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The Summary of distribution of marks in each
question Paper

01. PaperI-1x50=50

02.  Paperll

Part A — 20 Marks for each question — 20 x 4 =80

Part B — 30 Marks for each question — 30 x 4 =120

Total Marks for Paper II =200
Final Marks —  Paper ] =50

~ Paperll -2 =5
Final Marks =100
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Common Techniques of Marking Answer Scripts.

It is compulsory to adhere to the following standard method in marking answer scripts
and entering marks into the mark sheets.

Use a red color ball point pen for marking. (Only Chief/Additional Chief Examiner
may use a mauve color pen.)

Note down Examiner's Code Number and initials on the front page of each answer
script.

Write off any numerals written wrong with a clear single line and authenticate the
alterations with Examiner's initials.

Write down marks of each subsection in a A and write the final marks of each
question as a rational number in a with the question number. Use the column
assigned for Examiners to write down marks.

Example: Question No. 03

.
..

. . " - 10
O L o+ @_F )3 = s
5 5

MCQ answer scripts: (Template)

1.

Marking templets for G.C.E.(A/L) and GIT examination will be provided by the
Department of Examinations itself. Marking examiners bear the responsibility of
using correctly prepared and certified templates.

Then, check the answer scripts carefully. If there are more than one or no answers
Marked to a certain question write off the options with a line. Sometimes candidates
may have erased an option marked previously and selected another option. In such
occasions, if the erasure is not clear write off those options too.

Place the template on the answer script correctly. Mark the right answers with a W'
and the wrong answers with a X' against the options column. Write down the number
of correct answers inside the cage given under each column. Then, add those
numbers and write the number of correct answers in the relevant cage.
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Structured essay type and assay type answer scripts:

1. Cross off any pages left blank by candidates. Underline wrong or unsuitable answers.
Show areas where marks can be offered with check marks.

2. Use the right margin of the overlaid paper to write down the marks.

3. Write down the marks given for each question against the question number in the
relevant cage on the front page in two digits. Selection of questions should be in
accordance with the instructions given in the question paper. Mark all answers and
transfer the marks to the front page, and write off answers with lower marks if extra
questions have been answered against instructions.

4. Add the total carefully and write in the relevant cage on the front page. Turn pages of
answer script and add all the marks given for all answers again. Check whether that
total tallies with the total marks written on the front page.

Preparation of Mark Sheets.

Except for the subjects with a single question paper, final marks of two papers will not be
calculated within the evaluation board this time. Therefore, add separate mark sheets for each
of the question paper. Write paper 01 marks in the paper 01 column of the mark sheet and
write them in words too. Write paper II Marks in the paper IT Column and right the relevant
details. For the subject 51 Art, marks for Papers 01, 02 and 03 should be entered numerically
in the mark sheets.

kKR
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Instructions:
% This question paper consists of 50 questions in 11 pages.

% Answer all the questions. :

s Write vour Index Number in the space provided in the answer sheet.

% Read the instructions given on the back of the answer sheer carefully.

% In each of the questions 1 to 50, pick one of the alternatives From (1), (2, 3), 4, &)
which is correct or most appropriate and mark your response on the answer sheet with
« cross (x) in accordance with the instructions given on thie back of the answer sheel.

Use of caleulators is not allowed.
(g=10ms?H

1. Dimenstons of Planck’s constant are,
1y MLT (2) ML 3) MLT? @ MLt (5) ML2T-!

2. Figure (a) shows the scale of a micrometer screw gauge when the spindle and the anvil touch
each other. Figure (b) shows the scale when a metal sphere is properly placed between the spindle
and the anvil. The pitch of the screw is 0-5mm and the circular scale is divided into 50 equal

divisions.

Lt

Figure(b)

What is the correct diameter of the metal sphere? ,
(1) 328 mm 2y 331mm (3) 378 mm (4) 381 mm (5) 3-84mm

3. The threshold of hearing of a normal human ear is 1072 W m~%. This corresponds to a sound
intensity level of

{1y 0dB 2y 1dB (3) 10dB @ 12dB (5) 120dB
4. The figure shows the velocity (v)-time (f) graph for v(m Iy
an object moving along a straight line. What is the )
average velocity of the object from =0 to 1=4s? 30
() 15ms! 2) 20ms™! 204
(3) 25ms! 4 27mst
) 33ms | CoL ot
ol : : : R
0 10 20 30 40 £(s)
(" v
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5. The figure shows a thin uniform rod AB of length e
L and mass M. Moment of inertia of the rod about L T
axis PQ parallel to the rod, situated at a distance y 84
is, —

() My @ M+
() ML @ FME )
(5) zero

6. The quark content of a proton (p) and a neutron (n) are respectively given by, ,
(1) ssd, sdd (2) udd, uus o : (3) ssd, vud
4 uwud, udd s udd; vud '

7. Which of the following statements made regarding seismic waves is incorrect?
(1) All seismic waves arc mechanical waves and require a medinm to propagate.
(2) Primary (P) waves are longitudinal and secondary {8) waves are lransverse.
(3) Speed of 8 -waves is less than that of P-waves.

(4) S-waves can travel through both liquid and solid media.
(5) P-waves can travel through’ both liquid and solid media.

8 A narrow beam of monochromatic light XY falls L s
on a converging lens L as shown in the figure.

Aftter refraction through the lens, the beam hits X Screen
the screen S and makes a light spot. What would 14

be the position of the light spot?

M A @ B . F L/

@) C @ D A . » ,

&y E

tB

D

L et : B

9. Positions .of particles of a transverse wave travelling along
+x direction at a certain instance is shown in the figure.
A pair of particles with same instantaneous velocities is,

1

Displacement

(1) B and F 2) A and D
(3) Band C 4y C and F
3) B and E

for)
Do
bw;
d
ﬁ&
%
Ea

10. A small instrument of mass 1-0kg is placed on a planet. The mass of the planet is three times
and radius is two times that of the earth. What would be the ‘weight of the instrument on the
surface of the planet? Neglect all the other effects except gravitation,

m 2N @ 2N @ 2N 4 10N ) BN

11. Two identical transverse waves of frequency 300 Hz and speed 30m s travelling in opposite
directions along x-axis, superimpose with each other and produce a standing wave. The distance
between a node and its adjacent anti-node is equal to, '

(1) 25cm {2y 50cm 3y 10-0em {4y 15-0cm (5 20:0cm

\. I

7 (PGP S
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13.

14.

16.

17.

4 \
12. Very long eight parallel wires each carries a cwrent of 10A. The
directions of the current in each wire are shown in the figure. The ® ®
magnitude and the direction of the magnetic flux density produced 10 em
at the centre (C) are, ‘
My 7 T e} $ . ® ‘C @
( Tm = 10-7 T m Al ; Neglect the effect of earth’s magnetic field) (0 om

M 20WT) @ 2047t ® ®®

) AR e S
(3) 40 pu1T 4 40 uT | ‘ : 0em  10cm

(5) 40 uT ~

Two adjacent rooms A and B at same temperature, comected by a closed door are initially at
relative humidity (RH) 60% and 90% respectively. The volume of room A is twice that of room B.}
If the door is kept open for a long time at the same temperature, what would be the final relative
humidity of the rooms? .

(1) 65% 2y 0% 3y 75% 4y 80% ) 85%

All batteries shown in the circuit diagram have negligible internal Y

resistances. If the capacitor € is ideal, what is the potential MMW,.W
difference across €7 :

(1) 05V @ 10V | ' ;,3" 3‘3

3 20V 4y 25V

, , » . 6y - 58

(3) 35V A ]

Which of the following statement is ‘incorrect?

(1) The electrical conductivity of an intrinsic semiconductor increases with increasing te:m;)c;rmure.

(2) A full-wave rectifier cannot produce a constant d.c. output voltage for a sinosoidal input.

(3) In a bipolar transistor, the emitter is heavily doped than that of the collector.

(4) Drain current {EI))” of a Junction Field Effect Transistor JFET) is maximum when Gate to
Source voltage is zero (V,o=0). B

(5) When an op-amp is used as a voltage. comparator, closed loop state is used.

A particle of mass m performs a simple harmonic metion. If the maximum velocity and the

maximum acceleration of the particle are V and a respectively, the angular frequency (w ) of the
particle is given by,

n L (@ 2V 3y 2za 4H 4 5 v
(}ma @) = O 5 (}y (}&
The length of the potentiometer wire AB is 600 cm E =0

and its resistance is 10 Q. R is a resistance box. )

When R is set to 70 © the balance length is 280 cm. li

What will be the distance that sliding key J must be
moved from the previous position to' balance again
if Ris changed to 80 Q7

(1) 45cm (2) 40 cm A 4
(3} 35em 4y 3Gcem >
) 25em | F_%g © !

18
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19,

20,

T M

M i D

o

The shape of the correct output (X) is,

I } ] : 1
o 1 L1 L L
» |
@ ] [ ]
o L]

The combined object, illustrated in the figure is formed by joining four metallic rings A, B, €
and D of radii r. 2. 2r and 3r respectively made out of same uniform wire, The distance to the
centre of gravity of the combined object from point X is,

) r @ 2
3y 2r @ %f«
{5) zero

Water and coconut oil are poured into the two limbs of a U-tube as shown in the figure. Assume
that the water - oil interface is at the middle of the tube and it is vertical. (£, =density of water,
Po=density of coconut oil) Consider the following expressions about this situation.

(A) Pressure at point P = Pressure at point
B) hp, = Mo, ’ - ' © Coconut
©) Iypy, = hyp, : . Water ol

Of the above expressions, 3

(1) only (A) is true,

(2) only (B) is true.

{3y only {(A) and (B) are true.
{4y only {B) and (C) are true.
(5) all (A), (B) and (C) are true.

h,
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produced per second? o
(1 4 @ 6 - T® 9

22. Two blocks A and B of mass 05 kg and
I"0kg respectively are connected by a massless
inextensible string which goes over a massless,
smooth pulley as shown in the figure. The

4y 12

21. Two identical opened pipes each of length 50'cm are sounded with their fundamental notes at 13 °C.
The variation of velocity of sound v(ms™!) in air with temperature is given by y=331+0:66, where
@ is in °C. If the temperature of one pipe is raised to 30°C, what would be the number of beats

3y 14

Y

A

coefficient of dynamic friction between all
contact surfaces is (025, What is the force F ps—i

8

(9

a constant speed?

