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Q1.

A. A. Given point P (- 2, 6, 3) and vector A = yax + (x + z) ay, express P and A in
cylindrical and spherical coordinates. Evaluate A at Pin the Cartesian
coordinate system.

[10.marks]

B. Two uniform vector fields are given by E = -5a, + 10ag + 3az and F = ap + 2ag
- 6az. Calculate |E x F|

[3 marks]
C. Consider the object shown in Figure 1.
Calculate

(i) Thelength BC

[4 marks]
(i) The surface area ABO

[2 marks]
(iii) The length CD

[2 marks]
(iv) The surface.area ABCD

[3 marks]
(v) The wvolume ABDCFO.

[3 marks]

(0, 5, 10)

Di{5,0, 100
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Figure 1
Total 25 marks
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Q2.

A. Find the gradient of the scalar field: V = e sin 2x cosh y
[3 marks]
B. Determine the divergence and curl of the vector field: P = x? yzax + xza:
[7 marks]
C. The finite sheet 0 <x <1, 0 <y <1 on the z = 0 plane has a charge density Ps
= xy(x2 + y 2 + 25)¥2 nC/m?2. Find
(i) The total charge on the sheet
[7 marks]
(i) The electric field at ( 0, 0, 5)
[8 marks]

Total 25 marks

Q3.
A. Given that D = zpcos? a: C/m?; calculate the charge density at (1, /4,3) and
the total charge enclosed by the cylinder of radius 1 m with-2 <z <2 m.

[7 marks]
B. Given the potential’'V = %sin 8 cos @, find the electric flux density D at (2,
Nn/2;0).
[2 marks]
C. Iff= %3(2cos 6 a, + sin 8 ag) A/m? calculate the current passing through a

hemispherical shell of radius 20 cm, 0 <8 <T1/2, 0 < & < 2I1.

[8 marks]

Q3 continued over the page...
PLEASE TURN THE PAGE



Page 4 of 17
University of Bolton
Off Campus Division, Western International College
BEng (Hons) Electrical & Electronic Engineering
Semester 1 Examination 2022/2023
Engineering Electromagnetism
Module No. EEEG012

Q3 continued...

D. Current-carrying components in high-voltage power equipment can be cooled
to carry away the heat caused by ohmic losses. A means of pumping is based
on the force transmitted to the cooling fluid by charges in an“electric field.
Electro hydrodynamic (EHD) pumping is modelled in Figure 2. The region
between the electrodes contains a uniform charge po, which is generated at the
left electrode and collected at the right electrode. Calculate the pressure of the
pump if po= 25 mC/m3 and Vo = 22 kV.

[8 marks]

+V,
ov
7 P ;
y@-»@a-@*lf -l
i
D D@
Area S \
N
' Loow
0 d
Figure 2

Total 25 marks
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Q4.

A. Given the magnetic vector potential

2
Az—%Wb/m

Calculate the total magnetic flux crossing the surface
§=2,1<p<2m0<z<5m
[5 marks]
B. An electric field in free space is given by E = 50 cos(10°T +##x) a, V/m
(i) Find the direction of wave propagation,

[5 marks]

(i) Calculate B and the timefit takes to travel a distance of A/2.

[5 marks]
(iii) Sketch the wave at t= 0
[2 marks]
C. An EM wave travels.in free space with the electric field component
E =100 ej(0.866y+0.52)ayv/m
Determine
(i) wanda
[3 marks]
(i) The magnetic field component
[3 marks]
(iii) The time average power in the wave
[3 marks]

Total 25 marks

PLEASE TURN THE PAGE
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Q5.
A. A transmission line 2 m long operating at w= 10° rad/s has a = 8 dB/m, B = 1
rad/m, and Z,= 60 + j40 Q. If the line is connected to a source of 10 < 0° V,

Z, =40 Q and terminated by a load of 20 + j50 Q, determine

(i) The input impedance

[7 marks]
(i) The sending-end current
[3 marks]
(iii) The current at the middle of the line.
[12 marks]

B. A lossless transmission line with Z, = 50 Q is.30 m'long.and operates at 2 MHz.
The line is terminated with a load Z; = 60 +j40Q. If u.,= 0.6¢ on the line, find
(i) The reflection coefficient r
[2 marks]
(il) The standing wave ratio s
[1 mark]
Total 25 marks

PLEASE TURN THE PAGE
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Q6.
An antenna with a circular aperture of diameter 3meters is desired to operate at
5GHz.The radiation resistance of it is given as 72Q) and a loss resistance as 8Q.

A. Determine the power being radiated by the antenna which is drawing a current

of 8 Ampere
[2 marks]
B. Calculate

(i) the capture area

[5 marks]
(i) directivity gain in dB

[5 marks]
(iii) Q factor of the antenna

[4 marks]

C. An S-band radar transmitting at 3 GHz radiates 200 kW. Determine the signal
power density at ranges 100 and 400 nautical miles if the effective area of the
radar antenna is 9 m?|. With a,20 m?target at 300 nautical miles, calculate the
power of the reflected signal at the radar.

