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CH. 13 — Electric Field: Study Guide

» Concepts, Definitions, and Formulas:

* Coulomb Force Law (Statement + Formula): Sec. 13.2, P.514

» Definition of Electric Field (Statement + Formula): Sec. 13.2, P.517

» Electric Field of a point a charge (Statement + Formula): Sec. 13.4, P.519

» The superposition principles (Statement + Formula): Sec. 13.5, P. 523

» Electric field at location on the dipole axis (Formula): Sec. 13.6, P. 525

» Electric field at location on the perpendicular axis (Formula): Sec. 13.6, P. 527
» Electric dipole moment (Formula): Sec. 13.6, P. 531

» Problem Solving:

« Examples — From the Textbook (4): Electric Force and Electric Field, Field of a particle,
electric Field and Force Due to Two Charges, and Dipole and Charged Ball.
» Checkpoints — From the Textbook (4): 3, 6, 8 and 14
* Problems (6):
* Problem 48: P. 542
* Problem 57: P. 543
* Problem 59: P. 543
« Extra Examples and Problems — From the Slides.
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The Electric Field Of A Point Charge

Reference in the textbook: Chapter 13.4

e Coulomb’s law (REMINDER):

- 1 q A
E = ST
4'7TEOT
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Steps in applying Coulomb’s law:
o Find 7; and 1y from the given.
Find 7 =7, — 75.

Findr = |7] = \/x2 + y2 + z2.
Find # = _.

Substitute in Coulomb’s law.
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Electric Field Of A Uniformly Charged Sphere

Reference in the textbook: Chapter 13.4
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2> 1 0, .
Esphere = 4—n?0;—2—r for r > R (outside the sphere)

Esphe,e =0 forr < R (inside the sphere)
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!&{:” " Superposition Of Electric Fields

Reference in the textbook: Chapter 13.5

SV | THE SUPERPOSITION PRINCIPLE

N The net electric field at a location in space is the vector sum of the
I individual electric fields contributed by all charged particles located
? / elsewhere.

_ A The electric field contributed by a charged particle is unaffected by
‘, | the presence of other charged particles.
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!5’ N | Superposition Of Electric Fields

Reference in the textbook: Page 523

EXAMPLE  Electric Field and Force Due to Two Charges

A small object with charge Q1 = 6nC is located at the origin. A second
small object with charge O, = —5nC is located at (0.05,0.08,0) m. What is
the net electric field at location A (—0.04,0.08,0) m due to Q1 and Q,? Ifa
small object with a charge of O3 = —3nC were placed at location A, what

| would be the force on this object?

y E] i‘\\ Enet
' ‘ Q2
AX—>  5nCQP

QQI

6 nC

iled solution available
tutoring notes
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Superposition Of Electric Fields

Reference in the textbook: Page 542, P48

~ *oP47 At a particular moment, three charged particles are

~ located as shown in Figure 13.67. Q) = —4uC, Q> = +3uC, and

- Q3 = —2uC. Your answers to the following questions should be

 vectors. (Recall that 1 4C = 1 x 107°C.) (a) Find the electric
field at the location of Qs, due to Q,. (b) Find the electric field at
the location of Q3, due to Q5. (¢) Find the net electric field at the
location of Q3. (d) Find the net force on Q3. (e) Find the electric
field at location A due to Q. (f) Find the electric field at location

A due to Q5. (g) Find the electric field at location A due to Q3.
(h) What is the net electric field at location A? (i) If a particle
with charge —3 nC were placed at location A, what would be the
force on this particle?

01 0> Detailed solution available
-4uC QP @ 3«C inthe tutoring notes
£
9 |
103
AX é -2 uC
Figure 13.67
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Tutoring Notes — PHYS 272: Week 2 — Lecture 1

A small object with charge Q; = 6 n( is located at the origin. A second small object with charge
Q, = —5nC is located at (0.05,0.08,0) m. What is the net electric field at location A
(—0.04,0.08, 0) m due to Q4 and Q,? If a small object with a charge of Q; = —3 nC were placed
at location A, what would be the force on this object?

