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~ INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME
EEE 2104: ELECTROMAGNETIC FIELD THEORY
FINAL EXAMINATION: AUGUST 2015 SESSION

Instructions: This paper consists of STX (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 the brackets at the right-hand margin.

Question 1
a. Two point charges of -24C (Q1) and 5uC (Q2) are located at (4,8,-10) and (2,-8,20)
respectively.
i. Calculate the total electric force acts on a point charge 40uC(Qs) at (1,5,-25). (10 marks)
ii. Find electric field strength at (1,5,-25) (5 marks)
b. Find the potential at point A(0,0,5) with respect to point B(0,0,10) that due to a point charge
500nC at the origin. (7 marks)
¢. Define Gauss’s Law. (3 marks)
Question 2
a. Find the work done in carrying a SC charge from point A(1,2,-4)-to B(3,-5;6) in an electric
fieldE =@, + 274, + 2yza, V/m, (10 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)
il. Voltage between the plates. (4 marks)
iii. The attraction force between the plates. (4 marks)

c. A plane contains an infinite uniform charge distribution of density ps= 10 C/m? located at

y = 3m. Determine E at all points. (4 marks)
Question 3
a. An insulating solid sphere with radius @ has a uniform volume charge density P, and carries a

total positive charge Q. By using Gauss’s Law, prove that: (14 marks)

Qf T O<r<
r<a
E=1{7%,
a rza
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b. Two extensive hombgeneous and isotropic dielectrics meet on plane z= 0. Forz= 0,¢en =4
and for z < 0, &2 = 3. A uniform electric field E1 = 58x ~2ay + 33, kV/m exists for z> 0. Find

E; and 8; (angle between E; and normal direction of boundary) for z < 0. (11 marks)
Question 4
a. An infinite current carrying current of I, is placed along z-axis. By using Ampere’s Law, prove
that H at any point of (p,¢.2) 1s (5 marks)
H= Jo
2z p

b. A current carrying wire conducting 2A is located close fo an infinitely long, straight
conductor with a current of 5A, as shown in Figure Q4(b) below. Calculate the total force

react on the 2A current line. (17 marks})
z
F N
A
SA 4 i
2A | 2m
MR
Figure Q4(b)
¢. Define Biot Savart Law. (3 marks)
Question 5

a. Refer to Figure Q5(a), 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 that the medium is free space. {4 marks)

z
]
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1'2.50A :

Figure Q5(a)
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b. In the magnetic circuit of Figure Q5(b), calculate the current in the coil that will produce a
magnetic flux density of 1.5Wb/m? in the air gap assuming that z= 504, and that all branches
have the same cross-sectional area of 10 cm? . (12 marks)

| I0cm > {-‘ 10 em ;;

r

10cm

Figure Q5(b)

¢. A conductor loop of area 10 cm? with 10 resistance located in a region with
B= 50cos103t52 mWb/m? as shown in Figure Q5(c). Find:

i. the induced emf. (5 marks)
ii. the induced current in the loop. (2 marks)
y
¥ )
©
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Figure Q5(c)

d. Define Lenz’s Law. (2 marks)
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Question 6 :
a. Compute the electromotive force and the current for the circuit in Figure Q6(a) if the
conducting rod, / = 0.1m move with a constant speed, v = 2m/s. Given B = 2T and the

resistance of the conducting rod, R = 2Q2. Also find the power required in order to move the

conducting rod with the given constant speed. (10 marks)
& ®
&® £ @___....__p 1’4
& &
Figure Q6(a)

b. A parallel plate capacitor with plate area of 4 cm? and plate separation of 3mm has an electric
field E =25 sin 10'9¢ @, V/m applied to its plates. Calculate the magnitude of the

displacement current in between the plates assuming € = 2¢o. (4 marks)
c. State three type of magnetic materials. {3 marks)
d. Region 1 for which .7 =4 is defined by x < 0 and region 2, x > 0-has pup = 5. Given
H1=4ay + 3@y - 6@, A/m. Find |H: |. (8 marks)
--THE END-

(EEE 2104/(F)/August 2015/Liong Han Wen /29-8-2015




MATHEMATICAL FORMULAS AND PHYSICAL CONSTANT

Appendix A: Physical Constant -

Permittivity of free space, £,= 8.854 x 1072 F/m 515(;— F/m
/"

Permeability of free space, 1, = 12.6 X 107 H/m = 4n x107 H/m

Appendix B: Trigonometry Identities

Sum or difference of two angles:
sinfatb)=sinacos b tcosasnb
cos{a £ by=cosacosbTsinasind

tana £ tand
tan(a +5) = I1Ttangtanb

2tanb
1—tan’@
cos28=2cos’ B -1

} . B
cos28 =cos’ B—sin" B

Double angle formulas: fan20 =

5in20 = 2smBcos

cos20=1-2sin’ 6

Pvthagorean Identities:

tan’B+1=sec’ @

Half angle formulas:
sin’ 9 = %(1— cos20)

sin®0 +cos’B=1
cot?0+1=csc’®

cos 8 = é(l +c0s528)

