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L.ast Name: First Name:

Physics 102 Spring 2005: Exam 1—Free Response and Instructions

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.

TIME ALLOWED 90 MINUTES

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

The test is graded on a scale of 100 points; each free-response question accounts for 35 points, and the
multiple-choice questions account for 30 points.

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.
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.

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. As shown in the figure below, three point charges are arranged as follows: a negative charge —6Q is
located at the origin; a second negative charge —20} is located on the y-axis, a distance a from the origin; a
third negative charge —¢ is located on the x-axis, a distance 4a from the origin. The electrostatic potential
energy is zero when the charges are infinitely far from each other. The electrostatic potential is zero at infinity.

5 (&) Determine the total electrostatic potential energy of this charge system.
10 (b) The charge —q is released and moves off to infinity. What is its kinetic energy when it is infinitely far

from the origin? The other two charges remain fixed.

. i {c) Determine an expression for the electrostatic potential V'(z,y) at an arbitrary point P(z,y) in the x-y

plane due to the two remaining charges.
' J(d) Determine an expression for the the x-component of the electric field E, due to the two remaining

charges, as a function of z for an arbitrary point on the x-axis.

] ™4




25 11 An insulating sphere of radius R is centered at the origin. It carries a positive uniform volume charge
density p. In addition, a very long, thin insulating rod runs parallel to the y-axis at z = 4R. The rod carries

a negative uniform linear charge density —A. Express your answers in terms of p, R, A, and possibly other
constants.

7 (a) Determine the electric field E at the point = 2R,y = 0.
7 (b) Determine the electric field E at the point z = 0,y = 3R.

¢ (c) Determine the contribution to the z-component of the electric field, E,, due to the rod only, as a function
of position x on the z-axis. Sketch this contribution to E;.

2 (d) Determine the contribution to the z-component of the electric field, Er, due to the sphere only, as a
function of position = on the z-axis. Sketch this contribution to E,.

5 (e) Determine the electric flux &g through a cube of side %R centered at = 0,y = 2R.
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PHYS102 EXAM #1 February 17, 2005

Last Name First Name

MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question.

1} A spherical metaitic shell carries a charge 2q. A point charge q is placed at the center of the shell. When
electrostatic equilibrium is reached, what is the charge carried by the outer surface of the sheli?

A0 B)q O 4q D) 2q — (B3

2) A spherical metallic shell carries a charge 2q. A point charge q is placed at the center of the sheil. When
electrostatic equilibrium is reached, what is the charge carried by the inner surface of the shell?

A)2q > Qq D) 3q E)0
3) If the electric potential is given by V(x,y,z) = xy - 3z-2,, then the electric field has a y-component
A)x+y-6z‘3. B)x+y. 9@—)( Dj x. E)y.

> >
4} An electric dipole of dipole moment p = p0?+p0,j\is placed in a uniform electric field E= Eoli\. What is the
value of the torque applied on the dipole by the electric field?
A} The torque is equal to zero.

>
-
C} %: POEOQ i
D) %: —pongi\
E) T= -pgEp’

5) The figure below shows the variations of the electric potential V (in arbitrary units) as a function of the position

x {also in arbitrary units). Which of the choices below correctly describes the orientation of the electric field
along the x axis?
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A) E is negative fromx=-2tox =2

B} More information is needed to answer the question

C) E is positive fromx=-2tox =2

D} E is negative from x = -2 to x = 0, and positive from 0 to x= 2
—, @ E is positive from x = -2 to x = 0, and negative from 0 to x=2

0



@

6) A ring of negative, uniform charge density is placed on the xz-plane with the center of the ring at the origin. A
positive charge moves along the y axis foward the center of the ring as shown in the figure below. At the

moment the charge passes through the center of the ring

Y

A) its velocity and its acceleration reach their maximum values.
B} its velocity is zero and its acceleration is maximum.
Q) its velocity and its acceleration have non-zero vaiues but neither is at its maximum.
D) its velocity and its reach are both equal to zero.
—_— @ its velocity is maximum and its acceleration is zero.

7) Two charges Q and Qg of equal magnitudes and opposite signs are positioned as shown in the figure below.
Which of the shown arrows represents correctly the electric field at point P?

B

“_?@f*_. -

B) The field is equal to zero at point P.
G D
D)B
E}C



(%)

8) If a charge is located at the center of a spherical volume and the electric flux through the surface of the sphere is
9o what is the flux through the surface if the radius of the sphere doubles?

A)0.125 ¢, B) 8 ¢, QY0500 o5~ (D) ¢ E) 54,

9) The figure below shows equipotentials surrounding a pair of charges Qa and Qp. The value of the potential
half-way between the charges is indicated. Which of the statements below applies to the charges?
S ) I N T D S DSOS I

i

t

A) The two charges have the same sign but different magnitudes
B) The two charges have the same sign and equal magnitudes

— @ The two charges have opposite signs and equal magnitudes
D) The two charges have opposite signs and different magnitudes
E) Nothing can be said about the charges

10) When five equal positive charges are uniformly spaced along the x-axis, the force on the next to last charge on
the right is
A) zero.
B) possibly in the negative y-direction.
C) possibly in the positive y-direction.
—_— @to the right.
E) to the left.



11) For the assembly of charges shown below, which graph best depicts the y-component of the electric field, Ey,
for points along the y-axis?
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12) For the assembly of charges shown below, which graph best depicts the x~component of the electric field, Ey,
for points along the x-axis?
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13} Two charges Qa = +q and QB = - 3q are located on the x-axis at x= 0 and x= d respectively. Where is the
electric potential equal to zero?
._3,@X=d/4 B) x=2d/3 Q) x=d/3 D) x=3d/4 E) x=d/2



»
14) A particle of positive charge q and mass m moving with a velocity v= vofi\ enters a region of space where

>
there is an electric field E = Eg’j\. At time t after entering the electric field region, the velocity of the partidle

will be
A) 3= vUIi\Jr vo,j\.
B) 3: vg’i\- (q Egt/m),i\.
Q) 3=(q Egt/m)’i +( q Egt/m)]
—=> @ -\:= vofi\+ (q Eot/m)’}'\.
E) 3:( q Egt/m)’i\+ vg/j\.

15) The figure below shows two arcs of a circle on which charges +Q and -Q have been spread uniformly. What is
the value of the electric potential at the center of the circle?

1 20 1 Q 1 Q -1 Q
— B) 4neg R © 4neq R2 D) dnen R E) 4neq R
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