
Intermediate Exam I: Problem #1 (Spring ’05)

The electric field ~E generated by the two point charges, 3nC and q1 (unknown), has the direction
shown.

(a) Find the magnitude of ~E.

(b) Find the value of q1.
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Intermediate Exam I: Problem #1 (Spring ’05)

The electric field ~E generated by the two point charges, 3nC and q1 (unknown), has the direction
shown.

(a) Find the magnitude of ~E.

(b) Find the value of q1.
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Solution:

(a) Ey = k
3nC

(2m)2
= 6.75N/C,

Ex = Ey ,

E =
q

E2
x + E2

y = 9.55N/C.

(b) Ex = k
(−q1)

(4m)2
,

q1 = −
(6.75N/C)(16m2)

k
= −12nC.
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Intermediate Exam I: Problem #2 (Spring ’05)

Consider a point charge Q = 5nC fixed at position x = 0.

(a) Find the electric potential V1 at position x1 = 3m
and the electric potiential V2 at position x2 = 6m.

(b) If a charged particle (q = 4nC, m = 1.5ng) is released from rest at x1,
what are its kinetic energy K2 and its velocity v2 when it reaches position x2?

x = 0 x  = 3m1 x  = 6m2

Q = 5nC
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Intermediate Exam I: Problem #2 (Spring ’05)

Consider a point charge Q = 5nC fixed at position x = 0.

(a) Find the electric potential V1 at position x1 = 3m
and the electric potiential V2 at position x2 = 6m.

(b) If a charged particle (q = 4nC, m = 1.5ng) is released from rest at x1,
what are its kinetic energy K2 and its velocity v2 when it reaches position x2?

x = 0 x  = 3m1 x  = 6m2

Q = 5nC

Solution:

(a) V1 = k
Q

x1
= 15V, V2 = k

Q

x2
= 7.5V.

(b) ∆U = q(V2 − V1) = (4nC)(−7.5V) = −30nJ ⇒ ∆K = −∆U = 30nJ.

∆K = K2 =
1

2
mv2

2 ⇒ v2 =

r

2K2

m
= 200m/s.
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Intermediate Exam I: Problem #3 (Spring ’05)

Consider two plane surfaces with area vectors ~A1 (pointing in positive x-direction) and ~A2

(pointing in positive z-direction). The region is filled with a uniform electric field
~E = (2̂i + 7ĵ − 3k̂)N/C.

(a) Find the electric flux Φ
(1)
E

through area A1.

(b) Find the electric flux Φ
(2)
E

through area A2.
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Intermediate Exam I: Problem #3 (Spring ’05)

Consider two plane surfaces with area vectors ~A1 (pointing in positive x-direction) and ~A2

(pointing in positive z-direction). The region is filled with a uniform electric field
~E = (2̂i + 7ĵ − 3k̂)N/C.

(a) Find the electric flux Φ
(1)
E

through area A1.

(b) Find the electric flux Φ
(2)
E

through area A2.

z

x

y

3m

2m

4m
3m

A1

A 2
Solution:

(a) ~A1 = 6̂i m2,

Φ
(1)
E

= ~E · ~A1 = (2N/C)(6m2) = 12Nm2/C.

(b) ~A2 = 12k̂ m2,

Φ
(2)
E

= ~E · ~A2 = (−3N/C)(12m2) = −36Nm2/C.

1/5/2019 [tsl333 – 3/61]



Intermediate Exam I: Problem #4 (Spring ’05)

Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is −3C. Find the electric charges q1, q2, q3, q4
on each surface of both shells as identified in the figure.

4
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Intermediate Exam I: Problem #4 (Spring ’05)

Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is −3C. Find the electric charges q1, q2, q3, q4
on each surface of both shells as identified in the figure.

4

2
1

−3C

4C

3

Solution:

Start with the innermost surface.
Note that any excess charge is located
at the surface of a conductor.
Note also that the electric field inside a
conductor at equilibrium vanishes.

• Gauss’s law predicts q4 = 0.

• Charge conservation then predicts q3 + q4 = 4C. Hence q3 = 4C.

• Gauss’s law predicts q2 = −(q3 + q4) = −4C.

• Charge conservation then predicts q1 + q2 = −3C. Hence q1 = +1C.
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Intermediate Exam I: Problem #1 (Spring ’06)

Consider a point charge q = +8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components Ex and Ey at point P1.

(b) Find the electric field components Ex and Ey at point P2.

(c) Find the electric potential V at point P3.

(d) Find the electric potential V at point P2.

8nC
x

y

P2

P3

4m

3m

P1
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Intermediate Exam I: Problem #1 (Spring ’06)

Consider a point charge q = +8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components Ex and Ey at point P1.

(b) Find the electric field components Ex and Ey at point P2.

(c) Find the electric potential V at point P3.

(d) Find the electric potential V at point P2.

8nC
x

y

P2

P3

4m

3m

P1

Solution:

(a) Ex = 0, Ey = k
8nC

(3m)2
= 7.99N/C.

(b) Ex = −k
8nC

(5m)2
cos θ = −2.88N/C×

4

5
= −2.30N/C.

Ey = k
8nC

(5m)2
sin θ = 2.88N/C×

3

5
= 1.73N/C.

(c) V = k
8nC

4m
= 17.98V.

(d) V = k
8nC

5m
= 14.38V.
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Intermediate Exam I: Problem #2 (Spring ’06)

Consider a conducting sphere of radius r1 = 1m and a conducting spherical shell of inner radius
r2 = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = −0.6µC. The net
charge on the shell is zero.

(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.

(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.

(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.
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Intermediate Exam I: Problem #2 (Spring ’06)

Consider a conducting sphere of radius r1 = 1m and a conducting spherical shell of inner radius
r2 = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = −0.6µC. The net
charge on the shell is zero.

(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.

(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.

(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.

Q

Q

Q1

2

3

2m

B

4m 6m

CA
r

Solution:

(a) Gauss’s law implies that Q2 = −Q1 = +0.6µC.
Given that Q2 + Q3 = 0 we infer Q3 = −0.6µC.

(b) EA = k
0.6µC

(2m)2
= 1349N/C (inward).

(c) EB = 0 inside conductor.

(d) EC = k
0.6µC

(6m)2
= 150N/C (inward).
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Intermediate Exam I: Problem #3 (Spring ’06)

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0
with initial velocity as shown. Ignore gravity.

(a) Find the components ax and ay of the acceleration at time t = 0.

(b) Find the components vx and vy of the velocity at time t = 0.

(c) Find the components vx and vy of the velocity at time t = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

q = 6mC x

y

v  = 2m/s0
m =3g

E = 5N/C
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Intermediate Exam I: Problem #3 (Spring ’06)

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0
with initial velocity as shown. Ignore gravity.

(a) Find the components ax and ay of the acceleration at time t = 0.

(b) Find the components vx and vy of the velocity at time t = 0.

(c) Find the components vx and vy of the velocity at time t = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

q = 6mC x

y

v  = 2m/s0
m =3g

E = 5N/CSolution:

(a) ax =
q

m
E =

6× 10−3C

3× 10−3kg
(5N/C) = 10m/s2, ay = 0.

(b) vx = 0, vy = v0 = 2m/s.

(c) vx = axt = (10m/s2)(1.2s) = 12m/s, vy = v0 = 2m/s.

(d) x =
1

2
axt2 = 0.5(10m/s2)(1.2s)2 = 7.2m, y = vyt = (2m/s)(1.2s) = 2.4m.

1/5/2019 [tsl350 – 7/61]



Unit Exam I: Problem #1 (Spring ’07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force F21 exerted by q2 on q1.

(b) Find magnitude and direction of the electric field EA at point PA.

(c) Find the electric potential VB at point PB .

4m 4m 4m

PBPA
q  =

2 −3nCq  =
1 +3nC
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Unit Exam I: Problem #1 (Spring ’07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force F21 exerted by q2 on q1.

(b) Find magnitude and direction of the electric field EA at point PA.

(c) Find the electric potential VB at point PB .

4m 4m 4m

PBPA
q  =

2 −3nCq  =
1 +3nC

Solution:

(a) F12 = k
|3nC|2

(8m)2
= 1.27nN (directed right).

(b) EA = 2k
|3nC|

(4m)2
= 3.38N/C (directed right).

(c) VB = k
(+3nC)

12m
+ k

(−3nC)

4m
= −4.50V.
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Unit Exam I: Problem #2 (Spring ’07)

A point charge Qp is positioned at the center of a conducting spherical shell of inner radius
r2 = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The
electric field at point A has strength EA = 6.75N/C and is pointing radially inward.

(a) Find the value of Qp (point charge).

(b) Find the charge Qint on the inner surface of the shell.

(c) Find the charge Qext on the outer surface of the shell.

(d) Find the electric field at point B. A 2m

B 4m

intQ QextQp

EA

r
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Unit Exam I: Problem #2 (Spring ’07)

A point charge Qp is positioned at the center of a conducting spherical shell of inner radius
r2 = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The
electric field at point A has strength EA = 6.75N/C and is pointing radially inward.

(a) Find the value of Qp (point charge).

(b) Find the charge Qint on the inner surface of the shell.

(c) Find the charge Qext on the outer surface of the shell.

(d) Find the electric field at point B. A 2m

B 4m

intQ QextQp

EA

r

Solution:

(a) Gauss’s law implies that −EA(4πr2
A) =

Qp

ǫ0
⇒ Qp = −3.00nC.

(b) Gauss’s law implies that Qint = −Qp = +3.00nC.

(c) Charge conservation, Qint + Qext = Qs = 7.00nC,
then implies that Qext = +4.00nC.

(d) EB = 0 inside conductor.
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Unit Exam I: Problem #3 (Spring ’07)

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and
charge q = 1C are projected at time t = 0 with initial velocities as shown. Both particles will hit the
screen eventually. Ignore gravity.

(a) At what time t1 does the particle in region (1) hit the screen?

(b) At what height y1 does the particle in region (1) hit the screen?

(c) At what time t2 does the particle in region (2) hit the screen?

(d) At what height y2 does the particle in region (2) hit the screen?

y

x

screen

screen

x

y

E = 5N/C

E
 =

 5N
/C

v  = 2m/s0

v  =
 2m

/s
0

8m8m

(1) (2)
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Unit Exam I: Problem #3 (Spring ’07)

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and
charge q = 1C are projected at time t = 0 with initial velocities as shown. Both particles will hit the
screen eventually. Ignore gravity.

(a) At what time t1 does the particle in region (1) hit the screen?

(b) At what height y1 does the particle in region (1) hit the screen?

(c) At what time t2 does the particle in region (2) hit the screen?

