PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #40

October 3, 1981

Gepera! Instructions

This Comprehensive Examination for Fall 1981 {#40) consists of six
probiems of equal weight {20 potnis each}. Please check that you have all
of them, _

Work carefully, indicate your reasoning briefly and display your
work cleariy. Even iF you do not complete a problem, % might be possible
to obtaln partial credit--especially iF your understanding is manifest.
Use no scratch paper; do all work in the bluebooks, use one biusbook per
probiem, and be certain that your assigned student Tetter {but not your
name) is on every booklet.

I somathing is omitted from the statement of the probiam or you feel
there are ambiguities, please get up and ask your question quistly and
privately, s as not o disturk the others. Put all waterials, books, and
papers except pencil {ov pen} and blusbook, on the fleor. The accompany-
ing bookiet contains date and formulas which you way Tind useful. Plesse
reture 1t at the end of the exan.
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ar

Two paraliel plates of large arsa A and sepavaiion di are connachad to &
battery of voltage ¥ and internal resiztance r and then disconnected.

Negiecting &l

{a}

(b)

e

b oadge affects,
What Torce 13 reguived to hold them apsrt?
What wovrk 13 done in separating them a smell distance to dz?

With the separation now d?s the battery is again connected as in pavt {a}.
Wit any charge flow and, ¥ se, onis or ofF from the plates?

How much work 1s now dome with the batifery comnected in going back
to the original separation éﬁ?



Z. A pi-mesic atom consists of a strongly deformed nucleus and a pion,  Since
The plon's Bohr vadius s small atomic slectvons can be fgnoved. The
potential felt by the pion is

2
; %r'% olrd [T+ iPy(cos 8}].

decause of Finite size effects the s, p, d, etc.. states for a given n are not
degenerate but occur at eneruies @Giﬂﬁg gE{ﬁPQ e?(ﬁ} » o « when the » term
is ignovred.

{ 5} (8] Obtain an expression for the leading order corvection o the oround stats
gnergy from the A tevm. How does it depend on A7

{5) {b} Obtain an expression for the quadrupole woment of the {perturbed) ground
state. How doas 1t depend on A? Q= vzvggi?}j
{ 5) (e} For sach state of n = 2 determine the dependence of the enargy shift on i.

What degeneracies will be vemoved by the perturbation? Which state will
be shified most?

{ B} {d} uWhat are the lowest energy states for which degenerate or near-degenarate
perturbation theory aust be used?



3. Consider Tight, as a plane wave, To propagate in the z-divection in a
medium having a dielectric constant represented by the tensor Eg4 whose
J
aetansnts are given by the matrix £y in @ s Where By €y and 7

ave real and n < ey, =in ey 0
a a £g
{(15) {a} Deterwine expressions for the two complex propagation constants v, and

Yo associated with the stable modes that can propagate in this medium
{i.2. those polavizations which propagate unchanged), amd

{ 5) {b} indicate the polarizations of these two stable modes,
[Remember that D, = ¥ aﬁjEj in a medium such as this.]
3

4. An artificial satellite orbiting the eavth well above the atmosphere travels,
in general, in an elliptical path {negiecting many-body effacts and considera-~
tions of general relativityl.

(10} {a} Show that the total energy of the two-body system depends only on the
major azis of the ellipse (you way assume the earth to be stationavy
for purposes of the caleulation).

(10) {b} Consider now a satellite in circylay orbit avound the earth. As it
enters the atmosphera, @ frictional retarding Torce Riv} acts en it.
Show that the ensufng wotion s such that the satallite actually speeds
up undar these conditions.



il

0
and arg driven in phase ab freguency ». The vadiation Tield ampiitude near
each antenns is EG e wb o in the mid-plane.

i3

{ 5} {a) Caleulate the radiation-Fleld indensity fn the horizontal

mid-plane at a distant pelnt v »» 2 due to one antenns alone.

{15} (b} Coleulate and plot the complste vadiation-Field fntensity
patiern due to both antennas everyvwhers in the horizontal

mid-plang, 1% d = &, o

o
Wﬁ’
i
di fﬁxf’ {Antennas ave perpendicular

to papev.}

6. Fifiy growms of wilhk al tempevaiurs Tm = 59 ars added slowly 2o 250 grams of
coffea at Tenparaiure TC = o070, Assume the specific heats of both Vigulds
Lo be the same #s that of water.

ﬂ.
8
e

{a) caleulate the Tinal temperature Te strer equitibrium is resched.

{153 (b} Talculete the fotal entropy change of the system.

5. Twe fdentical verticas? dinele antennas ave sepavated by a hovizontal distance 4
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