POISSON’S & LAPLACE’S
EQUATION

| Vi®d = —p,/e | Poisson’s equation

| Vi =0 Laplace's equation




POISSON AND LAPLACE EQUATIONS

D=¢E | 1) V-D=p | (2)

Substituting Equation 1 into 2

v ' EE —p | e (3)
Since E = —V®@, the last result can be wnitten
V. (VD) = —p, ‘ ........ (%)

Now by vector identity '} e [aVb]: VaeVb+ aV?b



eV - (V) + Vb Ve = —p

|7E?1(b + V& -Ve=—-p | (5)

In the special case where the dielectric is homogeneous, € is not a function of

position, V& = 0, and Equation (5)reduces to

| Vidb = —p /e | Poisson’s equation

For Charge Free region (= 0) Poisson’s equation reduces to

Vidb =0

Laplace's equation
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Example:

Consider a parallel conductor whereV=0at z=0and V =100
Volts at z = d. Calculate potential as a Function of z.
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Since V is not the function of x and y so Laplace’s equation
reduces to

2
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0z
V=Az+B

Using given ConditionsVV=0atz =0 Provide B=0
V =100 at z =d gives A =100/d

V =100( z/d ) Volts



Two ways of calculating B produced by currents:

1) Biot-Savart Law: Field of a "current element”
( analagous to a point charge in electrostatics).

ii) Ampere's Law: An integral theorem similar to
Gauss's law,



Biot-Savart Law

Current element of length dl carrying current (1) produces a
magnetic field dB at point P:

5 dB ¢ P
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dB = 047zr2 .
dl

1,— permeability of free space
Lo=4n x 107" Wb/A.m



Ampere’'s law — The ldea| Gauss’s Law — The ldea
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Ampere’s Law: The lIdea

Tf In order to have
a B field around

-.../\Ifh‘___ / aloop, there
/fj 3 4 must be current
/ v“”\& punching
/ I Area enclosed through the |00p
Closed path made by the path
I

up of segments of

length A |

tE'-E'dT:.”UIe

HC



Ampere’s law

« Ampere’s law states that the line integral of
B-dl around any closed loop Is proportional to
the total current passing through any surface
that is bounded by the closed loop:

pBedl =l




Applying Ampere’s Law

1. Identify regions in which to calculate B field
2. Choose Amperian Loops S: Symmetry

3. Calculate cj‘B dl

4. Calculate current enclosed by loop S
5. Apply Ampere’s Law to solve for B

Cj.ﬁ dl =1,




Example: Infinite Wire

A cylindrical conductor
has radius R and a
uniform current density
with total current |

Find B everywhere

Two regions:
(1) outside wire (r 2 R)
(2) Inside wire (r < R)




Example: Wire of Radius R
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Maxwell’s Equations

In vacuum
E = electric field D = &, E and &1 = i
D = electric displacement B — ;Uol:i 070 2
H = magnetic field
B = magnetic flux density so V-E= %
p= charge density . ’
j <= current density V-B=0
L, (permeability of free space) = 4w 1077 = 8|_5;
go (permittivity of free space) = 8.854 1012 VxE = _E
C (speed of light) = 2.99792458 108 m/s ~ . 1 @E
VxB=p,). +——



Maxwell’s Equations In free

space
Volume charge density p =0 and Current density J =0
v.-D=0 ... (1)
V.-B=0 ... (2)
- 0B
VxE=—— 3
p- (3)
VxH :8_D (4)
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Now QQQovdina/ &GlauAA D'wm €NEE %ovﬂm:

ﬁE'dQ = J;(V.E)-d\/ — @

No jfvnm 0 L @
[ge)dv = [ f av
V V

2 | vE = ¢




MaxweELL EQUATION 2
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s jSJ=ds

B = Mo ét‘%mdgz oUl___@
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Now  Gaumt  Divengence Hheovem .

$Tds - [ v.T dv

Now ‘t&\ﬁ—iﬁ(?‘ Divmj{ﬁu Both Side
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Maxweld Equation 3
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MexweLL EQUATION - 4
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YXH = J, + OO 5
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Now 6(7 /1+GK|A Theorem".

PO = | FAH) gt —(3)
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