(d) At what height y2 does the particle in region (2) hit the screen?

y

x

screen

screen

x

y

E = 5N/C

E
 =

 5N
/C

v  = 2m/s0

v  =
 2m

/s
0

8m8m

(1) (2)Solution:

(a) x1 =
1

2
at21 with a =

q

m
E = 2.5m/s2,

x1 = 8m ⇒ t1 = 2.53s.

(b) y1 = v0t1 = 5.06m.

(c) x2 = v0t2 ⇒ t2 =
8m

2m/s
= 4s.

(d) y2 =
1

2
at22 = 20m.
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Unit Exam I: Problem #1 (Spring ’08)

Consider two point charges positioned in the xy-plane as shown.
(a) Find the magnitude F of the force between the two charges.
(b) Find the components Ex and Ey of the electric field at point O.
(c) Find the electric potential V at point O.
(d) Find the potential energy U of charge q2 in the presence of charge q1.

x
q  = +8nC

q  = −4nC

O
3m

4m

2

1

y
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Unit Exam I: Problem #1 (Spring ’08)

Consider two point charges positioned in the xy-plane as shown.
(a) Find the magnitude F of the force between the two charges.
(b) Find the components Ex and Ey of the electric field at point O.
(c) Find the electric potential V at point O.
(d) Find the potential energy U of charge q2 in the presence of charge q1.

x
q  = +8nC

q  = −4nC

O
3m

4m

2

1

y
Solution:

(a) F = k
|q1q2|

(5m)2
= 1.15× 10−8N.

(b) Ex = −k
|q2|

(4m)2
= −4.5N/C,

Ey = +k
|q1|

(3m)2
= +4.0N/C.

(c) V = k
q2

4m
+ k

q1

3m
= 18V − 12V = 6V.

(d) U = k
q1q2

5m
= −57.6nJ.

1/5/2019 [tsl374 – 11/61]



Unit Exam I: Problem #2 (Spring ’08)

Consider a region of uniform electric field Ex = −5N/C. A charged particle (charge Q = 2C, mass
m = 3kg) is launched from initial position x = 0 with velocity v0 = 10m/s in the positive x-direction.
(a) Find the (negative) acceleration ax experienced by the particle.
(b) Find the time ts it takes the particle to come to a stop.
(c) Find the position xs of the particle at time ts.
(d) Find the work W done by the electric field to bring the particle to a stop.

x
v  = 10m/s
0

E   = −5N/Cx

Q = 2C

m =3kg
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Unit Exam I: Problem #2 (Spring ’08)

Consider a region of uniform electric field Ex = −5N/C. A charged particle (charge Q = 2C, mass
m = 3kg) is launched from initial position x = 0 with velocity v0 = 10m/s in the positive x-direction.
(a) Find the (negative) acceleration ax experienced by the particle.
(b) Find the time ts it takes the particle to come to a stop.
(c) Find the position xs of the particle at time ts.
(d) Find the work W done by the electric field to bring the particle to a stop.

x
v  = 10m/s
0

E   = −5N/Cx

Q = 2C

m =3kg

Solution:

(a) ax =
2C

3kg
(−5N/C) = −3.33m/s2.

(b) ts =
v0

|ax|
= 3.00s.

(c) xs =
v2
0

2|ax|
= 15.0m.

(d) W = ∆K = −
1

2
mv2

0 = −150J.

1/5/2019 [tsl375 – 12/61]



Unit Exam I: Problem #3 (Spring ’08)

Consider a conducting spherical shell of inner radius rint = 3m and outer radius rext = 5m. The
net charge on the shell is Qshell = 7µC.
(a) Find the charge Qint on the inner surface and the charge Qext on the outer surface of the

shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = −3µC into the center of the shell (r = 0m).
(c) Find the charge Qint on the inner surface and the charge Qext on the outer surface of the

shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.

Q

Q

ext

2m

B

4m 6m

CA
r

int

0m
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Unit Exam I: Problem #3 (Spring ’08)

Consider a conducting spherical shell of inner radius rint = 3m and outer radius rext = 5m. The
net charge on the shell is Qshell = 7µC.
(a) Find the charge Qint on the inner surface and the charge Qext on the outer surface of the

shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = −3µC into the center of the shell (r = 0m).
(c) Find the charge Qint on the inner surface and the charge Qext on the outer surface of the

shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.

Q

Q

ext

2m

B

4m 6m

CA
r

int

0m

Solution:

(a) Qint = 0, Qext = 7µC.

(b) A: none, B: none, C: right.

(c) Qint = 3µC, Qext = 4µC.

(d) A: left, B: none, C: right.

1/5/2019 [tsl376 – 13/61]



Unit Exam I: Problem #1 (Spring ’09)

Consider two point charges positioned on the x-axis as shown.
(a) Find magnitude and direction of the electric field at point P.
(b) Find the electric potential at point P.
(c) Find the electric potential energy of an electron (mass m = 9.1× 10−31kg, charge

q = −1.6× 10−19C) when placed at point P.
(d) Find magnitude and direction of the acceleration the electron experiences when released at

point P.
+8nC −8nC P

2m2m
x
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Unit Exam I: Problem #1 (Spring ’09)

Consider two point charges positioned on the x-axis as shown.
(a) Find magnitude and direction of the electric field at point P.
(b) Find the electric potential at point P.
(c) Find the electric potential energy of an electron (mass m = 9.1× 10−31kg, charge

q = −1.6× 10−19C) when placed at point P.
(d) Find magnitude and direction of the acceleration the electron experiences when released at

point P.
+8nC −8nC P

2m2m
x

Solution:

(a) Ex = +k
8nC

(4m)2
+ k

(−8nC)

(2m)2
= 4.5N/C− 18N/C = −13.5N/C (directed left).

(b) V = +k
8nC

4m
+ k

(−8nC)

2m
= 18V − 36V = −18V.

(c) U = qV = (−18V)(−1.6× 10−19C) = 2.9× 10−18J.

(d) ax =
qEx

m
=

(−1.6× 10−19C)(−13.5N/C)

9.1× 10−31kg
= 2.4× 1012ms−2 (directed right).

1/5/2019 [tsl389 – 14/61]



Unit Exam I: Problem #2 (Spring ’09)

Consider two very large uniformly charged parallel sheets as shown. The charge densities are
σA = +7× 10−12Cm−2 and σB = −4× 10−12Cm−2, respectively. Find magnitude and
direction (left/right) of the electric fields E1, E2, and E3.

EE E21 3
σΑ σΒ
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Unit Exam I: Problem #2 (Spring ’09)

Consider two very large uniformly charged parallel sheets as shown. The charge densities are
σA = +7× 10−12Cm−2 and σB = −4× 10−12Cm−2, respectively. Find magnitude and
direction (left/right) of the electric fields E1, E2, and E3.

EE E21 3
σΑ σΒ

Solution:

EA =
|σA|

2ǫ0
= 0.40N/C (directed away from sheet A).

EB =
|σB |

2ǫ0
= 0.23N/C (directed toward sheet B).

E1 = EA − EB = 0.17N/C (directed left).

E2 = EA + EB = 0.63N/C (directed right).

E2 = EA − EB = 0.17N/C (directed right).

1/5/2019 [tsl390 – 15/61]



Unit Exam I: Problem #3 (Spring ’09)

(a) Consider a conducting box with no net charge on it. Inside the box are two small charged
conducting cubes. For the given charges on the surface of one cube and on the inside
surface of the box find the charges Q1 on the surface of the other cube and Q2 on the
outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one
compartment is a small charged conducting cube. For the given charge on the surface of the
cube find the charges Q3, Q4, and Q5 on the three surfaces of the box.

+3C

Q

Q 1

2−5C

(a)

−6C

Q
3 Q 4

Q 5

(b)
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Unit Exam I: Problem #3 (Spring ’09)

(a) Consider a conducting box with no net charge on it. Inside the box are two small charged
conducting cubes. For the given charges on the surface of one cube and on the inside
surface of the box find the charges Q1 on the surface of the other cube and Q2 on the
outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one
compartment is a small charged conducting cube. For the given charge on the surface of the
cube find the charges Q3, Q4, and Q5 on the three surfaces of the box.

+3C

Q

Q 1

2−5C

(a)

−6C

Q
3 Q 4

Q 5

(b)Solution:

(a) Gauss’s law implies Q1 + 3C + (−5C) = 0 ⇒ Q1 = +2C.
Net charge on the box: Q2 + (−5C) = 0 ⇒ Q2 = +5C.

(b) Gauss’s law implies Q3 + (−6C) = 0 ⇒ Q3 = +6C.
Gauss’s law implies Q4 = 0.
Net charge on box: Q3 + Q4 + Q5 = 0 ⇒ Q5 = −6C.

1/5/2019 [tsl391 – 16/61]



Unit Exam I: Problem #1 (Fall ’10)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point A.

(b) Find the electric potential at point A.

(c) Find the magnitude of the electric field at point B.

(d) Find the electric potential at point B.

B

+7nC

−7nC8m

6m A

5m

5m
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Unit Exam I: Problem #1 (Fall ’10)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point A.

(b) Find the electric potential at point A.

(c) Find the magnitude of the electric field at point B.

(d) Find the electric potential at point B.

B

+7nC

−7nC8m

6m A

5m

5m
Solution:

(a) EA = 2k
|7nC|

(5m)2
= 2(2.52V/m) = 5.04V/m.

(b) VA = k
(+7nC)

5m
+ k

(−7nC)

5m
= 12.6V − 12.6V = 0.

(c) EB =

s

„

k
|7nC|

(6m)2

«2

+

„

k
|7nC|

(8m)2

«2

⇒ EB =
q

(1.75V/m)2 + (0.98V/m)2 = 2.01V/m.

(d) VB = k
(+7nC)

6m
+ k

(−7nC)

8m
= 10.5V − 7.9V = 2.6V.
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Unit Exam I: Problem #2 (Fall ’10)

A point charge Qp is positioned at the center of a conducting spherical shell of inner radius
rint = 3m and outer radius rext = 5m. The charge on the inner surface of the shell is
Qint = −4nC and the charge on the outer surface is Qext = +3nC.

(a) Find the value of the point charge Qp.

(b) Find direction (up/down/none) and magnitude of the electric field at point A.

(c) Find direction (up/down/none) and magnitude of the electric field at point B.

(d) Find direction (up/down/none) and magnitude of the electric field at point C. [not on exam]

Q

Q

ext

int

A 4m

6m

0m
Q p

r

B

2mC
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Unit Exam I: Problem #2 (Fall ’10)

A point charge Qp is positioned at the center of a conducting spherical shell of inner radius
rint = 3m and outer radius rext = 5m. The charge on the inner surface of the shell is
Qint = −4nC and the charge on the outer surface is Qext = +3nC.

(a) Find the value of the point charge Qp.

(b) Find direction (up/down/none) and magnitude of the electric field at point A.

(c) Find direction (up/down/none) and magnitude of the electric field at point B.

