FHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #30
April 8, 1978

General Instructions

This Comprehensive Examination for Spring 1978 {(#30) consists of six
problams of equal weight (20 points sach}. HMaif of the problems are judged
to be at intermediate undergraduate level, the other haif at graduate level.
Work carefully and show all your steps so that partial credii can be given
iiberally in case you do not compleie a pr@b?@mQ Use no scratch paper; do
all work in the bluabook, using one biuebook per probiem.

If something is omitted from the statement of the problem or you feel
there are ambiguities, please get up and ask your question quietly and
privately, so as not to disturb the others. Put all materials. books. and
papers except pencil and bluebook, on the floor.
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¥. A projectile is to be fired in the x-y plane {y-axis vertical) with

30

nyzzie velocity Yy to hit a target at the point x = Rys ¥ ° g.

{a} Meglecting alr resistance, Find the corvect angle of elevation of
the gus.

{b) Assuming that alr resistance produces a velogcity dependent fovce
of the Torm -b &v/dt Find the eauations of motion and solve them.

() Assuming that air resistance is very weak, l.e. bxfmv << 1, Tind
the first-order corraction te the angle of elevation.
Given two contalners of water of equal mass H and specific heat C, one

at an absolute tamperature ‘E’.é and the other at T? &Tz 2 Tﬁﬁg

(a) Determine the change in entropy and the final temperature which
ocours on mixing the contents of the containers.

{b) Determine the maximum work which can be done, and the final temper

ature of the water, 1f a reversible heat engine s operated between
theee heat reservoeirs.

Ysing the method of images. discuss the problem of a peint charge
q inside a hollow, grounded, conducting spheve of vadius a. Find
(a2} The potential inside the sphere.

{b} The induced surface chavge density.

{c} The total induced charge.
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Two identical quantum mechanical systems, {1} and {2}, when dsolated
trom sach other have time-independant eliusnstaltes Uy and Uy which obey
the eqmatﬁoﬁs

Hiwﬁ s Ea¢% and oty = anz .
the systems ave placed in contact, with the result that the new
Hamittontan is

H“H-g“;'ﬁz'e”y E

where ¥V 1s relatively smell. In analyzing the coupied system we make
the Following assumpiicns:

{4l Uy and by ave orthogonal.

{11) The matrix elements «wigvg$§> s <oV 4> » <¢3§ﬁ21¢3> » and
<Pp |y [u,> a1l vanish.

{491} v= «wagwgng is Finite.

{a} Derive the energies and eigenfunctions of the perturbed system,
using the varistiomal principie with a3 wave funciion of the form
L L I L
{b) If, at time £ = O, {w!g = ﬁ¢352
Himk: IF
Wt} = ;; . (2)ei% (u)

. determing the behavior of w(t).

then

e
_méﬁ > -

¢ @t}exp[1ﬁ &E E%Btj Vo *

2@‘*‘?‘%3

L
WK&

where ¥, © <y gvgwm. >

iE ©
and ?i@}étB = wﬁ@xyﬂmfﬁQ»Q .
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A uniform rod stides with 1ts ends on 2 swooth vertical circle. The
rod subtends an angle of 120° at the center of the circle, as shown fn
the figure; and friction is meg?igihie, betermine the Lagrangian and
equation(s) of motion for this system; and solve for molion near
equitibrium. ———

{a) Derive the selection rule{s} for electric dipole tramnsitions between

{b)

vibrational levels in a dlatomic molecule. [Hints: (1) The wave
functions Tor a one-dimensional simple harmonic oselllator are given
by
- 22
Un(x) Nﬂexpﬁ a™x /23Hm(ux} s

where mz = M1, Nn is a normalization factor., and Hn{mx) is the nth

Hermite polynomial. (2) The recurrence velation for Hermite
potynomiais is given by
Hopple) - 26H (£) + 208 () = 0 .]

In the He' {on, the spin and crbital angular momenta of the electron
=
combine to form the total angular momentum, Jj, of each Tine siructure

 Jevel. In the presence of an appiied magnetic field the relative

magnitudes of the Zeeman splittings of different fine structure
Jevels is governed by the magnetic moments, ﬁéa theosing a small

but nonzero value of orbital anguiar momenfum, t1lustrate in a vector
diagram the relation between §’amd ﬁ&. Be sure that your diagram s
clearly esplained. Also, explain the meaning of the teym “Landé
g-factor”.
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