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The load-extension graph of an elastic material is illustrated
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Use the graph to determine the work done in stretching
the material. '

(a) Name two artificial satellites. (b) A geostationary
satellite moves in an orbit of radius 6300km. Calculate
the speed with which it moves in the orbit. [r=2/] .
A projectile is fired at an angle of 30° to the horizontal

with a velocity of 40ms™'. Calculate the velocity attained
after 1s. [g= 10ms™].
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‘State three observable phenomena where a

The circuit diagram below is a si

circuit. Use it to answe mple current rectifier

r the questions that follow, -

D

|

State the function of each of th

€ part
Sketch the output signal producsg. *labeled Aend,
(a) Explain the wave-particle duality of light. (b) A particle
of wavelength 4.2 x 10" in travels with a momentum of

1.6 x 102kg ms". Determine th
constant, . e value of the Planck’s

bahaves like waves. " BECHls
(a) State the‘ scientific principle underlying the operation
of ﬁb_re_optlcs. (b') Explain each of the following terms as
used in fibre optics: (i) core; (ii) cladding.

. PARTI
. 8 (a)(i) State Hooke’s law (ii) A spring has a length 0f 0.20m

9.

. Pto Q. (c)(i) Define coefficient

10,

. of copper are 0.05

when a mass of 0.30kg hangs on it, and a length 0 0.75m
when a mass of 1.95kg hangs on it. Calculate the: (i) force
constant of the spring; (ii) length of the spring when it is
unloaded [g=10m?]

(b)(i) What is diffusion? (ii) State two factors that affect
the rate of diffusion of a substance. (iii) State the exact
relationship between the rate of diffussion of a gas and

its density. (c) A satelite of mass, m orbits the earth of

mass, M with a velocity, vata distance R from the centre
of the earth. Derive the relationship between the period
T, of orbit and R.

(a)(i) Define dew point. (ii) Explain why dew forms thore

quickly on the metals parts than on the rubber parts ofa
bicycle placed in the open overnight. (b)(i) Explain the
statement, the specific heat capacity of copper is 400Jkg-
1k". (ii) Two meals, P and Q are suppli'ed with the same
quantity of heat. If the ratio of the spemﬁc heat caPac1ty
of P to Q is 3:1 and their masses are in the ratio 1:2

respectively, calculate the ratio of the temperature s of
of thermal conductivity

of a material.

0
: o
0 c

fron
The diagram above illustrates 2 comr_)OSit_e. bar og';f?l::g
copper. The bar is insulated along 1ts sides a(rix fvityof
diameter of 10mm. The length and thermal con uc

i K-, respectively and those
o eal 5m§:1 :niloyéngm"K", respectively. If the

free ends of the jron and copPer are O
respectively, calculate the (i) temperaturt; 0at tt;l: Ln;r .
between the bars; (ii%rgte ;_)fi lheat. flow a on;gS bebers -5
a)(i) Define each of the 10 terms 83 L EEA T
(Cf)’fl\)'ergirlng lenses; (1) focal length; (;11) xp:gg; \::erging
(iii)) Draw a ray diagram 10 illustrate c; Lt
lens is used to produce @ virtual 1me§g;t ot »
(b)(i) Name the primary colours of light-

100°C

keptat 100°C and 0°C-

1L

12.
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primary colour to its corresponding complementary
colour. (c) A ray passes symmetrically through a glass
prism of angle 60° and refractive index of 1.5. Calculate
the angle of: (i) incidence; (ii) minimum deviation.
(a)(i) What is meant by the root-mean-square value of an
alternating current? (ii)- Define impedance of an alternating
current circuit. (b) An electrical device rated 120V, 60 W is
“operated on a 240V, 50Hz mains supply. The circuit has a
capacitor connected in series with the electrical device and the
supply. Calculate the capacitance of the capacitor. [t =3. 142]
(cX(i) Define the capacitanse of a capacitor.