(d) Find direction (up/down/none) and magnitude of the electric field at point C. [not on exam]

Q

Q

ext

int

A 4m

6m

0m
Q p

r

B

2mC

Solution:

(a) Qp = −Qint = +4nC.

(b) EA = 0 inside conductor (no direction).

(c) EB [4π(6m)2] =
Qp + Qint + Qext

ǫ0

⇒ EB = k
3nC

(6m)2
= 0.75N/C (down).

(d) EC [4π(2m)2] =
Qp

ǫ0
⇒ EC = k

4nC

(2m)2
= 9N/C (down).

1/5/2019 [tsl399 – 18/61]



Unit Exam I: Problem #3 (Fall ’10)

An electron (m = 9.11× 10−31kg, q = −1.60× 10−19C) and a proton (m = 1.67× 10−27kg,
q = +1.60× 10−19C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?

(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.
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−
−
−

+
+
+
+
+
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6V 12V

0.2m
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Unit Exam I: Problem #3 (Fall ’10)

An electron (m = 9.11× 10−31kg, q = −1.60× 10−19C) and a proton (m = 1.67× 10−27kg,
q = +1.60× 10−19C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?

(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

−
−
−
−
−
−
−
−

+
+
+
+
+
+
+
+

+

6V 12V

0.2m

Solution:

(a) E = 6V/0.2m = 30V/m.

(b) left

(c) proton (positive charge)

(d) smaller m, equal |q| ⇒ larger |q|E/m

(e) K = |q∆V | = (1.6× 10−19C)(3V) = 4.8× 10−19J.

1/5/2019 [tsl400 – 19/61]



Unit Exam I: Problem #1 (Spring ’11)

The point charge Q has a fixed position as shown.
(a) Find the components Ex and Ey of the electric field at point A.
(b) Find the electric potential V at point A.
Now place a proton (m = 1.67× 10−27kg, q = 1.60× 10−19C) at point A.
(c) Find the the electric force F (magnitude only) experienced by the proton.
(d) Find the electric potential energy U of the proton.

A

y

3m

4m x

Q = 7nC
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Unit Exam I: Problem #1 (Spring ’11)

The point charge Q has a fixed position as shown.
(a) Find the components Ex and Ey of the electric field at point A.
(b) Find the electric potential V at point A.
Now place a proton (m = 1.67× 10−27kg, q = 1.60× 10−19C) at point A.
(c) Find the the electric force F (magnitude only) experienced by the proton.
(d) Find the electric potential energy U of the proton.

A

y

3m

4m x

Q = 7nC

Solution:

(a) E = k
|7nC|

(5m)2
= 2.52N/C,

Ex =
4

5
E = 2.02N/C, Ey = −

3

5
E = −1.51N/C

(b) V = k
7nC

5m
= 12.6V.

(c) F = qE = 4.03× 10−19N.

(d) U = qV = 2.02× 10−18J.

1/5/2019 [tsl401 – 20/61]



Unit Exam I: Problem #2 (Spring ’11)

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge
on the outer surface is Qext = 8nC. There is a point charge Qp = 3nC at the center.

(a) Find the charge Qint on the inner surface of the shell.

(b) Find the surface charge density σext on the outer surface of the shell.

(c) Find the electric flux ΦE through a Gaussian sphere of radius r = 5m.

(d) Find the magnitude of the electric field E at radius r = 3m.

Qint

3m 5m1m
r

Q 

Q   p

ext
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Unit Exam I: Problem #2 (Spring ’11)

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge
on the outer surface is Qext = 8nC. There is a point charge Qp = 3nC at the center.

(a) Find the charge Qint on the inner surface of the shell.

(b) Find the surface charge density σext on the outer surface of the shell.

(c) Find the electric flux ΦE through a Gaussian sphere of radius r = 5m.

(d) Find the magnitude of the electric field E at radius r = 3m.

Qint

3m 5m1m
r

Q 

Q   p

ext

Solution:

(a) Qint = −Qp = −3nC.

(b) σext =
Qext

4π(4m)2
= 3.98× 10−11C/m2.

(c) ΦE =
Qext

ǫ0
= 904Nm2/C.

(d) E = 0 inside conductor.
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Unit Exam I: Problem #3 (Spring ’11)

Consider a region of space with a uniform electric field E = 0.5V/m î. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 2?

(b) If an electron (m = 9.11× 10−31kg, q = −1.60× 10−19C) is released from rest at point 0,
toward which point will it start moving?

(c) What will be the speed of the electron when it gets there?

3

2

1

4

0

1m 3m 5m

1m

3m

5m

y

x

E
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Unit Exam I: Problem #3 (Spring ’11)

Consider a region of space with a uniform electric field E = 0.5V/m î. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 2?

(b) If an electron (m = 9.11× 10−31kg, q = −1.60× 10−19C) is released from rest at point 0,
toward which point will it start moving?

(c) What will be the speed of the electron when it gets there?

3

2

1

4

0

1m 3m 5m

1m

3m

5m

y

x

E
Solution:

(a) V1 = −(0.5V/m)(2m) = −1V, V2 = 0.

(b) F = qE = −|qE |̂i (toward point 3).

(c) ∆V = (V3 − V0) = 1V, ∆U = q∆V = −1.60× 10−19J,

K = −∆U = 1.60× 10−19J, v =

r

2K

m
= 5.93× 105m/s.

Alternatively:

F = qE = 8.00× 10−20N, a =
F

m
= 8.78× 1010m/s2,

|∆x| = 2m, v =
p

2a|∆x| = 5.93× 105m/s.

1/5/2019 [tsl403 – 22/61]



Unit Exam I: Problem #1 (Spring ’12)

Consider two point charges at the positions shown.
(a) Find the magnitude E of the electric field at point P1.
(b) Find the components Ex and Ey of the electric field at point P2.
(c) Draw the direction of the electric field at points P1 and P2 in the diagram.
(d) Calculate the potential difference ∆V = V2 − V1 between point P2 and P1.

x

y
8cm

P

P1

2−2nC

+2nC

6cm
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Unit Exam I: Problem #1 (Spring ’12)

Consider two point charges at the positions shown.
(a) Find the magnitude E of the electric field at point P1.
(b) Find the components Ex and Ey of the electric field at point P2.
(c) Draw the direction of the electric field at points P1 and P2 in the diagram.
(d) Calculate the potential difference ∆V = V2 − V1 between point P2 and P1.

x

y
8cm

P

P1

2−2nC

+2nC

6cm

Solution:

(a) E = 2k
2nC

(5cm)2
= 1.44× 104N/C.

(b) Ex = −k
2nC

(8cm)2
= −2.81× 103N/C.

Ey = k
2nC

(6cm)2
= 5.00× 103N/C.

(c) E1 up and left toward negative charge; E2 more up and less left

(d) ∆V = V2 − 0 = k
2nC

6cm
+ k
−2nC

8cm
= 300V − 225V = 75V.

1/5/2019 [tsl422 – 23/61]



Unit Exam I: Problem #2 (Spring ’12)

Two very large, thin, uniformly charged, parallel sheets are positioned as shown.
Find the values of the charge densities (charge per area), σA and σB , if you know the electric
fields E1, E2, and E3.

Consider two situations.
(a) E1 = 2N/C (directed left), E2 = 0, E3 = 2N/C (directed right).
(b) E1 = 0, E2 = 2N/C (directed right), E3 = 0.

EE E21 3
σΑ σΒ
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Unit Exam I: Problem #2 (Spring ’12)

Two very large, thin, uniformly charged, parallel sheets are positioned as shown.
Find the values of the charge densities (charge per area), σA and σB , if you know the electric
fields E1, E2, and E3.

Consider two situations.
(a) E1 = 2N/C (directed left), E2 = 0, E3 = 2N/C (directed right).
(b) E1 = 0, E2 = 2N/C (directed right), E3 = 0.

EE E21 3
σΑ σΒ

Solution:

(a) The two sheets are equally charged:
σA = σB = 2ǫ0(1N/C) = 1.77× 10−11C/m2.

(b) The two sheets are oppositely charged:
σA = −σB = 2ǫ0(1N/C) = 1.77× 10−11C/m2.

1/5/2019 [tsl423 – 24/61]



Unit Exam I: Problem #3 (Spring ’12)

Consider a region of uniform electric field Ex = +7N/C. A charged particle (charge Q = −3C,
mass m = 5kg) is launched at time t = 0 from initial position x = 0 with velocity v0 = 10m/s in the
positive x-direction. Ignore gravity.
(a) Find the force Fx acting on the particle at time t = 0.
(b) Find the force Fx acting on the particle at time t = 3s.
(c) Find the kinetic energy of the particle at time t = 0.
(d) Find the kinetic energy of the particle at time t = 3s.
(e) Find the work done on the particle between t = 0 and t = 3s.

E   = +7N/Cx

x
m = 5kg

Q = −3C v  = 10m/s
0
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Unit Exam I: Problem #3 (Spring ’12)

Consider a region of uniform electric field Ex = +7N/C. A charged particle (charge Q = −3C,
mass m = 5kg) is launched at time t = 0 from initial position x = 0 with velocity v0 = 10m/s in the
positive x-direction. Ignore gravity.
(a) Find the force Fx acting on the particle at time t = 0.
(b) Find the force Fx acting on the particle at time t = 3s.
(c) Find the kinetic energy of the particle at time t = 0.
(d) Find the kinetic energy of the particle at time t = 3s.
(e) Find the work done on the particle between t = 0 and t = 3s.

E   = +7N/Cx

x
m = 5kg

Q = −3C v  = 10m/s
0

Solution:

(a) Fx = QEx = (−3C)(7N/C) = −21N.

(b) no change from (a).

(c) K =
1

2
(5kg)(10m/s)2 = 250J.

(d) vx = v0 + axt = v0 + (Fx/m)t = 10m/s + (−21N/5kg)(3s) = −2.6m/s.

K =
1

2
(5kg)(−2.6m/s)2 = 16.9J.

(e) W = ∆K = 16.9J− 250J = −233J.

1/5/2019 [tsl424 – 25/61]



Unit Exam I: Problem #1 (Spring ’13)

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at points A and B.

(b) Find the electric potential at points A and B.

(c) Find the electric potential energy of a proton (mass m = 1.67× 10−27kg, charge
q = 1.60× 10−19C) when placed at point A or point B.

(d) Find magnitude and direction of the acceleration the proton experiences when released at
point A or point B.

x
A

3m 3m

B
−7nC+4nC

2m
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Unit Exam I: Problem #1 (Spring ’13)

Solution:

(a) Ex = −k
4nC

(2m)2
− k

(−7nC)

(5m)2
= −9.00N/C + 2.52N/C = −6.48N/C.

