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

1) (5 pts) Consider two dipoles, A and B, as shown.  Dipole A is located at the
origin and has a dipole moment vector at an angle 𝜃 from the 𝑥-axis.  Dipole B
is located on the negative 𝑦-axis and has a dipole moment vector in the
positive 𝑥 direction.  What angle 𝜃 will minimize the potential energy of the
system of both dipoles?

A. 0

B. 
𝜋

4

C. 
𝜋

2

D. 
3𝜋

4

E. 𝜋

2) (5 pts) An electron initially at rest accelerates through a potential difference of 800 V.  What is
the speed of the electron after this acceleration?
Note that the electron mass is 9.11 × 10−31 kg.

A. 1.82 × 107 m/s

B. 1.68 × 107 m/s

C. 1.43 × 107 m/s

D. 1.23 × 107 m/s

E. 1.07 × 107 m/s

3) (5 pts) Four particles are located at the four corners of a square.  The
particles have charges, as shown.  The electric potential is measured to
be zero at the center of the square.  Which of the following charge
configurations is possible?
Note that the potential at infinity is zero.

A. 𝑄A = 𝑞, 𝑄B = 𝑞, 𝑄C = 𝑞, 𝑄D = 𝑞

B. 𝑄A = 𝑞, 𝑄B = 𝑞, 𝑄C = 0, 𝑄D = 0

C. 𝑄A = 𝑞, 𝑄B = 0, 𝑄C = 𝑞, 𝑄D = 0

D. 𝑄A = 𝑞, 𝑄B = −𝑞, 𝑄C = 𝑞, 𝑄D = −𝑞

E. More than one of the above answers is correct.
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4) (5 pts) You want to store 2.5 J of energy in a capacitor with a capacitance of 20 µF.  What
potential difference do you need to apply between the electrodes?
Note that 1 µF = 10-6 F

A. 250 V

B. 354 V

C. 500 V

D. 707 V

E. 1500 V

5) (5 pts) Consider the four capacitors arranged as shown in
the figure on the right.  What is the equivalent
capacitance?

A. 0.21 µF

B. 20 µF

C. 36 µF

D. 44 µF

E. 76 µF

6) (5 pts) Consider a circuit made with two different long wires with circular
cross-sections.  The wires are connected in series to a battery.  The table
below shows the properties of the two wires.

Wire 1 Wire 2 

Length 𝐿 2𝐿 

Cross-sectional radius 𝑟 2𝑟 

Resistivity 𝜌 2𝜌 

What is the relationship between the magnitudes of the electric fields in wire 1, 𝐸1, and wire 2, 
𝐸2?  Assume the current is uniform over the cross-section of the wires. 

A. 𝐸2 = 𝐸1 = 0

B. 𝐸2 = 1

8
𝐸1 

C. 𝐸2 = 1

4
𝐸1 

D. 𝐸2 = 1

2
𝐸1 

E. 𝐸2 = 2𝐸1
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7) (5 pts) An infinitely long wire carries current 𝐼 and is bent at 90°
with the bend at the origin of a co-ordinate system, as shown.
Which one of the following expressions allows you to determine
the magnetic field at the origin?

A. 𝐵⃗ =  
𝜇0𝐼

4𝜋
[𝑖̂ ∫

𝑑𝑥

𝑥2 +
0

∞
𝑗̂ ∫

𝑑𝑦

𝑦2

∞

0
] 

B. 𝐵⃗ =  
𝜇0𝐼

4𝜋
[−𝑖̂ ∫

𝑑𝑥

𝑥2 +
0

∞
𝑗̂ ∫

𝑑𝑦

𝑦2

∞

0
] 

C. 𝐵⃗ =  
𝜇0𝐼

4𝜋
[𝑘̂ ∫

𝑑𝑥

𝑥2 +
0

∞
𝑘̂ ∫

𝑑𝑦

𝑦2

∞

0
] 

D. 𝐵⃗ =  
𝜇0𝐼

4𝜋
[𝑘̂ ∫

𝑑𝑥

𝑥2 −
0

∞
𝑘̂ ∫

𝑑𝑦

𝑦2

∞

0
] 

E. 𝐵⃗ = 0⃗ 

8) (5 pts) Consider two infinite wires, as shown to the right.
Wire 1 is at the origin and carries current 𝐼 into the page, and
wire 2 is on the 𝑥-axis at 𝑥 = 𝑟 and carries current 3𝐼 out of
the page.  At what point along the 𝑥-axis will the magnitude
of the magnetic field be zero?

