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I. Lecture multiple choice (45 points — 9 questions)

1) (5 pts) A pair of uncharged identical metal spheres on insulating stands are taken through the
following series of steps:

1)
2)

3)

4)

5)
6)

The spheres are initially in contact.
1 2 3
A positively charged rod is brought S
near to, but doesn’t touch, the left
sphere.
While the rod is in place, a person
touches the right sphere.
The person removes their hand.

4 5 6
The rod is removed.
The spheres are carefully
separated (only their stands are

touched).

After the spheres are separated (step 6), what is the excess charge on each sphere?

A. The right sphere has zero excess charge, and the left sphere has an excess of negative
charge.

B. The right sphere has an excess of positive charge, and the left sphere has an excess of

negative charge.

C. Theright sphere has an excess of negative charge, and the left sphere has an excess of
positive charge.

Both spheres have an excess of positive charge.

E. Both spheres have an excess of negative charge.

2) (5 pts) Two charged point particles, A and B, are arranged on the x-axis at x, = 0 and x5 = 2d.
If a third charged particle Cis placed at x, = 3d, it will remain at rest. What is the charge on
particle B in terms of the charge on particle A?

A. g
B. gp
C. gg
D. gp
E.

Phys 122 A

=—-3qu
=-9qu
=—1/3q,
=—-1/9q,

None of the above.
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3) (5 pts) Four point particles are fixed at the corners of a

0.01m x 0.01m square, as shown. Qp = 1.2 X 10~°C. Find Y& +20,
the x and y components of the electric field at the origin )
(x, ) = (0,0) ,”’ \\\
y +Qo +3Q,

- _ 5 N 5 NY . _‘ ,’_’
A E00) = (+22x 105 B) i+ (+22x 105 §) I
B. E(0,0) =(-15x10% 3)i+(-15x10% 3);

o O +40Q

_ 5 N 5 NY) » 0

. E00) =(-22x10° 5)i+ (+22x 105 §); T

o _ 5 NY - 5 NY) »
D. E(0,0) = (-22x10° 3)i+(+43x 105 3);

2 _ 5N s N
E. E00) = (+22x10°Y) 1+ (-22x10° §);j

4) (5 pts) A very long thin wire with a uniform linear charge density A is arranged horizontally on a
table. A point particle with charge g and mass m remains at rest when placed distance d
directly above the wire. Which of the following is an expression for g? Note that g is the
acceleration due to gravity.

None of the above.

m
A q=d 471?0
B. q=—>d?
4TE
C. g=Ad
D. q = 2meymgd
E. — 2megmgd
A
5) (5 pts) A rod has a total charge Q uniformly distributed along its length. Which of Rod
the following changes will increase the magnitude of the electric field at position P? "
H
A. Make the rod longer without changing the total charge, Q. E
B. Make the rod shorter without changing the total charge, Q. ° 5
C. Move the position P farther from the rod. P b
o :
H
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6) (5 pts) Initially a parallel-plate capacitor consists of
two square plates each of side length L,, and with
charge +Q, on one plate and —@Q, on the other
plate. Then the sides of the plates are doubled and
the amount of charge on both plates is doubled, as
shown. Assuming the electric field is uniform
between the plates of the capacitor and zero
outside, how does the final electric field between
the plates, Er, compare to the initial electric field
between the plates, E,?

C. E;=4E,
1
1

UW net ID

@uw.edu

Initial

Q..

]

Final
-20, § /
A

+20Q,

2L,

7) (5 pts) A particle with a mass of 1.6x10? kg and a charge of 3.2x10 C is launched from the
negative plate toward the positive plate of a parallel-plate capacitor with an initial velocity of
4.0x10° m/s. If the magnitude of the electric field between the plates of the capacitor is
2.5x10* N/C, how far does the particle travel before coming to a momentary stop?

A. 3.2x10%m
B. 8.0x107 m
C. 1.6x10°m
D. 1.6x10°m
E. 4.0x10"m

8) (5 pts) From the choices below identify the one combination of electric field, E, area vector, AT,
and resulting electric flux, @, that are physically consistent.

A & =-250""5 = (+50Y) 1+ (-50Y);
B. CI>=0N'Tm2 E=(+50%)i+(—50%)j
c. o=+500""5 E=(+50Y) i+ (+50%);5
p. @ =+2502"  F= (+50%)1+ (-50%);5
e, o =+2502" = (+508) 1+ (-50Y);5

Phys 122 A

A= +5m?j
A= +5m?j
A = +5m?j
A= +5m?1
A =-5m?1i
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9) (5 pts) A very long, uniformly charged, non-conducting cylinder has radius R,. Which one of the
following graphs shows the magnitude of the electric field as a function of the distance from the
center of the cylinder, r?

Em 1 S ER) T .
A /\ . \
Fr:'o > X R:c: > r
Er t . r E(r) :
B \ E .
R:.o > R;, \r
En 1 . '
C. s
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Il. Lab multiple choice (15 points)

10) (5 pts) In lab A1, suppose that your lab teammate may have charged Metal
a metal sphere on a fulcrum and an acrylic rod while you are looking sphere
away. When you bring the rod close to the sphere, they are
attracted to each other. Which of the following conclusions can you :|
make based on this observation?

Fulcrum

Conclusion i: The rod and the sphere are oppositely charged.
Conclusion ii: The sphere is neutral while the rod is charged.
Conclusion iii: The rod and the sphere are similarly charged.

Only conclusion i could be true.

Only conclusion iii could be true.

