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QOutlines :

Coulomb’s Law

Electric field due to a point charge

Electric field of a continuous charge distribution

Electric field lines

« Motion of a charged particle in a uniform electric field



Coulomb’s Law




Coulombp’s law




Coulomb’s law

« There are two kinds of the electric charges in the nature , which are positive and negative charges .

« The charges of opposite sign attract one another and the charges of the same sign repel one another .

« The charge is quantized .

« The charge of an isolated system is conversed , which means that charge cannot be created nor
destroyed , it can be only transferred from one system to another .



Coulomb’s law

Units of the electric charge -

» 1 milli coulomb (1mC) = 1073 C
» 1 micro coulomb (1 uC) = 107°C
» 1 mnanocoulomb(1nC)= 10"°C

» 1 picocoulomb (1pC) = 10712



Coulomb’s law

» Charles coulomb ( 1736 — 1806 ) measured the magnitude — and direction — of the electric force
between charged objects .
And he found that .

« The electric force is inversely proportional to the square of the separation r between the particles

Focl

r2

« The electric force is — directly - proportional to the product of the of the charges q1 and q2 .
F xq,q;

« The electric force is attractive if the charges are of opposite sign and repulsive if the charges have
the same sign .



Coulombp’s law

The electric force is conservative force .

r2
« K. Coulomb’s constant
* q: Charge(C)
* r. Separation— distance (m)
K=, —=9x10° 2]
2

€, = 8.8510712



Coulombp’s law

The electric force is conservative force .

G: Gravity constant

m . mass of proton ( Kg )

M. mass of electron (Kg)



Coulomb’s law

Charge and Mass of the Electron, Proton, and Neutron
Charge (© Mass ()

Electron (e¢) | —1.6021917 x 10719 9.1095 x 10~
Proton (p) +1.6021917 X 1071 | 1.67261 x 107%7
Neutron (n) | 0 1.67492 X 10747




Coulomb’s law

« Example 1 . Forces in HYDROGEN atom ,
The electron and proton of a hydrogen atom are separated ( on the average ) by a distance of
approximately 5.29 x 1011 m . Find the magnitudes of the electric force and the gravitational force

between two particles .




Coulombp’s law

¢ When dealing with Coulomb’s law , you must remember that the force is a vector quantity .

« Electric force obeys Newton’s third law .

/}/ Fz1 = —Fq;
r o Fie



Coulomb’s law

If five charges are present , as shown in this figure , then the resultant force exerted by particles 2, 3 , 4
and 5 on particle 1is F; = Fyq + F31 + F41 + Fgp




?
| Coulomb S laW %‘3&1‘9 Jl;&]l J;&) xijﬂ Quiz Object A has a charge of +2 uC, and object B has acharge of +6 uC.

‘ Which statement is true about the electric forces on the objects?

(a) Fap= —3Fpy (b) Fap= —Fpy (c) 3Fyp= —Fpy (d) Fop = 3Fpy
(e) Fap = Fpy () 3Fpp = Fpy

* Quiz . Object A has a charge of +2uC and object B has a charge of +6uC . Which statement is true about the

electric forces on the objects ?

A)Fyp = —3Fpy
B)Fup = —Fpy
C)3F 5 = —Fpy
D) F,p =3Fpy

E)SFAB =FBA



Coulombp’s law
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Coulomb’s law « Example 2 . Resultant force

2 Find the resultant force exerted on Q; = 1 uC Charge . 9
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Electric field due to a point charge




Electric field due to a point charge

The electric field vector E at a point in spacd is defined ag'the electric force F, , acting on a positive test
charge Q, ,placed at the point divided by the test charge . _ _
S RE 545

__I.\).— 7= E( :
P 90 — I WAV
The vector E has the SI units of newtons per coulomb (N/C)¢—{ 1L 41 =kl 5.5 a

Note that . E is the field produced by some charge or charge distribution separate from the test charge .

g

The test charge serves as a detector of the electric field .