A. 𝑥 = −𝑟/2

B. 𝑥 = −𝑟/3

C. 𝑥 = +𝑟/√2

D. 𝑥 = +𝑟/√3

E. There is nowhere on the 𝑥-axis where the field is zero.

9) (5 pts) Consider a finite length solenoid connected to a battery as shown at
the top right.  The image at bottom right shows a slice along the length of
the solenoid showing that the wires at the top have current flowing out of
the page, and the wires at the bottom have current flowing into the page.
Which one of the following statements about the magnetic field at points 1
and 2 is correct?  The magnitude of the magnetic fields at points 1 and 2 are
𝐵1 and 𝐵2, respectively.

A. 𝐵1 < 𝐵2, and the magnetic field at point 1 is to the left.

B. 𝐵1 > 𝐵2, and the magnetic field at point 1 is to the left.

C. 𝐵1 < 𝐵2, and the magnetic field at point 1 is to the right.

D. 𝐵1 > 𝐵2, and the magnetic field at point 1 is to the right.

E. 𝐵1 = 𝐵2, and the magnetic field at point 1 is to the right.

Phys 122 A 



4 

II. Lab multiple choice (15 points)

10) (5 pts) In Lab A3 a team placed two minty particles in their VR simulation and observed that the
distance between them oscillated, coming close and then moving away repeatedly.  They then
measured the force on a minty charged particle, 𝐹, while varying the distance, 𝑑, to another
minty particle.  They measured positive forces for distances less than 0.5 m and negative forces
for distances greater than 0.5 m.  Based on their observations and measurements, which one of
the following statements is true?

A. Positive force is attractive.
B. Negative force is attractive.
C. Their force measurements are not consistent with their observations, so they must have

made a mistake.
D. Not enough information is provided.

11) (5 pts) In Lab A4 a team explored how many different types of particles are in their VR
simulation.  They spawned five particles and gave them all different colors.  Then in pairs they
placed the particles 1 m away from each other and determined if the force is attractive (A),
repulsive (R), or no force (N).  They obtained the following table.

Blue Orange Green Red Purple 

Blue N A A N 

Orange N R N A 

Green A R A R 

Red A N A N 

Purple N A R N 

Which of the following conclusions is consistent with their data? 
I. Blue and Red are the same type of particle

II. Green and Orange are the same type of particle
III. Orange and Purple are the same type of particle

A. I only.
B. II only.
C. III only.
D. I and II.
E. I and III.

12) (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. There is a random uncertainty of 0.005 N.

C. There is an instrumental uncertainty of 0.005 N.
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III. Lecture free response (25 points)

A spherical metal shell with outer radius 𝑅2 and inner radius 
𝑅1 has a net excess charge of +𝑄𝑠.  A particle with charge 
+𝑄𝑂 is located as shown.  The figure also shows the electric
field lines.  Assume that the electric potential at infinity is zero.

13) (5 pts) Sketch two equipotential surfaces; one that
passes through point A, and one that passes through
point B.

14) (5 pts) Is the electric potential at point A, 𝑉A, greater
than, less than, or equal to the potential at point B,
𝑉A?  Explain your reasoning.

15) (5 pts) On the graph below sketch the electric potential as a function of the distance from the
center of the spherical metal shell, ignoring the region with radius less than 𝑅1.

Consider an infinitely long wire with a circular cross-section of radius 𝑅𝑤, as 
shown at the right.  The wire carries current 𝐼𝑤  out of the page.  Assume that 
the current is uniform across the wire’s circular cross section. 

16) (5 pts) Consider a closed circular path of radius 𝑅𝑤/2 as shown.  Using
variables given above and constants, derive an algebraic expression for

∮ 𝐵⃗ ∙ 𝑑𝑠  around the path.  Show your work.

17) (5 pts) Using variables given above and constants, derive an algebraic expression for the
magnitude of the magnetic field at a distance 𝑅𝑤/2 from the center of the wire.  Show your
work.

Phys 122 A 
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IV. Tutorial free response (15 points)

Consider a hemispherical (half sphere) Gaussian surface with radius 𝑠, as 
shown at right.  A particle with charge +𝑄 is located a distance 𝑠/2 directly 
below point P, which is at the center of the flat surface of the Gaussian 
surface.  The magnitude of the electric field at point P is 𝐸P. 

