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Q1

(@)

(b)

(c)

A parallel plate capacitor is defined as

..
d

where: S is the area of the plates; d is the distance between the plates and ¢ is

c

the permittivity constant of the material that is filled between the plates. Based
on the above equation, identify TWO (2) factors that can increase the

capacitance.
(2 marks)

Gauss’s law states that electric flux passing through any closed surface is equal
to the total electric charge enclosed by that surface. In your own words,
summarise the procedures of applying Gauss’s law to obtain the electric field,

E. Support your answer with the help of a diagram.

(5 marks)
Consider a dielectric spherical shell as shown in Figure Q1 (c) centered at
(0, 0, 0) carries a volume charge density, p, = 2 nC/m? with inner radius,
a=1m and outer radius » = 3 m. In addition, a point charge with Oi=+5nC

is located at the center of the spherical shell.

Point charge

Figure Q1(c): Spherical shell.
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Q2

Q3

(@)

(b)

(©)

(d)

(2)

(b)

(i) Sketch any possible Gaussian surfaces of the charges to obtain

an electric field, E at everywhere.

(3 marks)
(ii) Calculate the total electric field, E at (0. 6, 4).
(15 marks)
Define the Biot-Savart’s and Ampere’s Circuit laws.
(2 marks)

With an aid of a suitable diagram, explain how the direction of magnetic field

dH at any point due to a current element, /d/ is determined.
(8 marks)

A semi-infinite conductor is bent into an L shaped and located on the y and z
axes. It carries a direct current, 7 of 3 A that flows from coordinate (0, 6, 0) to
(0, 0, 0) and extends along the positive z-axis. Determine the magnetic field
intensity, H at (-3, 6, 0).

(10 marks)
Two infinite and parallel filamentary currents are separated by a distance,
d =4 m carrying a direct current, / of 6 A in an opposite direction along the

x-axis. Determine the magnetic force per unit length, F/m on the current

filament that lies on the x-axis.

(5 marks)

Define the transformer electromotive force and motion electromotive force.
(2 marks)
Figure Q3 (b) shows a rectangular loop with a conducting slide bar located at

x =10t + 4¢° . The separation distance, ab between the two rails is 40 cm. If

the magnetic flux density, B = 0.8x*z T, identify the voltmeter reading at
=18

(8 marks)
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Figure Q3 (b)

(c) An inductor is formed by winding N turns of a thin conducting wire into a
circular loop with a radius of 10 cm. The inductor loop is in the x-y plane with
its center at the origin and connected to a resistor, R = 1000 Q as can be seen in
Figure Q3 (¢). In the presence of magnetic field, B = 0.6sin10%t z T, current,

I = 95 cos 103t mA is induced in the circuit.

(i) Find the number of turns, N.

(11 marks)

(i)  Suggest a method to obtain the induced current, I of

47.5 cos 103t Justify your answer.

(4 marks)

N turns

Figure Q3 (c)
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Q4

(a)

(d)

(©)

(d)

Radio waves and microwaves are two types of electromagnetic waves. Both
waves can be used for communications and travel at the speed of light, c. State

TWO (2) other properties of radio waves and microwaves.

(2 marks)

In your own words, describe skin depth, d. Illustrate your answer with the help

of a diagram.
(4 marks)

Assume that a microwave oven operates at 2.45 GHz or a wavelength of
122 mm. The interior of the microwave oven is made of stainless steel with
oc=12 x10°S/m and p, =500. Calculate the skin depth, & of the

microwave oven.
(4 marks)

Seawater plays a vital role in submarine communication study. Assume that for

seawater: o =4 S/m, & = 80, u,= 1 and f= 100 MHz.

(i) Show that the seawater is a good conductor.

