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| Physics Two hours

nstructmns
This question paper consists of 50 questzons in 10 pages

,ie Answer all the questions.

% Write your Index Number in the space provided in the answer sheet.

% Read the instructions given on the back of the answer sheet 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
a cross (x) in accordance with the instructions given on the back of the answer sheet.

! ' Use of calculators is not allowed.

§ . ‘  (g=10ms?) )
, 1. Which of the following physical quantity has a unit but no dimensions?
(1) - Planck constant - (2) Surface tension
(3) Energy @) Relative velocity

®) Sound 1nten51ty level

2. In a vernier calliper, the main scale 1-0 cm has 20 subd1v151ons The length of 19 main scale
subdivisions has equally been divided into 20 vernier scale divisions. What is the least count of

fe ~ the calliper? :

" (1) 0-025mm (2) 0-050 mm 3) 0-20mm , 4) 0-25mm (5) O-SOmm'

; 3 The kinetic energy of a projectile at its maximum height is one- fourth ( ) of its initial kinetic
f«— ~ energy. What is the angle of projection of the projectile with the horizontal? (Neglect air resistance.)
‘ (1) 10° (2) 20° (3) 30° 4) 45° - (5) 60°

4. Consider the following statements about a pair of action-reaction forces.
(A) They are equal in magnitude but opposite in direction.
r (B) They act only on objects touching each other.
(C) They.act on the same object. -

Of the above statements- _ L
(1) only (A) is true. . (2) only (A) and (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. : ’

L 5. As shown in the figure, a bullet hits a wooden block
placed on a smooth - horizontal surface and embeds’

‘within- the block. ‘ o

Consider the following statements.

V (A) The law of conservation of linear mornentum is valid for the collision.

I "~ (B) The law of conservation of energy is Vahd for the collision. -

} (C) A part of kinetic energy of the system is lost due to ‘the collision.”

Of the above statements

PP A_.‘M‘
“ of

- . )

1

i ) only (A) is true. 2) only (A) and (B) are true.
(3) only (A) and (C) aré true. (4) only (B) and (C) are true.
t 1 (5) all (A), (B) and (C) are true.

| : ; [See page two
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6. Coﬁsider followiiig statements about a muoh ).

(A) It is a lepton. .

(B) It is made out of three quarks.

(C) Its mass is larger than that of an electron.
Of the above statements o , —
- (1) only (A) is true. " (2) only (A) and (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. : .

7. The graph of the variation of velocity (v) with time () v o

© of an object is shown in the figure. The corresponding B
displacement (s)-time (f) curve is best represented by

o/ LN
A N
N . . | | S , , . A) , , |
oL/ - of {1 + Y/ oL L
0 ’ t 0 ' t 0 t
@ @ 3)
s N
0) /A T N N 1] P N
0 t 0 . i
€Y &) _

8. A circular disc of moment of inertia about a perpendicular axis through the centre is 8 kg m?.
It is smoothly pivoted from the centre and initially rotates at constant angular speed of 40rad sl
When a constant torque is applied for 10s, the angular speed of the disc reduces to 20 rad sl
What is the magnitude of the applied torque? * '

(1) 8Nm (2) 1I6Nm (3) 32Nm (4) 40Nm (5) 80Nm

9. An astronomical telescope is in normal adjustment. If the focal length of objective lens is 80 cm and
the angular magnification is 20, what is the distance between the objective lens and the eyepiece?
(1) 40 cm "(2) T6cm . (3) 84 cm 4) 96cm (5) 100cm

10. A source emitting sound waves of frequency 1000 Hz is moving directly towards a stationary
observer at a velocity of 0-9v, where v is the speed of sound in air. What is the frequency of
the sound heard by the observer? ' ‘

(1) 1040Hz 2) 1100 Hz (3) 1111 Hz (4) 1900 Hz (5) 10000Hz
. J

[See page three
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11. Faraday’s law of electromagnetic induction is related to
(1) law of conservation of charge.
(2) law of conservation of energy.
(3) Newton’s third law of motion.
(4) law of conservation of angular momentum.
(5) law of conservation of linear momentum.