18) (5 pts) Is the flux through the flat circular surface of the Gaussian
surface greater than, less than, or equal to 𝐸P𝜋𝑠2?  Explain your
reasoning.

19) (5 pts) Now a particle with charge −𝑄 is added a distance 𝑠/2 directly
above point P, as shown at right.  When the new particle is added, does
the electric flux through the curved surface of the Gaussian surface
increase, decrease, or remain the same?  Explain your reasoning.

Two particles, each with charge +𝑄 are fixed in place as shown at 
right.  A third particle with charge −𝑞 is moved in a controlled fashion 
such that it starts at rest at point A, and ends at rest at point B, which 
is midway between the other charges. 

20) (5 pts) Is 𝑉B − 𝑉A greater than, less than, or equal to zero?  Explain your reasoning.



Constants 

Fundamental charge 𝑒 = 1.60 × 10−19C 

Electrostatic constant 𝐾 = 8.99 × 109N·m2C−2 

Permittivity constant 𝜖0 =
1

4𝜋𝐾
= 8.85 × 10−12C2/(N·m2) 

Permeability constant 𝜇0 = 1.26 × 10−6T·m/A 

Speed of light 𝑐 = 3.0 × 108m/s 

Mathematics 

Vector components 𝐴 = 𝐴𝑥 + 𝐴𝑦 = 𝐴𝑥𝑖̂ + 𝐴𝑦𝑗̂ 

Vector magnitude 𝐴 = √𝐴𝑥
2 + 𝐴𝑦

2

𝜃 ccw from 𝑥-axis 𝐴𝑥 = 𝐴 cos 𝜃 

𝐴𝑦 = 𝐴 sin 𝜃 

𝜃 = tan−1(𝐴𝑦 𝐴𝑥⁄ ) 

Adding vectors 𝐶 = 𝐴 + 𝐵⃗⃗ 𝐶𝑥 = 𝐴𝑥 + 𝐵𝑥  

𝐶𝑦 = 𝐴𝑦 + 𝐵𝑦  

Dot product 𝐴 ∙ 𝐵⃗⃗ = 𝐴𝐵 cos 𝛼 

𝐴 ∙ 𝐵⃗⃗ = 𝐴𝑥𝐵𝑥 + 𝐴𝑦𝐵𝑦  

Cross product |𝐴 × 𝐵⃗⃗| = 𝐴𝐵 sin 𝛼 

𝐴 × 𝐵⃗⃗ = −𝐵⃗⃗ × 𝐴 

Area of sphere 4𝜋𝑟2 

Volume of sphere 4

3
𝜋𝑟3 

Area of cylinder 2𝜋(𝑟2 + 𝑟ℎ) 

Volume of cylinder 𝜋𝑟2ℎ 

Sample standard deviation 𝑠 = √
∑ (𝑥𝑖−𝑥ave)2𝑛

𝑖=1

𝑛−1
 

Equations from 121 

Constant acceleration (in “𝑠” direction) 

𝑣f𝑠 = 𝑣i𝑠 + 𝑎𝑠∆𝑡 

𝑠f = 𝑠i + 𝑣i𝑠∆𝑡 + 1

2
𝑎𝑠(∆𝑡)2 

𝑣f𝑠
2 = 𝑣i𝑠

2 + 2𝑎𝑠∆𝑠 

Newton’s 2nd law 𝑎⃗ =
𝐹⃗net

𝑚

Newton’s 3rd law 𝐹⃗A on B = −𝐹⃗B on A 

Kinetic energy 𝐾 = 1

2
𝑚𝑣2 

Chapter 22 

Coulomb’s law 𝐹1 on 2 = 𝐹2 on 1 =
𝐾|𝑞1||𝑞2|

𝑟2  

Force on 𝑞 due to electric field 𝐹⃗on 𝑞 = 𝑞𝐸⃗⃗ 

Electric field due to point charge 𝐸⃗⃗ =
1

4𝜋𝜖0

𝑞

𝑟2 𝑟̂ 

Chapter 23 

Superposition of electric fields 𝐸⃗⃗net = 𝐸⃗⃗1 + 𝐸⃗⃗2 + ⋯ 

Magnitude of electric dipole 𝑝 = 𝑞𝑠 

Electric field due to an electric dipole: 

