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1. Pleaseread the instructions given in the question paper CAREFULLY.

2. This question paper is printed on both sides of the paper.

3. Please write your answers on the answer booklet provided.

4. Answers should be written in blue or black ink except for sketching, graphic and

illustration.

5. This question paper consists of TWO (2) sections. Section A and B. Answer all
questions in Section A. For Section B, answer three (3) questions only.

6. Answer all questions in English.

7. Do not open the question paper until instructed to do so
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SECTION A(Total: 40marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Questionl

In Cartesian coordinates, vector A is directed from (1, -1, -3) and ends at point (2, -1, 0).
Vector B is directed from (4, -2, 1) to point (-1, 3, 2). Determine:

(@) The magnitude, A and unit vector, a (4 marks)
(b) Vector B (2 marks)
(© The angle between vectors A and B,0, (4 marks)

(d) A vector Cwhosemaghnitude is 8 and whosedirection is perpendicular

to both vectors A and B (6 marks)
(e) (Axy)-z (4 marks)
Question 2

(@) Find the directional derivative of T = 2x2 — 5y?z along direction1 = x3 + y2 — z4
and evaluate it at (2, -1, 3) (20 marks)

(b) Determine the divergence of the vector field E = x3x? + y2z + zy?z at (-2, 1, 3)
(5 marks)

(c) Find the Laplacian of the scalar function V = —3x2y + 5y3z
(5 marks)
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SECTION B(Total:60marks)

INSTRUCTION: Answer THREE (3) questions only.
Please use the answer booklet provided.

Question 3

(@) A circular cylinder of radius r = 5 cm is concentric with the z-axis and extends

between z = - 3 cm and z = 3 cm. Determine the cylinder’s volume. (5 marks)

(b) The spherical strip shown in Figure 1 below is a section of a sphere of radius 3 cm.

Find the area of the strip. (5 marks)

Figure 1

(c) Transform the vector A =y x? + y? + z> — z(x? + y?) into spherical coordinates and
evaluate it at (-1, 1, 2). (10 marks)
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Question 4

(@) Find the total charge contained in a cylindrical volume defined byr < 2 m and

0 < z < 3 mifp, = 20rz (MC/m®) (6 marks)

(b) Three point charges, each with g = 3 nC, are located at the corners of a triangle in
the x-y plane, with one corner at the origin, another at (2 cm, 0, 0) and the third at

(0, 2 cm, 0). Calculate the force acting on the charge located at the origin.

Take g, = 8.85 x 10712 F/m (14 marks)
Question 5
(@ State Biot-Savart Law (2 marks)

(b) Two parallel, circular loops carrying a current,| = 20 A, each are arranged as shown
in Figure 2 below. The first loop is situated in the x-y plane with its center at the
origin andthe second loop’s center is at z = 2 m. If the two loops have the same

radius a = 3 m, determine the magnetic field, H at:

() z=0 (6 marks)
(i) z=1m (6 marks)
(ii)z=2m (6 marks)

Figure 2
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Question 6

(@) Define Lenz’'s Law (2 marks)

(b) An inductor is formed by winding, N = 10 turns of a thin conducting wire into a
circular loop of radius, a = 10 cm. The inductor loop is in the x-y plane with its center
at the origin, and connected to a resistor, R = 1 kQ as shown in Figure 3 below. In

the presence of a magnetic field,B = 0.2 y2 + z3 sin 1000t, determine:

0] The magnetic flux linking a single turn of the inductor, ¢ (6 marks)
(ii) The transformer emf, V.77, - (5 marks)
(i)  The polarity of V- att=0 (3 marks)
(iv) The induced current in the circuit (4 marks)
A B
B
."
a
N turns

