G.C.E. (Advanced Level) Examination - August 2015
PHYSICS -1

Two hours

Instructions:
* Answer all the questions.

* In each of the questions 1 to 50, pick one of the alternatives from (1), (2), (3), (4), (5) which is correct or most

appropriate and mark your response on the answer sheet with a cross (x) in accordance with the instructions given on
the back of the answer shee. '

: Use of calculators in not allowed.

(g=10Nkg")
01. Electron volt (eV) is a unit of .
(1) charge. (2) potential. - (3) capacitance.
. (4) cnergy., (5) clectric ficld intensity.
02. The following measurements A4, B and C have been taken'using correctly selected measuring instruments.
A=3.1cm B=423 cm ‘C=0.354 cm
Instruments used for the measurements 4, B and C are
A > B 'C
(1) | Vernier calliper Vernier calliper Micrometer screw gauge
(2) .| Metre ruler Metre ruler : Vernier calliper
(3) | Metre ruler ! Micrometer screw gauge | Travelling microscope
.(4) | Metre ruler Vernier calliper Micrometer screw gauge
(5) | Vernier calliper . Metre ruler Travelling microscope

03. Radii of capillary tubes of two mcrcilry-in-glass thermometers 4 and B having cqpa'l volumes of mercury

inside their bulbs are r and T" respectively. When the temperatures of the bulbs are increased by 1 °C, the

ratio ; :
Change in length of mercury column in4 ;4 approximately (Neglect the expansion of glass )
Change in length of mercury column in B .

M 3 @ 1 3 1 @ 3 )9

04. By what factor dogs the sound intensity increase if the sound intensity level increases by 1 dB?
i ?)" 10" 3) 10' 4) 10" (5) 10%

05. Consider the following statements made regarding three optical instruments!
(A) Simple microscope has a single convex lens, and when in normal adjustment, the microscope
produces a virtual image at the least distance of distinct vision.
(B) Compound microscope has two convex lenses, and wher in normal adjustment, the microscope
produces a virtual magnified image at infinity.

(C) Astronomical telescope has two convex lenses, and when in normal adjustment, the telescope
produces a real magnified image at infinity.

Of the above statements,
(1) only A is true. (2) only A and B are true.
(3) only A and C arc true. (4) only B and C are true.

(5) all A, B and C are true.




06. A cylindrical glass vesscl with a 7.5 cm thick bottom, is filled with water up to 2
'height of 13.3 cm as shown in the figure. Refractive indices of glass and water arc
1.5 and 1.33 respectively. The apparent depth of a mark logated at point P of the
bottom of the vessel when observed from above the water surface is 133 cm
(1) 5.8cm (2) 109cm (3) 1l.6cm X
4) 11.9cm (5) 15.0cm 15cm

07. A bull fastened to a strong tree with a rope attempting to cat

a.ncarby coconut plant is shown in figure (a). The frec-body
diagram for the bull is correctly represented by

'
‘Figure (a)
M (2 3) '
; @ TT6)

08. The pulley arrangement shown in the figure exerts a force
on a leg of a patient connected to a traction device D. The
pulleys are frictionless and the system'is at cquilibrium. If the
horizontal force acting on the leg by D is 80 N, then the valuc

of the hanging mass m will be Gos30° =‘IT§‘) é
() kg (@) 4kg ‘ “
V3 . :

3) Lk 4) 8k
)Js_g. (4) 8kg

(5) 82 kg

09. Ifa I F air-filled parallel plate capacitor is made by using two metal shects, cach of arca A scparated by
0.9 cm, the arca A would be (Take g5as 9 x 10" F m™)

(1) 1em? (2) 100 cm? (3) 1000m? (4) 100 km? (5) 1000 km?
10. Current (in Amperes) drawn from the battery in the given circuit is R R R B ,','{{",'
_l' B _2' 3 —3- J'%.{..{' ‘v‘vlv{l‘l .l.!lilll |
(l) 3 () i () ® ——M‘_“ ‘llﬁ:V‘l.I ‘l‘l@l‘l
y..:d 5
® ® 3 L L]
9V R
e e




I1. A point charge of +g,, is held at a point . The points A and B are located

at distances 71 and r; from O respectively. The work done in bringing i y &
another point charge of +4, from the point A to point B along a spiral ; %
path of length / as shown in the figurc is ¢

@2 (1
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12. Variation of the displacement (x) with time (1) for a particle exccuting a simple
harmonic mation over a period (T) is shown in figure (a). The variation of the

kinetic energy (K) of the particle with time (1) over the period is best 0 T
represented by $os | A ir /r
g . 4
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13. A ball is dropped from a height of 1.8 m onto a rigid surface. The collision between the ball and the surface is
perfectly clastic! If the ball continues to bounce on the surface, the motion of the ball is
(1) simple harmonic with a period of 1.2's.
(2) not simple harmonic but periodic with a period of 0.6 s.
(3) not simple harmonic but periodic with a period of 1.2 s, ¢
(4) simple harmonic with a period of 0.6 s.
(5) simple harmonic with a period of 2.4 s. i Y

14, A pencil is held vertical on its tip on a frictionless table as shown in the figure, When conie e
it is allowed to fall frecly towards the +x-dircction, the path of the centre of gravity of h gravily
the pencil is best represented by. .

Ly, T T T T

R P
m 2) 3) ' ) )
15. In the circuit shown, each of the rectifier diodes requires a voltage of 1 V h
across it to make it forward biased. In order to make both diodes forward

biased, the voltage of the battery X should be X | [
. () 3V ; I 5V '

m 1v () 2V
@ 4V (5 s5v




=030 pm, Ay =0.28 pm and A= 0,20 pm
2 x 10" Hz are incident on cach of the metals,
10*ms™.)

(3) only from C.

16. A, B and C arc threc meltals with threshold wavelengths M
respectively for photoelectric emission. Photons of frequency -
Photoclectrons are emitted (The specd of light in vacuum is 3 x
(1) only from 4. (2) only from B.

(4) only from A4 and B. (5) fromall 4, Band C.

v

I7. If the velocity (v) of an object varics with time () as shown in figurc (@), ttl;c 0 ',l \ ‘,2 l,;’
corresponding variation of the displacement (x) with time (¢) is best rcprcscntcd y

Figure (a)
x|/\ xh xl x'/——\‘ xl/f‘l
- : =l 1
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. 18. When a small object is placed 30 cm in front of a thin lens L, of focal length 10 cm, af image is for.mcd
behind the lens. When another thin lens L, is placed in contact with Ly, the image is formed at infinity. Ly is a
(1) concave lens of focal length 15 cm.

(2) convex lens of focal length 15 cm.

(3) concave lens of focal length 20 cm. -

(4) concave lens of focal length 10 cm.

(5) convex lens of focal length 20 cm.

19. The voltage of the 2V-accumulator connccted across the two ends of a potentiometer wire is found to be
dropping while it is being used to measure the e.m.f. of a cell (X). In spite of the reduction of the accumulator
voltage, a student has obscrved that he could obtain a fixed balance point in the potentiometer wire. Which of
the following cxplanations given by the student for this obscrvation can be accepted?

(1) Balance length does not depend on the voltage of the accumulator. .

(2) Differences in the crrors associated with the two cnds of the potentiometer wire could be the reason for
achicving a fixed balance point.

(3) Though the voltage of the accumulator was reducing, the cell (X) has maintained a constant potential
gradicnt across the wirc.

(4) The increase of the tempcrature of the wire has nullified the effect of the reduction of the voltage of the
accumulator.

(5) The voltage of the cell (X) too may have been dropping while conducting the experiment.

20. In the given circuit, if the voltmeter ¥ and the ammeter A arc interchanged by
mistake, the respective readings of the ammeter and the voltmeter would be 500
(Assume A and ¥ to be idcal instruments.) ‘ 50Q
(1) 0A,0V (2) 0A,5V (3) 0A,25V
4) 0.1A0V (5) 0.05A,25V _

21. A straight composite rod is made by connecting end-to-cnd an n number of -rods with identical physical
dimensions but having different Young's moduli ¥}, 13, 13, ..., Y.
The cquivalent Young's modulus of the composite.rod is given by

(1) _h+h+h+..+1, . (W+hEhE YN
n '

)] ] ) n (6) (MhYs..Y,)
—+_Y_+—}l7-+ s Yot vty - +-}l,—n




. Due to surface tension (0.07 N m™ ) of water, certain small insccts are able to walk on
water surfaces by pushing down the water surface. The feet of insccts can be considered
to be approximately spherical as shown in the figure. When an inscct is stationary on
*a water surface, the position of a leg is shown in the figure, Radius of the circular
cross-section of the spherical foot at the water level is ». The mass of the insecct
is 5.0 x 10°kg, and r=2.5x 10 m. If the weight of the inscct is supported . by its
6 legs, the value of cos @ (see figure) is approximately (Take x as 3.)

