PHYSICS DEPARTMENT COMPREHENSIVE BXAMINATION $#26

January 8, 1977

General Instructions

This Comprehensive Examination for Winter 1977 (#26} con-
sists of six problems of egual welght (20 points each). Half
of the problems are judged to be at intermediate undergraduate
level, the other half at graduate level. Work carefully and '
show all your steps so that partial credit can be given libex-
ally in case you do not complete a problem. Use no seratch
paper; 4o all work in the bluehook, using one bluebook per
problem.

If something is omitted from the statement of the problem
or vou feel there ave awbiguities, please get up and ask your
guestion guietly and privately, so as not to disturb the others.
Put all materials, books, and papers except pencil and bluebook,
on the floor.

Some information you may €ind useful:
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1. {a}

)

For a typical He-Ne laser, operating im the TEMQG mode,
jaser oscillation occurs at each of a small group of
adjacent closely spaced resonant freguemcies. FRach of
these freguencies corresponde to a longitudinal, or
axial, mode of the laser @awityov Devive the eguation
which determines the allowed axial mode freguencies.

Tn many gas discharge lasers the planay end windows of
the discharse tube are not mounted with their faces
p@xp@nﬂi@alax-t@ the optical axis of the laser; but,
ingtead, they.are mounted ad the Brewster angle, @gy
as indicated im the figure below. State, or derive,

Laser axis

Gag

,///f/’ ‘ Discharge Tube

the eguation relating B, to the index of vefraction
of the end window material, and state the purpose for
mounting the end windows im this configuratien.



} (continuved}.

fe) In many tunable dve lasere a totally reflecting diffrac-
tion grating {(often called a reflection grating) is
ueed ag the tuning elewent, as indicated in the figure.
{7} Starting with "the grating eguatieon” (if you can’t
remember the grating eguation, deyive it), derive the
relation betwean the angle ¢ , the grating spaecing 4,
and the lager oubtput wavelength, i .
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Schematic of a dye laser, veing flashlamp
exclitation and a diffraction grating for
tuning.



2. (a) Consider a large number N of ideal monatomic gas mole~

{10}

(10}

cunles at temperature T, confined within a cubical box
of length L, volume V. Derive, from a clapsical micro-
scopic kinetic theory caleoulation, the ideal gas law
deseribing the molecules in the box,

PV = NET.

Consider a large number N of guantum~mechanical
oseillaters at temperature T. The osecillators ave all
ldentical and have freguency w.

(i) Show that the average value of the internal energy
for these oscillators is

= 4w
:%ﬁ‘g; kﬁﬁﬁmi

&
{You may uge a classical distribution law.)

e

{14} Calculate the heat capacity for this system at
constant velume and comment on the low (T=+0) and
high (Tes) limits.
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3. {a)

{e)

Phe total parity of a system iz the produst of the parity
of its spin-space wave function and an additional number,
known as the intrinsic parity. The intrinsic parity of
the pi meson can be determined from the {(parity-conserving
gtrong interaction) reaction

w & d >0+ 0o
The deunteron has an intrinsic zpin of one wnit and even
parity, and the ¥ has intrinsic spin of zero. The =
is captured by the deuteron from a hydrogen-—-atom-type
1g level. Determine the intrinmsic parity of the v from
this information. '

The guark model postulates three guarke of charges %%w
«»%g amﬂvw%p gith re&pfﬁtiva strangenesges 0, 0, and -1.
ALl have spin 7o The § particle is composed of 3 quarks
and has spin %9 charge -1, and strangeness -3. Discues
the internal composition of the ¢ in terms of the quark
model. In particular, what fundamental principle of quan-
tum physics appears to be viclated, and what modifications

of the model appear necessary t© overcome this viclation?

The nucleus WlB? has a permanent, quadrupole-type
deformation (and therefore has rotational energy levels).
The ground state of this even-even nucleus has zero spin
and even parity, and the first excited state is 100 keV
above the ground state. Calculate the energy of the
second excited state.

The helicity of a particle is the projection of its
intrinsic gpin on the direction of ite linear momentum.
All neutwrinocs obzerved in nature have helicity w% ;
that iz, thelir spins and linear momenta are always
anti-paraliel. How does this definite helicity reguire
that the rest nass of the neutrino be identically zero?



4, (a) Consider an elegtromegnetic wave propagating in a
region of spece free of charges and currents, and
characterized by (non-coanstant) pecmittivity & and
peyneability v. Buppose the wave to be of the Fomm

o o By -l . _

EB(Fe) = B @™ HFe) = By e "
{12) with

BTy w2k ¥ 5 Y o SkE(D

E@€%E = & (FyetRE ) ﬁéq%» = Dy ethE ()

% and % are wentor functions of position, k iz the

wave number (= %§g and £(¥) is a scalar Ffunction of
pogsition., Use Mawxwell's equations to show that, in
the optical renge where L is small {(ker>l -~ neglest
tarms in %ﬁy

(Y2 = nd

where n ig the indew of refraction of the medium.
=

Note: %The surfaces £{r)} = constent are the wave

fronks, and the rays are normal to these surfaces.

(b) Consider a spherically symmetzic mediun such as the
carth's atwmosphere, where # = nix). Use the vegult of
part {(a) to show that for such a m@ﬁium@ the rays of
Light propagate according o ¥ oou o= sonstant

(&3 along the zay. In this expression,

¥ locates & point on the zay relative to the oxigin
of cverdinstesn, and % ig a unit vestor alony the ray
(.80, nozkal & ﬁ@%% = gonsgtant) .

Hint: Let s bz 8 coordinate alony the ray. Show

that mw{r = mu} = 0,



5. A particle of masz m moves in a potential
Vi{x) = mgn.

{2) Solve the Helsenbery eguations of motion for <«x» and

{10} <pr as funetions of time. Conment on your results.
. a 4
Hint: Evaluate - Toabing and Teep> -

{b} Pind the allowed energies for this potential by solving
Schroedingsr's Roguation in momentum space:; ifi.e.

(103 Hipsx) gy (p) = Bog(p).

{i) What values of £ are allowed?
(141} Azre the energy levelz degenerate?

{844} Pimnd the energy eigenfunctions @EQPB normalized
guch that

F 45 iRl ép, (PP = S{B-E").



6. Consider 2 system of ¥ non-imtevacting classical particles
(¥ is of the oxder of Avogadro's number) in which the energy
of each particle can agsume only two distinct values, 0 and

E {(B>0). Denote by hg and iy the cccupation numbers of the
energy level ¢ and E , respestively.

{a} Determine (in terms of N, Ry and Ry oniy) the aumber
£7) of ways of attaining a given distribution of the pavticles,
and then determine the most likely distribution. (No
credit will be given for guesses.)

(b} Suppose the system to be in its state of maximum probabil-
{7 ity, and determine ite entropy.

{o} BEstimate the likelihood of fluctuations betwaen the system
{6} states of maximum and minimum probability. Assume the
availability of any necesgary heat reseyrvoirs.
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