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Physics 102 Spring 2003: Test 1—Free Response and Instructions

s Print your LAST and FIRST name on the front of your blue book, on this question sheet, the multiple-
choice question sheet and the multiple-choice answer sheet.

s TIME ALLOWED 90 MINUTES

o The test consists of two free-response questions and ten multiple-choice questions.

o The test is graded on a scale of 100 points; the first free-response question accounts for 40 points, the
second free-response question accounts for 30 points, and the multiple-choice questions account for 30
points. ‘ :

o Answer the two free-response questions in your blue book. Answer the multiple-choice questions by
marking a dark X in the appropriate column and row in the table on the multiple-choice answer sheet.

e Consult no books or notes of any kind. You may use a hand-held calculator in non-graphing, non-
programmed mode.

¢ Do NOT take test materials outside of the class at any time. Return this question sheet along with
your blue book and multiple-choice question sheet.

o Write and sign the Pledge on the front of your blue book.

Show your work for the free-response problems, including neat and clearly labelled figures, in your blue book.
Answers without explanation (even correct answers) will not be given credit.

1. (40 pts) A-model of the electron treats it as a sphere of radius R, with the charge ~e uniformly distributed
throughout its volume. The coordinate r measures the distance from the center of the gphere. Express your
answers in terms of e, R, £g, and r. - e : ' ,

(a) Determine the electric field E{(r) for all values of r.

(b) Taking the zero of the electrostatic potential to be at infinity, determine V (r) for all values of r.

(c) Sketch V(r) for all r. '

(d) Determine the energy density in the electric field ug(r) for all values of r.

(e) Determine the total energy stored in the electric field by integrating the energy density ug(r) over all
space.

(F) A classical model of the electron equates the rest mass energy of the electron m.c? to the total energy
stored in the electric field. From your result in (e) determine this so-called classical radius of the electron R, in
terms of the charge of the electron e, the rest mass energy of the electron m.c?, and other physical constants.

We know from direct measurements of the electron size in scattering experiments that in fact the electron is
much smaller than this classical model would indicate. So, in fact, the rest mass energy of the electron must
have some other origin than the energy stored in the electric field.




IL. (30 pts) Two positive point charges +@ are located on the y-axis at y = +a as shown below.
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(a) Determine the electric field & on the z-axis, for all values of z.
(b) Determine the electrostatic potential V'(z) for all points on the z-axis.
(c) Sketch V{z) for all values of z on the z-axis.
(d) From your plot in (c), determine at which points on the z-axis the electric field is zero.

Now suppose a third positive charge of magnitude +2Q is brought in from infinity and placed at the origin.
+Q
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(e) How much work must be done by an external agent to put the +2Q charge at the origin?

(f) What is the total electrostatic energy of this three-charge configuration?

(g) If all three charges are released and allowed to move freely, what is the sum of their kinetic energies when
all the particles are very far from each other?
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