() 250N (2 375 N (3) 500 N

diagrams best represents the path &f the c;th;:r‘;fmgmégt‘?v
projectile if there was no explosion.)

~~~~~~~
.y ny

h 5.

4y 625N

m @

f!f//’/ff//x’/f/}f/f//f” f!f’f////‘////f/f(//}fx’

needed to drag the block B to the left with /////////////////////////

23. A projectile suddenly explodes into two fragments with equal masses
at the highest point () of its trajectory. If one fragment falls vertically
downwards with an initial velocity as shown, which of the following

(Neglect air resistance. The broken line represents the path of the

(5) TSON

e vy

FI7777 77777777777

3y 4

24, Two thermodynamic processes (a—»b-»c and a-»¢) of
a closed system of an ideal gas are shown in the figure.
In the process abe, 6:0kJ heat is absorbed by the system
to go from a to & and 18kJ heat is absorbed from
b to ¢. What is the change in internal energy in the
process ac?

(1) 42k (2) 54k}
(3) 63k @) 67Kk
5y 102kJ

.

TTITTIITIIITIIIIIIIIT FTTIIITITTITITIIIIII  J7TTTTTIIITI 77 7777

P{x10%Pa)

k:
3~

&)

rgge.

V{107 m)
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28,

26.

Three point charges +4g, +3q and —g are placed at vertices of an equilateral triangle of side «
as shown in the figure. The electric potential energy of the system is given by,

+3
54 3¢ e
dreya @ 3 nEya o RO

(1)

7 2 2‘ {? 2 ':' : \\s
@) (4 s 3

o> *
Amsga mEGa 7 X

1942 g =
dnega

(3)

A copper block i izuﬁg @;"m*’ a béaker of water by a spring balance as shown in the figure,
Consider the following positions while the beaker of water is slowly raising upward.

Position 1 . The block is partially submerged.
Position 2 : The block is completely submerged. o
Position 3 : The block is on the bottom surface of the beaker,

The buoyant forces and the readings of the balance
with respect to positions 1, 2 and 3 are given by
B,. By, By and W, W,, W, respectively. Which of
the following is correct?

Buoyant Force Reading of the balance

(1) B, <B,<B, W, > W,> W, Beaker

of water

) B, =B,<B, W, =W, > W,

3 | B=B,<B, | W >W,=W,

(4) B, <B,=B, W,>W, =W,

(5) B,<B,=B, W, > W, > W,

27,

The cross-sectional area of a uniform cylindrical metal
rod is gradually reduced in part BC to form an object
as shown in the figure. The object is perfectly lagged
and the two ends of the object are maintained at
temperature of 100°C and 20°C. At the steady state,
the variation of temperature (8) along the axis () of
the object is best represented by,

209
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28. Three small conducting spheres caﬁying charges +Q, ~@ and +(
are located at the vertices of an equilateral triangle ABC situated
on a frictionless horizontal surface as shown in the figure. Spheres
at B and C are fixed and the sphere.at A is free to move. The
possible path of the sphere at A is best represented by
{1y a 2y b
@3 ¢ (4 d + ‘ﬁ
5) e ¢
29. As shown in the figure a conducting loop is placed perpendicular < ‘w
to a uniformly increasing magnetic field, Which of the following x %
graphs best represents the variation of the magnitude of induced X % x %
emf. (£) in the loop with the rate of change of the magnetic X X X %
flux density (R)? X X X X
X X X X
X X X %
B \ | E A E A E E
g 0 gy O 0 0
0 PR % R % R 3 R % R
(1) (2) 3 “@ (53
36. An object of mass m staﬁonary at time 7=0 is subjected to a force F, directed along a straight
ling, that varies with dime "7 as sh{;wn in the graph. Select the correct statement Trom the
followings.
After the motion has started, the ‘Vf’lﬂ(‘iiy ( I) G‘ﬁ‘
of the obgect becomes zero, N -
(1) at t+=40s only. 6
(2) at t="70s only. 47 x
(3) at 1=40s and 1=100s. f) i
(4) at r=70s and £=120s. ol 204 00 120 1(8)
(5) during the time interval from -47
t=60s to 1=80s. -6
B
-0t
31. Identical small spherical droplets of mercury are charged so that each droplet has the same electric
potential of 0-01 V. If one million (10%) such droplets are combined to form a large spherical drop,
what would be the electric potential of the large drop? '
(1) 601y 2y 1oV o (3) 10V 4y 100V (5) 1000V
\. L
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32. A narrow beam of monochromatic light is passing through a prism placed in air
following statements about the angle of minimum deviation D.
(A) D increases with the increase of refractive index of the material of prism
(B) D first decreases and then iﬁgrééges with gradual increasing of the angle
() D increases with the increase of the angle of prism. ’ ’
Of the above stalements, ,
(1y only (A) is true. (2) only (A) anel (B) are true,
(3) only (A) and (C) are true. (4) only (B) and (C) are true.
(5) all (A), (B) and (C) are true.

N

. Consider the

of incidence.

taken by the object to cool further fiom 44°C to 36°C under same conditions?
(13 10 min (2) 12-5min {3y 15 min (4) 20min 5y 25

35. What is the maximum mass of ice at -5°C that can be completely dissolved in
at 35°C in a container with negligible heat capacity? ’ :

exchange of heat with the surrounding.
(1) 200¢g 2y 240g. 3y 300¢g 4y 360¢g (5) 400 g

the objective lens is 2-5 cm .and the object distance is 2-6 cm. What is. the magni
eyepiece?
1y 4 2y 8 3 10 @y 20 (5) 25

37. A charged particle moving in a circular path of radins r perpendicular
to a uniform magnetic field penetratés through a thin aluminium sheet
as shown in the figure. If half of the initial kinetic energy is tost
due to penetration, what would be the radius of the new path of the

Path
¥

patticle?
L L
m 5 @ 5
3
Gy r @ J2r Aluminium sheet”” x
5 2r |

33. Using a two-way key K, a cell of emf. F and internal resistance r K g2
can be connected in series either with resistor of resistance B or s
p % i ey n % x . 2 %Q,___,,,Wmm
20 as shown in the figure. If power dissipation of each resistor is
Lo o ) 263
the same, what would be the value of the internal: resistance r?
{(hy 2 (2) 49 v {'
3 59 @4 69 U Er
(5) 88

34. A hot object hung in a room at 30°C takes 5 min to cool from 60°C to 50°C. What is the time

min

{ kg of water

Let the specific heat capacities of ice and water be 20x10°J kel oC! and 40 % 10° J kg °C”!
respectively, and the specific latent heat of fusion of ice be 3-4x 10°Jkg!. Assume there is no

36. Magnifying power of a compound microscope in normal adjustment is 100. The focal -length of

fication of the
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38. The electrical circuit shown in the figure has ideal centre-zero voltmeter and ammeter. The 20V
battery has negligible internal resistance. The value of the variable resistor R can be changed from
0 to 100 Q. What are the ammeter and voltmeter @ readings when the sliding key K is at X

and at ¥?
Kisat X  KisatY @

@ ® ® | 400
(1y | _200mA 0 200mA 420V .
@) | 400mA 0 00mA | +20V_| VY
3 [200mA | -12V_| 200mA | = +8V 00
4 | 400mA +12V 400mA | -8V .
5 400mA 12V 400mA - 8V ‘::I:m

39. A metal wire of length 2m and cross-sectional area
5mm? is rigidly clamped at two points A and B which
are 2m apart in the same horizontal plane. Then a block
of mass 24kg is hung from the mid point of the wire
as shown in the figure. The mid point of the wire sags
2:0cm from the initial position and the total extension
of the wire is 0-04 cm, What will be the approximate.
value of Young's modulus of the metal? '
(1) 2x 104 N m (2) 3x 101 Nm? 3) 4x 10" Nm?

@ 6x10"Nm? - ' (5) 12x 101 Nm?

40, An infinitely long thin straight wire which is located on the z-axis has a linear charge density
of —A. A small positive charge +g of mass m is allowed to move in the xy-plane in a circular
path of radius r about the wire. The periodic time of the charge is given by,

1 8;rr3r2n;§ .2 %;szr:smsﬂ. 3 A 4 - A s 8r2md
,(} Y 2 g . =) 8% r2meg ) 4m?rime, G eyq

41. As shown in the figure a horizontal pipe ABC is comnected to a water tank with a large
cross-sectional area. The internal cross-sectional area of the pipe at B.is twice that of at C.
Initially a water tap (F) located at D v closed. Once the tap is opened what would be the
height of water level in the vertical tube Jocated at B? (Assume that the water flow is steady
and streamling; Neglect the viscosity of water.)

¢ K
$ X
X4
[N )
(R

y h @ +h
3 2h @k
©) %h

42. A parachutist bails out from a helicopter at time t=0. After a certain time he opens his parachute
and then reaches the ground. Which of the following graph best represents the variation of the
vertical component of the velocity (v) of the parachutist with time (7

¥

L o @ G )
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44.

46.

Consider the following statements about the

half-life ('FE&) of radioactive atoms in a sarﬁpic‘

(A) Tl/é changes with the number of radioactive atoms present in the sample
B) 7‘% changes with the date gpd;xmrxe of the prepared sample.

(C) Ty, does not change even if the radioactive atoms are ionized.
Of the above statements,
(1) only (A) is true.
3y only (C) is true.
(5) only (B) and (C) are true.

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

An electron moves in the plane of the paper through two regions along the path shown in the
figure by broken line. Uniform Magnetic fields B, and B, exist in regions I and I respectively.
A uniform electric field exists only in region I directed into the plane of the paper as denoted
by crosses (x). Which of the following gives the correct directions of magnetic fields in regions

[ and 117

Region 11
BI BZ
(0 } ® | BN
(2) A ® x‘:;
® ] ® ® ' :
o ® LT
(5) ¥ @ wx'x‘}; ;.’;::« s

Figure shows a capillary tube dipped vertically in a container of water
with a large cross-sectional area: The system is fixed in an elevator at "
rest. The open. end of the capillary is 40 mm above the water level of '
the container and the capillary rise is 8 mm. ' '
If the elevator is,

() moving downwards with an acceleration of Sms?

40 mm

() falling freely o
what would be the respective capillary rise? »
() 4mm, 0 2y 16mm, 0

(3) 4mm, Emm 4 16 mm, 32 mm

(5) 16mm, 40 mm

Two vertical glass tubes (7, and T,) filled with a liquid are connected at their lower ends by
a horizontal capillary tube. One tube (7)) is surrounded by a mixture of ice and water at 0°C,
and the other (7,) by water kept at constant temperature 40 °C. The difference in the heights of
the liquid in the two columns is 1-6cm and the height of the liquid column at 0°C is 80 om as
shown in the figure (drawn not to a scale). The real volume expansivity of the liquid is,

(1) 2:5% 1074°¢! T %
(2) 50x 10-4°C
(3) 60x 1odoC!
@ 10x103°C!
(5) 12x1o3eC
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47. Figure shows an infinite ladder network of 1€ resistors. If the equivalent resistance of this network
between points A and B is R, which of the following is true?

(I R<28 19 19 12 10

@) R= 20 A v,;,',»: - A SR

3) R»3Q {0 > @
4) R=39Q 5 N B

(5) 2Q <R<3 9 0 1Q 19 1Q

48. Three stars cach of mass m are at the vertices of an equilateral triangle of side @ as shown in
the figure. Suppose, these three stars rotate in a circular path about the centroid of the trisngle
while retaining the initial distances among the stars. If only the mutual gravitational forces are
acting among the stars, the periodic time of the system is given by,

j¢21