Two charges, Q1 and @, are nearby location A. Each one of these two charges will create an
electric field at point A: Q4 will create E; and Q, will create E,.

The net electric field at point A will be the sum of the two electric fields Enet = El + Ez
Recall that InC = 107°C

E,: the electric field created by 0,
The observation point is point A, so 7, = 74 = (—0.04, 0.08,0) m
The source is the charge Q,, which is here located the origin, so 75 = (0,0,0) m

e F=7 —75 = (—0.04,0.08,0) —(0,0,0) = (—0.04,0.08,0) m
e r=|# =(-0.04)2+0.082 + 02 = 0.089 m

o p=L 0040080 _ 45 0.89,0)
r 0.089
e B =L %5 (94109 « &1, (—045,089,0) = (=3.07 + 103, 6.07 * 103, 0) (N/C)
N 0.0892 T il ' s ’



The net electric field at point A will be the sum of the two electric fields Enet = El i Ez

E}: the electric field created by 0,

The observation point is also point A, so 7, = 7, = (—0.04, 0.08,0) m
The source is the charge Q,, which is here 7z = (0.05,0.08,0) m

e ¥=1,—7s = (—0.04,0.08,0) — (0.05,0.08,0) = (—0.09,0,0) m
« r=1|#=(-0.09)24+02 + 02 = 0.09 m

. _ T _ (—=0.09, 0, 0) . (_1, 0, 0)
T 0.09

N 9
e E,=—2¢=(9%10% =+ % (=1,0,0) = (5.55 % 103, 0, 0) (N/C)

ATTEy T2

Enpf: the net electric field at location A

Enoe = E; + E; = (—3.07 x 103,6.07 * 103, 0) + (5.55 * 103, 0, 0)
= (2.48 * 103,6.07 = 103, 0) (N/C)

Q5 is placed at location A, where the net electric field is Enet, therefore an electric force
F, .+ will be applied on the charge Q5.

Froe = Q3 % Enpe = (—3 % 1079)  (2.48 = 103,6.07 * 103, 0)
= (—7.44x107°,—1.82 * 107>,0) (N)



At a particular moment, three charged particles are located as shown in Figure 13.67. Q1 =
—4uC, Q, = +3uC, and Q3= —2 uC. Your answers to each part of this problem should be
vectors (Recall that 1uC = 1 x 107° C). (a) Find the electric field at the location of Q5, due to
Q. (b) Find the electric field at the location of @3, due to Q. (c) Find the net electric field at the
location of Q5. (d) Find the net force on Q5. (e) Find the electric field at location A, due to Q;. (f)
Find the electric field at location A, due to Q,. (g) Find the electric field at location A, due to Q5.
(h) What is the net electric field at location A? (i) If a particle of charge Q, = —3 nC were placed
at location A, what would be the force on this particle?

The locations of the three particles and the point A are not given. Therefore, we will have to
find these locations graphically before solving. On figure 13.67 each square represent 1 cm,
recall that 1 cm = 107? m.

For simplicity let us consider that point A as the origin: 7, = (0, 0, 0) m.

The locations of the three particles are obtained by counting the number of the horizontal
and vertical squares, starting from point A (the considered origin).

Q1 | 02
-4uC G &3 .C
Location of charge Q;: 7, = (0,0.03,0) m . - EE
Location of charge Q,: 7, = (0.04,0.03,0) m e
03
A ¥ - s

Location of charge Q3: 75 = (0.04,0,0) m
Figure 13.67



a) The electric field at the location of Q3, due to Q;.
The observation point is the location of Q3, so 7, = 73 = (0.04,0,0) m
The source is the charge Q;, so s = ;= (0,0.03,0) m

e ¥r=1,—1s=(0.04,0,0) —(0,0.03,0) = (0.04,—0.03,0) m
r =

. 7| = /0.042 + (—0.03)24+0% = 0.05m
QR (0040030) _ 0 ¢ 0)
T 0.05
. B 9_1Q1A 9y . (—4x107°)
EpyQronts = qreo e’ = (9% 107) + —5—+(0.8,-0.6,0)

