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¢ Displacement current and EM
« Maxwell equation in differential form:
% The nabla operator
% Gradient of apotential field
% Divergence of afield
% Divergence theorem
% Curl of afield
&, Stokes Theorem
« Vector Calculus memo
« A word on simulation tools
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D.dS = [ pdv oS
foss 60
Eé.ds—o BE=0
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Il—‘ldl’ =IE] +a—D%j§ Maxwell’s 2nd Equation = Ampere’sLaw
S

What isthis?

Let's start from the beginning...

oo -

3 — a Conservation of the charge for varying fields
_U‘]' as = _aﬂ].pdv Charges Cannot be created or destroyed

J: Current flowing out of some volume
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Ampere’'s Law Ampere’'s Law
IFI.dT = P.dA’ IFI.dT = P.dA" =0 Problem!
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Weintroduce a displacement current as: We now have

IFI.dT = {3d.dA" =1, I(jd +3)dS =0 (1)
Wedso have

- 00~ _ 0
fJ3-98 == ffgea

o —> I(3+%).Do|m§=o )
ID.dS = pdv

Jjand %—? cannot be equalized
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(1) and (2) gives:
-~ _aD
J,=—

ot

Therefore:

Il-ldl— =J'EJ +%—?Ej§ Maxwell’s 2nd Equation for fields
S
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1) Find I using standard Circuits theory

\ T E
V =V, cos (wt) 2) Find | yusing EM theory
Comments ?
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iEdT:—!";—é.dﬁ mE:-‘Z‘?
[ =[S Fxi =340
foes=fe iB=p
foas=o fB=0
48 = ey
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Time Varying fields

3D problems

Needs the determination of fields in specific pointsin space
Not very easy to use as amathematical tool

J

« Use Differential form
« NablaOperator

« Divergence

« Gradient

e Curl
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v=—IE.d| (Volts)|  potential field

dV = -(E,dx +E dy +E,dz)

av = V002 g, VOyz) g VOLY2) g,
0x ay 0z
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2.0 space varying scalar field: s = x 1)

EM basics 22.3MB1 212




Gradient of the scalar field V: E = 4gs=(1-2%e X x + 2xye®™) y
1.
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(a%*éy%*éz%) Vector operatorwriten: ] QF [

fv :(5“1+§yi+€1Z l)v
oy oz Vector
R\ VA \Y

av

m
1]
1
Q
Q
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a
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Consider the following potential:

V = 1 e—(x2+y2)
Xyz

Calculate the gradient and derive the field E:
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I ds = [[fedv ~ castav

. 00~
D. dS dv
im 295 _[I[P9V
woo AV AV
divD =p
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y
@ Xythy.z @)
E -
Fluxoutof 1 =@, =-(E,(1)dxdz
n L+ 4/' . X I
e
*xyiz
o Fluxout of 2=, =~(E, (2)dxd
Y. z+0z ux out O =0, = I x()XZ
z
But E,(2)=E,(x+ 0 =6, (0 + ook =B, () + o

Therefore @, +®, =I%dxdydz
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®)
) xy+hy.z ©,+0, = J,aEy xdydlz
> E oy
P
n ol /'E “T 4, n P+ D =J'—daaEzZ xdydz
X.YhZ
+AX,y,Z
% E.dS = [[[div(E).dV
YZ+7LU ) I J—ﬂ (E).
z
= 0E
divE) = (Ers By ey Scdlar
0. dy 0z
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- OE
div@) = OExs Ex 4 sy Scdlar
ox oy 0z
oE
(LEX + %y O, )=(&, 92, a, 9 +a, l).(éxEx +aE +3,E,)
ox oy 0z ox ay 0z

divE = 01 Scalar as dot product of two vectors

EM basics 22.3MB1 219

2D wector field: P = (129 &, 20t o
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Divergence of 2-D vector field: 7. P
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Consider the following Field:

