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PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #53

April 5, 1986

Comprehensive Examination for Spring 1986

General Instructions

This Comprehensive Examination for Spring 1986 (#53) consists of eight
problems of equal weight (20 points each). It has two parts. The first part
(Problems 1-4) is handed out at 9:00 a.m. (duration: 3 hours) and the second
part (Problems 5-8) at 1:00 p.m. (duration: 3 hours)

~ Work carefully, indicate your reasoning briefly, and dlsp1ay your work
clearly. Even if you do not comp!ete a probiem, it m1ght be poss1b1e to obtain.
partial credltmﬁespec1a11y if your understanding is manifest. Use no scratch
‘paper; do all work in the bluebooks. use one bluebook per problem, and be cer-
tain that your assigned student letter (but not your name) is on every booklet.
if somethang is omitted from the statement of the problem or you feel
there are ambiguities, please get up and ask your question guietly and prav-
.. ately, so as nat, to disturb the others Put. all mater%a?s, books, and papers

except penc11 (or pen) and b1uebook on the fioor. The accompanying ‘bookTer T

contains data and formulas which you may find useful. Please return it at the
end of the exam.

Use the last pages of your bluebooks for ngcratch® work separated by at
least one empty page from your solution. "Scratch” work will not be graded.
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Physics Department Comprehensive Exam #53, April 5, 1986

PART 1.

- PROBLEM #1.

A spherical satellite of mass m and radius a moves in a circular orbit about
the earth with speed v. It moves through an atmosphere of constant density o.
al Find the frictional force {which can be considered small in comparison to
the gravitationa!'force). Assume the average velocity of the aigéieﬁ%{ﬁ
molecules can be neglected in comparison to the velocity of the reeket and
each molecule when struck becomes embedded in the skin of the sateilite.
b) If the orbit is 400 km above the earth (earth radius = 6400 km) where
o =10~ kg/m3, and a = 1 m, m = 100 kg, calculate (to one sig. fig.) the
change in altitude and the change in period of revolution in one week of
orbiting.

PROBLEM #2.

In the éystem shown the two masses are

equal and the undistorted lengths of the

springs are. both 240 but k; # ko. A
string of length L connects the mass at X,

SOOI

with_the top of the spring connected to
the mass at x,. The masses move in

. a) Find the kinet1c and potent1ai energ1es - o R 'kz’zﬂi ]

of the system in terms of x,, X,.
b) Reformuiate in terms of n; = X - Xyps
nyg = Xp = Xpg, Where X g, Xgq are
equilibrium positions, and obtain the
Lagrangian and the equations of motion.
C) Find the normal mode (angular) frequencies for small oscillations and
approximate expressions for these frequencies for k, > K.




PROBLEM #3.
The wave equation is
y(x,y,2,t) - L 22 v(x,y,2,t) =0
c? 5t?
where ¢ is any rectangular component of ﬁ_or B.
Calculate for a rectangular metal wave guide with air dielectric as shown
below: ‘ '
a) the cut-off frequency and the mode designation, i.e. TEmn or Tan,
of the lowest frequency mode. (TE and TM refer to transverse electric
fields or transverse magnetic fields, respectively.)
b}  the mode designation and cut-off frequency of the next highest frequency
mode.
¢}  the cut-off frequency of the lowest frequency ™ mode if (a) is a TE or
the.lowest TE if (a) is a ™ mode.
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Use the following notation: ko =‘w/c§ ké = guide propagation constant;
k 2=k 2.k 2
c 0 g’

Hint: The boundary condition for a TE wave is aBZ/an,S = 0, for a ™ mode

E&| =o.
qu.;.m

L e

NOTE: FORMULA(S) USED TO DETERMINE (a), (b), OR (c) MUST BE DERIVED FROM THE
INFORMATION GIVEN AND FROM YOUR KNOWLEDGE OF THE PHYSICS OF THE SYSTEM.
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PROBLEM #4.

Two slits of width a are separated by a distance 2a. - A monochromatic plane
wave with wavelength A impinges normally on the 'slits from the left. A screen
is placed a Targe distance away to the right of the siits.

—> }a Y )
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o scieen

a}) . Cover up one slit. Calculate the relative Tight intensity distrfbutign
I{8) on the screen. .

b)  With both slits open calculate the number of interference maxima within
the central diffraction envelope. Make a sketch of the ihtehéity
distribution. -



Physics Department Comprehensive Exam #53, Aprii 5, 1986
PART II.

PROBLEM #5. ,

a) Using first order perturbation theory obtain an approximate expression for
the energy shift of the hydrogen atom due to the finite size of the
proton, assuming that the proton is a uniformly charged sphere of radius
R =10-1% cm. |

b) Compare the shift with the ground state energy of the hydrogen étom.

The groundstate wave function for the hydrogen atom with a point proton is

b= e . (a0 is the Bohr radius)
/e 3/2
T 4



PROBLEM #6. ‘
A well-collimated beam of 1 MeV neutrons is incident on a target containing

1022 nuclei per cm?.

2. With a detector placed behind the target we find that

only 83% of the incident neutrons remain. A measure of the angular distribu-

e ASY

] ”wwmagnet1c field § B k s, applaed to the crysta] wh1ch 1s at temperature R
T.
z-direction is u

a)

b)

Each nucTeus has a magnet1c moment y whose max1mum component in the

z’

Find the partition function for spin orientation. (Note that the voliume V
will not enter, as the nuclei cannot move in transtation.)

Find the Helmholz free energy and, thus, the entropy of the system.

Expand S to find 1ts dependence on £ = uZBO/kT for high tempera-

Cture.’

tion of the scattered neutrons reveals that the oistribution is isotronic in
the center-of-mass system. We assume neutrons are lost anly through elastic
scattering.
a) What is the total cross section, Sy of the target nuciei for 1 MeV
neutrons? _ y
b) The scattering amplitude in a partial wave expansion in the presence of a
short range, spin-independent scattering potential is given by
flo) = 3 (2%L)p ,(cose) e sin 5
=0 k
where the 62 are the phase shifts, k is the wave number, and the
Pg(x) are the Legendre polynomials. Find the expression for the total
¢ross section, oO(E).
¢} What are the values of the lowest three phase shifts?
The orthogonality relationship for the P (x)'s is
Iiez(x c (%) = [2/(23 + 1)]522,.
NOTE: The answers in {c) may be approximate to = 50%.
PROBLEM #7.
stem of N nuclei of spin I = 1is embedded ina crysta?11ne Iatt1ce where
they may be Eons1dered as d1st1ngu1shab1e, ow1ng to their unigque Iocat1ons Amh'ﬁm'“

B
SR b R



PROBLEM #8.
%151 decays to its "mirror" nucleus %QAI by positron emission: the maximum poS=

itron energy is 3.5 MeV. (Notation: %X where A is. the mass number and Z 1S
the number of protons}. Nuclear radii depend only upon the mass number {i.e.,

1/3

number of nucleons) as R = roA Use the above data to astimate the

constant o
In solving this problem you will need the neutron-hydrogen mass difference
which is m(gn) - m(iH) = 0.78 Me¥. Also, in considering Coulomb affects within

the nucleus, assume the nuclear charge, Ze, to be uniformly spread throughout

the volume of the spherical nucleus.
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