10, 5, (2) 0.2 3) 04 4) 0.6 - (5).0.8

. Paths of three charges moving scparately in three uniform ficlds are shown in figures (A), (B) and (C). Which
of the following responses correctly indicates the static clectric ficld or magnetic ficld necessary to produce
the paths shown? ‘

@ I (B) s OF
(1) | Electric field Elcctric ficld Electric ficld
(2) | Magnetic ficld Magnetic ficld Magnetic ficld
(3) | Electric ficld Electric field Magnetic ficld
(4) | Magnetic ficld Magnetic ficld Electric ficld
(5) | Magnetic field Electric ficld Electric ficld
A B C
. Figures (A), (B) and (C) show three situations where a charge Wl(’ ) . V’( .) o v,(,‘.)w
of +g is surrounded by a spherical Gaussian surface of radius r.
If yn, and yp are the clectric fluxes through the Ieft and right o
hemispherical sections of the Gaussian surface respectively,
which of the following is truc regarding gy, and y,? : . '
(A (B) ' (C)
(1) | V.=V 2%, VL= Y 2. . Vi.=yr=73 £
U =yp=-L < Az .
) | ¥ 26 Ve V.= e 26 v 2%, Ve :
@) | v> L > w=p=—=L | <L <y
€o €o o
[ -
4) | V.= Vr= “L V/l.=V/n=—q- ' V’L='I’R=—(L
. €o &o €o
<L g = yp=—L 5.9 >
6) | ¥.° 2%, Y VL= WYr ok Vi, 2%, Yr

. An air-filled parallel plate capacitor of plate scparation d is fully charged using a battery of voltage V5. Then
the battery is removed and the space between the plates of the capacitor is filled with a material of diclectric
constant k. If the energy stored in the capacitor when it is filled with air is Up, and the electric ficld intensity
across the capacitor, and encrgy stored in the capacitor when it is filled-with the diclectric material are E and
U respectively, then : b

r=0 y= 2) E=0 y=2lh oy F=b U=
() E=-5, U=kUy (@) Emad U (3) E=72,U=Us
=t U= 1=t y=lb
(4) E=2,U=kUy (0): B== U=




26.

27.

28.

29.

30.

31

A fixed mass of an idcal gas undergocs a cyclic process as shown in the 7

P -V diagram. If the temperatures of the points 4, B, C, D and E are apd iReiC b
Ty, Ty, Te, Tp and Ty respectively. then, ‘ 0 "N A
(1) Ty>T>Te>Tp>T; ' 3Py - k : \ 5
(2) T4= TB<TC< T[)= Ty 2Pyt et '. o
Q) Te=Tp>Tp=Ts>T,4 i 0 PR -

@) Ty=Tp>Tc>Tp=Ty '
(5) Tp=Tc>Tp> =T ' '

Vo 2.V03'V04V0

Figure shows a part of an outdoor brick-structure with a cubical-shrinc (X) carved in
as shown. The shrine is lime plastered and the front is scaled with a sheet of glass. It
has been seen very often that water vapour condenses on the inner surface of the glass
sheet, and it is found to happen mostly during the evenings, Which of the following
deductions made by a student about this situation is most unlikely?

(1) Although the shrine is sealed from the front side, water vapour can enter the shrine from the bulk of the
brick structure. ; '

(2) Relative humidity at the vicinity of the inner surface of glass sheet varics during the course of the day.

(3) Atmospheric temperature has no effect on the condensation of water vapour, )

(4) The bricks of the structure may have absorbed water during rainy seasons. .

{5) Condensation of water vapour can be reduced, if the walls of the shrine are water proofed and front
scaled during a dry season. .

A gymnastic player of mass 50 kg lands on the ground vertically with velocity of 6 m s™ and with his body
straight. As his feet touches the ground he berids his knees while keeping rest of the body vertical, and brings
his body to a complete stop in 0.2 s, The average valuc of the force exerted on the player by the ground during
the period of 0.2 s is ! :

(1) 30N . (2) 300N (3) 1500N @) 180N - (5) 3000N

Narrow beams of llighl consisting of a mixture P P P
of three primary colours, blue (B), green and

red (R), np}e incident normally as shfwn in(géures Bﬁ&:k/ G/L:..E B/G/R
(X), (Y) and (Z) on different glass prisms made AN 30
from the same material. The critical angles of the 2 ' 2 : 2
material of the prism for blue, green and red are X) ) @

43°, 44° and 46° respectively. When viewed through the faces PO, only red colour can be seen in

(1) Xonly. (2) Y only. (3) XandY only. (4) - X and Z only. '(5) allX,Y and Z.

A wire of radius 1.0 mm made of a material of Young’s modulus 4 x 10"' N m™ is subjected to a tension of

30 N. The magnitude of the ratio %of the longitudinal wave velocity (v;) to transverse wave velocity (vy)
along the wire is (Take 7 to be 3.) 7

(1) 100 () 150 (3) 200 (@) 250 ' (5) 300

The following table shows the binding energies of some nuclei.

4 20 40 60, .. 238
Nucleus 2He 1oNe | 20Ca | 2Ni 92U

Binding energy (McV) 283 | 160.6 |342.1|526.8 | 1802.0

Which one of the above nugci is the most stable nucleus?

(1) 3He 2) 1Ne (3) 12Ca (4) Ni ) U




32,

33.

4. T

35 A child is standing at x =-R of a horizontal merry-go-round of radius

Seven identical metal spheres cach of radius R and mass m are packed inside a hollow sphcncal container of
mass 20m and radius 3R. When this container is relcased from rest from the water surface of a calm, decp sca,
it moves vertically towards the bottom of the sca. Once the container has reached its terminal velocity v, it is
opened and the metal spheres arc allowed to continuce their motion vertically and independently towards the
bottom of the sca without any influence from the container. The variation of the velocity (v) of a mctal sphere
with time (1) is best represented by ;

v : v
Vo
v 3
0
_9-0 t 0 t
(1) (2)
v v ’
Vo Yo
E
3 B
0 92 '
‘ @ o ®) ot

Figure shows a flow tubc corresponding to a streamline motion of a non-viscous

and incompressible fluid. Which of the following smlcmcnls is not truc with rcgard

to the fluid flow in such a tube?

(1) Al particles entering at point P move along the same palh in the tube.

(2) Flow velocity at a given point in the tube may vary with time.

(3) Particles moving along a given streamline may have different velocities at / ',
different points in the flow tube. g

(4) Tangent drawn at any point of streamline gives the dircction of flow velocity at that point.

(5) Mass of fluid in the flow tube is always constant.

4
The variation of the angular accelcration (a) of a wheel ofa motor vehicle % =0
starting from rest with time (¢) is shown in fi igure (a). Variation of thc angular y
velocity (@) of the wheel with time (I) is best represented by * 0 e !
Figure (a)

\/\/ W s Av, |

(l) @ (€) @ ()

R in a carnival as shown in the fi igure. x-y is a coordinate system fixed
to the merry-go-round with its y-axis nlong the axis of rotation. Using

a driving motor, the merry-go-round is sct in rotational motion with

constant angular velocity o about its axis on a frictionless bearing, and
subscquently allowed to rotate frecly without the driving motor. Now
if the child starts to move in the x-dircction along the diameter of the merry-go-round to the locatlon x=+R,
the variation of the angular velocity (@) of the merry-go-round with position (x) of the child is best
represented by : )

(/)] ' (¢)] Y
(] ' 0 0 0 0
------ (..---- ol o) o X LT 5
X X X X N <

Kapila Sri Rohana m



36. In the circuit shown, the current gain of the transistor is 100, When different /, values are applicd to the base,
which of the following is true regarding the mode of operation of the transistor?

+5V
Ip value applied in yA |, Mode of operation of the transistor d
(¢)) 0 Saturation modc L
(2) 5 Cut off mode
3) 12 Active mode
4 15 Cut off mode
(5) : 20 ) Saturation mode

37. P, Q and R represent the binary input variables applied to the given circuits (A), (B) and (C).

—— ! i
i:D—}F'R . FEDD

) | ®) ©)

When outputs F;, F, and F; of the circuits for given input combinations are considered
(1) only A and B give the same output.

(2) only B and C give the same output.

(3) only A and C give the same output.

(4) all three circuits give the same output.

(5) all three circuits give different outputs.

38. Two stars A and B of masses m, and m, respectively are in circular motions due

to their mutual gravitational attraction, about the point O for which mry = m, ry
so that AOB is always co-linear as shown in the figure. If the speeds of m; and.

m, are v; and v; respectively, the ratio ﬂ'1s

my; my _m
M " @m0 e SR
m; + m,
) m +m ©) my

39. A bar magnet and/or conducting loop/s are arranged scparatcly as shown in figures (A), (B) and (C). As
observed by the observer O, the magnet and the loop/s move with the velocities v as indicated. Loop M.in the
figure (C) carries a current / in the counter-clockwise difection.

f L L M
........... I: A .....E::: s P 31
oq 0‘: Do Oq D—;.Do oq 1
=0 T v=0 .:
(A) ‘®)° @

As observed by the observer O, the induced current in the loop L is
(1) clockwise in A and B, and zero in C.

(2) clockwise in A and C, and zero in B.

(3) ' clockwise in A and C, and counter-clockwise in B.

(4) counter-clockwise in A and B, and zero in C.

(5) counter-clockwise in A and C, and zero in B.




40. Voltage waveform shown in figure (a) is

applicd to the primary of a stcp down v ‘ -
transformer shown in figure (b) and the

output waveform from the secondary is

observed'on an oscilloscope. Which of 0 > Oscilloscope

the following figures shows the waveform A 3
on the oscilloscope? - Figure (a) Figure (b)

V\ VU 8 Vu Vl Vl
0 ¥ 0! =5, 0 | 1o —t 0
0] @) 3 “@ &)

41. Two ideal diatomic gases A and .B of volumes ¥, and ¥y respectively with different densitics at the same

temperature and pressure arc mixed together. The mixture is maintained at the above temperature and it can be

considered as an ideal diatomic gas. If u and uy are speeds of sound in gas A and gas B respectively at the
above temperature and pressure, then the speed of sound in the mixture will be given by %

M . [ YatY @) Vo O Vay + Voui
uAuBVﬁTVAF “Aua V +v VA +VB

" Vad v wt o
) \I-‘%ﬁ:‘vﬂ" S) Jaqug

A sonometer wire having mass per unit length of 1.0 g m™ and tension of 40 N is simultancously sounded
with a tuning fork of frequency 320 Hz while varying its vibration length starting from a small valuc. In this

process, if beats of frequency S s™ can be observed on an oscilloscope, the corresponding vibration lengths
(in m) of the sonometer wire arc

=

42,

2 10 - 4 20 5. .20 10 4
1 By = T Sm— e, S g ey emm
M Ha @ 5 3 (©)) 1353 @) 3’6 &) 13 7s
43. In the given circuit, the reading of the ammeter 4 indicates the same value Siy ‘f%h
when the switches S| and S; are both closed or both open. If 4 is an idcal
ammeter, the valuc of the resistor R is 0 s 3Q
(1 10 ) 20 @) 30 v
4) 4Q (5) 6Q —

2Q
44. A picce of ice of mass 0.1 kg at =50 °C is heated uniformly by providing hcat encrgy at a constant rate of

10 W. If the specific heat capacity of ice is a, in SI units, the valucs of the other relevant quantitics in terms
of a ¢an be given approximately as follows.