[9 marks]

Total 25 marks

END OF QUESTIONS
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EQUATION SHEET

CIRCULAR CYLINDRICAL COORDINATES (p, ¢, z)

p=Vx+ ¢a=tan'1£, z=z

A, cosd sing 0 11 A,
Ay |=|—sind cos¢ 0| A,
) 0 0 1]]A4,
Ay cosp —sing 0|4,
Ay | =|sindg cosd 0] A,
A, 0 0 1]]A,

SPHERICAL COORDINATES (r, 0,

]

r=\/ki+}r-’+;1£, B=tan"@= tan™"
)

x=rsinﬂc% y=\rs sing, z =rcosh
in f co! sin # sin ¢ cos @ || Ax
cos ) cos’d cosBsind —sinf Ay
—sin ¢ cos ¢ 1 IF®
sinflcosp cos@cosd —sind || A
sinfsing cosfsind cosh || Ay
cos @ —sin @ 0 || Ay

DIFFERENTIAL LENGTH, AREA, AND VOLUME

A. Cartesian Coordinate Systems

1. Differential displacement is given by

dl =dxa, + dya, +dza,

&

PLEASE TURN THE PAGE



Page 9 of 17
University of Bolton
Off Campus Division, Western International College
BEng (Hons) Electrical & Electronic Engineering
Semester 1 Examination 2022/2023
Engineering Electromagnetism
Module No. EEE6012

2. Differential normal surface area is given by

dS = dydza,
dxdza,
dx dya,

3. Differential volume is given by 0
dv = dxdydz &

B. Cylindrical Coordinate Systems
1. Differential displacement is given by v
dl=dpa, + pdday & dz
2. Differential normal surface area is given

and illustrated in Fi
3. Differential vol is given

dv = pdp dd dz

C. Sphe oordinate Systems

PLEASE TURN THE PAGE
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2. The differential normal surface area is

dS = r’sin 0 df do a,
rsin 0 dr d¢ a,
rdrdfa,

3. The differential volume is

dv = r*sin 6 dr df d¢

DEL OPERATOR
d d d
v = ax dy T
d 1 d d
V=a +a,—— —
P ap pap "oz

V= —+ l—+
% % r dé i&rsin d

GRADIENT OF A SCALAR

VV=ﬂax+— L4 >,
0x dy
d 1aV SV
VvV
a0 *YWpap T

GV 10V 1 9V

BT e ran &qba‘b

IVERGENCE OF A VECTOR
A
VoA = an+_y+aA,
dx dy 0z
0A,
V-A=12(pa ol T
" ﬂp tb 0z

&
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19 19 1 dAy
Yok = 3——{F 4 —(Aysin @) + e
rzar( ) rsin @ 88( y fm8) rsinf o
CURL OF A VECTOR
a, a, a
XAl 2 @ ‘x
dx gy oz
Ay A, A,
aﬂ pa-t- az
exa lld @ @
plop od 0z
AP pAqb A,
a, ra, rsinfla,
1 Ja d
VXA=Zinolor 6 3

A, 1Ay rsif A,

{A-JS=J’V-AJV=
8 ¥

L QQ

psdS ag

E_I _[deS(r—r’)
g ame,? )idme,| r—1'| 3
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Q= L pydl  for line charge

Q= -[ ps dS for surface charge
s

Q= J, p, dv for volume charge
v

D=¢E

ELECTRIC FLUX DENSITY
D =gk

Q=T(D'JS=J’p,,dv
5 v

v

E=-VV

electric flux through a surfaCe

E = E.E,

&
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vy = -2
&

F=Jvadv

L

jgﬂ-ﬂ:}m
L

VXH=]

B=upuH

p, = 47 X 1077 H/m

ﬂ’ij-dS
s

%B'd‘5=0
s

fB-dS=jV-de=0
s

¥

V-D=p, §D'ds—jp,dv
5 ¥
v-n—& j{B ds =0
§
Vogt>o ¥5d1=u
L
v L s
=VXA
Vv =|B-dS
£
V-A=0

&
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F—%IJIXB
'

d
Vo = jl;E-di——- {B-ds
g d

-S

B
YXE= —(',—
ot

E, = I{B

B = w\f‘l,uc = m\/ul,suar = G:V(cr
|® =EXH
v=|Bas
Js
2
k'—‘—ﬁ:w\/#ns:]:t:='f

-7

1 E;
?paw = :_ZRE(Es X Hﬂ = 2_:; L

TRANSMISSION LINES

1 Np=8.686db

Propagation constant
y.= o+ jp

=fA

Wave velocity, u = %

Wavelength, A = 2‘7"
Input impedance

— Z 1+ Zg tanhy? ]
Zm ZO [ Zo+ Z;, tanhy?
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sinh 2x . sinh 2y

cosh 2x+cos 2y — 7 cosh2x+cos2y

tanh(x + jy) =

Vs () _ Zo(V§+ Vo)

Z. — —
m (2 V- Vo

Voltage and current at any point z
Vi(z)= Vie 7+ Vvyer

Vo

vz
Zo €

I(2) =4 e -

1
Ve =5 (Vo+ Zol,)

- 1
Vo = 5 (Vo= Zol,)

Sending end current and voltage

Vg
10 -
Zin¥ Z,
7.
Vo= Zily = Ty
Reflection coefficient
— Z1—Zp
rL Z1¥Zy
Standihg wave ratio
S — Vmax | 2 Imax — 1+ |[‘L|
Vinin Imin 1- |FL|
Antenna
Wavelength
c
A==
f
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Power radiated,

2
Prador W= Irms X Rrad

Effective area,

nD?
A=
Radiation Efficiency
.r’ — Praq — Ryad
Pin Rraa+ Ry

Directivity

— 4 Upmax
D - Prad
U max — Radiation intensity

4m
b=z

Gain of an Antenna

G=nb

1 = Radiation Efficiency

G =KD

G=KZ=A,

K- antenna factor , 1 if no losses present

PLEASE TURN THE PAGE
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Gain in db, Gg,= 10 log,,G

Q factor

_fr
Y,
Af - Bandwidth

1 nautical mile(nm) =1852m

Radar power density

Gyt P
P - dt F'rad
4mr2

Power of the reflected signal at the radar

_ Ae O_derad
" [41r2]?

END OF EQUATION SHEET

END OF PAPER
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