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The word Electricity may call to our mind an image
of complex modern technology; computers , light,
motors and electric power., but it plays actually an

— . . . e —
even deeper role in our daily life, which we can see
its importance in every thing for example in
cooking, drinking and is also considered as a main

factor of our relaxation.
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* Electric Charge

Charge is a property of matter that causes it to
produce electrical and magnetic effects . The
subject of the electrical effects of charges as
called electrostatics.
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1
* There are electric charges ; Positive
and negative, where like charges repel and unlike
charges attract. A particle is called ngutral if it has

the sa ositive and negati harges,
for example, a neutral atom (electrons (-e) =

protons (+p)) i 1
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* The Sl unit of charge is the Coulomb @_D It is defined in terms of
electric current, which is the rate of flow of charge.

i=q/t (coulomb/sec)orAmpere ( = Lxk

a (One coulomb) is the amount of ¢ arge that is transferre roug
Mé’o lomb) is th t of ch that is transferred through

S‘i?% the cross section of a wire in one second when there is a current
. of one ampere in the wire).
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If the rate of flow of charge with time is not constant, then at any
instant t, current is defiend as:
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21-3 Conductors and Insulators

1- Conductors are materials through which charge can move rather freely; g—c_ﬂﬂ
examples include metals (such as copper in common lamp wire), the human body,

and tap water

2- Nonconductors—also called insulators—are materials through which charge
cannot move freely; examples include rubber (such as the insulation on common
lamp wire), plastic, glass, and chemically pure-water

3- Semiconductors are materials that are intermediate between
conductors and insulators; examples include silicon and ;germanium in
computer chips

4- Superconductors are materials that are perfect conductors
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21.4 Coulomb’s Law

The electrostatic force is directed along the line
joining the charges, and it is attractive if the charges
have ynlike signs and repulsive if the charges have

like signs. < @

The magnitude F of the electrostatic force exerted by
one point charge g, on another point charge g, is
directly.proportional.to.the.magnitudes.|q,| and
|g,| of the charges and inversely-proportional-te-the
square-of-the.distance-r-between them.
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(Coulomb’s law).
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r

in which r Is a unit vector along an axis extending through the two particles,
r is the distance between them, and k is a constant.

1
k = = 8.99 X 10°N-m?/C2.

4TTE[' .
e
The quantity g, , called the permittivity constant, sometimes
appears separately in equations and is

gp = 8.85 X 1072 CYN - m?
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Fiy = Fiox + Fi3, + Fiyy

Fi, = Fipy + Fi3y + Fiyy
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21.5 Charge Quantisation ="

* Any charge (q) is an integer multiplied by the
charge on the electron. Thus the charge exist
in discrete packet rather than in continuous
amounts and hence is said to be quantised.

The quantum of charge has magnitude e where
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= Total number of charges, » = (N, —\,) is an integer.
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all the shell's charge wee at its
center.

If a charged particle is located(inside’a shell
of uniform charge, there is no net

electrostatic force on the particle from the
shell. PR
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Fp

\. CHECKPOINT 2 @ < & &
The figure shows two e F'e p p

protons (symbol p) and

one electron (symbol ¢) on an axis. What is the direction of (a) the electrostatic force on
the central proton due to the electron, (b) the electrostatic force on the central proton
due to the other proton, and (c) the@leclmslatic force on the central proton?

Answer: (a) left towards the electron
(b) left away from the other proton

(c) left F= Fp+ Te



1- In the Fig. if g, =q, =2x10°C and Q=4x10°C
What the net force on Q from q, and q,?

(4x107*)2x107°)
% (0.5)°

= 029.‘V = F.oqz




In fig two equal positive point charge 1 = @2 = 2.0uC. Interact with a third point charge
Q = 4.0uC. The magnitude as well as direction of the net forceon Q is
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The net force 1s 0.46 N on the x axis .