Either conclusion i or conclusion ii could be true but not conclusion iii.
Either conclusion ii or conclusion iii could be true but not conclusion i.

mooO® >

All of the conclusions, i, ii, and iii, could be true.

11) (5 pts) In the VR simulation each member of a team measures the force on a particle, and they
obtain the following results: 0.56 N, 0.56 N, 0.56 N, and 0.56 N. Based on the rules for this
course, which one of the following statements is most correct?

A. There is no uncertainty in their measurements.
B. Thereis a random uncertainty of 0.005 N.
C. Thereis an instrumental uncertainty of 0.005 N.
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12) (5 pts) You measure y at various values of x. The top graph shows y vs. x, and the bottom
graph shows y vs. x2. Each graph has a linear best-fit line.

Y VS. X
40
30 |
) g ¢
E o .....i---
O .un
0 i | |
X
40
ol $
e § ..........
e g P
by
0
0 10 20 . |
XZ

Suppose that you are testing two models.
Model 1: y =mx + b
Model 2: y = mx? + b

Based on these graphs, what can you conclude?

The data supports only Model 1.

The data supports only Model 2.

The data supports both Models 1 and 2.

The data does not support either Model 1 or Model 2.

mo O ® >

We do not have enough information to conclude anything.
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lll. Lecture free response (25 points)

Use the following scenario for the next three questions.

Gaussian
surface

A charged rod and a charged sphere are placed next to each other
and held in place. The figure on the right shows the electric field
lines.

13) (5 pts) Is the electric field at point A greater than, less than,
or equal to that at point B? Explain your reasoning.

14) (5 pts) Is the absolute value of the charge on the rod greater than, less than, or equal to the
absolute value of the charge on the sphere? Explain your reasoning.

15) (6 pts) If the charged rod were removed would the flux through the Gaussian surface increase,
decrease or remain the same? Explain your reasoning.
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16) (9 pts) A thin rod lies on the x axis between x = —[/2 and
x = 1/2. Charge q is uniformly distributed along the length y
of the rod. Consider point P which is at yp on the y axis. Set ype P
up an integral in terms of variables given and constants that
calculates the y component of the electric field at point P,
Epy. You do not need to evaluate the integral, i.e. you only
need to fill in the parts within the parentheses in the =l/2
expression below.

12 *

Ep, = ( ac )
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IV. Tutorial free response (15 points)
Use the following scenario for the next three questions.

17) (5 pts) A charged rod is placed near a neutral metal ball. The rod does not touch the ball, and
there is no spark between them. Does the ball exert any electric force on the rod? If so, explain
the mechanism and state whether the force is attractive or repulsive. If not, explain why not.

18) (6 pts) A particle with a positive charge +qc is
placed equidistant between another particle with a +qr
positive charge +qy, on the left and the center of a +qc
uniformly charged rod with a total positive charge +q e .
+qggr on the right as shown. If the net force acting L s s
on the center charge is zero, is q, greater than,
less than, or equal to qg? Explain your reasoning.

Charged rod

a positive charge +0Q, to the right of the rod in the Tar
scenario described in Q18, as shown. After +qc

introducing this new charge, does the net force on 1g, 0 r0+——»
the center charge with +q¢ point to the right, point s s

19) (4 pts) Suppose that you add another particle with
e +0Qo
to the left, or remain zero? Explain your reasoning.

Charged rod
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Constants

Fundamental charge e =1.60x1071°C

Electrostatic constant K =8.99 X 10°N-m?2C2

Permittivity constant €, = ﬁ = 8.85 x 107 12C%(N-m?)

Permeability constant Uo = 1.26 x 107°T-m/A
Speed of light ¢ =3.0%x108m/s

Mathematics

Vector components A= /fx + /Ty = A i+ Aj
Vector magnitude A= [A% + A2
6 ccw from x-axis A, =AcosH

A, = Asin6

6 =tan™*(4,/A;)

Adding vectors C=A+B C,=A,+B,

¢, =4,+B,

Dot product A-B=ABcosa

-

A-B=AB, +AB,

Cross product |Ax B| = ABsina

AxBE=-BExA
Area of sphere 4mr?
Volume of sphere nr3
Area of cylinder 2n(r? +rh)
Volume of cylinder nr2h

n
Zi=1(xi_xave)2

Sample standard deviation s = —
Equations from 121
Constant acceleration (in “s” direction)

Vgs = Vjg + agAL

¢ = 5 + VAt + Zag(At)?

vE = Vi + 2a,As

. F

Newton’s 2™ law a=-==
m

Newton’s 3" law Faoons = —Fgona

Kinetic energy K =>mv

Chapter 22
Coulomb’s law Fion2 =Foon1 = Klqi—lzl‘hl
Force on g due to electric field ﬁonq = qﬁ
Electric field due to point charge E= 471150 Tq—zf
Chapter 23

Superposition of electric fields
Magnitude of electric dipole p=gqs

Electric field due to an electric dipole:

Along axis of the dipole F?dipole = Fleoi_f

Perpendicular to the dipole Edipole =— ﬁ%
Linear charge density A =%
Surface charge density n= %
Electric field due to:

line of charge Eline = ﬁ@

ring of charge Ering = ﬁﬁ

z

=111
Base =35 [1 -

disc of charge

plane of charge Eplane = 27770
sphere of charge wherer > R Egppere = Fle(,r%
between plates of parallel-plate cap. E = EO%
Torque on electric dipole T =pEsinf

Chapter 24

Electric flux through surface:

Flat area and uniform field @, = E-A=EAcos®
General . =

Gauss’s law ®,=§E-dd =%