12. From a homogeneous uniform circular plate of radius
2r a circular part of radius r is removed as shown in
the figure. The centre of gravity of the remaining part
of the plate is most likely to be found at
1 A (2) B 3 C
“ D 6) E

13. Two sound sources A and B are placed at a distance r away from a point. The sound intensity levels
measured at that point are 72 dB and 92 dB, respectively. If the sound intensity of source A at that
point is (W m2), what is the sound intensity of source B at that point?
1 1371 2) 10/ 3) 201 4) 251 (5) 1001

14. An ideal transformer has 200 turns in the primary coil and 400 turns in the secondary coil. Wheh
the primary is connected to an a.c. supply of V=110V, a current of Irms =10 A flows through
it. The rm.. voltage and r.m.s current in the secondary are respectively given by ,
(1) 55V, 20A (2) 440V, SA (3) 220V, 10A (4) 220V, 5A (5) 55V, 10A

15. The coefficient of static friction between a small coin and the surface of a horizontal turntable is
0-36. The rotational speed of the turntable is 30 rpm (revolutions per minute). What is the maximum
distance from the centre of the turntable at which the coin will not slide? (Take m=3)
(1) 4cm v (2) 12cm (3) 36 cm 4) 40cm )y 2cm . .

16. Two boxes A and B of mass 10kg and 5kg respectively
and made of different materials are placed on a rough
horizontal surface as shown in the figure. The coefficient N
of kinetic friction between box A and the surface is q A B
0-5. When a horizontal force of 100N is applied to 10 kg Skg
box A, the reaction force between boxes A and B is :
40 N. What would be the coefficient of kinetic friction 77277777 7777777777777777777/ 777777777 777777777
between box B and the horizontal surface?
1 o7 (2) 06 3) 05 @ 04 5) 03

17. A steel metre ruler is to be used in a measurement so that millimetre readings are accurate up
to 5x 10 mm at a certain temperature What is the maximum temperature -variation allowable
during the measurement? (linear expansivity of steel is 1 x 1073 °C1)
1 o 1°C (2) 0-2°C 3) 1°C 4 2°C B) 5°C

18. Five resistors and a battery are connected as shown 500
in the figure. The em.f. of the battery is 6-:0V and it RVA y
has negligible internal resistance. What is the voltage ! R360Q R%mgg

. 9 N ]

across the resistor R,? 60V = R3509
1 o7V 2) 08V 3 12V R330Q
4 20V (5) 24V [

. /

[See page four
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19.

20.

21.

22,

A uniform rope of length 50 m and mass 2-5kg hangs vertically . I
from a rigid support. A block of ‘mass 2-0 kg is attached to the . E
free end of the rope as shown in the figure. A transverse pulse: of

wavelength 2-0 cm is produced at the lower end of the rope. What
is the wavelength of the pulse when it reaches the top of" the.rope? B 55k

(1) 1-5cm 2) 2:0cm @) 25em - . sm|T0%
4) 3-0cm (5) 40cm

| Atz-o kg

Four wires of equal lengths are subjected to the same tension. The properties of these wires are
as follows.

Young’s Modulus of the material
(x1011 Nm?)

A 2:0 10
B : 2:0 2:0
C 10 10
D 10 - 2:0

Which of the following statements is true?

Wire Diameter (mm)

(1) Wire A has the largest extension. (2) Wire B has the largest e)rgtension". '
(3) Wire C has the largest extension. (4) Wire D has the largest extension.
(5) All wires have the same extension. ' w

A thin light circular loop of radius 2 cm is kept just below the surface of a liquid. If a force
of 004 N is required to pull this loop out from the surface of the liquid (just before the liquid
film breaks), what is the surface tension of the liquid?

-1 -1 ‘ 1 Nt A 1 Nyt
(1) 4Nm (2) 2Nm (3) -ENm (4? 5 NI ) 77 Nm |
In a uniformly charged hollow metallic spherical shell, the variation of the electric potential (V)
with distance (r) from center is best represented by, -

v ; 14 14

M @ o 3)

@ &)

J

[See page five
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23. A soap bubble of radius r was made at the end of a very narrow tube as shown in the figure.
Then more air was blown into the bubble isothermally to increase the radius of the bubble to 2r.

() ==

Consider the following statements.
(A) The pressure inside the bubble was increased.
(B) The surface potential energy of the bubble was increased by four times.
(C) The volume of the bubble was increased by four times. ’

Of the above statements

(1) only (A) is true. (2) only (B) is true.

