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Electromagnetics

. Why Studying Vectors

* The Subject of electromagnetism is very fundamental and lots of new concepts are
in contents.

* Forces between charges, Electric Field and FElectric Field Lines, Energy and
Potentials Magnetic Fields become clearly understandable in term of its magnitude
and their associated direction in any medium.

* Vector tells us the magnitude and where the direction is. OUR TOOL.

* In this lecture, vectors will be covered in details. Some useful examples will be
separately presented during this lecture.

.] 1. Basic Vector Algebra

— Scalars

* A single real number (positive or negative) is referred as a scalar value.
* Many Examples represent scalars such as Temperature and Pressure.

¢ Example:\\ T =290°K

— Vectors

* Many quantities are not complete without specifying their directions. Such
quantities are well-known as vector quantities.

* An example of vector quantities is the velocity, where its complete figure can be
understandable in term of its velocity and the direction that the object derived.

* Example:\\ v =30 kmph - North
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Electromagnetics

.) 1. Basic Vector Algebra

— Scalar and Vector Fields

*  Most of the work in this module is concerned about vector and scalar fields.

* The vector or scalar field can be defined as a function that connects any arbitrary
point to a position in space.

* R; and R, are defined as vectors
position which they can be determined 5
by its three position in the coordinate
system. RS &8 L e B V)
* Ry, is the distance vector between two 3 P2(x2, ¥2,22)

the defined points which is given by
Riz =R, — Ry
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.) 1. Basic Vector Algebra

— Vector structure

* Any vector can be written as follow:

A=AR+AF+A,2
* Ay Ay, A, are defined as the vector components.

* %,9,Z are known as the unit vectors of the vector A.

¢ Unit vectors are vectors of unit lengths in the directions of x, y, z, respectively.

* Example:
A=3%+7§—52
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Electromagnetics

] 1. Basic Vector Algebra

— Vector Magnitude and Direction

*  Vector magnitude:

A=AR+A9+A2
A=|A| = /A§+A§+A§

*  The direction of the vector A:

AxR+AyF+A,2

/A§+A§,+A§

a=2=
A
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1. Basic Vector Algebra

— Vector Addition:

Lets A and B are two vectors, where:

A= AR+AY+A,2
B =B,%+B,J + B2
A+B = (Ac+B)%+ (Ay+B,)y + (A,+B,)Z

— Vector Subtraction:

A= AR+AY+A,2
B =B,%+ B,y + B,2

—

A-B=(Ac—B)%+ (A,—B,)y + (A,—B,)2
— Notes:
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Electromagnetics

.] 1. Basic Vector Algebra

— A pair of vectors A and B shown in (a) are added by head-to-tail method (b) and by

completing the trapezoid (c).

— In (d) the vector B is subtracted from vector A.

 A+B
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A+B

-B
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.) 1. Basic Vector Algebra

— Dot (Scalar) Multiplication
* Lets A and B are two vectors:

A= AK+AY+A,2

B = B&+B,y+B,2

* The dot product of two vectors:
A-B = AB cos 8

0

)A A‘B=ABcosf
A°°"e

— > X

\/

0 is the smallest angle between the two vectors.

* The result of dot product is a SCALAR.

* The dot product has its maximum magnitude at 8 = 0.
* The dot product it has ZERO magnitude at 0 = /2.

. A-B=B-A
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Electromagnetics

- 1. Basic Vector Algebra

— Dot (Scalar) Multiplication

ABy +AyB, +A,B,
AB

cosB =
A-B = AB, +AyBy +A,B,

* The dot product of two identical unit vectors is always ONE.
* The dot product of two non-identical unit vectors is always ZERO.
*  Example:\\
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. 1. Basic Vector Algebra

— Cross Product
« Lets A and B are two vectors:
A= AR+AF+A,2
B = B&+B,y+B,2

* The cross product of two vectors:
A-B=ABsin0

g ¥y z
=[Ax Ay Azl =(AyB, — ABy)R + (ABy —AyB,)Y + (AxBy — AyBy)Z
By By B,

* The cross product is ZERO for collinear vectors (6 = 0).
* The cross product is MAX for perpendicular vectors (6 = g)
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Electromagnetics

] 1. Basic Vector Algebra

— Cross Product

* The resultant of cross product of two vectors is a new vector perpendicular to the
direction of both.

