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Consider a vector wave that is propagating in air. If the vector field is given
in phasor form as:

E(x,v,z) = (ReJ™/* — e~ I™/*)eI™y

Determine the following quantities:

(i) The wavelength of the plane wave.

(5 marks)
(i) The frequency of the plane wave.
(5 marks)
(iiy The corresponding time domain expression.
(10 marks)
(iv) The propagation direction of the wave E(x, y, 7, t).
(5 marks)

A 100 Q lossless transmission line terminated in a load with impedance

Z, = 60 —j100 Q. The wavelength is 16 cm. Calculate:

(i} The reflection coefficient at the load.

(10 marks)
(i) The standing wave ratio on the line.
‘ (5 marks)
(iliy The position of the current minimum nearest to the load.
(10 marks)

(i) Given that two points in space P (-3, 4, 5) and Q (2, 0, -1). Express a
vector that extends from P to Q in rectangular coordinate and
spherical coordinates. Show that each of these vectors has the same
magnitude.

(15 marks)
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The surface p =3 and 5, ¢ = 100° and 130°, and z = 3 and 4.5 identify
a closed surface. Find the enclosed volume of the enciosing surface.
(10 marks)

A vector field D = fr3exists in the region between two concentric
cylindrical surfaces deflined by r — 1 and r = 2, with both cylinders
extending between z = 0 and z = 5. Verify the divergence theorem by
evaluating $ D.ds and [ V.Ddv.

(25 marks)

Starting from Coulomb’s Law, relating the force between two point
charges to the magnitude of the charges and the distance between
them, develop expressions for the electric field density, D and electric
field strength, E, at a distance of r meter from a charge of magnitude

+q1 Coulomb.
(10 marks)

Hence evaluate and show that the absolute potential at a distance of

r meter from a point charge of + g1 Coulomb, in air is given by

q
dre,r

Vo=

where «o is the permittivity of free space.
(5 marks)

Two identical positive point charges of magnitude 20 nC are situated

at the points whose coordinates are given by (0,0) and (2,0).

A4
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(iii.a) Determine the magnitude and direction of the resulting
electric field strength at the point whose coordinates are

(1,2).
(10 marks)

(ii.b) Determine the absolute potential at this point. Assume that

the charges are in the air.
(10 marks)

A line of charge with uniform line charge density pr= 1 x 10-6 C/m

exists in air along the y-axis between y =-10mand y =10 m. Find E

. d :
at (0,0, 10). (Hint: [ -2 = -2

(15 marks)

A 10 nC charge with velocity 100 m/sec in the z direction enters a
region where the electric field intensity is ¥ 800 V/m and the magnetic
flux density 3 12.0 Wbh/m?. Determine the force vector acting on the
charge.

(10 marks)

A circular conducting loop of radius 40 cm lies in the xy plane and has
a resistance of 20 Q. If the magnetic flux density in the region is given
as:

B = 0.2 % cos500t + 0.75 ¥ sin 400t + 1.2Z cos314t (1)

Determine the effective value of the induced current in the loop.

(Hint: Faraday’s Law (Transformer/Loop): Vef}'nf =—N 955 Z—f- ds)

(20 marks)

Magnetic boundary condition is very important for practical
applications. Let say a magnetic field intensity is given as Hi1 = X6 +
$2 + 23 (A/m) in a medium with pr1 = 6000 that exists for z < 0.

...5i-
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Find its magnetic field intensity, Hz if passes through another medium

with urz = 3000 for z >0.
(20 marks})

Describe Faraday’s Law in a time-varying EM field by providing an
example of application. By using a galvanometer, draw a suitable
diagram to iltustrate the principle of Faraday's Law.

(15marks)

The square loop shown in Figure 3 below is coplanar with a long
straight wire carrying a current that is given by I(t) = 25cos(2n X
10*t) (A). Determine the EMF induced across a small gap created in

the loop.
(15 marks)

By referring to Question 3(a){ii), determine the direction and
magnitude of the current that would flow through a 10 Q resistor

connected across the gap. The loop has an internal resistance of 2 Q.

(10 marks)
15 cm
-V
Figure 3
...BI/-
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Describe Ampere’'s Law in a tihe—vawing EM field by providing an
example of application. State the differential form of the Ampere’s Law

formula.
(10 marks)

The electric field phasor of a uniform plane wave is given by E=
§30e7952 \//m_ If the phase velocity of the wave is 3.2 x 10° m/s and
the relative permeability is pr = 1.9, find the wavelength 2, frequency
f of the wave, relative permittivity of the medium ¢, and magnetic field
H (z.f).