Specific heat capacity of water = 2a
Latent heat of fusion of ice = [60a
Latent heat of vaporization of water = | 200a p
Which of the following graphs best represents the variation of the temperature (0) of the system with time (£)?
fc 4 [
100 100 100
50 50 50
0 0
i Ll 1 / L]
. ' 1 - —e
-50 TR T T S0 26 45 Viea S0 2a  4a “tea '
Q) (2) 3)




45.

46.
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A vessel of uniform rectangular cross-section with height /ip and mass M contains a
certain amount of oil having mass m and density Pou as shown in the figure. The vesscl
floats vertically in water of density pe, (>pa1) With height &y under water, A certain
volume of oil is now replaced by an equal volume of water. If the maximum volume
of oil that can be replaced while keeping the vessel floating is ¥ and the initial volume

1(s)

of oil is ¥, then the ratio -%- is given by (Assume that at the end of the process there
°

is a certain amount of oil left in the vesscl.)

) (ho—Iy) (M+ m) pen ¥)) fio (M= m) pois 3) I, pe
hm (pu=pus) him (po=pas) ho P
) (o= hy) (M—m) poa 5) ho (M + m)p.u
hom (pe + pas) M (ho+Iy) (P + poi)

A uniform rectangular wooden strip of length L and mass M is placed on

a table along the x dircction and parallel to one of its cdges so that a part

of the strip is extended out as shown in the figure. Distance from the ...
centre of gravity G of the strip to edge of the table is xo. Now a small *=
block of mass m is placed at the left cdge of the strip, and an initial spced

of v is given to it along the strip in the x dircction. If the cocfficient of
kinctic friction between the strip and the block is y, the minimum speed

that can be given to the block to topple the strip is

- L, Mx Mx,
O fulrt ) el

3) L . mx @) Mbxol, 5) ML
\/”"‘ e jf_) \/ 2 (3411

o i

g

. During a Tsunami warning, a slauonary siren cmits sound waves of frequency |1 600 Hz while a wind is

blowing at a uniform speed of 60 ms™ from the shore towards the land. A person hearing the sound of the
siren is driving his car away from the shore towards the land at 30 m s, If the wind blows in the dircction of
motion of the car and if the speed of sound in still air is 3d0 m s~ the frequency of the sound of the sircn
heard by the driveris . '

(1) 1400 Hz (2) 1480Hz (3) 1600 Hz (4) 17401z (5) 1880Hz

10



48. Watcr flows at a uniform rate through a
tube of length L, which is made of an
insulating material . A large number of
identical, uniform and insulated metal
rods which are equally spaced as shown
in the figure is connccted between the

| Rods

' Insulation

;:"ntcr ST I s ST s s T . Walcr out

L .=x

49.

50.

F Fy F F, F,
ol-Ah olA h oh 0%’: 0
[ I 2/ I+R
(2) 4)

tube and a large heat reservoir maintained L
at 100°C to transfer heat from the
rescrvoir to the water in the tube.

If the inlet temperaturc of water is equal to the room temperature, which of the following graphs best
represénts the variation of the rate of flow of heat (R) through the rods and temperature (0) of water along the
length (x) of the tube at the steady state?

6,R 6,R 6.R 6,R O,R
R -—JR R R
% L x 0 L x .0 L * o T x 0 T x
) @ 3) (4) (5)

A long straight wire carrying a current / is held along the axis passing through the
centre P and perpendicular to the plane of another circular loop carrying a current
I as shown in the figure.

Consider the following statements.

(A) The net force and the net torque on the loop due to the current carrying
straight wire are zcro.

(B) When the current carrying straight wire is moved to point Q parallel to
the axis of the loop, there is a net torque on the loop due to the current
carrying straight wire.

(C) When the current carrying straight wire is moved to point.Q parallel to
the axis of the loop, the net force on the loop due to the current carrying
straight wire is not zcro. '

Of the above statements,
(1) only A is true.

(3) only Cis true.

(5) all A, B and C are true.

(2) only B is truc. )
(4) only A and B are true.

" An object in the shape of a truncated solid sphere of radius R is kept at the
bottom of a tank as shown in the figure. The distance from the centre of
the sphere to the bottom of the tank is /. The tank is now slowly filled with
water. Assume that the truncated sphere is fixed to the bottom of the tank, so
that its bottom surface does not get wet. The variation of the vertical upward
force F, exerted on the object by the water, with the height s of water is best
represented by

AN

h
2l HR

2] R

3)
sk 3k ok ok ok

I 2l HR 2] IR
) ©)
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Important:
* This question paper comprises of two parts, part A and
* Use of calculators is not allowed.

. PART A - Structured Essay :

part B. The time allotted for both parts is three hours.

* Answer all the questions on this paper itse

lj Write your answers in the space provided for eac i
the space provided is suffic 4 el ¢ ispa e

ient for your answers and that extensive answers are not expecled.
PART B - Structured Essay :

* This part contains six questions, of which, Jour are to be answered. Use the papers supplied for this purpose.

. At lhcj end of the time allotted for this paper, tie the two parts together so that part A is on top of part B before
handing them over to the Supervisor. ‘ :

* You are permitted to remove only part B of the question paper from the Examination Hall.

PART A - Structured Essay
Answer all four questions on this paper itself.
(g=10Nkg 3

1. Figure (1) shows the motion of a simple pendulum of length /.

(@)  Write down an expression for the period of oscillation T of the simple pendulum
in terms of € and acceleration duc to gravity, g. ;

----------------------------------- Pesessnrenininie " seeann

(6)  In the laboratory experiment to find the value of g, using the simple pendulum
you are provided with a stop-watch which can mecasurc the time with an
accuracy of 0.5 s. If the estimated value of the period T is 2 s, determine the -
minimum number of oscillations you should take to reduce the percentage crror
of 'down to 1% .

....................................... & priviommmisstssiitreens " Eonre()
(¢) A student has designed an clectrical method to determine the period of oscillation 7" more accurately by
using a 'detector system". !
Source diode Detector diode
............ S ——
IR beam .
To computer
Figure (2)(a)

Figure (2)(b)

- The detector system consists of a source diode and a detector diode. Source diode emits a narrow beam of
Infra-Red (IR) light with a constant intensity of Jo. This light beam is detected by the detector diode, and
it also measures the intensity of the beam [sce figure (2)(a)). Detector system is placed in the path of the
bob of the simple pendulum. While oscillating, the bob also crosses the IR beam [sce figure (2 (5)].
Whenever the bob interfupts the IR beam, the detector diode signal becomes zero, otherwise it produces
a signal of constant intensity o, When the bob is oscillating, the computer monitor displays a graph of
the variation of the detector signal intensity (/) with time (¢).
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, Ilhhhllhllhll!nhhhh |||l|l|l!l|lllllllll|lllllll AN s)
0 1 2 3
Figure (3)
Figure (3) shows such a graph displayed on the computer screen and is taken in a situation where the
force duc to air drag is negligible, Thc time interval corresponding to the zero detector signal is %
(sce fgurc) '
(i) Valuc of #, depends on the speed o with which the bob crosses the IR beam, and the diameter D of
“the bob. What will happcn to the value of to when (1) v is increased (2) D is increascd?
(1) Related o ! .nvnvenidnnnnnnnieenanes RS 5 X R
(2) RelatedtoD :

-------------------------------------------

(ii) Writc down an expression to estimatc v in terms of D and fo.

----------------------------------------------------- pesenen

(iii) What is the valuc of T"according to the graph given in figure (3) above?

-----------------------------

(d) Student placed the detector system at the most appropriate position of the path of the bob to determine the
maximum speed v, of the bob, and obtained a graph similar to the graph shown in figure (3).

(i) With respect to figure (1) above, give the position (4 or B) at which the student should keep the
detector system in order to determine v,,. Give a reason for your choice.

......

(ii) In order to carry out this experiment, the student says that the cylindrical

: bob shown in figure (4)(a) is better than the spherical bob shown in figure
(4)(b). If both bobs have same diameter D, give a rcason to justify his

statement. D
SO O] RN S5 e L S0 0 B IR O 7 ol 1
................................ i Serenenae eenevene I . . pene (4)(a) (4)(b)

(iii) The student decided to calculate v, using the graph mentioned above, and the expression in (c)(ii).
; Can he get the exact value for v, by this method? Explain your answer.

------------------------------

--------

----------------------------------------------------------------------------------------------------

(e) The student observed that in a situation where the force duc to air drag is significant, the maximum speed
vx that he obtained, dccrcascs considerably from oscillation to oscillation and the bob finally comes to
rest.

(i) For such a situation, complete the graph of (/) with (r) that you would expect for the period of time T
on the figure given below.

