The electric field E generated by the two point charges, 3nC and g; (unknown), has the direction

shown.
(a) Find the magnitude of E. y
(b) Find the value of q;.
E
45°
X
o O
ql




The electric field E generated by the two point charges, 3nC and g; (unknown), has the direction

shown.

(a) Find the magnitude of E.
(b) Find the value of q;.

Solution:
3nC
a) F, =k = 6.75N/C,
( ) Yy (2m)2 /
E.’B — Ey,

E=,/E%?+ E2 =9.55N/C.

L (=q1)
b) o = ki,

(6.75N/C)(16m?)

—12nC.
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Consider a point charge Q = 5nC fixed at position z = 0.

(a) Find the electric potential V; at position 1 = 3m
and the electric potiential V5 at position zo = 6m.

(b) If a charged particle (¢ = 4nC, m = 1.5nQ) is released from rest at =1,
what are its kinetic energy Ko and its velocity vo when it reaches position x2?

Q=5nC

© . |

x=0 Xq=3m Xo=6m




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

(a) Find the electric potential V; at position 1 = 3m
and the electric potiential V5 at position zo = 6m.

(b) If a charged particle (¢ = 4nC, m = 1.5nQ) is released from rest at =1,
what are its kinetic energy Ko and its velocity vo when it reaches position x2?

Q=5nC

i

e .._.I'...' ..E_..
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CCEO0 E

) |
Xx=0 Xq=3m
Solution:

(@ Vi = L Z15v, v k9 — 75V,

1 Z2

(b) AU = q(Va — V1) = (4nC)(—=7.5V) = —30n] = AK = —AU = 30nJ.

1 2K
AK =Ky = §mv§ = vz =4/ 2 200m/s.
m

X2: 6m
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Consider two plane surfaces with area vectors A; (pointing in positive z-direction) and A5
(pointing in positive z-direction). The region is filled with a uniform electric field

E = (214 75 — 3k)NIC.

L
(a) Find the electric flux @S) through area A;. 2m

(b) Find the electric flux q)? through area As.

3m
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Consider two plane surfaces with area vectors A; (pointing in positive z-direction) and A5
(pointing in positive z-direction). The region is filled with a uniform electric field

E = (214 75 — 3k)NIC.

N L
(a) Find the electric flux <I>(E) through area A;. 2m
(b) Find the electric flux <I>§E2) through area As. 3am
Al
Solution: A
A2

L y
(a) A1 =61 m2,

o) = F. A, = (2N/C)(6m?) = 12Nm?/C. X / Am
(b) Ay = 12k m?2, am

l

—

o) = E. A,

(—3N/C)(12m?) = —36Nm?/C.
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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, g2, g3, q4
on each surface of both shells as identified in the figure.
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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, g2, g3, q4
on each surface of both shells as identified in the figure.

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.

e Gauss’s law predicts g4 = 0.

e Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.
e Gauss’s law predicts g2 = — (g3 + q4) = —4C.
e Charge conservation then predicts q; + g2 = —3C. Hence ¢q; = +1C.
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Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. P& f‘[r_‘ _______ o P
W
3
8nC
X O—x
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Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. YR S o P
2 |
Solution: :
W
SHC | 3
a) E; =0, E, =k = 7.99N/C. :
( ) Y (3m)2 / :
B 8nC B 4 3nC |
(b) Er = —k Sm)? cos = —2.88N/C x - = —2.30N/C. R, o O X
8nC 3
B, = k—— sinf = 2.88N/C x = = 1.73N/C.
(5m)?2 5
8nC
©) V =k —17.98V.
4m

8nC
(d) V =k — 14.38V.
om
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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. 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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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. 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.

Solution:

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

b) Ea = k2C _ 1349N/C (inward).
(2m)?

(c) Ep = 0inside conductor.

A Eo = k2C _ 150N /¢ (inward).

(6m)2
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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 a, and a, of the acceleration at time ¢t = 0.

(b) Find the components v, and v, of the velocity at time ¢t = 0.

(c) Find the components v, and v, of the velocity at time ¢t = 1.2s,

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

E =5N/C

V. =2m/s
m =39

q=6mC X
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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 a, and a, of the acceleration at time ¢t = 0.

(b) Find the components v, and v, of the velocity at time ¢t = 0.

(c) Find the components v, and v, of the velocity at time ¢t = 1.2s,

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

y
Solution: E = 5N/C
ﬁ
q 6 x 1073C
m =
(b) vz =0, vy =vp=2m/s. q= 6m(g: X

(€) vz = azt = (10m/s?)(1.2s) = 12m/s, vy = vp = 2m/s.

1
d) == Eaggt2 = 0.5(10m/s%)(1.28)% = 7.2m, y = vyt = (2m/s)(1.2s) = 2.4m.




Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force F2; exerted by g2 on q;.
(b) Find magnitude and direction of the electric field E 4 at point Py4.
(c) Find the electric potential Vg at point Pg.

1= +3nC R d,= -3nC P,
@ ° S, 0
B S o — —

—-
4m 4m 4m




Consider the configuration of two point charges as shown

(a) Find magnitude and direction of the force F2; exerted by g2 on ¢

(b) Find magnitude and direction of the electric field E 4 at point P4
(c) Find the electric potential Vg at point Pg.

=+3nC q.,=-3nC

P 2 P,
@ 0" S, °
B S —

(o]

e —- —
4m 4m 4m

Solution:

2
(@) Fi2 =k |(3 C)|2 = 1.27nN (directed right).
8m

(b) Ea =2k 5“()1 — 3.38N/C  (directed right).
m

©) Vg = k(—|—3nC) N k(—3nC)

2m

= —4.50V.

4m

i1l || .1|;|__|

L[t E_
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 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 £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 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 £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Qv

€0

(a) Gauss’s law implies that —EA(4wr?4) =
(b) Gauss’s law implies that Q;n: = —Qp = +3.00nC.

(c) Charge conservation, Q;nt + Qezt = Qs = 7.00nC,
then implies that Qcz+ = +4.00nC.

(d) Ep = 0inside conductor.
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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 ¢, does the particle in region (1) hit the screen?

(b) At what height y; 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 y> does the particle in region (2) hit the screen?

(1) (2)
y . y m .
< | E=BN/IC ||Q o Q
D @D
T |8 2 ||
%J O
o vV, =2m/s
C X o2 X
—- — —— —

8m 8m
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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 ¢, does the particle in region (1) hit the screen?

(b) At what height y; 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 y> does the particle in region (2) hit the screen?

Solution: (1) (2)
1 y y
(@) x1 = —at% with o= 4= 2.5m/s2, % T %
2 m < E =5N/C Q Q
r1 =8m = t1 = 2.53s. o A —_— @ % @
(b) y1 = vot1 = 5.06m. I%J = 5 >
8 o V,=2m/s
(C) x2 = vota :>t2:2n; = 4s. mQ X G O)= X
m/s —- — —- —
8m 8m

1
(d) yo = Eat% = 20m.
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Consider two point charges positioned in the zy-plane as shown.

(a) Find the magnitude F' of the force between the two charges.

(b) Find the components E,. and E,, of the electric field at point O.

(c) Find the electric potential V' at point O.

(d) Find the potential energy U of charge g2 in the presence of charge ¢; .

y
@ d,= —-4nC

=
™

q,= +8nC

O°?

4m
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Consider two point charges positioned in the zy-plane as shown.
(a) Find the magnitude F' of the force between the two charges.
(b) Find the components E,. and E,, of the electric field at point O.

(c) Find the electric potential V' at point O.
(d) Find the potential energy U of charge g2 in the presence of charge ¢; .