(1) Zfr»‘/ww“’s ) 2%}%“3“ *”:"‘::?\;‘
20M IGM e ’ l \ \
¢ P \
t at ¥ L] 3
{ «3ma3 2 2W(i3 ! fl : x\ :
& 21{\{(}54 ) \}GM e J ,/"&x \ h
: Lo 1*/"' Sy d
3a’  om X a"TTT B m

5y 2m, e ¢
© 2GM %N 7

49, Block A of mass 2kg and block B of mass 6kg are placed on a frictionless horizontal surface. |
Two identical springs of negligible mass are fixed to the blocks as shown in the figure. Block A
is projected with speed 2m s towards block B which is at rest. What is the maximun energy
that the two springs could attain?

2187
Iy 0 @ 1l

©) 21 @) 3J my=2kg (/] Y my=6kg
() 43 e V/ﬁw‘ Hm//ﬁ

. il

50. Five thin flat metal plates, each of area A are kept parallely in vacuum with an equal gap d.
If plate P is connected to § and plate R is connected to T using conducting wires as shown in
the figure, the equivalent capacitance between terminals X and Y is given by,

X 4

m 2 @ 228 l L
d
Area A e
{:()A
& =7
% # %
p J
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Instructions: ’
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# Answer all the: guestions.
# Write your Index Number in the space prcwzded in. ffz,s angwer. s}we:
# Read ;;‘w instructions gzvex; on the back af tlze answ ke@‘ cewrefully.
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Use of caleulators is not aﬁawed :
(g= I()m % }

6 An electric lamp emits 1070 phomnz; per second of wavelength 620 nm. What is the ;mwer of the famp?

(he = 1240 eY nny; 1 eV = 16 x 1017 0) .
() 100W @2y9w T 3) AW {‘4}; 32W (5) 30W
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PART A — Structured Essay
Answer all four questions on this paper itself.
(g = 10ms™)

1. You are asked to determine fthe spring constant (¥) of a helical spring by plotting a graph
of extension against load. In the experimental setup shown in the figure, one end of the
spring is attached to a scale pan and the other end is firmly connected to a stand. Assume
that the masses of the scale pan and the spring are negligible.

Spring

Pointer

Stand ———
Scale pan

Metre mler

[ 1 { 1

() When a force F is applied to the spring, the length of the spring is increased by an
amount x. Write down an expression for F in terms of k and x.
(02)

& (i) The table below gives the values of mass (M) placed on the pan and the corresponding
readings of the pointer. Complete the extension colummn in the fable.

Mass on the scale | Reading of the pointer | Extension x of the
pa, M (gram) {en) spring {om}

0 10 i

30 20 1.0
10 30 2.0
150 40 2.0
200 32 4.2
250 &0 5.0
300 &8 5.8

Allentries COITECE e 02)

(At least three entries correct 01 mark)
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(iiy Plot a graph of extension x (cm) against mass on the scale pan M (gram) on the
following grid.

A
X {cm)
6.0 -
7 7
/
50 - 7
4.0 ,
F
l'{
30 . ;
7 7
20 vi
3
10 9
50 100 150 200 250 300 \ .
: M (gram)

Selecting the proper scale for M .ot (01)
(No other selections are accepted)
Selecting the proper scale forx .o (01)
(No other selections are accepted)
Marking of at least five points correctly on the grid...................coooi 02)

[Points should be marked by dots (with or without circles) OR crosses]
(At least three points are correctly marked - 01 mark)
For drawing the straight line graph as shown.................cocooi (01)

(No other lines are accepted)
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(iii) Using the graph drawn above determine the value of &k in SI units.

Gradient = 20008 2 e (02)
300-40 260

(Students can select any two points lying on the graph to determine the gradient; disregard
the units of the numerator and the denominator)

= 0,02 cm gram™

cpe . g 1 1
Identifying k = radiont OR — [OR pron dient] ....................... (01)
k=50Nm!(OR50kgs?) e (02)

(For correct value and the correct unit)
[Value correct, unit incorrect — 01 mark]
(¢) Write down two essential experimental steps that you have to follow when taking readings.

(1) Loading of masses must be done gently OR readings should be noted only when the
pointer comes to rest/equilibrium.

(2) The masses should be placed at the center of the pan.

(3) Pointer should not touch the metre ruler OR the pointer should move above/over the
ruler '

OR pointer should not be far away/should be close to the metre ruler.

(4) Record the corresponding readings of the pointer while loading and unloading (and take
their average)

(5) Look straight through the pointer when taking readings OR take readings without
parallax errors.

&
L

(6) The extension of the spring should not exceed the proportional limit.................. 02)
(Any two correct steps)
(Any one correct step — 01 mark)

() To maintain the percentage error of & within 5% what should be the maximum error (Ak)
of the value of £?

Ak _
0 X 100 =5 (01)

(for the correct expression or substitution)
Ak =25 Nm! (01)

[When awarding this mark, disregard the unit]
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(¢) Another spring of negligible mass is connected in series with the above spring and the
experiment is repeated with the same masses. Draw the expected graph in this situation
on the same grid in (b) (i) above, and label it as .

(Extensions will be increased for the same mass. Therefore, the effective spring constant

would be reduced.)

Straight line with a higher gradient/a{bove the line drawn earlier ............ccooeiininninine
(01)
Line with no intercept/going through the origin (OR seem to go through the origin).......
(01)

[Drawing a parallel line to the line drawn earlier — NO marks; Drawing a line below the
line drawn earlier — NO marks]

2. You are asked to determine the atmospheric pressure using a dry air column trapped in
a quill tbe of length L. The figure shown is incomplete and not drawn to scale.

k

e e - i S & P P g pl
P R 7 e o i
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(@) Complete the experimental set up by drawing appropriate items and name them.

Metre ruler (or two rulers) and a (clamp) stand. ... (02)
[Drawing (and naming) the ruler -01 mark; Drawing (and naming) the stand -01 mark]
The ruler (or scale) must be along the quill tube and must touch the tube, (with zero mark
of the ruler at the lower end of the tube).

[Award the mark for the stand even if it holds a vertical ruler, with/without supporting
the tube]

h

Tt it

(b) What are the approximate values of length and internal diameter of the quill tube used in
this experiment?
Length . ..80-100..cm e (01)
. . .. (01
Internal diameter : ..2:=3..... mim 1)

(¢) What should be the approximate length of the mercury column used in this experiment?
Underline the correct answer.
(1) 2 em (2) 10 cm (3) 30 cm e (01)

[Award 01 mark for 30 cm or 10 cm]

() The internal cross-sectional area of the twbe is A and the atmospheric pressure is H (in cm Hg).
Here I, x values are in cm and A is in em?.

(i) Write down an expression for the pressure (in cmHg) of the trapped air column in
terms of H, h, x and L.
h
Pressure = H +XT ...... 01)
[If a student has included pg(dg) term and/or converted parameters into “m” do not award this
mark, but award the rest of marks for appropriately correct expressions written later]
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(ii) Applying the Boyle's law to the trapped air column, write down an expression ln
determine A in terms of h, x, L, [, A and a constant (k).

xh |
(H + T)Al =k 01)

[Award the mark even if wrong expression for pressure in (d)(i) is substituted to the Boyle’s law]

(iii) Rearrange the expression obtained in (d) (ii) above to determine H by plotting a
straight line graph.

lz(ﬂj;ﬁéﬁ (02
1\ ) e

[Award 01 mark for rearrangement of expression in (d) (ii) and 01 for correct expression]

(iv) In the graph mentioned in (&) (iil) above identify the independent and dependent

variables.
Independent variable : ... B, s .. (01)
Dependent variable : ... ll ............................. ... (01)

[No marks for variables of a wrong expression]

(v) Label the axes and draw a rough sketch of the graph expected by you. Label the line
drawn as P.

' 14 P
I
0
©,0) 3
Correct labelling of both axes e 01
Straight line with a positive gradient and a positive intercept e (02)

[01 mark for the positive gradient; 01 mark for the positive intercept]

(vi) Write down an expression for the atmospheric pressure [ using the informations extracted
from the graph and relevant parameters.

Gradient = Ax Intercept= A7
kL k
Atmospheric pressure H = M o 02)
Gradient / L

[Award 01 mark for identifying gradient and intercept]
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(¢) What is the best experimental procedure to vary h values? Underline the correct answer.

(i) From a lower value to a higher value / from a higher value to a lower value. (01)

(ii) Give the reason
To keep the mercury column inside the quill tube for all readings.
OR To avoid the mercury leaving the tube.
OR To change the pressure of air column from lower values to higher values
OR To change the length of air column from higher values to lower values ............. (01)

(P If the air trapped in the tube is not dry and contained saturated water vapour throughout the
experiment, sketch the expected line on the above graph and label it as Q.
Parallel line with lower intercept (02)
[01 mark for the parallel line; 01 mark for the lower intercept]

L7

. In order to determine the speed (v) of transverse waves in a stretched wire using resonance,
you are provided a sonometer setup as shown in figure (1). You are also provided with a set
of tuning forks.

Figure (1)

(@) In this experiment the fundamental mode of resonance of the wire is used. What is the
reason for this?

Amplitude/Energy/Loudness of vibrating wire is maximum (in fundamental resonance) ..... .(02)
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(b) Draw the wave pattern formed between bridges P and Q on the following figure (2)
for fundamental mode of vibration of the wire. Indicate on same diagram by drawing
an arrow, the best position, where the paper rider has to be placed and mark it as X.

(For the shape 01 mark,
marking X - 01 mark)

P Q(movable)

(¢) (i) The distance between the bridges in part (b) above is ! and the frequency of the
tuning fork is f. Write down an expression for the speed (v) of transverse wave in
the sonometer wire in terms of [ and f.

v = f1,
A=2L (01)
v=2fl (01)

(for correct final expression award 02 marks)

(ii) Rearrange the expression in part (¢) (i) above to determine the wave speed v by
drawing a straight line graph using the set of tuning forks with known frequencies,
so that dimension of the gradient to be LT

v 1 .
l= T e (01)
(No marks for other forms)

(iii) State the independent and dependent variables of the graph mentioned in (¢) (ii) above.

Independent .
variable: ;i- . (01)
Dependent variable: e (01)

(iv) Coordinates of two points selected to determine the gradient of the above graph are
(0-002, 22) and (0-004, 42), Here / is measured in cm and f is in Hz. Find the
value of wave speed v in ms™,

Gradien =§ .......... (01)

(for identifying the gradient as -E)
gra dient = (0.42-0.22) m
(0.004—0.002)s

v 0.2

2 = 0.002
v =200ms~t (01)

(disregard the units)
