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hapter 1. Vector Anaiysi

What 1s Electromaonegiee?

Electric field
m—————
Y F 4
roduced by the pr T T
| ) presence of t.lu.lnc:llh charged particles and gnves nse to the cleetne force
5 - C

Mugnetic field
D

produced by the mo- Ph

: : mo-ton of electric charges. or electric current and enves nse to the maenetic
[orce associaled with magnels 3 Sl -L_.i.:_f.
p— y

Why do we learn Engineerig Eleclromagnelics
! g g g

B Elcclric and magneuc ficld exist nearly even where
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o discipline u‘.llt'l;I"IllflJlJHHl». &l
"] UL'CIn':m.'ufm'lu' principles find application m varions disel| Oh

ravs. antennas. electric machines. plasmis. cie

\,“Wif“"""\"‘,l". QI
RAAERRRERRLIRRN thttatl
T
}H‘M ‘. | .‘I‘ IH\
[T CHDHT
. | 1
| [ ¥ ! |
\IQ : (il

)

/

B Electromagnetic ficlds arc used m induction heaters for melung. forging. anncaling

surface hardenmyg. and solderig operation

®  Eleclromagnetic dev ices include transformers. radio. television. mobile phones. radars

lasers. elc

Mobile TV Satellite )

= Iron core , SATELLITE RELAY
v ]
\ | W ;
NETWORK 5,

ded = o
i, e o] i
== |
| | \ 5
PO secondary hghuee
N voltage MERGNE " \

B A magnetic traveling field moves the vehicle without contact

B The speed can be continuoushy regulated by varving the [requeney Q)

current
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Sealar ek B0 quaniity whosg

vitlue may be represented by o single (posiise o
e real by

SO examples meloade distance s Mperatie. mass densaty [PLESELIT s olume, and Fen

A\ vectar quantity bas both a maeitade and o direction in space We espectally concerned

with o and threedimensional spaces only

Displacement selocis aceeleraton and force are t'\.un|lh“.nl Veclons

sealar notation 4 or A (italic o plaim)

.
= Nector notation A or A {hald or plam with arasw )




A-B=0->A=B

Rectangular Coordinate System

«  Differential surface units:

dv-dy
ey - d=
dx - d=

»  Differential volume unit :

v odyv-dz
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vector Components and Unit Vector
: S

r=X4y4z
=X+ VA +2q

a,a,a  unitvectors

=(2a,—2a +a_)—(la _+2a 433 )

=l g D

74
fa—E(l,2,3)

B Foram scclor BiB=Ba ~Ba +8a
N G Mintt | il

Bl= [B-+B +B° =B Magnitude of B
T it i 5

B ,
B Unit vector in the direction of B

ah’: = - -,_BW
SBS+ B e /B
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Fxample '
Giiven points M(-1.2 1) and N(3.-3.0) find Ry and ay
e » v

(~la, 420, +1n )= -‘m‘ il S

Rigr = (31 Ja, +0a)

Ay =m= m—{)?‘l_(— ] ————

d B, the dot product, or sealar product, 15 dﬂﬁﬂ“ :
A the magnitude ol B, and the cosine of the .

Ry  48,-50 I (6170 ~0.7720, ~0.154n,

B (Given (wo \ectors Aan
product of the magnitude of
anale between them

A-B =|A|[B|cost

®  The dot product s a scalar. and 1t obeys the commulalive law:

A-B=B:A
Forany vector A = 4., +A4.a, +4a. aBl=Ba, + Ba, +Ba.

ABeAB + AR, ¥AB 3

The Dot Product

B
BBu
' i
s = % ST RRETILN
B:a : (B 8

+  The scalar component of B in the direction of the umit veclor a1s B-a
= The vector component of B in the dwection af the unil yeetor a 15 (B-a)a

B-a = [B|ja|cosd,, = Blcost,,
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The three vertices of a wiangle are located at A(6,-1.2), B(-2,3.~4), and ((-3.1,5). Find
A Rus (DR (e) the angle By al vertex A (df) the veelor projection of R on Ry

B
R i l‘:ﬂ\ +3“, ‘43,]-([)3. =R, r-_’_n:" . ._8.‘“ +4“.~ ' 6“.
3 s —mm e \\
R, =(-3a +la +5a, )~(6a, ~a_+2n)=-9a, +2a, +3a, B BAC
R, R, =R allR, |cos8,, B A
T .. (-8a, +da, ~6a.) (-9, +2n, +3n) 62 _ 0594
5 0S5 U, T e e B it = )
alR ol -8y +(ay +(-6) N9+ @) Y| Vi16][Vo4|

= .. =008 (0.594)=5556°

pxample

The three vertices of a tnangle arc located at 4(6.-1.2).8(-2.3 ~4). and ('(<3.1.5) Find:

(¢) the angle 5, - at vertex 4

o) the vector projection of R . on R,

R, onR =R oas i

(-9a,+Za, +3a) | (-9a,+2a, +3a.)

=H{-8a 84 =00} —r== . =7 17 - Sl
| oy +(2r ~(3)-\ ‘J@)'H-’J" + ()|

62 (-9, +2a_+3a.)

Jo4 J94

=-5963a_+1319a, +197%.
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| whe "
[he Cross produc
g Gnen (WO yectors A ant B. the mzlgmludc ol the
written a3 AxB. 15 defines a5 the roduct of the m
(he S1N¢ of the s iller angle beY een them
m The direction ol AxB 15 pcrpcndiculm (o Lhe planc
ceola right panded cerew as A

direction ol advan

AxB=2y [AHB[sm .

producl 1< a vector and it is not Commulnln €

A<B)

g Thecross

(BxA)=

Example

G] € =Ly 3 = d- f
2 ~ &b a,t
\ A 1 l,' a :”'ld B —43\- :(l_‘ Da-. ﬁnd \XB

AxB=(4B —AB)a+
_((-3)5)-()(-2))a, ()(-4)-(2)(5))a, +

= —]33’\. —1431_ _16a.

