l Chapter 1

Electric Charge and Coulomb’s
Law

? Electric Charge and Coulomb’s Law
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In this chapter we will describe the following
properties of charge:

-Types of electric charges
-Electric charge and its conservation
- Forces among two charges (Coulomb’s law)

- Force from many charges
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“  ELECTRIC CHARGE

« All ordinary matter contains
both positive and negative
charge.

=« You do not usually notice This object is neutral
the charge because most — N+
matter contains the exact @ O |positive charge +8
same number of positive © O [negative °hf;t9; %
and negative charges. O

= An object is electrically
neutral when it has equal
amounts of both types of
charge.
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&  ELECTRIC CHARGE
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= Objects can lose or gain electric charges.

= The net charge is also sometimes called
excess charge because a charged object
has an excess of either positive or
negative charges.

= A tiny imbalance in either positive or
negative charge on an object is the cause
of static electricity.



- ELECTRIC CHARGE

Charge
(coulombs)

= Electric charge is a
property of tiny particles
In atoms.

= A quantity of charge 9109 «10°" | =1602 x10°*
should always be

Proton
identified with a positive '
or a negative sign. M +1.602 x10™"
= [he unit of electric charge




ELECTRIC CHARGE

The Transfer of Charge

Glass Rod

Some materials attract electrons
more than others.

The Transfer of Charge

As the glass rod is rubbed against silk,
electrons are pulled off the glass onto the silk.

SILK
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Glass Rod
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- ELECTRIC CHARGE

The Transfer of Charge

Glass Rod

Usually matter is charge neutral, because the number of
electrons and protons are equal. But here the silk has an
excess of electrons and the rod a deficit.

ELECTRIC CHARGE

(Glass Rod

Glass and silk are insulators:
charges stuck on them stay put.

“ Electric Charge and Its Conservation

Macroscopic objects can be charged by rubbing




* Electric Charge and Its Conservation

ot o ~
Charge comes in two ‘____...,J.ef"" W
types, positive and g <o
negatlve; Ilke ChargeS (a) Two charged plastic rulers repel

- e
repel and opposite -L**" &
charges attract . - . o

(b) Two charged glass rud:-,- repel
| s
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(c) Charged glass rod attracts
charged plastic ruler
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« Electric forces are created between all electric charges.

« Because there are two kinds of charge (positive and
negative) the electrical force between charges can attract
or repel.

« In any process the charge at the beginning equals the
charge at the end of the process.

Like charges repel

VO QO

Unlike charges attract
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« Coulomb determined

« Force is proportional to the product of the charges
q, and @, along the lines joing them

« Force inversely proportional square of the distance
s ]e

o [Fial % 1Q4] 1Qs] / 1,7
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“ Coulomb’s Law

s udind
Q1
Q le Fl 2
—_— > -—
r

=« The force on Q,due to Q. is equal in

magnitude but opposite in direction to the
force on Q,due to Q..

Q2

Far=—Fu
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" Coulomb’s Law

Ty
anal b

The magnitude of the force of interaction between two
point charges is directly proportional to the product of the

charges and inversely proportional to the square of the
distance between them
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K = . K=9x10°Nm®/C*
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- Example 1

A -3uC charge is placed 100 mm from a + 3uC charge
calculate the force between two charges

-3 uC 3uC

9, 100 mm @

« First we convert to appropriate units
3 uC = 3x10°C, 100 mm = 100x10>3m =0.1m

6 -6
|q[q2| (gxlog N.['I]z/{'_‘z) (3)(10 C)(SX;O C)
e (0.1 m)
= 8.1 N (Attraction force)

F=K

Quiz 1

Object A has a charge of +2 uC and Object B
has a charge of +6 uC. Which statement is
true?

. B FAB="FBA

ol D- FAB=12FBA

Force on charge is vector

— sum of forces from all
| Princiole of | £ e



Example 2

Two charges q, = -8 uC and g, = +12 uC are placed 120 mm apart in
the air as shown. What is the resultant force on a third charge
g; = -4 uC placed midway between the other two charges?

N S
Fi
—> —>h
;-8 nC Q; = 4 nC P Qe +12

-@ @

60 mm 60 mm

8x107°C)(4x10™°C
F3=K ’qlggl (9x10"N.m*/C®) ( 2 - b 80 N (Repulsion, to the right).
r (0.06 m)
b b
=K 2% 0410°Nm?/C?) “2"“)(0 (‘;é (4;‘“’ ©) 120N (Attraction, to the right).
I I

The resultant force F is the vector sum of F,; and F,;. Thus
F=80N+ 120 N = 200 N (Directed to the right)

Two equal positive point charges q, = q, =2uC interact with a third
point charge g,=4 uC. Find the magnitude and direction of the
resultant force on gs.
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Solve the example 3 if the lower charge is negative.

