PHYSICS DEPARTMENT COMPREMENSIVE EXAMINATION £42

April 3. 1082

Generel Instructions

This Comprehensive Framination for Spring 1982 {#42) consists of six
probiems of equal welight {20 points aach}. Please check that you have all
of them.

5
work cleariy. Even 1f vou do not complete a problem, §t might he possible
to cbtain partial credit--espscially 4F your understanding 1
Use no scratch paper; do a3l work in the biuebooks, use one bluebook per
problem, and be certals that your assigned student latier fbun noL your
name} 15 on every bookiet.

If something iz omitied ¥From the statewent of the problem or you feel
there are ambiguitiss, please get up and ask vour guestion cuiend

¥ and
privately, so as not o disturb the othars. Put ald maierialis, books, and
papars axcepl pencil {ov pen) and bluebook, on the floor. The accompainy-

ing booklet containg data and formulas which you may

return 16 at the end of the axam.
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The dielectric constant K{x) of a semi-infinite uncharged slab varies
Tinearly betwsen the velues K=l at x = Qand K= 2 at & » Xys whare
1% suddenly drops to K = 1 again for all x > Ry A uniform elactric
Field EG% is then applied perpesndiculariy to the 1iafi-hand surface
of the slab.

; , . . - &
{a} Determine the electric Tield for x » 0. .

+

| .o

{p) Determine the polarization charge "
density averywhere, 4
e
g
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A block of mass m iz placed at the top of a wedge whose mRsSs is M and
whose dizgonal dimension is 2. There 18 o friction between m and M,
or between M and the horizontal surface. Regarding m as a point.

determine the time 1% fakes o slide to the bottom of the wedge. starting

From rest.
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3. B covper wire of small erpss-section coincides with the ymaxéﬁ from y = O

e y w 2. A simiiar wire is placed paraliel to the firet at ® * &,
‘gf ¥
A 2
] T
W ~,
{23 {a} Calculate the vector potential B at the pa%nﬁ (0,y) where 0 <y < &
in the First wire, dug 10 2 steady curvent X = 1k 4n the second
Wive.
{23 (b} Show in detall how you would L&%&aﬂan@ ehe mutual inductance ¥ betwsen

thase wires, 1f you weve given A(V} {You may assume that the circuit
carrying I closes ad fnfFinity from leads in the z-divection. }

{4} fe} Caloufate W for the case {a).

Hints: The eguation oheyad by the electrostaiic potential ¢ in free space

. 3

vé@ s o B | has solubfon ¢fF)

-5
The vector potential A for a steady current and no permeable

B
matarials obeys vzﬁ m‘@ugga (Be careful; this is a vegtor aquaticn, )

You may Tind one ov both of the following inteyrals useful:

f - s 1 © dx e
i sinh”! ede = 9 sinh e - J%mgé ’5~w5%i»wﬂ sinn (%
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consider an imperfect gas of N+ @ particles whose partition function
1% \
3. 3N

L4 dp dtg ~eH(p.)
Q V. T) = | ==l e &
. Moo
and which s contained Jn a wluwe ¥ » = The system's Hamiltonian is
given by 3 2

p 4

B o= e 4 PR STt
521 Zm izj 1J § 35
{2} By defining fijér} = @”3¢{?} -1 whare r = E;ﬁ - $jg
chow that the eouation of state of ihe gas is given by
?W o4 & ..é;,
"Eﬂf" % € W‘%V X{VS,T}
= E.. & :Em ...Em 3« 3 i £y
where ¥ = y and 2 = Tn Eg% Jd Fonosod Py izj(s * ?@333 .

Nete that z 1s not the partition function, and that

o
P 2.2

oty i
j & Ao e e

0

(b} Also, kaowing that the Jacobian, J. assecﬁaﬁed with the transformation
From individual particle coordinates v, and v, te center of mass and
relative separation coordinates R apd ¢ has the vaiue of unity (i.e.,
dgr% dg? = d3R dgwig determine an approximation for z{v,T) that
negiacts powers of f{r} greater than the first,



1e9)

5o

B

The impressionist painter Georges Seurat was 8 pointitlist: his paintings
consist of an enormous number of clesely spaced smz1l circular dots of
puve pigmant about 2 mm in diameter. The §1iusion of color mining ocours
only at the observer's eye. Discuss this process. and calculate how fay
From such a painting one should stand in srder to perceive the desived
colov bleanding.

Consider an ion having total spin 5= 1 %0 be situated in a crystal which
nas axial symwetry, such that the Hamilvonian i3
= o § = , S + B! = . Lon
H 4 BB, S, gl’u@ iﬁx X yﬁy) (mU Bohr magneton)
when the fon is subjected to a uniform external magnetic induction Tieid
i .
g = BG§ in the zedivection. The elgenstates are

g = T Mg = g? and g = L
ith corresponding elgen-energies
g EE M@gg v 0 3 -4 H Eﬁﬁﬁg

B
Now suppose the fleld tg be ra-priented, so that E m-gg {1 + 3} has equal
fe .
components o the x and y dive sctions only. Given that the spin raising and

towering operaters sre defined by
343“"&;}“ [S(5+1) ~ Mg lie 182 e
j ! ; § 5 N ¢ o
sabject o the usual restrictions 5, |M m‘;>" w5 i B w0
s

and %

{a} Determine th

[2H)

snerglies allowed to this system.
(b} Determine the normatized sigenstates of this system,

{c) Show that the eigemstales ave orthogonat to sach other.
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