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Physics 102 Spring 2002: Final Exam, May 6, 2002
Free Response and Instructions

o 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 3 HOURS

« The test congists of four free-response questions and 20 multiple-choice questions.

» The test is graded on a scale of 200 points; the free-response questions account for 120 points, and the
multiple-choice questions account for 80 pointa.

e Answer the four 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 gheet.

» Consult no books or notes of any kind. Ywmayuseahand—heldca]culatorinm—gnphing non-
programmed mode.

e Do NOT take test materials outside of the class at any time. Retumthisquestwnsheetahngwith
your blue book and multiple-choice question sheet.

e Write and sign the Plodge on the frout 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.

I (40 pts) A thin, insulating spherical shell of radius b is centered at the origin. It carries a total charge
+@Q, uniformly distributed over its surface. ‘

(a) Using Gauss’ law and symmeiry arguments, derive, giving complete details of the derivation, the electric
field everywhere in space. Sketch the magnitude of the field, E(r), for all r,

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

Now a second charge, a point particle of charge +Q is placed on the r-axis at = 4b, as shown below. The
presence of this charge does not affect the distribution of charge on the spherical shell, which is still located
at the origin. B

(c) Determine the total electric field E(y) as a function of ¥ on the vertical line = = 2b. Don’t forget to
include both positive and negative values for y
(d)DetermnethatotﬂdectncﬁddE(z)mthez—ansforz)b Arethmea.nypomtsothertha.n-i-oolt
which the electric field is 07

(e) Taking the zero of the potential to be at infinity, determine the total electrostatic potential V(z) for all
points on the z-axis for z > b.

(f) Holding the spherical shell and point charge of +-Q fixed in place, a point charge 4q is released from rest
at the point z = 2b,y = 2b. Determine its kinetic energy after it has escaped to infinity.
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11. (25 pta) Two very long current-carrying wires, are situated as shown below. One wire is located at z = -,
and carries current I out of the page. The other is located at x = +b and carries current I into the page.

(a) Determine the force per unit length that the wire at z = -+b exerts on the wire at z = -b.
(b)Detexmine the magnetic field B(y) produced by the wires on the vertical line z = 0, that is the line
midway between them. Don’t forget to consider both poeitive and negative values for y.

(c) A charged particle of mass yn and negative charge —g is released from the point z = 0,y = b with velocity
¥ = ws, Determine ita acceleration immediately after it is released.
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III. (25 pis) Five wires of equal length are connected to form two equilateral triangles, as shown below.
Each of the five resistors has value 20€2. Two solenoids, each 10cm in diameter, extend a long way both into
and out of the page. The magnetic fields of both solencids point out of the page. The field strength in the
left-hand solenoid is increasing at 60mT /sec, and that in the right-hand solenoid is decreasing at 25mT /sec.

(a) Determine the emf £, induced in the left hand triangular loop.
(b) Determine the emf £x induced in the right hand triangular loop.
(c) Determine the current in the central wire, shared by the two loops. Which way does the current flow?




IV. (30 pts) A very large cylindrical capacitor of radius R and plate separation d is being charged slowly
with constant current I. As the capacitor charges, the electric field between the plates increases with time.
Take 1 to be the radial distance from the axis of the capacitor, as shown in the figure below.

(8) At a particular point in time, the surface charge density on the plates is o. What is the electric field &
between the plates at that time?

(b) Determine the time rate of change of the electric field between the plates, 4, in terms of I, R, and other
constants,

(c) Near the center of the plates, the electric field is constant in space. Determine the magnetic field B(r)
between the plates for r < R in terms of I, R and other constants. Be sure to indicate both direction and
magnitude of the field.

(d) Neglecting fringe effects around the edge of the capacitor plates, determine the magnetic field B(r) for
r=Rand forr > R.

(e) Sketch B{r) for all r.
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