Physics Qualifying Exam T ovcr May 19, 1975

CLASSICAL MECHANICS

(Do All Problems)

A flatbed railroad car is rolling on a horizortal section of

track. Assume there is no friction and therefore the speed
is conétanﬁ. Now consider what happens if a torrential rain
storm occurs. Water falls on the railroad car and drips off
onto the ground. Does this affect the speed of rolling of
the car? Why? How does the speed depend on time? Assume
there is nro wind driving the rain, and that the vertical
velocity of the rain dropé is much greater than the horizon-

tal velocity of the railroad car,

Consider a cube of homogeneous material with total mass M and
linear dimension L. What is its moment of inertia for rota-

tion about the body diagonal?

A piece af piano wire is stretched between two fixed supporis,
Two disks, each with the moment of insrtia, I, are clamped
onto the wire so that they divide it into three equal parts.

_This whole system can undergo torsional coscillation., Use the
letter K to denote the torsional Hookes Law constant for each

subsection of the wire. )

a, 'Dgfine a system of generglized coordinates and find the
~Lagratﬁgian £or the system. '
* Find the equations of motion.

c. Find the normal modes. Describe them; either with a
sketch or in words. A '

d. Discuss what would happen to the normal modes if the
central section of wire ig made much longexr or much
thinner than the end sections. ) |
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e, Discuss qualitatively what other normal modes exist for

this system (i.e. other than the torsional ones).

A simple pendulum is made by attaching a head with mass m to
two equal Jlength massless strings and fixing the other ends

“of the two strings to the ends of a Supporting horizontal rod.

In this way the pendulum is constrained to sSWing dnly in a

plane which is perpendicular to the supporting rod. The rod
igs rotated about its center with angular frequency .

a. Express the Lagranglan of the bead in terms of a suiltable

‘generalized coordinate and find the equation of motlon.
b, Find the equilibrium position of the mass ag 2 funciion
of Q. Exercise some special care in discovering all

physically meaningful solutions.

C. Find the frequency 6f small osciilatious about thé-équiliﬂ

- brium as a fupnction of Q.

d., . Sketch graphically the vesults of paris h and c.
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Antiprotons can be produced by the reaction

p+rp-p+p+p+P

Usually this is done by directing a beam of energetic protons

onto a hydrogen target. In this situation what is the minimum
kinetic energy of the beam protons for which this reaction
can occur? When producling antiprotons with a beam having
this threshold energy, what is the momentum of the antiprotons?

And of one of the protons?

(Please expréss your answer in units in which the velocity of
light ¢ and the mass of the proton_mp both equal one.)
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6. The oil~energy crisis has made popular discussions of many
alternatives to current transportaticn systems, One such
alternative is powering antomobiles with energy stored in
a flywheel. One of many difficulties with flywheels is that
they act as gyroscopes and are-difficulﬁ:to turn when the
auto turns or goeé from level road onto a grade. How impor-
tant is this problem? . (Assume 300 KwHr ox 109 joule of
energy must be stored and the maximum angular frequency may

reach 107 radians/sec) .

Would such an avto have problemé when parked because of the
rotation of the earth? It has been éuggested that by having
two flywheels rotating in opposite directions one could cancel
out the angulzar momentum and eliminate any problem. Would
this work? What new problem might be introduéed by such a

tactic?
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THERMODYNAMICS AND STATISTICAL MECHANICS

No textbooks or notes. Please do all problems.

An ideal gas has an isothermal change of volume from Vl to

9 at temperature T. Derive a formula for the heat absorbed,

A mass m of a liquid is at temperature Tl: It is mixed with an

equal mass of the same liquid at temperature T? The system is

.
1

thermally insulated, and the specific heat per gram is Cp

~Calculate the change in eﬁtropy.

