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PART A

Q2

DSF 1993

(i) Name two experimental evidences to indicate waves that can

exhibit particle-like characteristics.
(iD State the Einstein's theory regarding quantization of energy in

electromagnetic waves radiation. 
(7 marks)

A microwave oven uses electromagnetic radiation at2.4 GHz. What is the

energy of each microwave photon.
(4 marks)

The work function for barium is 2.48 eV. What is the maximum kinetic
energy of electrons ejected from barium when it is being illuminated by light
with wavelength 400 nm?

(9 marks)

State Faraday's law of electromagnetic induction.
(3 marks)

A copper square coil with dimension 15 cm on each side, slides
horizontally through a region of uniform magnetic field B : 2.0 T, with
constant velocity v : 0.02 *s-t. The direction of the magnetic field is
perpendicularly downward of the page. The coil is moved from position
(P), (Q), (R) and (S) as shown in Figure Q2(b). The region outside the
dotted line has zero magnetic field.

(i) Find the magnitude of the induced emf in the coil at positions (P)
and (R).

(ii) Determine the direction of the induced cunent in the coil for each
position. (either clockwise or anticlockwise)

(iii) Find the induced current in the coil at position (R) if the coil's
resistance is 0.70 ohms.

(17 marks)

Position: (P) (a)

(a)

(b)

(R)

Figure Q2(b)

(s)



PART B

Q3

(b)

Q4

(a)

DSF 1993

Two very small metal spheres are initially neutral and are separated by a
distance of 0.50 m. Suppose that 3.0 x l0'' electrons are removed from
one sphere and are placed on the other sphere.

(i) Determine the net charge on each sphere.
(ii) Determine the electrostatic force that acts on each sphere.
(iii) Is the force attractive or repulsive?

(8 marks)

Two isolated charges Qr 
: 3.5 prC and gz: -21pC are placed on the x-axis

as shown in the Figure Q3(b). Point P is 6.0 cm from the origin O. Find

(i) The net electric field at points O and P.
(ii) The electric potential difference between point O and point P, Vop.

x (cm)

o369
Figure Q3(b)

(12 marks)

A parallel plate capacitor, each has an area of 0.25 m2 and 0.01 m apart. The
capacitor is connected to a power supply and is charged to a potential difference
Vo: 3000 V. It is then disconnected from the power supply. A sheet of dielectric
material is inserted between the plates, completely filling the space between them.
It is found that the potential difference decreases to 1000 V, while the charge on
each capacitor plate remains constant.

(a) Determine
(i) The original capacitance, Cy(without dielectric material)
(ii) The magnitude of the charge on each plate
(iii) The capacitance, C after the dielectric is inserted.
(iv) The dielectric constant, K of the dielectric.

(14 marks)

(b) The capacitor is connected again with a power supply and charged to a
potential difference V = 3000 V. Calculate the percentage difference in
energy stored by comparing to the energy stored by the original capacitor
without dielectric.

(6 marks)



Qs
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The circuit shown in Figure Q5 consists of batteries with emf, er: 16.0 V with
internal resistance rt:1.6 Q and 6::8.0 V with internal resistance 12:1.4 Q,
and two resistors, Rl : 5 O and Rz:9 Q. Find

(i)
(ii)
(iiD
(iv)

(v)

The current in the circuit.
The potential difference Vo, of point a with respect to point c.

The power output of 16.0 V battery.
The total rate at which electrical energy is being dissipated in the 5 C) and
9 C) resistors.
The rate of the electrical energy being converted to other forms in the
8.0 V battery.

(20 marks)

a e1= 16 V. r;1.6 Q

R2: 5 C)

b

Rz:9C)

s2:8V. 12:7.4{l

Figure Q5

Four resistors are connected to form a network as shown in Figure Q6(a).
Calculate

Q6 (a)

(i)
(ii)

The equivalent resistance of the network.
The current in resistor 3C).

t:60 v

Figure Q6(a)

(10 marks)

12rJ3c)
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(b)
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In the circuit shown in Figure Q6(b), find
(D The current in 5 Q resistor.

(iD The unknown emf, 62.
(10 marks)

St:2$ V Rr:5 C)

o Iz:4 A
R2:6 {2

ft:6 A

R3:3 C)

Figure Q6(b)

A particle with a speed of 50 ms-l enters a uniform magnetic field whose
magnitude is 0.20 T. The magnitude of the charge is 1.6 x l0-re C. For
each of the cases X, Y and Z as shown in the Figure Q7(a), find the
magnitude and the direction of the magnetic force on the particle (particle
for case (Z) is negative particle).