(i) . ok

p—

v, V,
c1 _r_] c"
| -
5 mins

2 mins

The circuit diagram above illustrates two capacitors of
capacitances C, and C; connected in series acrossa 2.1V
source. (I) Obtain an expression for the total capacitance
interms of C, (ii) Calculate the potential difference across
each capacitor.

(a)(i) State the principal factor that determines the relative
stability of a radioactive nucleus. (iii) Arrange the
following radionuclides in decreasing order of stability.

Justify you answer ©x, W and Y

(b)(i) Explain the term ionization potential
(@) EnergyleV
0

-0.85

-1.50

N W &0 3

-3.40

. u

1 E,
The diagram above illustrates energy levels in the
hydrogen atom. E is the energy of the ground state.
(I) When an electron makes a transition from level n=3 to
level n = 1, it emits a photo of wavelength 1.02 x 10'm.
Calculate E,. (IT) Calculate the ionization potential of the
hydrogen atom. (c)(i) Explain the statement, the work
function of sodium is 2.0eV. (ii) Light of wavelength 160nm
is shone on the surface of a sodium metal of work function -
2.0eV. Determine whether photoelectrons will be emitted.
[h=6.6x10Js,(=3.0x 10° ms™, 1eV=1.6x 10" J]
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0 0.5 1.0
Base of AOAB =1.0cm
=0.0lm
Hence, work done in sretching the material
= area of shaded AOAB

=$x0.01x4=0.02]
2. (a)Artificial satellites
(I) Spunik - 1
(II) ResourceSat - 1
(b) FromV=wr

g 2nr
V=2nfr= T

Since the earth makes 1 complete revolution in 24 hours,
period, T = 24 hours for a geo-stationary satellite.

Hehce, speed of the éatellite = 2’(—22"22%—63@
_44x9 _ .
54 16.5kmh
3; =
y
1 U=40ms™
30° S
0 » x

“Vertical component of velocity after 1s is
\A =40sin30°-10x 1

=40x05-10

=20-10=10ms?!
Horizontal component of velocity after 1s is
V_=40co0s30° (since it is independent of g)
V, =40x0.866=34.64ms"
Hence, resultant velocity after 1 second is

V=4V +V} =\336F+10°=1299.93

~ 36.05ms™

" 4.(a) Function of the part labelled A: It produces the alternating
current. ' '

Function of the part labelled B: It smoothens the rectified
current. '

(b) Output signal

HA

tis

(5)(a) Wave-pérticle duality of light is a term w}'xich isused ‘o
explain the fact that light exhibits both particle and wave

nature/properties.

(b) By Heisenberg’s uncertainty
h~42x10"x1.6x 102
=6.72x10*]Js ) _

6. Observable phenomena where a particle 'behz?ves like
waves: Difraction, reflection, polarisation and
interference. _ :

7. (a) The scientific principle underlying the operation of
fibre optics is fotal internal reflection. .

(b) Core is the central or inner part of the optical fibre,
that acts as the light carrying portion of the fibre. y
Cladding is the outer layer that surrounds the core with
lower refractive index. ) :

8. (a)(i) Hooke’s law states that the extension of an elastic
material is proportional to the load applied, provided the
elastic limit is not exceeded.

(i) F,=0.3x10=3N
F,=1.95x10=19.5N
ByHooke’s law, Fae

=>F=Ke,wheree=1/,-/

WhenF=3N,e=0.2-/;
so 3=K(0.2-1)

= 3=0.2k-/k..(1)
WhenF=19.5N,e=0.75-1;
so 19.5=k(0.75-1)

= 19.5=0.75-1k...(2)

Subtract (1) from (2):

16.5=0.55k
16.5

k=522 =30Nm" _

Using (1):3=0.2x30-/,x30

= 3=6-30/,

= 30/ =6-3=3

principle, Ax.Ap=>h

== =0.Im
Hence: :
(D) the force constant of the spring, k = 30Nm'
(IT) the natural length of the spring, 1,=0.1m

(b)(i) Diffusion is the process by which different forms of
matter mix intimately due to random motion of their
particles/molecules.