Ex = k
4nC

(6m)2
+ k

(−7nC)

(3m)2
= 1.00N/C− 7.00N/C = −6.00N/C.

(b) V = +k
4nC

2m
+ k

(−7nC)

5m
= 18.0V − 12.6V = 5.4V.

V = +k
4nC

6m
+ k

(−7nC)

3m
= 6.0V − 21.0V = −15.0V.

(c) U = qV = (5.4V)(1.6× 10−19C) = 8.64× 10−19J.

U = qV = (−15.0V)(1.6× 10−19C) = −2.40× 10−18J.

(d) ax =
qEx

m
=

(1.6× 10−19C)(−6.48N/C)

1.67× 10−27kg
= −6.21× 108ms−2.

ax =
qEx

m
=

(1.6× 10−19C)(−6.00N/C)

1.67× 10−27kg
= −5.75× 108ms−2.
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Unit Exam I: Problem #2 (Spring ’13)

Consider three plane surfaces (one circle and two rectangles) with area vectors ~A1 (pointing in
positive x-direction), ~A2 (pointing in negative z-direction), and ~A3 (pointing in negative y-direction)
as shown. The region is filled with a uniform electric field ~E = (−3̂i + 9ĵ − 4k̂)N/C or
~E = (2̂i− 6ĵ + 5k̂)N/C.

(a) Find the electric flux Φ
(1)
E

through surface 1.

(b) Find the electric flux Φ
(2)
E

through surface 2.

(c) Find the electric flux Φ
(3)
E

through surface 3.

z

y

3m

A 2

x

4m

A1

3m

A 3

4m

3m
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Unit Exam I: Problem #2 (Spring ’13)

Solution:

(a) ~A1 = π(1.5m)2 î = 7.07m2 î, Φ
(1)
E

= ~E · ~A1 = (−3N/C)(7.07m2) = −21.2Nm2/C.

~A1 = π(1.5m)2 î = 7.07m2 î, Φ
(1)
E

= ~E · ~A1 = (2N/C)(7.07m2) = 14.1Nm2/C.

(b) ~A2 = (3m)(4m)(−k̂) = −12m2k̂, Φ
(2)
E

= ~E · ~A2 = (−4N/C)(−12m2) = 48Nm2/C.

~A2 = (3m)(4m)(−k̂) = −12m2k̂, Φ
(2)
E

= ~E · ~A2 = (5N/C)(−12m2) = −60Nm2/C.

(c) ~A3 = (3m)(4m)(−ĵ) = −12m2ĵ, Φ
(3)
E

= ~E · ~A3 = (9N/C)(−12m2) = −108Nm2/C.

~A3 = (3m)(4m)(−ĵ) = −12m2ĵ, Φ
(3)
E

= ~E · ~A3 = (−6N/C)(−12m2) = 72Nm2/C.

1/5/2019 [tsl449 – 27/61]



Unit Exam I: Problem #3 (Spring ’13)

An electron (me = 9.11× 10−31kg, qe = −1.60× 10−19C) and a proton (mp = 1.67× 10−27kg,
qp = +1.60× 10−19C) are released from rest midway between oppositely charged parallel plates.
The electric field between the plates is uniform and has strength E = 40V/m. Ignore gravity.

(a) Which plate is positively (negatively) charged?

(b) Find the electric forces ~Fp acting on the proton and ~Fe acting on the electron (magnitude and
direction).

(c) Find the accelerations ~ap of the proton and ~ae of the electron (magnitude and direction).

(d) If plate 1 is at potential V1 = 1V at what potential V2 is plate 2?
If plate 2 is at potential V2 = 2V at what potential V1 is plate 1?

+

0.4m

E

V1 V2

pl
at

e 
1

pl
at

e 
2
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Unit Exam I: Problem #3 (Spring ’13)

Solution:

(a) plate 1 (plate 2)

(b) Fp = |qp|E = 6.40× 10−18N. (directed right).

Fe = |qe|E = 6.40× 10−18N. (directed left).

(c) ap = Fp/mp = 3.83× 109m/s2. (directed right).

ae = Fe/me = 7.03× 1012m/s2. (directed left).

(d) V2 = 1V − (40V/m)(0.4m) = −15V.

V1 = 2V + (40V/m)(0.4m) = 18V.

1/5/2019 [tsl450 – 28/61]



Unit Exam I: Problem #1 (Spring ’14)

Consider two point charges positioned as shown.

• Find the magnitude of the electric field at point A.

• Find the electric potential at point B.

• Find the magnitude of the electric field at point C.

• Find the electric potential at point D.

+5nC

−9nC

D

B 8m

6m
3m

4m

A

C

8m

6m

3m
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Unit Exam I: Problem #1 (Spring ’14)

Consider two point charges positioned as shown.

• Find the magnitude of the electric field at point A.

• Find the electric potential at point B.

• Find the magnitude of the electric field at point C.

• Find the electric potential at point D.

+5nC

−9nC

D

B 8m

6m
3m

4m

A

C

8m

6m

3m

Solution:

• EA = k
|5nC|

(3m)2
+ k
| − 9nC|

(7m)2
= 5.00V/m + 1.65V/m = 6.65V/m.

• VB = k
(+5nC)

6m
+ k

(−9nC)

8m
= 7.50V − 10.13V = −2.63V.

• EC = k
|5nC|

(6m)2
+ k
| − 9nC|

(4m)2
= 1.25V/m + 5.06V/m = 6.31V/m.

• VD = k
(+5nC)

8m
+ k

(−9nC)

6m
= 5.63V − 13.5V = −7.87V.
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Unit Exam I: Problem #2 (Spring ’14)

Consider a conducting sphere of radius r1 = 2cm and a conducting spherical shell of inner radius
r2 = 6cm and outer radius r3 = 10cm. The charges on the two surfaces of the shell are
Q2 = Q3 = 1.3nC [3.1nC].
(a) Find the charge Q1 on the surface of the conducting sphere.
(b) Find the magnitude of the electric field at points A and B.
(c) Find the surface charge density σ3 on the outermost surface. Q

Q

Q1

2

3

BA
r

8cm4cm
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Unit Exam I: Problem #2 (Spring ’14)

Consider a conducting sphere of radius r1 = 2cm and a conducting spherical shell of inner radius
r2 = 6cm and outer radius r3 = 10cm. The charges on the two surfaces of the shell are
Q2 = Q3 = 1.3nC [3.1nC].
(a) Find the charge Q1 on the surface of the conducting sphere.
(b) Find the magnitude of the electric field at points A and B.
(c) Find the surface charge density σ3 on the outermost surface. Q

Q

Q1

2

3

BA
r

8cm4cm

Solution:

(a) Gauss’ law implies that
Q1 = −Q2 = −1.3nC [−3.1nC].

(b) EA = k
1.3nC

(4cm)2
= 7.31× 103N/C

»

k
3.1nC

(4cm)2
= 1.74× 104N/C

–

.

EB = 0 inside conductor.

(c) σ3 =
Q3

4πr2
3

=
1.3nC

1257cm2
= 1.03× 10−8C/m2

»

3.1nC

1257cm2
= 2.47× 10−8C/m2

–
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Unit Exam I: Problem #3 (Spring ’14)

Consider a point charge Q = 6nC fixed at position x = 0.
(a) Find the electric potential energy U4 of a charged particle with mass m = 1mg and charge
q = 2µC placed at position x = 4cm.
(b) Find the electric potential energy U8 of a charged particle with mass m = 2mg and charge
q = −1µC placed at position x = 8cm.
(c) Find the kinetic energy K8 of that particle, released from rest at x = 4cm, when it has reached
position x = 8cm.
(d) Find the kinetic energy K4 of that particle, released from rest at x = 8cm, when it has reached
position x = 4cm.
(e) Find the velocity v8 of that particle at x = 8cm.
(f) Find the velocity v4 of that particle at x = 4cm.

x = 0 x = 4cm x = 8cm

Q = 6nC
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Unit Exam I: Problem #3 (Spring ’14)

Consider a point charge Q = 6nC fixed at position x = 0.
(a) Find the electric potential energy U4 of a charged particle with mass m = 1mg and charge
q = 2µC placed at position x = 4cm.
(b) Find the electric potential energy U8 of a charged particle with mass m = 2mg and charge
q = −1µC placed at position x = 8cm.
(c) Find the kinetic energy K8 of that particle, released from rest at x = 4cm, when it has reached
position x = 8cm.
(d) Find the kinetic energy K4 of that particle, released from rest at x = 8cm, when it has reached
position x = 4cm.
(e) Find the velocity v8 of that particle at x = 8cm.
(f) Find the velocity v4 of that particle at x = 4cm.

x = 0 x = 4cm x = 8cm

Q = 6nC

Solution:

(a) U4 = k
qQ

4cm
= 2.7mJ.

(c) K8 = (2.7− 1.35)mJ = 1.35mJ.

(e) v8 =

r

2K8

m
= 52.0m/s.

(b) U8 = k
qQ

8cm
= −0.675mJ.

(d) K4 = (1.35− 0.675)mJ = 0.675mJ.

(f) v4 =

r

2K4

m
= 26.0m/s.
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Unit Exam I: Problem #1 (Fall ’14)

Two point charges are placed in the xy-plane as shown.
(a) Find the components Ex and Ey of the electric field at point O.

(b) Draw an arrow indicating the direction of ~E at point O.
(c) Find the electric potential V at point O.
(d) Find the magnitude F of the electric force between the two charges.

y

xO

+5nC

+6nC2m

4m
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Unit Exam I: Problem #1 (Fall ’14)

Two point charges are placed in the xy-plane as shown.
(a) Find the components Ex and Ey of the electric field at point O.

(b) Draw an arrow indicating the direction of ~E at point O.
(c) Find the electric potential V at point O.
(d) Find the magnitude F of the electric force between the two charges.

y

xO

+5nC

+6nC2m

4m
Solution:

(a) Ex = −k
|6nC|

(4m)2
= −3.38N/C

Ey = +k
|5nC|

(2m)2
= 11.25N/C.

(b) Up and left.

(c) V = k
6nC

4m
+ k

5nC

2m
= 13.5V + 22.5V = 36V.

(d) F = k
|6nC||5nC|

20m2
= 13.5nN.

1/5/2019 [tsl479 – 32/61]



Unit Exam I: Problem #2 (Fall ’14)

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer
radius. A point charge Qp is placed at the center. The charges on the inner and outer surfaces of
the shell are Qint = 5nC and Qext = 7nC, respectively.

(a) Find the charge Qp.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density σint on the inner surface of the shell.

(d) Find the electric flux ΦE through a Gaussian sphere of radius r = 6cm.

Qint

r

Q 

Q   p

ext

10cm6cm2cm
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Unit Exam I: Problem #2 (Fall ’14)

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer
radius. A point charge Qp is placed at the center. The charges on the inner and outer surfaces of
the shell are Qint = 5nC and Qext = 7nC, respectively.