Figure 3

END OF QUESTION PAPER

FEB23023 ELECTROMAGNETISM



SEPTEMBER 2014

APPENDIX

Table 1: Summary of vector relations

CONFIDENTIAL

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X V. Z rg.z R.O,¢

Vector representation A =

RA; +FAy + 24, FA, + Ay + 24,

RAR +045 + 64,

Magnitude of A |A| =

JAT + A} + A2 A7+ A% + A

HAR + AF+ AL

Position vector Oﬁl = Xxp + ¥y + 224, try + 2z, RR;,
for P = (x1,y1.71) for P = (r1.¢1.21) for P = (R1.61.¢1)
Base vectors properties X-k=y-¥=2-2=1 f'-f‘:i-@:i-i:l R-R=0-6=¢ 6:]
$-§y=9-2=2-%=0 | F-¢=¢-2=2-F=0 R-0=0-¢4=06-R=0
ixy=1% Fxd=2 Rx6=4¢
)"xi:i $Xi=f' éx&:ﬁ
ixx=7¥ ixi=¢ dxR=6
Dot product A-B= AxBy +AyBy+ AzB; | ArBr+ ApBp+ Az B, ARBR + AgBg + Ay By
Xy 1 Poé 2 R 6 ¢
Cross product A x B = Ay Ay A Ar Ay Az AR Ag Ay
By, By B; By By B, Br By By
Differential length dl = Rdx+Vdy+idz tdr+érdp+idz | RAR+ORdO +ORsind do

Differential surface areas

dsy =Xdydz ds, =trde dz

dsp = RR?sin6 do d¢

dsy =§ dx dz dsg = dr dz dsg =B@Rsin6 dR d¢
ds, =2 dx dy ds; =zr dr d¢ dsy =R dR do
Differential volume dV = dx dy dz rdrdpdz R?sin® dR d6 d¢

Table 2: Coordinate transformation relations

Transformation

Coordinate Variables

Unit Vectors

Vector Components

Cartesian to r= yxt+y2 F=Xcos¢ + ¥sing Ap = Aycosg+ Aysing
cylindrical ¢ = tan~!(y/x) $ = —Xsin¢ +ycos¢ Ap = —Aysing + Aycos¢
zZ=2z i=1 Ay = Ay,
Cylindrical to X =rcos¢ X =Trcos¢ — $sm¢ Ax = Apcosg — Ag sing
Cartesian y=rsing § =Fsing +cosg Ay = Apsing + Agcosg
Z=1Z i=1 Az=A;

Cartesian to
spherical

R= {2+ y2 472
0 =tan~'[{xZ + y2/z] | @ =KcosB cos¢p

+ ¥sin@sing + Zcosd

+ ¥cos@sing — Zsind

Ap = Axsinficos¢

+ Aysinfsing + Az cos
Ag = Ay cosfcos g

+ Aycosfsing — A, sind

¢ = tan~!(y/x) 6 = —%sing + ycos Ay = —Aysing + Aycos¢
Spherical to x = Rsinfcos¢ X= ﬁsin@cos¢ Ay = Apsinficos¢
Cartesian +0@cosfcosdp — dsing + Agcosfcosgp — Agsing
y = Rsin#sing ¥ = Rsinfsing Ay = Agsinfsing
+Ocosesin¢a+$cos¢ + Agcosdsing + Ay cos¢
7z = Rcosé Z=Rcosd —0sind Az = Apcosf — Agsind
Cylindrical to R= {ri422 R =fsin# + Zcosf Ap = Apsind + A, cosé
spherical 6 =tan~1(r/2) 0 =rcosf —zsind Ag = A, cosH — A_sind
p=¢ ¢=¢ Ap = Ay
Spherical to r = Rsiné i = Rsiné + 0 cosd Ap = Apsinf 4+ Agcosé
cylindrical P=4¢ =0 Ap = Ay
z = Rcos# 7z =Rcosf —Bsind Az = Apcosf — Agsind
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FORMULA

Vector analysis

CONFIDENTIAL

Gradient of a scalar T:
aT _dT oT
VI =gradT =Xx—+y—+2—
ax S dy 07

Directional derivative of T along au:

dT
— = VT -a.
dl E

Divergence of a vector E:

JE. JE. OE
V-E=divE= 2% 4 22 4 052
ax | Ay | oz

Laplacian of a scalar V:
V. PV D

VIV =V (VW)= t+

Electrostatics

Charge distributions:

Q= J‘pz dl

Q= J‘ﬁﬁ. ds
5

e) =fpv dV (©)
V

Electric field due to multiple charges:

N
1 qi(R—R;)

E =
4re P IR — R;|?

(V/m).

g0 = 8.85 x 107'% ~ (1/367) x 107

(F/m)
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Magnetostatics

Magnetic field of a loop, H:

Y
Ta~

H=12 -
2|z]°

(at |z]| > a)

-

Ta-

H >
2@+ 2

(A/m).

at (0,0,2) witha> z
; | 0
7 — (at z = 1))
2a

H

Maxwell’s equation for time-varying field

Magnetic flux:

¢>=fB+ds (Wb)
S

Transformer emf:

r dod
| —N — (V)

emi dt
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