PHYSICS DEPARTMENT COMPRONENSIVE BXAMINATION 25

Outober 2, 197%

Ganeral Instructions

Phis Comprehensive Bxamination for Fall 1976 ($23) consists
of sixz problems of emual welght (20 points sach). REalf of the
problems are fudged o be at intermediate undergraduate level,
the other half at graduste level. Work cervefully and show all
vour steps o that partial credit can be given liberaliy in casge
vou do not complete & problem. Use po scerateh paper: Jo all work
in the bluebook. using one bhlucbosk per problem.

If something is onitted from the statement of the problem
or you feel there ave ambliguities, please get up and ask your
question guiebly and privately. =o ag not to distuxb the others.
Put 21l materials, books, and papers except pencil and biluebook,
on the floor.

Some informution you may find useful:
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Anmwer all guestionz. PEach guesticn iz woreth 20 polints.
Yihww all work so that part credid may be given where tusbified.

L. {2} A 400 keV positron zanihiletes with an electron which ig at
{143 rest. Determine, approxniostely, the mazimuwn and minisve
snergies of the two gioma rays produced as a result of the
annihilation.

{10} () Derive the Binsteln velcoeity addition law For purallel
yalositise.
{20} 2. & point charge 0 of mass m is €0 be placed at rest abt its

agguilibrium position a distance 4 directly below the genter
of an uncharged conducting sphere of radiug Reed, Pind 4
and the freguency of small omcillations in the vertical
direction.
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3. Gliven N pairvs of particles in 2 very large box of volume V.
The particles in each palr are connected to each othew
by & spring. When the pairs lis within the box their
Bamiltonian is
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The ¥ pairs of pavticies are to be regarvded ag an ideal gas
in thermal eyuilibriuw at & temperature T.

{16} {a) Show that the partition function for this system ie
proportional to B, whexe

5= fm k3?2 oy L2
¥ 2 s
Caloulate From %:

{lo} @vg and compare it to the wall-known result for 2 gas of
diatomic molecules.
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Hint: Parts b, ¢, and 4 can be done withont any explieit
integration, although one should not just guess the
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4. An electromagnetic wave is traveling thvough enpty space.
Ity electyric field iz of the Fform
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iﬁy iz a uwnit vector in the vy direction).

fa) What are the wmagnitude and direction of the phase
velocity?

(b} Determine the ssgociated magnetic £isld B.
(=) Determine kg ap a Ffunction of « and kio

{d} Where can perfectly conducting wallz be placed which will
- ponfine this wave, yet otherwimse not change the form of %2

{e) At what rate per unit area is powar transwitted in the
dizection of the wave's motien at
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£, (a) & particle of mass m i3 congtrained o wmove freely in one
{328} dimension in the reglion x = m% Lo x « %m For esach of the
waalk perturbations viﬁxﬁ dascribed below, tell whether
the energy of the particle ig increased, decreased, o
unchanged, and briefly Jjustify your answer. Unless
otherwvise instructed, consider Ffirvst-order perturbations

only, and take b>0.

£iy V1Qm3 = b, mgﬁgigm The particle is in its ground
state {corresponding to the lowest-lving non-trivial
wava funetion).

(14) ¥y (x) = bx, ~Feu<z. The partiele is in the firse
axcited state.

a, & vy (=
(433) ¥y (x) = blxdg), —5x2d: E.”

= blg-x) Oexats “% =

The particlie is im the ground state.

B

(iv) Sawme as (1ii). The particle is Iin the first excited
ghata.

{v) v&&g? = By, “%ﬁﬁﬁ%w The particie iz in the ground
state. Consider sscond~oprder perturbations.

{1L0) by A particle of mass n iz constrained to move fresly in one
dimension in the reglen v = 0 to 2 = a. A weak gravita-
tional field of strength g iz in the +u directien. (Take
the zero of gravitational potential at the ovigin.) Find
the energy of the particlie to firet order in g and discuss
the resuli. Consider in particular the applicsbility of
the corresponderce principle.



s o
6. A gas of hydrogen atoms, all populating the ground 1is gﬁijﬁ

levels, can be produced by heating ﬁz gas in &a oven. Suppose
guch & gas of K atoms is bombarded with a short burst of unpolar-
ized and isotropically directed photons., The wavelengths of
these photons are confined to & narrow bard centered at 121.6 nwm
(L0.2 eV}. Bt the end of the photon pulse, which may be regarded
ag a d-function in time, some of the H atoms will populate the
25 2?3/2F1f2 levels; and their ensuing vadiative decavy will be
exponential, ag illustrabed in Fig. 1. If the ewxperiment is
now repsated, but with 2 small uniform slectric field appiied
to the reglion of exsitation, the radistive decay exhibits the
ogcillatory structure shown in ®ig. 2,

(5} {a) Bxplain qualitatively the cause for the difference between
Figs. 1 and 2.

(30} (ix) show how the data of Pigs. 1 and 2 are related tw time-
' dependent quantun mechanical descriptions of excited H
atoms .
{5) fe) ¥rom the information glven, estimate the energy (in V) of

the Lamb shift in hydrogen.
Hint: The relevant H atom energy levals are displayed

schematically in Fig. 3.

Figures axe on page 7.
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