Solution: y
= —-4nC
(@) F = kiglq;' —1.15 x 107 8N. @ 9
m
q

(b) E, = _k(inii? = —4.5N/C, .

B, = +k—1 _ L4onsc "

v (3m)?2 - . 8nC
g, = ton

© V=r LI _ 18V _ 12V = 6V. 2

4m 3m O¢ Q X

4m
d) U= kqgﬂ — _57.6nJ.
m
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Consider a region of uniform electric field £, = —5N/C. A charged particle (charge Q = 2C, mass
m = 3kg) is launched from initial position z = 0 with velocity vg = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time ts it takes the particle to come to a stop.

(c) Find the position x5 of the particle at time ¢5.

(d) Find the work W done by the electric field to bring the particle to a stop.

E, = -5N/C
m =3kg@
- X
Q=2C vy = 10m/s
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Consider a region of uniform electric field £, = —5N/C. A charged particle (charge Q = 2C, mass
m = 3kg) is launched from initial position z = 0 with velocity vg = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time ts it takes the particle to come to a stop.

(c) Find the position x5 of the particle at time ¢5.

(d) Find the work W done by the electric field to bring the particle to a stop.

Solution: EX = —-5N/C
20 5 ————
(@) az = %(—SN/C) = —3.33m/s”. m :3kg€l_>
> X
(b) t = |v0| — 3.00s. Q=2C vy = 10m/s
_ % _
() xs = San| 15.0m.

d) W=AK = — ~150J.

mugs

1
2
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Consider a conducting spherical shell of inner radius r;,,; = 3m and outer radius r.,+ = 5m. The
net charge on the shell is Q311 = 71C.

(a) Find the charge Q;.: on the inner surface and the charge Q.+ 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 = —3uC into the center of the shell (» = 0m).
(c) Find the charge Q;,: on the inner surface and the charge Q..+ on the outer surface of the
shell.

(d) Find the direction (left/right/none) of the electric field at points A, B, C.
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Consider a conducting spherical shell of inner radius r;,,; = 3m and outer radius r.,+ = 5m. The
net charge on the shell is Q311 = 71C.

(a) Find the charge Q;.: on the inner surface and the charge Q.+ 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 = —3uC into the center of the shell (» = 0m).
(c) Find the charge Q;,: on the inner surface and the charge Q..+ on the outer surface of the
shell.

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

Solution:

(@) Qint =0, Qeat =TuC.

(b) A: none, B: none, (. right.
(C) Qint — BI,LC, Qe;ct = 4[,LC
(d) A: left, B: none, C. right.
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Consider two point charges positioned on the z-axis as shown.

(@)
(b)
()

(d)

Find magnitude and direction of the electric field at point P.

Find the electric potential at point P.

Find the electric potential energy of an electron (mass m = 9.1 x 10~ 31kg, charge
g = —1.6 x 10~ 19C) when placed at point P.

Find magnitude and direction of the acceleration the electron experiences when released at
point P.
+8nC —-8nC P
O O o— X

2m 2m
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Consider two point charges positioned on the z-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 x 10~3'kg, charge
g = —1.6 x 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
M o X
Solution: O 2m ~ 2m
(@) By = +k 0 4 (800) 4.5N/C — 18N/C = —13.5N/C (directed left).
(4m)?2 2m)?

8nC (—8nC)

(b)) V=+4k— +k = 18V — 36V = —18V.
4m

2m
(€) U=qV = (—18V)(—1.6 x 10719C) = 2.9 x 10~ 187J.

_ —19 _
d) az = aBe _ (Z1.6 x 107 "C)(~13.5N/C) _ 2.4 x 1012ms™2 (directed right).
™m

9.1 x 10—31kg




Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and
direction (left/right) of the electric fields E;, Eo, and Es.

Ry
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Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and

direction (left/right) of the electric fields E;, Eo, and Es.

—o— o o
Eq E; Es
Solution: Op Og
E = |(27A| = 0.40N/C (directed away from sheet A). / /
€0
B loB| B .
Ep = 5 = 0.23N/C (directed toward sheet B).
€0

E1=FE4s — Eg =0.17N/C (directed left).
E2 = FE4+ Eg = 0.63N/C (directed right).
Ex =FE4 — Eg =0.17N/C (directed right).
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(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 @03, 04, and Q5 on the three surfaces of the box.

+3C
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(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 @03, 04, and Q5 on the three surfaces of the box.

+3C

s Q, Qs/ Q4"/

Solution: @ (b)

%

(a) Gauss’s law implies @1 +3C + (=5C) =0 = @1 = +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 onbox: Q3 + Q4+ Q5 =0 = Q5 = —6C.




Consider two point charges positioned as shown. +7nC

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

(b) Find the electric potential at point A. 5m

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

(d) Find the electric potential at point B. 6m A 5m
Be

8m —-7nC
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Consider two point charges positioned as shown. +7nC

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

(b) Find the electric potential at point A. 5m

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

(d) Find the electric potential at point B. 6m A 5m
Solution:

7nC| Be

a) Ep =2k = 2(2.52V = 5.04V /m.

@) Ba =2k igmye = 22:52V/m) /m 8m —7nC
) Vy= kPO MO ey 126V =0,

Sm

2 2
(c) Ep = \/(k !gfﬂ?l) + (k gfﬂ?l) = Ep = \/(1.75\/'/m)2 + (0.98V/m)2 = 2.01V /m.

(+70C)  (—7nC)

d) VB =k

+ k = 10.5V — 7.9V = 2.6V.

m 8m
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius
rint = 3M and outer radius r..; = 5m. The charge on the inner surface of the shell is
Qint = —4nC and the charge on the outer surface is Q¢+ = +3nC.
(a) Find the value of the point charge Q.
(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]
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius
rint = 3M and outer radius r.,: = 5m. The charge on the inner surface of the shell is
Qint = —4nC and the charge on the outer surface is Q¢+ = +3nC.

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

(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]

Solution:

(@) Qp = —Qint = +4nC.
(b) E4 = 0 inside conductor (no direction).

(C) Egp [477(6m)2] _ Qp + Qint + Qeazt
€0
= kg = k(gfn(; = 0.75N/C (down).
(d) Ec[4n(2m)?] = 9r = Fo =k AnC =9N/C (down).

€0 (2m)2 B
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) 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. 6V 12V
(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. = +
— +
— +
9 |
B 0.2m i
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) 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. 6V 12V
(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. =

Solution: @

(@) E=6V/0.2m = 30V /m.
(b) left — 0.2m
(c) proton (positive charge)

[+ + + + + + + +]

(d) smaller m, equal |q| = larger |¢|E/m
(e) K =|qAV| = (1.6 x 10719C)(3V) = 4.8 x 107197,




The point charge @ has a fixed position as shown.

(a) Find the components E, and E, of the electric field at point A.

(b) Find the electric potential V' at point A.

Now place a proton (m = 1.67 x 10727kg, ¢ = 1.60 x 10~12C) 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.

y

<+ Q =7nC

3m
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The point charge @ has a fixed position as shown.

(a) Find the components E, and E, of the electric field at point A.

(b) Find the electric potential V' at point A.

Now place a proton (m = 1.67 x 10727kg, ¢ = 1.60 x 10~12C) 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.

y
<+ Q=7nC

Solution:

|TnC|
a) E=k = 2.52N/C, 3m
@ B =k /
E, = éE = 2.02N/C, B, = —§E = —1.51N/C

5 5 4m A
™C X

(b) V=k—— =12.6V.
S5m

(c) F =qE =4.03 x 101N,
(d) U=¢qV =2.02x 107 18]J.
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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 @), = 3nC at the center.

(a) Find the charge Q;nt on the inner surface of the shell.