(20marks)

A satellite communication system is transmitting an elliptically
polarized plane of electric field wave given by
E(z t) = [-¥15 sin(wt — kz — 45°%) + §30 cos(wt — kz)]
Determine the polarization angles (y, x) and  verify  the rotation
direction.
(10 marks)

What is the difference between EMC and EMI concepts?
(5 marks)

Electronics are everywhere these day-s, from homes to cars fo
workplaces. Imagine if a car's radio caused interference while using
the GPS system on the mobile phone while driving on the highway.
Describe the importance of conducting EMC testing in this scenario.
{15 marks)
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APPENDIX A

Table 1-4: Constitutive parameters of materials.

Parameter Units Free-space Value
Electrical permittivity ¢ F/m gg = 8.854 x 10~12 (F/m)
1
~ —— x 1077 (F/
36 8 (F/m)
Magnetic permeability ;+ | H/m po = 4w X 1077 (H/m)
Conductivity ¢ S/m 0

29 jé

. — e
sinf =

2j

Euler’s Identity: ¢/¢ = cos@ + jsin@

e/? 4 =70
cosfd = —————

z =+ jy = lzle®

x = Ne(z) = |z]cos O

y = Jm(z) = |z|sin &

Ziz2 = |z1||z2|e/ €102

- lzlnejne z!/2 — ﬂ:]zlif2ej9/2
zy = x1 + iy ; =x2+Jy2
zy =2 iff xy =xpand yy = y2 2] + 22 = (x1 +x2) + j(y1 + y2)

zi _ 2l je-en
z2 |22

Jj= el ™/2 — 1 /00

: : 1+ j)
V= tedm4 = g2 TS
Vi 7

_j o= e/ = 1 290

: _ 1 — /)
o B2 V7 S Gl
¢ /2
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Time & Phasor Domain:
x () X
A cos et A
A cos(wt + @) Ae’l?
— A cos(wit + ¢p) A et (@)
A sin wt Ae—77T/2 = A

A sin(wt + ¢) Ael@—7/2)

SR RN

— A sin(ewrt + ¢) Al @tm/2)
d o o
- o x (1)) Jow
C/ d ) R
E;[A cos(wrt -+ ¢)] JwAel®
fx(r) dr _l_ X
Jew
f A cos(ewt + ¢) dr 1 peie
Jw

Table 1-5: Time-domain sinusoidal functions z(r) and their cosine-
reference phasor-domain counterparts Z where z(2) = Re [Zef jwt ].

Z(1) i/
A coswt <= A _
A cos{wt + ¢g) < Ael PO
C/ A cos(wt + Bx + ¢p) . <> Al (Bx+.¢o)
Ae™®* cos(wt + Bx + ¢p) ®>  AeT*Fe/ (Bx+¢o)
A sin wt <) Aefﬁf/Z
A sin(ewt + ¢g) > A/ P0—7/2)
2 @) > joZ
- w
dt J
d .
E[A cos{w! + ¢g)] iy JwAthPo
I ~
f z(r)ydt > 7
jw
f Asin(wt + ¢g) dt = ;Aej(cﬁoﬂrﬂ)
jw
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Chapter 1 Relationships

