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5. Manly Speing 2000

Exam I (February 15, 2000)

Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given
unless noted otherwise. Try to be neat. TA’s are known to be less generous with
partial credit if they have to work hard to decipher the paper!

Problem 1 (20 pts) :
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Consider 3 charges, each with the same magnitude, arra{nged along the x axis. N
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(a) 4 pts - Draw the electrostatic lines of force in the plane of the paper on the diagram above.

(b) 4 pts - Draw the equipotential surfaces in the plane of the paper on the diagram above.

(c) 4 pts - What is the force (magnitude and direction) on the charge at x=+a due to the other two

charges?
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(d) 4 pts - What is the electric potential at x=+a due to the charges at x=-a and x=0?
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(e) 4 pts - The three charges above are placed inside a cavity in the middle of a solid (except for
the cavity) conducting football. Prior to the placement of the three charges the football conductor
is uncharged, inside and outside. The charges inside the cavity do not touch the inside of the
conductor. What is the net charge on the outside of the football?

=) ~Q




Uinivirsiny of Mook

-
14 RS »”l .

RIS IS Spring I

Problem 2 (20 pts, zero/half/full credit) :

Scores

Arguably, the most influential set of experiments in the development of the atomic model took | . /20
place in Rutherford’s laboratory. In these experiments, a stream of alpha particles (a charged 2. /20
form of radiation) were scattered off gold atoms in a thin foil. The distribution of the scattered 3. /20

. . . ... . 4. ___ /20
particles provided evidence that the positive charge in the gold atom was concentrated 5 0
(effectively) at a point, while the negative charge in the gold atom was distributed in a large EC 5
sphere about the positive "nucleus”. For Rutherford to come to such a conclusion, he had to -
calculate the electric field produced by different configurations of the positive and negative Total /103
charge in the gold atom and the effect of such electric fields on the approaching alpha particle. o

Your job is to determine the electric field inside a gold atom. Consider the following model of
the gold atom: (a) the positive charge of +ZJe| is concentrated at a point (Z is the atomic number
of gold, |e| = the magnitude of the electron or proton charge), (b) the negative charge of -Zle|
uniformly fills a sphere with radius a centered on the point of positive charge. Circle the
expression that describes the magnitude of the electric field in the region O<r<a. You must show
work that supports your conclusion to receive credit.
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