(b) Find the surface charge density o.xt 0n the outer surface of the shell.
(c) Find the electric flux ® g through a Gaussian sphere of radius » = 5m.
(d) Find the magnitude of the electric field E at radius » = 3m.

Qext
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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 @), = 3nC at the center.

(a) Find the charge Q;nt on the inner surface of the shell.

(b) Find the surface charge density o.xt 0n the outer surface of the shell.
(c) Find the electric flux ® g through a Gaussian sphere of radius » = 5m.
(d) Find the magnitude of the electric field E at radius » = 3m.

Qext
Solution:
(@) Qint = —Qp = —3nC.
Qext —11 2 r

b ext = ——— = 3.98 x 10 C .
(b) et = 2 /m

o Qext o 2
(c) g = = 904Nm?/C.

€0

(d) E =0 inside conductor.
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Consider a region of space with a uniform electric field E = O.5V/mi. Ilgnore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 27?

(b) If an electron (m = 9.11 x 10~31kg, ¢ = —1.60 x 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?

y
4 =
5m |————4’—————I E
3m+ 34 s
ST ao :1
Im-4 Lo-oboooo
2
I I I X
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Consider a region of space with a uniform electric field E = O.5V/mi. Ilgnore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 27?

(b) If an electron (m = 9.11 x 10~31kg, ¢ = —1.60 x 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?

y
5m_ I____4_____I E

Solution: : !
@ Vi =—(0.5V/m)(2m) = -1V, Vi = 0. M7 3¢5 11
(b) F=qE = —|qE|i (toward point 3). 1m :_____2
() AV = (V3 —Vp) =1V, AU =qAV = —1.60 x 10~19], | | | X

V7% Im 3m  5m

K=—-AU=1.60x10"1J, v=4/"= =593 x 10°m/s.
m

Alternatively:

F =qF =8.00x 102N, a=

F
— =8.78 x 101%m/s?,
m

|Az| = 2m, v = +/2a|Ax|=5.93 x 10°m/s.
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Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P.

(c) Draw the direction of the electric field at points P; and P» in the diagram.
(d) Calculate the potential difference AV = Vo — Vi between point P> and P;.

y
8cm P
-2nC(—)----------------- 2
\\\\ //// :g
o .
P 3
1 - I
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Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P.

(c) Draw the direction of the electric field at points P; and P» in the diagram.
(d) Calculate the potential difference AV = Vo — Vi between point P> and P;.

y
8cm P
Solution: -2nC - :,_/1? 2
2 R
(@) E =2k nc = 1.44 x 10*N/C. o)
(5cm)? ‘o’ e)
2nC - P\\\\ : 3
(b) E, = —k = —2.81 x 10°N/C. A N
(8cm)? o \\?/J\
2nC 2
Ey = k——— = 5.00 x 10°N/C. X
(6cm) +2nC
(c) E1 up and left toward negative charge; Eo more up and less left
2nC —2nC
d) AV =V — 0= k2 4 k222 — 300V — 225V = 75V.
6cm 8cm
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Two very large, thin, uniformly charged, parallel sheets are positioned as shown.

Find the values of the charge densities (charge per area), o 4 and o g, if you know the electric
fields E1, Eo, 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), E's = 0.

< 7
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Two very large, thin, uniformly charged, parallel sheets are positioned as shown.
Find the values of the charge densities (charge per area), o 4 and o g, if you know the electric
fields E1, Eo, 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), E's = 0.

Solution:

Op Og
(a) The two sheets are equally charged: / /

o4 =o0p =2e(IN/C) =1.77 x 1071 C/m?.

(b) The two sheets are oppositely charged:
o4 =—0p =26(IN/C) =1.77 x 10~ 11 C/m?.
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Consider a region of uniform electric field £, = +7N/C. A charged particle (charge @ = —3C,
mass m = 5kg) is launched at time ¢t = 0 from initial position x = 0 with velocity vg = 10m/s in the
positive x-direction. Ignore gravity.

(a) Find the force F} acting on the particle at time ¢ = 0.

(b) Find the force F3 acting on the particle at time ¢ = 3s.

(c) Find the kinetic energy of the particle at time ¢t = 0.

(d) Find the kinetic energy of the particle at time ¢ = 3s.

(e) Find the work done on the particle between ¢t = 0 and ¢t = 3s.

E, =+7N/C
m = 5kg —
oO—= X

Q=-3C VY~ 10m/s
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Consider a region of uniform electric field £, = +7N/C. A charged particle (charge @ = —3C,
mass m = 5kg) is launched at time ¢t = 0 from initial position x = 0 with velocity vg = 10m/s in the
positive x-direction. Ignore gravity.

(a) Find the force F} acting on the particle at time ¢ = 0.

(b) Find the force F3 acting on the particle at time ¢ = 3s.

(c) Find the kinetic energy of the particle at time ¢t = 0.

(d) Find the kinetic energy of the particle at time ¢ = 3s.

(e) Find the work done on the particle between ¢t = 0 and ¢t = 3s.

E, =+7N/C
Solution: e 5kg
(@) Fr = QE, = (—3C)(7N/C) = —21N. O—— X
(b) no change from (a). Q=-3C VY~ 10m/s

(c) K = —(5kg)(10m/s)? = 250J.

1

2

(d) vy =vo + azt =vo + (Fz/m)t = 10m/s + (—21N/5kg)(3s) = —2.6m/s.
K = %(5kg)(—2.6m/s)2 = 16.9J.

(e) W = AK = 16.9J — 250J = —233J.
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Consider two point charges positioned on the z-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 x 10~27kg, charge
g = 1.60 x 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.

+4nC -7/nC
é O O ? X
2m 3m 3m




Solution:

4nC ] (=7nC)

(2m)2 (5m)2
_, 4nC (—=7nC)

Be =k emz 5 am)2

(@) Er = —k

= —9.00N/C + 2.52N/C = —6.48N/C.

— 1.00N/C — 7.00N/C = —6.00N /C.

AnC (=7nC)

(b) V =+k——+k = 18.0V — 12.6V = 5.4V.
m

5m
4nC  (=7nC
I e S

6m 3m

= 6.0V — 21.0V = —15.0V.

(€) U=qV = (5.4V)(1.6 x 10719C) = 8.64 x 107 197J.
U=qV =(—-15.0V)(1.6 x 10719C) = —2.40 x 10~ 18].

E, 1.6 x 10~ 19C)(—6.48N/C
d) a, = L2 — (1.6 x )( /C) _ —6.21 x 103ms™2.
m 1.67 x 10—27kg

E 1.6 x 10~ 19C)(—6.00N/C
0, = 2T (1.6 x )( /C) _ 575 % 10%ms~2.
m 1.67 x 10—27kg
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Consider three plane surfaces (one circle and two rectangles) with area vectors A; (pointing in
positive z-direction), Ay (pointing in negative z-direction), and As (pointing in negative y-direction)
as shown. The region is filled with a uniform electric field E = (—3i + 95 — 4k)N/C or

E = (2t — 65 + 5k)N/C.

(a) Find the electric flux <I>g) through surface 1.

Z
(b) Find the electric flux <I>§§) through surface 2.
(c) Find the electric flux <I>(b§) through surface 3. / 3m
4m
h—
y
3m Am
« / I /3m




Solution:

(@) Ay =n(1.5m)% =7.07m?i, @) = E. A} = (—3N/C)(7.07m?) = —21.2Nm?/C.
E

Ay = n(1.5m)?% = 7.0Tm?%;,

(b) Az = (3m)(4m)(—k) = —12m2k,
Ay = (3m)(4m)(—k) = —12m?k,

(€) Az = (3m)(4m)(—j) = —12m?},

Az = (3m)(4m)(—j) = —12m?j,

7. Ap = (2N/C)(7.07m?) = 14.1Nm?/C.

2 = (—4N/C)(—12m?) = 48Nm?/C.
- Ay = (5N/C)(—12m?) = —60Nm?/C.

