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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME
EEE 2164: ELECTROMAGNETIC FIELD THEORY
FINAL EXAMINATION: APRIL 2613 SESSION

Instructions: This paper consists of SEX (6) questions, Answer any FOUR (4) questions m the
answer booklet provided. All questions carry equal marks. The marks allocated to each sub-
question are shown in the brackets at the right-hand margin.

Question 1

a. Two point charges Q; = 8uC and Q= -5uC are located at P1(2,5,8) and P2(6,15,8)
respectively. What is the electric force acting on Q and electric field intensity at P2?

(11 rharks)
b. If the third point charge is put into the system, find the location of the point charge such that
the zero force acting on Q2. (11 marks)
c¢. Define Coulomb’s Law. (3 marks)
Question 2

a. An electric field £ =, + z?’ay +2yza, V/m in medium 1 passes through a boundary into
medium 2 as shown in Flgure Q2(a). Determine the electric field intensity in medium 2.

_ (9 marks)
ay
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©
Figure Q2(a)

b. Find the work done in carrying a 5C charge from point A(1,2,-4) to B(3 -5,0) in an electric
fleld E=d,+z a + 2yza, Vim. (11 marks)

c. Determine whether E = yz@, + xzdy, + Xyzd, is conservative or not. (5 marks)
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Question 3

a. Given vectors X = g, +3a, and ¥ =5a, +2&, — 64, . Find:
L X +7] (3 marks)
i, 5X~F (3 marks)
iii. The component of X along 4d, (3 marks)
iv. A unit vector parallel to 3X +7 (3 marks)

b. A parallel-plate conductor separated by 3mm of air has plate area of 200cm?. The charge
density of each plate is 1uC /m?. Calculate:

i. The capacitance of the capacitor. (3 marks)

i, Voltage between the plates. (4 marks)

iii. The attraction force between the plates. (3 marks)
¢. Define Gauss’s Law, (3 marks)
Question 4

a. Planes z = 0 and z = 4 carry current K| = -10&, A/m and K, =104, A/m respectively.
Determine H at
1. (1,1,1) (5 marks)
ii. (0,-3-10) (5 marks)

b. Given that B = 6x &, — 9y dy+3zd, Whim?, find the total force experienced by the rectangular

loop (on z = 0 plane) shown in Figure Q4(b). (15 marks)
i
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Figure Q4(b)
Question 5

a. Refer to Figure Q5(a), find the total flux crossing the portion of the plane at ¢ = =/4 defined
by 0.01 < p £ 0.05m and 0 < z < 2m due to current filament of 2.5A along the z-axis in the
&, direction. Assume the medium is free space. (10 marks)
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Figure Q5(a)

b. The loop shown in Figure Q5(b) is inside a uniform magnetic field B =50 @, Wb/m®. If DC

side of the loop start to cuts the flux lines at the frequency of 50Hz and the loop lies in the
xz-plane at time t = 0, find the induced emf at t = Imilisecond for DC side. (15 marks)

Figure Q5(b)

Question 6
a. In the magnetic circuit as shown in Figure Q6(a) below, calculate the current in the coil that

will produce a magnetic flux density of 1. 5Wb/m? in the air gap assuming that u= 50u, and
that all branches have the same cross-sectional area of 10 cm”. , (16 marks)
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Figure Q6(a)
b. A sinusoidal electromagnetic wave of frequency 40.0 MHz travels in free space in the x -

direction. '
i, Determine the wavelength and period of the wave. (3marks)

ii. At some point and at some instant, the electric field has its maximum value of 750 V/m and
is along the y axis. Calculate the magnitude and direction of the magnetic field at this

position and time. (3 marks)
¢. Define Lenz’s Law. (3 marks)
--THE END --

(EEE 2104/(F)/April 2013/Liong Han Wen /5-5-2013)



