pind the wavefunchion, in terms of the slectvon and proton spin
waveTopetions For esch of the stetes making up the hydrvogen ground
ghebe, For sach sbebte list the gpood gusnbum nurbers.

{b} Por eoch state Pind the onergy in terms of E., the energy of

09
the abom in the Llwmit =z < 0.



6. A mass m ip sbbached to the rim of g wheel with s wassless, iunextensible
rod. The rod hag length L end the vheel bam wodius R. The vheel is
rotated in the hovizontal plane with counstant anguler veloeliby o.

{a) Weite the lagranglen Por the robativg mass.

{b) If the equilibwrium angle the vod mskes with the horizontal is 15%,
Pind the frequensy of swall oscillations about that position.
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