= E - A3 = (9N/C)(—12m?) = —108Nm?/C.
E

5 = (—6N/C)(—12m?) = 72Nm?/C.
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An electron (m. = 9.11 x 1073'kg, ge = —1.60 x 10~?C) and a proton (m, = 1.67 x 10~27kg,

qp = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The electric field between the plates is uniform and has strength £ = 40V/m. Ignore gravity.

Which plate is positively (negatively) charged?

Find the electric forces F} acting on the proton and F. acting on the electron (magnitude and
direction).

Find the accelerations @, of the proton and d. of the electron (magnitude and direction).

If plate 1 is at potential V; = 1V at what potential V5 is plate 27? V. vV
If plate 2 is at potential V> = 2V at what potential V1 is plate 1? 1

2

©
— ~
Q Q
I E ©
o o
©)

= 0.4m =




Solution:

(a) plate 1 (plate 2)

(b) F, = |gp|E = 6.40 x 10~ 8N. (directed right).
F. = |qe|E = 6.40 x 107 '®N. (directed left).

(©) ap = Fp/my = 3.83 x 109m/s?.  (directed right).
ae = Fe/me = 7.03 x 10'%2m/s?. (directed left).

(d) Vo =1V — (40V/m)(0.4m) = —15V,
Vi =2V 4+ (40V/m)(0.4m) = 18V.




Consider two point charges positioned as shown. +5nC

8m
. . - . O 6 D
e Find the magnitude of the electric field at point A. 3m
e Find the electric potential at point B. am
e Find the magnitude of the electric field at point C. 6m A 6m
e Find the electric potential at point D. C ~dm

B°

8m -onC
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Consider two point charges positioned as shown. +5nC

8m D
. . . . . Q
e Find the magnitude of the electric field at point A. O 3m
e Find the electric potential at point B. am
: : L : A
e Find the magnitude of the electric field at point C. 6m 6m
e Find the electric potential at point D. C ~dm
B* O
8m -onC
Solution:
15nC| | — 9nC|
Ear=k k————— = 5.00V 1.65V/m = 6.65V /m.
o 4 (3m)? + (7m)? /m + /m /m
5nC —9nC
o Vp = k(+ nC) +k( nC) = 7.50V — 10.13V = —2.63V.
6m 8m
15nC| | — 9nC|
Ec =k k———— = 1.25V 5.06V/m = 6.31V /m.
o Fo (6m)? + (dm)? /m + /m /m
5nC —9nC
e vp = O MO ey 135V = —787V.
8m 6m
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Consider a conducting sphere of radius 71 = 2cm and a conducting spherical shell of inner radius
ro = 6¢m 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 o3 on the outermost surface.
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Consider a conducting sphere of radius 71 = 2cm and a conducting spherical shell of inner radius
ro = 6¢m and outer radius r3 = 10cm. The charges on the two surfaces of the shell are

Q2 = @3 = 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 o3 on the outermost surface.

Solution:

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

1.
(b) E4 = k(43n()32 = 7.31 x 10°N/C
cm
1
k(34 n; —1.74 % 1O4N/C].
cm

Er = 0 inside conductor.

@ B 1.3nC
47r?  1257cm?

3.1nC
1257cm?

(c) o3 = = 1.03 x 1073C/m? [ =247 x 1073C/m?
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Consider a point charge Q = 6nC fixed at position z = 0.

(a) Find the electric potential energy U4 of a charged particle with mass m = 1mg and charge

q = 2uC placed at position z = 4cm.

(b) Find the electric potential energy Ug of a charged particle with mass m = 2mg and charge

qg = —1uC placed at position x = 8cm.

(c) Find the kinetic energy Ky of that particle, released from rest at x = 4cm, when it has reached
position x = 8cm.

(d) Find the kinetic energy K, of that particle, released from rest at x = 8cm, when it has reached
position z = 4cm.

(e) Find the velocity vs of that particle at z = 8cm.
(f) Find the velocity v4 of that particle at x = 4cm. Q =6nC

© . .

X=0 X =4cm X = 8cm




i

i ED

'.'-”-.".".'.I_',! R

Consider a point charge Q = 6nC fixed at position z = 0.

(a) Find the electric potential energy U4 of a charged particle with mass m = 1mg and charge

q = 2uC placed at position z = 4cm.

(b) Find the electric potential energy Ug of a charged particle with mass m = 2mg and charge

qg = —1uC placed at position x = 8cm.

(c) Find the kinetic energy Ky of that particle, released from rest at x = 4cm, when it has reached
position x = 8cm.

(d) Find the kinetic energy K, of that particle, released from rest at x = 8cm, when it has reached
position z = 4cm.

(e) Find the velocity vs of that particle at z = 8cm.

(f) Find the velocity v4 of that particle at x = 4cm. Q =6nC
® . .
x=0 X =4cm X =8cm
Solution:
(@) Uy = kﬁ = 2.7mJ. (b) Us = kﬁ = —0.675mJ.
4cm 8cm
(c) Kg =(2.7—1.35)mJ = 1.35mJ. (d) K4 =(1.35—0.675)mJ = 0.675mJ.

(€) vs =4/ 2Ks = 52.0m/s. () va =4/ 2K4 = 26.0m/s.
m m




Two point charges are placed in the xy-plane as shown.
(a) Find the components E, and E, 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

4m

wc

Q +5nC

+6nC
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Two point charges are placed in the xy-plane as shown.
(a) Find the components E, and E, 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
Solution:
4m
@) E, = _kgin()jl — _3.38N/C O ¢ O-x
m +6nC
15nC| 5
B, = +k o = 11.25N/C.
m
+
(b) Up and left. (O ¥onc
© V=2 1 128C _135v 1225V = 36V
4m 2m
d) F=k |6nc||5;“0| — 13.5nN.
m
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The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer
radius. A point charge @), is placed at the center. The charges on the inner and outer surfaces of
the shell are Qint = 5nC and Qext = 7TnC, respectively.

(a) Find the charge Q5.

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

(c) Find the surface charge density o;,¢ on the inner surface of the shell.

(d) Find the electric flux ® g through a Gaussian sphere of radius » = 6cm.

Qext

2cm/ 6em/ 10cm
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The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer
radius. A point charge @), is placed at the center. The charges on the inner and outer surfaces of
the shell are Qint = 5nC and Qext = 7TnC, respectively.

(a) Find the charge Q5.

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

(c) Find the surface charge density o;,¢ on the inner surface of the shell.

(d) Find the electric flux ® g through a Gaussian sphere of radius » = 6cm.

Qext

Solution:

(a) Qp — _Qint = —5nC.
Qp + Qint + Qext _ Qext

€0 €0

(b) E[47(10cm)?] =
= E = 6300N/C.

Qint
47 (4cm)?

(d) &5 =0 Iinside conducting material.

2cm/ 6ecm/ 10cm
=2.49 x 1077C/m?.

(C) Oint —
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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 a, and a, of the acceleration at time ¢t = 0.

(b) Find the components v, and v, of the velocity at time ¢t = 2s.

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

(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C

%:4mm

(5—— X

m =7/g
g=3mC
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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 a, and a, of the acceleration at time ¢t = 0.
(b) Find the components v, and v, of the velocity at time ¢t = 2s.

(c) Find the kinetic energy at time ¢ = 2s. y
(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C
m=7g | Vo= 4mls
(5—— X
g=3mC
Solution:
1 —3
@) a0 =0, ay=Lr=3"19"C oN/c) = 0.857m/s2.

m~ 7 x 10~ 3kg
(b) vy =wvo =4m/s, vy = ayt = (0.857m/s*)(2s) = 1.71m/s.