(3 marks)
(ii)  Calculate the attenuation constant, a and phase constant, /5.
(4 marks)
(iii)  Calculate the wave velocity, u.
(2 marks)
(iv)  Calculate the wavelength, 4.
(2 marks)
(v)  Calculate the intrinsic impedance, #.
(4 marks)
- END OF QUESTIONS -
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APPENDIX A
FORMULA
Cartesian Cylindrical Spherical
Coordinate
]Jal'ameters il r, ¢‘ z R:F 95 ¢
Vesti AZ+AF+A32 Af+ 4,6+ 43 AR+ 4,0+ 4,¢
Magnitud 2 > = 5 5
2 Sl A+ 4244, 47 St .k v ®
Position " AL A rr+z,Z RR
vector, A b i e I
OP for point P(xi, »1» 21) | for point P(7, ¢, z) |  for point P(R, 6,, 4,)
Rek=Joy=pei=1 |fef=gop=zei=1 | ReR=0e0=e¢=1
Rej=yei=7eX=0 | fefp=(ei=72ef=0| ReO=0ef=¢geR=0
Unit vector $xv =3 ixé =3 B bl
product A )_(_n X (lf—ﬂ S
yxz=x QXZ=r éx¢:ﬁ
Zxx=Yy ZXr=¢ dnf=8
Dot
product AB +AB, +4 B A.B .+ A,B; + 4B, ApBy + 4,8, + 4,B,
Ae B
{liriny iy oz Poe 7 R 6 ¢
product 4, 4, A 4, 4, 4 4, A4, A4,
Ax B B, B, B. B, B, B, B, B, B,
Differential , . . . . ) " "
i dxx+dyy+dzz drr+rdpo+dzz dR R + Rd6 0O + Rsin 0 dgp
length, dl
dse =dydz & ds, =rd¢dz ¥ dsg = R*sinf d6 dgp R
Differential = i . = .
— dsy =dxdz§ dsg = dr dz § dse = Rsin@ dR d¢ @
surface, ds i . i,
ds. =dxdy3i ds. =rdrdp 3 ds; = RdRdO ¢
Differential
volume, dcdy dz rdrdgdz R*sinf dR d6 dg
dv
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APPENDIX B
FORMULA
0=[pdr I=[7Jds
Q:J‘p_\_dS dﬁ.:la’?xﬁ = ‘u111'2¢ dflx(dfzx&,,l)
4z R’ 1T 2
= pdv . _ T i R,
0=[e. Id =T dS =Jdv ;”f ’
= _ 00 . _ - [H/
|2=4H; }222 a,, QSHodfz_IML.:jJSdS ,'7|=_/—En
0 _ +
_F VxH-=J { (cr}z i
F=— u _ I+ —
0 gum:_“B-dS ol
e B e —3
E—4m€0Rg a, ./,m=q‘)1g.ds'=0 R )
EZ pfd'e a" szé‘z.d? tan9:£=é
4JT€0R2 " V.EZO | 2 dy
= p‘ds’ . 5 5 MW
E= : B = jtH =
-l.47r.s'0R2 % i sl o
_ o . B:VxA‘_ a =7 fuc (good conductor)
E= . —  pild _ ~12 =i
47, R A_j s £, =8.854x10™" Fm
i Z o =7 -1
DM?EE ~ Ty My, =47 x107 Hm
W, = LW A _ _ _
_ F=Q(E+ﬁx3)=m£ i "
QLIJLzégD.dS _ - dt j( 2+ 2)3f2: 2( 2+ .,)I')
= X +c e (x +e
— ci Id_xB ~
. - T=FxF=mxB | xde -l
Vs __ond?=§ = ISa, (x2+cz)a/2 (xz+cg)u:
A
oy
V= Q V;mf:__at_ I—vdx—l/—z-:ln(x+\1x2icz)
ey oF (x“icz)
szp!df I'rrﬂvrj == E.dS J‘_dx—_ltan—] i
4er L mm e (x2+cz)_c i
$Eedl=0 Vo = | (@xB) 0T g
31 X 2.2
VxE=0 1, =[J,d5.0,=2 f(rzﬂ,z) Sin(x'+c?)
E=-VV e
— F=a+jp xdx - o v R
= B (x2+c )
__ £ c_55 a=o [ 1+|Z| -1
ol 4 2 4 | DE | |
2mel 4e — =
C C" — -2
§ é l_l ﬂ:ﬂg E ] _E_ =y |
a a b 2 | @€ |
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