UNIT-1

Columb’s law:
The columb’s law states that force between the two point charges Q1 and Q2
· Acts along the line joining the two point charges
· Is directly proportional to the product of two charges.
· Is inversely proportional to the square of the distance between them.

                                          Q1			       Q2
					R

Q1 exerts force on Q2 and Q2 exerts force on Q1.the force acts along the line joining Q1 and Q2.force exerts them is repulsive if charges are of same polarity ,while attractive if different polarity.
Mathematically the force F between charges can be expressed as

Fα  Q1Q2 
         R2
The law states that the force depend on medium in which point charges are located. The effect is introduced in the equation of force as constant of proportionality denoted as “k”.
F =  k  Q1Q2 
                 R2

The constant of proportionality is defined as.
K=

ε = Permittivity of the medium in which charges are located

Its unit are F/m
ε= ε 0εr

ε 0=permittivity of free space
εr=relative permittivity/dielectric constant

for  ε=ε 0
columb’s can be expressed as

F =    Q1Q2 
             4πε0R2






Vector form of columb’s law:


[image: ]
Fig: Coulomb vector force on point changes Q1 and Q2.

If point charges Qy and Q2 are located at points having position vectors I"! and r2, then the force F12 on Q2 due to Qy, shown in Figure above, is given by
[image: ]
[image: ]
[image: ]






Superposition principle:
If we have more than two point charges, we can use the principle of superposition to determine the force on a particular charge. The principle states that if there are N charges Q1Q2. • • •. Qn located, respectively, at points with position vectors r1; r2,. . ., rn, the resultant force F on a charge Q located at point r is the vector sum of the forces exerted on Q by each of the charges Q1 Q2,. . ., QN. Hence:

[image: ]
Problem:
Point charges 1 mC and -2 mC are located at (3, 2, -1) and (—1, —1,4), respectively. Calculate the electric force on a 10-nC charge located at (0, 3, 1) and the electric field intensity at that point.
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Electric Field Intensity:
[image: ] 
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Method of obtaining  in Cartesian form:
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Types of charge distributions:
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Point charge:
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Line charge:
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Surface charge:
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Volume charge:
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Electric field intensity due to infinite line charge

Consider an infinitely long straight line carrying uniform line charge having density PL C/m. Let this line lies along z-axis from –infinite to +infinite and hence called infinite line charge. Let point P is on y axis at which electric field intensity is to be determined. The distance of point P from the origin is ‘r as shown in the Fig. 
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Electrical field intensity due to charged circular ring
[image: ]

Consider a charged circular ring of radius r placed in xy plane with centre at origin, carrying a charge uniformly along its circumference. The charge density is ρL C/rn .
The point P is at a perpendicular distance Z from the ring as shown in the Fig.
Consider a small differential length dl on this ring. The charge on it is dQ. 
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Electric field intensity due to infinite sheet of charge
[image: ]

Consider an infinite sheet of charge having uniform charge density  ρs C / m2, placed in xy plane as show  in the Fig.  Let us we cylindrical coordinates. The point P at which to be calculated is on z axis. Consider the differential surface area dS carrying a charge dQ. 


[image: ]


Electric flux density 
Consider the two point charges as shown in the Fig.The flux lines originating from positive charge and terminating at negative charge are shown in the form of tubes. 
[image: ]

Consider a unit surface area as shown in the Fig.The number of flux lines are passing through this surface area. The net flux passing normal through the unit surface area is called the electric flux density. It is denoted as . ..It has a specific direction which is normal to the surface area under consideration hence it is a vector field. 
Consider a sphere with a charge Q placed at its centre. There are no other charges present around. The total flux distributes radially around the charge is ψ= Q. This flux distributes uniformly over the surface of the sphere. 
[image: ]
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P Example 2.2 : Four point charges each of 10 uC are placed in free space at the points
(1,0,0), (-1, 0, 0), (0, 1, 0) and (0, — 1, 0) m respectively. Determine the force on a point
charge of 30 uC located at a point (0, 0, 1) m.

Solution : Use the principle of superposition as there are four charges exerting a force on
the fifth charge. The locations of charges are shown in the Fig. 2.6.

