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Q1

Q2

(a)

(b)

(©)

d

(a)

(b)

(©)

State the definition of Gauss’s law as one of the fundamental laws of

electromagnetism.
(2 marks)

Figure Q1(b) shows a conducting spherical cable with radiusa =4m,b = 6m,
¢ =10m,and d = 12 m, have a surface charge distributions of 8, 5, -10, and 15
uC/m?, respectively.

i) Calculate the flux through radius = 5 m and radius = 11 m.

(ii)  Compute flux densityat r = 11 m,r = 13m.
(7 marks)

Determine the total charge enclosed Qen in an incremental volume dv = 107 m3
located at the origin. The electric flux densities:
D = —e*cos ya, + 4x*a, + 5za, C/m?
(4 marks)

A point charge of 5 nC is located at the origin. If V' = 2V at (0, 6, -8), calculate
(i) The potential at 4 (-3, 2, 6)

(ii)  The potential at B (1, 5, 7)
(iii)  The potential difference Vap
(7 marks)

According to the law of conservation of magnetic flux, determine the magnitude of
the magnetic field B at a point on the axis midway between the coil as shown in
Figure Q2 (a) where two identical coaxial circular coils carry the same current / but

in opposite directions. Justify your answer.
(4 marks)

A conducting filament carries current 5A along Z axis from 0<Z <12m.

Calculate magnetic field intensity at points (6, 8, 0).
(6 marks)

Two infinitely long solid conductor whose cross section is illustrated in Figure
Q2(c). Both conductors are separated by 8 m. The wire centered at (0, 0, 0) carries
current of 10 A while the other centered at (8 m, 0, 0) carries the return current.
Determine H at (8m,4m, 0). [Hint: H = ;,I;;&(a]

(10 marks)
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Q3

Q4

(2)

(®)

©

(@)

(®)

©

(i) According to Gauss’s law, under static conditions, what is the value of

electric field intensity E, volume charge density p, and potential difference

Vas for a perfect conductor.
(2 marks)

(ii)  What happened to the electrons motion when a steady potential difference is

applied across the ends of a conducting wire?
(2 marks)

A homogeneous dielectric (& = 2.5) fills region 1 (x < 0) while region 2 (x > 0) is
free space.
()  IfD,=12a, — 10a, + 4a, nC/m’, Determine D, and 6,

(ii) If E, =12 V/m and & = 60°, Determine E; and &,
(8 marks)

Determine the capacitance of 10 m length of each cylindrical capacitors as shown in

Figure Q3 (¢). Given ¢ =1 mm, b =3 mm, ¢ =2 mm, &;=2.5,and & =3.5.
(8 marks)

State the generalized forms of Maxwell’s Equations in the differential and integral

form.
(8marks)

Figure Q4 (b) shows a conducting loop of area 20 cm® and resistance 4Q. If

B =40cos10*ta, mWh/ m’, determine the induced current in the loop and indicate
its direction as B increasing.
(7 marks)

If the area of the loop in Figure Q4(c) is 10 cm?, calculate V; and V5.
(5 marks)
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Qs

(2)

(®

With the aid of diagrams, Explain TWO (2) technology applications nowadays that

developed based on the electromagnetic theory.
(8 marks)

A plane wave travelling in the +y-direction in a lossy medium (& =4, x4 =1, 0= 10"
2 mhos/m ) has E = 30 cos (1091tt + %) a, V/m at y = 0. Determine

(i) Eaty=1m,t=2ns

(5 marks)
(i)  The distance traveled by the wave to have a phase shift of 10°

(1 marks)
(iii)  The distance traveled by the wave to have its amplitude reduced by 40%

(1 marks)
(ivy Haty=2m,t=2ns

(5 marks)

- END OF QUESTION -
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FIGURE Q1(b)

