MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Physics

8.02 Spring 2014
Exam One Solutions

Problem 1 (25 points): answers without work shown will not be given any
credit.

Four point-like objects of charge —2Q, +Q, —Q, and +2Q respectively are placed at the
corners of a square of side a as shown in the figure below.
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20 a R0
Part (a)

Determine the electric field at the point P, which has coordinates (x,,y,)=(a/2,a).

Express your answer in terms of k=1/4ng, O, a, i , and j as needed.

Part (b)

Choose infinity to be the zero point for the electric potential (/' (e0) =0 ). Determine the

electric potential at the point P, which has coordinates (x,,y,)=(a/2,a). Express your

answer in terms of k=1/4rne, O, a, i, and j as needed.

Part (¢)

Determine the direction and magnitude of the electric dipole moment of this charge
configuration. Express your answer in terms of k=1/4ne , O, a, i ,and j as needed.
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Problem 2 (25 points): answers without work shown will not be given
any credit.

A stick with length L has a positive charge O uniformly distributed on it. It lies along

the x -axis between the points x =0 and x = L. A point-like object with identical
positive charge QO lies on the x -axis at the point x=2L.

uniformly charged stick point-like object
of length L and charge Q with charge Q

—-—— = - - -

|
éO x=L x=a x=2L

X

You may find the following integrals useful:

a—x
J dx _ 1
(a—x)" (a—x)
J' dx :L X
(x2+y2)3/2 yZ (x2+y2)1/2
_[ xdx _ 1

(xz +y2)3/2 __(xz +y2)1/2

Part (a)

Let x =a be the point on the x -axis between the two objects where the electric field is
zero. Find a. Express your answer in terms of k=1/4n¢ , O, and L as needed.

Part (b)

Choose the zero point for the electric potential to be at infinity V' (e0)=0. Determine the

electric potential at the point x = a. You may express your answer in terms of any of
the quantities mentioned in part (a), whether or not you answered part (a); in

particular in terms of k=1/4ne , O, L, and a as needed.
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Problem 3 (25 points): answers without work shown will not be given
any credit.

Consider a positively charged infinite slab with uniform volume charge density p, and

thickness 4a. This slab is oriented such that the two faces of the slab are located on the
planes x =—2a and x =2a, respectively. A positively charged solid sphere of radius

R =2a and uniform volume charge density p, has its center located at the point on the

X -axis at x =+6a, as shown in the figure below. Let i be the unit vector pointing
towards the right.

x=2a x=2a
|
I
|
I
|
I
Ol—-x=6a :
———————— - — - — ——

positively chargd sphere of radius R = 2«
with uniform charge density O,

positively charged infinite slab with
uniform volume charge density P,
and thickness 4¢
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In the questions that follow you must show your work. Answers without justification

will receive no credit.

Part (a)

Determine the direction and magnitude of the electric field at the point A4 located at
x ,=+a. Express your answer in terms of £, p,, p,, a,and i as needed.

x=2a

positively charged infinite slab with
uniform volume charge density 0,

X

and thickness 4«

positively chargd sphere of radius R = 2«
with uniform charge density p,

12



(@) E

&

o A

\ E5|1E@: Six o0
SG
Wl\Eh X=za = ES" 5: ?lk ?
e —_ r> aRrR
& =
- N
14 \ - -
| <~ = -
‘ - 54— K ggs@owdcv enc =
f f e A &
T T 2 3
( A - 4 -
‘ \\ . / ESP‘WWF” P&___SVCZCQ 7
X =0 > x‘réc\ €

at

3, —
sohe = L P & (“2} >
P 3 E;Y_'L

C

Wl Fz Sal = B . e -
ES@ng,— N Fz a

S 5
E(A)=LC =
(A) sp)w(‘”* By (%)
E () 2("_& et g eyl = _o:(—sz 0 2
?S -6—0 (—E_a- Ec) )

13



Part (b)

Determine the direction and magnitude of the electric field at the point B located at
x, =+6a . Express your answer in terms of £, p,, p,, a, and i as needed.

x=-2a x=2a

positively chargd sphere of radius R = 2«
with uniform charge density O,

positively charged infinite slab with
uniform volume charge density 0,
and thickness 4¢
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Part (¢)

Determine the direction and magnitude of the electric field at the point C located at
x.=+7a. Express your answer in terms of £, p,, p,, a, and i as needed.

x=-2a x=2a

positively chargd sphere of radius R = 2«
with uniform charge density p,

positively charged infinite slab with
uniform volume charge density 0,
and thickness 4«
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Problem 4 of 4: (25 points) Concept Questions (Parts A through E)
Part A (5 points):

