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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 N
origin and has a dipole moment vector at an angle 8 from the x-axis. Dipole B Yy Pa
is located on the negative y-axis and has a dipole moment vector in the {9

positive x direction. What angle 8 will minimize the potential energy of the
system of both dipoles?
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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 massis 9.11 x 10731 kg.

A. 1.82 %107 m/s
B. 1.68 x 107 m/s
C. 1.43x10” m/s
D. 1.23x 107 m/s
E. 1.07 X 107 m/s
3) (5 pts) Four particles are located at the four corners of a square. The Qa Qg
particles have charges, as shown. The electric potential is measured to Q """""" '
be zero at the center of the square. Which of the following charge ;
configurations is possible? 5
Note that the potential at infinity is zero. |
P o
Qa=q,0=q0Qc=q 0 =q Qo Qc

Qa=9q,08=qQc=0,0p=0
Qa=¢q,08=0,0c=qQp =0
Qa=4q,08=-90Qc=qCp=—q

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 uF. What
potential difference do you need to apply between the electrodes?
Note that 1 uF = 10° F

250V
354V
500V
707V
1500 V

mooO P

5)

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

+[—

20 uF 16 uF
0.21 pF
20 pF =
36 puF
44 pF
76 puF

16 uF

E,
i
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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 1 Wire 2
Length L 2L
Cross-sectional radius r 2r
Resistivity p 2p

Wire 2

What is the relationship between the magnitudes of the electric fields in wire 1, E;, and wire 2,
E5? Assume the current is uniform over the cross-section of the wires.

A E,=E =0
B. E,=_1E
C. E;=1E
D. E,=1E
E. E,=2E,
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7) (5 pts) An infinitely long wire carries current I and is bent at 90° y
with the bend at the origin of a co-ordinate system, as shown. I
Which one of the following expressions allows you to determine
the magnetic field at the origin?

B oo Hol[; (0dx o rody
A. B= | oo 32 Jfo yz] !
B o Mol [_;(0dx  , rody h—
B. B=7"|-1/,2 ]fo yZ] — —
B B[R [O% | f(° L
c B="kf 5 +k], yz] Z/
B Bol[p (0% _p(ow
D. B=t[k 05—k, yz]
E. B=0
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 y
wire 2 is on the x-axis at x = r and carries current 3I out of I 3]
the page. At what point along the x-axis will the magnitude ©
of the magnetic field be zero? x =1 X
A x=-r/2
B. x=-r/3
C. x=+r/\2
D. x =+4r/V3
E. Thereis 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

B; and B,, respectively. °2

A. B; < B,, and the magnetic field at point 1 is to the left. o1

B. B; > B,, and the magnetic field at point 1 is to the left. RRAANRAIRXR
C. B; < B3, and the magnetic field at point 1 is to the right.

D. B; > B,, and the magnetic field at point 1 is to the right.

E. B; = B,, and the magnetic field at point 1 is to the right.
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Il. 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?
l. Blue and Red are the same type of particle
.  Green and Orange are the same type of particle
lll.  Orange and Purple are the same type of particle

A. lonly.
B. Il only.
C. lllonly.
D. landll.
E. landlll.

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. Thereis an instrumental uncertainty of 0.005 N.
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lll. Lecture free response (25 points)

A spherical metal shell with outer radius R, and inner radius
R, has a net excess charge of +Q;. A particle with charge
+Qy 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, V4, greater

than, less than, or equal to the potential at point B, —
VA? Explain your reasoning. —’7

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 R;.
%4

Ignore

Ri Ry

Consider an infinitely long wire with a circular cross-section of radius R, as
shown at the right. The wire carries current [, out of the page. Assume that
the current is uniform across the wire’s circular cross section. Circular path
16) (5 pts) Consider a closed circular path of radius R,, /2 as shown. Using
variables given above and constants, derive an algebraic expression for

fﬁﬁ - d§ 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 R,,/2 from the center of the wire. Show your
work.
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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. w

18) (5 pts) Is the flux through the flat circular surface of the Gaussian
surface greater than, less than, or equal to Epmts?? 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 ® i i ®
is midway between the other charges. —q
+Q

20) (5 pts) Is Vg — V greater than, less than, or equal to zero? Explain your reasoning.

+Q




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 =%



Chapter 25
Potential energy in configuration of

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

: K
two point charges Uploe = —112

r

dipole in uniform electric field
Uclec = —PE cos ¢ = _ﬁ E

Potential energy from potential Uelec = qV
Electric potential (V' = 0 at infinity) due to:
point charge Vooint = %
KQ
sphere of charge wherer > R Vsphere = —
. KQ
ring of charge Vting on axis = JRZ+22
. 2KQ ¢ 5 T p2
disk Vdisk on axis = ?( z2 + R? — |Z|)

Chapter 26
Potential difference

Electric field in s direction

Electric field vector E=- (g—ii + g—;j + Z—ZIE)
Emf £ = Ychem
q
Ideal battery AVpae = €
Charge on a capacitor Q = CAV,
Capacitance of parallel-plate capacitor C= ?

Capacitors in parallel Coq=C+Co+C5+ -

-1
Capacitors in series Ceq = (Ci+ci+ci+ )
1 2 3
2
Capacitor potentialenergy U, = Z—C = 2QAV; = 2C(AV)?
Energy density of electric field ug = %eOE2
Dielectric constant K= %
Capacitance with dielectric C =k(,

Induced charge density Ninduced = Mo (1 - %)

Chapter 27
Electron current in wire le = n.Avg
Current =%
dt
Current density = %
Kirchoff’s junction law Shin =2 lout
Current density ] =0E
. nee?t
Conductivity o=—

m

e 1
Resistivity p=-
. pL
Resistance R = o
Ohm'’s law I = AITV

Chapter 29

Superposition of magnetic fields

Magnetic field of

i B _ Ko qUXF
point charge Bpoint charge = ;72
B __ Ug IASX?
current segment Bcurrent segment — 72
. . 1
long straight wire Byire = ’2‘_0_
Tr

_ Mo NI

N-turn current loop Boil center = 2R

Magnetic dipole magnitude m = Al
Magnetic field due to dipole on axis Edipole = Z—;ZZ—T
Ampére’s law $B-ds = Holthrough
Magnetic field due to solenoid B = pgnl
Force on moving charge in B field Fonq = lq|vB sina

-

Force on moving charge in B field Fong = qv x B

Force on wire in B field Fyire = IIB sina

Force on wire in B field

. . mv
Radius of cyclotron orbit Teye = P
Torque on magnetic dipole in B field ZT=mxB
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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. ,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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	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
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	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.)