FIGURE Q2(a)
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FIGURE Q2(c)
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FIGURE Q3(c)
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Formula
Gradient of a scalar
Cartesian Cylindrical Spherical
VV:QKax_{,an +§_I_{_~Z VV:_a_.K. , 1 aV _a_ng VV:.a_I/_gr+l.a_Vg0+ .1 _a_I_/_q‘p
ox ~ Vooz op~" p 6¢ 0z or r oy rsin@ o
Divergence of a vector
Cartesian Cylindrical Spherical
VeV =——(r¥,)}+———(V,sind
—-6V6V6V = 10 laVaV r()sm( )
Vel = VeV =——(pV,)+—
6x 6y 0z p op Yo, 6¢ oz 1
rsin@ op
Curl of a vector
Cartesian
= | dF, 5V ov, ov, ov, oV,
VxV = —la, +|—=—=- a,+
oy 0z oz ox ox oy
Cylindrical
— ov, oV o\ pV, V
VszlaV a, —6Va+—1~ (,0)6 a,
p 0@ oz 0z Op pl Op o¢
Spherical
= o\V,sin@ 6 rv,
vio L |20esind) ov, |, 1f 1 ov. o(V)|,  1[a() ov ],
rsiné 06 o¢ r|sin@ 6¢ or |7 r| or 00 |~
Laplacian of a scalar
Cartesian
2 2 2
vy - 0 V 0 IZ/+ oV
ox’ 6y oz°
Cylindrical
2 2
VZV_i_a_ p?K +_._1_£.g}_;:+ 0 Iz/
pop\’ Op) p° 04" 0Oz
Spherical
2
VZV:—lz——a—(rz-a-K)+ . 1 i(sint9?—KJ+ - 1 - Q_I;
r-or or ) r°siné o6 00 ) r°sin“@ 0¢
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Differential length d/
Cartesian Cylindrical Spherical
dl = dxa, +dya, +dza, dl=dpa,+ pdpa, +dza, dl =dra, +rdfa,+rsinfdga,
Differential normal area dS
Cartesian Cylindrical Spherical
dS = dydza, dS = pdgdza, dS =r*sinfdbdga,
dxdzqy d pdzg¢ 7 sin @dr d¢gg
dxdya, pdgdpa, rdrdfa,
Differential volume dv
Cartesian Cylindrical Spherical
dv = dxdydsz, dv = pd pd gdz dv =r’ sin Odrdfd ¢
Electrostatic
0= pdl 0=|p,ds 0=pdv
Fuo Q0 =_F Z_pd
dmer” ~ 0 daert™
. ds — v -
E=[f—g E=[£5g D=sE=%e
4xer drer" S
8:€o€r We:_’vl—).dg w:chzfﬁ.dg
— B— - W Q
% “ 4 0 drzer
dl o _
y=[£< fE-dlzo VxE=0
4rer
E=-VV V¥ =0 VZV:—-%-
_t _pt [ TedS— R
R=—c =52 [=[JedS=Js J=0E=pu
pv:ne gr:1+Ze ﬁ:ZegoE
p,=Deg,=D, P, =Pea,=P, V=Ed
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Electrostatic Boundary Condition (Dielectric-Dielectric)