(a) Find the charge Qp.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density σint on the inner surface of the shell.

(d) Find the electric flux ΦE through a Gaussian sphere of radius r = 6cm.

Qint

r

Q 

Q   p

ext

10cm6cm2cm

Solution:

(a) Qp = −Qint = −5nC.

(b) E[4π(10cm)2] =
Qp + Qint + Qext

ǫ0
=

Qext

ǫ0
⇒ E = 6300N/C.

(c) σint =
Qint

4π(4cm)2
= 2.49× 10−7C/m2.

(d) ΦE = 0 inside conducting material.

1/5/2019 [tsl480 – 33/61]



Unit Exam I: Problem #3 (Fall ’14)

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0
with initial velocity as shown.

(a) Find the components ax and ay of the acceleration at time t = 0.

(b) Find the components vx and vy of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s.

(d) Sketch the path of the particle as it moves from the initial position.

x

y

E = 2N/C

v  = 4m/s0m =7g

q = 3mC
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Unit Exam I: Problem #3 (Fall ’14)

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0
with initial velocity as shown.

(a) Find the components ax and ay of the acceleration at time t = 0.

(b) Find the components vx and vy of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s.

(d) Sketch the path of the particle as it moves from the initial position.

x

y

E = 2N/C

v  = 4m/s0m =7g

q = 3mC
Solution:

(a) ax = 0, ay =
q

m
E =

3× 10−3C

7× 10−3kg
(2N/C) = 0.857m/s2.

(b) vx = v0 = 4m/s, vy = ayt = (0.857m/s2)(2s) = 1.71m/s.

(c) E =
1

2
(7× 10−3kg)[(4m/s)2 + (1.71m/s)2] = 6.62× 10−2J.

(d) Upright parabolic path.

1/5/2019 [tsl481 – 34/61]



Unit Exam I: Problem #1 (Spring ’15)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric force acting between the two charges.

(b) Find the electric potential at point B.

(c) Find the magnitude and direction of the electric field at point A.

B
+13nC8m

6m A

5m

5m

+9nC
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Unit Exam I: Problem #1 (Spring ’15)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric force acting between the two charges.

(b) Find the electric potential at point B.

(c) Find the magnitude and direction of the electric field at point A.

B
+13nC8m

6m A

5m

5m

+9nC

Solution:

(a) F = k
|(9nC)(13nC|)

(10m)2
= 10.53nN.

(b) VB = k
(9nC)

6m
+ k

(13nC)

8m
= 13.5V + 14.6V = 28.1V.

(c) EA =

˛

˛

˛

˛

k
9nC

(5m)2
− k

13nC

(5m)2

˛

˛

˛

˛

= |3.24N/C− 4.68N/C| = 1.44N/C.

Direction along hypotenuse toward upper left.

1/5/2019 [tsl488 – 35/61]



Unit Exam I: Problem #2 (Spring ’15)

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer
radius. The excess charges on its inner and outer surfaces are Qint = +7nC and Qext = +11nC,
respectively. There is a point charge Qp at the center of the cavity.

(a) Find the point charge Qp.

(b) Find the surface charge density σint on the inner surface of the shell.

(c) Find the magnitude E of the electric field at radius r = 10cm.

Qint

r

Q 

Q   p

ext

102 6
[cm]
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Unit Exam I: Problem #2 (Spring ’15)

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer
radius. The excess charges on its inner and outer surfaces are Qint = +7nC and Qext = +11nC,
respectively. There is a point charge Qp at the center of the cavity.

(a) Find the point charge Qp.

(b) Find the surface charge density σint on the inner surface of the shell.

(c) Find the magnitude E of the electric field at radius r = 10cm.

Qint

r

Q 

Q   p

ext

102 6
[cm]

Solution:

(a) Qp = −Qint = −7nC.

(b) σint =
Qint

4π(4cm)2
= 3.48× 10−7C/m2.

(c) E =
k(11nC)

(10cm)2
= 9900N/C.

1/5/2019 [tsl489 – 36/61]



Unit Exam I: Problem #3 (Spring ’15)

Consider a region of uniform electric field E = −7̂i N/C. At time t = 0 a charged particle (charge
q = −5nC, mass m = 4× 10−6kg) is released from rest at the origin of the coordinate system as
shown.

(a) Find the acceleration, the velocity, and the position of the particle t = 0.

(b) Find the acceleration, the velocity, and the position of the particle at t = 3s.

(c) Find the work W done by the electric field on the particle between t = 0 and t = 3s.

z

y

x

E

qm

1/5/2019 [tsl490 – 37/61]



Unit Exam I: Problem #3 (Spring ’15)

Consider a region of uniform electric field E = −7̂i N/C. At time t = 0 a charged particle (charge
q = −5nC, mass m = 4× 10−6kg) is released from rest at the origin of the coordinate system as
shown.

(a) Find the acceleration, the velocity, and the position of the particle t = 0.

(b) Find the acceleration, the velocity, and the position of the particle at t = 3s.

(c) Find the work W done by the electric field on the particle between t = 0 and t = 3s.

z

y

x

E

qm

Solution:

(a) ax =
(−5nC)

4× 10−6kg
(−7N/C) = 8.75× 10−3m/s2,

vx = 0, x = 0.

(b) ax = 8.75× 10−3m/s2,
vx = axt = (8.75× 10−3m/s2)(3s) = 2.63× 10−2m/s,

x =
1

2
axt2 = (0.5)(8.75× 10−3m/s2)(3s)2 = 3.94× 10−2m.

(c) W = F∆x = (−5nC)(−7N/C)(3.94× 10−2m) = 1.38nJ.

W = ∆K =
1

2
(4× 10−6kg)(2.63× 10−2m/s)2 = 1.38nJ.

1/5/2019 [tsl490 – 37/61]



Unit Exam I: Problem #1 (Fall ’15)

Consider two point charges positioned on the x-axis as shown.
(1a) Find magnitude and direction of the electric field at point C.
(1b) Find the electric potential at point B.
(2a) Find magnitude and direction of the electric field at point B.
(2b) Find the electric potential at point A.

x
3m

A −11nC +17nC

2m 3m 2m

B C
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Unit Exam I: Problem #1 (Fall ’15)

Consider two point charges positioned on the x-axis as shown.
(1a) Find magnitude and direction of the electric field at point C.
(1b) Find the electric potential at point B.
(2a) Find magnitude and direction of the electric field at point B.
(2b) Find the electric potential at point A.

x
3m

A −11nC +17nC

2m 3m 2m

B C

Solution:

(1a) Ex = −k
| − 11nC|

(7m)2
+ k
|17nC|

(2m)2
= −2.02N/C + 38.25N/C = +36.23N/C.

(1b) V = k
(−11nC)

2m
+ k

(17nC)

3m
= −49.5V + 51.0V = 1.5V.

(2a) Ex = −k
| − 11nC|

(2m)2
− k
|17nC|

(3m)2
= −24.75N/C− 17.00N/C = −41.75N/C.

(2b) V = k
(−11nC)

3m
+ k

17nC

8m
= −33.0V + 19.1V = −13.9V.

1/5/2019 [tsl512 – 38/61]



Unit Exam I: Problem #2 (Fall ’15)

Consider two plane surfaces (of rectangular and a circular shape) with area vectors ~A1 pointing in
positive z-direction) and ~A2 pointing in positive x-direction.
The region is filled with a uniform electric field
(1) ~E = (4̂i + 5ĵ − 7k̂)N/C,

(2) ~E = (−6̂i + 4ĵ + 5k̂)N/C.

(a) Find the electric flux Φ
(1)
E

through area A1.

(b) Find the electric flux Φ
(2)
E

through area A2.

A

4m

2

z

x

y
A1

4m
3m
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Unit Exam I: Problem #2 (Fall ’15)

Consider two plane surfaces (of rectangular and a circular shape) with area vectors ~A1 pointing in
positive z-direction) and ~A2 pointing in positive x-direction.
The region is filled with a uniform electric field
(1) ~E = (4̂i + 5ĵ − 7k̂)N/C,

(2) ~E = (−6̂i + 4ĵ + 5k̂)N/C.

(a) Find the electric flux Φ
(1)
E

through area A1.

(b) Find the electric flux Φ
(2)
E

through area A2.

A

4m

2

z

x

y
A1

4m
3m

Solution:

(1a) Φ
(1)
E

= ~E · ~A1 = (−7N/C)(12.0m2) = −84.0Nm2/C.

(1b) Φ
(2)
E

= ~E · ~A2 = (4N/C)(12.6m2) = 50.4Nm2/C.

(2a) Φ
(1)
E = ~E · ~A1 = (5N/C)(12.0m2) = 60.0Nm2/C.

(2b) Φ
(2)
E

= ~E · ~A2 = (−6N/C)(12.6m2) = −75.6Nm2/C.

1/5/2019 [tsl513 – 39/61]



Unit Exam I: Problem #3 (Fall ’15)

Consider a region of space with a uniform electric field
(1) E = 1.2V/m ĵ, (2) E = 0.6V/m î. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?
(b) If a proton (m = 1.67× 10−27kg, q = 1.60× 10−19C) is released from rest at point 0, toward
which point will it start moving?
(c) What will be the kinetic energy of the proton when it gets there?

3
0

2m 6m

2m

y

x

10m

6m

10m

2

1

4
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Unit Exam I: Problem #3 (Fall ’15)

Consider a region of space with a uniform electric field
(1) E = 1.2V/m ĵ, (2) E = 0.6V/m î. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?
(b) If a proton (m = 1.67× 10−27kg, q = 1.60× 10−19C) is released from rest at point 0, toward
which point will it start moving?
(c) What will be the kinetic energy of the proton when it gets there?

3
0

2m 6m

2m

y

x

10m

6m

10m

2

1

4

Solution:

(1a) V1 = 0, V2 = −4.8V, V3 = 0, V4 = +4.8V.

(1b) F = qE (toward point 2).

(1c) ∆V = (V2 − V0) = −4.8V,
∆U = q∆V = −7.68× 10−19J,

K = −∆U = +7.68× 10−19J.

(2a) V1 = 2.4V, V2 = 0, V3 = −2.4V, V4 = 0.

(2b) F = qE (toward point 3).

(2c) ∆V = (V3 − V0) = −2.4V,
∆U = q∆V = −3.84× 10−19J,

K = −∆U = +3.84× 10−19J.

1/5/2019 [tsl514 – 40/61]



Unit Exam I: Problem #1 (Spring ’16)

Consider a pair of point charges in two different configurations. Find the electric potential V and
the components Ex and Ey of the electric field at point A and at point B.