(3) only (A) and (B) are true. (4) only (B) and (C) are true.

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

24. A current I flows through a uniform metal wire which is maintained at a constant temperature.
Which of the following graphs best represents the variation of power dissipation P in the wire
with current [ in the wire? '

P P , P
0 0
0 I 0 I 0 I
(H ) 3
P P
0 0
-0 I ’ 0 I
4) (5)

25. Two thin glass lenses in contact has a combined power of +3D (diopters). If one lens is convex
and has a focal length of 20 cm, what is the type and focal length of the other lens?
(1) convex, 50 cm (2) concave, 50 cm
(3) convex, 12:5cm ' (4) concave, 12:5cm
(5) concave, 10 cm

26. The potentiometer wire AB shown in figure has a length 100 cm and 2V R
a resistance 10 €. It is connected in series with a resistance R and a " —ww—
cell of emf. 2V and negligible internal resistance. The balance length
for a source of small em.f. 10 mV is found to be 40 cm. What is the

value of R? : A T B
(1) 790 (2) 8002 . (3) 900 €2 k{;_@) o
4) 1000Q (5) 1500 Q | 10mV "

27. During the decay of radioactive ZSSU into ZS%Pa which of the following particles are emitted?
(1) one alpha particle and one electron. (2) one proton and four neutrons.
(3) one alpha particle and one positron. (4) one alpha particle and one neutron.

(5) one alpha particle and two positrons. D

[See page six
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28.

29.

30.

31.

32.

33.

3.

™
The absolute humidity of air inside a closed room of volume 75m3 is 0-04 kg m= and the relative
humidity is 75%. For the room to be saturated with water vapour at the same temperature, how

much additional mass of water vapour should be added to the room?
(1) 0-5kg (2) 0-75kg (3) 1-0kg 4) 1-25kg 5) 1-5kg

Three point charges, initially at infinity are brought to the vertices of an equilateral triangle. Out of
them two charges each has a charge +q. If the total work done due to electric field to bring the
three charges to the vertices of the triangle is zero, what should be the value of the third charge?

W -4 @ -4 3) ¢ @ -2 () 44

A small solid sphere made of material having density g is released from rest at a depth H below
the surface of water in a tank. The density of water is 0 (0> ). What is the maximum height
that the sphere will rise from the surface of water? Neglect all viscous forces and surface tension
of water.

5 ; 5] p-5 (5
1 H 2y EH 3) 1+5|H 4 N1-LEVH 5 |5-1|1H
W 5 @ £ ® [1+5 @ [1-5JF ® (5
Two solid spheres A and B are made of the same material with identical surface properties. The
diameter of sphere A is half that of sphere B. They are heated to the same temperature and then
allowed to cool in the same environmental conditions. The initial rate of cooling of A and B are
R, and R, respectively. Which of the following is true?

(1) R,=R, @ Ry=3R; () R,=%R, () R,=2R, (5 R,=4R,

The transistor shown in the circuit diagram is operating in the +10V
active region. What is the approximate value of Vg? Assume that

VBE = 06 V 50 kQ 1kQ
(1) 16V 2) 34V 3) 46V C

@) 52V (5) 74V B™NE

50 k€ 2kQ

Water of mass 100 g at 30 °C and ice of mass 100 g at —10°C are mixed in an insulated container
without any heat exchange with the surroundings. Assume that the specific heat capacity of ice
and water are 2x 10%Jkg K1, 4 x 103 J kg 'K~ respectively and specific latent heat of fusion of
ice is 3x 10°Tkg™!. What is the equilibrium temperature of the mixture?

(1) 5°C (2) 0°C (3) -5°C 4) -10°C 6) 25°C

A set of parallel resistors and a set of series resistors are connected :
as shown in the figure. The resistance values of resistors may or R, R, R, R,

may not be the same. Which of the following statements is always | ' |
- 333 T

/ / / /
Rl RZ RS R4

(1) The current through each resistor in the set of parallel resistors is the same.

(2) The voltage drop across each resistor in the set of series resistors is the same.

(3) The total resistance of the entire network is greater than the resistance of any individual
resistor in the set of series resistors.

(4) The total resistance of .the entire network is less than the largest resistance in the set of
parallel resistors.

(5) The total resistance of the entire network is less than the resistance of any individual resistor
in the network.