(8 marks)

----------------B = 0.207

(Y)

Figure Q7(a)

(b) Two long, straight parallel wires, 10 cm apart carry equal currents
I:204 in the same direction as shown in Figure Q7(b). The direction of
currents,l is perpendicularly out of the page. Determine

O The net magnetic field strength at point P between the wire 6 cm
from one wire and 4 cm from the other.

(iD The net magnetic force per meter (F/l) experienced by the third
wire carries a current 13: 30 A, placed at P and parallel with both
wires.

(12 marks)

XPY
\-----;-------- =- .-------------4cm Ocm

Figure Q7(b)
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Q7 (a)

(z)(x)

B:0.207
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LIST OF CONSTANTS AND FORMULA

Acceleration due to the g^ravity g: 9.8 ms-2

Speed of light c:3 x l0o ms-t
Elementary charge e = 1.6 x 10-le C
Electron mass me :9.1 x 10-31 kg
Permittivity constant e.: 8.85 x l0-12 C2N-lm-2
Coulomb constant k: 9.0 x 10e Nm2C-2
Permeability constant p. : 1.26 x 10-6 NA-2
Planck's constant h:6.63 x l0-34 Js

D _ krflz
r tl - r-

[/- IR

=Rr f Rri..
11

p : qvBsin9
F = ilBsin0

D _ 1t"l/rl,tzt- 
,^

B=F'I
2m

g = p"nl
Q = BAcos9

L6
Lt

e =- Blv

E :hf :h9")"
E:@+K**

hp::;p-"l2mK
A

K^*:eV.

Rrn

n=L ;E=4q" r'
R",, Rr

-o-

+-+..
R2

Ir=IR

=12R

Vot

V =rUur P:VmI

C=9r
Ke.A

L =-
d

K =9=Yr-C"V

Vo6: V6 - Vo

Ir=o

lut =o

I"=In
u:!CV, =lon22-
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BSM 1933

PART A

Ql (a) Obtain the half-range cosine series for

f (x')= x -x, o <x <n'

Expand the first three nonzero terms.
(10 marks)

(b) Using the definition of Fourier transform to find the Fourier tansform of the

following function.
I t. o<r<l

fft\=1J \ ' [0,otherwise.
(5 marks)

(c) By using tinearity and time shift, calculate the Fourier tansform of

f (t) = 5e4' H (t -l) + 7 s-3{'-2' H G - 2) -

[Hint:
Time shift for Fourier tansform:

It tr {f (t)\ = F(aD,then for any constant number a, tr {f (t - o)l = e-'* F(a) '\
(5 marks)

Q2 Given a second order ordinary differential equation

Y'-Y=e2"'

Assume that the solution for the differential equation is y(x) =i"^r^ -

n=0

(a) Find y'(x)and y"(x).
(2 marks)

O) Expand the series up tox3 in each summation, and by comparing coefficients of
x0,xr, 12 and x3, show that the solution is

y(x):,,1r*{*l*...1*",[,.+.+. ].i+*{*$**. l"/ -'l- z +t I 'L 3! s! JL2 3 24 12 I
f"t 

'e" =ig{l
| 7' mt l

(13 marks)

(c) Given the initial conditions for the differential equation are y(0):2 and l'(O)=6.
Find the particular series solution. 

(5 marks)
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PART B

Q3 (a)

Q4

(a)

(b)

(b)

Using the substitutions x = X +3 and y =Y -\ show that the equation

dv 2x-3v-9
*= 3**5ra

can be reduced to a homogeneous equation. Hence, find the solution of the original
equation.

(13 marks)

Given the R-Z circuit with source of emf, E(t) as in Figure e3 (b) below.

Qrro +^ufr
L

Figure Q3 (b)

The circuit has inductance L=5H, resistance R=15C), electromotive force
E(t1= 10 V and i(t) A is the current flowing in the circuit. The initial current is io.

(i) Show that the mathematical model for the R-I circuit is given by

49*i(ty=2.
dt

(iD Find the current, i(r), flowing in the circuit at time r.
(7 marks)

Given aLC-circuitinFigureQ4with L=4 H, C=0.01 F,whichisconnectedto asource
of voltage E(t)-- 400sin5/ V.