Sample Problem 21.01

Finding the net force due to two other particles
~ § 8/16/2024 8

o (a) Two positively charged particles fixed in place on an x —axis. The charges are g; = 1.60 X 1071°C and ¢, =
3.2 x 1071°C, and the particle separation is R = 0.0200 m. What are the maémtude and direction of the
s " e

electrostatic force F;, on particle 1 from particle 2? ols i
L:l z\ Y= 6002 ™

1 3.2%10 e
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Sample Problem 21.01

Finding the net force due to two other particles
~ § 8/16/2024 9

= (b) The particle 3 now lies on the x —axis between particles 1 and 2. Particle 3 has charge g; = —3.20

x 1071°C and is at a distance %R from particle 1. what is the net electrostatic force ﬁlmt on particle 1

. 0 qd
due to particles 2 and 3 _3.2x ot

q1 qs q> F q1 F)13 qs )

12
3 3
—R I -#P ZR_>




= -1q
K 9. 0. _ 349%X10 x 1.6 %10 X 3200
L ¢ 0.02)2
24 o

Fla=-1.1Sx10 L N

o ~\9
KO, Az — 8aax\ox 1e%10 x3.200'
A B
Y (3+°7)

F,.s =+2.05x o A

F;&f:‘"- F‘S = Fia

-29 -4 5
= (-tusx10 4+ 2.05x%0 )L

=34 =
O0.4x\o (

= 9x10 ¢ M



Sample Problem 21.01

Finding the net force due to two other particles
~ § 8/16/2024 1

o (c) The particle 4 is now included, it has charge q, = —3.20
x 10719C, is at a distance %R from particle 1, and lies on a line that

makes an angle 6 = 60° with the x —axis. What is the net
electrostatic force ﬁmet on particle 1 due to particles 2 and 4?
Solution:
- The net force ﬁl,net is the vector sum of@ and a new force Fy,

acting on particle 1 due to particle 4. Because particles 1 and 4 have
charge of opposite signs, particle 1 is attracted to particle 4. so,

force F,, on particle 1 is directed toward particle 4, at angle 6 4
= 60°.
—-19 —-19
é Fyy =47T1(g |q;||q2| (8 99 x 10°N.™ ) (1.60x10719¢)(3.20x10719C) 3,
0 (ZR) (Z) (0.0200 m)2 4

L] F14_ = 2. 05 X 10_24N
o The net force F1 net On particle 11s
O F1 net = Fiz + Fig
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Sample Problem 21.01

Finding the net force due to two other particles
~ § 8/16/2024 1

- Because the forces F;, and F;, are not directed along the same axis, we cannot sum simply by
combining their magnitudes. We use the summing in unit-vector notation

Fig = (F14c0s0)i + (Fy4sin6)f = (2.05 x 1072* cos 60°)i + (2.05 x 10~2*sin 60°);
= (1.025 x 107%* N)i + (1.775 x 10"%* N);j

- Then we sum:

Finet = Fip + Fra = (=1.15 X 10724N)7 + (1.025 x 10724 N)i + (1.775 x 1072% N);j
= (=125 X 1072°N){ + (1.78 x 1072*N)j



Sample Problem 21.02

Equilibrium of two forces on a particle
~ [ 38/16/2024

o Two particles fixed in place: a particle of charge q; = +8¢ at the qrigin and a particle of charge
q, = —2q at x = L. At what point (other than infinitely far away) can a proton be placed so
that it is in equilibrium (the net force on it is zero)? Is that equilibrium stable or unstable?
[That is, if the proton is displaced, do the forces drive it back to the point of equilibrium or

drive it farther away?
2240 *

d1 q- P Fz 2

y

Fig. (b)

X d1 d> Fz R
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= Fig. (d) F1
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Sample Problem 21.02

Equilibrium of two forces on a particle
~ § 8/16/2024 l

- If F, is the force on the proton due to charge g, and F, is the force on the proton due to
charge g,, then the point we seek is where

ﬁl + ﬁz — O
o1 Thus,
ﬁl — _ﬁz

o This tells us that at the point we seek, the forces acting on the proton due to the other two
particles must be of equal magnitudes, F; = F,, and that the forces must have opposite
directions.



Sample Problem 21.02

Equilibrium of two forces on a particle
~ § 8/16/2024 l

- Because a proton has a positive charge, the proton and the particle of charge g, are of the

same sign, and force F; on the proton must point away from g;.

- Also, the proton and the particle of charge g, are of opposite signs, so force F, on the proton
must point toward g,. “away from g; and toward g,” can be in opposite directions only if the

proton is located on the x —axis.

