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Q1

Q2

(a)

(b)

(©)

(@)

Consider the parallel plate capacitor in Figure Q1 (a). Suppose that each of the piate
has an area, A and they are separated by a distance d. We assume that plate 1 and 2.
carry +Q and —Q charge respectively and the charge is uniformly distributed.
Formulate the capacitance of the system.

(5 marks)

Two dielectrics with relative permittivity (&,) for ki = 2.5 and relative permittivity
(¢,) for ko = 1.7 each fill half the space between the plates of a parallel-plate
capacitor as shown in Figure Q1 (b). Each plate has an area A = 0.04 m* and the
plates are separated by a distance d = 0.01m. Calculate the capacitance of the system.

(4 marks)

The centre of the dielectric spherical shell similar to Figure Q1 (c) is located at
(0,2,—2) with inner radius, @ = 1 m outer radius b = 3 m. The volume charge

density p, = 2 nC/m’. In addition, an infinite long wire is located along the z-axis
with line charge density p;= 12 nC/m.

(1) Derive the electric field, E formula for infinitely long wire using a Gauss’s

Law
(5 marks)

(iiy  Derive the E Field formula for spherical shell as shown in Figure Q1(c) for
R > b using a Gauss’s Law

(6 marks)
(iii)  Calculate the total electric field, E at (0,2, 3).

(5 marks)

Ampere’s Law state that the magnetic field in space around an electric current is
proportional to the electric current which serves as its source.

(i) Two parallel wires carry 12 A of current in the same direction as shown in
the Figure Q2(a)(i). Sketch the magnetic field at point a, b and c¢. Determine
the magnitude and direction of the net magnetic field, H at each of the three
locations (a, b, ¢).

(8 marks)

(ii) Two parallel wires carry 12 A of current in opposite directions as shown in
the Figure Q2(a)(ii). Sketch the magnetic field, H at point a, b and c.
Determine the magnitude and direction of the net magnetic field, H at each

of the three locations (a, b, ¢).
(8 marks)
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(c) If a point charge Q = 2 nC is located at point a in Figure Q 2(a)(i) and the charge is
moving with a velocity 200 ay m/s. Find a magnetic force (F) acting on Q.
(6 marks)

(d) If the center of a balanced infinite coaxial line is located along the z-axis at b (refer
Q2(a)) with outer radius 0.5 cm, predict what is the additional magnetic field that

can be observed at point a and c.

(3 marks)

Q3 (2 Explain how a wireless charger works using a Faraday’s Law.
(4 marks)
(b) Construct an experiment conducted by a Faraday (in London) and Joseph Henry (in

New York) that discovered independently at about the same time (1831) that indeed
a magnetic field can produce an electric current in a closed loop, but only if the

magnetic flux linking the surface area of the loop changes with time.
(6 marks)

(c) A conducting bar can slide freely over two conducting rails as shown in Figure Q3
(¢). Calculate the induced voltage in the bar

i, If the bar is stationed at y= 8 cm and B =4 cos 10° t a, mWb/m*
ii. If the bar slides at a velocity u = 20 ay m/s and B=4a. mWb/m*
iii. If the bar slides at a velocity u =20 ay m/s and B = 4 cos (10° — y)a mWb/m?

(15 marks)
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Q4 (3 Sketch a Transverse Electromagnetic (TEM) Wave showing the direction of Electric
field, Magnetic Field and direction of Propagation.
(2 marks)

(b) The magnetic field component of a plane wave in a lossless dielectric (ur = 1) is

H=30sin (2r X 108t — 5x) ZmA/m
Determine;

@A) relative permittivity, .

(i)  the wavelength and wave velocity.

(iii)  the wave impedance.

(iv)  the polarization of the wave.

(v)  the corresponding electric field (E) component.

(10 marks)
(c) A plane wave propagating thiough a medium with & = 8, u»= 2 has
E=0.5e™ sin (10% — Bz)a, V/m. Solve
(i) the phase constant/wave number, £
(i)  the loss tangent, tan
(iii)  the intrinsic impedance, #
(iv)  the wave velocity, u
(v)  the magnetic field, H
(13 marks)

-END OF QUESTIONS —
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Figure Q1(c): Spherical shell with inner radius a and outer radius b.
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Figure Q2(a)(ii)
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Formula

Gradient

o . of . Of .
V, ™ + =y +=
f X ayy .
Vf = f +19 5 .95

or r6¢ 0z
Vf:ifbri?—f—(ﬂ—?-g@

OR R 06  Rsinf ¢

Divergence
- 0A,
Vel 04, N aAz
ox 0Oy 0Oz
- 0A
Ve Fe 1[a(r4,) 104, o4,
r| or r op Oz

1a(R2AR)+ 1 [G(Agsinﬁ)}r 1 04,

V‘Z:—z p .
R OR Rsin@ 06 Rsin@ 0¢

Curl

_ o4 04
i i+(a‘4"—a‘42)9+ , 04,
dy oz oz ox x o)