BSM 1933

E(t):400 sin (5r) V

C: 0.01 F

Figure Q4

Show that the LC-circuit can be modelled by i'+25 i = 500 cos5r.

Find the general solution to the second-order differential equation in (a).

(3 marks)

(10 marks)

L:4H
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(c) Given when / = 0, the charge, q(0) = -l , show that i'(0) = 25 .

(d) Find the particular solution to the second-order differential equation in
current is zero when / = 0.

(2 marks)

(a) if the

(5 marks)

Qs Given the network circuit in Figure Q5 below.

100 sin(2t) V C:0.25 F

Figure Q5

(a) Show that the network circuit can be modeled by the following system of first-order
differential equation

Ii]=[-: ?)r'').['oo:'Y?)
\tz) 1-2 o)\i,)' [ +osinlzr; J'

(4 marks)

(b) Find the general solution to the above system of first-order differential equation by
using method of undetermined coefficients.

(16 marks)

Q6 (a) Prove

f,-l

(10 marks)

Figure Q6 (b) below shows an RLC circuit withr=3H, R=4c1, and c=lF
which is initially at rest. A power source of 5V is applied to the circuit for the first
10 seconds. After 10 seconds, the power source is removed.

Figure Q6 (b)

4
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E (t)
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(i) Show the RLC circuit can be governed by

z(++i* f^ilrydr =5lr- H(t-ro)1.
dt Jo"

(ii) Using the answer in Q6 (a), find the current t(t) in the circuit at any time /.

(10 marks)
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Formulae

Second-order Differential Equation
The roots of characteristic equation and the general solution for differential equation

ry'+by'*cy=0.
Characteristic equation: am' + bm +c = 0.

Case The roots of characteristic equation General solution

I Real and different roots: m, arrd m, v: Ae^tt + Be^'"

2. Real and equal roots: m = mr = m2 y = (A+ Bx)e*
a
J. Complex roots: ffir = d + B i, mz = a - f i !=e*(Acosfu+BsnBx)

The method of undetermined coeflicients for system of first order linear differential equations

For non-homogeneous for system of fust order linear differential equations Y'(x) : AY(x)+G(x),

the particular solution Y,(t) is given by:

G(x) Yr(x) c(x) Yo(x)

u a ueu zeu
u.r+v ax+b ucosd.r or uslndt asinax+b cosrl,x

Lanlace Transform

f {f (t)\ = li t<,1t-"'dt = F(s)

f,rG) a,

H(t - a)

e-^ F(s)f (t - a)H(t - a)

e-^.f (a)f (t)6(t -a)

r(s).G(s)!,f {Ds{, -u)du

tn , n:1r2r3r...

sI(s) - y(0)F(s - a)

s'f1s;-sl(0)-"y'(0){"f(t), ft=1,2,3,...

6
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X'INAL EXAMINATION
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1.

2.

3.

4.

Electrical X'ormula

Voltage drop across resistor, R (Ohm's Law):

Voltage drop across inductor , L (Fanday's Law):

Voltage drop across capacitor, C (Coulomb's Law):

The relation between currento i artd charge, q:

vn =il
,div,=L-"dt

-. _q
'r-C

_dq
dt

Fourier Series

Fourier series expansion of periodic function
with period 2L / 2n

1 .1.
ao = Z l_, f<*1 a*

1 "r.o,=i,llrf r*>""'ry *
b,=+l!.,r<o'^ff a.

1 g 
"or'^*ir- sin'^f(x)=ioo* ),or--- r Lt-n--- L2 n=l u n=l

Half Range series
) 

"1.oo=ilo f<t>a*
) 

"1.on = lLlj ,r{')"o' ff a.

b,=}ff rr"t'r ff a,

1 3 
"o"n^*ir- "in'^f (x) =;oo * ,1o"" L 7=r 

,. L

Table of Fourier Transform ,F {f (t)l = Il*"t<r> 
e-''' dt

5(t - a4)

e-'o'H(t) for aro > 0

2d(at-a4)

e-"' sin(a4t)H(t)

for a>0
irlS(at+rr)-6(at-a4)

e-"' cos(a4t)H(t)

for a>0 (a+tot)z +asz
(ot+a4)+6(ot-oto)

lild<r* ro)- 6(a - a)f+#*sin(arot)I/(t)

[la<' + a4)+ d(ot - o)l+ d:*
cos(otot)H(t)