Appendix A : Trigonometry Identities
Sum or difference of two angles:
sinfat b)=sinacos b tcosasind
cos{axbY=cosacoshIsinasind

tatig +tan b
tan{a + b) = ——————
iTtanatand

2tan©

Double angle formulas:

s 260 = 2smBeosd

cos20=1-2sin’H
Pvthadorean Ildentities:

tan B +1=sec’ O

tan 20 = —————
1-tan“8

b
cos28=2¢cos 81

b D
cos20 =cos” B —sin~ B

$in" B +cos* @ =1
cot’ O+l=csc’ 6

Half angle formulas:

3 2 1
s B :—i—{l-cosZ@) cos*@:-;—{_l—%cos.?@)

- i

.8 li-cos6 8  l1+cosd®
sin—= %1 COS— =+ |
2 TV 2 2 V2
B l~cosB s 0 1 —cos®
tan— == = =

2 Vitcos8 1:cosB  sinb

Appendix B : Differential Length, Area and Volume
Cartesian System :
Differential displacement, di = dri, +dyad,, + dz@.

dS, = dydza,
Differential normal area, d:v”}, = dxdz&"y
ds, = dxdya,

Differential volume, dv = dxdydz



Cylindrical System :
Differential displacement, dl = dpd,, + pdda, + dza,

ds, = pdidz a,
Differential normal area, dsg = dpp di,,
ds, = pdgdpm,

Differential volume, dv = pdpdpdz

Spherical System :
Differential displacement, dl = dr, + rd6dg +rsin 8 dp a,

ds, =r*sinf do dpa,
Differential normal area, 5, = rsin 8 dr dg d

d§¢ = rdrd@c“%

Differential volume, dv = r2sind dr do d¢

Appendix C : Gradient of scalar

Cartesian System :VVz-(?Ka“ +§Ka~ +6V__
x oy ) o C

Cylindrical System : ¢, 9V 5 10V oV

o © pop
Spherical System : VV xia—lia“,, +l—a;-V—a“9 + ,1 -@Ka@z,
or r o0 rsind 3¢

Appendix D : Curl of a Vector

Ay dy 4
Cartesian System (Vx4 = o 9 29
ox dy 0Oz
A, A, A



a, pady @,
g 8 2o
piop  Op 0=

Ay pAy 4

Cylindrical System: Vx A =

a. rag rsin 95¢
L 208 2
r2sing|0r 00 dp
A, rdg rsing A,

Spherical System : Vx A =

Appendix E :Divergence of a vector

0y o4, L4,

Cartesian System : V-4 =

dx Oy Oz
- 10 10 0
indri VA =i p A el A {4
Cylindrical System : Py (,0 p)+ p a(p( go) az( :)

Spherical System :v. 7= L 2 (2,4 }; !
P Y 2 8r(r gy rsin o0

o : 1 0
—~(4psind)+ rsin9<—c'5'f—¢5 (A¢)

Appendix F : Relationship between Cartesian and Cylindrical System

pz\/x2+y2, tanqb:mii , Z=Z

or

X=pcos¢ ,y=psing , z=z

ay =cosgd, —singay d,=cosda, +sing a,
ay=sing d, +cosday dgy =—sing a, +cosga,
a; =d, a, =4a,

Appendix G : Vector relationship between Cartesian and Spherical System

2 2
+
Y , tanqﬁ::w}i
v4 X

r= 2+y2+22 , tanb =

or

X = 1sinf cos¢ , y =1sinfsing , z=rcosH



a, =singcos¢ a, +cosfcosg dg —sing ay 4, =sinfcosg a, +sinfsinga, +cosd a,

d, =sindsing a, +cosfcos¢ ag +cosg dy ag =cosfcosga, +cosfsinga, —sinb a,
a, =cos@a, —sinf ay dg =—sing d, +cos@ a,
Appendix H : Physical Constant 107
Permittivity of free space, g,= 8.854 x 102 F/m aggw F/m
7

Permeability of free space, po = 12.6 x 107 H/m = 47 x107 H/m

Appendix I : Derivatives of Trigonometric Functions

;;sin(x) = cos(x) 5;‘?‘3‘3(“ = —sin(x)

*df;tan(z’) = sec(;fr)2 ;i"; cot(x) = —r:se(x)z

— gec(x } = sec(x ) tan(x) g‘" cse(x) = —cse{x) cot{x)
x

dx