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(d) Considering the length of the prongs of tuning forks, which tuning fork is the best for taking
the first measurement? Give reason for your answer.

Tuning fork to be used: Smallest tuning fork/Shortest prongs ... 01)
Reason: Highest frequency is generated by the tuning fork with shortest prongs/highest
frequency tuning fork will give the shortest resonance length of the wire. ... (01)

(¢) Vibrating directions of two prongs of tuning fork at a given moment is indicated by arrow
heads in figure (3). Indicate the vibration direction of particles of stem (S) of the tuning fork
at the same moment by drawing an arrow head appropriately on the same figure.

—_—

A B

C Or I
‘ ceveereens(01)
() Masses 1kg. 2 kg and 3 kg can be used to stretch the sonometer wire. What is the most

suitable mass to be used in the experiment? Give reason for your selection,

Most suitable mass to be used is 2.0 kg OR3.0kg (01)
Reason; Maximum length of the wire for (fundamental) resonance mode can be obtained

and percentage/fractional error of length measurement can be minimized with highest
tension of the string. e (01)

() If the wire is resonating with frequency f, write down an expression for the amplitude (A)
of the wire in terms of f and g when the paper rider just jumps off.

w?A=gordnifiA=g

(h) Write down a possible error that coulds happen when determining the resonance length / and
action that you would take to minimize it.
Error: Paper rider jumps off within a range of length on the wire or uncertainty of
obtaining the resonance length. . 01)

Action: Repeat the measurements for resonance length several times (and obtain the

average length) by changing the distance between two bridges for the same tuning fork
................................. (01)
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4. A student plans to perform an experiment to determine the electromotive force (em.f.) E and
the internal resistance r of a given cell using a graphical method. An incomplete circuit diagram
that can be used for the experiment is given beow. The student is provided with following
items.

Milliammeter .
;
Digital voltmeter ——@—— Cell § §
10 @ ' ]
Standard resistor AAAAA
Keys — e and e () S Key ) "y

Rheostat (0-100) Q

(a) Complete the circuit diagram correctly by drawing the appropriate symbols of the items
given above.

§m Q

Cell

Rheostap {0-100) £

......... 02)
[01 mark for correct position of voltmeter; other mark for correct completion of the rest of the
circuit]
[Award the relevant mark even if the milliammeter and 10 Q are interchanged]

(b) (i) Name the type of the key that the student must use:

Tapkey e (01)
(i) Give the reason for selecting the key. _

To avoid discharge of the cell during the experiment/ to maintain constant £ and 7.
OR To pass current through the circuit only when readings are taken. ,
OR To avoid heating of resistors/cell. ... (01)
(¢) Write down an expression for the voltmeter reading V, using the milliammeter reading ‘
I, the em.f. E and the internal resistance r.
|
V=-rl+E OR V=E-Ir i (02) ‘
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(d) To plot a straight line graph, the student must select appropriate six values for the
independent variable. How does the student identify the approximate range of the
independent variable in order to select its suitable values?

(Press/close the tap key.) Move the sliding key of the rheostat to one end/ minimum current
/maximum resistance and measure the minimum current. Move the sliding key to the other
end/maximum current/ minimum resistance and measure the maximum current. These two
values give the current range. L 02)
[Sliding the key to one end/minimum current/maximum resistance - 01 mark; sliding the key
to the other end/ maximum current/minimum resistance - 01 mark]

(¢) Write down the procedure that the student must follow to take readings.
Press/close the tap key. .(01)
[If a student has selected the plug key instead of the tap key above, award this mark for
stating close the key]
Move the sliding key of the rheostat to obtain the current to a selected/ known value and
measure the voltmeter reading. Repeat the procedure (for six values of current.)

............. (01)
(N In this experiment, the graph plotted by the student is given below,
V (volt) A
1.6
14
NG
s~
N
12 ]
i N0,
e
0.8 B
0 20 40 60 80 100 120 10
() Calculate the gradient of the graph using two suitable points.
Selecting (30, 1.32) and (110, 0.86) OR (96, 0.94) as two suitable points  ..................... (01)
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(1.32-0.86)V
(30-110)x10 A

=—-575Q [range (—=5.75t0-5.78)Q . (01)
[Award this mark for the gradient with negative sign; disregard the unit]

Gradient =

(1) Determine the internal resistance r of the cell.
r=575Q [range (5.75t05.78)Q1 (01)
[Award the mark for identifying r as the positive value of the gradient]
(iii) Determine the emf. £ of the cell.
E=15v (01)

(¢) (i) What is the short-circuit current (in ampere) that can be obtained from the given
cell? Give your answer to two decimal places.

Short-circuit current Iy, = —;—;—5 ......... (01)
[Award this mark for the division]
=026A , (01)

(ii) What is the maximum power thal can be obtained from the cell by connecting an
appropriate resistance?

2
. 1
Maximum power = (—;“—) F

=(0.13)?x575 . (01)
[Award the mark for the correct expression or substitution]

=0.097 W (0.097 — 0.098 YW [OR (97-98) mW] (1)

(h) If the same experiment is done for a nickel-cadmium (Ni-Cd) cell having a lower e.m..f.§
and a lower internal resistance, sketch the expected line in the same grid given in (f)
above.
[Award 01 mark for a lower intercept, 01 mark for a lower gradient] ~ ......... 02)
[Award marks even if the line drawn crosses the line of the graph satisfying the
conditions |
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Physics
\

Answer four questions only.
(g = 10ms™)

5. (a)

b

A uniform block of mass M is initially at rest on a horizontal rough plane. Then a horizontal force (P)

which is gradually increased from zero is applied to the block. Let the frictional force be F.

(i) Draw a free-body diagram of the block for the above situation and name all the forces.

(ii) Sketch the graph of F against P from the initial position until the block moves with acceleration.
Mark the limiting frictional force (F;) and the dynamic frictional force (F,) on the graph.

(iii) Write down expressions for the coefficient of limiting friction, 4 _and the coemcwnt of dynamic
friction, f,.

In front-wheel drive cars, the engine is coupled to the front wheels

through axles to drive the car. Consider a front-wheel drive car moving

on a horizontal straight rough tar road as shown in the figure. The

coefficients of friction between the tyres and the tar road are y =08 and

#y= 05 respectively. Consider only the limiting or dynamic frictional

forces acting on the car when solving problems below unless otherwise

stated,

(i) The situation when the car accelerates on a horizontal straight rough road is shown in the diagram.
Copy wheels A and B of the diagram into your answer sheet and mark the frictional force on a
front-wheel (A) as ¥, and on a rear-wheel (B) as F. Also compare the magnitudes of F A and F,
when accelerating.

(il The mass of the car including the driver is 1200 kg which is equally distuributed over all the
four wheels. Identifying the correct coéfficient of friction acting in this situation, calculate the
maximum initial driving force of the car on the horizontal straight tar road.

(iti) When the car is moving at uniform vdocxty of 72kmh™ on the horizontal straight road, the
total resistance against the motion is 520 N. Find the power of the car at that velocity.

(iv) Next the car climbs a steep road with angle of inclination 12° to the horizontal at same power as
in (b)) above. If the total resistance against motion is now 200N, find the maximum velocity
of climbing. Use sin(12%) = 02,

(v) (I) While the car was again moving at uniform velocity of 72km h™! on the horizontal straight
road, the driver suddenly saw an obstacle on the road at a distance 35 m. When he quickly
applied brakes, all four wheels were locked and the tyres started to slip without rolling.
Identifying the correct coefficient of friction acting in this situation and by giving appropriate
reasoning and calculation, state whether the car would hit the obstacle or not. Neglect the
reaction time of the driver before braking.

(1) If tyres are slipping when brakes are applied, then the car will move a longer distance in
a straight line without control which can cause accidents. To avoid such slipping of tyres
without rolling, cars are equipped with an anti-lock braking system (ABS). When tyres start
to slip during braking, ABS automatically releases the brakes and allows tyres to roll again.
This process happens several times a second and the effective coefficient of friction brings
close to the value that of limiting friction. When the car is fited with an ABS, the effective
coefficient of friction becomes 075, Calculate the new stopping distance of the ABS fitted
car for the same situation mentioned in (b) (v) (I) above. ’

(vi) Then the car enters a horizontal circular road of radius of curvature 18 m. Assuming that the
coefficients of friction are same as in_part (b) above, find the maximum velocity that the car
can move safely without slipping. !

J

Confidential
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(a) (i) Reaction (R, N or Mg)
A

N

i o§«—>P

F
W/ff#f//f/ e

v

Mg
Award marks for the diagram (keeping a gap between object and the surface) and correct
labelling

FandP oo, (01)
(F should be drawn at the bottom of the block; P can be drawn at any point on the other side
of the block)

Rand Mg ....c.ovvivininii i (01)
(ii) A
F .......................
F
(0,0) 3
For the correct axes (with origin) and the shape of the curve...............cooooviiiiiiinn, 01)
[Check straight inclined line, peak point and the horizontal line]
For identifying and labelling FL and Fpy .......ccoovveiiiniiiiiiiiiiii e (01)
(i) L= 2 e (01)
F
Up = TD ............. R R T R P PTIE (01)
[Accept word “Reaction” OR N OR “normal reaction” OR Mg instead of R]
(b)()

) N - O N (01)
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(i)  When limiting friction is acting the maximum driving force is exerted and

therefore, p;, = 0.8 is acting in this situation..............cooovevii (01)
(Award this mark if the student has used p;, = 0.8 in the following calculation)
Weight on one wheel = 1—24%)- X IO N e (01)

Normal reaction (R) on one wheel = 3000 N
Applying F = uR
Fr =0.8 x3000 .
=2400 N
The driving force produced from two front wheels = 2F,
=800 N Lottt e (01)

Alternative Method:
[Award full marks if the normal force for the whole weight is calculated and divided

by two for front wheels]

(i)  Converting velocity 72 km h™ into ST unit, 20 m 8™ ...ccooevoniveiiiiiiiiiiiie e, (01)

Power against frictional force is given by the equation
P o Ve e (01)

Substituting F=520Nand v=20ms"

P =520x20
=10400 W (07 10.4 kW) coooiviiiiiiiiiii e (01)