1

t(s)

13



(ii) If the maximum speeds of the bob at /=0 and t=Tarc 0.44 ms™ and 0.42 m s respectively,
. cstimate the energy loss of the pendulum®duc to air drag during the time 1 = 0 to / = T. Mass of the
bob is 100 g.

z

N

A NNNERIUNRNRNRNNNNRN

unjunjonfunjanju

The experimental setup shown in the above figure is used to verify the pressure law for a gas. ,

(a)

(%)

The pressure law can be applied to a gas only if two variable quantities pertaining to the gas are kept
constant. What are those quantities?

D el _

.......................................................

-------------

------------------------------------------------

...............

Even if the temperature of water is maintained at a certain value jt does not mean that the temperature of
the gas inside the bulb has reached the same valuc. In this experiment, how would you make sure that the
temperature of the gas inside the bulb has reached the temperature of water?

--------------------------

----------

Write down the two main steps used in the experimental procedure to maintain the temperature of water
at a suitable value before measuring that temperature in this experiment.

2
) R o o R R o S S T isessosensonsesssnsens sesbivasesdussiessissigseasISTS YOI EOIRS
.

Write down the main step in the experimental procedure that you would follow before taking the relevant
readings to obtain the pressure of the gas.

P T L TP T PP PP TP R T T T PP TP TP TR T T T I I I I ] eresrsennne Seessisisssinrnane rereteereetenIees Sensanasennanee enane
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(g) If thc atmospheric pressure is I centimetres of
mercury and the height difference of the two mercury
levels of the tubes 4 and B is h centimetres, draw
a rough sketch of the graph that you would plot in
the given diagram in order to verify the pressurc law,
Label the axes correctly.

0 -

()  The graph below shows the variation of pressure £ with volume ¥ for an ideal gas at temperaturc 400 K.
P x 10’ Pa ‘

10

8

6

\
\)
4 ~
2 - .
5 400 K
O a0 g 60" 80" 100
Vx10® m*

(i) Calculate the values Py and P, of pressures corresponding to the volumes 20 x 10~ m?® and
60 x 10”m’ of the gas at temperature 600 K. '

P, : ' P,

------------------------------------------------------------------

.................................

...................................................................

(i) Mark the points corresponding to the values that you have obtained in (/)(i) above, on the
- graph given under (k) above and draw a rough sketch of a curve to show the variation of the
pressure with volume at 600 K of the gas on the same graph.

3. You arc asked to determine the focal length of a convex lens experimentally using the no-parallax method.
" Assume that you are provided with all the items nccessary to carry out this experiment.

(a) Draw a diagram to show how you would sctup all the necessary items on the table to carry out this
cxperiment and label the items. (Stands on which the items are mounted should be clearly drawn.)




()

()

(e)

Before sctting up the items for the experiment, it. is convenient to know a certain data pertaining to a
certain item given. What is this data? Describe a simple method to obtain an approximate value for this
data. '

-----------------------
---------------------------------------------------------

Supposé that when looking at the image aﬂt.:r setting up all the items as indicated in (a), you have
observed that the image and the obscrvation pin are not in the same vertical line. Give two reasons, one

‘related to the pins and the other related to the lens, as to why this has happened.

(i) Pins - Sossbonn seibistaseeesisavivsesirbressssnsidseiniosbupesaanbsstatites ittt i itiib i st B L L
(ii) Lens 2. aihebssbussereisiesseR bR SRS TN irs s eagenanaslabiesasbisianietotenesiuise sgestisisssssniadson :

In this experiment. suppose you have observed that, as the eye is moved sideways across the optical axis,
the image moves opposite to- the direction of the eye movement. In this situation, state whether the
observation pin should be moved towards the eye or away from the eye in order to locate the exact
position of the image. ‘

--------------------------------------- . sesesenne P

If the object distance, image distance and the focal length of the convex lens are u, v and f respectively,
rearrange the lens formula in order to determine the focal length of the lens by plotting a lincar graph.
State the sign convention that you have used for the lens formula.

................................................

Mark the independent variable of the equation obtained i
in (e) above on the horizontal axis and the dependent
variable on the vertical axis of the given diagram.

Draw a rough sketch of the expected graph on the . - 3
same diagram. Use the signs for the object distance '
and image distance according to. the sign convention
uscd in (e). .

An incomplete diagram of a potentiometer circuit that is being used in the laboratory to determine the
internal resistance ro of a standard cell of e.m.f. E, (< E) is shown in figure (1).

&
ll
qeds
1" R 0
T}-K |
I % L
Figure (1)

(i) Complete the section of the circuit between P and Q using standard circuit symbols.

(ii) What is the item used in the laboratory for X to obtain a resistance R?

............................ see . . T T P TP P T T PR Y

16



(iii) If £ is the balance lcngt.h of the potentiometer wire, and k is the potential drop per unit length of the
potentiometer wire, derive an expression for the product k€ in terms of Ej, ro and R.

e
-----------------------------------------------------------------------------------------------------------------------------------

.
-------------------------------------------------------------------------------------------------------------------------------------------------------------

(b) A student decided to modify the above sctup to determine the resistance per unit length (o) of a
nichrome wire by replacing the item X of the circuit with the nichrome wire of length C;.

(i) If the balance length of the potentiometer wire in this case is &, modify the expression that you
have given under (a)(iii), and writc down an expression for product k€, in terms of Eq, mo, £ and ro.

................................................................................................................................................................

(ii) Rearrange the expression that you have givpn under (b)(i) in a suitable manner to plot a graph

1 L - :
between "22—'and o taking ft}l—as the independent variable.

----------------------------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------

" (iii) How would you determine mq using the data obtained from the graph mentioned in (b)(ii) aboye
and the value of r?

----------------------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------

(iv) If the nichrome wire provided to the student has a diameter of 1.6 x 10 m, calculate the length of
the wire necessary to obtain a resistance of 50 Q. Resistivity of nichrome is 10 Q m, (Take 7 as 3)

----------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------

(v) The nichrome wire of resistance 50 Q is fixed onto a metre ruler. You are asked to obtain a set of
measurements from the potentiometer to determine mp using the graph mentioned in (b)(ii) above.
By completing the circuit in figure (2) given below, show as to how you would connect the
nichrome wirc to the potentiometer in order to obtain the relevant measurement for a wire

length approximately corresponding to 25 Q. '
| £
]l
i} P
?

e =]

Nichrome wire’ Matte tuler
Figure (2) .
kekskskek

-

Kapila Sri Rohana m
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PART B - Essay
- Answer four questions only,
@=10Nkg)

5. (a) A vertical flat board of cross-sectional arca A moves in still air at a constant speed vas  _p  Flat board

shown in the figure. Consider the relative motion of the board and the air molecules,
Under this condition, assume that the air molccules collide \vn.lh th.c su.rfacc Pf the bpard
perpendicularly and after colliding, bounce back in the opposite direction with the same

speed v with respect to the board. m

(i) If m is the mass of an air molccule, writc down an expression for the change in
momentum of the molccule. :

*(ii) Considering the number of air molecules colliding with the board per unit time or otherwise, show
* that the magnitude of the force I exerted on the board by the air can be given by F = 24dv?, where d
is the density of air. This force is known as the drag force.

(b) The drag force (fp) on an 9bjcét moving in a fluid depends on the shape of the object. A more accurate
expression for F)) can be given as Fj = KAdv’, where K is a-constant which depends on the shape of the
object. Drag force plays an important role in the design of the external shape of vehicles.

"Consider a motor vehicle moving in still air on a flat road with a constant speed v. Take K= 0.20,
A=2.0 m for the motor vehicle and d= 1.3 kg m™.

(i) Write down an expression for the power (P) needed to overcome the drag force F p.
(ii) Calculate the power P when the motor vehicle is moving with a speed of 90 km h™ (=25 ms™).

(iii) If the power nceded to overcome other external frictional forces acting on the motor vehicle is
constant and is 6 kW, what should be the total power supplied- by the drive wheels of the motor
vehicle in order to maintain a constant speed of 90 km h™'?

(iv) If the speed of the motor vehicle has been increased from 90 km h™ to 126 km h™'(= 35 m s™),
calculate the additional power required to maintain the speed of the motor vehicle at that value.

(v) If the motor vehicle climbs at a constant speed of 90 km h™ on a road of slope of 3°, calculate the

additional power that should be supplied by the.drive wheels. Consider that the mass of the motor -

vehicle is 1 200 kg. (Take sin 3° = 0.05)

(¢) Consider a motor vehicle moving on a flat road as described in (b) (iii) above. Consider that the energy
released by burning one litre of petrol is 4 x 107 J and only 15% of this energy is used to drive the
wheels. Under following conditions, calculate the fuel cfficiency of this motor vehicle in kilometers per
litre. ' -

(i) When it moves in still air. ; ;
(i) When it moves in opposite direction to a wind blowing at constant speed of 36 km h™ (=10ms™).

Tectonic Plates

6. Read the following passage and answer the questions. 7

Lithosphcre

~ Earthquakes are one of the powerful natural phenomena on Earth. The Crust
Asthenosphere

internal structure of the Earth is one of the important parameters needed
to understand the major seismic activitics around the globe. The Earth may
be considered to have three major concentric parts, namely the crust, the
mantle and the core [sce figure (1)]. The lithosphere and asthenosphere are
the two outer layers of the Earth. The lithosphere consists of 10 major rigid
lithospheric plates called tectonic plates which are considered to be floating . - Core
_on the asthenosphere. ' :

Mantle

Figure (1)
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Heat is transferred towards asthenosphere due to the high temperaturc in the core. The convection currents .
thus produced in the asthenosphere cause the movements of tectonic plates. When two tectonic plates move
with respect to cach other, friction sometimes causes two plates to get stuck. When this happens elastic strain

. energy builds up, until eventually the plalcs give way crcaung an cnrthquakc This stored energy is released
creating energetic waves called scismic waves. These scismic waves travel in all directions from the point
where the energy is released, and this point is known as the focus of the earthquake. The corresponding point
on the Earth’s surface, directly above the focus, is called epicentre of the carthquake.