4cm 3cm

A

y

x
+6nC

3cm

4cm+5nC

y

x
B

+6nC

−5nC
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Unit Exam I: Problem #1 (Spring ’16)

Consider a pair of point charges in two different configurations. Find the electric potential V and
the components Ex and Ey of the electric field at point A and at point B.

4cm 3cm

A

y

x
+6nC

3cm

4cm+5nC

y

x
B

+6nC

−5nC

Solution:

• V (A) = k
6nC

3cm
+ k

(−5nC)

4cm
= 1800V − 1125V = 675V.

• E
(A)
x = −k

|6nC|

(3cm)2
− k
| − 5nC|

(4cm)2
= −88 125V/m, E

(A)
y = 0.

• V (B) = k
6nC

3cm
+ k

5nC

4cm
= 1800V + 1125V = 2925V.

• E
(B)
x = k

|5nC|

(4cm)2
= 28 125V/m, E

(B)
y = −k

|6nC|

(3cm)2
= −60 000V/m.

1/5/2019 [tsl526 – 41/61]



Unit Exam I: Problem #2 (Spring ’16)

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge
on the outer surface is Qext = −7nC.

(a) Find the charge Qint on the inner surface of the shell.

(b) Find the surface charge density σext on the outer surface of the shell.

(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ΦE through a Gaussian sphere of radius r = 10m.

(e) Find the magnitude of the electric field E at radius r = 10m.

Qint

6m 10m2m
r

Q ext
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Unit Exam I: Problem #2 (Spring ’16)

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge
on the outer surface is Qext = −7nC.

(a) Find the charge Qint on the inner surface of the shell.

(b) Find the surface charge density σext on the outer surface of the shell.

(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ΦE through a Gaussian sphere of radius r = 10m.

(e) Find the magnitude of the electric field E at radius r = 10m.

Qint

6m 10m2m
r

Q extSolution:

(a) Qint = 0 (inferred from Gauss’ law.)

(b) σext =
−7nC

4π(8m)2
= −8.70× 10−12C/m2.

(c) E = 0 (inside conducting material.)

(d) ΦE =
−7nC

ǫ0
= −791Nm2/C.

(e) E = k
| − 7nC|

(10m)2
= 0.63V/m.

1/5/2019 [tsl527 – 42/61]



Unit Exam I: Problem #3 (Spring ’15)

Consider a region of uniform electric field as shown. A charged particle is released from rest at
time t = 0 at the origin of the coordinate system.

(a) Find the acceleration ax of the particle at time t = 3s.

(b) Find the velocity vx of the particle at time t = 3s.

(c) Find the position x of the particle at time t = 3s.

(d) In what time ∆t does the particle move from x = 10m to x = 20m?

y

m =5g

q = −4mC

x

E = 6N/C
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Unit Exam I: Problem #3 (Spring ’15)

Consider a region of uniform electric field as shown. A charged particle is released from rest at
time t = 0 at the origin of the coordinate system.

(a) Find the acceleration ax of the particle at time t = 3s.

(b) Find the velocity vx of the particle at time t = 3s.

(c) Find the position x of the particle at time t = 3s.

(d) In what time ∆t does the particle move from x = 10m to x = 20m?

y

m =5g

q = −4mC

x

E = 6N/C
Solution:

(a) ax =
q

m
E =

−4× 10−3C

5× 10−3kg
(−6N/C) = 4.8m/s2.

(b) vx = axt = (4.8m/s2)(3s) = 14.4m/s.

(c) x =
1

2
axt2 = 0.5(4.8m/s2)(3s)2 = 21.6m.

(d) ∆t =

s

2(20m)

4.8m/s2
−

s

2(10m)

4.8m/s2
= 2.89s− 2.04s = 0.85s.

1/5/2019 [tsl528 – 43/61]



Unit Exam I: Problem #1 (Fall ’16)

Consider two point charges positioned as shown.
(a) Find the magnitude of the electric field at point C [D].
(b) Draw the field direction at point C [D] by an arrow.
(c) Find the electric potential at point A [B].

+9nC

+7nC B

8m 8m

6m

6m

4m

3m

3m

C

D

A
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Unit Exam I: Problem #1 (Fall ’16)

Consider two point charges positioned as shown.
(a) Find the magnitude of the electric field at point C [D].
(b) Draw the field direction at point C [D] by an arrow.
(c) Find the electric potential at point A [B].

+9nC

+7nC B

8m 8m

6m

6m

4m

3m

3m

C

D

A

Solution:

• EC = k
9nC

(4m)2
− k

7nC

(6m)2
= 5.06V/m− 1.75V/m = 3.31V/m.

[ED = k
7nC

(3m)2
− k

9nC

(7m)2
= 7.00V/m− 1.65V/m = 5.35V/m].

• Down/left along diagonal [Up/right along diagonal].

• VA = k
9nC

6m
+ k

7nC

8m
= 13.50V + 7.88V = 21.4V.

[VB = k
9nC

8m
+ k

7nC

6m
= 10.1V + 10.5V = 20.6V].

1/5/2019 [tsl535 – 44/61]



Unit Exam I: Problem #2 (Fall ’16)

Consider a conducting sphere and a conducting spherical shell as shown in cross section. The
charges on the two surfaces of the shell are
Q2 = −5nC and Q3 = +2nC [Q2 = +4nC and Q3 = −3nC].
(a) Find the charge Q1 on the surface of the conducting sphere.
(b) Find magnitude and direction of the electric field at point A.
(c) Find magnitude and direction of the electric field at point B.

Q

Q

Q1

2

3

A

0 2 4 6 8 10 12

r [cm]

B
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Unit Exam I: Problem #2 (Fall ’16)

Consider a conducting sphere and a conducting spherical shell as shown in cross section. The
charges on the two surfaces of the shell are
Q2 = −5nC and Q3 = +2nC [Q2 = +4nC and Q3 = −3nC].
(a) Find the charge Q1 on the surface of the conducting sphere.
(b) Find magnitude and direction of the electric field at point A.
(c) Find magnitude and direction of the electric field at point B.

Q

Q

Q1

2

3

A

0 2 4 6 8 10 12

r [cm]

B

Solution:

(a) Gauss’ law implies that
Q1 = −Q2 = +5nC [Q1 = −Q2 = −4nC].

(b) EA = k
5nC

(4cm)2
= 28.1× 103N/C (right)

[EA = k
4nC

(4cm)2
= 22.5× 103N/C (left)].

(c) EB = k
2nC

(12cm)2
= 1.25× 103N/C (right)

[EB = k
3nC

(12cm)2
= 1.88× 103N/C (left)].

1/5/2019 [tsl536 – 45/61]



Unit Exam I: Problem #3 (Fall ’16)

Consider a region of uniform electric field E. A particle with charge q and mass m is projected at
time t = 0 with initial velocity v0. The specifications are m = 3g, q = 2mC, v0 = 4m/s, E = 5N/C.
[m = 2g, q = 3mC, v0 = 5m/s, E = 4N/C]. Ignore gravity.
(a) Find the components Fx and Fy of the electric force acting on the particle at time t = 1.5s.
(b) Find the components vx and vy of the velocity at time t = 1.5s.
(c) Find the kinetic energy at time t = 1.5s.

x

y

v0q
m

E 
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Unit Exam I: Problem #3 (Fall ’16)

Consider a region of uniform electric field E. A particle with charge q and mass m is projected at
time t = 0 with initial velocity v0. The specifications are m = 3g, q = 2mC, v0 = 4m/s, E = 5N/C.
[m = 2g, q = 3mC, v0 = 5m/s, E = 4N/C]. Ignore gravity.
(a) Find the components Fx and Fy of the electric force acting on the particle at time t = 1.5s.
(b) Find the components vx and vy of the velocity at time t = 1.5s.
(c) Find the kinetic energy at time t = 1.5s.

x

y

v0q
m

E Solution:

(a) Fx = 0, Fy = qE = 10mN

[Fx = 0, Fy = qE = 12mN].

(b) vx = v0 = 4m/s, vy =
Fy

m
t = 5m/s

[vx = v0 = 5m/s, vy =
Fy

m
t = 9m/s].

(c) K =
1

2
(3× 10−3kg)[(4m/s)2 + (5m/s)2] = 61.5mJ

[K =
1

2
(2× 10−3kg)[(5m/s)2 + (9m/s)2] = 106mJ].

1/5/2019 [tsl537 – 46/61]



Unit Exam I: Problem #1 (Spring ’17)

Point charges q1 = +1nC, q2 = +2nC, q3 = −3nC [q1 = −1nC, q2 = +2nC, q3 = +3nC] are
positioned as shown.
(a) Find the components Ex and Ey of the electric field at point O.
(b) Find the electric potential V at point O.
(c) Find the direction (↑,ր,→,ց, ↓,ւ,←,տ) of the resultant Coulomb force on charge q2.

3

y

xO

4m

q
1

q2

3m 2m

q
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Unit Exam I: Problem #1 (Spring ’17)

Point charges q1 = +1nC, q2 = +2nC, q3 = −3nC [q1 = −1nC, q2 = +2nC, q3 = +3nC] are
positioned as shown.
(a) Find the components Ex and Ey of the electric field at point O.
(b) Find the electric potential V at point O.
(c) Find the direction (↑,ր,→,ց, ↓,ւ,←,տ) of the resultant Coulomb force on charge q2.

3

y

xO

4m

q
1

q2

3m 2m

q

Solution:

(a) Ex = −k
|q2|

(3m)2
+ k

|q3|

(5m)2
= −0.92N/C

»

Ex = −k
|q2|

(3m)2
− k

|q3|

(5m)2
= −3.08N/C

–

Ey = −k
|q1|

(4m)2
= −0.56N/C

»

Ey = +k
|q1|

(4m)2
= +0.56 N/C

–

(b) V = k
q1

4m
+ k

q2

3m
+ k

q3

5m
= 2.85V

h

V = k
q1

4m
+ k

q2

3m
+ k

q3

5m
= 9.15V

i

(c) ց [տ ]
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Unit Exam I: Problem #2 (Spring ’17)

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of
uniform electric field E = (5̂i− 4ĵ + 6k̂)N/C [E = (8̂i + 7ĵ − 9k̂)N/C].

(a) Find the electric flux Φ
(1)
E

through face 1 (in xy plane).

(b) Find the electric flux Φ
(2)
E

through face 2 (in xz plane).

(c) Find the electric flux Φ
(3)
E

through face 3 (in yz plane).

(d) Find the electric flux Φ
(tot)
E

through all six faces added up.

z

y

x

3m

3m

3m

2
3

1
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Unit Exam I: Problem #2 (Spring ’17)

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of
uniform electric field E = (5̂i− 4ĵ + 6k̂)N/C [E = (8̂i + 7ĵ − 9k̂)N/C].

(a) Find the electric flux Φ
(1)
E

through face 1 (in xy plane).