Derive a formula for the entropy of Black Body radiation in a
volume V at temperature T in terms of V, ‘T, and the fundamental

constants h, ¢ and k., Given that the energy density in a range

of frequency dv is’

L3

§wﬁv av
3[ hv/kT ] t

The Fermi-Dirac distribution law for the probability fk that a
state with energy ék is occupied is

_ 1
e 7 IR

e +1
Suppose we have a Fermi gas composed of a very large number N
of spin é particles. Interagtions between particles can be
neglected and the largest kinetic energy at T=o is go‘ Conpute
the average kinetic energy at T=o, in terms of 60, agsuming the
system is homogeneous, isotropic and described by non relativistic

mechanics.
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A simple pendulum of mass m hangs by a string of length 4. ..
The string can be considered weightless. The peﬁdulum Hangs '
in a voom having a gas at atmospheric pressure, and absolute
temperature T, Let g be the acceleration due to gravity.
Assume the pendulum is in thermal equilibrium as a result of
bombardment by molecules of the gas, and its pésition relative

to the vertical fluctuates. Compute the mean square value of

 the angle ® between the string and the vertical,



UNIVERSITY OF CALIFORNIA, IRVINE

PERKELEY » DAVIS ¢ TAVINE * LOS ANGELES RIVERSIDE * SAN DIECO * SAN FRANCISCO

SANTA DARBATRA v SANTA CRUA

DEPARTMENT OF PHYSICS

[RVINE, CALIFORNIA 92664

~ . o Lods (h:’“«:}'
g AX L 2es (nat)

.49 (n=3)=TYs
249 (n=4) |



]a -

MATHEMATICAL PHYSICS

Do 4 problems. Use gne open book,

" A right-circular cylinder has fized volume, radius r and helght

#. TFind the relation between z and r which gives minimum total

surface arsa for fixed volume.

A square stretched membrane (0 s x = L,‘O =y < L) is subjected
to a force £(t) at the polnt x = X, v = ¥ - There is a small
damping proportional to the velocity of the membrane displace-
ment. Find the general form for the membrane displacement
?(x,y,t).- Express the result in terms of the Fourier transform
of f£(t). Then,'briefly‘considér the solution as the damping is
removed., -

.(a) Using the identity

kL3
N = 1 ¢ —ibtsinx
T 1) = g\ e dx

-1t

evaluate the integral

S e"*%_(vt)at
0 .
(b} The integral

1 = gz dx an(dx)[d%;(axe"azxz>]

can in general be either positive o negative, depending on
the constants d and a. Without doing the integral, find a

qualitative condition between d and a'which will insure that

I is positive.

- Consider the matrix equation

(Lo + Q)u = \u

2 11 0 ¢
L ={121},Q= 0
o 101 2 0

whers

mn

o

0
0
0
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and € << 1, i.e.,, Q is a perturbation,

(a) Find the zero—order eigenvalues, lo’ and the zero-order
column vectors u _

(b) Find the perturbed eigenvalues kl.

3, Calculate the principal value of

il

Inx dx

0 x:2¢1-x)

[ereTn. e
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- QUANTUM MECHANTICs X

You may use one Quantum Mechanics textbook.

Consider a 1 dimensional harmonic oscillator

. Minimize the energy for a triangular trial wave function

///?9?_b |
\\\\\M ]
-2 _ a
Compare your calculated value to the true ground state energy

for H, Discuss the use of a square trial wave function _I::_nlmw

x-a

Consider a particle

of mass m scattered by a sduare well
potential with a hard core ) ..

V(c) = + « r<tc
=« V c < r < a
o
= () > oa

a) Calculate the S wave phase shift 6 as a function of
energy.

b) For the case ¢ = 0 calculate § in the Born approximation,
Compare with your exact result from a) at high energy,

A deutevon (hyrdogen 2 nucleus) consisis of a neutron and
proton in a (total) angular momentum.state J = 1.

a) Using the Clebsch-Gordon Coef in the table calculate all
' J=1,J =1
po&slble wave xunctlons ¢T %  in térms of the Jntr1n51c

spin (S) wave functions y for the n and p and an orbital
angular momentum (L) wave function ¢ . (Do this neatly.)
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-

) Using

J=1,J,~1 J=1,d,-1
Hp =& P i, ¥

!“!'z = (.}:.L.)z = czlunﬁn + zsup.,s_'.p + % .;.I;‘.)Z

with p = ~1.91 (in units of nuclear Bobr magnetons)

B

and Pp = 2,79,

Calculate various possible magnetic moments p, of
deuteron using the wave functions from part a).