(iv)

When the car is climbing at uniform velocity, forces acting against the motion consist of
two parts.
F =120005in 12°+200 ...oivirininiiiiiiiiai e (02)
[Award 01 mark for finding the component of weight and 01 mark for adding two
forces]

=12 000 x 0.2 +200
=2600N
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Applying. P= Fv
10 400 = 2600 x v

VAN S e (01)
(v) I. When tyres of the car slip the coefficient of dynamic friction is acting
D = 0.5 e (01)

(Award this mark if the student has used pp, = 0.5 in the following calculation)

Since all four wheels are slipping, the normal reactions of all wheels contribute to the
frictional force.
Applying F = uR

Fi =0.5%X1200 X10 .0vuieiniitiinen et eeae (01)

= 6000 N

Applying F = ma :
=1 =6000=1200 X @ e e (01)

a;,=—5m 52
Applying v? = u? + 2as

31 0= 207 = 2 X 5 X 5] ittt e (01)

L TRl (11 s P (01)

The car hits the ObStaCIE. ....viviiirii e s (01)
Alternative Method: |

Applying the law of conservation of energy

SmV2 =Fs s (01)
%x 1200 X 202 = 6000 X S1 veeervreereeseereeeereeeeesreeeeneneereeeeene s (01)

ST A0 ot (01)
The car hits the obstacle. ..........ovoviiiviiiiin e 01)

II. When ABS are acting the coefficient of friction becomes 0.75.
Applying F = uR
Fy = 0.75% 1200 X10 1vvee e eee e (01)
=9000 N
Applying F = ma
—:  =9000= 1200 % a,
a, =—=75m 52
Applying v? = u? + 2as
31 0= 202 = 2 X 7.5 X 55 teteiiiiii et e et (01)
5326 7M(OR26.6 M) ..ot e (01)

The car does not hit the obstacle.
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Alternative Method:

Applying the law of conservation of energy

%mv2 = Fs
2X 1200 X 207 = 9000 X S .. cvvrvvsirsnes i (01)
§7=267 M (OR26.6 M)  woeeeeeeeeeeeeeeeeees e (01)

The car does not hit the obstacle

(vi)

v

Mg

When moving without slipping p; = 0.8 isacting .........ccooovviiiinininiinn. (01)
(This mark can be awarded if the student has used p; = 0.8 in the following calculation)

Also the normal reactions of all four wheel (mg = 12000 N) are acting.
The frictional force (F) between tyres and the road toward the center of the circular road
must provide the centripetal force to move on the circular road (of radius r at the

maximum safe speed v) without slipping.

2
The centripetal force = F = %
2
For circular motion umg = —m: ............................................................. 01)

D= (08X 18X 10)1/2 L i e (01)
D= L2 S
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6. Read the following passage and answer the questions.

Figure (1) shows a cross-section of a human eye. The combination of the Comga
corneal and the eye lenses focuses light on to the retina. But light refracts
far more when passing from air into the cornea, since the difference in
refractive indices between air (7, =1) and comea (nc: 1-38) is large.

The comeal lens and the eye lens can be considered as convex lenses of
fixed focal length and of variable focal length respectively. The focal length
of the eye lens could be changed by the action of ciliary muscles. This
combination could be treated as a two thin convex lenses in contact.

Two common defects of vision are near-sightedness and far-sightedness. Usually these defects can be corrected
by the use of suitable lenses, Nowadays these defects also could be corrected using a computer-controlled ultra-
violet (UV) laser rays by removing microscopic amounts of tissue from the cornea and thereby reshaping the
comea. This procedure is known as a LASIK surgery. The aim is to restore normal eyesight, without the need
for eye-glasses or contact lenses.

These type of lasers, unlike continuous lasers in bar-code readers, are puised. They emit energy as short pulses
of about 10fs duration (1fs = 107'%s). These lasers are ideal for eye surgery, because highly intense pulses of
UV light is absorbed only by a very thin layer of tissue of the cornea. The incident UV light decomposes the
thin layer into a vapour of small molecules, which fly away from the corneal surface rapidly leaving behind
very little energy which won’t cause any damage to the adjacent tissues.

These type of pulsed lasers are also commonly used in the production of microelectronic devices, and semiconductor
integrated circuits (IC). [Hint: Power of a converging lens is positive and given by dioptres (D)].

(a) Refraction of light entering the eye mostly happens at the air-cornea interface. What is the reason for this?

Figure (1)

(by (i) If the angle of incidence of a monochromatic light ray entering the cornea is i, and the angle of

refraction is r, write down an expression for the refractive index of the cornea e in terms of { and r,
(ii) When, { = 30°, » becomes 21" 14’. What is the angle of deviation of the ray in this situation?

{c) (i) Distance from the compound lens to the retina and to the near point of the eye is 2-5cm and
25-Ocm respectively. By drawing corresponding ray diagrams, calculate the minimum and maximuam
powers of the compound lens.

(il) If the power of the lens formed by the cornea is +30D, calculate the corresponding powers of the
eye. lens in the two situations mentioned in (c) (i) above.

() (i) The near point of a defective eye of a perso‘h is 50cm. What is the power of the compound lens of this
defective eye when the person reads a newspaper located at a distance 50 cm from his eye?

(ii) If the power of the lens formed by the comea is +30D, what is the corresponding power of the eye
lens in this situation? .

(iii) Without wearing an eye-glass if the person decides to correct his vision by a LLASIK surgery, what
should be the power of the reshaped corneal lens?

(iv) 1f the person decides to wear an eye-glass without doing a laser surgery what is the type and the power
of the eye-glass that the person should wear?

(e) What is the advantage of using pulsed UV lasers instead of continuous lasers in eye surgery?

(/) During a laser surgery, a short pulse of ultraviolet light is projected onto the cornea of a person. It makes ;
a spot of 05 mm in radius on the cornea and delivers 0-55 mi of energy on to the spot in the comeal
tissne. Calculate the thickness of the tissue removed from the corneal surface. The comneal tissue is initially
at 30°C. Assume that the removed tissue temperature is-increased to 100 °C and then vapourises without
further temperature increase. [Density of the corneal tissue = 10° kgm™; specific heat capacity of corneal
tissue = 40x 10° J kg™ K™ ; specific latent heat of vapourization of corneal tissue =2-52x 10°7 kg™ ;
Take 5= 372 ]

(g) Figure (2) shows a train of pulses created by a pulsed UV laser. The energy
contained in a single pulse is 20 ml,

(i) If the width of a single pulse is 10fs, determine the peak power
(power in a single pulse) of the laser bearn. 10%s

(ii) ¥ the pulse repetition rate is 500 Hz, determine the mean power of Figure (2)
the laser beam,

{#) State another use of UV pulsed lasers.
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(a) Difference in_index of refraction between air and cornea is large/Refractive index of air is 1

whereas it is 1.38 forthe cornea........co.ovvviviiiiiii i e (01)
(B) (D)7 = S oo s (01)
(ii) Angle of deviation = 30% — 219 14" .. .. .iiiiiiiii 01)
[For the subtraction]
= 80 4B e (01)

(¢) (i) Maximum focal length occurs when u = oo
Therefore the maximum focal length =2.5 cm

¥

[To earn this marks two parallel rays should converge at the retina; deduct 01 mark if at
least one arrow is not marked on a single ray; drawing the total boundary of the eye is not
essential, but a boundary should be drawn at the point where rays meet each other; deduct
one mark if rays meet without a boundary]

Hence the minimum power of the compound lens = 2—15 x 100

= FA0D oo, (01)
(when awarding marks disregard the + sign)

Minimum focal length occurs when u = 25 cm.

........................................................ (02)

[To earn this mark two diverging rays should
converge at the retina; if 01 mark was deducted earlier due to a missing arrow, do not
look at the arrows here; drawing the total boundary of the eye is not essential, but a
boundary should be drawn at the point where the image is formed; if 01 mark was
deducted earlier due to missing boundary do not look at the boundary here]

Applying i - % = % for the compound lens, ...........ccciieiiiiiiiiiiiiii, (01)

[For writing the lens formula]
1 1 1

—'2'3—'2—5=; ........................................................................ (01)
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i__u
f 25
Hence the maximum power of the compound lens = % x 100
=H44AD Lo (01)
(ii) Applying% = fi + fi (or D = dy + d) for the lens combination, ...............ceo.. (01)
1 2
[For writing the equation for the compound lens]
Power of the eye lens =+10D ... ..ot 01)
44 =30+ d,
Power of the eye lens =+14 D .......cooiiiiiiiiiiiiiiiiii e (01)

@ @) Applying% - % = % for the compound lens,

e
wn
(=]

=2 D (01)
(ii) Power of the eye lens = 42 — 30
T 12 D e (01)
(iii) The power of the reshaped cornea = 44 — 12
432D i e (01)
. 1 1 1
(lV) ; - -ZE = }-
1.1
F~ 50
Hence the power of the eye-glass = 313 x 100
=+2D. (01)
Type — CONVEX/CONVEIZING ...ceuvvnirninieineinetniine e sreeie et (01)
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(e) It is absorbed in a very thin layer of tissue, decomposing that tissue into a vapour (of small
molecules, which fly away from the surface so fast) leaving too little energy behind to damage

the adjacent tissue./It will not damage the adjacent tissue...............ocoeviiiiiiiiiiiiiin. 01)

(NIf the thickness of the tissue removed from the corneal surface is d,

Mass of the removed corneal tissue = 373 X (0.5x1073)2xd X 10% ...ooviiiiiiinnnn (01)

Heat absorbed form 30 °C to 100 °C = ? x (0.5 x 1073)2x d x 103[4 x 103 x 70].... (01)
[for the mcAB term]
Heat absorbed to vaporize the tissue = ? % (0.5 % 1073)%2 x d x 10% x 2.52 x 10% ... (01)
[for the mL term]
0.55x 1073 = 2—72 x (0.5 % 1073)2 x d x 103[4 x 103 x 70 + 2.52 X 10°] ............ (01)
[For equating L.H.S. to R.H.S.]

d =2.5x 107 m (0.25 um) [(2.5-2.6) x 10~7 m; (0.25 - 0.26) um] ............ (01)

(2) (i) Peak power = 2X10—

(h) Production of microelectronic devices/production of integrated circuits.................. 01)

(Any one of the above uses)
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7. (@) () Stress-strain curve for a metal wire is shown in figure (1). D
Identify the characteristic points A, B, C and D. =
(i) If the wire is stretched up to the value depicted by point C I B
and released, what will happen to the wire? !
(iii) What is represented by the area under the stress-strain curve? _%
Strain ——»

Figure (1)

(b) Tron beams are used to support heavy loads in the construction of structures and buildings. When a uniformly
distributed load is applied on a beam with a rectangular cross section supported at its two ends, the upper
part of the beam is compressed and becomes shorter. Similarly the lower part of the beam is elongated
and becomes fonger. The length of the middle layer of the beam does not change and it is known as the
neutral axis.

The distribution of forces acting on the upper part of the beam of thickness 4 is illustrated in figure (2).
