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= Relationship between electric field (E) and electric flux density (D)

(in free space)

D=¢,E

» Electric flux (in C) through a surface S 1s :

W=JD'dS
S

»Electric flux crossing the surface S (open surface integral)

= Electric flux density is also called electric displacement (in C/m?)




= Integral form of Gauss’s law:l = § D-dS=0,, = j pydv =
S 1%

Electric flux enclosed in the surfaces (closed surface integral)

= Divergence theorem => §D' asS= jV-de
S v

= Comparing the above two volume integrals, we obtain Maxwell’s

equation:
p,=V-D

This 1s the point or differential form of Gauss’s law




= Volume charge density is the same as the divergence of the electric
flux density.

m It should be noted that 0, 1s ‘free’ volume charge density and not
‘bound’ volume charge density

= E or D field lines originate (terminate) from (on) positive (negative)
charges.




Application of Gauss’s Law

Symmetric charge distribution should exist.

A hypothetic closed surface (called Gaussian surface) is constructed
around or 1n vicinity of the charge distribution such that D 1s normal
or tangential to the Gaussian surface.

D-dS=DdS
D-dS=0

(the two vectors are perpendicular to each other)

D 1s normal to the surface:

D is tangential to the surface:

D due to a point charge O
Consider that the charge Q is placed at the origin.

For determining D at a point P, a spherical surface containing P and
centered at the origin satisfies the symmetry requirement.




= D is everywhere normal to the Gaussian surface:

0={D-dS=[D,a, 4w’a, =D, 47> . D = 9 4
< S Q 4y
= This is expected since E = 1 > a,
and D =¢,E ol
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= Similarly, D= a _ for infinite line charge

Yo,

o ~ 5 = forinfinite sheet of charge




® |t is useﬁd to ﬁnd out electric ﬁeld ﬁrom the knowledge of

enc [OSQO{ chavge and SMU(‘&CQ.

® ]t is useﬁd to ﬁnd out ﬂux, W or ﬂux density D, ﬁom the
knowledge of enclosed charge and swface.

® |tis useﬁﬂi to ﬁnd out the enclosed charge ﬁfom the knowledge
of either D or E.




® 1t can not be appﬁed on Non-Gaussian swfaces.

® 1t can not be applied Lf the swface does not enclose the volume

comp letely.