Eau el e
—_—

b V8 e

containing A and B a
s au 15 |
A is (urned mto B 4isin g

(A.B.—AB.)a, (4B, —ABR
)(-2)—(—3)(—4))3‘

Cross pr
05y product, or
veey,
(o |
|
f

agmitude of At
. the .
lnﬂgm[ude 0?"0(’1’0’
B .

- dng

7 a"xa, =
L
ﬂ:Xa‘;:‘]x
v
=
p=d
=
g A
=,
6.5
B

AXB
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he Cylindrical Coordinate System

n constant

(p)P1.21)

— ]

R ol % = a conslant
- B

£ = 4 consunl

x=p-cosg |p=qfx +)F

v
y=p-sing |d=tan'Z

n
v
1
Differential surface units:
L/pw/: §
pc/(ﬁ‘(/_"
A
L//." /,?t/c/)
S el
T
F
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. Urﬁbrcntml volume unit

L/,-‘)‘/,’(/(/ﬁ s

a...‘:
f = ey

~(Aa,+A4, +A4.a.)a,

g
= (4., +A4, +4a.)a,
_ 4 cosg+ A sing

flp

44

A =A-a,

=(4da,+4a +4a)a J\‘
a
I’:
=da’a +da -a,+44a a, /

=~ sing + A, cos
X

4 =Aa

=(da A da )
=Aa a.+4a -a +4a a
:‘47 : V



Dat products of umit veetors i eylindrncal and rectangular coordinate systems

a, 1y i
a, Cos ¢ — §L11 ¢ ()
25 Sin ¢ Cos ¢ ()
e 0 () [
The Spherical Coordinate System
i
|
// ‘ e H = a constant
/ A (cone)
/ N
/
/ Raies \ 7
/ \
/ \
if P \ 4 F
/ i L - K
/ Gl Z
| / 3 / /
| ch - o ¢ = n constant
|’ _ Vit / (plane)
Jelin i 5 r = a constant
. | (sphere)
P o
| "
9;
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Dot products of unit vectors m cylindrical and rectangular coordinate systems

& Ay d;
Ay cos¢ — Sin ¢ 0
dy- sin ¢ Cos ¢ ()
i 0 485 l

The Spherical Coordinate System

i
Dol
// : e fl = a constant
7 \\ (cone)
/ N
7 \
i \
¥ \
/ \
f \
/ l\ o
. /
I = /
l '—¢' : // p=4a constant
g e (plane)
Yo T ¥
;-' \
i
~ \‘.
s
i ‘.\
) 14
v 2
,/ ! //
" P
A
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BT e
i Vs

Dlﬂ‘erenrml surface units

dr-rdé
- rsin ddg
yl@ -1 5in g i
Differential ¥ olume unit
dr-rd@-rsio g

ar and the spherical coordinate s
ate system
S

hetween the rectd naul

. Relation

\-:.rschosrﬁ
_:‘*rsmﬂsnm

7 cos

erical and rectangular coordinate s i
YStem bl
S ke L

Dot products of unity ectors 1 sph

A, a
b a
¢
; sinfcosg cosfcose — Sin ¢
Ay- sin#@sing cos@sin ¢ COS ¢
a.- cosf —sind 0 |
Example

Give s. ((=3
n the two pomts. ((=3.2.1) and D(r = So= e d= =70
(r = 3. 8= 20° (r= —F0FISin G

coordinales ol (- (h) U
; 1c It ) i i
¢ reclangular coordmaltes ol /). e

re TP 2l e
P e = \,f(—.v)w(z)-m)»' =3.742

£ =cos ' < o
= =74.50°
seE =0 74 .50
¢ﬁ:tan""—]" = tan ' ’
i 1 :3‘— = ~13,()90+ ,800 = J“-l():; ] =

Wl (r e Ted =74, 80" =126 818

/) - — ol o N
Dfx=0585. 1 =~1.607z=4698)
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Chapter 2: C :
I Coulomb’s Law and Electric Field Intensity

rhe Experimental Law of Coulomp ¥

In 1600, Dr. Gilber

; L, a physician fr
oA - : rom England, publist : i
classification of electric and non-electric matert:]s o hed the first major

He stated that glass, sulfur amber
themselves straw, and chaff. pyt
water and o1l ”

and some other materials “not only draw to
all metals, wood, leaves, stone, earths, even

In the following ¢
g century, a Frenc i ]
R : E\l’!Lh Army Engineer, Colonel Charles Coulomb.
: aborate series of experiments using devices invented by himself.

Coulomb ¢ o
could determine quantitatively the force exerted between two objects,
each having a static charge of electricity

He wrote seven ‘
' S mport: : c el
portant treatises on electric and magnetism, developed a theory

9 ac ii S !
Li attraction and repulsion between bodies of the opposite and the same electrical
charge

B Coulomb stated that the force between two very small objects separated m

B This will be achieved if the constant of proportionality & 15

vacuum or free space by a distance which 1s large compared to their size 1s
proportional to the charge on each and inversely proportional to the square of

the distance between them
(el
=k =
e
[n SI Units, the quantiies of charge () are measured n

separation R in meters (m), and the force [ should be newte

4re

A =

16