The figure is not drawn to scale. Copy this diagram on to your answer sheet and draw the distribution of
forces acting on the lower part of the beam.

Neutral axis

Figure (2)

(¢) The lower section of the beam in figure (2) is shown in figure (3). The
radius of curvature of the neutral axis is r which subtends an angle «
(in radians) at the center O. The length of the neutral axis of the beam
is 1.

(i) Write down an expression for / in terms of r and «a.

(i) Write down an expression for [I” in terms of r, d and a. Here I
is the length of the boftom layer (B) of the lower section of the
beam.

(iii) Show that the average value of the strain existing on the lower

4

4r”

(d) () What is the force acting along the neutral axis (NN')?

(if) If the average value of the tensile force acting on the lower
section of the beam is F, what will be the force acting along the
bottom layer (B) of the lower section of the beam?

(iii) If the width of the beam is w and the Young’s modulus of iron is ¥,

2
show that force F is given by F= wgrY_

section of the beam is given by

(iv) When the lower section of the beam is subjected to a average F:gu;-e @)
tensile stress of 1-0x 108N m2, determine the value of radius r.

Young’s modulus of iron, ¥ = 2:0x 10! Nm™ ; d = 20cm.
(v) If I = 5-0m, determine « in radians.

~ (vi) Using cos(%): 0-9997, calculate the depression ¢ of the midpoint
(M) of the ncutral axis of the beam.

(e) Figure (4) shows a rectangular beam and an | (or H)-shaped beam made

out of iron. In the construction field, [-shaped beams are generally used

instead of rectangular beams. Giving reasons state the advantage of this. Figure (4)
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(@) (i) A — Proportional limit..............oooeiiiiiiiiiiiiii i 01)
B —Elastic IIMIt. ....ooiniiiiiiiii i et e e s e e e aberae e e e 01)
O 6 1) e 1o | 11 S P P PR (01)
D —Breaking POINT.......cuuveirieniierre et et e s eae et e (01)

(ii) The wire will not return to its initial (original) length/ the final length will be longer than
the initial (original) length/ a permanent extension will occur in the wire/ a permanent
deformation occur iN the WIre .........oveiriieeeiniii e e 02)

(iii) Energy stored_per unit VOIUMEe ..........coooviiiiiiiiiiiniii 02)

[No marks for just stating energy stored]

)
Arrows (at least two) pointing towards left at the left end OR right at the right end
/OR at both ends (tensile forces) .........cccoviiiiiiiiiiiiiiiiiii (01)
[Arrows could be drawn inside the beam]
Length of the arrows gradually increasing from neutral axis to the bottom...... (01)
Arrow heads linearly increasing as shown
©@l=ra

(i) '= (r +Da
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(iii) Extension of the bottom layer = I' =1 ... ..cooiiiiiiii i, 01)

[For the subtraction]

’—
Average extension of the lower section of the beam = _1_2_1

(01)
[For dividing the extension by 2]
d
=-q
B a 4
- the average strain of the lower part of the beam = %1:- ..................................... 01)
[For dividing extension by unstretched length /]
4ra 4r
(d) (i) The force acting along the neutral axis (NN") =0 .....c.oovviiiiiininiieniiiiiinien, (01)
(ii) The force acting along the bottom layer (B) of the lower section of the beam = 2F ... (01)
(iii) Tensile stress = -id ........................................................................... (01)
wl
2
=2F 4
Y= T S et (01)

[For equating Young’s modulus to Tensile stress/Tensile strain]

_ wd?%
8r

__ Tensile stress
Tensile strain

ivy

d _ 1.0x108

4r  2.0x1011 §

_dx2.0x10't  20x1072x2.0x10%!

I loxi0s = IXLORIOE o (01)
[For the correct substitution]
LA T 5 PPN 02)
=1_5
v a= r 100
0= 0,05 1ad ..o e (01)
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(vi) Depression = r [1 — cos (g)] ...... TP PRRPPR 02)

=100(1 — 0.9997) = 100 x 0.0003
= 0,03 M (3.0 CM) 1utiiniieiiinin it 01)

(e) The maximum compression occurs at the top layers of the upper section of the beam. ...(01)

Similarly the maximum elongation occurs at the bottom layers of the lower section of the
beam

Therefore the best advantage of an I-beam is that the material is present where it should be
and in right quantities.

This makes the beam more economical/less expensive/lighter/less mass/less weight........ (01)
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8. A defibrillator is a medical instrument that is used to restore the rhythmic pattern of heart after a cardiac arrest
of a patient. It gives a high energy electric shock in a short burst to the heart through a set of electrodes across
the patient’s chest by discharging charge stored in a capacitor.

(a) A defibrillator delivers 48 J of energy to a heart patient by discharging a capacitor initially charged to a potential
difference of 400 V.
(i) Derive an expression for the energy stored W in a capacitor in terms of capacitance C and the potential
difference V across the capacitor,
(ii) What is the capacitance of the capacitor in the device?
(iii) Calculate the amount of charge stored in the capacitor.
(iv) Assuming that the total charge calculated in part (iii) was sufficient to pass a constant current through
the body with 12 ms time period, calculate this constant current.
(v) What is the effective resistance of the path of the current calculated in (@) (iv) above?

(b) (i) A paralle! plate capacitor is filled with a medium of dielectric constant k. Derive an expression
for electric field intensity £ in the medium in terms of charge stored in the capacitor (), plate
area A, permittivity of free space &, and &, by using Gauss’s law.

(i) If the charged capacitor mentioned in (a) above is a parallel plate capacitor with plate area of 80 cm?
filled with a medium of dielectric constant k = 3000, what is the value of the electric field intensity
in the medium. &= 90x 1072 F m™,

{iii) Determine the separation d between the plates of this capacitor.

(¢) (i) In order to apply an electric shock with the appropriate energy ‘based on the patient, five capacitors
of equal capacitance mentioned in (a) above and equal potential difference of 400V across each
capacitor have been connected in series instead of one capacitor. Calculate maximum cnergy that
can be supplied to a patient after connecting five capacitors in series?

(i) What would be the maximum energy that can be supplied to a patient if five capacitors of equal
capacitance mentioned in above part (q) are connected in parallel with a potential difference of
400V?

(iif) Out of series and parallel connections of capacitors mentioned in (¢} (i) and (¢) (ii) above the
series connection is recommended for the defibrillator. Giving reasons briefly explain this.

(d) (i) What factors determine the process of point or corona discharge?
(ii) If the breakdown electric field intensity of the medium mentioned in (b) (ii) above is 8:0x 108 Vm,
will this capacitor get damaged? Give reasons.

(¢) Suppose the capacitor in (b) above is initially charged to Q, using a potential difference of V.
If the charge and the potential difference of the capacitor after 12ms are equal to 0:37Q; and 0-37V,
respectively, what percentage of energy stored in the capacitor has been released to the patient during
this period. [Take (0-37)? = 0-14]

Confidential
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(a). (i). Initial voltage =0

After charging, voltage difference between two plates =V

Average voltage used to store charge O, = oy (01)

2
Energy stored in the Capacitor, W = %Q = % X CV
Therefore, energy stored in the capacitor, W = %C v: (01)

(No marks, if W = -;-C V2 is written directly)

Alternative method

v

(0, 0) 0

From the graph, energy stored in the capacitor, W = area under the curve OR iVQ ..... (01)

Energy stored in the Capacitor, W = Area under the curve

Energy stored in the Capacitor, W = %VQ = iV X CV

w=-cv: e (01)

(ii).  Energy stored in a capacitor W = %C V2
48=2Cx (4002 e (01)

(award the mark for substitution)

Capacitance of the capacitor in the device C = 600 X 1076F (600 pF) ................ (01)

(iii). By applying Q = CV
Total charge stored in the capacitor Q = 600 x 106 x400 ... (01)
(award the mark for substitution)
Q=024C . (01)
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(iv). Byapplying Q@ =1t
024=1x12x10"2 (01)
(award the mark for substitution)
Constant current pass through the body within 12 ms time period,

[=20A e (01)
(v). ByapplyingV = IR
400 =20R e 01)
(award the mark for substitution)
Effective resistance of the path mentioned, R=20 0 ... (01)

(b).(i). Consider the Gaussian surface shown in the figure.

Gaussian surface
with area s

Plate
[ area A

e+ 4 4

For the Figure (for selecting a proper Gaussian surface, with indicating electric field lines) ...(01)

Charge density o = %

Charge enclosed by the Gaussian surface, =o's
Total outward flux, @ =Es
If the flux due to electric field E is ¢, from Gauss’s law,
=9 =2
(25—6 (OR(D—E) ........................... 01)
Since € = keg , Es = -%
. _Q
Tt (01)
.. _Q
(11). E - AkeO
= 0.24 =—2 (01)

E =
80X10~4X5000x9 x 10712 3x107°

(award the mark for substitution)
Electric field intensity in the medium, E = 6.67 x 108 Vm™! (OR 6.66 x 103 Vm™) ...... (01)
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(ii)). E=3
Separation between the plates, d = g—
__400%x3x107°
d= —S—— (01)
(award the mark for substitution)
d=60%x10""m e (01)
OR
400 400
= (OR 6.66><103) ................ 01)
d=60x10""m (OR59%x10™"m)  .eiieiinnn (01)
Alternative method
— Akeo
d= c
__ 80x107*x5000x9x 10712
d= prysorr== L PP TRR (01)
(award the mark for substitution)
d=60x10""m e (01)
(c) (i). Energy of one capacitor 48 J
Therefore, total energy of five series capacitors, Wy =548 ... (01)
W,=240] 01)

(Award 02 marks if final answer is given)

Alternative method

If the equivalent capacitance is C,

. . . 1 1 1
For series combination = = — + — + -+-
C G G

In (a).(ii). Capacitance = 600 pF

1 5
2= 0r C=120PF oo (01)

Equivalent Capacitance € = 120 pF
Voltage drop between the equivalence capacitance =400V x 5 = 2000V

Total energy of five series capacitors, W; = % x 120 x 107 x (2000)?

Wo = 280 oo (01)
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(ii).

Energy of one capacitor 48 J

Therefore, total energy of five parallel capacitors, W, =5x48 ... (01)
W,=240] (01)

(Award 02 marks if final answer is given)

Alternative method

If the equivalent capacitance is C,

For parallel combination C = C; + C; + -+
In (a).(ii). capacitance = 600 pF

C = (600 + 600 + 600 + 600 + 600)uF = 3000 pF ................ (01)
Voltage drop 400 V
1 -
W, =% 3000 x 1076 x (400)?
W, =240] PRSP e (01)

(iii). Since the voltage across the electrodes is high the intensity of current pulse is greater/it can
provide a large electric shock L 02)

(d).(i). Very high electric field/high charge density/high voltage/shape of the conductor (sharp
point, thin wire etc.)/ radius of curvature (01)
Medium (air/ fluid /moistuorey (01)

(ii). the electric field strength of the capacitor(medium) E = 6.67 x 108 Vm™
The breakdown electric field strength in the medium = 8.0x10° V m"
The breakdown electric field strength in the medium is greater than the electric field