ZMC

30(cm
40 cm

30 icm

-2 I.lC




Example 5

Three point charges lie along the x axis as shown in
Figure. The positive charge q, =15.0 uC is at x=2 m,
the positive charge g, =6.00 uC is at the origin, and
the net force acting on g, is zero. What is the distance
X coordinate of qs?

—P—3——0—
f.?zT) Fog g3 Fi3 71
A Example 5
ol

As shown in the figure |

— 2,00 m ———»

By=Fj;-F3=0 *—x—‘—iﬁ”'r*
Fi3=Fy

@ <—O—» O
72 Foy q3 Fis 7

9,9 9.9
K|'—23|-=K| 2;'

013 L3
15 6
(2-x%)¢ x°

L 6(2-x)4=15x° =>3x°+8x-8=0
S x=0.775m, x=-3.44m (refused)
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- Example 6

Two particles, each with charge Q, and a third particle,
with charge q, are placed at the vertices of an
equilateral triangle as shown. The total force on the
particle with charge q is: Fi3 sin ©

F,; sin@

F.scos8 /

narallel to the left side of the triangle
parallel to the right side of the triangle |
parallel to the bottom side of the triangle QO (B Q
. perpendicular to the bottom side of the triangle

E. perpendicular to the left side of the triangle

0O % F
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Quiz 1

what is the resultant force on the charge in the center of
the square? (q=1x107 C and a = 5cm).
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Example 7

what is the resultant force on the charge in the lower
left corner of the square? (gq=1x107 C and a = 5cm).

@ @ -

2q . .—2q

(The resultant force equals = 0.175 N, with the direction -15.5° with
respect to the x-axis)
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Fa =K =152 Eq(‘i" o O, q
FJ'?

S okall b iy gaily g s sl fie wleaa e Skl 5 LA 0p (st gt Likaal L U B
ol gl
F,; =0.072N, F;; =0.036 N, F,=0.144 N

iy ilida g il Jue Bd oY § il SOOI (g ) pan ko Y L) Ua By
G e adE Y AN g bl a0,y Cytalaia 0y g sae (g k Alaaall Gl
pead F13 600 dada gl oy padl

F-I ﬁ-"‘E-n "'F-u"'ﬁ?u 2
Fia =-"::L;q

a FH

”
Fp=&31% |

g O

- 2g2g *
Fia =K a* Z‘T(I) FH' ‘2'?
FJ'?

sl oy gl g e sl il il die GlaulD) 5 L) e oy il UiLad L U BaY
ol el
F,=0072N, F;=0.036N, Fs=0.144 N

Ay il 5 il Jus bad o 5 pilie SOGN (5 i) aas Akl Y L) Lia Ba
Cdh e Al Y A g bl Jlad g X,y Cualatia g sae gkl Alaad! Glad
gad F13 il 43da gl upgad

Fis, = Fy3sin 45 = 0,025 N
Fi3, = F3 €05 45 = 0.025 N

F. = F + Fy = 0.025 + 0.144 = 0.169 N
F, = Fs, - Ay = 0.025- 0.072 = -0.047 N

sl y g aladl A RN A8 pa aladl of e S el 3L

= The resultant force equals

PI=-J F)+(F) = 0475N
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Quiz 2

s A charge Q is fixed at each of two opposite
corners of a square as shown in figure 2.6. A
charge ¢ is placed at each of the other two
corners. (a) If the resultant electrical force on
Qis Zero, how are Q and g related.
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Examble :- Quiz 2 Solution
cong;der uni forml4 char9ed SPfherical. snew ot hollow
sPher® vaner yadius o and outer vodius b wWith a net

charde Q on surfae.use éauss’s law to Find electric

freld at @ yca (b)acr<h @ Yv>h —
electric Freld For y<ca -~ E=o ] Q
elec tric Freld For a<t<b .- Ezo

electvic Field For YZ7b .- E=lk 'C:Ta

Quiz 3 Solation
consider o sPhericol conductind shell With o chavde @
A PaYticle With charae -Q 1's Placed attt the center of thé
caVld og ghown the FrAuve . Use Gauss’'s law = Find |
the electyic Field af @yvr<a ¢b) adV<h ) y7b |
(@) vca =+ [=[kQ cpirecTed redially

e nward) Q

(o) acyeb - E=0

<) v>b > E=o
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