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Lecture1l: Importance of Electromagnetics

Electricity and magnetism in three dimensions is understood through e ectromagnetic theory.
Even smple circuit theory is founded on eectromagnetic principles.

DIMENSIONS AND UNITS

We will use Systeme Internationale d'Unités or the S| system of units whose fundamenta units
are: kilogram, meter, second, Ampere, Kelvin, and Candelafor mass, length, time, temperature,
and luminous intengity, respectively.

We will dso work with frequency and waveength of eectromegnetic fidds. The
€lectromagnetic spectrum is shown:
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The Electromagnetic Spectrum
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Of some interest to usis the radio spectrum shown below:
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The Radio Frequency Band

Frequencies of 1 GHz and above are defined in specific Microwave Bands:

New Band Desgnaion | Frequency
(old designetion)
D (L) 1-2GHz
E, F (9 2-4GHz
G,H(C) 4-8GHZ

I, J(X) 8- 12 GHz
J (Ku) 12 - 18 GHz
J(K) 18 - 26 GHz
K (Ka) 26 - 40 GHz

SYMBOLSUSED

Quantities or dimengons like charge Q or massM aeinitdics. Vectorsare bold asin eectric
fied vector E. The magnitude of E isascaar quantity E. Unit vectors are bold with ahat over
theletter: for example, X. A samplenotation is:

F= % 200 kg-m-s?

Please adso remember to use dimensiond anayss.
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VECTOR ANALYSIS

A scalar isaquantity that has magnitude only.

A vector has both magnitude and direction.

S:
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Vector A = aA hasmagnitude A = | A | and unit vector a = A/A

VECTOR ADDITION

(a) Parallelogram rule

C

A

B
(b) Head-to-tail rule

Vector addition using the paraleogram rule and the head-to-tal rule

In the figure above for vector addition: C=A + B.
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RECTANGULAR COORDINATES AND VECTOR COMPONENTS
A rectangular or cartesian coordinate system has three mutuadly perpendicular axes cdled the x,
y and z axes as shown below. We will use the right-handed system.

AxB=nADBsin Oap

B

A
() Cross product

() R‘i{t*l;:—élund rule

= FE A

Cartesan Coordinate System
Any vector can be resolved into three components each pardld to the coordinate axes:
A=Ac+A +A, .

Althernatdly, the vector A can be represented in terms of unit vectors:

A=A+ +TA

The magnitude of the vector A is |A|= A= ,/Af +A A
The dot product isdefined as. A<B = ABC0S? 5 .

LINE INTEGRAL

Thelineintegrd isthe integrd of the dot product of a vector field with a specified path, C,
shown in the figure below. In practice, theintegra is taken over the length of the path of the dot
product of the vector field and incremental vectors along the specified path. The form of theline
integrd is

V=¢E-d
C
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N
E - field

Representation Of Fiedld And Path For Line Integra

For ingtance to determine the incrementa work dW doen by aforce F in moving an object a
distance cosq dL = dr is

dW=F- dL =F cosgdL .

Thelineintegrd isthen the total work W done by F on an object moved over a path from P to
P,:

_ \PZ(end)F-dL

(start)

LINE INTEGRAL OF A CLOSED PATH

When the path under consideration is a closed path, C, as shown below, such that the path has
no beginning and no ending like arubber band, the line integrd iswritten with a circle associated
with the integrd sgn:

©E-dL =N" E)-ds
C

S

Thelineintegra of avector field around a closed path is known as the circulation of that vector
fidd. Inparticular, thelineintegra of E around a closed path is the work per unit charge done
by the field in moving atest charge around the closed path.

_’
E - field

el

Representation Of Field And Closed Path For Line Integral
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SURFACE INTEGRAL

Surface integration is merely the adding up of the norma components of avector field over a
given surface S, as shown in the figure below. Assume that the surface is broken up into
incremental surface areas, each with anorma component dS. The vector dS isnormd to its
incrementa surface. For a closed surface, dS is directed outward by convention. Otherwise,
choose between the two norma directions using physical reasoning.  Usethe vector fidd V at
the position of the incrementa surface ement, and take its dot product withdS: theresultisa
differentid (smdll) scalar. The sum of these scalar contributions over dl the incrementd surface
edements usthe surfaceintegrd: which isalso ascaar.
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Vectors Used To Find Surface Integra

If we define an area as avector of magnitude A (scdar areaof the loop ared) and direction
perpendicular to its surface as shown above, we can express the rate of flow or flux of as:

y =BAcosg=B - A

The we integrate the contributions at dl points across the surface of the loop (surface integra)
obtaining tota flux:

Y = ()ea B*NUS= (reaBeS
A A

CROSS PRODUCT
The cross product is defined as.

z
A|=%(AB,- B)A,)- V(AB, - BA)+Z(AB, - BA))
B,
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CYLINDRICAL COORDINATE SYSTEM
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Differentid Areas and Volumein cylindrica coordinates
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SPHERICAL COORDINATE SYSTEM
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Differentid Volumein Sphericd Coordinates
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COORDINATE TRANSFORMATIONS:

¥
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y:rﬁlﬂﬂ, E=Mct&ﬂgj COSQ=L-
xT ,!£2+y2
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r = Icosfsin ¢, g = arctan >
cart e+ sph y = I'sin B sin ¢, < VEE Lyt
Z = Icos ¢, ¢ = arctan -
Z
= arccos .
| x,-’“—'32+y2+22

For detailed tables of coordinate parameters and definitions, pleaser refereto Tables 1-4, 1-5, 1-
6, and 1-7.
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