strength of the capacitor (01)
Therefore capacitor will not get damaged (01)

(e). Initial energy W; = %VOQO
Energy after 12ms W, = % x 0.37V, X 0.370Q,
W, —W, = % X Vy X Qg — ; X037V, % 0370, e, (01)
Wy — Wy =5 X Vo X Qo(1 — 0.37 X 0.37)

Percentage of energy released by the capacitor during the first 12.0 ms
_ 7%0Q0(1-0.37%0.37)

x100 (01)

T
V0@

=8% (01)
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9. Answer either part (A) or part (B) only.
Part (A)

(a) (i) Write down an expression for the energy dissipation in a
resistor of resistance R, when a direct current (d.c.) 7 flows
through it in time 2.

(ii) The variation of sinusoidal alternating voltage V with time
t is shown in figure (1). Write down an’ expression for root

mean square voltage L in terms of peak voltage V .
(iii) Out of the four lines A, B, C, D drawn in figure (1) which
lines represent V_ and Vrmq respectively?

(b) A part of an electrical circuit connected to the a.c. main supply is
shown in figure (2).

Following electrical appliances are connected to the main 230 V
supply using a copper wire AB of cross sectional area 1 mm® and
length 10 m. Assume that the voltage drop across AB is negligible.
L, ~ Rice cooker of 1200 W,

L, - Refrigerator of 300 W,

L, - Blectric kettle of 800 W

(i) Calculate the maximum current flow in the wire.

directly proportional to the electrical energy consumption.
(i) A solenoid is placed over the horizontal aluminium
disc, perpendicular to its plane as illustrated
in figure (3). Suppose that the current through
the solenoid is increasing in the direction as
indicated in the figure. Copy the figure (3) in

directions.

o

Confidential

VA
e e D
S c
J DY S5 G B
R Y A D A
0 >
0\/ \/ |

Figure (1)

(iv) State the main advantage of using high tension a.c. voltage in long distance power transmission.
(v) Rewrite the expression obtained for energy dissipation in (a) (i) above for a.c. currents.

% Ll L}
BOVED l

Figure (2)

(ii) Calculate the temperature rise when the maximum current flows through the wire for 10s. Assume
that the wire is completely insulated and no loss of heat to the outside. Mass of the wire is 100 g.
Resistivity and the specific heat capacity of copper are 18 x 107® Qm and 360 J kg™ °C™ respectively.

(iii) Instead of a single copper wire a composite wire made of few such wires connected in parallel is
used in high current flowing applications. Explain how this arrangement reduces heat dissipation.

(¢) An electricity meter measures the amount of electrical energy consumption in kW h. It uses eddy
currents to rotate a thin circular aluminium disc. The number of revolutions of the aluminium disc is

Permanent
magnet

to your answer sheet and draw the magnetic
flux lines due to current in the solenoid and ®
eddy current loops on the disc, indicating their Figure (3)

Figore (4)

(i) To decelerate the free revolutions of the disc when the power consumption is stopped, a permanent
magnet is fixed as shown in the figure (4). Explain how the deceleration of the disc happen.

(d) During the period from 6.00 pm, to 10.00 pm. for a particular day at a house, the number of
revolutions per minute (rp.m) of the disc is measured. The graph in figure (5) shows its variation.
The electricity meter is calibrated in such a way that 500 rotations is equivalent to T kWh.

(i) Calculate the electrical power consumpfion at. “r.p m
§.30 p.m. : 4r

(ii) If the electricity unit price between 7.00 pm. 3p
o 9.00 pm. is Rs. 40.00 per kWh and rest o

of the time is Rs. 10.00 per kW h, calculate J
the total cost for the period from 6.00 p.m. to o

10.00 p.m.

600 7.00 800 900 1000 Time(p.m)

Figure (5)
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(a)
G E=I*Rt (02)
" v,
i Vems=% e (02)
i)y D (01)
cC (01)
(iv)  Ability to change (increase/decrease) voltage using transformers/To reduce power loss
(by decreasing current) S e 01)
2
) E=IZ RtOR E=2% or g=Ymt (01)
(No mark for stating IRt OR Vth)
(b)
(i)  Total power consumption = P;+P,+P3 =1200 +300 +800 =2300 W  ................ (01)
(Award this mark for addition of wattages or addition of individual currents)
Applying P = VI,
] =23%
230
=10A (01)
(if the student assumes peak current as the maximum current, then the answer should be
10v2 Aor 14.12A)
(i) Joule heat AQ = I?Rt
Resistance of the wire, R = p:l - R (11§
_ (1.8x1078 x10 )
ravere— ..(01)
(For the substitution)
_ 102x(1.8 x107% x10 )x10
AQ = raorrr- 2 PP (01)
(For the substitution)
=1.8%x10%7J
A AQ = mcAf
100x 1073 x 36040 =1.8%x 102 .. (02)
(01 mark for LHS and 01 for equating)
A =—22 _x103=5° (01)
100x360
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(iii) Current flowing is divided among wires and less current through each wire or the
effective resistance reduces. ...(02)
...(02)

Drawing magnetic flux lines and correct directions
(01 mark for drawing the lines; 01 mark for the direction; At least two flux lines are

(© (@)

needed)
Drawing eddy current lines and correct directions ...(02)

(01 mark for drawing the lines; 01 mark for the direction; for eddy currents one circle is enough)

iy, b e,
s AP

s Wi

S

ol Magnetic flux lines

ek -
- g W S .
i By Coreants

(ii) Eddy currents generated on the disc create a magnetic force which acts_against the motion

...................... (02)
(d :
(i) 1kWhisequivalentto1 X 1000 x 60 Wmin .. (01)
Revolutions per minute at 8.30 pm is 4
. . 1 %1000 x 60
~ 4 rpm is equivalent to <00 X 4
Electric power consumption for 4 rpm =480W e (01)
(i)
7.00 to 8.00 p.m. total turns = 2 X 60
8.00 to 9.00 p. m. total turns = 4 X 60
» total turns during 7.00 t0 9.00 = 6 x 60 = 360............ 01)
Energy consumption or units consumed = z—gg kwh (01)
360
Total cost = <00 % 40.00 = Rs.28.80
6.00 to 7.00 p. m. total turns = 1 X 60
9.00 to 10.00 p. m. total turns = 2 X 60
............ (01)

~ total turns during off peak hours = 3 X 60 = 180

180
Total cost for off peak hours = <00 % 10.00 = Rs. 3.60

Total cost for the period 6.00 pm to 10.00 pm = 28.80 + 3.60
=Rs.3240 ......... (01)
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Part (B)
(@) Write down the ‘golden rules’ applicable to an ideal operational amplifier (op-amp) when it operates in

negative feedback mode. R

2
(#) The op-amp circuit shown in figure (1) is known

as a ‘Differential amplifier’ since it amplifies the R
difference between the two input voltages V, and V. R '.',}'. =
The voltages at the non-inverting input and inverting _ R v. Loy
input of the op-amp circuit are V, and V_ respectively v ' Y " 0
and V, is the output voltage of the op-amp. 1 vy

Y2 § R,

ek
Figure (1)

(i) Write down an expression for v, in terms of V,, R, and R,.
(i) Write down an expression for V_ in terms of V,, R, and R,.
(iit) Derive an expression for V in terms of V|, V,, R, and R,.
(iv) Deduce an expression for V, if R= R, = R.

(¢) The above circuit in figure (1) can be modified to activate a burglar alarm. The modified circuit is
shown in figure (2). The right arm of the bridge circuit has two equal resistors of resistance R, and
the left arm consists of a 50 Q resistor and a light dependent resistor (LDR) which is sensitive to

infra-red (IR) light. A narrow beam of IR light is allowed to fall on to the LDR continuously. When
a burglar (B) enters the building he blocks the IR beam falling on to the LDR.

+10V R
i R >
Vg R b V( )
W +
R
Narrow IR beam
Figure (2) =

(iy When the IR beam falls on to the LDR its resistance is equal to 50 Q. Determine the corresponding
values of V|, V, and V.

(ii) When the burglar crosses the IR beam the resistance of the LDR increases to 105 Q. Determine
the corresponding vafues of V|, V, and V, in this situation.
s 0 )>>

+5V Alarm

(d) (i) Now the output V, of the op-amp is connected
to the § input of an S-R flip-flop as shown in v
figure (3). The R input is. grounded via a two - way
switch. The alarm should sound when @ = 1. Write
down the input logic levels of § and R for the ©
following two situations. R a

(1) When the IR beam is incident on the LDR, ) .
(2) When the burglar crosses the IR beam.

. - Figure (3)
(i) Write down the truth table of an S-R flip-flop.

(iiiy Show that the alarm will sound when the burglar crosses the IR beam.
(iv) Explain why is it desirable to use a flip-flop in this situation?

(v) Later the alarm has to be stopped. How could this be achieved? Give reasons for your answer.
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(a) (1) The input resistance of the noninverting and inverting (+/—) inputs is infinite. OR No
current flows into the noninverting and inverting (+/- ) inputs of the op amp. / ORL=1- =0

(2) (In a circuit with negative feedback,) the output of the op amp will try to adjust its output
so that the yoltage difference between the noninverting and inverting (+ and —) inputs is

zero
ORVi=V_ OR Vi =V_=0 it e (02)
RZ
Rl
=1
Vi A
V2 ] 2R
(%) T
— R
OV, = Rtk | PP UPRUPRPPRN (02)
__Ra
() V.= waR, V2 (02)
Vl'—V_ V_—VD
(iii) Re R, T (02)
= .o\ A [ (M) - ..V_l_]
Vo =R, [V‘ (R1 + Rz) Ry = Ry |V- R{R, Ry
After substituting for V_ ,
R
VO = R_j (VZ - Vl) ..................................................................... (02)

(iv) Vo =(V, = V)

(©)
() V=5V
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(i)
1= 0 Ve e (01)
Vo =10V o 01)
V= 5 Ve e (01)
"n s ) )>>
otV Alarm
AR 0
@ () (1) S =03 R=0 eeueeeeee oottt (01)
() S = L3 R0 e (01)
(ii)
S IR|O

0 | 0 | Previous State/No change/Q,q

0 |1 | 0/(Reset)

1 |0 | 1/Set)
1 |1 | Forbidden/Not valid/?/-/Not defined/Impossible
........................................................................ (02)
[To earn 02 marks all entries should be correct]
(iii) When the burglar cross the beam Q = 1 since S= 1 and R= 0 (set state) ............... (01)
(iv) When the burglar leaves / when S = 0 and R = 0 the flip- ﬂop will remember the set state
[previous state/ O = 1 state/earlier state]. ............covvviiviiiiiiiiiiiiii (01)
Therefore the alarm will ring continuUOUSLY. ..........coviviiiiiiiii i (01)
(v) The two-way key should be connected to +5 V/OR to the other location. ............... (01)
Then the logic level at Ris 1/ OR at 5 V/OR reset state/ORS=0,R=1 ............ 01)
So the alarm will stop sounding since @ =0. ......o.vvvrieeiiiiiiiiniee e eenane (01)
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(a)

G

10, Answer either part (A) or part (B) only.
Part (A)

Geothermal energy is heat energy trapped in hot regions known as hotspols in the Farth, When underground
water comes in contact with hotspots, it produces superheated water and traps between the rocks at high
pressure as hot water reservoirs,

Turbine Electrical

An underground hot water reservoir of volume
gencrmor
MY

-0 x 10° m® and temperature 200 °C exists at high
pressure in a hotspot region. Earth is drilled up to
the hot water reservoir and steam is fed to a turbine
through a vertical cylindrical pipe as shown in the
figure (1) (drawn not to scale). Assume that the
mean specific heat capacity and mean density of
superheated water between 200 °C and 100 °C are
45 x 10° Tkg! K1 and 900 kg m™ respectively.

Farth surface

(i) Write down an expression for heat relcased AQ by an object of specific heat capacity ¢ and mass