Along axis of the dipole 𝐸⃗⃗dipole =
1

4𝜋𝜖0

2𝑝⃗

𝑟3

Perpendicular to the dipole 𝐸⃗⃗dipole = −
1

4𝜋𝜖0

𝑝⃗

𝑟3

Linear charge density λ =
𝑄

𝐿
 

Surface charge density η =
𝑄

𝐴
 

Electric field due to: 

line of charge 𝐸line =
1

4𝜋𝜖0

2|𝜆|

𝑟

ring of charge 𝐸ring =
1

4𝜋𝜖0

𝑧𝑄

(𝑧2+𝑅2)3 2⁄

disc of charge 𝐸disc =
𝜂

2𝜖0
[1 −

𝑧

√𝑧2+𝑅2
] 

plane of charge 𝐸plane =
𝜂

2𝜖0

sphere of charge where 𝑟 > 𝑅 𝐸sphere =
1

4𝜋𝜖0

𝑄

𝑟2

between plates of parallel-plate cap. 𝐸 =
𝑄

𝜖0𝐴

Torque on electric dipole 𝜏 = 𝑝𝐸 sin 𝜃 

Chapter 24 

Electric flux through surface: 

Flat area and uniform field 𝛷e = 𝐸⃗⃗ ∙ 𝐴 = 𝐸𝐴 cos 𝜃 

General 𝛷e = ∫ 𝐸⃗⃗ ∙ 𝑑𝐴
surface

 

Gauss’s law 𝛷e = ∮ 𝐸⃗⃗ ∙ 𝑑𝐴 =
𝑄in

𝜖0
 



Chapter 25 

Potential energy in configuration of 

 charge between plates of a parallel-plate 
capacitor 𝑈elec = 𝑞𝐸𝑠 

 two point charges 𝑈elec =
𝐾𝑞1𝑞2

𝑟
 

 dipole in uniform electric field 
 𝑈elec = −𝑝𝐸 cos 𝜙 = −𝑝 ∙ 𝐸⃗⃗ 

Potential energy from potential 𝑈elec = 𝑞𝑉 

Electric potential (𝑉 = 0 at infinity) due to: 

 point charge 𝑉point =
𝐾𝑞

𝑟
 

 sphere of charge where 𝑟 ≥ 𝑅 𝑉sphere =
𝐾𝑄

𝑟
 

 ring of charge 𝑉ring on axis =
𝐾𝑄

√𝑅2+𝑧2
 

 disk 𝑉disk on axis =
2𝐾𝑄

𝑅2 (√𝑧2 + 𝑅2 − |𝑧|) 

Chapter 26 

Potential difference ∆𝑉 = 𝑉f − 𝑉i = − ∫ 𝐸⃗⃗ ∙ 𝑑𝑠
f

i
 

Electric field in 𝑠 direction 𝐸𝑠 = −
𝑑𝑉

𝑑𝑠
 

Electric field vector 𝐸⃗⃗ = − (
𝜕𝑉

𝜕𝑥
𝑖̂ +

𝜕𝑉

𝜕𝑦
𝑗̂ +

𝜕𝑉

𝜕𝑧
𝑘̂) 

Emf ℰ =
𝑊chem

𝑞
 

Ideal battery ∆𝑉bat = ℰ 

Charge on a capacitor 𝑄 = 𝐶∆𝑉𝐶  

Capacitance of parallel-plate capacitor 𝐶 =
𝜖0𝐴

𝑑
 

Capacitors in parallel 𝐶eq = 𝐶1 + 𝐶2 + 𝐶3 + ⋯ 

Capacitors in series 𝐶eq = (
1

𝐶1
+

1

𝐶2
+

1

𝐶3
+ ⋯ )

−1

 

Capacitor potential energy 𝑈𝐶 =
𝑄2

2𝐶
= 1

2
𝑄∆𝑉𝐶 = 1

2
𝐶(∆𝑉𝐶)2 

Energy density of electric field 𝑢E = 1

2
𝜖0𝐸2 

Dielectric constant 𝜅 =
𝐸0

𝐸
 

Capacitance with dielectric 𝐶 = 𝜅𝐶0 

Induced charge density 𝜂induced = 𝜂0 (1 −
1

𝜅
) 