(c) E = %(7 x 10 3kg)[(4m/s)? 4+ (1.71m/s)?] = 6.62 x 10~ 2J.

(d) Upright parabolic path.



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.

+9nC
5m
om A om
Be

8m +13nC
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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.

+9nC
5m

Solution: 5

m A
sm
(a) F = 1OnO3C) oo N
(10m)?
Be
1
(b) Vg =k (96](;? 4k :II;C) — 13.5V + 14.6V = 28.1V. 8m +13nC
© By = k—0C _ 1300 | s 04N/C - 4.68N/C| = 1.44N/C,

(5m)2 "~ (5m)?|

Direction along hypotenuse toward upper left.

RELEE
) |
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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 @), at the center of the cavity.

(a) Find the point charge Q.

(b) Find the surface charge density o;,¢ on the inner surface of the shell.

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

Qext
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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 @), at the center of the cavity.

(a) Find the point charge Q.

(b) Find the surface charge density o;,¢ on the inner surface of the shell.

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

Qext

Solution:
(a) Qp — _Qint = —7nC.
Qint 7 2
b) oint = =348 x 107 C .
(b)) in 47 (4cm)? 8 /m
k(11
() E = FnC) _ 9900N /C.

(10cm)?
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Consider a region of uniform electric field E = —7iN/C. At time ¢ = 0 a charged particle (charge
g = —5nC, mass m = 4 x 10~ °kg) 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 ¢ = 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.
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Consider a region of uniform electric field E = —7i N/C. At time ¢t = 0 a charged particle (charge
g = —5nC, mass m = 4 x 10~ °kg) 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 ¢ = 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.

Solution: Y E
R S——
(—5nC) 3,2
a) ap = —7N/C) = 8.75 x 10 , m L9
@) ax = - Tookg VO m/s S X
vy, =0, x=0.
(b) ar = 8.75 x 107 3m/s?, z

Ve = agt = (8.75 x 1073m/s?)(3s) = 2.63 x 10 ?m/s,
1
T = §axt2 = (0.5)(8.75 x 1072m/s?)(3s)? = 3.94 x 10 ?m.

(c) W = FAz = (—5nC)(=7N/C)(3.94 x 10~ ?m) = 1.38nJ.
1
W =AK = 5(4 x 107 %kg)(2.63 x 10 ?m/s)? = 1.38nJ.




Consider two point charges positioned on the z-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.

A -11nC B +17nC C
OO
3m 2m  3m 2m
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Consider two point charges positioned on the z-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.

A -11nC g +1/nC ¢
N _/
3m 2m  3m 2m
Solution:
~11nC 170C
(la) E, = —k% |(2 n)2| — —2.02N/C + 38.25N/C = +36.23N/C.
m m
11 1
(1b) v = g0 ;nc) — —49.5V +51.0V = 1.5V,
m m
~11nC 170C
2a) B, = —k% - |(3 n)2| — —24.75N/C — 17.00N/C = —41.75N/C.
m m
11 1
(2b) v = pTHIO) |y ;nc — —33.0V +19.1V = —13.9V.
m m
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Consider two plane surfaces (of rectangular and a circular shape) with area vectors A4 pointing in
positive z-direction) and Ay pointing in positive x-direction.

The region is filled with a uniform electric field

(1) E = (4i + 55 — 7k)N/C,

(2) E = (=61 4 45 + 5k)N/C.

(a) Find the electric flux @S) through area A;. 7 4m

(b) Find the electric flux q)? through area As.
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Consider two plane surfaces (of rectangular and a circular shape) with area vectors A4 pointing in

positive z-direction) and Ay pointing in positive x-direction.
The region is filled with a uniform electric field

(1) E = (4i + 55 — 7k)N/C,

(2) E = (=61 + 45 + 5k)N/C.

(a) Find the electric flux @S) through area A;.

(b) Find the electric flux <I>§E2) through area As.

Solution:
(la) V) =F. A 7N/C)(12.0m?2) = —84.0Nm?/C.
(1b) &%) = E. Ay = (4N/C)(12.6m?) = 50.4Nm?/C.

(2a) &' = E. A = (5N/C)(12.0m?) = 60.0Nm?/C.

= (=
(
11 = (
(=

2b) ) = E. A

6N/C)(12.6m?) = —75.6Nm?/C.

- 4m
Aj
VAl y
X / /3m
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Consider a region of space with a uniform electric field
(1) E=1.2V/mj, (2 E=0.6V/mi. 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 x 10727kg, ¢ = 1.60 x 10~ 12C) 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? y

10m-  ----g-----

6m- 1o $ $3

2m-  L---- |
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Consider a region of space with a uniform electric field

(1) E=1.2V/mj, (2 E=0.6V/mi. 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 x 10727kg, ¢ = 1.60 x 10~ 12C) 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? y 5
: 10m- ----9-----

Solution: | !

(1a) V4 =0, Vo = —4.8V, V3 =0, V4 = +4.8V. 6m- 1 e 5 63

(1b) F =¢E (toward point 2). ! I

(1c) AV = (Va — Vp) = —4.8V, 2m+ '—----2----'
AU = qAV = —7.68 x 107197, I I I X
K = —AU = 47.68 x 1071°7. 2m  6m 10m

(2a) V7 =24V, Vo =0, V3 = —-2.4V, V4 = 0.
(2b) F = gE (toward point 3).

(2c) AV = (V3 — V) = —2.4V,
AU = gAV = —3.84 x 107197,
K =—AU = +3.84 x 107 1°7.




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

y y

GB +6nC

Wwog

+6nC +5nC
4cm
© > — X © > X
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Consider a pair of point charges in two different configurations. Find the electric potential V' and
the components E, and E, of the electric field at point A and at point B.

y y
é—) +6nC
S
3
-5nC +6nC +5nC
4cm 3cm 4cm
- L X 3 X
Q A < @ B
Solution:

6nC —5nC
o v 1500 0 ooy 1125V = 675V

3cm 4cm
e B — IO 17801 g o5y /m, ESY =o.

(3cm)? (4cm)?

onC 5nC
o V(B — 2 4 2 1300V 4+ 1125V = 2925V.

3cm 4cm

5nC 6nC
e 5P =Pl ogi95v/m, BP) = —k 6nCl 60000V /m.
(4cm)? (3cm)?
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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 Q;,+ on the inner surface of the shell.

(b) Find the surface charge density oext 0n the outer surface of the shell.

(c) Find the magnitude of the electric field £ at radius » = 6m.

(d) Find the electric flux ® g through a Gaussian sphere of radius » = 10m.

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

Qext

Qint

| |
2m/ 6m | 10m
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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 Q;,+ on the inner surface of the shell.

(b) Find the surface charge density oext 0n the outer surface of the shell.

(c) Find the magnitude of the electric field £ at radius » = 6m.

(d) Find the electric flux ® g through a Gaussian sphere of radius » = 10m.

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

Solution: QeXt
(@) Qint =0 (inferred from Gauss’ law.) 0.
_7nC int
(b) Coxt = T Em? —8.70 x 10~ *2C/m?.
(c) E =0 (inside conducting material.) , , , r
A op = =% _ _791Nm?/C. 2m/ ém J 10m




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 a, of the particle at time ¢ = 3s.

(b) Find the velocity v, of the particle at time ¢ = 3s.

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

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

E =6N/C

m =5¢g

q=-4mC




ot
TR
|_|_||_|-_--.i_E_"-! D

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 a, of the particle at time ¢ = 3s.