The Earth’s crust supports propagation of travelling waves. The waves which travel through the crust are
called body waves and those travel on the surface are called surface waves. The body waves consist of P
(primary) waves and S (sccondary) waves. P waves arc longlludmal whereas the S waves are transverse. Since
any material, solid or fluid, can be subjected to compression, the P waves can travel through any kind of
material. However, S waves which depend upon shear force, do not exist in a fluid, The absence of S waves at
large distances from an carthquake was the first indication that the Earth has a liquid region also. The P waves
from an carthquake arrive at a given location before the § waves and surface waves.

There is a large number of sclsmlc data recording stations throughout Amplitude (mm) | 550

the world. In order to find the distance @ from such a station to the o2 200

cpicentre, one needs to measure the difference in arrival times Af of Anival thois 150

P and S waves to the station [see figure (2)]. The distance Arrival time of S waves 100

dis givenby g = 2p0s 1A t, where vp and vg are speeds S0
vp — W

of P and § waves respectively. The location of the epicentre can
be found using the d values from at least three recording stations.
By drawing three circles with radii corresponding to_the distances
(d values) measured, and using the:common ‘point of intersection 20 40 60 80 100

of the circles (triangulation), one can find the location of the , Figure (2)
epicentre. : 900

1(s)

Richter scale is the most accepted method used to estimate the

strength of an earthquake. Distance d of the epicentre from the station 800

and the maximum amplitude 4,, of the seismic waves recorded at the

- station ¢an be used to estimate the Richter scale magnitude Mof an 700
carthquake using the nomogram shown in figure (3). The magnitude

M of an earthquake is related to the released energy E (in joules) by 600

the cquation, log;o E=4.4+ 1.5M. © -

(a) What are the three majgr parts of th(.: intcrif)r of the Ea'rlh? dkm) M A, (mm)

(b) Explain, why the tectonic plates are in continuous motion? . ; Figure (3)

(c¢) What is the relationship between focus and epicentre of an earthquake?

(d) Even though P waves can travel through any part of the Earth, § waves can only travel in the solid parts
of the Earth. Explain why?

() - Draw two separate diagrams for the propagation of P and S waves indicating the direction of propagation

* and the direction of vibration of particles in the medium by arrows. Label them clearly.

(/) What was the first experimental observation which indicates the existence of a liquid region in the
internal structure of the Earth?

(g) Using an appropriate diagram, illustrate the triangulation method used in seisniology. Clearly mark the
location of the epicentre as point O and S;, S, and S; as the locations of the corresponding stations in
your diagram.

(h) If the graph in figure (2) is a sclsmogram obtained by a certain station with regard to the recent
carthquake in Nepal, ﬁnd the valuc of A ¢ m seconds, and calculate the value of d in Kilometres for this
station. Take vp=5kms™ andvs=4 kms™

(/) Using the nomogram in figure (3) above, csnmnlc the Richter scale magnitude M of the ecarthquake
mentioned in (4) above,

500

200

100
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Hint: Mark the values of d and 4,, on the correct axes. Draw the line connecting the two points

(d and 4,,) and read the value of the point of intersection of the line with the M axis. You do not
need to copy the nomogram to your answer script.

Calculate the total energy Ey released from the earthquake in Nepal in joules.
If Eg is the total energy rglcascd and M=9.1 for 2004 Sumatra carthquake, calculate the ratio, Es .
Take 10'*=63. ‘ Ey

In the human body, if the length of a bone is larger than its width then it ( F
“)

4110

is classified as a ‘long bone’. The tensile stress (—Aﬁ) — strain (AT‘-) curve
P4

for a certain ‘long bone’ is shown in figure (1). Here, all the symbols have
their usual meaning,. .
(i) Identify the points P and Q marked on the curve shown in figure (1). .(ﬂ.
(ii) Assume that the ‘long bone’ is a uniform rod of arca of cross-scction 0 Figure (1) ¢
3 x 107 m% If a tensile force of magnitude 4.5 x 10° N is applied, calculate the tensile stress on the
bone.
(iii) If the Young’s modulus of the ‘long bone’ is 1.5 x 10'° N m™, calculate the tensile strain of the
bone. .
(iv) Ifthe initial length of the ‘long bone’ is 25 cm, what is the length when the tensile force is applied?

Table given below shows the clastic characteristics of one of the long bones of the human body: the
femur (the long bone in the thigh), obtained under tension and compression.

’,

Elastic characteristics Tensile value Compressive value
Young’s Modulus 1.60 x 10" N.m™ 1.00 x 10" N'-m™
Stress corresponding to the fracture point 1.20 x 10° N m™ 1.65 x 10°N m™
Strain corresponding to the fracture point 1.50 x 10~ 1.75 x 10~

(i) Using the values given in the table above for a femur, show that for the same value of stress, the
compressive strain is 1.6 times the tensile strain. .

(ii) Under which condition (tension or compression) the femur is more susceptible to fracture? Use the
values given in the table above to justify your answer.

When a person stands on a single leg the total weight of the person creates a compressive effect on the
leg. Consider a situation that one of the femurs supports the entire body mass of 75 kg of a person who is
walking. Consider that the femur is a thick-walled cylinder of uniform cross-section with an inner cavity.
Its outer and inner radii are 1.5 cm and 0.5 cm respectively. For the following calculations, use the values
given in the table above. ' :
(i) When the person stands on a single leg, find the compressive stress applied to his femur.
(Take 7 as 3) '
(ii) Find the strain corresponding to the situation in (¢) (i) above.

(iii) For a human to stand on a single leg without fecling uncomfortable under ordinary standing
conditions, the strain on the femur must be less than 1% of the value of the strain indicated in the
table above. Hence show that when the above mentioned person stands on one leg he does not feel
uncomfortable. ; .

(iv) Consider a person having all body dimensions doubled including all bones compared to an ordinary
person. Let the mass of such a person be 600 kg. If the scaled-up person now stands on one leg,
docs he feel uncomfortable? Justify your answer. Assume that the elastic characteristics given in the
table above remain unchanged for the situation.
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8. (a) A long thin conducting straight cylindrical wire A of radius a has a charge per unit length +\. Practically
this can be done by connecting the wire to a positive potential with respect to ground.
(i) Where docs the given charge of the wire physically reside?

(ii) Considering an appropriate Gaussian surface around the wire, show that the magmtude of the
intensity of the clectric field £ at a distance r (> a) from-the axis ofthe wire is given by
E = A, where & is the pcnmmvnly of free space.
T 2megr

(iii) Draw a cross-section of the wire, and draw the cqunpotcntml lines around it.

(iv)Ifa=10 pmand A= 8.1 x 10 C m™, calculate the magnitude of the intensity of the electric field on
the surface of the wire. (Take & to be 9 x 10 Fm™, and m as 3.)

(v) This wire A is now brought close to a region of a uniform
clectric field in which the equipotential surfaces arc planar -02 -04 -06 -08-10 " 1.2kV

and normal to the planc-of the paper. The axis of the wire is ! : E E H :
also normal to the planc of the paper. The'dashed lines ,, : § X ; H
a, b, ¢, d, e and f'shown in figure represent the cross-sections 4 tom : i | !
of the above mentioned equipotential surfaces as seen on the gt ; ‘; 5e f

plane of the paper. These dashed lines represent the
cquipotential lines corresponding to the electric field, and the respective voltagcs (in kV) of these

cquipotential lines™ are also shown in the figure. Distance between any two equipotential lines is
2 mm.

In this arrangement the wire A4 is connected to a positive potential with respect to the ground, and
can be considered as an anode.

(1) Copy the anode and the equipotential lines to the answer script and draw the electric field lines
from the positions marked with dots on the equipotential line e up to the anode wire 4.
(2) Calculate the intensity of the clectric field E, between two equipotential lines.

(b) Part of an arrangement used for the detection of high energy particles and photons is similar to the one
described in part (a)(v) above. Suppose that such an arrangement with an anode 4 having a charge per

unit length +A = 8.1 x 10™® C m™ is housed in a chamber filled with an inert gas (Argon) at atmospheric
pressure. '

Consider a situation in which a photon enters the chamber and collides with an argon atom at X creating
a photoelectron and an argon ion. Such an electron is called a primary electron. The energy needed to
create one such electron-ion pair in argon gas is 30 eV.

(1 eV =1.6 x 10" J, charge of an electron e = 1:6'x 107 C).

(i) Write down an expression for the magnitude of the initial acceleration of the primary photoclectron

due to the electric field mentioned in (a)(v)(1) above in terms of m, e and E,, where m and e are the
mass and charge of an electron rcspccllvely

(ii) Explain, why the clectron moves towards anode A with a drift velocity vy without accelerating
continuously.

(iii) Suppose that the primary electron which started from rest is movmg along the clectric ficld
mentioned in (a)(v)(1) above. If the average distance moved by the pnmnry clectron between two
successive collisions with argon atoms is 0.5 pum, calculate the increase in Kinetic energy of the
primary electron between two collisions in ¢V due to the electric ficld between two collisions, and
show that the primary clectron having this energy is unable to remove another electron upon

colliding with another argon atom. (Consider that the cnergy required for an clectron to remove an
clectron from an argon atom is 30 ¢V.)
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(iv) When this primary electron is close to the anode it experiences a high clectric field given by the
expression stated in (a)(ii) above. Under this condition, the primary electron gains sufficient energy
between collisions to create clectron-ion pairs and the secondary clectrons produced in this
manner in turn create, more electron-ion pairs before getting collected at the anode. Total number of
secondary electrons produced by a single primary clectron in this manner is called the
amplification factor for the gas. Ability to collect charges by the anode wire indicates that it has

the property of capacitance. This capacitance is called the detector capacitance. When the charges
are collected by the anode, a small voltage is gencrated across this capacitor. :

If the detector capacitance is 5 pF and the voltage generated across this capacitor due to secondary
clectrons produced by the primary electron is 0.96 mV find the charge collected by the anode.