= (—1.15 * 107,8.64 = 10°,0) (N/C)

b) The electric field at the location of @3, due to Q.
The observation point is the location of Q3, so 7, = 75 = (0.04,0,0) m
The source is the charge Q,, so 5 = 7,= (0.04,0.03,0) m

« #=17,—7s=(0.04,0,0) — (0.04,0.03,0) = (0,—0.03,0) m
e r=|7] =402+ (=0.03)2+02 = 0.03m
. f‘zt_(o 0030):<0 _1,())
T 0.03
. B 1 Q2. 9 (310
EbyQZonF3_4neor2r—(9 10) *(0,—1,0)

= (0,—3 * 107, 0) (N/C)



c) The net electric field at the location of Q5.

Two charges are nearby the location of Q3; Q4 creating Eby 01on#, and Q, creating L_fby 02 on 7s-

Therefore, E net = Epy 01on7, + Eby 0zons, = (—1.15 % 107,8.64  106,0) + (0, =3 = 107,0)
= (—1.15%107,—-2.14 % 107, 0) (N/C)

d) The net force on Q5.
Charge Q5 is located at 75, where the net electric field is E .+ (found in question c). An electric

force will be applied on Qz: Fpp = Qs * E o = (=2 % 1076)  (—1.15 * 107, —2.14 % 107, 0)
= (23,42.8,0) (N)

e) The electric field at location A, due to Q;
The observation pointis A, so7, =74, = (0,0,0) m
The source is the charge Q, so 7’ = ;= (0,0.03,0) m

e 7=17,—75=(0,0,0)—(0,0.03,0) = (0,—0.03,0) m
e r=|#] =402+ (=0.03)2+02 = 0.03m
A f-=£_<0 0030):(0,—1,0)
T 0.03 6)
o 1 QlA 9 (410 .

= (0, 4 * 107, 0) (N/C)



f) The electric field at location A, due to Q,
The observation pointis A, so7,, = 74 = (0,0,0) m
The source is the charge Q,, so s = 7,= (0.04,0.03, 0)m

« r=1,—15=(0,0,0) —(0.04,0.03,0) = (—0.04,—0.03,0) m
r =

. 7] = /(—0.04)2+(—0.03)2+02 = 0.05 m
. p=1 20000030 _ (g 0.6,0)
T 0.05
= 1 N (3*10
| EbyQZonA:E% = (9 %10%) « *( 0.8,—0.6,0)

= (—8.64 * 10°, —6.48 * 106,0)(N/C)

g) The electric field at location A, due to Q5
The observation pointis A, so 7., = 74, = (0,0,0) m
The source is the charge Q4, so s = 3= (0.04,0,0)m

e 7=17,—7=(0,0,0)—(0.04,0,0) = (—0.04,0,0) m
r=|7| J(004)2+02+02—004m

d
Z (— 00400):<_1,0,0>
r 0.04
1 Q3 . 9
= 7 =(9 x107) *
= (7.2 * 10°,0, 0) (N/C)

(2106)
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h) The net electric field at the location of Q5.
Three charges are nearby the location A; @, creating Eby 010n 4, @2 creating L_fby 020n 4 and Qs

creating Epy 03 0n 4

Therefore, Enet = Eby QlonA T Eby 02onA T Eby Q3onA
=(0,4 * 107,0) + (—8.64 * 106, —6.48 * 10°, 0) + (7.2 * 109, 0, 0)

= (—1.44 * 10%,3.352 * 107, 0) (N/C)

i) The net force on Q,.
Charge Q, is located at A, where the net electric field is Enet (found in question h). An electric

force will be applied on Qu: Fpr = Q4 % E pop = (=3 % 1079) % (—1.44 % 108, 3.352 * 107, 0)
= (4.32 +1073,-0.1,0) (N)