J

[See page seven
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35.

36.

37.

38.

39.

40.

One electron is moving opposite to a uniform electric field
(E) and another electron is moving perpendicular to a uniform
magnetic field (B) as shown in ﬁgflres (1) and (2). For «—sf > VI s
each situation the de Broglie wavelength of the electrons v E € p
respectively ’

. . . Figure (1 Figure (2
(1) increases, increases. (2) increases, decreases. gure (1) gure (2)

(3) decreases, does not change. (4) decreases, decreases.
(5) increases, does not change.

A spherical water droplet of radius 2 mm falls down through air at a terminal velocity of 8 cm sl

What is the terminal velocity of a spherical water drop falling through air and having a volume of
eight (8) such identical droplets?

(1) 8cms! (2) 16cms™ (3) 24cms (4) 32cms! (5) 64cms!

The bottom of a rectangular isosceles glass prism is just touching
a liquid surface as shown in the figure. A monochromatic
ray of light parallel to the liquid surface enters the prism
and passes along the glass and liquid interface. What is the
refractive index of the liquid? '

) V2 (2) 2 sin 75° (3) /2 sin 60°

2 o 2
@ s ®) S 60°

A water tank having a large cross-sectional area is kept on
a support of height 4. From a small hole close to the bottom
of the tank ejects a horizontal stream of water. Water strikes
the ground at a horizontal distance d from an edge of the
tank as shown in the figure. What is the height (y) of water
in the tank?

d> 4 4
(1) A (2) 5% 3) A4—h

o 2d> 4d>
@ 2 (5) 4

Two charged particles A and B of masses m,, m, and charges
g, 2q respectively are moving in circular paths of radii 7,
2r perpendicular to a uniform magnetic field as shown in
the figure. If the speeds of A and B are v, v, respectively,
what is the value of the ratio Y29

gyl
M 1 2 V2 G3) 2
@ 3 ®) 4

® @ ®© © © o

®

Consider the logic circuit shown with three inputs A, B and C. What is the Boolean expression
that best.represents the output F of the circuit?

(1) F=BA+BC (2) F=BA+BC
(3) F=BA+BC (4 F=BA+BC

B
(5) F=BA+BC I ! F

S

[See page eight
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41.

42.

43.

4.

45.

connected by two massless wires, each of length 2-0m, to 3
a vertical rod. The wires are taut and rigidly fastened to '
the rod with a separation of 2-0 m. The setup is rotating at
a constant angular velocity about the axis of the rod. The
tension of the upper wire is twice (27) that of the lower
wire (7). What is the angular velocity (rad s71) of the ball?

(1) & @ Bz ® Vi

@ g () 5

Two identical capacitors X and Y are connected by a wire q
with an open switch K as shown in the figure. Initially
capacitor X is given charge ¢ while Y is uncharged.
Consider the following statements regarding the capacitors _[_
after the switch is closed. =

| I

[N

FrErF T F+ T T

_

(A) The charge in capacitor X decreases to q. ” X Y

(B) The voltage across capacitor X does not change from its initial value.
(C) The energy stored in capacitor X decreases to half of its initial value.

Of the above statements

(1) only (A) is true. (2) only (B) is true.

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

The upper half of an inclined plane of inclination 6 to the horizontal is smooth while the lower
half is rough. A block starting from rest at the top of the plane slides down and comes to rest
again at the bottom. The coefficient of kinetic friction u between the block and the lower half
of the plane is given by

(1) u=2tan @ (2) u=cosf 3) u=tan 6 4) u=2sin6 (5) u=3tantd

For a satellite moving in a circular path around the earth the kinetic energy, gravitational potential |
energy and total energy are given by K, V and E respectively. Which of the following relationships
is true? :

1) E=-K 2) V=-K 3) V=E 4) K=-2E 5) K=V

A rectangular loop of wire ABCD of width a and length b
is kept coplanar with a long straight wire carrying a steady :

current I as shown in the figure. The loop is moved to the =
right. When the distance between the wire and the side AD A B
of the loop is r, the current induced in the loop is i. What
is the magnitude of the net magnetic force on the loop?

A Al b
#lip
2w a

i o
@ LD g A

r 2w (r+a) — ]

D

Holt ab (5) Bl v + a)
2w r(r+a) 2@ ab

C))

Y

[See page nine
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46.

