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2.8 POISSON’S AND LAPLACE EQUATIONS

POISSON’S EQUATIONS
Poisson’s equations are derived from Gauss’s law

According to Gauss’s law in point form, the divergence of electric flux density is equal

to the charge density
V.D =p,
D = ¢E
Substitute D in above equation
vV.D =p,
V.¢E = p,
eV.E = p,
V.E - £
£
But
E=-VV
Substitute E in above equation
V.E= &
&
V.—(VV) = %
V.- = 2
vy = £
£

Thisisthe Poisson’s Equation.

LAPLACE EQUATIONS
For Cartesian co-ordinate system.
VOV = i(ﬂ) +—a—(ﬂ) +—6-(ﬂ)
dx\0x/ dy\dy/ 0z\oz
a’v 9*v o*v
+ +

V.VV =
dx 0dy 0z
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5 v 9*V o*v
VeV = + +
dx 0dy 0z

Equate both V2V
0’V 9*v 9*v Py

2y — _Fv
Vv_ax+ay+az_ £
a*v " a*v
0%\ a¢? 922
VZV_lB( BV) 1 (0*V R 0%V
pop pax p*\dg? 0z2
Equate both V2V

VZV_lB( 6V)+1 %V . e AN
~pap\Pax) T pz\ag? 9z2) €

For spherical co-ordinate system.
Vw_la( , 0V 1 a( Bav 1 i’
AAd=r ar) 5 sin@ d Sl 69) rZsin2 @ \ dp?

VZV—l B(ZBV)+ 1 6(_ 96V)+ 1 %V
“2ar\" 3r) " 12sin0 360\° " " 36) " ¥Zsin20 dp?
Equate both V2V
vzv—la av 1 i) _GBV 1 VY p,
rZor (r 61‘) r2sin @ ae(s“’ 69)+rzsin29 dp?) €

If the volume charge density (p,,) is zero, then

For Cylindrical co-ordinate system.

v2y = Py
&

Py =0
Vi =0

Thisisthe Laplace Equations. Thisoperator V2 is called L aplacian operator.
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