Chapter 27 

Electron current in wire 𝑖e = 𝑛e𝐴𝑣d 

Current 𝐼 =
𝑑𝑄

𝑑𝑡
 

Current density 𝐽 =
𝐼

𝐴
 

Kirchoff’s junction law ∑ 𝐼in = ∑ 𝐼out 

Current density 𝐽 = 𝜎𝐸 

Conductivity 𝜎 =
𝑛e𝑒2𝜏

𝑚
 

Resistivity 𝜌 =
1

𝜎
 

Resistance 𝑅 =
𝜌𝐿

𝐴
 

Ohm’s law 𝐼 =
Δ𝑉

𝑅
 

Chapter 29 

Superposition of magnetic fields 𝐵⃗⃗net = 𝐵⃗⃗1 + 𝐵⃗⃗2 + ⋯ 

Magnetic field of 

point charge 𝐵⃗⃗point charge =
𝜇0

4𝜋

𝑞𝑣⃗⃗×𝑟̂

𝑟2  

current segment 𝐵⃗⃗current segment =
𝜇0

4𝜋

𝐼Δ𝑠×𝑟̂

𝑟2  

long straight wire 𝐵wire =
𝜇0

2𝜋

𝐼

𝑟
 

N-turn current loop 𝐵coil center =
𝜇0

2

𝑁𝐼

𝑅
 

Magnetic dipole magnitude 𝑚 = 𝐴𝐼 

Magnetic field due to dipole on axis 𝐵⃗⃗dipole =
𝜇0

4𝜋

2𝑚⃗⃗⃗⃗

𝑧3  

Ampère’s law ∮ 𝐵⃗⃗ ⋅ 𝑑𝑠 = 𝜇0𝐼through  

Magnetic field due to solenoid 𝐵 = 𝜇0𝑛𝐼 

Force on moving charge in B field 𝐹on q = |𝑞|𝑣𝐵 sin 𝛼 

Force on moving charge in B field 𝐹⃗on q = 𝑞𝑣⃗ × 𝐵⃗⃗ 

Force on wire in B field 𝐹wire = 𝐼𝑙𝐵 sin 𝛼 

Force on wire in B field 𝐹⃗wire = 𝐼𝑙 × 𝐵⃗⃗ 

Radius of cyclotron orbit 𝑟cyc =
𝑚𝑣

|𝑞|𝐵
 

Torque on magnetic dipole in B field 𝜏 = 𝑚⃗⃗⃗ × 𝐵⃗⃗ 
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	B. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=−2 ,m-2. ,𝑖.,  Φ=−20 ,m-2.N/C
	C. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+4 ,m-2. ,𝑗.,  Φ=−20 ,m-2.N/C
	D. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=−25 ,m-2.N/C
	E. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=+50 ,m-2.N/C

	6. (5 points) Which of the following graphs best represents the magnitude of the electric field as a function of 𝑟, measured radially outward from the surface of a very long wire of length 𝐿 of charge density 𝜆? Assume 𝑟 much less than 𝐿.
	7. (5 points) Two identical polar molecules are placed in a region that has a uniform electric field. At one instant they have the orientations shown. Molecule A is experiencing no torque and molecule B is experiencing a counterclockwise torque. Which...
	8. (5 points) In each case shown at right, a particle of charge +𝑞 is placed a distance 𝑑 from a particle of charge +4𝑞. The masses of the particles, A, C, and D are all 3𝑚, the mass of particle B is 𝑚 as labeled in the diagram. The particles are...
	A. A
	B. B
	C. C
	D. D
	E. The magnitude of the acceleration for all particles will be the same.

	9. (5 pts) A thin ring of radius 𝑅 carries a uniformly distributed charge 𝑞. The ring lays on the 𝑥𝑦-plane with its center at the origin. What is the magnitude of the electric field at point P on the 𝑧-axis, a distance 𝐿 away from the origin?
	10. (5 pts) In Lab A2, a group places two charges 0.50 m apart and measures the force on one of the charges.  They repeat the experiment three times and tabulate their data as shown. Which of the values below correctly reports the best estimate and th...
	A. ,3.55±0.1. N
	B. ,3.55±0.11. N
	C. ,3.6±0.1. N
	D. ,3.6±0.2. N
	E. More than one of these choices correctly reports the best estimate and its uncertainty.

	11. (5 pts) A student has formed the graph of quantity Q versus the square of quantity M (M2). They have also drawn the best-fit line on the graph. Which of the following is true?
	A. Quantity Q is proportional to quantity M.
	B. Quantity Q is proportional to quantity M 2.
	C. Quantity Q is linearly related to quantity M.
	D. Quantity Q is linearly related to quantity M 2.