(b) Find the velocity v, of the particle at time ¢ = 3s.

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

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

y

Solution:

; E = 6N/C
q —4 x 107°C 5
a) ay = —E = —6N/C) = 4.8m /s2. -

@ e = 5% 10-5kg /9 m/s m =5¢
-

(b) vy = azt = (4.8m/s?)(3s) = 14.4m/s. ) X

q=-4mC

1
) == anﬁ = 0.5(4.8m/s?)(3s)? = 21.6m.

2(2 2(1
) At = ) 200m)  J200m) oo 5 04s = 0.85.
4.8m/s? 4.8m /s?




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].

Ae—OM ) ionC
4m
8m C 8m
3m
D
3m
+7nC () °B
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Consider two point charges positioned as shown. A o /> +9nC
(a) Find the magnitude of the electric field at point C' [D].
(b) Draw the field direction at point C' [ D] by an arrow. 4
(c) Find the electric potential at point A [B]. C m
8m 8m
3m
D
3m
ion: +7nC
Solution: (/ 6m °B
InC nC
Ec =k —k = 5.06V — 1.75V = 3.31V /m.
o Fo (dm)? (6m)? /m /m /m
nC 9nC
Ep =k — k""" —7.00V/m — 1.65V/m = 5.35V /m].

(3Bm)?  (7m)?
e Downlleft along diagonal [Up/right along diagonal].

onC  7nC
o Vi=k 4 kY — 13,50V + 7.88V = 21.4V.
omc e
9
Vg = k—— + k—— = 10.1V + 10.5V = 20.6V].

8m 6m




i

-y __..I'. 'y - s —
s -|“

CEECOC T

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 21 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.
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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 21 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.

Solution:

(a) Gauss’ law implies that

B
Q1 =—Q2 =+5nC[Q1 = —Q2 = —4nC]. °
(b) E4 = k(45nc)2 = 28.1 x 10°N/C (right)
CI1
4
Ba =k HC)2 = 22.5 x 10°N/C  (left)]. A
c1m | ' ' '
o 1T " eml
(c) Ep = km =1.25 x 10°N/C  (right) 0 2 46 81012
cim
[Ep = k—0C g8« 103N/C  (left)].

(12cm)?

1IE]
=
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Consider a region of uniform electric field E. A particle with charge ¢ and mass m is projected at
time ¢t = 0 with initial velocity vg. The specifications are m = 39, ¢ = 2mC, vg = 4m/s, E = 5N/C.
[m = 29, ¢ = 3mC, vg = bm/s, E = 4N/C]. Ignore gravity.

(a) Find the components F,, and F, of the electric force acting on the particle at time ¢t = 1.5s.
(b) Find the components v, and v, of the velocity at time ¢ = 1.5s.

(c) Find the kinetic energy at time ¢ = 1.5s.
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Consider a region of uniform electric field E. A particle with charge ¢ and mass m is projected at
time ¢t = 0 with initial velocity vg. The specifications are m = 39, ¢ = 2mC, vg = 4m/s, E = 5N/C.
[m = 29, ¢ = 3mC, vg = bm/s, E = 4N/C]. Ignore gravity.

(a) Find the components F,, and F, of the electric force acting on the particle at time ¢t = 1.5s.
(b) Find the components v, and v, of the velocity at time ¢ = 1.5s.

(c) Find the kinetic energy at time ¢ = 1.5s.

y
Solution: E
(@) Fy =0, Fy,=qE =10mN q Vo
[F. =0, F,=qF =12mN]. (55— X

F.
(b) vy =vo =4m/s, vy = —2t=>5m/s

m
F

[V =vo = bm/s, vy = —2t = 9m/s].
m

(c) K = %(3 x 10 %kg)[(4m/s)? + (5m/s)?] = 61.5mJ

(K = %(2 x 10 3kg)[(5m/s)? 4+ (9m/s)?] = 106mJ].




Point charges g1 = +1nC, g2 = +2nC, g3 = —3nC [q1 = —1nC, g2 = +2nC, g3 = +3nC] are
positioned as shown.
(a) Find the components E, and E, of the electric field at point O.

(b) Find the electric potential V' at point O.
(c) Find the direction (T, , —,\,, |, ./, <, \) of the resultant Coulomb force on charge g¢.

y
Oa,

4m

OG
O
?

3m 2m
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Point charges q; = +1nC, g2 = +2nC, g3 = —3nC [¢q1 = —1nC, ¢2 = +2nC, g3 = +3nC] are
positioned as shown.

(a) Find the components E, and E, of the electric field at point O.

(b) Find the electric potential V' at point O.

(c) Find the direction (T, 7, —,\,, |, ./, <, N\ of the resultant Coulomb force on charge gs.

y
Solution: é
@) E.=—k o] g lasl —0.92N/C "1
(3m)? ~ (5m)?
2] |q3] ]
By = —k - — —3.08N/C
P = Gy~ omy / £
E, = —k(if;; = —0.56N/C
q q
|q1] ] 2 3
Ey, = +k——_ = 40.56 N/C s O
[ Y (4m)? / O 3m ~ om O x

b V=rkt 2 B _9ogsy [V:kq—1+kq—2+kq—3 — 9.15V
4m 4 3 5

3m Sm

© N [\]
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Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of
uniform electric field E = (5¢ — 45 + 6k)N/C [E = (8¢ + 75 — 9k)N/C].
(a) Find the electric flux CDg) through face 1 (in xzy plane).
(b) Find the electric flux <I>(EQ) through face 2 (in xz plane).
(c) Find the electric flux @S’) through face 3 (in yz plane).
(d) Find the electric flux q)%"t) through all six faces added up. 3m 4

3m - y
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Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of
uniform electric field E = (5¢ — 47 4+ 6k)N/C [E = (8 + 77 — 9k)N/C].
(a) Find the electric flux CDS) through face 1 (in xzy plane).

(b) Find the electric flux CDg) through face 2 (in xz plane). z
(c) Find the electric flux @%’) through face 3 (in yz plane). 3m ]
(d) Find the electric flux q)%"t) through all six faces added up. 3m ,//
Solution: ""'é’:’
(@) @) = E. A; = (6N/C)k - (—9m?)k = —54Nm?/C am| 2 ! y
@) = E. A; = (—9N/C)k - (—9m?)k = 81Nm?/C] 1
|
(b) @) = E. Ay = (—4N/Q)j - (—9m?)j = +36Nm?/C
[q>§§> E-A> = (TN/Q)j - (-9m?)j = —63Nm?/C]

() ) = E- A3 = (5N/C)i( — 9m?)i = —45Nm?/C
E

@) = F. A3 = (8N/C)i( — 9m?)i = —72Nm?/C]

@) o) — Qin _ o [ptey _ Yin _,

E €0 E €0
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Consider a region of uniform electric field E = —2N/Ci [E = —3N/Ci]. A charged particle
(m = 0.04kg, ¢ = 6mC) [(m = 0.05kg, ¢ = TmC)] is projected at time ¢ = 0 with initial velocity

Vo = 8m/si [vo = 9m/si] from the origin of the coordinate system as shown.

(a) Find the the acceleration a, of the particle at time ¢ = 2.5s. y
(b) Find its velocity v, attime t = 2.5s.
(c) Find its position = at time ¢ = 2.5s. E
e
M — X
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Consider a region of uniform electric field E = —2N/Ci [E = —3N/Ci]. A charged particle
(m = 0.04kg, ¢ = 6mC) [(m = 0.05kg, ¢ = TmC)] is projected at time ¢ = 0 with initial velocity

Vo = 8m/si [vo = 9m/si] from the origin of the coordinate system as shown.