1+cosB
7

9_.
COos— =1
z

g _l—cose

sing=:!: 1—cosB

2 2

g 1~ cosB sin
t&ﬁ-:;=i ! =

\fli-cosﬁ " l+cos®  sinB




Appendix C: Differential Length, Area and Volume

Cartesian System :
Differential displacement, df =dxa, +dya, +dza,

ds, = dydza,
Differential normal area, d§y = dxdzay
d5, = dxdya,

Differential volume, dv = dxdydz

Cylindrical System :
Differential displacement, di = dpd, + pdgiy + d:3,

Differential normal area, dS = p d¢ dz a,
=dpdza,
=pdgdpa,

Differential volume, dv = pdpdddz

Spherical System :
Differential displacement, dI =dra, +rdda, +rsin6 d¢a,

Differential normal area, dS = r*sinf d@ dg @,

=rsinf dr d¢ d,
=rdrdfa,

Differential volume, dv=r’sin dr df d¢



Appendix D: Gradient of scalar
Cartesian System  : gy - o g, + % a, +§K a
oy 0z
Cylindrical System : vy _ 97 o _ 4o 1oV _ + aV
AT

Spherical System : VV:QK—r Lor — Ty + 1 _a_K a
r 08 rsiné O¢

Appendix E: Curl of a Vector

dy a, a
Cartesjan System Vx4 = o 2o 2
ox Oy oz
Ay 4, 4
a, pa, a
Cylindrical System: vyx 7 = e o 38
plop O¢- Oz
4, p4, A,
a 1‘59 rsin 95¢
Spherical System : Vx4 = L A 9
r2sing|or 00 p
4, rdg rsinf4y

Appendix F: Divergence of a vector

8A
Cartesian System : V-4 = 04, v, 04,
ax oy az
18 1 d; 8
V A= A V=4, }+— (A4
Cylindrical System P ap(P p)+p 3 ¢( )+ az( )

. e = 1 82 1 2 .
Spherical System : v.4 =_.2__ér_(r Ar)+:m—95§(A9 sing)+




Appendix G: Laplacian of a vector

Cartesian System:

= (324, A 84, ( 8’4, 04, P4, (54, 0°4, 84,
Vid= Lttt a. + —t——t— F+—F+——> 14,
ox oy Oz | &x dy ozt |7 éx oy &z

Appendix H: Relationship between Cartesian and Cylindrical System

p=Ax*+3", tang=2 , z=z
x

or

x=pcos¢ ,y=psing , z=z

ay = cos¢ d, —sin gay da,=cos¢a, +singa,
ay, =sing @, +cosgay a,=—singa, +cosga,
EZ:EZ az :az

‘Appendix I: Vector relationship between Cartesian and Spherical System

2 2

X+
r= 2+y2+22, tanp=Y2 1Y , tan¢=1

z X
or
X =rsinf cos¢ , y=rsinfsing , z=rcosd
dy =sin @ cos ¢ G, +cosd cos ¢ ag —sin ¢ a, a, =sin@cos¢ @, +sinfsing a, +cosfa,
@, =sinOsing @, +cosf cos g ay +cos ¢ dy dg =coscosg @, +cosfsing ay, —sind a,

a, =cos@a, —sind g, a,=—singa, +cosga
z r (i) & x b



Appendix J: Derivatives of Trigonometric Functions
% sin{x) = cos(x) de— cos(x) = —sin(x)

i—tan(x) = sec’(x) 4 cot(x) = —csc’(x)

dx - o -

% sec(x) = sec(x) tan{x) ?j; cscx) =—cse{x) cot(x)

Appendix K: Table of Integrals
| u

du =
J‘(az-l—uz)% aNa +u

U l
2 gydu=_ 2 2
(@ +u")? a +u

+C

+C

1 . Lu
———du=—tan" —
a +u a a

J—zlu;duzln(u-t-\/az'%-uz )+C
Na +u




Appendix L: Vector Identities
Gradient
1 O +g)=Vi+Vg
2. V(cf} = ¢V £, for any constant ¢
3. V(1) = f¥g + gVs
4. V(f/q) = {g¥Vf — F¥g)/g® at points & where g(X) # 0.
5 V(F-G)=Fx(TxBG) - (VxF)x G+ (G-V)F +(F.- V)G

Divergence
6 V- (F+E)=V.F+¥V-G
7. V- (cF) = cV - F, for any constant ¢
8 V-(fB) = fV - F+F. . Vf
9. V- (FxG)=G- (TxF) -F.(VxG)
Curl

0. Px (F+G) =VxF+VxE

11, ¥ x {F) =V % F, for any constant ¢

12 Vx (fF) = fVxF+VFxF

13. Vx (Fx )= F¥.G) (V- PG+ (G- VF - (F- V)G
Laplacian

14, VHf +g) =T + V7

15. V¥{cf) = £V f, for any constant ¢

16. V2(fg) = 729 + 2V f- Vg + g7 f

19. ¥-(VfxVg) =0

Vg~ gVf)=fV%—gVif
21 ¥ x (¥ x F) = §(¥. F) - ©2F
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