Fe

W
Ry
'
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Electric field due to a point charge
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Electric field due to a point charge

— —




Electric field due to a point charge

-
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Electric field due to a point charge

Test charge always

4\2’603(0::059:’ d

- —
3 260(5“49.
=L
|
OE :—@l: 9)(\‘?’(7')(\517 » bb NZC
1 r-?—- (337’ — ‘oo

N ~
_ K% ooxexlex)so _ | b 260 N/c
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Electric field due to a point charge | - Example 3 . Electric field due to two charges
' A charge Q - 7 uC is located at the origin . And a second charge
Q, - —5 uC islocated on the x-axis, 0.30 m from the origin . Find
the electric field at the point p Wthh has

K% _ DX\OY?X\
1 (o Uo\*

-¢
QE _\<a“2- 3 3)(‘0,)(5)(\0 :1.BX\DS/V/C_
gk (0-5.)*

A
1,8x\05,< °'3‘5’ l-leogL 2.9 -1 Y
s-Ho /\.

i g%\ o———:o 1 ’\ LIX(DLSJ Su\ ;o Uo
/.:) == ’\ o ho
_....-j_ _'LXoL-\—-ZBX\od o5 20
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Electric field of a continuous charge distribution




Electric field of a continuous charge distribution




Electric field of a continuous charge distribution

« To evaluate the electric field created by a continuous charge distribution , we use the following procedure
« First, we divide the charge distribution info small elements, each element has a small charge

« Finally, we evaluate the total electric field at P due to the charge distribution by summing the
contributions of all the charge elements.

E-k [ S > AE = k1
E:&‘f“"lj’ - -k lq
% oy
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Electric field of a continuous charge distribution

Uniformly distributed
Volume charge density .
If a charge Q is uniformly distributed throughoutavottage V, the volume charge density is p defined by .
¢>~P The SI unit of p is% oW 9)

* Surface charge density .

If a charge Q is uniformly distributed on a surface of-area.A, the surface charge density ¢ is defined by -
\

—(&r‘ The SI unit of o is iz \) 5}3\nq
m
s~ Linear charge density .
If a charge Q is uniformly distributed along a line h L, the linear charge density A is defined by.
L;Qy }\=% TheSIunitof}\is% (9 LCMA« \,\_)

Z

S~——
« If the charge is nonuniformly distributed over a volume, surface, or line, the amounts of charge dq in a

small volume, surface, or length element are

M @) Qq =AJ>T)
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Electric field of a continuous charge distribution . Example 4 . The electric field due to a charged rod

JF-Xde —y dF- Koadx

N dq= Adx X?. )< Q.\.\_
4—.1'4-‘ -~ i . Y
E—-— X E = S k ]LOL - =v E = k ;l S -—A—\—)Si
Pl e ¢ . X X
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= C —a* % X

Cog @) - 23\=ll X
< _ g,

Electric field of a continuous charge distribution . Example 5 . The electric field of a unifornfring of charge
| ' 2
7 i R r = \’ az. + x >
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Electric field of a continuous charge distribution

dE. = K

X

Example 5 . The electric field of a uniformly charged disk

X

R
E =K, x=x o'j

0

€ 3 2 \32
(xh +r )

(27 ordr)

2rdr

. - oq SR

_ K(,Z — j(xz +r3)3ﬁ2d(}.2)
0

( 2 4 r:)—u’z R Then, ET _ (O‘] [ X :
=75 : 250 (IE +R3)1L

X

When x—> 0orR — o E -

o
2 &,
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Electric field lines




Electric field lines

e The lines must begm on a positive charge and terminate on a negative charge .

4

N
I

« The number of lines drawn leaving a positive charge or approaching a negative charge is
proportional to the magnitude of the chaLg_e.

WA
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Electric field lines

e No two field lines can cross .




Motion of Charged Particles in a Uniform Electric Field




S

. . E
The acceleration 1{ a=1 )
m

If E is uniform (that is, constant in magnitude and direction), then the acceleration a is

constant

DX X + vt + ém?

U= v + at

9

vf“ = trig + 2a(xf— x;)

2qE
1.2 _1 q R
K= 2m1f2 M ( - )ﬂx qEAx
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End of Chapter 1

Chapter 1 — Electric force and electric field

° (@ m_multicourses
5 050-683-9050
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