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INSTRUCTIONS TO CANDIDATES

1. Pleaseread theinstructions 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
guestions 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

THERE ARE 4 PAGES OF QUESTIONS, EXCLUDING THIS PAGE AND APPENDIX.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Questionl

In Cartesian coordinates, vector A is directed from origin to point P1 (3, 2, 4) and vector B is

directed from P1 to point P2 (-1, 3, 2). Determine:

(a) Vector A (2 marks)
(b) Vector B (2 marks)
(c)A-B (3 marks)
(d) AxB. (3 marks)
Question 2

Given point P1 (2, /4, 2) and vector A= Fcos®— Dsin®+ %cos@sin® defined in
Cylindrical coordinates. Express P1 and vector A in Spherical coordinates and evaluate A
at P1 (20 marks)

Question 3

A section of a sphere is described by 0 = R = 3, 0° =8 <90° and 60° =@ <90°%
Find the:

(a) Surface area of the spherical section (5 marks)
(b) Enclosed volume (5 marks)
Question 4

For the scalar function ¥V = xy — z*, determine its directional derivative along the direction
of vector A = ¥ — ¥z and then evaluateitatP (3, - 1, 2). (10 marks)
SECTION B (Total: 60 marks)



JANUARY 2014 CONFIDENTIAL

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

Question 5

(@) Givenvectors A= —¥5— ¥2+73, B=%¥2—-%+%4 and C= ¥3+ ¥+ Z2. Find:
(i) The magnitude, A and unit vector @ (4 marks)

(i) The angle between vector A and B, &, (4 marks)

(i) A vector D whose magnitude is 9 and whose direction is perpendicular

to both B and C (6 marks)
(b) Determine the divergence of E = ¥3x?+ ¥2z + Zx%z at (2, -2, 0). (6 marks)
Question 6

(a) A square plate in the x-y plane is situated in the space defined by 0 < x <2 m and
0 <y <3 m. Calculate the total charge on the plate if the surface charge density is

given by ps = 4xy? uC/m? (5 marks)

(b) A square with sides 2 m each has a charge of Q1 = Q2 = Q3 = Q4 = 20 uC at each of its
four corners as shown in Figure 1 below. Determine the electric field, E at a point P, 5 m

above the center of the square. (15 marks)
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Figure 1
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Question 7

(a) A proton with charge q = 1.6 x 10™° C moving with a speed of 2.5 x 10° m/s through a
magnetic field with magnetic flux density of 2.5 T experiences a magnetic force of

magnitude 3 x 10 N. Calculate the angle between the magnetic field and the proton’s

velocity. (5 marks)

(b) A6 cm x 12 cm rectangular loop of wire is situated in the x-y plane with the center of the
loop at the origin and its long sides parallel to the x-axis. The loop has a current of 20 A
flowing anti-clockwise direction when viewed from above. Determine the magnetic

field, H and magnetic flux density, B at the center of the loop. Take po = 41 x 10”7
(15 marks)
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Figure 2

Question 8

(a) Determine voltages V1 and V2 across the 2 Q and 4 Q resistors shown in Figure 3

below. The loop is located in the x-y plane, and its area is 4m?. The magnetic flux

density is B = —7Z0.3¢t (T) and the internal resistance of the wire may be ignored.
(10 marks)
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Figure 3 3
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(b) The wire shown in Figure 4 below carries a current | = 10 A. A 30 cm long metal rod

moves with a constant velocity u = 25 m/s. Find V.
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:

(10 marks)

Metal rod

1/

®B
=10 Af

pr——- ]

B
Wire 1®
®B
T

Figure 4
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END OF QUESTION PAPER
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APPENDIX
Table 1: Summary of vector relations
Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, v, Z rog, 7z RO, ¢

Vector representation A =

RAy +3A, + 24, FA, +0Ay + A,

RAR +045 + 04,

Magnitude of A |A| =

JAR+ A3+ AZ YAZ + AL + A

AR + AF + A

Position vector Oi_':‘l =

vy + ¥y + 22,
for P = (x1,y1.21)

RR;,
for P = (Ry.01.¢1)

Base vectors properties X X=¥y-Vy=2-2=1 f‘-f‘=6-$=i'i=l R ﬁ=éé=$ $=]
$-§=§-2=2-%=0 | #-¢=6¢-2=3-F=0 R06=6-¢=6¢-R=0
IxV=1 Pxd=12 Rx0=¢9
i"xi:i $Xi=f' éx&:ﬁ
ixk=7% ixi=6¢ dxR=0
Dot product A -B = AxBi +AyBy+A,B, | A/B,+AgBy+A,B, | ArBr+ AoBs + A By
X vz Poé i R 6 ¢
Cross product Ax B = Ax Ay Ay Ar Ay Ay AR Ay Ay
By By B; Br By B: Br By By