(b) Find the electric flux Φ
(2)
E

through face 2 (in xz plane).

(c) Find the electric flux Φ
(3)
E

through face 3 (in yz plane).

(d) Find the electric flux Φ
(tot)
E

through all six faces added up.

z

y

x

3m

3m

3m

2
3

1

Solution:

(a) Φ
(1)
E

= ~E · ~A1 = (6N/C)k̂ · (−9m2)k̂ = −54Nm2/C

[Φ
(1)
E

= ~E · ~A1 = (−9N/C)k̂ · (−9m2)k̂ = 81Nm2/C]

(b) Φ
(2)
E

= ~E · ~A2 = (−4N/C)ĵ · (−9m2)ĵ = +36Nm2/C

[Φ
(2)
E

= ~E · ~A2 = (7N/C)ĵ · (−9m2)ĵ = −63Nm2/C]

(c) Φ
(3)
E

= ~E · ~A3 = (5N/C)̂i(̇− 9m2 )̂i = −45Nm2/C

[Φ
(3)
E

= ~E · ~A3 = (8N/C)̂i(̇− 9m2 )̂i = −72Nm2/C]

(d) Φ
(tot)
E

=
Qin

ǫ0
= 0

»

Φ
(tot)
E

=
Qin

ǫ0
= 0

–
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Unit Exam I: Problem #3 (Spring ’17)

Consider a region of uniform electric field E = −2N/Cî [E = −3N/Cî]. A charged particle
(m = 0.04kg, q = 6mC) [(m = 0.05kg, q = 7mC)] is projected at time t = 0 with initial velocity

v0 = 8m/ŝi [v0 = 9m/ŝi] from the origin of the coordinate system as shown.
(a) Find the the acceleration ax of the particle at time t = 2.5s.
(b) Find its velocity vx at time t = 2.5s.
(c) Find its position x at time t = 2.5s. E

x
v0

y

q
m
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Unit Exam I: Problem #3 (Spring ’17)

Consider a region of uniform electric field E = −2N/Cî [E = −3N/Cî]. A charged particle
(m = 0.04kg, q = 6mC) [(m = 0.05kg, q = 7mC)] is projected at time t = 0 with initial velocity

v0 = 8m/ŝi [v0 = 9m/ŝi] from the origin of the coordinate system as shown.
(a) Find the the acceleration ax of the particle at time t = 2.5s.
(b) Find its velocity vx at time t = 2.5s.
(c) Find its position x at time t = 2.5s. E

x
v0

y

q
mSolution:

(a) ax = −
q

m
E = −

6× 10−3C

4× 10−2kg
(2N/C) = −0.3m/s2

»

ax = −
q

m
E = −

7× 10−3C

5× 10−2kg
(3N/C) = −0.42m/s2

–

(b) vx = v0 + axt = 8m/s− (0.3m/s2)(2.5s) = 7.25m/s

[vx = v0 + axt = 9m/s− (0.42m/s2)(2.5s) = 7.95m/s]

(c) x = v0t +
1

2
axt2 = (8m/s)(2.5s)− 0.5(0.3m/s2)(2.5s)2 = 19.1m

»

x = v0t +
1

2
axt2 = (9m/s)(2.5s)− 0.5(0.42m/s2)(2.5s)2 = 21.2m

–
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Unit Exam I: Problem #1 (Fall ’17)

Consider point charges positioned in two coordinate systems as shown.

• Find the electric field EA at point A.

• Find the electric field EB at point B.

• Find the electric potential VA at point A.

• Find the electric potential VB at point B.

6c
m

A B

+3nC

−2nC+2nC

+3nC

+5nC

−4nC −4nC

−5nC

x

y

6c
m

6cm 6cm

6c
m

x

y

6c
m

6cm 6cm
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Unit Exam I: Problem #1 (Fall ’17)

Consider point charges positioned in two coordinate systems as shown.

• Find the electric field EA at point A.

• Find the electric field EB at point B.

• Find the electric potential VA at point A.

• Find the electric potential VB at point B.

6c
m

A B

+3nC

−2nC+2nC

+3nC

+5nC

−4nC −4nC

−5nC

x

y

6c
m

6cm 6cm

6c
m

x

y

6c
m

6cm 6cm

Solution:

EA = 2k
|2nC|

(6cm)2
î = 1.00× 104 N/C î

EB = −2k
|5nC|

(6cm)2
ĵ = −2.50× 104 N/C ĵ

VA = 2k
3nC

6cm
= 9.00× 102V

VB = 2k
(−4nC)

6cm
= −12.0× 102V
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Unit Exam I: Problem #2 (Fall ’17)

Consider a long charged rod with charge per unit length λ = 3µC/m [λ = 2µC/m]. A Gaussian
cylinder of radius R = 4cm [R = 5cm] and length L = 12cm [L = 15cm] is placed with its axis
along the rod as shown.

(a) Find the area A of the Gaussian cylinder.

(b) Find the electric charge Qin inside the cylinder.

(c) Find the electric flux ΦE through the Gaussian cylinder.

λ

L

2R
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Unit Exam I: Problem #2 (Fall ’17)

Consider a long charged rod with charge per unit length λ = 3µC/m [λ = 2µC/m]. A Gaussian
cylinder of radius R = 4cm [R = 5cm] and length L = 12cm [L = 15cm] is placed with its axis
along the rod as shown.

(a) Find the area A of the Gaussian cylinder.

(b) Find the electric charge Qin inside the cylinder.

(c) Find the electric flux ΦE through the Gaussian cylinder.

λ

L

2R

Solution:

(a) A = 2× π(4cm)2 + 2π(4cm)(12cm) = 4.03× 10−2m2

ˆ

A = 2× π(5cm)2 + 2π(5cm)(15cm = 6.28× 10−2m2
˜

(b) Qin = λL = (3µC/m)(12cm) = 0.36µC [Qin = λL = (2µC/m)(15cm) = 0.30µC]

(c) ΦE =
Qin

ǫ0
= 4.07× 104Nm2/C [ΦE =

Qin

ǫ0
= 3.39× 104Nm2/C]

1/5/2019 [tsl555 – 51/61]



Unit Exam I: Problem #3 (Fall ’17)

In a region of uniform electric field E = 9N/C î + 7N/C ĵ, a charged particle
(m = 0.02kg, q = 4mC) is projected at time t = 0 with initial speed v0 = 6m/s in the direction

shown. If we write a = ax î + ay ĵ for the acceleration and v(t) = vx(t) î + vy(t) ĵ for the velocity
of the particle ...

(a) find ax and ay ,

(b) find vx(0) and vy(0),

(c) find vx(6s) and vy(6s).

ο

y

q
m

v0

x
35
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Unit Exam I: Problem #3 (Fall ’17)

In a region of uniform electric field E = 9N/C î + 7N/C ĵ, a charged particle
(m = 0.02kg, q = 4mC) is projected at time t = 0 with initial speed v0 = 6m/s in the direction

shown. If we write a = ax î + ay ĵ for the acceleration and v(t) = vx(t) î + vy(t) ĵ for the velocity
of the particle ...

(a) find ax and ay ,

(b) find vx(0) and vy(0),

(c) find vx(6s) and vy(6s).

ο

y

q
m

v0

x
35Solution:

(a) ax =
4× 10−3C

2× 10−2kg
(9N/C) = 1.80m/s2.

ay =
4× 10−3C

2× 10−2kg
(7N/C) = 1.40m/s2.

(b) vx(0) = v0 cos 35◦ = (6m/s)(0.819) = 4.91m/s.

vy(0) = v0 sin 35◦ = (6m/s)(0.574) = 3.44m/s.

(c) vx(6s) = 4.91m/s + (1.80m/s2)(6s) = 15.7m/s.

vy(6s) = 3.44m/s + (1.40m/s2)(6s) = 11.8m/s.
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Unit Exam I: Problem #1 (Spring ’18)

Consider the three point charges surrounding point A or point B.
Find the electric field EA at point A and EB at point B.
Find the electric potential VA at point A and VB at point B.
Find the magnitude F23 between the two positive charges on the left and F35 between the two
positive charges on the right.

8cm
A B

+2nC

+5nC

x

y

x

y

+3nC

+3nC −6nC−4nC

8c
m

8c
m

8cm 8cm 8cm
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Unit Exam I: Problem #1 (Spring ’18)

Consider the three point charges surrounding point A or point B.
Find the electric field EA at point A and EB at point B.
Find the electric potential VA at point A and VB at point B.
Find the magnitude F23 between the two positive charges on the left and F35 between the two
positive charges on the right.

8cm
A B

+2nC

+5nC

x

y

x

y

+3nC

+3nC −6nC−4nC

8c
m

8c
m

8cm 8cm 8cm

Solution:

• EA = k
|2nC|

(8cm)2
î + k

|4nC|

(8cm)2
î− k

|3nC|

(8cm)2
ĵ = 8.44× 103 N/C î− 4.22× 103 N/C ĵ

EB = k
|3nC|

(8cm)2
î + k

|6nC|

(8cm)2
î− k

|5nC|

(8cm)2
ĵ = 12.7× 103 N/C î− 7.03× 103 N/C ĵ

• VA = k
2nC

8cm
+ k

3nC

8cm
− k

4nC

8cm
= 113V, VB = k

3nC

8cm
+ k

5nC

8cm
− k

6nC

8cm
= 225V

• F23 = k
|(2nC)(3nC)|

(8cm)2 + (8cm)2
= 4.22× 10−6 N, F35 = k

|(3nC)(5nC)|

(8cm)2 + (8cm)2
= 10.5× 10−6 N
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Unit Exam I: Problem #2 (Spring ’18)

The conducting spherical shell with no net charge on it has a 2m inner radius and a 4m outer
radius. There is a point charge Qp = −4nC [Qp = 5nC] at the center.
(a) Find the charges Qint and Qext on the two surfaces of the shell.
(b) Find the electric flux ΦE through a Gaussian sphere of r = 1m.
(c) Find magnitude and direction of the electric field at r = 5m.

Qint

3m 5m1m
r

Q 

Q   p

ext
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Unit Exam I: Problem #2 (Spring ’18)

The conducting spherical shell with no net charge on it has a 2m inner radius and a 4m outer
radius. There is a point charge Qp = −4nC [Qp = 5nC] at the center.
(a) Find the charges Qint and Qext on the two surfaces of the shell.
(b) Find the electric flux ΦE through a Gaussian sphere of r = 1m.
(c) Find magnitude and direction of the electric field at r = 5m.

Qint

3m 5m1m
r

Q 

Q   p

ext

Solution:

(a) Qint = +4nC, Qext = −4nC,
[Qint = −5nC, Qext = +5nC] .

(b) ΦE =
Qp

ǫ0
= −452Nm2/C,

»

ΦE =
Qp

ǫ0
= +565Nm2/C

–

.

