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Potential gradient
Since V=- [ E.dl
dv=-E.dl = -E,dx-E,dy -E,dz

E = - (Z—Z ax +g—zay+g—‘;az)

E=-VV=-grad V

VV= Z—Z a, + Z—Z a, + % a, (cartesian)
VV= Z—; a, + % 2_(‘; a,+ g—z a, (cylindrical)
VV= Z—Z a, + %g—g a, + rsilne ng) a, (spherical)

The operation on V by which -E is obtained is known as the
gradient .




The relation between E and V
. av
Smceﬁ = —FcosO

dV, .., Will occur when dL is in the direction opposite
to E

av

E|max= |E|

1)The magnitude of E is given by the maximum value
of the rate of change of the potential with distance.
2)this is obtained when the direction of E is opposite
to the direction of increasing the potential .




The relationship between V as a scalar
field and E as a vector field

If ay is a unite vector normal to the equipotential surface

and directed toward the higher potential i.e opposite to the

direction of E.
_.av

o dL|max aN

av _dv
dL '™ dN

E=-——a
dN N




The electric dipole:

The dipole has moment P=P.a,=Qd cos6

potential field of electric dipole V= P.arz = |P|COS?
4TE 1 ATLE 1

The potential field in general form is given by
1 r—r7

 41e0|r—71|2 p. |r—77]

The electric field intensity E=4:Edr3(2 cosO a .+ sind a,)




Energy stored in an electrostatic field W

For discrete charge distribution
Wy ==(QVi+ QYo+ QpVsto)= - XMV QY

For continuous discharge distribution

_ L _— 2
We= =, D-Edv == [, oE*dv

Example :Calculate the energy stored and the energy density in the
electrostatic field of a section of coaxial cable of length L and th
surface charge density on the inner conductor whose radius a

IS P




Problems
1)Three identical point charges of 4pc each located at th
corners of an equilateral triangle 0.5 mm on each side in
free space. How much work must be done to move one
charge to a point equidistant from the other two and on
the line joining them .
2)Given the potential field V=2x%y -5z,find at the point P(-
4,3,6):

a)The potential V. b)The field intensity E

c)The direction of E and ay,where a unit vector directed

towards the higher potentials.
dv
d) —|  e)The electric flux density D




3)A dipole moment P=6a, nc.m is located at the origin
.Find V at P (r=4m,06=20°, ¢=0) and E at the same point
P.

4)Four 0.8nc point charges are located in free space at
the corners of a square 4 cm on a side. Find the energy
stored .

5)Find the energy stored in free space for the region

2mm< r < 3mm , 0<0<90 ,0<¢ <90, given the potential
200

a) V=T
b) V=300c059

r3