Differential length dl =

Xdx+¥ydy+idz fdr+&rdg+idz

RdR +ORdO +GRsind dp

Differential surface areas

dsy =Xdydz dsy =tr de dz

dsp = RR?sin6 do dg

dsy = § dx dz dsg =4 drdz dsy =@Rsin6 dR d¢
ds; =7 dx dy ds; =7r dr d¢ dsy =R dR do
Differential volume dV = dx dy dz rdrdpdz R%sin® dR db dg

Table 2: Coordinate transformation relations

Transformation

Coordinate Variables

Unit Vectors

Vector Components

spherical

0 =tan~'[ /32 +y2/z] | @ =%coshcosg

+ ¥sinfsing + Zcosd

+ VcosOsing — zsind

Cartesian to r= a2 4+y? F==Xcos¢+ Vsing Ap = Aycosg+ Aysing
cylindrical ¢ = tan—!(y/x) $ = —Xsing + ycos¢ Ap = —Ayxsing + Aycos¢
=17 i=1 Ay = Ay
Cylindrical to X=rcos¢ X=Tcosg —$sin¢ Ax = Arcosg — Agsing
Cartesian y=rsing y="rsing + ¢pcos¢ Ay = Apsing + Ag cosd
L =7 i = 2 Az = Az
Cartesian to R=x2+y2+272 R = &sinfcos ¢ AR = Aysindcos ¢

+ Aysinfsing + Az cosd
Ay = Ay cosfcosg
+ AycosOsing — Agsind

I
cylindrical ¢ =4 $ = @
z = Rcos# Z=RcosO —Bsing

¢ = tan~!(y/x) 6= —Xsing + ycosg Ag = —Aysing + Aycos¢
Spherical to x = Rsinflcosg X= ﬁsin@cosqb Ay = Apsinficos ¢
Cartesian .+ 6cosd cos ¢ — $sin ¢ + Agcostcosgp — Ay sing
v = Rsinfsing v = Rsin#sing Ay = Apsin@sing
A+écosefin¢+$cos¢ + Agcosfsing + Ag cos¢
7z = Rcos# Z=Rcosf —0sind Ay = Apcosf — Ag sinf
Cylindrical to R=Vri+22 R = fsinf + Zcos6 AR = Aysinf + A, cosé
spherical 6 =tan"(r/2) 0 =fcosh —Zsinf Ag = A,y cosf — A, sind
$=4¢ =6 Ap = Ay
Spherical to r= Rsin# = Rsiné + écos 2] Ay = Apsint + Agcosd

Ap = Ap
Az = Apcosf — Agsind




JANUARY 2014

FORMULA

Vector analysis

CONFIDENTIAL

Gradient of a scalar T:

.ar . ar _aT
VI =gradT =X—4+y—+72—
- dx T dy dz

Directional derivative of T along ai:

dT
¢ _vT-a.
dl -

Divergence of a vector E:
H,EI + E]1E}. 4 EB‘IEK
dx dy 0z

V-E=divE =

Laplacian of a scalar V:

5 2V 3%V 9
V2V =V-(VV) =

ax= ay- dz=

")+ 7+ 2 "

Electrostatics

Charge distributions:

Q= fﬁ; cl

Q= J‘ﬂj. ds
g

0= /p‘.. dy (O)
V

Electric field due to multiple charges:

| Y iR —R))
T 4me & R-RP

(V/m).

g0 = 8.85 x 107'% ~ (1/367) x 1077

(F/m)
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Magnetic force:
Fn=quxB (N)

Fm=quB sin 6

Electromagnetic (Lorentz) force:

F=F.+F,=gE+qgquxB=¢g(E+uxB).

Magnetic flux density:
~ Iﬁ!nfjf

B = I”[J'“ :¢ —_—
2mrv/4r? + 14

For an infinitely long wire with [ = r,
pol
ar

B=$2—

(infinitely long wire).

(T).

Maxwell’s equation for time-varying field

Magnetic flux:

CD=fB'dS {(Wh)
S

Transformer emf:

L dd
Veme =—N — V)

Motional emf:

Vo= é(u x B)-dl (v
C