	12. (5 pts) The diagram at right is a screenshot from the Lab A1 simulation. Both the rod and the conductor have excess charge. Based on the information given in the image, which of the following statements do you agree with?
	A. Statements I and III
	B. Statements I and IV
	C. Statements II and III
	D. Statements II and IV

	13. [6 pts] What is the surface charge density, ,𝜆-𝑖𝑛𝑛𝑒𝑟., on the inner surface of the conducting shell (at 𝑟=𝑎 from the axis)? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑖𝑛𝑛𝑒𝑟. is zero...
	14. [5 pts] What is the surface charge density, ,𝜆-𝑜𝑢𝑡𝑒𝑟.,  on the outer surface of the large conducting shell? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑜𝑢𝑡𝑒𝑟. is zero. Explain your rea...
	15. [3 pts] A cross section of the setup is shown at right. On the diagram, sketch the direction of the electric field at point P. If the electric field is zero, state so explicitly. No explanation required.
	16. [5 pts] Which of the following Gaussian surfaces would allow you to determine the electric field strength at point P? Explain your reasoning for your choice.
	17. [6 pts] Use the Gaussian surface you chose in the previous question to write an expression for the electric field at point P in terms of the variables given and any constants. If you choose to use any additional variables, be sure to define them. ...
	18. (5 pts) Two positively charged balls are placed a distance 𝑥 apart as shown. The magnitude of the charge on ball 1 is larger than the magnitude of the charge on ball 2. The balls are observed to repel.
	19. (5 pts) Ball 2 is replaced by a rod. The rod has the same positive charge that ball 2 had (in the previous section) and is placed the same distance 𝑥 from ball 1 as shown. The charge on the rod is uniformly distributed along its length.
	20. (5 pts) A thin, semicircular rod has a total charge +Q uniformly distributed along it. A positive point charge +q and a negative point charge –Q are placed as shown. (The +q charge is equidistant from –Q and from all points on the rod.)
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	1. (5 points) Three small positively charged conducting spheres hang from strings far enough apart from each other that they do not exert strong forces on each other, as shown in Case A. In Case B, two much larger spherical shells, with much more net ...
	A. The electric field is zero at the midpoint between the shells, and both shells are positively charged.
	B. The electric field is zero at the midpoint between the shells, and both shells are negatively charged.
	C. The electric field is zero at the midpoint between the shells, and the shells are oppositely charged.
	D. The electric field points to the right at the midpoint between the shells, and the shells are oppositely charged
	E. The electric field points to the left at the midpoint between the shells, and both shells are positively charged.

	2. (5 points) Two small conducting spheres, A and C, are fixed in place along a line and charge B is free to move. Charge C is a distance ,𝑑-𝑜. from charge B, and charge A is ,𝑑-𝑜./2 from B. Both A and C are positively charged and B is negatively ...
	A. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	B. ,𝑞-𝐶.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	C. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐴.>,𝑞-𝐶.
	D. |,𝑞-𝐵.| could have any value and ,𝑞-𝐶.>,𝑞-𝐴.
	E. |,𝑞-𝐵.| could have any value and ,𝑞-𝐴.>,𝑞-𝐶.

	3. (5 points) A positive charge is in a uniform electric field, and the charge experiences a net force to the right. Assuming there are no other forces acting, which one of the following statements could be TRUE?
	A. The electric field is to the right and the charge is moving at a constant velocity.
	B. The electric field is to the left and the charge is slowing down.
	C. The electric field is to the right and the charge is speeding up.
	D. The electric field is to the left and the charge is speeding up.
	E. The electric field is uniform, so the charge is moving at a constant velocity.