Fig. 2.6

The position vectors of four points at which the charges Q, to Q, are located can be
obtained as,

A=3,, B=-a,, C=3, and D=-3,
while position vector of point P where charge of 30 uC is situated is,
P =3
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Consider force on Q due to Q, alone,
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It can be scen from the Fig. 2.6 that due to symmetry,

|Rio| = |Reo| = [Re| = |Rec]| = V2
Now R =
Rsq =
R =
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Hence the total force F, exerted on Q due to all four charges is vector sum of the
individual forces exerted on Q, by the charges.

F, = E+K+F+F
= 09533 [a, -a, +a, +3, +3, -a, +a, +a,| =3.8133, N
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there exists a region around a charge in which it exerts a force on any other
charge. This region where a particular charge exerts a force on any other charge located in
that region is called electric field of that charge. The electric field of Q, is shown in the
Fig. 27 (b).
The force experienced by the charge Q, due to Q, is given by Coulomb's law as,
fo- 2%

4ngoR, ”
Thus force per unit charge can be written as,

F2 Q -
Li T (1
Q T mmeRp R ®

This force exerted per unit charge is called electric field intensity or electric field
strength. It is a vector quantity and is directed along a segment from the charge Q, to the
position of any other charge. It is denoted as E.

= Q.
E =
T [e)
where p = Position of any other charge around Q,

The equation (2) is the electric field intensity due to a single point charge Q, in a free
space or vacuum.
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Consider a charge Q, as shown in the Fig. 2.8. The unit positive charge Q, = 1C is
placed at a distance R from Q,. Then the force acting on Q, due to Q is along the unit
vector ag. As the charge Q, is unit charge, the force exerted on Q, is nothing but electric
field intensity E of Q, at the point where unit charge is placed.

Fig. 1.5 Concept of electric field intensity
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If a charge Q, is located at the center of the spherical coordinate system then unit
vector ag in the equation (3) becomes the radial unit vector @, coming radially outwards
from Q,. And the distance R is the radius of the sphere r.

E - Q

4ne, 1

5 3, in spherical system )
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The definition of electric field intensity is,

= Force  _(N)Newtons

" Unit charge ~ (C) Coulomb
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Consider a charge Q; located at point A(xi,y1,z1) as shown in the Fig.
It is required to obtain E at any point B(x,y,z) in the cartesian system.

Then E at point B can be obtained using following steps :

Step 1 : Obtain the position vectors of points A and B.

7 =A while T3=B from their coordinates

A =xa+y 13y +213, and
B = xa, +ya, +23,.
Step 2 : Find the distance vector R directed from A to B.
R = B-A=(x-x)ax +(y - y1)ay +(z-21)3:
Step 3 : Find the unit vector ag along the direction from A to B.
B-A
[ “TB-A]

=1

bl
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Uptill now the forces and electric fields due to only point charges are
considered. In addition to the point charges, there is possibility of continuous
charge distributions along a line, on a surface or in a volume. Thus there are four
types of charge distributions which are,

1. Point charge 2. Line charge 3. Surface charge 4. Volume charge
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It is seen that if the dimensions of a surface carrying charge are very very small
compared to region surrounding it then the surface can be treated to be a point. The
corresponding charge is called point charge. The point charge has a position but not
the dimensions. This is shown in the Fig. The point charge can be positive or negative.




image19.png
It is possible that the charge may be spreaded all along a line, which may be
finite or infinite. Such a charge uniformly distributed along a line is called a line
charge.
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(a) Point charges

(b) Line charges
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The charge density of the line charge is denoted as p;. and defined as charge
per unit length.

_ Total charge in coulomb

Total length in metres (€/m)

Thus pr. is measured in C/m. The py. is constant all along the length L of the
line carrying the charge.
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Thus ps is expressed in C/ m?. The ps is constant over the surface carrying the
charge.
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where

Rp=n-r

R =Ry
_Rp
. =

By substituting eq. (4.5) into eq. (4.4), we may write eq. (4.4) as

or

Itis worthwhile to note that

1. As shown in Figure 4.1, the force F, on Q; due to 0, is given by
Fa = [Fiolag, = [Fial(—ag,)
or
Fy = -Fp

since
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