(i) Factors that affect the rate of diffusion of a substance are:
(I) Temperature of the environment
(IT) Density of the substance
(II1) Medium of diffusion

‘- N K
(iii) Rate of diffusion= Jdensity ofgas (Graham's law),
where k is a constant of proportionality.
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i For the iron bar: H=

’ For the cooper bar: H=
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Using centripetal force
Mv’ _ GMm

B e = Rz

ButV=WR=2nﬂ{=23-1§B

Continuing,

e

| 9.(2‘;%‘3)2%\1

RZ

_ 4R _GM
=> T;z R
= 4R*xR=GMT?
M: 2
GM g
= TR

(9XaXi) Dew point is defined as the temprature at whiéh
water vapour moisture present in the atmospheric air is
just sufficient to saturate it,

(i) Explanation of why dew forms more quickly on metal
parts than rubber parts: Metal is a better conductor of
heat than rubber. At night, metal loses heat faster than
rubber and becomes colder. Warm air gains latent heat of
vaporisation from metal faster than rubber. Dew are then
formed on the metal parts. | ,

(b)(i) ‘The specific heat capacity of copper is 400Jkg k™"

The statement means that 400J of heat energy is required

to change the temperature of 1kg of copper by 1 kelvin.

Using Heat=mcA0, where:

m = mass of substance

¢ = specific heat capacity

A0 = change in temperature

CpCo=3:1,M;: M,=1:2 (given)

Since the metals P and Q are supplied with the same

quantity of heat,

Mpan,xAOFFMQxCQxABQ

'@

ie 1x3xA9P=2x1xAGQ
. A8, 2
= 8, "3

Hence, A, : A0, =2:3 T
oi) The coefficient of thermal conductivity of a material is
defined as the time rate of flow of heat per unit cross-
* sectional area per unit temperature gradie'nt.
Using the equation for thermal conductivity,

KA (6, - 6,)
e

H = heat flowing in the bar

t = time taken for the heat to reach the interface
~ k= coefficient of thermal conductivity of the matena].

A = area through which heat is flowing

6, - 6, =temperature change.

(i

_T_ = , where:

KAt(0,-90)
L
40At (100 -0

Thus H= ‘
(1)

360AL (8:0) (2

(i) Using the formula for determinin

At the interface, heat [ost = heat gained: i.e.

40At (100 - 6) _ 360At 59—0!

= 100_0 2360“9!)(015
. 40t x 0.05
= 100-90 = 270
= 100 = 276+0=280
_100
0 =55=357C
From (i), % _40At (100 - 3.57,’
where A .=nx(12—0x 103y
=g7-2-x(5x 107)?
=¥ x25x10°
=178.57 x 10°n?
H  _40x78.57x10°x 9643 _5 025"
t 0.13 o
Hence:

(I) the temeprature at the interface, 6 = 3.57°C;
(IT) the rate of heat flow along the bar = 2.02]s!
10(a)(i)(1) Focal length of a converging lens is the distance
from the optical centre to its principal focus.
(II) Optical centre of a converging lens is the centre of
the lens through which a light ray can pass without being
deviated by the lens. '
(i) Diagram illustrating how a converging lens is used to
produce a virtual image -

OB is the object IB is the virtual image
(b)(i) Primary colours of light are red, green and blue.

(i) Red =——» cyan

Green =——3 Magenta

Blue %Yel]ow
(eXi)

From the diagram, angle of refraction, r= 90°- 600 = 3¢°
By Snell’s law of refraction, n= Sin | '

Sinr (@ll symbols in usual
: _ Sinl '
notations) 1.5 8in 30

=>sini=1.5sin30°=1.5x0.5=0.75
=>j=5in-1(0.75) ~48.6°

Hence, angle of incidence, i = 48,6°

. g the refractive i
a triangular glass prism, oiacive fndex of

203




Sin (Aspn) 1 gin (adspa)
T Sina T =T Sinw
Sin (80 bm’ : ) ;
= LS:W(_SF;J =>1.5sin30°=sin (&d:0m)
=> 1.5x0.5=sin (&20on) =>0.75 = sin(4d:0n )