c) Compare result with the experimental value p, of .86.
Conclude %hat the deutercn is proedominabely an S = 1,

L = 0 state. What other state can mix (via strong
interactions) with 1t? What percentage mixture of
this state would give the experimental'yD? How would

- you observe the presence of the other state experimentally?

v
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QUANTUM MECHANICS 11

Do All Problems

1. Usipg the uncertainty relation calculate the maximum time
that a ball bearing (mass = 1 gm) is likely to remain on
the top of a perfectly flat table with radius R = 1 meter.
(Do not consider such real effects as building vibrations
and.ccntinental drift. Concentrate on the gquantum mechani-
cal upper limit.) '

L]

2. Consider the heliﬁm"a%dﬁ." Estiﬁate.thé grodgé state energy
either by using perturbation theory or by the variational
method, - '

Potentially. useful intégrals and formulds.

o - ersr eTARY L ﬂé
o | 13

‘ 2k (o, + 1) 2
& By B2 027 ST
o 1 2 l; b4 ‘ 8'k5
1 2 -
o2 21 23 3
Ve T 2 9T (r ar)
3. a. In atomic physics, the spin orbit interaction has the

form A‘E . 5. Derive an expression for the coefificient
A in a hydrogenic atom. Don't worry about factors of two,
feel free to use qualitative arguments, but get the de-
pendence on the relevant variables correct. Xstimate the
.magnitude of the fine structure splitting in the optical
specffum of sodium. | . ‘
b. An electron in a state of orbifal angularx momentum 4 is
placed in a weak maghetic field. Find an exXpression

for the g-—factor.
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2.

QUALITATIVE PHYSICS

Do all problems.

The human body can expel air with a maXimum expiratory pressure

of about 120 mm Hg. The Indians of the Amazon make use of

this pressuré to accelerate a poisoned dart in a blowgun.

a. Neglecting friction{ caleculate the muzzle velocitly Y
of a 1 gram dart in a 3 meter blowgun of inner cross-
sectional avea of 1 cm2 _

b. A resistive force due to the compression of the air ahead
of the dart is

] - o
;PI'ES ‘Da i

Avw
where p, ... = 1.3 kg/mgt' Assume the dart attains a éonstanﬁ
velocity state inside the muzzle. How long would you make
a bilowgun to guarantee that the exit velocity of the dart
is within 10% of v ? | |

Fl

A continuous stream of water effluxing downwaxrd from the
nozzle of a faucet has a characteristic profile.

a. Assuming that each element of the fluid is in free fall;

find the velocity of the fluid a distance z below the
nozzle. ) - -

'b. What is the profile of the water stream as a function of z?

(The profile corresponds to cross~sectional area.)
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3.

POTIPOURRI:

a. Air exhaled from a wide open mouth feels warmer to the
back of the hand than air exhaled from a nearly closed
mottth even though the volume of air per second emitted is

the same. Explain.

b, From an atomic viewpoint, why does a blackbody radiate
" more heat energy thanm a non-black body which is identical

in constluction except for color, assuming both are )
initially at the same temperature? N

¢, A stiff card is placed on top of a drlnking glass A
coin is put on the card above the center of the glass
and a snap of the first finger off the thumb delivers an
appropriate impulsive blow to the edge of the card. What
is thé condition for the coin to remain on the card?

Given the choke circuit with a battery, an inductor, a neon

. lanmp and a switeh. Close the switch, then open it. If the

neon lamp will not glow helow an applied veltage of 90 velts,

will the lamp glow at any time during or after the closing

ov opening of the switch? Explain the physics,

l

7 SwTER

An iron bar is sugpended from a spring above an electromagnet,
their axes coinciding. When a current is passed through the
electromagnet, the iron bar is drawn into the core of the
electromagnet. (There initially being only an open, non-
filled core.) ' )

a. Give an explanation for the motion of the iron bar.

b, Qualitatively explain the subsedquent motion of the bar,.

¢, Does Lenz's law apply here? Explain.
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6.

A repulsion coil constructed from 1000 turns of #12 insulated

copper wire around a tube (2 cm diameter) is plugged into =
120 volt ocutlet. The 10 amp fuse hlows up. '

=K

b,

By substituting a 10 amp slow Dblow fuse, fhe operation of
the coil proceeds uninterrupted. Why?

