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MIDTERM #1
Physics 1BH
Prof. David Saltzberg
January 28, 2016

Time: 50 minutes. Closed Notes. Closed Book. Allowed the standard
“cheat sheet”. Calculators are allowed. Show your work.

If a problem is confusing or ambiguous, notify the professor. Clarifications
will be written on the blackboard. Check the board.

There are 8 pages including this cover sheet. Make sure you have them all.
Extra workspace is given and extra paper is at the front of the room.
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1) An electric potential is given by @ (1) = @o("/g)3exp (—7/q), where r is the
distance from the z axis. 9y and a are constants. This problem has three parts on three

pages:
A) What is the electric field, E, corresponding to this potential?
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B) What is the charge distribution that created this potential?
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C) Is it possible to modify this ¢ (r) so that curl E is non-zero? If so, give an example. If
not, explain why not.
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2) In an atomic bomb, a plutonium nucleus (Z=94, 4=240, where Z is the atomic number
and 4 is the atomic mass.) will split into two smaller nuclei to release energy. Essentially
all of the energy released comes from Coulomb’s Law which causes the two positive
fragments to repel to infinite separation.

Let us approximate the nuclei by spherical shells of charge with net charge Q=Ze and

radius R=(1.25 fm) YA , (The latter formula makes sense for a ball that contains 4
neutrons+protons which are each of order ~1 fm in radius.)

(In reality the nucleus is more like a uniform sphere of charge, but that requires more
calculation—as we did on the board for our model electron--and does not change the
answer by more than about 2.)

Suppose the plutonium breaks up into two equal-sized nuclei (Z=47,A=120). How much
energy is released by 1 kg of splitting plutonium? Compare this nuclear reaction to a
strong chemical reaction, the explosion of T.N.T., for which the same mass (1kg) releases
4 MJ.

No working models, please.
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3) A spherical insulator extends from the origin out to a radius a. Beyond radius « is free
space. How much work is required to assemble a charge distribution given by

p(r) =po("/q )? ?
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