m when the temperature is decreased by Ag.

(i) Calculate the amount of heat released by superheated water when superheated water at 200 °C in the
reservoir is reduced to the boiling point (100 °C) of water. Assume that after inserting the pipe to the
reservoir, the temperature of the superheated water drops to 100 °C at atmospheric pressure.

(i) Calculate the 1ol mass of steam that can be produced using the energy released from superheated
water calculated in (@)(i) above. The specific latent heat of vapourization of water is 2:5 x 1051 kg™

A cylindrical pipe made of a metal of thermal conductivity &, whose

inner and outer radii are r, and r, respectively is covered with thick

insulating material of thermal conductvity &,. The outer radius of the

somposite pipe is ry. The crossection of the pipe is shown in figure (2).

At the steady state the inner and outer -temperatures of the composite

pipe are 4, and 6, (8, > 0,) respectively. Show that the rate of heat
Q

flow = passing radially outwards per unit fength of the composite pipe
is given by 81 -0,
r G-p R {r,-1r)
ltx';r(rz + rt) kg”(’} + rZJ

Figure (2)

(¢) Geothermal power plants generate electricity by using geothermal energy. Steam at 100 °C obtained

from the underground reservoir () above is fed to the turbine through a cylindrical wmetal pipe of
inner and outer radii of 48 cm and 52 cm respectively. The pipe is covered with 6 em thick insulation
material, Thermal conductivities of the metal and insulation material are 100 W ™ K™ and % W K
respectively.

(i} If the average air temperature of the environment is 30 °C, calculate the rate of heat loss at steady
state from the steam at {00 °C to the environment per unit length of the pipe between B and C.
Take 7=73. In the calculation neglect the term containing 107 compared to the 107 term.

(i) If the length of the pipe from the surface of the Earth to the turbine (between B and C) is 500 m,
calcutate the rate of heat foss from the steam to the environment from B to C.

(i} Assume that rate of heat loss per unit length inside the Earth (from A to 8) is half of that from B to C.
The length of AB is 2km. Calculate the total rate of heat loss from the whole pipe. (A to C).

(iv) Using steam the turbine produces 8:58 MW mechanical power{output power), i the mechanical
efficiency of the turbine is 40%, calculate the input power given by steam to the turbine.

{v} How many years this geothermal power plant will function from heat generated by the superheated

water calculated in (a) (i) above. (Take | year = 3 % 1()? s

Confidential
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(a).
(. AQ=mch® e (02)
(ii).  Mass of super-heated water =Vp
=1.0x108x900 e (01)
=9.0x10"" kg

Amount of heat released by super-heated water = mcAf
=9.0x10"" x 4500 x (200-100)  .rrereenen (02)
(One mark for taking temperature difference and one mark for rest of the equation)

=9,0x10' x 4500 x 100
=405x10%1 e (01)

(iii).  Heat used to vaporization of water m4 L = 4.05 X 10167
myx2.5x10°=4.05x 10 -~ (02)
[one mark for the LHS (m;L) term and the other mark for equating m;L to the answer
obtained in a(ii)]
Mass of steam that can be produced using the energy released from superheated water
m=1.62x10"kg (01)

(). Rateofheattransfer 2=kaT 02)
Suppose, the temperature of the boundary between two pipes is 6
Rate of heat transfer in radial direction of the metal pipe through a unit length
Q _ (r1+7) (61-6)
.= ky 21— e S RO (02)
(One mark for taking the average area/radius of the curved surface of the tube, other mark
for the rest of the expression)

0, - 0) = () - ==

wky (rz+r) -,

At the steady state rate of heat pasS in radial direction of the insulating pipe through a
unit length

Q _ (rz+713) (6-63)
t k2271' 2 (rz-13)

0-00- ()

_1__ (rs—13)
Tl'kz (7'3 + Tz)

Hence,

6, — 6,) = (%) L @) (9) A ) 1)

mtky (rp+17) t/) mwky (r3+13)
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Q _ 6.—0,
t (rg=ry) . ("37T3))
let(Tz'l'Tl) ' sz[(T3+T2)

©)@). »

Q _ 0, — 6, |

t (r,—1y) (r3 — 1)
kym(ry +11)  kom(r +13)

= e (03)

4%10™2 6x1072

100X3x(48+52)x10~2 | 12—1><3x(52+58)><10_2

Q 100-30
t

(one mark for each term of the above expression)

70
4 x 102 6 x 102

—z +
100 x 3 x (48 +52) x 10 %X3X(52+58)X10—2

=+ [

70
- 4 6X11

100X3X100 * 2X3X110
g _ 70
t  4x10*
3
At the steady state rate of heat pass in radial direction of the insulating pipe through a unit length

= | O

+ 101

f=700wm? L (01)
(Disregard the unit)
(ii). Rate of heat loss to the surroundings through the pipe BC= 700 x 500 ............ (01)
=35x10°W .. (01)
(iii) Rate of heat loss to the surroundings through the pipe AB = -7-%0— X 2000 e (01)
=7.0x10°W
Rate of heat loss to the surroundings through the pipe AC=3.5x 10°+ 7.0 x 10° ............ (01)

Total rate of heat to the surroundings loss through the pipe=10.5x 10° W .................. (01)
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@iv).
output mechanical power generated by the turbine
input power given by the steam

= 40%

8.58x10° __ 40

input power given by the steam 100

Input power given by the steam = 2.145 x 10’ W
[(2.14-2.15) x 10" W]

(v). Total rate of heat loss through the pipe = 10.5 X 10° W

Steam power enter into the turbine =2.145x10" W

Generated power of the well = 2145 x 10* + 105 x 10*

(for addition)

Generated power of the well = 2250 X 10* W

Total amount of heat released by superheated water = 4.05 X 10'¢)

4,05 x 1016
2250%104x3.0%10

Total time period = - years

Confidential

(One mark for dividing by 3.0 X 107and the other mark for the rest of the division)

Total time period = 60 years

[59 - 61 years]
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Part (B)
A monochromator is an optical instrument that can be used to . Aperture Metal plate
produce a monochromatic beam of photons. In a photoelectric g“’“‘”*;f;'l’:a‘w‘ e E Eatante
experiment a monochromatic beam of photons produced by oam© oons P ;
the monochromator passes through a rectangular aperture and 4 /’ e :
perpendicularly incident on a metal plate kept in a vacuum : g
chamber as shown in the figure (1). i > c:: :
. 1 1L € |
Initially the monochromator produces a beam of photons of i ]' ; u: '
wavelength 100 nm, ; ,/ A Y ]
—————] / : H
——— . e

“Take hc = 1240 ¢V nm for ail relevant calculations. Here 4 is Planck constant and ¢ is speed of light.

(@) () Name the wavelength region of electromagnetic spectrum where the 100 nm of radiation belongs to.

{®)

(¢}

()

(i) Calculate the corresponding energy of the 100 nm photon in eV.

(iii) Considering the wave-particle duality, calculate the momentum of the photon with the above energy.
(h=66x1015)

(i) Derive an expression for intensity / (energy flowing through a unit area per unit time) of a monochromatic
paralel beam of # number of photons cach having energy E and passing through an area A during
a time ¢,

(i) If the intensity of 100 nm monochromatic beam of photons shown in figure (1) above is 992 x it wm?
and the area of the rectangular aperture is 3 mm x 4 mny, how many photons passes through the
aperture per unit time? (1 eV = 1-6x 107%°1)

(iii) If the metal plate shown is a silver plate of area 2 mm x 2 mm, calculate the number of emitted
photoelectrons in a unit time from the plate, assuming each incident photon emits one photoelectron.

(i) The work function of the silver plate used in this experiment is 40 eV. Find the minimum and
maximum values of kinetic energy of the emitted photoelecirons in eV.

(ii) The monochromator is adjusted to produce monochromatic beams
of photons of wavelengths from 100 nm to 500 nm in 50 om +B
increments and for each wavelength, maximum kinetic energy
(K max) of photoelectrons emitted from the silver plate is measured.
The variation of K__ with the wavelength of photon beam is
shown in the figure (2). What are the values corresponding to
points A and B?

(eV)

max

P

Y

(iii) The same experiment is repcated for a gold plate with a work 015 ;
function of 5:0eV. Copy the graph in figure (2) in your answer
sheet and draw clearly the corresponding curve for the gold plate
in the same graph.

(iv) Same photon beam of wavefength of 200 nm is incident on both plates separately. The corresponding

A
Wavelength (nm)
Figure (2)

photocurrents measured from the silver and gold plates are is and i respectively. State whether
ig: ijori> i or ig< . Give reason for your answer. Assume each photon incident on the plates
ejects one photoelectron.
It has been reported that radiation of 222 nm can be used for inactivation of Covid-19 viruses. However,
there is a maximum limit of 24 mJ cm™ per 8 hour exposure time for a human body when 222 nm
radiation is used in medical applications, What should be the maximum power of a point source which
emits 222 nm radiation placed 20 cm from a person’s Covid-19 virus contained palm?
(Take =& = 3)

* ¥ %

Confidential
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(&) (i)  Ultraviolet(UV) e (02)
@ =% (01)
_ 1240
100
E=124eV e (01)
ay =2 (01)
_ 6.6x10734
P=——res (01)
P =6.6 x 10727 kgms™' (Ns) RN (174
(Two marks for the correct answer with correct unit, Only one mark
for correct answer, no mark for only the unit)
(B @O mtensity (1) = EZE Y (113
nkE
F=— e (01)
(Award 02 marks for the correct equation without writing the above
first step)
(ii)  Energy of photons passing through the area of 1 m? in unit time =
9.92 x 108]
Energy of photons passing through the area of 3 mm X 4 mm in unit
time= 9.92 x 108x3 x4x 106 ... (01)
=119.04 X 10-14]
Energy of 100 nm photonineV = 12.4 eV
Energy of 100 nm photonin] =124 x 1.6 x 10719
119.04 x 10~
Number of photons (p) = axieniols s (01)
(mark for dividing by the energy of a 100 nm photon inJ )
n=60x10s L. (01)
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(iii)  Number of photons in the area of 3 mm X4 mm = 6.0 X 105
Number of incident photons on the silver plate
= 6"’3’;:05 X2X2 (01)
=2 x 105
Number of emitted photoelectrons in a unit time = 2 X 105 .........(01)
(9 () Minimum value of kinetic energy =0 v e (01)
Maximum value of kinetic energy
Kmax ==~ ¢ OR(124-40) e (01)
=84eV e (01)
(i) A= 1240/4.0
=310nm e (01)
B=84ev e (01)
(iii)  The corresponding cut-off wavelength for gold plate = 1240/5.0
=248 nm T (o1)
Maximum Kinetic energy of the photoelectrons ejected by the photons
of wavelength 100 nm
=124-5.0
=74eV e (01)
Correct shape ofthegraph (01)
(03 marks can be given for the curve indicating corresponding Acyt-off
and Amax values ; exact values or reasonable representation of the
exact values)
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A 310 nm

Wavelen_gth (nm)

Confidential

V) =i (01)
Reason: Number of photoelectrons emitted are same .......c.ccuninnn (01)
(d Radiation intensity that can be safely applied on the lcm? of palm =
24 x1078
prorryal R (01)
Suppose power of source is P
Intensity from the source on the 1em” of palm =
P
m— .................... (01)
P 24x1073
oy ialirrrr I (01)
(Award this mark for equating the above intensity to R.H. side)
P=4x10"3W (02)
(One mark for correct unit, no mark for only the unit)
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