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Particle Symbol Charge Mass
p 1.6x10™°C 1.67x107°K
Proton
Neutron n 0 1.67x10%°K
Electron e -1.6x10"°C 1.67x10*'K
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Coulomb’s Law aslsS (sild

In 1785, Coulomb established the fundamental law of electric
force between two stationary, charged particles. Experiments
show that an electric force has the following properties:

g SUsponsion
o» head

(e Gkl e sans a gl S allall (5 21 1785 ale (8

i G il oS 3 8l i) o) glal) gy o

- Jalay SO i) dua Sl

(1) The force is inversely proportional to the

square of separation, r’, between the two
charged particles.

Fo

(2) The force is proportional to the product
of charge g, and the charge g, on the particles.

Fuxggq,

(3) The force is attractive if the charges are of opposite sign and
repulsive if the charges have the same sign.

We can conclude that

G Juala ga L ph Quuldl il 1S Guliad (Al 4! 8 681 () e
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where K is the coulomb constant = 9 x 10° N.m?/C>.  aslsS el

The above equation is called Coulomb’s law, which is used to
calculate the force between electric charges. In that equation Fis

measured in Newton (N), g is measured in unit of coulomb (C)
and r in meter (m).

The constant K can be written as

1
E =
4T,

where ¢, is known as the Permittivity constant of free space.
E 1l Lialawa) ol

g, = 8.85 x 102 C*/N.m?

K= : = : -=0x 10°Nm* ! C*
4me, 4rx885x107 1
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1" Example

N 0.1 (sisbu AL 3 68 CullS 1Y) (piigaliiia Cpiliadi jlaka Guua)
Calculate the value of two equal charges if they repel one

another with a force of 0.1N when situated 50cm apart in a
vacuum.

v
' Solution
F =g 44
}.E
Since q1=q>
0.1 :M
0.5)°

q =1.7x10°C = 1.7uC
0.1N Soluw @slioll 8ga)l Jom sl dimaid] dosd od 0idg
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Fix = Fiax + Fi3x + Fiay

Fiy = Fiay + F13y + F1gy
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Example

In figure 2.4, two equal positive charges g=2x107°C interact with a
third charge 0Q=4x107°C. Find the magnitude and direction of the
resultant force on Q.

R T~ Sm
: 0.3m e
: 03m -
E _d_.-f"'-----f D.Efﬂ
q: r"’-
"
£ Solution
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: Ny 2%10°
410 )(_1:&:1[] )_IZI”EJT F
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- ¥
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F, FCGEE—U”Q'E\‘—D 23N
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F,=—Fsin § =019 =-0.17TN
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}'"" Example

In figure 2.5 what is the resultant force on the charge in the lower left
corner of the square? Assume that g=1x10" C and a = 5cm




V.
¥ Solution

For simplicity we number the charges as shown in figure 2.5, then we
determine the direction of the electric forces acted on the charge in the

lower left corner of the square q;

*'El =1§1: +*'El_=+1§14
2
s =K-qw
a2
"
F, =k
) 2a
2a2
Fla =K-qt
I

Jlado Clws die Olisid] §,Li] ue yaugsill Ledl Wil Ld >y
‘Ul guis WVseoJl B\ Lougeillg . Seill
Fi,=0.072 N,
F13=0.036 N,
Fi=0.144 N
Soidl Joc b UY 6l GMJI Seill gox> gabriaw V il L >V

H=wig X,y delrio Guy9x0 Yo daxoll V) g (alixo
Swaa] F13 0g8dl axino Sl G 9x0ll widd e g V s\l Sl

F13X = F13 sin45=0.025 N &
Fisy = F13c0s 45 =0.025 N

Fx = Fix + F14,=0.025+ 0.144 = 0.169 N
Fy=Fisy - F12=0.025-0.072 =-0.047 N
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The resultant force equals

F=JFE)y+EY)

= 0.1/5N

The direction with respect to the x-axis equals
F,

8 =tan " Fl
* = -15.6°



?ﬂ Example 2.4

A charge Q is fixed at each of two opposite corners of a square as shown in
figure 2.6. A charge q is placed at each of the other two corners. (a) If the
resultant electrical force on Q is Zero, how are Q and q related.
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¥ Solution
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Fx:0:> F12-F13X:0
then

Fi, = Fi3cos 45
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I Example

Two fixed charges, 1uC and -3uC are separated by 10cm as shown in figure
2.7 (a) where may a third charge be located so that no force acts on it? (b)
Is the equilibrium stable or unstable for the third charge?

3 1 3
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(b) This equilibrium is unstable!! Why!!

by
1" Example

Two charges are located on the positive x-axis of a coordinate system, as
shown in figure 2.8. Charge g;=2nC is 2cm from the origin, and charge
g.=-3nC is 4cm from the origin. What is the total force exerted by these
two charges on a charge g;=5nC located at the origin?

¥ Solution

The total force on g5 is the vector sum of the forces due to g,
and g, individually.

_ (9x107)(2x107)(5x107)

. =225x107°N
(0.02)°

31

_(9x107)(3x107)(5x107°)

. =084 x107°'N
(0.04)°

32
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F; = F3) + Fay
L F,=084x107 —2.25x107 = -1.41x107°N

The total force is directed to the left, with magnitude 1.41x10™N.
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