E=(1-2x2)e vz — ~(+y2) 3
‘E—(l 2x*)e™ " ™¥a, - 2xye ™ yzay‘

Calculate the divergence of thefield E:
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Circulation of afield

CE)= IE.BI = [Edx+E,dy +E,dz

y E e c__ o A__

Edl = (Edl+ [(Edl+ [Edl+ [EdI
D(x,y+dy) /C'(x+ . y-+dy) ! { *‘! *! *!
E E o i
7 IE.dI :IE,(x,y)dx JE.dI = f‘[Ey(x.y)dx
E X
L EE&I =EEv(x+dx,y)dy =j§v(x,y)+%dx§1y
A(x, B(x+dx, ) ) )
(xy) ‘\ (x-+aX,y) !E&I=!—E,(x,y+dy)dx=—!%X(X1y)+agy )

a VX
©)

!E.HI - HE’% - %Eﬁ(dy
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yt E fé&l:ﬂ%ﬁi—ai xdy
D(xy-+dy) P i y-+dly) ‘ o E
E E

L fEdi= ﬂgﬂﬂ(ﬁ).udus' Stokes Theorem

Axy) B(x+dx,y)
Curl measures the rotational part of afield

©
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oo .o 9E, OE - 0E, OE . 0E, JE
curlE)=a, (—+-—2)+a X - T2) 4, (- Vector
IE) x(ay az) y(aZ ax) ’(ax ay)
a, 4, a,
.. .- | 3 2
curlE)=OxE=|— — —
€ ox dy 0z
E, E, E,
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2D wectorfield: P = e a_+ sin(xy) a,
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Curl of 2-D vector field: 7= P

EM basics

Magnitude of Curl of 2-0 vector field: [V < P|

I7x Pl

EM basics 22.3MB1 228

2D vector field: P =) a_+singy) a,

N
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Curl of 2-D vector figld: ¥ x P
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Consider the following Field: Consider the following Field:

‘E =e g+ sin(xy)éy‘ ‘E =e nmg 4+ sin(z)éy‘

Calculate the curl of thefield E: Calculate the curl of thefield E:
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Gradient

grad(V):ﬁvzix%+5y%+ﬁ,% Vector field
Divergence

div(E)=0E = (%+%+%) Scalar field
Curl

o e . 0E, OB, . 0E, O, . OE, O,
ourl®) = OXE =8, (2 =50+ 4, (G - 9+ (G5 Vedtor field
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|div(curl(E) = O.(OxE) = 0] Scalar field

|curl(grad(E)) = DX(OE) = (OXO)E =0]  Vestorfield

‘div(grad(v)) =[0(0V) = Dzv‘ Scalar field
(0.OE=D%E Vector field
\IZI(D.E) =a vector field \ Scelar fidld
[OX(OXE) = O(0E) - 0’| Vector field
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1-Feraday Law IEdT = —l%.dé
. 0O0- ., 00— L o -
Stokes Theorem j’Ed =ﬂ’curl B.ds =J’J'(D,x E).dS

> EIXE:—%?
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Lo D0 -
1-Ampere's Law IH-dl :lEHKEiS

Stokes Theorem

— OxH=3+2"
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1-Gauss'sLaw Eﬁ.dé:]‘pdv
Divergence Theorem Iﬁ.dé = Iydiv(ﬁ).dv: J'mi.ﬁ).dv

]
O
1

D

[—
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-4th Maxwell equation Ié.dé =0
Divergence Theorem |:> f.B=0

-Continuity equation

[ 85 =2 fffoav

Divergence Theorem |:> 0j=- 9

V=-10vV

B

V=5V

at 5 10 15 20 25 30
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Exarnple of soltion ofthe Lalace equation Example of solution of the Poisson equation
V=-10v 10 V =-10V 10
H = — H N
g = SR S R =
S it = I N =
IR RRRSE” SRutaniianee
V=0V~ - . R V=0V~ . TR 4
3 3
y oo X y 0o .
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