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INTEL INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME
EEE 2104 : ELECTROMAGNETIC FIELD THEORY
FINAL EXAMINATION : AUGUST 2612 SESSION

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

Question 1

; AULEGE PEN
a. Points P and Q are located at (0. 2, 4) and (-3,1,5). Calculate AL COLLESE

PN

i. The position vector P ' (2 marks)
il. The distance vector from P to Q (2 marks)
iii. The distance between P and Q (2 marks)
iv. A vector parallel to PQ with magnitude of 10 (4 marks)

b. Consider the object shown in Figure Q1(b). By using differential length, area and volume,
calculate

1. The distance BC (2 marks)
i1. The surface area AOFD (3 marks)
iii. The volume ABCDFO (4 marks)

z

Figure Q1(b)

c. A conducting circular loop of radius 20 cm lies in the z = 0 plane in a magnetic field
B=10cos377t a, mWb/m?. Calculate the induced voltage in the loop. (6 marks)

Question 2
a. Point charge Q1 = 300uC, located at (1,-1,-3)m, experiences a force F,; =8a, -83, +43,

due to point charge Q2 at (3, -3, -2)m. Determine Q. (13 marks)

b. Calculate the amount of work done in moving a point charge, Q = 10uC from the A(0, 0, 0) to

B(2, n/8, n/6) in the electric field E =2¢"*a, + ~—1—O—a¢ . (12 marks)

rsind



Question 3

a. Two infinite plane charges of 1 0nC/m? and 15nC/m? located at x = 2 and y = -3. What is the
electric field intensity, E at (1,1,-1)7 If a line chargé of 107 nC/m is added into the system: ai
x =0, z= 2, calculate the newl at(l,1,-1). (15 marks)

b. Point charges 5nC and -2nC are located at (2,0,4) and (-3,0,5), respectively. Find the electric
field E at (1,-3,7). (10 marks)

Question 4
a. Determine the capacitance of the capacitor shown in Figure Q4(a). Giveng;=4,en=6,d =
S5mm and S = 30cm’. (7 marks)

o

Figure Q4(a)

b. An infinite current filament located at x =4, y = 5 and a sheet current K =104, lies in the

y = 0 plane. What is the magnitude and direction of the current in the filament if H=0 at
(2,2,2). (10 marks)

¢. By refer to Figure Q4(c), find the total flux crossing the portion of the plane at ¢ = n/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
a, direction. Assume the medium is free space. (8 marks)

Figure Q4(c)
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Question 5
2. By using Ampere’s Law, prove that the magnetic field intensity (H) of an infinite current line
(with current I) is equal to
I

H=—r

o p :where p is the shortest distance from point of measurement to the current line.

(7 marks)

b. A rectangular loop of wire in free space with four corner points at A(1, 0, 1), B(3, 0, 1),
C(3, 0, 4) and D(1, 0, 4). The wire carries a current of 6 A, flowing in the @, direction from B

to C. A filamentary current of 15 A flows along the entire z axis in the &, direction. Find the

total force acting on the loop. (15 marks)
c. Define Lenz’s Law. (3 marks)
Question &
a. State 4(FOUR) Maxwell’s equations(either differential or integral form) for static EM field
and explain each of them. (16 marks)

b. Find the displacement current due to an electric field, E = 7sin(8 X 108‘[) wV/m in a material
with relative permittivity of 4. (4 marks)

¢. Find the magnitude of force at a paiticle of mass 1.70x10*" kg and charge 1.60x1 07" C when
it enters a magnetic field with magnetic flux density, B = 5mT with an constant initial speed of
83.5km/s. The particle is moving perpendicular with the direction of B. Calculate the radius of
the circular path. (5 marks)

--THE END --
(EEE 2104/(F)/August 2012/Liong Han Wen /3-9-2012)



