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Why Study EM?

O Because EM phenomena is in all electrical/electronic based

equipment e

O Electrical/electronic components/equipment are almost

everywhere ...
ad Thus, EM is everywhere these days ...
d Computers, Cell Phones, Car Controllers, Power Lines, etc.
Q Wireless communications is based on EM wave propagation ...

a High speed digital design is based on EM wave propagation ...

O Fields around power lines are EM fields . .. ]
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Electromagnetic waves transport
energy through empty space, stored
in the propagating electric and

magnetic fields.
Electnic
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A single-frequency electromagnetic
wave exhibits a sinusoidal variation
of electric and magnetic fields in
space.
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3 Chapters 1, 2 and 3 in your text book! 31

A=Aad,=Aa +Aa, +Ada, (cartesian) '
A= \/Af + A+ A v
g, - A_A_ Aa, +Aa, +Aa,

AA L RR A
projection of a vector on an axis or another vector,
A =Aea, , A =Aed, , A =Aeq
AeB=ABcosd,, =AB,+AB, +AB,

(b) Components of A
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d Position Vector,

R12 — Rz - Rl

= (Xz - Xl)ax + (yz - yl)é‘y +(22 - 21)

a Example 1.1:

(Given a vector

A=-a +2a, -2a,

find the magnitude of A, its unit vector and the angle that it
makes with the z-axis? [On the Board.] j
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Q Cross Product, . &
a, a,
AxB=ABsin0,,d, =|A, A
B, B,
a, xa, =a,
a,xa, =4a,

a,xa, =a,
AxB=-BxA

3 Scalar Triple product,
Ae(BxC)=Be(CxA)=Ce(AxB)

Q>

N

® >

P

AXxB=0 ABsin 045

B

A
(a) Cross product
(b) Rifht—hand rule
=< B
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0 Vector Triple Product,

Ax(BxC)=Be(CeA)-Ce(AeB)
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A) Cartesian Coordinates (x,y,z)

z ds. = Z dx dy
- already dealt with! 4 A
dy
dx L7
dl =dxa, +dya, +dza, ot o5, = § v i
~ dz
ds = dydza, /Z'
dv = dx dy d
= dxdza, ds, = R dy d=
= dxdya,

-y

dv = dxdydz
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- useful for problems with cylindrical
symmetry

A=Aa +Aa;,+Aa,

A= A2+ A2+ A

a,xa, =4a, |
a,x4,=4,
a,xa,=4a,

=gy i Ve tanl(lj
X

X=pCOS¢ , Y=pSIng , 2=12
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O Transformation matrices

[ cosg  sing

—sing cos¢
0 0

(cosg —sing

sing coS¢
0 0

.
0
1_
,
0
1_
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a dl =dpa, + pdga, +dza,
ds = pdgdza,
=dpdza,
- pdpdé,
dv = pdpd¢dz

- = = [ —
!
-ﬂ-- - -

Qoo -
\‘

]
'1
3

'
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O used in problems with spherical svmmetrv. ‘

Z
A

A=Aa +AQ4,+AQ,

A= A2+ A+ A

R’/
A~ A ~ ' - O
a, xa, = a¢ X ,—#’ Ln PRy, 9, O
oA a 6=8, L RSN
ag X a¢ = a.r conical 16
R R R surface i
a,xa, =a, ' >
)(2_|_y2 y o]
rz\/x2+y2+z2 , O=tant| X—2| | g=tan'| L .
Z X ¢
X=rsindcos¢ , y=rsindsing , z=rcosé x

13
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A Transformation Matrices,

cos@cosg  sindsing
=| C0SHCcos¢ cosdsing
—sin ¢ COS ¢

=|sin@dsing cos@sing
cosé —siné

cosé |
—sind
0

(sin@cos¢ Cos@cosp —sing

COS ¢
0
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0 dl=dra, +rdéa, +rsinédadda,
ds=r’sinadadga
=rsin&drd¢a,
=rdrd¢a,
dv=r’sinadrd&d ¢

15
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Gradient of a Scalar Function

Q A vector (magnitude and direction) that Nhl“féy "’””//
represents the maximum space rate of \\ ] /

increase of a function A. 1
I S N A

T YR T TN N WA W S IR W R T N T N S N o %

_}u
va=Pa Py Ry

Xy gy %/;f“{\k

O Gradient in other coordinate systems is

given in your text book. T = 2y

-/ A /B ¥
VT—Kg-I-}’g-I-I "

= R 20p° + § 2y

16
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Divergence of a Vector and

Divergence Theorem

Q The divergence of A ata point P is the outward flux per unit

volume as the volume shrinks about P.

VoAzan+aAy+aAZ
ox oy 0z

3 The divergence theorem states that the total outward flux of a
vector field A through the closed surface S is the same as the

volume integral of the divergence of A.

§A-d§=jv-f\dv
S V

17
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Curl of a Vector and

Stokes’s Theorem

3 The curl of A is a rotational vector whose magnitude is the
maximum circulation of A per unit area as the area tends to
zero and whose direction is normal to the direction of the area

when oriented to make maximum circulation.
curl (A)=Vx A
O Stokes’s Theorem: The circulation of a vector field A around a

closed path is equal to the surface integral of the curl of A over

the open surface bounded by the path.
fAedl = [(VxA)eds
L

S /

18
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O More exercises in the book and during the first few lab

sessions.

19
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Next time ...

A Do Not Forget to check the class page often ...

20
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