=> (2&on) =sin (0.75) ~48.6°

= (fZ0n)=486° =>60°+Dm=97.2°

=> Dm=97.2°-60°=37.2° :
Hence, angle of minimum deviation, Dm = 37.2°

11. (a)(i) The root-mean-square value of an A.C is the value
of the direct current that has the same heating effect as

|
the A.C. of peak value I, Thus, Irm.s = \[‘%—

(i) Impedance, Z of an A.C. is the overall opposition to the

flow of an alternating current (A.C.) by both the resistive
reactive components.

(b) 240V, 50Hz .

=

120V, 60W

0

R C

FromP=1V=>1= —\F;-, current in the circuit,

60
I= 120—0.5A

Using V2=V 2+ V2,
voltage across the capacitor is given by
V2I=V2.VR ie.
V2=2407-120=43200 .

=> Vc=423200~207.85V
By Ohm’s law, Vc = IX, ie.

=05x
207.85 =0.5x Tnfe
0.5
= 207.85= 2x3.142x50xC > 207.85x3142xC=05

~ SR
2x3.142x50xC = 656X 10F ~7.66pF

Hence, capacitance of the capacitor is 0.00000766F or
7.66uF

(c)(i) Capacitance of a parallel plates capacitor is defined as
the ratio of charge Q to unit voltage V across the plates

Thus C = %

(i) (1) Let C denote the total capacitance in the circuit.

Tl 1
ThenC_Q"'C,

= c=3%...(1)

-1—-—' —.L-
From Ca = =C= 4

sk e s
>, = 7 =>k=1C,

B e
Cz—g-f>k—5c1
K=k=>2C,=5C,

S oih
=C,=%C,..(2

(ii)

12,
(i)

(bX(i) fonization potential is the minimum e

(i)

Substitute % C, for C, in (i):
fox0 301G S, T-5c
C=:z+ = e 2 G 2
5
.'.C=TC2

=Q 0=
= =>Q=CV

10
.. Total charge, Q =756—Cz x2==C,
From C= %, =V=
Hence:
P.D. across C, is

5 _10 =4 _057v:
V]:%:J%)C2+—2-C2_Vl—7cxscz 7 =

2

T

. Q _10~ 1 _10_
P.D. across C, 1sV_2=6: =702x =7 1.43V

(a)(i) The principal factor that determines the relat'ive
stability of a radioactive nucleus is neutron-prton ration,
Arrangement of radioactive nuclides W, X and Y in

decreasing order of stability:

40 . Neutron _ 40-20_ 1

2¢” ¥ proton 20

QZW; Neutron _ 96 - 36_ 156

36’ ¥ proton ~~ 3B :

43 Neutron _ 95.42 X
Y: = =1.26

42 proton 42

%Y W
20 42 36

\

Most Least

Stable Stable

nergy required to
remove an electron completely from an atom.

: _hc . _ _
(I) Using AE= 516 E-E=-15 -E,=

6.6x 10*x3x 10

1.02 x 107
6.6 x3
'l‘S'Eo— 1‘02 x 10-34+8+7
-15 'Eo=19'41 x1071%)

-1.5-E0= 19.41 x l(l}:
1.6x 10

'1'5'12'13=Eo

E0=-13.63eV

=12.13

(ii) Ionization potential =<E g =0-(-13.63 =
(€)(i) 2,06V is the minimutn s2non i 2:03) =13.63eV

(i)

204

unt of energy required to

34 .
E<pf<hC_ _66x10 x3x 1¢
A 160 x 10°
q6.6x3

= — -34-+8+9_
Teo X10°¢%9=

0.124x 107 =1 24 1015
: : 1.24 x 10™ .

Energy (ineV) = Texio™ =0.775x 109

=7.75x101%9=7 750y

Since the, energy of the incident phofoﬁ (7.75eV} is greater

than the work function of sodium (2.0
will be emitted, | (2.0eV), photoelectrons