* The cross product of two identical unit vectors is ZERO.

* The cross product of two non-identical unit vectors is new vector perpendicular to
both of them.

« AXB=-BxA

* Example:\\

(=}

N>

g x
XX

<

BxA=-Ax8B
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.| 1. Basic Vector Algebra

« A-(BxC)=B-(CxA)=C-(AxB)

Ay
d K(§X6)= By
C

»

>
<

O w
<

O W >
N

<

- Ax(BxC)=B(A-€)-C(A-B)

« Ax(BxC)# (AxB)xC
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] 2. Coordinate Systems

— Introduction

* Our reference point is usually the origin

* The location of any object or point in space can be defined by intersecting three
perpendicular surfaces.

* We do study THREE coordinate systems:

% Cartesian (Rectangular) Coordinates.
¢ Circular (Cylindrical) Coordinates.

% Spherical Coordinates.
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] 2. Coordinate Systems
— Cartesian Coordinates
*  With respect to the origin (0,0,0), we define any object in space by intersection of
THREE PERPENDICULAR planes parallel to (x,y;z) axis:

% x — plane perpendicular to x — axis

+ y — plane perpendicular to y — axis

¢ z — plane perpendicular to z — axis

* Aright hand coordinate system can specify the
directions of Cartesian coordinate:

“Cutls of the fingers in the direction from x-axis to y: -
in the direction of +ve x-axis and the middle finger in the direction of +ve y-axis
and the thump is referring to the +ve z-axis.

s
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) 2. Coordinate Systems
— Surface and Volume deferential
* The differential length:
di=dxg+dyy+dz2 ; ds,= dxdy
2 iy
* Each surface has an area: ir =
e !
ds, = d,d
> f , ds,= ds ds
dS, = dyd, | PO v
dS, = d,d dz
z xdy //)__. g
1 26
¢ The volume of the cube: ) }‘ (x,y,3)
N dS; = dyd Yol =
dv = d,dyd, ¥ dy—’l ay=gedyss
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Electromagnetics

| 2. Coordinate Systems

— GCylindrical Coordinates

* The location of any object in space can be defined by intersecting of three
perpendicular surface of circular or cylindrical coordinated parameters (£, ®@, 7).

* The unit vectors are: £, ®, 2.
* The direction of (k) is independent of position.

* £, are changing in direction.

* NOTE:
> For @ = 0; f=% &=y
T[ a ~ = o
> For(D=E: fr=y ®=-%
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2. Coordinate Systems

— GCylindrical Coordinates

Plane of constant =

Cylinder of
constant r
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] 2. Coordinate Systems

— GCylindrical Coordinates

* The differential length is given by:

di=drf+rdp ® + dzz i
ds: = rdedr
R W SRS T_:"
* Each surface has an area: y ﬁ\\\\ 7 dSqndrds
7 4
< A
dSr =T dq)dz ,// x'\’\ o ':// }
— ‘¢ A e o i o ) r
dS; = d.d, ] ar . E
& I d:
dS, = rd.dy I , :
=== ! | lds,= r do ds!
l O e e Y
* The volume is given by: ! N ;7? i\ : W
| R i 7
dv = rdrdmdz I /// \\ : N
|

7 \ | -
i ST > v
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.] 2. Coordinate Systems

— Spherical Coordinates

* The differential length is given by:
di = dR#+rd6 @ + rsin6 dg &

* Each surface has an area given by:
dSg = RZsind dgdgy
dSg = Rsin0d,dg
dS; = Rd,dg

— The volume is given by:

d\7 = R?sin@ drdedw
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Electromagnetics

dV = r3sin 0 dr df d¢

2. Coordinate Systems

— Spherical Coordinates

dSy =7 3in 6 dr do
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2. Coordinates Systems - Summary