(v) Hence find the amplification factor for the gas.

9.  Answer cither part (A) or part (B) only.

(A) (a)

(b)

In the circuit'shown in figure (l); X is an accumulator of e.m.f. £ and internal
resistance r. L is an electric lamp connected across 4B, and the current through

the lamp is 1. . b 13 L
(i) Show that the power P consumed by the clectric lamp can be given as X Er
P=EI-TI?%., ,
(ii) Using the definitions for £ and J, explain why the product E7 is equal to Figure (1)

the power generated by the accumulator, . 4
(iii) Electric lamp in the figure (1) is now replaced by another accumulator

of e.m.f. E, and internal resistance r, as shown in figure (2). E> E and . Ey, ry

the current in the circuit is now ;. X Er

(1) Show that Ef, - I2r=EJ, + I,

(2)- Physically what quantities do the préducts El and E\I, in the
above expression represent? Explain your answer.

: r A
A circuit similar to the one given in figure (2) above can be _ ¢
used to re-charge a run-down rechargeable battery. In this ‘ ¥ L
context X is a source capable of delivering a constant power  y Er Eyr
L
ik i g

output, and is known as the battery charger. ¥ represents the
run-down battery. Consider such a ciréuit shown in figure (3). Figure (3)

Figure (2)

Xis a 12 V battery charger. For the purpose of calculations consider it as a constant power source with
e.m.f. 12 V, and an internal resistance » =2 Q. L is an indicator lamp of resistance r, =2 Q connected
across the battery charger. E; and r; represent the e.m.f. of the battery Y and its internal resistance at a
particular instant in the charging process. If », = 1 Q, and the current through Y is 1 A at that instant,

(i) calculate the e.m.f. E; of the battery Y at that instant. :
- (i) calculate the power generated by the battery charger, and the power dissipated in r; r, and n. at that
instant. ‘ '
(iii) apply the principle of conservation of energy to the charging process at that instant, and explain
what has happened to the excess power generated by the battery charger.

(B) (a) Draw current () - voltage (¥) characteristic for a silicon diode, indicating its forward bias.voltngc of

0.7 V on the voltage axis. :
(b) Instead of the characteristic you have drawn I _ I 1kQ
under (a), hypothetical diode characteristic
given in figure (1) is also used frequently in

the analysis and design of circuits with silicon 5V T

diodes. According to the figure (1), current v "
through the diode is zero until its voltage o . o7v Figure (2)
becomes 0.7 V at which the current increases Figure (1)

sharply parallel to the J-axis.

p—,



Use the I - ¥ characteristic given in figure (1) and calculate the current / in the circuit shown in
figure (2).

Also usc the characteristic given in figure (1) above to answer all the following questions.

(© In the figure (3) shown, Dy and D, are silicon diodes, and the input voltages 4 and B can have either
5VorQV,

(i) Find the voltage (V2) at the output F¥ for various combinations of the input voltages and fill in
the following table (Copy the table onto your answer script for this purpose)

Av) | BV [ W 5V y
v [ N %
| l y
S - A i F g
D, :
0 5 3
5 5 L
Figure (3) ' Figure (4)

(ii) As far as F output is considered; if 0.7 V represents binary 0 and 5 V represents binary 1,
identify the gate corresponding to the circuit given in figure (3) and write down its truth table.

(iii) Calculate a suitable value for Ry which will limit the sum of the currents through both diodes
to 0.5 mA. :

(d) Suppose the terminal X.of the circuit shown in figure (4) is now connected to the output F of the
circuit shown in figure (3). : :

(i) When the inputs 4 and B represent binary 1, what is the base current /z?

(ii) .Show thatthe transistor operates as a closed switch under the input conditions given in (d) (i)
above. Assume that the current gain, £, of the transistor is 50.

(iii) Show that the transfstor, however, does not operate as an open switch when F in figure (3)
represents binary 0.

_(iv) With the aid of a circuit diagram, show how you would convert the composite circuit consisting
of circuits given in figures (3) and (4) to perform as a NAND gate by inserting another silicon
diode at an appropriate place in the circuit given'in figure (4) above.

10. Answer cither part (A) or part (B) only.
(A) (a) A pipe made of copper having a length Lo at room temperature 0, is heated to a temperature 6. Write
down an expression for the increase in length of the pipe. Linear expansivity of copper is a.

When answering the following questions always consider steady conditions.

(b) An insulated straight copper pipe of length Lo and internal area of cross-section 4o at room temperature
6, is laid between two oil tanks separated by a large distance to transport heated oil from one tank to the
other tank.

If the distance between the tanks is kept fixed at Lo, a compressive stress builds-up in the pipe when
heated oil is sent through it. Write down an expression for the maximum temperature 6, of the oil that
can be sent through the pipe without exceeding the compressive elastic limit for copper. Assume that the
compressed length corresponding to the elastic limit of copper is ALg.

(¢) In order to avoid the compression of the pipe as stated in

(b) and usc it to transport oil at a higher temperature 05 |z .
(>0y) it was decided to modffy the pipe by introducing an Lo Pipe e
additional small circular scction made of copper with mean 15455 U LELHY

radius ro at room temperature 6 so that it forms a part of the I Ls !
pipe as shown in the figure.
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(i) Explain how such a modification would avoid the compression of-the tube with temperature as
stated in (b) above. ;

(ii) What is the total length of the pipe at room temperature 0,7
(iii) Derive an expression for the total length (Ly) of the pipe when oil at temperature g, is sent through

it

(iv) Derive an expression for the new mean radius (Ry) of the circular section when oi at temperature Oy

is sent through the pipe. Assume that the shape of the circular section remains as circular,

(v) Derive an expression for the increase in the volume of oil in the pipe at 0 when compared to the

volume at room temperature 6.

(vi) If the variations of the arca of cross-section of the inlet of the pipe and the density of oil with

temperature are negligible, derive an expression for the ratio, FloW speed of oil at Oy ;p the pipe
Flow speed of oil at 6,

when its temperature is increased from room temperature 0y to 0y Assume that the pressure
difference of oil between the inlet and outlet of the pipe is constant.

(vii) Even if the pipe is insulated, suppose there is a small linear drop in temperature 0y across the entire

(B) (a)

®)

AR ()

C)

(e)

'- (Molar mass of C = 12 g mol

length of the pipe. If this drop is A8, derive an expression for the mean radius of the circular section.

Assume that the circular section is located at the middle of the pipe and neglect temperature
variation of that section. . »

Using the Einstein’s mass-energy relation, determine the energy equivalence of the atomic mass unit
(1u)inMeV. (1MeV=1.6 x 1077 J, 1 u=1.66 x 10’ kg, and speed of light =3 x 10 m s™")

235 L v 5. Rt
92U nucleus undergoes fission when a neutron is absorbed. One of the modes of fission is given in the

following reaction. ., ! i ik . s

n+ U —> g:Rb + 5Cs +2n

The masses of 293250 A ;;kb, "53:Cs and a neufron are approximately, 235.0440 u, 95.9343 u,
137.9110 u and 1.0087 u respectively. '

(i) Find the mass loss of the above fission reaction in terms of atomic mass units.
(ii) Hence determine the energy released in the above fission reaction in MeV.

In a large nuclear reactor the thermal pdwcr generated due to the fission of 23U fuel is 3 200 MW. The
corresponding electrical power generated is 1 000 MW. Different modes of fission reactions release

different amounts of energy as heat. In these fission reactions the average heat energy generdted per
fission is 200 MeV. :

(i) Determine the efficiency of the nuclear reactor.
(ii) Determine the number of fissions per second (fission rate) at the steady state of the nuclear reactor.
(iii) Hence find the 2';:U consumption rate in kg per year of the nuclear reactor. (Take Avagadro number

as 6.0 x 10% mol™.)
Natural uranium contains 0.7% of %;U and 99.3% of 23U by weight. Only 23U is required as fuel for
the above nuclear reactor to generate electricily; The above reactor requires uranium fuel of 2% enriched
uranium (uranium fuel consisting of 2% %;U by weight). '
Determine the 2% enriched uranium fuel required to run the 1 000 MW reactor mentioned under (c)
above for one year. :
In coal power plants, burning of carbon produces the heat energy required to produce electricity.

C+0, —> CO,+4¢eV

The efficiency of a coal power plant is mostly the same as the efficiency of a nuclear power plant.
Determine the amount of carbon in kg required to run a 1000 MW coal power plant for one year. Assume
that the efficiency of the coal Powcr plant is same as the efficicncy determined in (¢) (i) above.

)
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Part A - Structured Essay

k@) T, -2 1/_%. (01 mark)

t -
() T = = wheret—total timetaken forn
. oscillations

AT = &. o FA-‘-xIOO=l

n T
0.5
n—xz x100=1
N .= Y (01 mark)

(©) (i) (1) Value of t decreases, when v increases
(2) Valure of t, increases, when D increases

(01 mark)
Wy = — (01 mark)
i) T = 35 (01 mark)

(d i) Answer:A
Reason: Pendulum bob has the
maximum speed / maximum velocity.
(For the answer & reason) (01 mark)

IR beam is not visible, .= it is

difficult to align the beam through

diameter D.

e  [tis easy to align the beam through
the diameter of the cylindrical bob.

e  The diameter (D) of the cylinderical
bob is uniform throughout.

e  The diameter of the spherical bob is

; D only at one location.

