Electrostatics

Coulomb’s Law

In 1785, Coulomb establiched the fundamental law of
electric force between two statonary, charged
particles. Expenments show that an electnc force has
the following propertes:

(1) The force 15 imversely proportional to the square
of separation. 7. between the two charged particles.
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(2) The force 15 proportional to the product of charge
g1 and the charge g; on the particles.
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(3) The force 15 arracnive if the charges are of opposite sign and repulsive
if the charges have the same s1zn.



We can conclude that
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where K 15 the coulomb constant = 9 x 10° N.m*/C°.

The above equation 15 called Coulomb’s law, whach 15 used to calculate the
force between electnc charges. In that equation F 15 measured i Newton
(N). g 15 measured 1 umt of coulomb (C) and » 1 meter (m).
The constant K can be wnitten as
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where &_ 15 known as the Permirthvity constamt of free space.
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Electric Field

Definition of the electric field

The electric field vector £ at a point in space 15 defined as the electnc force

F acting on a positive test charge placed at that pomnt diaded by the
magmtude of the test charge g,
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q,
The electnic field has a umt of N'C
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The direction of E
If O 15 +ve the electnc field at pomt p mn space 15 radially outward from Q as
shown m figwre (3).

If O 15 -ve the electnc field at pomnt p mn space 15 radially mward toward O
as shown m figure  (b).

Figure (a) Figure  (b)
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Calculating E due to a charged particle

Consider Fig.  (a) above, the magmtude of force acting on g, 15 gven by
Coulomb's law



Electric field lines

The electric lines are a convenient way to wvisualize the electnic filed

patterms. The relation between the electric field lines and the electmnc

field vector 1s thas:

(1) The tangent to a line of force at any point gives the direction of E at
that point.

(2) The lhines of force are drawn so that the number of lines per umt
cross-sectional area is proportional to the magnitude of E .

Some examples of electric line of force

Electric field lines due to +~ve Electric field lines due to -ve
charge charge
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Motion of charge parrticles in a uniform electric field

If we are given a field E , what forces will act on a charge placed in it?

We start with special case of a point charge in uniform electric field E.
The electric field will exert a force on a charged particle 1s given by

F=qE
The force will produce acceleration
a=Fim
where m 1s the mass of the particle. Then we can wnte
F=gE=ma
The acceleration of the particle 1s therefore given by
a=qE/m

If the charge is positive, the acceleration will be in the direction of the
electric field. If the charge is negative, the acceleration will be in the
direction opposite the electric field.



If an electnc dipole placed mn an external electnc field E as shown m figure
then a torque will act to align 1t with the direction of the field.
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f=PxE
t =PEsm6
where P 1s the electnc dipole momentum, 6 the angle between P and E



T he Electric Flux due o an Electric Field

We have already shown how electnic field can be descnbed by lines of
force. Ahneofforcexsanunagnnx) hnedrawnmsmhawaythatxts
direction at any point i1s the same as the direction of the field at that point.
Field lines never intersect, since only one line can pass through a single
point.
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penetrating some surface of area 4.

Case one:

The electrnic flux for a plan surface perpendicular to a uniform electric
Jreld (fignure 1)

To calculate the electnic flux we recall
that the number of lines per umit area 1is
proportional to the magmitude of the
electnic field. Therefore, the number of
lines penetrating the surface of area 4 1s
proportional to the product E4. The
product of the electnic filed E and the
surface area .4 perpendicular to the field
1s called the electnc flux $.

Figure 1
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The electric flux € has a unit of N.m~/C.



Case Two

The electnic flux for a plan susface make an angle 8 to a uniform electnic

field (figure 2)

Note that the number of lines
that cross-area 1s equal to the
number that cross the projected
area A°, which 1s perpendicular
to the field From the figure we
see that the two area are related
by A '=Acos6 The flux 1s given
by:

$=FE A =FEAcosb

$=F 4

Where 6 1s the angle between
the electric field E and the

normal to the surface 4.

A0O = A

Figure 2
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Case Three
In general the electnic field is nonuniform over the surface (figure .3)

The flux 15 calculated by mntegrating the normal

component of the field over the surface n aA

question.
$=§EA

The net flux through the surface 1s proportional
to the net number of lines penetrating the
surface

Figure 3
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Gauss’s law

ffxﬂ - Z—" Gauss’s law

N

where g,, 1s the total charge inside the gaussian surface.