Appendix A : Trigonometry Identities
Sum or difference of two angles:

sivfa T h)=sinacos b Tcosasis b

cos{ath)=cosacas b Tsingsmh

) tang xwnb

o+ b)=—
1T tanatand

. . 2tand
Double angle formulas: tan2f=— "
I—tan~ 8
sin 20 = 2smBeosh cos0=2cos H—1
c0s20=1-2:n"6 cos28 =cos” B —sin” 6
Pyvthagorean |dentities: sin 8 +casth=1
fan- G+l =sec” O cot” B—1=cuc" 0
Half angle formulas:
sin” B =—(1—cos26) COS'HI;—H%—COS]H}
“

. | 8
S — = T2, Q& e =2 T
: =N
2 V2 > V2
. 1—cosb sin@  1-cosB
tan— == = =

A M L A )
V1+cos8 1+cost sin €

Appendix B : Differential Length, Area and Volume

Cartesian System : ~
Differential displacement, d] = dxa, + dyﬁ) L +dza,

ds,. =dydza,

Differential normal area, dj’y = ddeﬁy
ds, =dxdya,

Differential volume, dv = dxdydz



Cvlindrical System :

t‘ ‘i.:.‘z £t & . a ment TT_ _— }i",_,\’;‘;‘;‘ . /’— n ["7
Differential displacement, ¢/ =} I, + /V,(j(pg(ﬁ Fdza,

ds = pddza,,
Differential normal area, d§¢ = ﬁdzzj{p

d§2 = /Od¢dp5—i:

Differential volume, /v = p‘d pd (/I)dZ

Spherical System :
Differential displacement, ¢f/ = dr@'r +rd 496_19 +rsinéd gﬁfi p

_ 2 . _
ds, =r’sinfdbdga,
Differential normal area, J& _ .- A A
» ds, =rsinfdrdga,

d§¢ - lﬂdrd%¢

Differential volume, v =7 2 sin Gdrd 6d ¢

Appendix C : Gradient of scalar

Cartesian System vv:,@y_g,jL?Y,g +§/_*

, a
x oy Y oez t

Cylindrical System : vv A +l§,\£5 . ov

a —4a,
o 7 pop * et
ovV_ 10V 1 oV
¥ ¢ VV = e g - —a
Spherical System a0 M e gg




Appendix D : Curl of a Vector

Ex é-y &,
Cartesian Svstem I Vx A = g i fi
ox 0Oy 0Oz
A, A, A,
a, a, a,
Cylindrical System : Vx A = 1o o0 @
piop Jp Oz
A, pA, A,

ar  rag 1sinda,
I LRI
r%sinf|or 00 o0
A, 1Ay 1SinBA,

Spherical System : Vx A=

Appendix E :Divergence of a vector

. — O0A. OA, D0A
Cartesian System : V-A=—2+—"+-—*

o0x oy 0z
— 10 10 0
indri m VA=A Jr==(A )+—(A
Cylindrical System > 3 (P p)+p 6<p< (p)Jf az( )

Spherical System :V.Kzivﬁ_(lJA )+ 1 —a—(A@sineH 1 O (a )
y rsind o © °

v or " y5ind 00

Appendix F ; Relationship between Cartesian and Cylindrical System

2 2 W .
p=4/x"+y", tang =7 , Z=127 LT
X e e (\ 1

or

X=pcos¢ ,y=psing , z=z

ay = cosda, — sinda, a, = cosda, + sinda,
a, = singa, + cosfa, a, = - sinday + cosday
2= 4, a; = ay



endix G Vector relationship

a. = sinBcosda, + cosOcosdag - sinday a, = sinBcosda, + sinBsinda, + cosda,
a, = sinfsinga, + cosbeoshag+ cosda, ap = cosbcosgay + cosOsinga, - sinda,
a, = cosOa, - sinBag a, = -sinda, + cosday
o) 9 2 VX
= Jy‘ +y +z", tanb SVE Y , tang =L
7 X

or

x =rsinf cos¢ , y =rsindsing , z=rcosd

Appendix H : Physical Constant

e e, 107
Permittivity of free space, €,= 8.854 x 10 P F/im = —— F/m
36m

Permeability of free space, i, = 12.6 X 107 H/m = 4n x107 H/m



