PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #37

Detober 4, 1980

General Instructions

This Compvehensive Examination for Fall 1980 {#37) consists of six
nroblame of equal weight (20 @@%mﬁ@ @a@hﬁ Please check that you have all
of them. |

Work carefully, indicate your reasoning briefly and display your
work ciearly. Even iF yau do not compliete a probiem, it might be possible
to obtain pardial credit--egpecially #F Y@%V‘@mﬁ@?ﬁt@ﬁ§§W@:fS'M&ﬁﬁ?@%ﬁo |
Use no scratch paper; do ail work in the b?ﬁ@%@@kﬁa use one blusbeok per
p@@&ﬁ@mw and be certain that your assigned student 3&&@%? {but pot your
name} s on every hooklet.

1¥ something is omitted from the statement of the problem or you fael
there are ambiguities, please get up and ask your question guietly and
privately, s as not to disturb the others. Put 811 meterials, books, and
papers oxcept peactl {or pen} and bluebook. on the floor. The aceompany-=
fng booklet contains data and formaiass which you way Tind useful. Please
return 1% at the end of the exam.



£20) 1. A plane polarized 1{ght wave in free space {#=1, p=1} falls normally on a
semi-infinite dielectric having u=l, e=4, Caleulate, from the conditions
{mposed by Maxwell's equations and the boundavy conditions, what fraction

of the wave's energy is transmitied into the dislectric, and what fraction
is reflacted.
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2. You have a guanium mechanical system governed by a Hamiltonian H which is
invariant under a unitary transformation U:
| e e H or UM = WU
Then the efgenfunctions of M can be chosen to be simultansous elgenfunctions
of U. ‘

{a) Show that for nondegenerale siates, @%genfuﬂ&t%@ﬁé of H must be
eigenfunctions of U.

{b} Show that Tor sigehstates ¢&39 by of U having eigenvalues 2y § Ay
' 59 2
taver §7 they are not elgenfunctiens of H},

J ¢ H ¢R§ de = 0,
2

le} As an exampie congider the motion 4n two dimensions of a particle in a
field of equilateral triangular symeiry; that is, U = R{2wf3} {rotation
through 120°Y. Find the elgenvalues of U, Mow many ave theve?

{d} Now assume that the potential has a strong cylindrically $ymm@tr§c term
olus a small perturbation with the symmetry of part (o). Show that

the solutions of the unperturbed Hamiltonian are elgenfunctions of U.

(e} How consider the opposite extreme of a particle

in the Tield of three {dentical, strong, shovri-

range force centers located symmetvically at 307, 2 1
1506%, 270%. The ground state elgenfunciions of @k\\\ﬁff/#)y
the same particie in the Field of center 1, 2, or \

3 alone ave respectively Yy, Yp. ¥y, each with | &
Energy Eﬁﬁ Make up & trial function for appreuimate 3

slyenstatas of the triple potentlal with @ﬁ@?@ﬁéﬁ'ﬁ % £y Determine
these appronimate eloenstates (within an overall comstant) by the
symmatry conditions alone and show that there ave three different seis
corresponding to the three different elgenvalues of .
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3. Consider two {dentifiable or classical atoms A and B, each of which can
exist in one of two energy states =0 and swA.

{a)

{b)

{a}

{b)

(e}

Jetermine the partition function Z for this system.

Utilize your vesulsz in (a8), %o determine an expression for the entrepy
S of the system and 4ts value at high tewperatures {i.e. kT>=a).

Derive the equation for the Tingl velecity of 2 rocket that without
fual has mass . and mass B, * He when Tull of fuel in a force-fres
ragion with & Vual-to-rocket relative velocity of u = conse = 0
stavting From v, = 0. ' |

Now consider a two-stage vocket of initial mass My =y o0, ¥ M] & Mg
of which the first fuel holder my 18 dvopped off after exhaustien of
the Tirst Tuel M§° The second Tuel M2 is then ignited and the

rockat accelerates further. Uhat s the Final veloeity?

For 2 given amount of fuel and a given payload, the éww»sﬁag@ rockat
is advantagecus over the one-stage because the dropped-off fuel
holder iny dossn’t have to be accelerated by Mzu Likewisa, thres stages
ara betber than iwo, etc. Consider now the extrame case of & vocket
with many small (Infinitesimal} Ffuel holders which drop off as soon as
their fuel is exhausted. The total mass is mp +om * mﬁg whers

mp = pass of payioad

W, = 0ass of holdars

Me = mass of Tuel

| . dife = Adm, where A = constant.

{In other words each small holder holds a mass of fuel prosortional
to 1ts own mass.) Calewlate the Final veloeity of the payieed afier
alt fuzl has been exhausted and all holders dropped off. Agsin
assune constant relative velocity v of fusl te v@@k@ta
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f. Considering the electron to be a uniformily charged shell of radius oo
calculate 1ts mass in the following ways:

{a}

{b}

{c)

(d}

(@l
(b)

(e}

(d)

Consider the electvon in undform motion with velocity wés wheve u<et,
Let the speed change slightly (f.e., n@gﬂ@@% radiative effects); from
the necestary reaction force which resulis from this change in motion,
caleulate the slectron’s mass.

For the electron at vest, calculate the electrostatic flald anergy s
W . .

and determineg m ﬂ'w% .
€

For the moving electron, caleulate the Field momentum, and determine
the asseciated mass.

Commant on the simllavities and differences in the ?asu?ﬁs of these
@&3@@?&%i@ﬂﬁal

An alternating current produces a
5@@@%@%@&%_8wfiaﬂé,@ & Qgsﬁnwtgwhfgh

is everywhere longitudinal in a very
iong solenoid of vadius a. The solencid
s linked by a civouit containing twe
resigtances Reg and Rgg as shown.

(<)
N/

cress section of & very Tong solenoid

pevpendicular to paper, avea wa®

Setermine the voltage drop across Ry 85 a function of the time.

Deteymine the voltage drop across RZ 2% & Tunction of the time.

What will 2 high impedance AC voltmeter {draws no current} vesd when
it i3 connected as shown, betwesn & and B?

it R? and Rg are interchanged, what will the meter read?
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