(i)

e  Using the cylindrical bob the error of .

V.can be reduced.

e Distance through which the beam is
blocked by the sphere becomes D
only at onc location.

e  Distance through which the beam is
blocked by the cylinder becomes D
throughout. '

(For any correct reason) (01 mark)

(iii) Answer: No.
Reason: v, is an instantancous at the
- lowest point of the path / The calculated
value is an average value / Approximate
value for v,,. (01 mark)

©®)

©

(d)

(9

@)

S
=0 s ts)

(01 mark)
Width of the zero intensity should increase

with time. At least one more zero intensity
region should be clearly drawn.

(ii) Energy loss %(0.1)(0.44‘-0.42’)

= 8.6x10™)
(01 mark)
(Total = 10 marks)
(i) Mass/Number of moles
(i) Volume (For both 01 mark)

e  To minimize / ncglect the amount of gas
outside the bulb.

e To minimize / neglect the amount of the
gas not in the required / measured
temperature. . (01 mark)

e To cnsure that the temperatures of the
gas inside the bulb and the water bath are
cqual.

e To ensurc that the thermometer reading
closcly follows the temperature of the
gas in the bulb. (01 mark)

Ensuring a stcady mercury level in tube 4 / B

(whilc maintaining a constant temperature in

the water bath) ) (01 mark)

(i) Stirring the water in the water bath.

(i) e Moving the bunsen bumner in and out
of the water bath OR
e  Adjusting the flame (high and low)'
(01 mark)
By moving the tube B up or down until the
mercurry level in the tube A touches the tip of
M/ pointer (01 mark)
H+h

sl

0 or T or temperature

(For labeling the axes and drawing a straight line as
shown 01 mark)
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(A) (i) Using the pressure law () R b S b -}- OR
v u
P Pj -y
# % T: (since ¥V, = V3) A _ _1 4 1 Forreal = Positive and
(01 mark) v u S Vertual = Negative
To find P, : 1 fii 21 (01 rnark)
6 x 10’ e
Pjym XL %600
Yy = mx+tc i
= 9x10’Pa 1
d 4 Iy
To find P
oy ’2 2x10° Virtual images
R % Sang; HE0 =,
Real images
= 3x10°Pa (01 mark) ' e ¢
" (i) (For correct labeling of both axes 01 mark)
3
Px10 ll’g it : (g) Graph should be drawn accordingly in the
3 : sit . . correct quadrant, ~ (01 mark),
g + (Total = 10 marks)
6 HHEED : :
4 THE Note:
EEH T R 2 Lens
2 Z3asteliy :

T ases: "tr' -AooK Plane 7. S Tl
630 40 60 80 160 iy Obj
t
. Vx10?m’ Joct pln
(For marklng the two correct values of points ¥

P, and P; on the graph 01 mark)

tal=10 nrks Obscrvalion
(faa ks Lens pin
Screen L -~~~ — | Scrcen
Lems Ochct
lmugc pin/
obscrvation Objcct pin
é B Table above diagrams are accepted as the answer for
art (a
(All the items should be properly plaged 02 marks) part (a)

=
4. (a) , I

(b) Approximate focal length of the Iens.
(01 mark) g i :
. Estimate the focal Icngth by focusing an image Eo To
of a distant object on to a wall (01 mark) 3 ‘—l'——r“—\[p ": | @Q
(¢) (i) Pins: Pins arc not on optical (principal) K
axis (01 mark) A B

(ii) Lens: Lens is tilted (01 mark) ' (0] p_mij—@_Q

(d) Observation pin should be moved towards the

cye ' (01 mark) ; p-D/j—@—Q ’ *

l(AlI three items must be drawn 01 mark)
(if) Resistance Box (01 mark)




(i)  Van = LR

7o+ R (01 mark)
& R
kL = r_foﬁ (01 mark)
L Ep my C,
(b (@) k& FoF o] (01 mark)
T | ro+mg
— 0 (AT
(h) k‘z E, my (,
ESS Y ER Y | al ak
cz Eo My v C[ E,
(001 mark)
Yy = mx+ec
. Integcept
(llll) my = m ro (01 mark)
T = l
>iv) R 5
50 = 1x10%x %
3x(0.8x107%
(01 mark)
¢ = :09m . (01 mark)
(r=314,£=10m)
) . Eo, ro
. F——I—‘P
X
Y
rs L 1

025cmC  75cm

(Points O and C of the nichrome wire
should be connected to points X and Y of
the potentiometer circuit. Mark a point
“approximately within 25 cm and 75 cm
marks of the meter ruler 01 mark)

~ (Total = 10 marks)
Kkckokk

Part B - Essay

(@) (i) Initial momentum of an air molecule
= mo
Final momentum after collision with the
board = -mv :
Change in momentum per molecule
= mo—(—mo)

(01 mark)

(i) Total mass of molecules colliding with the

board per unit time
= Volume of air colliding x density
= Avd (01 mark)
Rate of change of momentum of air mass
‘= 2(Aud)v (01 mark)
(Force = Rate of change of momentum)
v F = 24d0’
(6) (i) Power =  Force x Velocity®
P = Fpv (01 mark) -
(i) P. = KAdv*xv=KAd’
= (02)x(2) % (1.3)x (25)°
(01 mark)
=  8I125 W | (01 mark)
(8120 W—-8125 W)
(iii) Totalpower = 8125 W +6000 W
< = 14125W
(14120 W—=14125W) (01 mark)

(iv) Power required to maintain the speed at
126 kmh™ (35 ms™)
= 02x2x13x35
= 22295W 3
e —
(22290 W -22295 W)

(01 mark)

Additional power required

22295 W-8125W
14170 W (01 mark)
(14165 W- 14175 W)

e Alternative Method 1
Additional power required = (0.2) x 2 x (1.3) [35° - 25°]
: hEwe (01 mark)
= K170 W (01 mark)
[14165 W - 14175 W]

e Alternative Mecthod 11

Power « V° 3
Additional power required = [8 125 (;—g) -8125 ]
)

(01 mark

= - 14170 W
(14165 W - 14175 W)
(01 mark)
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(v) Vechicle has been lifted to a vertical
height h
Then h = vsin3°

Required nddllional power

= mgvsin3°® (01 mark)

= 1200 x 10 x 25 x 0,05

= 15000 W (01 mark)
-

Alternative Method )

Backward force duc to its weight = mg sin 3°
Required additional power mgsin3°xy
(01 mark)

1200 x 10 x 0.05 x 25

15000 W (01 mark)

(¢) Amount of energy used for driving the wheels

by burning 1 liter of petrol
= 7 ls = 6 1
= (4x10) x 55 = 6x10°0 C

- (i) Energy required per second to maintain
‘a speed of 90 kmh™' [From b (m)]

= 14125)s7!
Total time that the vehicle can be drivcén
’ ©_ 6x10
by bumning | C of petrol = 14125
(01 mark)
= 4248sC(’

Distance travelled in 424.8 s
- = 25x 107 x424,8
Fuel efficiency = 10.6km (™' (01 mark)

(ii) Speed of the vehicle with respect to wind
= 90 kmh™ +36 kmh™'

= 126kmh'=" 35ms”
F = KAdv?xVe

Relative velocity
Total power required to maintain a speed
126 kmh™ = 15925+ 6000
= 21925W
(21920 W-21 925 W)
(01 mark)

(01 mark)

crnativ ctho

Total power required to maintain a speed 126 kmh!

= (0.2x2x1.3x35x25)+ 6000

- 21925 W (01 mark)
[21920 W -21925 W]
Fucl efficiency = -zll—g% x 14125
= 68km(" (01 mark)
(Total = 15 marks)
6. (a) The crust, thc mantle and the core,

(01 mark)
(6) Duc to the convection currents within the
asthcnosphere. (01 mark)

(c) The point on the carth's surface, directly above
the focus, is carth quake's cpicenter.
; (01 mark)
(d) P waves are compressional waves which can
travel through any part of the earth (solid or
liquid). However, S waves depends upon shear
force which does not exist in a fluid.
(01 mark)
(&) P-—Waves

—— €—e—> ————> Direction of wave
Vibration of particlesin ~ Propagation
the medium

S - Waves

T

® > Direction of wave
propagation
Vibration of particles in the medium (01 mark)
(Vibrations of particles should be indicated by
two arrows) 4

(01 mark)

(/) The absence of S waves on sclsmogr.\m at large

distances from carthquakes. (0] mark)
T
(s
(02 marks)
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(h)

(0

0}

k)

01 Mark —Three circles with a common point

800

of intersection 4
01 Mark =  Correct point O
At = 40s (01 mark)
d = [Skms'x4kms"| 405
X Skms'— 4kms™
= 800km (01 mark)
M = 19 (01 mark)
9 .
200
dkm) |M  |A, (mm)
Cog E 44+15M
log E. = 44+15x79 - (01 mark)
g E = 1625 = E=10'"%
E = 18x10"J (01 mark)

[1.78 x 10" 1.80 x 10'%]

Cog Es 44+15%x79 —Q@
tog Ey =. 44+15x9.1 —@
@-0 ¥
tog (E—°) =, 1.509.1-7.9) :
o (01 mark)
—‘;-*1 = 10"=63
4 (Total = 15 marks)
(i) P —Proportionality limit (01 mark)

(No marks for propotional point)
QO — Breaking point / Fracture point

(01 mark) -

4.5x10°
3x10™
x 107 Nm™
(01 mark)
b

(iii) Tensile strain 0‘7[) il i

Nm™?