i Elec tric ﬁeld due fo char gcq in free space Complex mumbers

» Euler's identity

o =cos0 4 jsind

+ Rectangular-polar relations
x=ijossd,  y=[gsind,

C lZ[‘dl v2 B lan” ()/A)
- 'th:sm dmmm equnalents |
el
ofy=phisereference >
%
AN



SULIT EEE276

-10-

Table 3-1: Summary of veclor relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, Z r.¢.z R, 8. ¢
Vector representation A = fAx + FAy + 2A, FAr +¢Ap + 34, RAR +849 + Ay
Magnitudeof A Al = ‘*“/A% -+ A%. + A2 HAz + A% + A2 H A% + Ag + Ai
PusHion vector OF| = Ry + 8y + 22, try + 22q, RE;,
for P = (x1.y1. %) for P = (r1, #1. 21) for P = (R1.81.¢1)
Base vectors properties ER=§-§=2-2=1 fer=¢-d=2-2=1 R-R=0-0=¢-b=1
X-§=%-2=%2-%=0 | F-$=$-2=2-7=0 R-8=06-6=6-R=0
fx§=2 Pxé=2 Rx0=4¢
Fxz==% dxzi=f 6xb=R
ExR=% ixi=4¢ éxR=8
Dot product A-B = AxBy + AyBy + AzB; | ArBr + ApBp + Az Bz ApBprp + AgBg + Ap By
£ 0§ 3 Pood oz R & ¢
Cross product AX B = Ax Ay A Ar Ap Az Ap Ag Ap
By By B; B By B: Br By By
Differentlal length 1 = Rdx+3dy+idz Fdr+érdp+2dz | RAR+BR d6 +$Rsind do
Differential surface areas dsy =Xdydz dsy =ir d¢ dz dsp = RR2sing 4o dep
dsy =¥ dx dz dsy = dr dz dsg =ORsing dR dp
dsy =Z dx dy dsy =ir dr d¢ dsg =$R dR do
Differential velume dV = dx dy dz rdrd¢ dz R25in@ dR dO d¢p
Table 3-2: Coordinate transformation relations.
Transformation Coordinate Variahles Unlt Vectors Vector Components
Cartesian to r= Jx?4+y2 £ = &cos¢ + §sing Ar = Az cos¢é + Aysing
cytindrical ¢ =tan—l(y/x) ¢ = —ksing +Fcosg Agp = —Ayxsing + Aycos¢
Z=Z i=1z Az = Az
Cylindrical to X =rcos¢ X =fcos¢ —$sin¢ Ay = Arcos¢ — Agsing
Cartestan ¥y =rsing §=Tsing +dcosg Ay = Apsing + Agcosé
Z=z i=1% Az = Az
Cartesian to R= ¥+ ¥ +z2 R = %sin@cos¢ Ap = Aysinfcos¢
spherical + ¥sinf singh + Zcos + Aysiné@sing + A, cos@
0 =tan [ T+ ¥2/z] | 0 =RKcos@ cos ¢ Ag = Aycos@cos¢
+ Vcosfsing — Zsing + Ay cosfsing — Azsind
¢ =tan~l(y/0) b = —Xsing +¥cos¢ Ap = —Aysing + Aycos¢
Spherical to x = Rsinfcosg % = Rsin®cos ¢ Ay = Apsinfcos¢
Cartesian +8cosfcosd - dsing 4+ Agcosfcosg — Agsing
y = Rsinfsing ¥ = Rsin8sing Ay = Apsinfsing
+Ocosﬂsin¢+$cos¢ + Ag cosésing + Ay cosg
%= Rcos@ = Rcos® — Bsind Az = Agcosf — Agsind
Cylindrical to R= 2422 R =Fsind -+ Zcosd Ap = A,sinf + Az cosf
splierical g =tan~1¢/2) 0 = fcosd — Zsind Ag = A, cos8 — A, sind
¢=¢ o=4 - 4p = A
Spherical ta r = Rsin@ i = Rsin® +6cosd Ar = Apsing + Agcos@
cylindrical ¢=4¢ ¢t=4¢ Ag = Ay
z= Rcos@ 3 = Rcos® —Osing Ay = Apcosfl — Agsin®
L1
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* Distance Between Two Points

" Cootdinate Transformations

=l —al+ -+
:;-d i,[i'—%-[—r,z - "r;'rz'cos(qb qb;)—i-(z«:—zl}z]
‘4 ..E[Rz + R2 - "R. Ri[cosf; cos6
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Chapter 3 Relationships

+ sin 91 qmez CO&({,ﬁa p01} '
: B C(_iaovi_'dpliate by_stems - Table 3-1
. Table 3-2

(22 — )2

£/2

Yector Operators

VT = 1:2—7—‘ + vg— + zE
ax oy az

3E, A4Ey, BE,

V-E=
ax dy 8z

B, i
UxBos (aez K ’)+Sf(33"—

az 8z

2, 9%V + v v
Toax? eyl U ez

(see back cover for cylindrical
and spherical coordinates)

Stokes’s Theuu,m

f(VxB) ds_.f dl

3B;
Lidx
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ArfA.p A:
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Ax dy a:
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o af\,_aA_.)‘i(u_ﬁ aA.)
R ) dx | ax iy

CYLINDRICAL COORDINATES (r,é.z)

a4V L lav

iz

- fdA,  84. i a aA,
)+¢({-§2———;)+!—[;:ir,4cl-——-]

SPHERICAL COORDINATES (R,6,¢)

av

. Slav . 1 av
Tl =R 46 Lo I
Ra +‘R3 +‘Rsin98¢
1 & - ! 3 . l 34‘*9
V- Az ——(R° = —{Agsinf) + ——— 2
Y pa R ARt pp s et ¢ e
R R ¢Rsing |
Vryez -—«,‘-i_ _(i. .i’.. .,a_
R-sind jaR 38 d¢
[Ar RAy (Rsin®)A,
1 Ta . aAsl [ 1 94. @ .
=R —(Agsin®) - L 46 | 08 ¥ il el
Rsing [aa{ s ¥nE) a¢]+ R[sina FYaT “’]*‘R[
) I 4 £ ,av | @ av v
Vs S (R ane i ) TV
RTaR ( ak) Y Riand 8 ("'“ ae) Y Rente 3

a
ﬁ(k:“{j} -

CARTESIAN (RECTANGULAR) COORDINATES (x, y, z)
By

dAg

———

a8
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Chapter 4 Relationships

Maxwell’s Equations for Electrostatics

o ._;G'._éiuss""s law - V-D=p % Dds=Q

e Knchhoﬁs law  VxE=0 9§ E-dl=0

Differential Form  Integral Form

S

C T

“Crrent dcnsli)

s equallon

daryconditions . ”

 Blectric Field

Point charge

- Many pointcharges.