Add iron rods (these rods are loug enough to protrude

out the top) down the core center. Will the current
drawn at 120 volts increase or decrease? Explain,

An aluminum ring placed around the'coil just above the
center jumps upward when the coll is being energizéd. '
Explain the~physics} - 7

A nonconducting ring does not jump during energization.
Will it have an EMF around it when placed in the changing
field? ' "

B
. 4B
. ‘_-_‘;
h =
. PR L
SV\T"Eﬂ R . e

An optical diffraction grating  is subject to distortions re-

sulting from the lack of care and quality control. Qualita-

tively, in terms of the resolution, linewidth and angular

dispersion, explain the features of the diffraction pattern

introduced by

a.

o o o o

¥

'a non~planar grating

unequal slit spacings

unedgual slitvwidths

'tilﬁ with respect to the incident beam

non-uniform slit widths (trapezoiding).
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8.

10.

Estimate - time in seconds for:
a. age of universe
lifetime of excited electron Iin an atonm

¢c.. collision time of an air molecule
d. time of flight of light from sun to earth
e, decay time of LCR (inductance, capacitance, resistance)

circuit with .
L= 1 Henry , C = 1 UF, R = 20Q
f. average half-life of 014 for radiocarbon dating

g, sound to travel down a 100 meter well and echo back.

A recent safety rope invention in moﬁnﬁaineering is an elastic
rope which sﬁre%ches by an amount AL proporticnal to the
applied tension T: '
p -y
. 0 . S .
LO being the lengﬁh af zero tension. Assume that a climber

falls from a. height Ly above the last piton where the rope is.

.anchored.

a. Find the vélocﬁ%y Vg after he falls a distance ZLO'and
choose this’ point as the zero ¢of time and where z = 0,
Qualitatively graph the motion of the falling body. .

Given y = 10% 1bs. and a 150 1b. climber, what is the maxi-
mum.tension T and show that this maximum T is independent
of the height of .the fall, 2L,. ' o

a. Twé church bells which aépear to be identical are struck
by hammers imparting the same impulse. However, they emit
a different quality of sound, the bettef one regsounating fof
twice as long as the other., Explain the differences in
their sound characteristics in physics terms such as fre-

quency spectrum, the Q, and the decay time.

b. Organ pipes also exhibit sound resonance. Independent of

the excitation method, organ pipes produce harmouics.
Using TFourier analysis, qualitatively discuss the harnonics

expected from open and closed (at one end) pipes.
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. ELECTRICITY AND MAGNETISM

‘Do 4 Problems (Closed Book)

1. A parallel plate capacitor of area A, plate separation 4,
and dielectric ¢ is charged and then disconnnected from
the chargmng outce.

a. Calculate R B, the potential difference between the
plates, and the caﬁacitance. '
b, What force is required to keep the nlates apart?
How much work is reaquired to remove the dielectric?,
' to completely dlsasnemble the capacitor? '
d.. Under what condition is the fvlnelnw field negllvlbleP

a

1)_"! Lj}
L ¢ k3l |
L La{* T, RS
1 < s Rt b
' Ca =20y v

T _ o VaT Yy

V o= VO sin wi

AR\

Write differential equation for the currents i, in the

above circuit. Solve for steady steady condition,
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3.° Calculate:

a, the force between the two current carrying loops shown
in the figure.
b. the torque exerted by one loop on the other.

(4)

— e e e — _— J— [ U —_

4, Write the equation‘for the propagation of a plane
electromagnetic wave in a conducting'mediUm.
s, Assuming 3 monochromatic wave, how far will it
penetrate into the medium? -
b. Islthq field transverse or 1ongitﬁdinal?

‘Discuss your answer.

5. a. What is the force per unit length between two very long
parallel current-carrying conductoré?
Apply this result to explain the self-compression of a
current~car?ying neutral plasma {(pinch effect).

b, Consider two electrons moving parallel to each other at,

a velocity v in the laboratory. ‘
What is the force between the electrons for v =0 , Vv =

[}

c?