-~ 04 olra
PN EAANCRANTL aA)

rop oz oz o) rl o og
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Laplacian
Vif— 0’ f 0’ f o’ f _ . :
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Cartesian Cylindrical Spherical
Coordinate
Daametors %32 rz R, 6,4
Yector 4 AX+AY+AzZ AF+A,0+ A2 AR+ 4,0+ 4,6
Magnitude A VA + 47+ 4. JA7+4,7+ 4] VA + 4, + 4,
Position xX+yy+z2 nr+z,z RR
vector, OP for point P(x,, y,, z,) for point P(r,, 4,, z,) for point P(R,, 6,, ¢,)
i.i:y.y:i.i:l f"f':(i).(i):i.i:l R.R:é.6:¢.¢:1
i.y:y.i:i.i:() l’;.("\):(’i).i:i.f'zo R.0:0.¢:¢‘R:0
Unit vector ixv =2 PP R
product A ): A R q: R XU=0
YyXZ=X OxXZ=r 6X¢:ﬁ
ZXX=Yy ZXF =@ $xR =0
1065 proguct AB +AB +AB. | AB +AB,+AB AB, +A,B, +A,B
Z.E xx+yy+zz rr+¢¢+zz RR+0€+¢¢
Xy z Pz R 0 ¢
%""Sg product A, A, A, A, 4, A4, A, 4, A,
8 B, B, B, B, B, B, B, B, B,
Differential " .
. dxX+dyy+dzz drr+rdgo+dzz dRR + RdO O+ Rsin 6 dgp
length, d¢ o /e sing dge
ds, = dy dz X ds, =rdédz ¢ dsx = R*sin0d0 dg R
Differential e . — . . R
_—— " isy:dxdzy d_a:¢:drdch fo:RsianRd¢0
ds. =dxdyz ds, =rdrd¢z dsy =RdRdO ¢
Difierential dr dy dz rdr dé dz R*sin@dR do dg
volume, dv )
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Transformation | Coordinate Variables Unit Vectors Vector Components
(éarl:;s(;a.n t;) # = /x2+y2 r=Xcos¢+ysing A4, = A, cosg+ A, sing
ylindrica 4= tan" (/%) ¢ =—Rsing+¥cosg A, =—A sing+ 4, cosg
zZ=Z =% Az = Az
Cylindrical to X=rcos¢ X =TFcosg—@sing A, = A, cosg—A,sing
Cartesian y=rsing y =rsing+@cosg A,=4, sin¢+A¢ cos¢
Z=2 Z=7Z Az — Az

Cartesian to

R=yx*+y*+7

R =xsinfcos ¢

A, = A, sinfcosg

Spherical £ s ; . : :
pherica o tan( r——mx2+y2/z) A +ysin@sing+zcosd | +A, sinfsing+ 4, cosd
e 0 =xcosfcos ¢ 4, =4, cosfcosg
¢=tan (y/x) A M : :
+ycosésing —zsinf +4,cosfsing— A4, sinf
¢ = —Xsing+ycosg A, =—A, sing+ A, cos¢
Spherical to x = Rsinfcos¢ X =Rsinfcosd+ A, = A, sin@cos ¢
Cartesian y=Rsinfsing 8cos @ cos g— sin g +4,cosfcosp— A, sing
z=Rcos@ §=Rsinsing + A, = A, sin@sin g
écosﬁsin¢+<ﬁcos¢ + A4, cosfsing+ A, cos ¢
z=Rcosd—0sind #, = 4,086 =5
Cylindrical to R=r?*+22 R =fsinf&+2zcosd A, =4, sinf+ A4, cosb
Spherical . :
P 0 =tan"'(r/z) 0=rcosd—zsind Ay =4, cos0 -4, sinf
=4 o=6 4 =4
Spherical to r = Rsin@ F=Rsind+0cosd A = A,sinf+ A, cosé
Cylindrical _ x =
Y $=9¢ $=¢ A, =4,
z=Rcosd z=Rcosf—0sing A, = Ay cos6—4,sind
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— Id¢xR
dH =
Q:J'pedg, 47R3 §§d€ xdﬁ xaR )
Q:jpst, ]dfz deS = Jdv B L1L2
Hedt=1, =\|JdS H
Q:jpvdv § . J. | | 4
VxH=1J d 1
il Qle a _ _ o 2 |4
2 e R v, =[BedS H(E]
E:E} :§§.d§:0 tanzg -_9'_
0 - = WE
s 0 . v, =§dedl -
 4ze R? B tanf = — ===
0 Y' _0 we J,
= pldEZA B =puH 5.1
47e, R B=VxA4d _a
= pstza Z_Iﬂom , =8.854x107? Fm™
47e, R 47R 4, =47rx107 Hm™
E = pydv By v’4 :_.uoj
4re,R* dii
frd FaorowR dx
B F:Q( +uxB):m—C; j' = X B
- I (x2+c2)3 cz(x2+c2)l
v~ [Deas aF =140 (e
0.. :§Sﬁod§ ];: rI;AF =l (x2 Jrcz)3/2 - (x2 +cz)1/2
[ m = n
p,=VeD oy I & ; :ln(x+\/x2icz)
B Ve =~ (x2 J_rcz)
V ——jz«_:.d?—ﬁ ot
48~ - dx 1 X
y! 0 _ (0B pS I — :—tanl(—)
0 emf—‘_[“ét“ ix +c ) c
d A7rer Vems :I(EXB_)Odz J.(—)—lln(x +c )
p.dl X" +c 2
V=2 aD
4rer 1,=[J,4dS,J,
Eed/l I(x +c )1/2 i
§E-_de:o y—a+
VxE=0 T - o2 |
==YV a=o |2 1+ 2] -1
2 | W€ |
V=0 L )
l g_ o P ]
=3 B=w ”7 1+ 2| +1
a)g...
I=[Jeds - .
11 CONFIDENTIAL