N N 0 E, D,
E=E +E, D=D, +D, tan —E—n_—':
tang, ¢,
E,=E, Dy, =D,, fan 0; = ;.::—
1 =2
E, E, b, _D, v, =2
gr2 grl 81 6‘2 WE — J. we dv
Electrostatic Boundary Condition (Conductor-Dielectric)
E:O pv:O Dt:gogrEt:O DnzgogrEn:ps
Electrostatic Boundary Condition (Conductor-Free Space)
gr:1 Dt:goEIZO Dn:goEn:ps
Electrostatic Boundary-Value Problems (Resistance and Capacitance)
oV _ JEd o_Q_cfob.ds P afa‘g“Pge Capamﬁ;’f
== =TT w7 C==%=— R=—
I ¢oE.dS 4 [E.dI v d oS
Coaxial/Cylindrical Capacitor Spherical Capacitor
Parallel-plate Capacitor In b 1 1
, Z -
w,-Levy - Loy - < c-2_2%L p__a c=2_47% p_a b
2 2 2C Vo oml 27oL y 1.1 Ano
a a b
Spherical Capacitor
rRC=%
o
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Magnetostatics
— Idl{xR - = - - =
dF =14 Id? =7.dS =Jdv VxH=1J
47R
7 o T (e me (o
H =——(cosa, —cos a,)a, e = fﬂ,dl - f}sds Vm ‘_[B'dS—BS_ IBdS
47z enc
zpm:féds‘:o zpm:?(;idl‘ V.B=0
B=uH _é . Z Z_J‘,Uolde
B =2 -V 47R
4
- - & o
VA=—pu J F:Q(E+uxB):m;t— dF =1d¢xB
- - = — — 1
T=rxF=mxB m=18a, H=——-a, (I=m)
27mp
Time Varying & Faraday Law
oy -0B —O0B =~ 3\ g7
Venf:—_—_:__SzIR Ve”f:—j‘ at .dS V;mf :I(HXB).df
— oD _ d [ _
Id:IJd.dS d:E §E-dl:_"‘&z B.dS:V1—V2
TERBUKA
Wave Propagation
2 2
y=a+jp a=w —’uf[ 1+[—5‘—} ~1} p=o —’"f{ 1+[i:| +1J
2 wE 2 wE
Tangent Loss _ \/Z
u=tan26, = =2 == l=—=
wE wE  Ja

Complex Permittivity

' Lo el
§,=§~j&E =g—j—
@
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Derivatives
ilogaU= log, e dU ian=ld—U -d—a" :d"lnafl—q
dx U dx dx U dx dx dx
i " =e"d—U isinUzcosUg—q —‘icosU:—sinUd—U
dx dx dx dx dx dx
itanU:seczUﬂj— isinhUzcoshUg—g— —d—coshUzsinhUd—U
dx dx dx dx dx dx
—d—tanhU = sech? Ud—U
dx dx
Indefinite Integrals
U _ U ax _ 1 ax a e‘“
[e"du =" +C [e U =—e [xe dx =—(ax-1)
2 ax ___eax 2 seu _ b — 1
Ixe dx—?(a x2—2ax+2) _flnxdx—xlnx x fsmaxdx— —cosax
1 . 1 1
jcosaxdx:—smax+c Jmnaxdx:~msecax:——MCosax
a a a
jsinzaxdx:i—smzaerc Icoszaxdx:£+sm2ax+c
2 4a 4a

Ixcosam}c:;!z—(oosax+axsinwc)

ax

a - € :
J.e Smbxdx:ﬁ(amnbx—boosbx)

ax

e
a +b

J-e“‘cosbxdx:

(acosbx+bsinbx)

Ixsmax‘k:";?(ﬁnax—axcosax)

J'secaxdx:lln(secaxﬂanax)
a

[sinaxsinrax ~S8—D)x_sin(@tbix

2(a—b)  2Aa+b)
Jsmhaxdlecoshax Ismaxcosbxdx: cos(a—b)x cos(a+b)x
- 2a—-b)  2a+b)
j coshande =~ shihaeie J‘ cosaxcoshxde = S@-b)x _ sin(@+b)x
£ 2Aa-b)  2Aa+b)
J.tanhaxdx:llncoshax J' de . =ltan“3c-+c
a xX*+a® a a
xzdx X xdx 1
Ix2+a2=x~am‘—‘;+c Ix2+a2 =Eln(x"+a2)C
xdx 1 2 7 2
.,‘ g:_\/z =+ I__x_‘ix__g_:m\lx+a LAl X e
(x2+a2)2 x (x2+a2)5 a a 2L
dx x/az dx
I - 24C 2 12( 2x z+ltan_1£)+C
(x2+a2)5 \/x +a (x2+a2) 282\ XX +a® a a

12

CONFIDENTIAL