	4. (5 points) The electric flux through the surface shown is 25 N ,m-2./C, and the surface area of the rectangle is 0.40 ,m-2.. Which of the following is closest to the magnitude of the electric field, ,𝐸.?
	A. 540 N/C
	B. 72 N/C
	C. 130 N/C
	D. 630 N/C
	E. 36 N/C

	5. (5 points) A rectangular surface area, represented by the perpendicular vector 𝐴,𝑛., is positioned in a constant electric field, ,,𝐸.-𝑜.. Which one of the following choices represents a possible combination of the quantities associated with the...
	A. ,,𝐸.-𝑜.=−10 N/C ,𝑖.,   𝐴,𝑛.=+5 ,m-2. ,𝑗.,  Φ=−50 ,m-2.N/C
	B. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=−2 ,m-2. ,𝑖.,  Φ=−20 ,m-2.N/C
	C. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+4 ,m-2. ,𝑗.,  Φ=−20 ,m-2.N/C
	D. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=−25 ,m-2.N/C
	E. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=+50 ,m-2.N/C

	6. (5 points) Which of the following graphs best represents the magnitude of the electric field as a function of 𝑟, measured radially outward from the surface of a very long wire of length 𝐿 of charge density 𝜆? Assume 𝑟 much less than 𝐿.
	7. (5 points) Two identical polar molecules are placed in a region that has a uniform electric field. At one instant they have the orientations shown. Molecule A is experiencing no torque and molecule B is experiencing a counterclockwise torque. Which...
	8. (5 points) In each case shown at right, a particle of charge +𝑞 is placed a distance 𝑑 from a particle of charge +4𝑞. The masses of the particles, A, C, and D are all 3𝑚, the mass of particle B is 𝑚 as labeled in the diagram. The particles are...
	A. A
	B. B
	C. C
	D. D
	E. The magnitude of the acceleration for all particles will be the same.

	9. (5 pts) A thin ring of radius 𝑅 carries a uniformly distributed charge 𝑞. The ring lays on the 𝑥𝑦-plane with its center at the origin. What is the magnitude of the electric field at point P on the 𝑧-axis, a distance 𝐿 away from the origin?
	10. (5 pts) In Lab A2, a group places two charges 0.50 m apart and measures the force on one of the charges.  They repeat the experiment three times and tabulate their data as shown. Which of the values below correctly reports the best estimate and th...
	A. ,4.63±0.1. N
	B. ,4.63±0.11. N
	C. ,4.6±0.1. N
	D. ,4.6±0.2. N
	E. More than one of these choices correctly reports the best estimate and its uncertainty.

	11. (5 pts) A student has formed the graph of quantity 𝑄 versus the square of quantity 𝑀 (,𝑀-2.). They have also drawn the best-fit line on the graph. Which of the following is true?
	A. Quantity 𝑄 is proportional to quantity 𝑀.
	B. Quantity 𝑄 is proportional to quantity ,𝑀-2..
	C. Quantity 𝑄 is linearly related to quantity 𝑀.
	D. Quantity 𝑄 is linearly related to quantity ,𝑀-2..

	12. (5 pts) The diagram at right is a screenshot from the Lab A1 simulation. Both the rod and the conductor have excess charge. Based on the information given in the image, which of the following statements do you agree with?
	A. Statements I and III
	B. Statements I and IV
	C. Statements II and III
	D. Statements II and IV

	13. [6 pts] What is the surface charge density, ,𝜆-𝑖𝑛𝑛𝑒𝑟., on the inner surface of the conducting shell (at 𝑟=𝑎 from the axis)? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑖𝑛𝑛𝑒𝑟. is zero...
	14. [5 pts] What is the surface charge density, ,𝜆-𝑜𝑢𝑡𝑒𝑟.,  on the outer surface of the large conducting shell? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑜𝑢𝑡𝑒𝑟. is zero. Explain your rea...
	15. [3 pts] A cross section of the setup is shown at right. On the diagram, sketch the direction of the electric field at point P. If the electric field is zero, state so explicitly. No explanation required.
	16. [5 pts] Which of the following Gaussian surfaces would allow you to determine the electric field strength at point P? Explain your reasoning for your choice.
	17. [6 pts] Use the Gaussian surface you chose in the previous question to write an expression for the electric field at point P in terms of the variables given and any constants. If you choose to use any additional variables, be sure to define them. ...
	18. (5 pts) Two positively charged balls are placed a distance 𝑥 apart as shown. The magnitude of the charge on ball 1 is larger than the magnitude of the charge on ball 2. The balls are observed to repel.
	19. (5 pts) Ball 2 is replaced by a rod. The rod has the same positive charge that ball 2 had (in the previous section) and is placed the same distance 𝑥 from ball 1 as shown. The charge on the rod is uniformly distributed along its length.
	20. (5 pts) A thin, semicircular rod has a total charge +Q uniformly distributed along it. A positive point charge +q and a negative point charge –Q are placed as shown. (The +q charge is equidistant from –Q and from all points on the rod.)