(a) Find the the acceleration a, of the particle at time ¢ = 2.5s. y
(b) Find its velocity v, attime t = 2.5s.
(c) Find its position = at time ¢ = 2.5s. E
e
Solution: m O - X
(@) ar = 1 p— 6> 107°C (2N/C) = —0.3m/s? q Yo
T m 4x102kg -

[ q 7 x1073C
Ay = __E —_ —
m 5 x 10— 2kg
(b) vy = vo + azt = 8m/s — (0.3m/s?)(2.5s) = 7.25m/s
[z = vo + azt = 9m/s — (0.42m/s?)(2.5s) = 7.95m/s]

(B3N/C) = —0.42m/s2]

(c) = = vot + %axt2 = (8m/s)(2.5s) — 0.5(0.3m/s%)(2.55)% = 19.1m

[zc = vot + %awﬁ = (9m/s)(2.5s) — 0.5(0.42m/s?%)(2.58)% = 21.2m]
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Consider point charges positioned in two coordinate systems as shown.

e Find the electric field E 4 at point A.
e Find the electric field Ep at point B. y y
e Find the electric potential V4 at point A. d)+3nC (5 +5nC

e Find the electric potential V5 at point B.

6Ccm 6Ccm 6cm 6Ccm
OO x OO x

6Ccm
6Ccm

+2nC = -2nC -4AnC = -4nC
(@) (@)
(o) (o)

+3nC () -5nC()
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Consider point charges positioned in two coordinate systems as shown.

e Find the electric field E 4 at point A.
e Find the electric field Ep at point B. Y y
e Find the electric potential V4 at point A. d)+3nC (5 +5nC

e Find the electric potential V5 at point B.

6Ccm 6Ccm 6cm 6Ccm
OO x OO x

6Ccm
6Ccm

+2nC = -2nC -4AnC = -4nC
(@) (@)
(o) (o)
Solution: +3nC () -5nc()
|2HC| % 4 0
Ea, =2k i=1.00x 10" N/Ci
A (6cm)?2 /
|5HC| % 4 2
En = -2k = —250x 10" N/C
B (6em)? ) /C]
3nC
Va = 262 — 9.00 x 102V
bcm
—4nC
Vg = 2k ") _ 190 % 102V

6cm
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Consider a long charged rod with charge per unit length A = 3uC/m [A = 2uC/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 Q;,, inside the cylinder.

(c) Find the electric flux ® g through the Gaussian cylinder.

2R

Il .
i\ )

- >
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Consider a long charged rod with charge per unit length A = 3uC/m [A = 2uC/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 Q;,, inside the cylinder.

(c) Find the electric flux ® g through the Gaussian cylinder.

2R

Solution: L
(@) A=2x m(4cm)? + 27(4cm)(12cm) = 4.03 x 10~ ?m?
[A =2 x 7(5cm)? + 27 (5cm)(15cm = 6.28 x 10 ?m?]
(b) Qin = AL = (3uC/m)(12cm) = 0.36uC  [Qin = AL = (2uC/m)(15cm) = 0.30uC]

Qin _ 407 % 10*Nm?/C [®p = Qin
€0 €0

(c) &g = = 3.39 x 10*Nm?/C]




In a region of uniform electric field E = 9N/C i+ 7N/C}j, a charged particle
(m = 0.02kg, ¢ = 4mC) is projected at time ¢ = 0 with initial speed v9 = 6m/s in the direction

shown. If we write a = a i + a,, j for the acceleration and v (t) = v, (t) i + v, (t) j for the velocity

of the particle ...

(@) find a; and a,,
(b) find v, (0) and vy (0),
(c) find vz (6s) and vy, (6s).

y

Yo
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In a region of uniform electric field E = 9N/C i+ 7N/C}j, a charged particle
(m = 0.02kg, ¢ = 4mC) is projected at time ¢ = 0 with initial speed v9 = 6m/s in the direction

shown. If we write a = a i + a,, j for the acceleration and v (t) = v, (t) i + v, (t) j for the velocity
of the particle ...
| y
(@) find a; and a,,
(b) find v, (0) and vy (0), Vo
(c) find vz (6s) and vy, (6s).

o)
Solution: m C/ 35 X
(a) 4 x 107°C (9N/C) = 1.80m /s? q
Ar = = 1l.oU0m/s”.
2 x 10— 2kg
4 x 10~3C

= (7TN/C) = 1.40m/s?.

T 9% 10—2kg
(b) v (0) = vg cos35° = (6m/s)(0.819) = 4.91m/s.
vy (0) = v sin 35° = (6m/s)(0.574) = 3.44m/s.
(€) vz (6s) = 4.91m/s + (1.80m/s?)(6s) = 15.7m/s.
vy (6s) = 3.44m/s + (1.40m/s?)(6s) = 11.8m/s.
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Consider the three point charges surrounding point A or point B.
Find the electric field E 4 at point A and E g at point B.
Find the electric potential V4 at point A and Vg at point B.

Find the magnitude F3 between the two positive charges on the left and F35 between the two
positive charges on the right. y y

+3nC +5nC

8cm

S
3,
o]

8cm 8cm 8cm 8cm
O A O_ X Q B O— X

+2nC -4nC +3nC -6nC
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Consider the three point charges surrounding point A or point B.

Find the electric field E 4 at point A and E g at point B.

Find the electric potential V4 at point A and Vg at point B.

Find the magnitude F3 between the two positive charges on the left and F35 between the two

positive charges on the right. y y
+3nC +5nC
e £
O O
(00] 0 0]
8cm 8cm 8cm 8cm
O A O_ X Q B O— X
+2nC —-4nC +3nC -6nC
Solution:
2nC| ; 4nC| , 13nC| - 3 s 3 -
e E, =k i i— =844 x 10°N/Ci—4.22 x 10°N/C
A (8cm)? (8cm)? (80m)2J / /C

|3nC| 2 |6HC| - |5HC| 2 3 % 3 N
Egz =k k — k =127 x 10°N/C1i—7.03 x 10° N/C
B (8cm)? i (8cm)? l (8cm)? ! /€1 /€
2nC 3nC 4nC 3nC 5nC 6nC
o Vi =k 4 k2 kT 13V, Vg = ko 4k 2 — 205V
S8cm S8cm S8cm S8cm S8cm 8cm
2
o Py = k1BOBON ) s 10-ON, By = kBROGRO] _ h 5 100N
(8cm)? + (8cm)? (8cm)? + (8cm)?
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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 (), = —4nC [Qp = 5nC] at the center.

(a) Find the charges Qin; and Qext on the two surfaces of the shell. Q

(b) Find the electric flux ® g through a Gaussian sphere of r = 1m. ext
(c) Find magnitude and direction of the electric field at » = 5m.
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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 (), = —4nC [Qp = 5nC] at the center.

(a) Find the charges Qin; and Qext on the two surfaces of the shell. Q

(b) Find the electric flux ® g through a Gaussian sphere of r = 1m. ext
(c) Find magnitude and direction of the electric field at » = 5m.

Solution:

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

(b) dp = Qv _ —452Nm?/C,

€0
[@E _@e _ +565Nm?/C|.
€0

(¢) 4n(5m)*E = (Qp + Qine + Qext) <0 = E=-144N/C (inward),

€0
[4%(5m)2E = (Qp + Qine + Qext) >0 = E=+1.80N/C (outward)|.

€0
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In a region of uniform electric field, E = 5N/Ci + 4N/Cj, a charged particle
(m = 0.03kg, ¢ = 2mC) [(m = 0.02kg, ¢ = 3mC)] is released from rest at time ¢ = 0 at the origin
of the coordinate system.

(a) Find the electric force F = F. i + F, j acting on the particle. y

(b) Find the position r = z i + v j of the particle at time ¢ = 7s.