Gauss’s law and Coulomb’s law

We can deduce Coulomb’s law from Gauss's

law by assuming a point charge g, to find the dA
elecnc field at point or points a distance r

from the charge we mmagine a sphenical
gaussian surface of radius » and the charge g at
its center as shown in figure
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80

constant for all points on the sphere. 1t can be factored from the mside of the
mtegral saign. then

Efd_‘-q_- p— EA = 3= G — E(4ﬂ'2)= q..
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Now put a second point charge g. at the point. which E 1s calculated The
magmtude of the electnic force that actson it F = Eg,
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ELECTRIC POTENTIAL

Suppose we wish to move a point charge () from point A to point B in an electric field
E as shown in Figure From Coulomb’s law, the force on Q is F = QF so that the
work done in displacing the charge by dl1s

dW==F-dl = -Qk-dl

The negative sign indicates that the work 1s being done by an external agent.

Figure Drisplacement of point charge € in
an electrostatic field E,

Origin




Thus the total work done, or the potential energy required, in moving Q from A to B is

| B
W=-QI E-dl
A

~

Dividing Wby Qin eq. gives the potential energy per unit charge. This quantity,
denoted by Vg, is known as the potential difference between points A and B. Thus

W £
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Note that

. In determining V5, A is the initial point while B is the final point.
2. If V5 is negative, there is a loss in potential energy in moving Q from A to B;
this implies that the work is being done by the field. However, if V45 is positive,
there is a gain in potential energy in the movement; an external agent performs
the work.

V4g is independent of the path taken

Vg 1s measured in joules per coulomb, commonly referred to as volts (V).
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As an example, if the E field in Figure is due to a point charge Q located at the
origin, then

E= < _a (1)
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where Vi and V), are the porentials (or absolure potentials) at B and A, respectively. Thus
the potential difference V,z may be regarded as the potential at B with reference to A. In
problems involving point charges, it is customary to choose infinity as reference; that is,
we assume the potential at infinity is zero. Thus if ¥V, = Dasr, — @ ineq.( 2 ), the po-
tential at any point {rg — r) due to a point charge @ located at the origin is

————

o

V = —
dae,r

The potential at any point is the potential difference ]:II:?:IW'E.‘EH that point-and a chisen
point at which the potential is zero. U



EXAMPLE

Twa point charges —4 pC and 5 pC are located at (2, —1, 3) and (0, 4, —2), respectively.
Find the potential at (1, 0, 1) assuming zero potential at infinity.

Solution:
Let
g, = =4 puC, 0, = 5 uC

Vir) = & 4 s
dre,lr — |  dwe,r —

+ C,

If Vioo) = 0, C, = 0,

E—r1 =110 -2 1,3 =-11,-2) = V6
=1 = (1,0,1) — (0,4, —2)| = |(1, —4,3)| = V26

Hence
V(1,0,1) = 10" [_4+ 5]
o 1007°Lve V26
dx =
36T

=0 % 1r (—1.633 + 0.9806)



RELATIONSHIP BETWEEN E AND V— MAXWELL'S EQUATION

As shown in the previous section, the potential difference between points A and B is inde-
pendent of the path taken. Hence,
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This shows that the line integral of E along a closed path as shown in Figure must be
zero. Physically, this implies that no net work is done in moving a charge along a closed
path in an electrostatic field. Applying Stokes’s theorem 10 eq. gives

%Ewﬂ=JWKEy£=G
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Any vector field that satisfieseq. { 1 yor( 2 )1s said to be conservative,

Thus an electrostatic field is a conservative field. Equation

( Lyor( 2)isreferred to as Maxwell’s equation (the second Maxwell's equation to be
derived) for static electric fields. Equation { 1 ) is the integral form, and eq. {2 ) is the
differential form; they both depict the conservative nature of an electrostatic field.



From the way we defined potential, V = — [E - JL. it follows that

dV=—E-dl= —E.dr — E,dv — E. d-

But

iV dV d
dV = L_I_—a:x: + —dy + == ds
X dy dz

Comparing the two expressions for dV, we obtain

dV aV aV
E = —, E} = — F = —
dx dy " iz
Thus:
—
E——FV‘

that 1s, the electric field intensity is the gradient of V. The negative sign shows that the di-
rection of E is opposite to the direction in which V increases; E is directed from higher t4
lower levels of V.