(ii) Tensilestress = F
A
=15

1.5 x 107
1.5x 10°

(01 mark)

e £x 107

e 107
New length ¢'

L

AL =

£+ AL -
£+£x10°
25+25x107
25+0.025cm
25.025 cm

(units must be stated) . (01 mark),

nwwonnn

10 = 0.001

(@)

)Compressivc

)
€ J Tensile

= 1.6x10°
1.0 x 10"

1
« E]
(ii) Answer: Under Tension

Justification :
e Stress corresponding to the fracture point

]
=)

A '
f\lk

(Undcr comprcssion) ( Under tension )
1.65x 10° Nm™ 120 x 10* Nm™

OR
e Strain correspbnding to the fracture point

.(Under compression) % '(Undcr tcnsion)

1.75 x 1072 1.50 x 107
(01 mark)
(i) Compressive stress
: 75 x 10
= T(152-05)x10~  (0Olmark)
= 1.25x 10°Nm™ (01 mark)

(If n = 3.14, the answer is 1.19 x 10° Nm™)

(ii) Compressive strain (%)

Compressive stress
Compressive youngs mod.

1.25 x 10°
1.0 x 10"

1.25 x 107 (01 mark)
(If T = 3.14, the answer is 1.19 x 10™)
(iii) - 1% of the maximum strain

= 1.75x 1072 x0.01

= L75x107* (01 mark)

g) in part (iii) above (125 x 10~)

<.1% of the maximum strain
(1.75x 107

&  He does not feel uncomfortable
(01 mark)
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(iv) Compressive strain on scaled — up person.

i

2x75x 10
n

petd)
(1.51_0.52)x lo" 8 1% IO"’]

= 25x10% (01 mark)
(If == 3.14, the asnwer is 2.38 x 10

600 x 10

4n (1.55-0.5) x 107
1x10

(01 mark)

(,ﬂ) in part (c) (iv) above (2.5 x 10%)> .
€ /0CW 104 of the maximum strain
(1.75x 107

Does feel uncomfortable (01 mark)
(Total = 15 marks)

(i) The given charge stays on the surface of
the wire (01 mark)
(ii) —t

2a Tore
N

8. (a

Cylindrical Gaussian surface of radius r
and length ¢ (or of unit length) drawn
co — axially with the wire. (01 mark)
Ex2wre = % (01 mark)
0

E A
2nEyr

(iii)

wire

Equi potential
lines
(01 mark)

(At least two circles should be drawn.)

: : A
U E = c—
(iv) Using ve=yd
r=a,

8.1-x 107

(ON()) -g.z 04-06 08 -10 -12kv

(4 O ' ‘ |
=33 "
(4 .
. ’ I
/ v
— '

+A

"
T
™
0

i —

chbw e |
Parallel field lies in a—c region

(01 mark)
Lines converging towards wire A

(01 mark)

AV _ 02x10
Ad 2x 107
= 10’ Vm®
(01 mark)

@ E =

T AR

EEo

= (01 mark)

L
(ii) Electron makes collisions with argon

atoms and thereby loses its kinetic energy

' (01 mark)

(iii) Kinetic encrgy gained by the electron
+ between two successive collisions

=  Work done on the clectron by the
electric ficld over a distance s

E:
2x3x(10x10°) x (9 x 107%)

= 15x10° Vm™
(01 mark)

= eE,S _
= (1.6x10")x10°x0.5x10"
(01 mark)
= "gx10]
BENE |3 ralipy
1.6x10" °©
= 0.05eV (01 mark)
0.05eV < 30eV
Alternative Method
= eEps = ex10°x(0.5% 10%)V (01 mark)
= 0.05eV (01 mark)
ivvQ = cCv - (01 mark)
= (5x10"%)x(0.96 x 107)
= 48x10"C (01 mark)
: 4.8x 107"
(v) Amplification factor 1L6x 107
= 3x10'
'=13| mark)
(Total = 15 marks)



9. "
A @- @) Vap = E-=Ir
Power consumed by the lamp (P)

(01 mark)
P " V, AB 1

= (E-Inl
P .. L El-Pr

(ii) E.m. f. is the work done in bringing a unit
positive charge (or onc coulomb of
charge) from the negative clectrode which
is at a lower potential to the positive
clectrode which is at‘a higher potential, It
is stored as energy in the accumulator.

(01 mark)

~'Energy generated per unit time by the

accumulator
. charge
= Ex n = Ex
time - .

2
T

= El

(iii) (1) Method I

XT- E,r -

Applying kirchhoff's Law
E-E = 1,(r+n)
(01 mark)

\'_-.—l
>

Elr n

Multiplying by /,
“EL-E L = I (r+n)
OR
El —I|2I' = Eli+ l|1r|

ethod II
Considering accumulator X

Vi=Vp = Vas = E-Iyr

Considering accumulator with e.m.f E,
Vi-Vy = Vi = E, +Ir
EL-1}r= EL+In.

Method 11

Power supplied by the accumulator X
= EL-L

Power consumed by the accumulator of

c.m.f. E| - E| I|

(01 mark)

Power dissipated by the internal resistance
of the accumulator of e.m.f. E;, = 1%,

Argument using the principle of _
conscrvation of energy (01 mark)

El| —llzl' e E] l| + Igzl’l

El; represents power generated by
the accumulator of e.m.f. E.

@

E, I, represents the rate at which the

work is done by the accumulator X

when sending a current of /; against

the em.f. E; of the second

accumulator.

OR

Rate at which energy is stored in the

= accumulator with e.m.f. E,.

(01 mark)
@0 E-.q G ,
o sfue v IA
X T Er —.1..—51"2 n
D c B

Applying kirchhofT 's equation to the

loop FGCDF
E-E;, = Iy+lxr- (01 mark)
12-E, = 2[+1 (01 mark)

Applying kirchhoff 's equation to the
loop ABCDFGA.

E = Ip+(l-)n (01 mark)
19 .= | R =2 (01 mark)
Using first cqﬁation'
E, = 12-1-2)
= -2x i
cm.f E;ofthebattery ¥ = 4V
d (01 mark)
(i) Power generated by the battery charger
§ le;ﬁ
4

(01 mark)

= Q2w
_—
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]

(>
= 245W
(01 mark)

Power dissipated in r

Power dissipatedin , = IXx1,
-
(01 mark)
Powerdissipatedin r, = (3.5-1)"x2
=  625x%x2
= J25W
(01 mark)

(iii) Total power dissipated by the circuit
clements = 24.5+1+12.5
= 38W

-

Difference between the generated power
and the power dissipated =42 W-38 W

(01 mark)
=4W
This power is being stored in the battery
ofe.m.f. E;
‘ OR
This power is used to do work against the
e.m.fof battery E,. (01 mark)
(Total = 15 marks)
I
(B) (@
v >V
ERET
(01 mark)
ther ible curves

B s = 1007+07
I = 43x10°A

= 43 mA

(01 mark)
(01 mark)

(© @) [ANV) | BNV) | vv)
0 0 0.7
5 0 0.7
0 3. 1707
(i) Itis an AND gate. (01 mark)
Truth Table
A | BASR
0 0 0 (01 mark)
1 0 0.
0 1 ]'0
1 1 1
5-0.7
(iii) R = I5x10° (01 mark)
= 86kQ OR = 86x10°Q
bl ]
(01 mark)

(d (i) When 4 =1 and B = 1, the two diodes

: "do not conduct. However +5V appears
across the series combination of R, and
the base — cmitter junction of the
transistor, the base — emitter junction will
become forward biased.

« the voltage at X will become 0.7 V

(01 mark)
v g 5-07
B TRe R0
0.5x10° 4
0.5 mA (01 mark)
(ii) Whenly = 0.5md
Bl = 50x0.5x107
= 25x10°
25 mA (01 mark)
Maximum value of the collector current
(IC)mn
. . = 5 V
10°Q
= 5x10°A =5mA
(01 mark)
B I > Ic = the transistor is saturated
(01 mark)

(iii) The transistor operates as an open switch,
when F=0and V=0V
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(B) (a) Encrgy cquivalence of lu

® 0

(i)

@ ®

@ii) -

= (1.66 x 107" x (3 x 10")?
1.494 x 107'°) (01 mark)

1.494 x 107"°
1.6x 107"

9337 McV
(933 MeV - 934 MeV)

(01 mark)

Mass before reaction
(1.0087 +235.0440) u
236.0527u

Mass after reaction
= °9509343 +137.9110+2 x 1.0087 u
= 235.8625u

Mass loss
= 236.0527u-235.8625u
(01 mark)
= 0.19u (01 mark)
En;rgy released 0.19 x 934
= 177.5 MceV
(01 mark)
(177.2-171.5)
. ~ 1000
Efficiency 3200 X 100
= 31.25%
(01 mark)
Heat energy produced per second
= 3200 MW
= 3200 10°J
Average heat energy produced per fission
= 200 MeV
= 200x10°(1.6x 10™)
(01 mark)
= 32x10™M"J
Number of fission per second
3200 x 10°
32x 10
= 10 (01 mark)

(iii) Mass of one *U atom

O]

L |
6.0 x 10®
392x 107 g

39.2x 10 kg

(01 mark)

]

o consumption ratc .
= (1x10™)x(39.2x10%)

= 3.92x10%kgs" (01 mark)

o consumption per ycar
= (3.92x 107%) x (3600 x 24 x 365)
= 124x10kgy™". (01 mark)

2% cnriched uranium fuel required

1.24 x.10°
2%

= 62000kg ['. .

(01 mark)

Energy produced by buming one atom of

catbon = 4eV = 4x1.6x107"

= 64x10™")

Carbon consumption rate

3200 x 10°

64107 ()

5.0 x 10* atoms s~

Mass of one carbon atom

12
T Lten)

20x102g
20x 10 kg

]

Carbon consumption per year
= (5.0 x 10%7) x (2.0 x 107) x (3600 x 24 x 365)
=32x10°kgy™ (01 mark)
(Total =15 marks)

ek
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