Summary

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Base vectors properties 2k=y-y=22=1|tt=¢-d=2-2=1| R-R=0-6=¢-¢=1
%§=9-2=22=0 | #-¢=6¢-2=2-¥=0| R-6=0-¢=¢-R=0
ixy=12 Px¢=12 Rx6=¢
Fx2=1% dx2=% 6x$=R
Ix%=3 ixt=64 ¢xR=6
| Dot product, A-B= ABc+ABy +AB, | AB +ABy+AB, AgBg+AeBo+AgBy
Xy oz Poé o2 R 6 ¢
Cross product, AxB = Ac Ay A Ay Ay A Ar Ae Ay
B. By, B, B, By B, Br By By
| Differential length, dl = Rdx+ydy+2d; | tdr+drdo+2dz | RAR+BRAO+ORsin0do |
Differential surface areas ds, =%dydz ds, =trdddz dsg = RR? sin8d0d¢
dsy=§dxdz dsy =drdz dsy =ORsinOdRdo
ds, = 2dxdy ds, =2rdrdd dsy =@RARdO
Differential volume, dv = dxdydz rdrdddz R? sinB dRd0 do
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2. Coordinates Systems - Summary

Summary

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Base vectors properties k=9-§y=2-2=1 | tt=¢-d=2-2= R-R=6-6=¢-6=1
2 y=92=2-2=0 | t-¢=¢-2=2-F= R-6=6-¢4=¢-R=0
Ixy=12 Exd=2 Rx6=4¢
Ix2z=% dxz=1 Oxd=R
2x%=9 ixit=¢ éxR=6
Dot product, A-B = AB+ABy+AB, | AB,+ABy+AB, ArBg +AoBs + AyBy
X 3§ z P 2 R 6 ¢
Cross product, AXB = A Ay A, A, Ay A Ar Ap Ay
B, B, B, B, By B, Bgr By By
Differential length, dl = Rdx+ydy+2dz tdr+6rdd+2dz | RdR+ORdO+ORsin0do
Differential surface areas ds. = &dydz ds, =trdddz dsg = RR?sin8d0do
dsy =ydxdz dsy =¢drdz dsg = ORsin0dR do
ds, = 2dxdy ds, = 2rdrd¢ dsy =QRARdO
Differential volume, dv = dxdydz rdrdddz R?sin® dRdO do
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4. Systems Transformation

l’l'l‘ansthrnmlinn I Coordinate Variables l

Unit Vectors

Vector Components

Cartesian

¥ = Rsinf sin¢

z= Rcos@

+0c056c0<¢ ¢<|n¢
y= R&me\mq’

+9€056§m¢+¢c0€¢
7= Rcos6 —@sin6

Cartesian to r= Xcos¢ + ¥sing Ar =Axcos¢ +A,sing
cylindrical ¢ =tan—!(y/x) —Xsin¢g + ¥cos¢ Ag = —A,sing +A cos¢
=% =17 A=,
Cylindrical to x=rcos¢ =Tfco s¢ Qsmq, Ay =A,cos¢ —Agsing
Cartesian v =rsing Ay =A,sin¢ +Ag cos¢
z=z3 A.=A.
Cartesian to R= {/x2+y242z2 =XsinB cos¢ Agr =A,sinf cos ¢
spherical +¥sin@sing +Zcos6 +Aysinf@sing +A_cos6
=tan '[/xZ+y%/z] | @ =XcosBcos¢ Ag =AxcosBcos¢
+¥VcosB@sing —Zsin6 +AycosBsing —A.sin6
¢ =tan—!(y/x) &= —Xsing +¥cos¢ Ay = —A,sing +A, cos¢
Spherical to x = RsinBcos ¢ X= slnﬂcos{b Ay =Agsin@ cos¢

+AgcosBcos —Ag sing

Ay =Agsin@sing

+AgcosBsing +Apcos@

A- = AgcosB —Agsinf

Cylindrical to
spherical

R=VrI+ZZ
6 =tan"!(r/z)

'sin6 +Zcos 6
"cos B — Zsin®

AR =A,sin@ +A_cos@
Ag =A,cos8 —A_sinf

=29 Ap =Ayg
Spherical to r=Rsinf@ — Rsin® +0cos8 A, =Agsinf +Agcos 6
cylindrical =0 Ap =Ay
z=Rcos@ = Rcos6 — Osme A.=AgrcosB —Agsinf
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