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Basics of Gradient
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Basics of Gradient

** Gradient is vector quantity.
“* Gradient is applied on scaler quantity.

** Gradient of function F can be calculated by,

dF oF doF .

Grad (F) =VF = —i+—]+—k
(g G x ' 0y1 0z

“* It explains variation of function in x, y and z direction.



Basics of Divergence

“* Divergence is scaler quantity.

** Divergence is applied on vector quantity.

“ Divergence of function F can be calculated by,

dF +()I" +()Fl:
(hl dyl 0z

- ()’1 ()"'Z ()’{
) F V F =—+ + —
Div (F) = x | dy | 0z




Basics of Gauss Divergence Theorem

** Divergence theorem explains relationship in between volume integration and surface
integration.

* Divergence theorem also use to see the location of source and sink.

%+ Divergence theorem explains rate of change of function with respect to position.

** Divergence is flux density, it explains how much flux is entering or leaving the source
or sink.



Proof of Stokes Theorem

¢+ Curl of any function P can be calculated by

- $ P dl

Curl (P —'ZV.XP. —ml
i ( ) Al.én-‘(i AS‘

* So further calculation can be done by

= lim Vx P AS = lim fl".dl

AS—0 AS—0

** So for total length

f P.dl = fv' x P dS




Use of Stokes Theorem

¢ It is used in applications of fluid mechanics
¢ It is used to understand electromagnetics

¢ It is used to understand flaw of fields (e.g. Gravitational fields, Electric field, Magnetic

field etc)

** It is used in aerodynamics.



Basics of Stokes Theorem

#+ Stokes theorem explains relationship in between line integration and surface
integration.

** Stokes theorem is based on curl of function.

%+ Curl of function explains rotation of body at different position, means torque at the

position.

S F Curl of Hae Fundon ¢ (e ¢
2evd, loala. 11l nhte o
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The major goal is to solve Maxwell’s equations and describe EM wave motion in
the following media: -

(1) Freespace(c=0,e=¢, u=n,) -
(2) Lossless dielectrics (60=0,e=¢g¢g. p=p p, (or) 0<<eg) .
(3) Lossy dielectrics (620, e=¢ £, p=p 1) -

-

(4) Good conductor (o0 ==, £=¢,, H=H M, (OT) G >>0E)
» OIS The conauctivity or the medium,

» € is the permittivity of the medium
» W is the permeability of the medium

»  is the angular frequency of the wave.

A homogenous medium is one for which the quantities o, € and p are constants
throughout the medium.

The medium is isotropic if € is constant, so that D and E have same direction
everywhere.



Wave Propagation in free space : (source
free wave equations)

~Consider an electomagnetic wave propagating through free space.
The medium (free space) is sourceless 1ie.. p,= 0.

Free space contains no charges and hence no conduction current.
ie c =0, J=cE = 0.

For free space the Maxwell’s equations are as follows:

For free space the Maxwell’s equations are as follows:

(i) VxH= -‘# = ;;“(—.L'— (J = 0 for free space)
ci ci

B = cB cH
(i1) VxE=——=—u —
Cl cr

(111) vV . D =0 as p,. = 0 for free space

iv) v.B=0



Wave equation for Electric field:

2D ok -
VxH=%=L‘.,i (1) -
ot ot

Differentiating the above equation with respect to time:

i(VxH):go O-I\; (2)
ot ot*

V operator indicates differentiation with respect to space while 2 indicates
0
differentiation with respect to time. Both are independent of each other and hence the

operators can be interchanged.

Equation (2) is rewritten as

VX+=80_, (3)



Taking the curl of the equation v.r- _.‘;_ = — 11 OH

cl - cl

——————————

VxVxE=Vx—u, ('_{I (4)
cl

From vector identity

VxVxE=V(V.E)=V3E (5)

Comparing equations (4) and (5) gives

V(V.E)—V‘E=—Vx;zocf{=—,uO[V><CfI) (6)
ot or
Substituting (3) in (6)
~Z ~¥-
V(V.E)—VZE=—,uo[s0 C;€]=—,uogoc;—€ (7)
' ot~ ot~



From equation V-D =0
Vg, E=0
V-E=0 smce g, #0 (8)

Substituting (8) in (7)

-V’E = —H€, C:_l;
or-
: O°E
VIE = p6,—— (9)
o/ o

This is the wave equation for a time varying electric field in free
space conditions.



Wave equation for Magnetic field:

—VxE=-Z=op, ) -
cl cl -

Differentiating the above equation with respect to time:

o O'H
—(VxE)==-u -
ot < E)=—H >z

-
-

(2)

-~
b

V operator indicates differentiation with respect to space while 7 indicates
differentiation with respect to time. Both are independent of each other and hence the

operators can be interchanged.
Equation (2) is rewritten as

CE O°H
VX—=—u -
or or-

(3)



Taking the curl of the equation v . 77 — ‘:D . OF
(& 7

= VXV xH =Vxg, 20 (4)

cl
From vector identity
VxVxH=V(V.H)—V2H (5)

Comparing equations (4) and (5) gives
V(VH)-VH =V x5,
ot
=
V(V.H)-V*H =80(Vx£)
or

(6)
Substituting (3) in (6)

‘\IH
] (7)

V(V.H)-V°H =go(—,uo (;

or*



From equation vV , B = ()
V.uH=0
V.H=0smce pn=0 (8)

Substituting (8) in (7)

-V*H = —;1050%{1
or’
X O°H
V°H = u,g,— (9)
ot

This is the wave equation for a time varying magnetic field in free
space conditions.



The wave equations for Electric field and magnetic field can be rewritten as:

: 0’E , . 1 O°E =
ViE=pE, (.\ ==0 (or) VE=— - — =0 b
it° u- ot° E

: *H ; 1 &*H :
V‘H_/'logo (ﬂ 2 =0 (Or) V-H T 9 (A 2 =0 ?
ot* T !

Where # = l/ Vi€, =3x10°m/s = Velocity of Propagation

The above equations are called homogenous vector wave equations



Using time harmonic Maxwells equations,

VxE = —jouH, VxH = JoeE, V.E=0,V . H=0 and

oF CH E O°H
Ct ar " or " or

= j*ow’H

The wave equations for Electric field and magnetic field can be rewritten as:

VE+Z E=0 = V2E + K2E = 0
-

V:H+Z-H=0 = V?H + K*H = 0
u

W— .
Where. K =— is the wave number.
1"

The above equations are called homogenous vector Helmholtzs
equations.
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