- If the proton is on the x —axis at any point between ¢, and g,, (Point P in Figure b), then F,

and F, are in the same direction and not in opposite directions.



Sample Problem 21.02

Equilibrium of two forces on a particle
~ § 38/16/2024 l

- If the proton is at any point on the x —axis to the left of g;, (Point S in Figure c), then F; and
F, are in opposite directions. But F; and F, cannot have equal magnitudes there: F; must be

greater than F,, because F; is produced by a closer charge (with lesser r) of greater

magnitude (8q versus 2q).

o Finally, if the proton is at any point on the x —axis to the right of g,, (Point R in Figure d),

then F, and F, are again opposite directions. However, because now the charge of greater

magnitude (q,) is farther away from the proton than the charge of lesser magnitude, there is

a point at which F; is equal to F,.



Sample Problem 21.02

Equilibrium of two forces on a particle
~ § 8/16/2024 l

0 Let x be the coordinate of this point, and let g, be the charge of the proton. So

Fi =F,

1 B(ap) 1 Ca)ap)
4e, x2  4me, (x —L)?

- Taking the square roots of both sides, so

(fo)=2 > x=2(x—1D

x=2x—2L = 2x—x=2L

o x = 2L



Sample Problem 21.02

Equilibrium of two forces on a particle
[ 8/16/2024 l
= L s oVp)
0 The equilibrium at x = 2L is unstable; that is, if the proton is displaced leftward from the

point R, then F; and F, both increase but F, increase more (because g, is closer than q,), and

a net force will drive the proton farther leftward.

o If the proton is displaced rightward, both F; and F, decrease but F, decrease more, and a net

force will then drive the proton farther rightward.

o In a stable equilibrium, if the proton is displaced slightly, it returns to the equilibrium

position.



Mutual electric repulsion in a nucleus

The nucleus in an iron atom has a radius of about 4.0 X
10~ m and contains 26 protons.

(a) What is the magnitude of the repulsive electrostatic
force between two of the protons that are separated by
4.0 x 10 P m?

KEY IDEA

The protons can be treated as charged particles, so the mag-
nitude of the electrostatic force on one from the other is
given by Coulomb’s law.
Calculation: Table 21-1 tells us that the charge of a proton
is +e. Thus, Eq. 21-4 gives us

1 &

=47ra1;. r

SY X L) . X I; i
(8.99 X 10?N-m¥C2)(1.602 x 10-1°C)?
(4.0 X 10 5 m)>

F

= 14 N. (Answer)

No explosion: This is a small force to be acting on a macro-
scopic object like a cantaloupe, but an enormous force to be

acting on a proton. Such forces should explode the nucleus
of any element but hydrogen (which has only one proton in
its nucleus). However, they don’t, not even in nuclei with a
great many protons. Therefore, there must be some enor-
mous attractive force to counter this enormous repulsive
electrostatic force.

(b) What is the magnitude of the gravitational force
between those same two protons?

KEY IDEA

Because the protons are particles, the magnitude of the
gravitational force on one from the other is given by
Newton's equation for the gravitational force (Eq.21-2).

Calculation: With m, (= 1.67 X 10*" kg) representing the

mass of a proton, Eq. 21-2 gives us
2
Fe 22

j,.E

(6.67 X 10~ N-m¥/kg2)(1.67 x 10-7 ke)?
(4.0 X 10 B m)>

= 12X 10-5N.

(Answer)
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(1) Calculate the number of electrons that are found ina 1 C
charge.

Ans gqg=ne 2 n=q/e=1/1.6x107%
= 6.25 x 10?8 electrons

(2) How many electrons do pass through a wire has 1 mA
current in 20 second?

Ans
i=q/t 2 q=it 2 ne=it
n=it/e =1x103x20/1.6 x 10-19



(3) If the charge that excess through a wire in an interval of time
is given by

q = q, sin (60t), where q,= 3 uC and t is measured by second.
Find the current flows in the wire in the fifth second.

Ans
i =dq/dt
i (in the fifth second ) =i (t=5) — i(t=4)

i=q,(60) cos (60t) = 60 x 3x10° cos (60 (5-4))
i=90x10° A
=90 uA
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