Volunie distribution

 Surface distribution S e

~ Line distribution- .-

Infinite sheet of charge B =7 =

[nfinite line of charge

Dipole- - Es (R20089 + Bsm 8)'.
S 4,; R 3 ‘ _

Reiafion oV E=-VV.
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Table 4-3: Boundary conditions for the electric fields.

. . Medi Medium 2

Field Component Any Two Media . Edll!l'l 1 L‘Iedmm
7 Dielectric &y Conductor

T:;mgentiai E Ej =Ey , Ei=Ex=0
Téngential D Dy /g1 =Day/er Dyy=Dy=0
Normal E g1Em—¢&Em=ps | En=ps/ei Exp =0
Normal D Dip—Dwm=ps Dy = ps Dy =0
Notes: (1) ps is the surface charge density at the boundary: (2) normal components of
E|, D|.E,, and D; are along fi,. the outward normal unit vector of medium 2.

SECOND PART

(i) B = uH

(ii)Biot — Savart Law: H = — [ 2% (4/m)

(iilMoment, m = INIA  (A.m?)

(iv)For Toroidal coil: H = — and H = —8H (for a<i<b), o=/ B - ds

~H? (§m?)

(v)Magnetic Energy Density: w,,
(vi)Faraday’s Law (Motional): V. r = ¢ (u X B) - dl
(vii)Faraday’s Law (Transformer/Loop): V/y,» = —N ¢, _aa_% - ds
(viii)Lossless Medium:

(k= wyiiE,n= [t (), u, === (), a=2E=2 (m)

(W/m?)

x) Power Density, S,;, = ; 9{4? x g

... 16/-
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Chapter 5 Relationships

EEE276

_' Maxwell’s Magnetostatics Equations Magnetic Field
- .GauSs's Law for Magnetism Infinitely Long Wire B=6 % (Wb i)
V.B=0 <> ?( B-ds= | .
CiccularLoop  He=2—"% (Afm)
=i ——- 1
Ampere s Law. . P Z(al’__‘-{-' ?2)3/::1 . :
-V xH= 1 ﬁ“ dt=1 Sotenoid B~ Zpuni __”:N{ o (Wbfm2y-
Lm cmf FCII ce on Charg we ¢ Vector Magnetic Potential
~F=gE+uxB) B=VxA (Wb/m?
netic: E‘m ceon Wne Vector Poisson’s Equation
VA= —jd
Inductance
U -
: L=—==>=—]Bds H
(N m) R A Y | .[ '_-( )
2 : i .
(A ) Magnetic Eneirgy Density _
. R .
’ W =5 pHY dm?)
(Almy T oo
v |
Table 6-1: Maxwell's equations.
Reference Differential Form Integral Form

Gauss's law V-D=p % D-ds=0 6.1
h)
B B
Faraday’s law VXE=—— %E cdl=— | —-ds (6.2)*
dr at
C S
Gauss’s law for magnetism V:-B=10 _ f B-ds=0 (6.3}
hY
. oD
Ampere’s law VxH=] + — f}l ~dl = f J+ 2 ) ds (64)
*For a stationary surface S.
. 16/-
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Chapter 6 Relationships

i _ ij‘;yrnf%u}"g Law EM Potentials
T a'¢ d aA
. . 3 B=VxA
Transformel
¥ f ds (N loops) Current Density
emf =
% Conduction Je=o¢E
" aD
Mﬂtmnai Displacement = =
Ve = § (ux B)-dl '

Conductor Charge Dissipation “

p‘(l) = pvo-e‘_(f"/E)f - one_;/t‘

Chapter 7 Reiatmnshrps

' M‘vmell’s Equatmns for Txme-!—lai manu Flelds
V- E= 0

VX E = jw,uH
V H =, 0

V X. H = jazscE

. LDSS} \ledulm

e
i

pe'
2

Pm\ er De II.’sltV

sw _.,Tsm [Ex H] (W/mz) | L

AT
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APPENDIX B
Question Course Qutcome Programme Qutcome

(CO) (PO)
1 1 PO3
2 2 PO3
3 4 PO6
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