(c) Draw the shape of the path into the diagram. E
m

q() X
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In a region of uniform electric field, E = 5N/Ci + 4N/Cj, a charged particle
(m = 0.03kg, ¢ = 2mC) [(m = 0.02kg, ¢ = 3mC)] is released from rest at time ¢ = 0 at the origin
of the coordinate system.

(a) Find the electric force F = F. i + F, j acting on the particle. y
(b) Find the position r = z i + v j of the particle at time ¢ = 7s.
(c) Draw the shape of the path into the diagram. E

m
N
X
Solution: CIC/

(@) Fr = (2x1073C)(5N/C) =10 x 1073N, F, = (2 x 1073C)(4N/C) = 8 x 10 3N.
[Fr = (3x1072C)(5N/C) =15 x 107°N, F, = (3 x 107°C)(4N/C) = 12 x 107 *N.]

1 /10 x 10~3N 1 /8% 107 3N
(b) x = - ( — ) (75)? =8.17m, y= — ( — ) (75)? = 6.53m.
2 \ 3 x 10—2kg 2 \ 3 x 10—2kg

[ 1 (15 x 1073N
€Tr =

2 \ 2 x 10—2kg

12 x 103N
2 x 10— 2kg

1

) (75)? = 18.4m, y = 5 (

) (75)? = 14.7m.

(c) Straight line through origin parallel to direction of electric field.
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Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E,. of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.
(c) Find the electric potential V' at points A and B.

y y

+7NnC +6nC c
AN

2m

+8nC |  om 20° 50° om \+tonC
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Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E,. of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.
(c) Find the electric potential V' at points A and B.

y

+7NnC +6nC
+8nC L 2m 20°] 2m _ *NC

2m

Solution:
8nC nC 6nC 5nC
a) F, =k — k 40° = 5.9N/C = ° = —2.
(a) (2m)? (2m)? COS / Es k(2m)2 cos 50 k(2m)2 2.57TN/C
™mC 5 6nC
(b) E, = ks S 407 = ~10.1N/C By = ko ;)2 sin 50° = —10.4N/C
8nC ™mC
(© V =k~ 4k~ =675V, v = £0C 00 g5y

2m 2m 2m 2m
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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 x 10~ 2"kg,

q = 1.60 x 10~2QC) is launched at = = 0 with initial velocity vg = 3.5 x 10*m/s

[vop = 4.2 x 10*m/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 A K of gain or loss? -
Vo | |
——>----------- i o>
E
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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 x 10~ 2"kg,

q = 1.60 x 10~2QC) is launched at = = 0 with initial velocity vg = 3.5 x 10*m/s

[vop = 4.2 x 10*m/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 A K of gain or loss? -
Solution: Vv
0 L] L]
9 —m----------- Tt TTTTTTTTo o>
(@) t= P 571 %1075 [4.76 x 10-54].
V0
E
qE 8 2 8 2
(b) a=—— =-1.34 x 10°m/s” [—2.20 x 10°m//s“].
m || L]
X
(c) |AV| = E(1.5m) = 2.1V [3.45V]. 0 orm 3E5m
(d) loss

(e) AK = —q|AV|=-3.36 x 10719] [-5.52 x 107 19]].
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A point charge @), = 7TnC [@Q, = 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 » = 1m?
(b) What is the charge Q;n¢ on the inner surface of the shell?
(c) What is the magnitude of the electric field £ at radius »r = 3m?
(d) What is the charge Qext on the outer surface of the shell?
(e) What is the electric flux ® g through a Gaussian sphere of radius » = 5m.
Qext
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A point charge @), = 7TnC [@Q, = 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 » = 1m?

(b) What is the charge Q;nt on the inner surface of the shell?

(c) What is the magnitude of the electric field £ at radius »r = 3m?

(d) What is the charge Qext on the outer surface of the shell?

(e) What is the electric flux ® g through a Gaussian sphere of radius » = 5m.

Qext

Solution:

_ kQp r
(a) E= (1m)? = 63N/C [72N/C].
(b) Qint = —Qp = —TC [-8nC].
(c) E=0.
(d) Qext = —Qint = +7nC [+8nC].
(e) ®p = 9p _ 791Nm? /C  [904Nm?/C].

€0




Consider two point charges positioned as shown. Use k = 9 x 10° Nm? /CZ.
(a) Find the electric field E = E, i + E,, j at point O.

(b) Find the electric potential V' at point O.

(c) Find the magnitude F' of the force between the two charges.

y
4m
o) l O
-4nC
=
o

() +2nC




Consider two point charges positioned as shown. Use k = 9 x 10° Nm? /CZ.

(a) Find the electric field E = E, i + E,, j at point O.
(b) Find the electric potential V' at point O.

(c) Find the magnitude F' of the force between the two charges.

Solution:
—4 2

@) E, = k|(4—r;20| — %N/C = 225N/C, E, = k!gnfl

m m

4 p
(b) Vv = =40 +k3ic — 9V 46V = —3V.
m

(© F = ZAOCOL T2 (5 88N

(5m)2 25

y
N l 4m O «
-4nC
=
™M
() +2nC
=2N/C.
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Consider three plane surfaces (two squares, one odd shape) with area vectors A (in positive
x-direction), As (in negative z-direction), and A3 (in positive y-direction). The region is filled with
a uniform electric field E = (2i + 3j + 4k)N/C. The electric flux through surface 3 is

o'3) = 21Nm2/C.

(a) Find the electric flux CDS) through surface 1.

(b) Find the electric flux <I>(E2) through surface 2. 3m
(c) Find the area vector A3 of surface 3. 3
m
-
&
A3 Al
3m y
X 3m
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Consider three plane surfaces (two squares, one odd shape) with area vectors A (in positive
x-direction), A» (in negative z-direction), and A3 (in positive y-direction). The region is filled with

a uniform electric field E = (2i 4 3j 4+ 4k)N/C. The electric flux through surface 3 is
o'3) = 21Nm2/C.
(a) Find the electric flux CDS) through surface 1.

(b) Find the electric flux <I>(E2) through surface 2. 3m
(c) Find the area vector A3 of surface 3.

Solution: A,
(@ A =9m?i, &) =E.A; = (2N/C)(9m?) = 18Nm?/C.

(b) Ay =—-9m?k, &%) =E.-A;=—(4N/C)(9m?) = —36Nm?/C.

(©) Az =Azj, &) =A3(3N/C)=21Nm?/C = A3z =7Tm>
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Consider a region of uniform electric field E = 3N /C i. A charged particle (m = 2kg, ¢ =4QC) s
projected at time ¢t = 0 with initial velocity vo = 5m/sj from the position shown.

(a) Find the acceleration a = a,. i + a, j of the particle at time ¢ = 3s.

(b) Find its velocity v = v, i+ v, j at time ¢t = 3s.

(c) Find its position r = zi + v j at time ¢ = 3s.
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Consider a region of uniform electric field E = 3N /C i. A charged particle (m = 2kg, ¢ =4QC) s
projected at time ¢t = 0 with initial velocity vo = 5m/sj from the position shown.

(a) Find the acceleration a = a,. i + a, j of the particle at time ¢ = 3s.

(b) Find its velocity v = v, i+ v, j at time ¢t = 3s.

(c) Find its position r = zi + v j at time ¢ = 3s.

Solution:
q 4C

(@) ag = EE = %(BN/C) = 6m/s?, ay =0.

(b) vy = axt = (6m/s?)(3s) = 18m/s, vy = vp = 5m/s.

1
(C) z==0 + §a$t2 = 2m + 0.5(6m/s%)(3s)? = 29m, y = vot = (5m/s)(3s) = 15m.
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