
PartI

2. A comet in an orbit about the sun has a velocity of v A at aphelion and Vp

at perihelion. If the e3rth's velocity in a circular omit is vE , and the rndius of

its orbit is RE, find the aphelion distance RA for the comet in tenDS of the

quantities given.



3. An insulating disk ofa radius a

has a unifonnly distributed positive

c~e Q.

(a) Fmd the electric field along the

z-axis through the center of the

disk
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This figure is typical of the specific heat of both insulators and metals. How-

ever, metals have free conduction electrons that act much like a free gas.

( c ) Explain why the conduction electrons do not add another ( 3 / 2 ) R to the

specific heat of a metal.
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7. Consider a long solenoid of N turns and length L canying a constant cur -

rent I. If an iron rod of constant penneability ~ circular cross sectional area

A, and length L is inserted halfway into the solenoid, calculate the magnetic

force on the rod.
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8. &tirnate at what temperature the RMS speed of H2 is equal to the escape

speed from the earth's gravitational field (G = 7xl0-ll N/m2/S2, k = 1.4xl0-23

JIK, ME = 6xl024 kg, mH = 1.7xl0-27 kg and RE = 6xl06 m). Write down an

expression for the fraction of the H2 molecules moving outwards at the top of

the atmosphere which escape (you need not solve or attempt to solve the

equation).



Partll

INSlRUCI10NS: Work all problems. This is a closed book examination.

Start each problem on a new pack of yellow paper and use only one side of

each sheet All problems carry the same weight Write your student monber

on the upper right -hand corner of each answer sheet

thin circular ring
I. Calculate the minimum crefficient of

friction necessary to keep a thin circular

ring of mass m and radius R from sliding

~ it rolls down a plane inclined at an

angle e with respect to the horizontal

plane.
inclined plane

2. Amass m moves without friction on a horizontal plane and is connected

to a fixed point by a spring of force constant k

(a) Write the Lagrangian for the system in tenDS of e, r and rOt the value of r

when the spring is unstretched. Use the Lagrnngian to obtain the equations

of motion.

(b ) If the mass moves in a unifonn circle

of radius R with angular frequency (I), find

an expression for R in tenDS of m, k, ro and

0:1
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(c) For small radial displacements from cir-

cular motion (r = R + 8) detennine the fre-

quency of oscillation, Q about the circular

path. page 1



3. A conducting sphere of radius a canies

a charge Q. It is sUlTOunded by a spherical

shell of linear dielectric material of

IJe11IIittivity E out to a radius b.

(a) Fmd the potential of the conductor.

(b ) Fmd the polarizarlon of the dielectric.
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6. A three dimensional harmonic oscillator has a potential energy given by

V(r) =0.5 Kr2. A particle of mass m is held by the potential. If the oscillator

is in a state with quantum number N, what is the nns value for <1"2> ?
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