PH 1121: PRINCIPLES OF PHYSICS II: eLECTRICITY and Magnetism

NAME (please include last name):

SECTION:

SAMPLE EXAM ONE
PH 1121

CLOSED BOOK EXAM

PLEASE ANSWER ALL THREE QUESTIONS IN THE SPACE PROVIDED. QUESTIOM
ONE AND TWO ARE WORTH 35 POINTS, EACH. QUESTION THREE IS WORTH 30
POINTS. PLEASE BE SURE TO SHOW ALL WORK AND JUSTIFY ALL YOUR ANSW
GRADING WILL BE BASED ON EVIDENCE OF YOUR UNDERSTANDING OF THE B.
CONCEPTS AND PRINCTPLES—PLEASE PROVIDE THOROUGH SOLUTIONS TO T}
PROBLEMS. GOODP LUCK!

Possibly Useful Information:

£, =8.85 x 102 C*/Nm? qe = charge of electron = 1.6 x 107 C
m, = mass of electron = 9,11 x 10! kg k = 1/(4ne,) = 8.99 x 10° Nm*/C?

m, = mass of proton = 1.67 x 107 kg dp = charge of proton =1.6 x 10

F= (1dneo) (q g2/r ) =k (q1 g2/t ) E=k(g/r*) = (1/4ne.)(g/**)

dE = kdg/r* = 1/(4ne,) (dg/r?) E =F/q

T=pxE T = pE sind

p=qd U=-pE=-pE Cosé

O, = electric flux = Jomed (E-dA) D, = clectric flux = Jejosea (B dA) = Qenc/So

surface surface

Table of Possibly Useful Integrals*
[x™dx = [x™! /(m+1)] + C
(note: m#-1)

f [Z/(az . )3/2 Jdz= [_1/(32 + Z2)1/2 1
[[@+ 22 Y? Jdz = {(1/) [z/(Z + a2 ]} + C

*Note: These are indefinite integrals, and notice the constant of integration = C. In the ab
examples, a = arbitrary constant.

Problem Score

Net




Problem One: Positive charge Q is distributed uniformly along the positive x-axis between x = -a/2 and

x = +a/2, as shown in the diagram below. (a) Calculate the x- and y- components of the electric field, at
point P (y=s), produced by the charge distribution (thin rod). (20 points) (b) Derive an expression for
the electric field at point P when s >> a/2 (10 points). (c) Set up, but do not evaluate, an expression for
the y-component of the electric field, if the thin rod now has a non-uniform linear charge density , A,
such that A= 8x%, where 8 is a positive constant with units of ¢/m>. (5 points).

¥




Problem Two: The figure below shows an insulating spherical shell with uniform volume charge
density,p , inner radius a, and outer radius b. (a) In terms of the given information, what is the NET
charge of the spherical shell? (b) Find an expression for the electric field for r < a. (c) Find an expression
for the electric field for a <r < b. (d) Find an expression for the electric field for r > b. (e) Compute the

electric field for r = b. (7 points for each part)




Problem Three: Conceptual Questions: Please answer the following possibly unrelated questions, using
a minimum of mathematics (6 points each, 30 points total).

a. Provide at least two examples illustrating how electric forces differ from gravitational forces.

b. A proton and an electron are separated by a distance r. If the charge is kept constant, for both
charges, how, if at all does the electric force change, if the distance between the two given
charges is tripled? Will the force be attractive or repulsive?

c. A negative point charge, —aQ (where a is a dimensionless, positive constant so that overall the
charge is negative), is placed at the center of a spherical CONDUCTING shell, which has a total
charge of +2aQ, and which consists of an inner radius a and an outer radius b. What surface
charge density, g, must reside on the outer radius, r = b, of the conducting shell? You must
show your work to obtain full credit.

d. For the information given in part c (above), what is the electric field equal to inside the
conducting shell? Please justify your answer.

e. Assessment Questions: A guaranteed six points for answers you provide!

+» Did you write your name and section number on the exam (If No, please do so now!)?
< What was the most challenging (aka: difficult) topic we studied so far?

< What was the least challenging (aka: easiest) topic we studied so far?

< What was most helpful in preparation for this exam?

< What was least helpful in preparation for this exam?

“* What topics in the course are you most excited about?