(c) 4π(5m)2E =
(Qp + Qint + Qext)

ǫ0
< 0 ⇒ E = −1.44N/C (inward),

»

4π(5m)2E =
(Qp + Qint + Qext)

ǫ0
> 0 ⇒ E = +1.80N/C (outward)

–

.
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Unit Exam I: Problem #3 (Spring ’18)

In a region of uniform electric field, E = 5N/C î + 4N/C ĵ, a charged particle
(m = 0.03kg, q = 2mC) [(m = 0.02kg, q = 3mC)] is released from rest at time t = 0 at the origin
of the coordinate system.
(a) Find the electric force F = Fx î + Fy ĵ acting on the particle.

(b) Find the position r = x î + y ĵ of the particle at time t = 7s.
(c) Draw the shape of the path into the diagram. E

y

x
m
q
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Unit Exam I: Problem #3 (Spring ’18)

In a region of uniform electric field, E = 5N/C î + 4N/C ĵ, a charged particle
(m = 0.03kg, q = 2mC) [(m = 0.02kg, q = 3mC)] is released from rest at time t = 0 at the origin
of the coordinate system.
(a) Find the electric force F = Fx î + Fy ĵ acting on the particle.

(b) Find the position r = x î + y ĵ of the particle at time t = 7s.
(c) Draw the shape of the path into the diagram. E

y

x
m
q

Solution:

(a) Fx = (2× 10−3C)(5N/C) = 10× 10−3N, Fy = (2× 10−3C)(4N/C) = 8× 10−3N.
ˆ

Fx = (3× 10−3C)(5N/C) = 15× 10−3N, Fy = (3× 10−3C)(4N/C) = 12× 10−3N.
˜

(b) x =
1

2

„

10× 10−3N

3× 10−2kg

«

(7s)2 = 8.17m, y =
1

2

„

8× 10−3N

3× 10−2kg

«

(7s)2 = 6.53m.

»

x =
1

2

„

15× 10−3N

2× 10−2kg

«

(7s)2 = 18.4m, y =
1

2

„

12× 10−3N

2× 10−2kg

«

(7s)2 = 14.7m.

–

(c) Straight line through origin parallel to direction of electric field.
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Unit Exam I: Problem #1 (Fall ’18)

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component Ex of the electric field at points A and B.
(b) Find the vertical component Ey of the electric field at points A and B.
(c) Find the electric potential V at points A and B.

B
5040

o o
2m

2m
2m

2m

+8nC

+6nC
+7nC

x x
+5nC

A

y y
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Unit Exam I: Problem #1 (Fall ’18)

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component Ex of the electric field at points A and B.
(b) Find the vertical component Ey of the electric field at points A and B.
(c) Find the electric potential V at points A and B.

B
5040

o o
2m

2m
2m

2m

+8nC

+6nC
+7nC

x x
+5nC

A

y y

Solution:

(a) Ex = k
8nC

(2m)2
− k

7nC

(2m)2
cos 40◦ = 5.9N/C

(b) Ey = −k
7nC

(2m)2
sin 40◦ = −10.1N/C

(c) V = k
8nC

2m
+ k

7nC

2m
= 67.5V.

Ex = k
6nC

(2m)2
cos 50◦ − k

5nC

(2m)2
= −2.57N/C

Ey = −k
6nC

(2m)2
sin 50◦ = −10.4N/C

V = k
6nC

2m
+ k

5nC

2m
= 49.5V.
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Unit Exam I: Problem #2 (Fall ’18)

Two oppositely charged plates positioned as shown produce between them a uniform electric field
E = 1.4N/C [E = 2.3N/C] in the direction shown. A proton (m = 1.67× 10−27kg,
q = 1.60× 10−19C) is launched at x = 0 with initial velocity v0 = 3.5× 104m/s
[v0 = 4.2× 104m/s] as shown. The proton enters and exits the region of electric field through
holes in the plates.
(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?
(c) What is the potential difference between the plates?
(d) Does the proton gain or lose kinetic energy as it travels between the plates?
(e) What is the amount ∆K of gain or loss?

+

E

E

V0

0 2m 3.5m
x
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Unit Exam I: Problem #2 (Fall ’18)

Two oppositely charged plates positioned as shown produce between them a uniform electric field
E = 1.4N/C [E = 2.3N/C] in the direction shown. A proton (m = 1.67× 10−27kg,
q = 1.60× 10−19C) is launched at x = 0 with initial velocity v0 = 3.5× 104m/s
[v0 = 4.2× 104m/s] as shown. The proton enters and exits the region of electric field through
holes in the plates.
(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?
(c) What is the potential difference between the plates?
(d) Does the proton gain or lose kinetic energy as it travels between the plates?
(e) What is the amount ∆K of gain or loss?

+

E

E

V0

0 2m 3.5m
x

Solution:

(a) t =
(2m)

v0
= 5.71× 10−5s [4.76× 10−5s].

(b) a = −
qE

m
= −1.34× 108m/s2 [−2.20× 108m/s2].

(c) |∆V | = E(1.5m) = 2.1V [3.45V].

(d) loss

(e) ∆K = −q|∆V | = −3.36× 10−19J [−5.52× 10−19J].
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Unit Exam I: Problem #3 (Fall ’18)

A point charge Qp = 7nC [Qp = 8nC] is surrounded by a conducting spherical shell with a 2m
inner radius and a 4m outer radius. There is zero net charge on the shell.
(a) What is the magnitude of the electric field E at radius r = 1m?
(b) What is the charge Qint on the inner surface of the shell?
(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qext on the outer surface of the shell?
(e) What is the electric flux ΦE through a Gaussian sphere of radius r = 5m.

Qint

3m 5m1m
r

Q 

Q   p

ext
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Unit Exam I: Problem #3 (Fall ’18)

A point charge Qp = 7nC [Qp = 8nC] is surrounded by a conducting spherical shell with a 2m
inner radius and a 4m outer radius. There is zero net charge on the shell.
(a) What is the magnitude of the electric field E at radius r = 1m?
(b) What is the charge Qint on the inner surface of the shell?
(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qext on the outer surface of the shell?
(e) What is the electric flux ΦE through a Gaussian sphere of radius r = 5m.

Qint

3m 5m1m
r

Q 

Q   p

ext

Solution:

(a) E =
kQp

(1m)2
= 63N/C [72N/C].

(b) Qint = −Qp = −7nC [−8nC].

(c) E = 0.

(d) Qext = −Qint = +7nC [+8nC].

(e) ΦE =
Qp

ǫ0
= 791Nm2/C [904Nm2/C].
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Unit Exam I: Problem #1 (Spring ’19)

Consider two point charges positioned as shown. Use k = 9× 109 Nm2/C2.

(a) Find the electric field E = Ex î + Ey ĵ at point O.
(b) Find the electric potential V at point O.
(c) Find the magnitude F of the force between the two charges.

3m

O

+2nC

−4nC

x

y
4m
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Unit Exam I: Problem #1 (Spring ’19)

Consider two point charges positioned as shown. Use k = 9× 109 Nm2/C2.

(a) Find the electric field E = Ex î + Ey ĵ at point O.
(b) Find the electric potential V at point O.
(c) Find the magnitude F of the force between the two charges.

3m

O

+2nC

−4nC

x

y
4m

Solution:

(a) Ex = k
| − 4nC|

(4m)2
=

9

4
N/C = 2.25 N/C, Ey = k

|2nC|

(3m)2
= 2N/C.

(b) V = k
(−4nC)

4m
+ k

2nC

3m
= −9V + 6V = −3V.

(c) F = k
|(−4nC)(2nC)|

(5m)2
=

72

25
nN = 2.88nN
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Unit Exam I: Problem #2 (Spring ’19)

Consider three plane surfaces (two squares, one odd shape) with area vectors A1 (in positive
x-direction), A2 (in negative z-direction), and A3 (in positive y-direction). The region is filled with
a uniform electric field E = (2̂i + 3̂j + 4k̂)N/C. The electric flux through surface 3 is

Φ
(3)
E

= 21Nm2/C.

(a) Find the electric flux Φ
(1)
E

through surface 1.

(b) Find the electric flux Φ
(2)
E

through surface 2.
(c) Find the area vector A3 of surface 3.

z

y
A 3 A1

x

A 2

3m

3m

3m

3m
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Unit Exam I: Problem #2 (Spring ’19)

Consider three plane surfaces (two squares, one odd shape) with area vectors A1 (in positive
x-direction), A2 (in negative z-direction), and A3 (in positive y-direction). The region is filled with
a uniform electric field E = (2̂i + 3̂j + 4k̂)N/C. The electric flux through surface 3 is

Φ
(3)
E

= 21Nm2/C.

(a) Find the electric flux Φ
(1)
E

through surface 1.

(b) Find the electric flux Φ
(2)
E

through surface 2.
(c) Find the area vector A3 of surface 3.

z

y
A 3 A1

x

A 2

3m

3m

3m

3m

Solution:

(a) A1 = 9m2 î, Φ
(1)
E

= E ·A1 = (2N/C)(9m2) = 18Nm2/C.

(b) A2 = −9m2 k̂, Φ
(2)
E

= E ·A2 = −(4N/C)(9m2) = −36Nm2/C.

(c) A3 = A3 ĵ, Φ
(3)
E

= A3(3N/C) = 21Nm2/C ⇒ A3 = 7m2.
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Unit Exam I: Problem #3 (Spring ’19)

Consider a region of uniform electric field E = 3N/C î. A charged particle (m = 2kg, q = 4C) is

projected at time t = 0 with initial velocity v0 = 5m/s ĵ from the position shown.

(a) Find the acceleration a = ax î + ay ĵ of the particle at time t = 3s.

(b) Find its velocity v = vx î + vy ĵ at time t = 3s.

(c) Find its position r = x î + y ĵ at time t = 3s.
y

E
v0

x

2m

m q
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Unit Exam I: Problem #3 (Spring ’19)

Consider a region of uniform electric field E = 3N/C î. A charged particle (m = 2kg, q = 4C) is

projected at time t = 0 with initial velocity v0 = 5m/s ĵ from the position shown.

(a) Find the acceleration a = ax î + ay ĵ of the particle at time t = 3s.

(b) Find its velocity v = vx î + vy ĵ at time t = 3s.

(c) Find its position r = x î + y ĵ at time t = 3s.
y

E
v0

x

2m

m q

Solution:

(a) ax =
q

m
E =

4C

2kg
(3N/C) = 6m/s2, ay = 0.

(b) vx = axt = (6m/s2)(3s) = 18m/s, vy = v0 = 5m/s.

(c) x = x0 +
1

2
axt2 = 2m + 0.5(6m/s2)(3s)2 = 29m, y = v0t = (5m/s)(3s) = 15m.
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