Lecture Notes in Electricity  Lecture #3 S ana a3 rBalal) Lude

Force on a Charged Particle in an Electric Field

% A charge +q moving between two parallel plates of opposite charges, as shown in
Figure.
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% The electric field (constant) between the plates is E=-E j.

y
%+ The charge will experience a downward Coulomb force
E,=qE

% According to Newton’s second law, a net force will cause the charge to accelerate
with an acceleration. Suppose the particle is at rest (vo,=0).
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The final speed v of the particle as it strikes the negative plate is
vy = vg, + 2a,y

E
vZ = 2a,y (Where vo=0) — v, =J2|ay|y =\/2q7yy

% The kinetic energy of the particle when it strikes the plate is

K= muv}=qE,y

Hinkusk University | College of Science| Physics Department |1 grade



Lecture Notes in Electricity  Lecture #3 S ana a3 rBalal) Lude

Electric Dipole
An electric dipole consists of two equal but opposite charges, + g and —¢, separated
by a distance 2a, as shown in Figure.
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» The dipole moment vector 1_7) which points from—q to +q (in the +y- direction) is
given by

P=2qaj]
» The magnitude of the electric dipole is

p=2qa. where g >0
» For an overall charge-neutral system having N charges, the electric dipole vector
P is defined as

i=N
P= qu'ri
i=1
* WhereT; is the position vector of the charge g;.

» Examples of dipoles include HCL, CO, H,0 and other polar molecules.
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The Electric Field of a Dipole

What is the electric field strength at the point P?

The electric field due to positive charge (+q) is
E, = E+(x)i + E+(y)j

E, = E,cosO,i+E,sinf,]
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The electric field due to negative charge (- q) is

I

= E (=D +E_) (=)

l

= E_cosO_(—1) + E_sin6_ (—))

U

_ = E_[cosO_ (=) +sin6_ ()]
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The x-component of the electric field strength at the point P is

Ex = E+(x) + E_(x)
E. =k { L — = }Where = /x2+ ( +a)?
: & 2+(y-a)2 /2 [x2+(y+a)?]/2 LE xt+(y+a)
re= Jx2+(y—a)?
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From the figure we have x = rsin@ ,y =rcosf , x? + y%2 = r?
[x2+(* a)?] 2 = [x2 +y%2+a?* Zay]_3/2

=[r2 + a2 * 2ay] /2

= [+ )

=r3[(1 + azi#)]_yz

A+ h=1-m0> +1(_3-_5)2
) =TT\ 2 )8

=1-— ;s Where the second term is neglect

[(1+a _Zay)] 3/227'_3 [1_%(a2t2ay)]

r2

By = kqrsing {r=3[1 - 2(22)] - [1- 2 (=222}

E, = kqr~?sinf %

Ex=3rL3P sinfcosf  Where y=rcosf ,P=2a-q

The y-component of the electric field strength at the point P is
Ey = Eryy + E-y)

_ y—a _ y+a
2y = o {[x2+(y—a)2]3/2 [x2+(y+a)2]3/2}

Ey=ﬁ—§ (3cos?6—1)

The net electric field strength at the point P is

E= /Ex2+Ey2

E = \/(% sin 0 cos 9)2 + (’;—I: (3cos? 6 — 1))2
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