PHYSICS DEPARTMENT COMPREMENSIVE EXAMINATION #33

April 4, 198%

General Instructions

This Comprehensive Examination ¥or Spring 1981 {£39) consists of six
problems of equal weight {20 points each}. Please check that you have all
of thes,

Hork carafuily, indicate your veasoning briefiy and display your
work clearly. Even 17 you do not complete a probiem, it might be possibie
to obtain partial eredit--aspecially 4 your ynderstanding is manifest.
lise po scratch paper; do all wovk in the blusbooks, use one biusbook pevr
problem, and be cartain that your assigned student Tettar {but not your
name} 15 on every booklet.

if something i omitted from the statement of the problem or you feel
there are awbiguities, plssse get up and ask your guestion quietly and
privately, so as not to disturb the others. Put atl materials, books, and
. papers except pencil {or pen) and bluebgek, on the floor. The accoupany-
ing booklet contains dats and fovmulas which you may find useful. Please
return 1¢ at the end of the exam.
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A spherically symmatric charge distribution olr) gives rise to the
elactrical potential

-y
for a < v < b,

br) = Vg 5z

{a} From this information, what car you say about p Tor 0 < r < b?

{b) Hhat is your answer if a = 0, b = «?

Consider twoe electrons im a hypothetical ope-dipensional atom o be
characterized by single particle wavefunctions @Aix) and wﬁﬁm} as shown
in the accompanying f%guvao Construct the appropriate two particle
waveTunctions for this system and detevming the probabitity densities
associated with one electron belng located at z = *Bﬁ simuttanaously

with the other electvon being Jocated at x = #1608, (The "nucieus” s

sttuated at the origin.)
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0 3. Consider & classical system of N nor-interacting diatomic molecules enclosed
in & container of volume ¥V at temperature T for which the singlie particle
Ez

Yamiltonian is # = ;£=€ﬁ 2 . 23 + by E? - Determine the mean square
gm Py TPl TRty v Tal . ; 4

motecular diameter ‘{3?% - *é332> from consideration of the system’s partition
function. [Hint: Relative and cemter of mass coordinates would be convenient.

Atso, Tln) = ;{: 1 &Y gy = (ne1irin-1) and TEY) = 4 .3
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A Tomg uniform cylindrical comductor of radius g and Tength L 1s completely within
a conducting concentric coaxial shield of radius b, The inner cenducter is shmic
with resistance per unit Tength R@ ohms/meter, and carries & constant current I

as shown, in the ¢z dirgetion. Calculate the Poynting Vector due to the static
fields in the space belween the conductors. Deseribe the behavier of each of

its components as o Function of the radial coovdimate v, and the Tongitudinal
ceordinate z. Hints: The equation to be satisfied is separeble, and must net
depend on the azimuthal angle ¢ for reasons of symmaetry,
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The classical description of an assemblage of particles recuires them to be
distinguishable, aand traveling in pracisely defined trajectories. That is,
there will be no guantum Timitations {F each particlie can be locaiized by
1ts deBroglis wavelength to withis a length that is empll compaved to the
tvpical separaiion N batween the particles, i.e.

Loset,
*0
{8} Estimate A, Sg and %» for a box of He gas at standard tewperatuve and
PrESSUre. 0 By, = 6.6 x 1w kg

{b} BRepeat part (a} For a "fres electron gas™ in copper, assuning one free

electron pey atom, ﬁgﬁ = 80, foy © 10 gmf@mgo

{g) Using the classfcal equipartition theorem, calculate the wolar specific
hest of a2 solid, comsidaring each of the atows as a harmoniec oscillator
bound to a Fixed position.

(4} The criterion that a classical caleulation Tike {e) be valid is just
the reguiremsnt that the solid's atoms can be Tocalized, even though
vibrating, such that aspay £4 s not a sienifleant comsideration.
That 9. we can state the classical behavior valldity criterion as
$aPg »» ., Because 1t s hard {Tow compressibilityl, dgzm@nd '
at voom emperatuve has 1ts atoms vibrating with o = 1077 see™ ',
Using this eriterion, dectde whether the speeific healt you calculated
in {e} appiies to dlawond at room temperature.
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6. Under a Lorentz transformation from fined frame $ ¢o wmoving Frame §°
the coordinate transforms &s

For

{a)

{b}
{e}

{d)
(e}

()

4

b w @
%, @vgg 2, %, o where 1, = fct {1}

$' moving along the +x axis

%' my(x«agﬁ:}
{2)

g8 = gt - E@»R}
@.

What does 1% wesn to say that a law of physies is weitten in covapiant
Torm?

Why shouid fundemerntal physical laws be axpressibie in covariant Torm?

i
Hew does the ?@wvaaaﬁgw potential A,.1¢ tronsform under the Lorentz

trangtormation?
Determine the ceeffictents of transformation 8w from Ea. {2).

p a i e o ool
Interpret the quantities F = w,owm

How consider 2 conducting Toop comsisting of 2 sliding wire om a
u-shaped wire as shown.

by B = Bz

The circuit sits u the x-y plane in a maghetic fleld in the z direction
as shown. The si1ding wive is moving alosg the +x axis with veloelty v.
Determing the electromagratic feld in the reference frams of the moving
wire and caloulate the Torce on & charge 9, dragued along in the wire,
in both the Pixed and the moving referemce Trame fn the Tiwit of small
yic. Compave your results.
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