Consider an infinite positively charged cylinder with uniform positive volume charge
density, p>0. An electric dipole consisting of a positive charge +Q and a negative

charge —Q attached to opposite ends of a massless rod is oriented as shown in the figure

below. The axis of the cylinder and the dipole lie in the same plane.

positively charged infinite cylider
with uniform volume charge density p
[

D

electric dipole
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At the instant depicted in the figure, the electric dipole will experience

a) a force to the left and a torque trying to make it rotate clockwise.

b) a force to the left and a torque trying to make it rotate counterclockwise.
c) a force to the left and no torque.

d) a force to the right and a torque trying to make it rotate clockwise.

e) aforce to the right and a torque trying to make it rotate counterclockwise.

f) a force to the right and no torque.
g) no force and a torque trying to make it rotate clockwise.
h) no force and a torque trying to make it rotate counterclockwise.

1) no force and no torque.

Answer d

20
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Part B (5 points):

Consider a uniformly negatively charged sphere of charge —Q and radius R with its
center located at the origin. A point-like object with positive charge +40Q 1is placed

directly above the center of the sphere at the point z,, = 2R . At which point(s) shown in

the figure below is the electric field due to both charged sphere and point charge zero?

Answer(s):

+z 1
e A 7 =3R
I
I
I
I
+ =
40 (:) z, 2R
I
I
I
| B B
=R
uniform negatively
charged sphere with £ =0
total charge -Q and c
radius R
D zD=-R
I
I
oF z2,=-2R
E
A = -
ES )‘-“Q O\U+;l0<z 'S QQOJ "T/ QKZC&V!CM
P

e& (Palr\r’r C/C\{‘ij \ocaj‘@g o center
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Part C (5 points):

Consider the set of three point-like charged objects that are placed on the vertices of an

equilateral triangle with side a. A positively charged point-like object of charge +2Q is

brought in from infinity and placed at the point P, shown in the figure above. The
change in the electric potential energy of the system of four charged objects is equal to

1 80°

I —==+
471780 3a

1 40

Answer:

b
471'80 a

8Q2

2

QZ

a
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Part D (5 points):

Below we show the grass seeds representation of either the electric field or electric
potential of two point charges. Which of the following statement(s) is correct?

a) Both charges have the same sign, equal magnitude, and the grass seeds
representation is the electric field.

b) Both charges have the same sign, equal magnitude, and the grass seeds
representation is the electric potential.

¢) The charges have opposite signs, equal magnitude, and the grass seeds
representation is the electric field.

d) The charges have opposite signs, equal magnitude, and the grass seeds
representation is the electric potential.

e) Both charges have the same sign, unequal magnitude, and the grass seeds
representation is the electric field.

f) Both charges have the same sign, unequal magnitude, and the grass seeds
representation is the electric potential.

g) The charges have opposite signs, unequal magnitude, and the grass seeds
representation is the electric field.

h) The charges have opposite signs, unequal magnitude, and the grass seeds
representation is the electric potential.

Answer(s): f

25



Grass seeds represent equipotential lines because equipotential lines near point-like charged
objects are circles (electric field lines begin and end on point charges or got to infinity). The
charged objects have the same sign of charge with unequal magnitudes. If the charges were
opposite signs then there would be a zero point between them, and the equipotential
corresponding to the zero point would extend in a perpendicular direction to a line passing
through the two charged objects. If the charged objects had equal magnitude then the
equipotential lines would be symmetric about an axis passing perpendicular to a line passing
through the two charged objects.

26



Part E (5 points):

Consider two oppositely charged infinite plates with uniform area charge densities +o on
the upper plate and —o on the lower plate, respectively. A closed Gaussian surface is shown
in figure below that passes through the upper plate.

positively charged infinite plate with
uniform surface charge density +c

.= 4

| =7

T

I 1 ™ Gaussian closed surface
. shown in perspective

v =)

X

negatively charged infinite plate with
uniform surface charge density -c

Which of the following statement(s) is correct?

1. The flux on both endcaps of the Gaussian surface is zero.
2. Only the flux on the endcap of the Gaussian surface between the plates is zero.
3. The electric field between the plates is only due to the charge enclosed in the volume
of the Gaussian surface that intersects the upper plate.
4. The electric field between the plates is due to all the charges on the two infinite plates.
5. None of the above.
Answer(s): 4

The electric field is due to all the charges on both plates. The flux on the endcap between the
plates is non-zero.
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