47.

48.

The P-V diagram shown in the figure illustrates a
certain thermodynamic cycle abca of an ideal gas. If
the temperature of the gas at point a is 327 °C, what
is the temperature of the gas at point c?

(1) 177°C (2) 227°C (3) 300°C
4 327°C (5) 450°C

The length of XY copper bar is /. A half of the bar
is properly lagged and the remaining half is unlagged.
End X is maintained at temperature 0, and end Y is
at 6, (6,>0,). When the steady state is reached which
graph best represents the variation of temperature along

“the bar?

Temperature Temperature

An observer can see the top of a thin plastic stripe k

attached to the wall of a beaker when the eye is at
a position as shown in the figure. The length of the
stripe is h, the diameter of the beaker is 2k and the
height of the beaker is 3h. The beaker is then filled
with a transparent liquid up to a height of 2h. Now
the observer can see the bottom of the stripe without
changing the position of eye. What is the refractive

index of the liquid?
@ 3 3 3

(1)
) |3

WA N

Q)

P(x10° N m?)

6

X lagged = copper ¥
‘ bar

Temperature

distance

-

2h

S

[See page ten
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49. Consider the op-amp circuit shown in the figure with a supply 15V
voltage of +5V. A triangular alternating voltage (V,) with a 15
peak-to-peak voltage of 5V (ranging from —2:5V to +2:5V) ‘——
is applied to the inverting input of the op-amp, and a fixed ,
voltage of +1-5V is applied to the non-inverting input. Which [
of the following best represents the variation of output voltage W
(V,) with time #? in
| L
6 6 6
4 ‘]0 4 1V7 TNy Il\ 4 _:;:} :.__—____g :— R
2 _—-§L5/ \r-‘-— — \'— —— 2 )\7/ \\‘ II/ \\\\ 2 ;' \=. {/ \ll
- - ] N 7 -
g0l N Zofhed N BT o
1! R ) N 1 3
-2 = i -2 1 N v -2
/ Y \\
-4 4 s X7 -4
-6 -6 -6
0-00 0-50 1-00 1-50 200 ¢ 0-00 0-50 1-00 1-50 2:00 ¢ 0-00 0-50 1-00 1-50 2:00 ¢
€] ) 3)
6 6
Lo d--F-1 - . -
4 TVI\; I - 4 Vil 1 i I
A DA A S BRI A
= g 1 = g ) )
o (Kl - Zotlin 1 Ly
2 : 1 : { -2 ; 1 { !
il A N ()1
- e i S I B
-6 -6
0-00 0-50 1-00 1-50 200 ¢ 0-00 0-50 1-00 1-50 200 ¢
“ &)

50.

Two identical rectangular isosceles wedges, each of mass m, are placed next to each other on
a rough horizontal surface. A solid cylinder of mass M is balanced on the wedges as shown in
the figure. Assume there is no friction between the cylinder and the wedges. The coefficient of
static friction between the wedges and the horizontal surface is . What is the largest value of
M that can be balanced without slipping the wedges?

m

D

Sl
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1. You are asked to determine the density of the material of a thin uniform wire- of -length
about 15cm and mass about 200 mg. You are provided with the micrometer screw gauge
shown in figure (1) to measure the diameter of the wire.

anvil spindle

oy ——>

Figure (1)

(@) Name the parts of the micrometer screw gauge marked as A, B (not the two scales)

and C..

Ar e
B
e oo Tt

(b) The main scale of the micrometer screw gauge is made by dividing 1 mm into two.

or decrease the distance between the anvil and the spindle by a value which.is equal
to one division on the main scale.

(i) What is the pitch of the micrometer screw gauge in mm?

(¢) Figure (2) shows the position of the circular scale when ’ el
the anvil and the spindle touch each other. Determine (;—"5 e
the value of the zero error of the micrometer screw =
gauge in mm. = s
s =— 40

el
Vel
g
w
~~
[\®)
~

- (d) After determining the zero error, state. how the micrometer screw gauge is used to
measure the diameter of the wire. :

The circular scale has 50 equal divisions. One complete turn of B will either increase |-

AL./2024/01/E-11 -2 - .
— - ' Do not )
PART A — Structured Essay | write
Answer all four questions on this paper itself. Tinthis
(g = 10ms™ 2)

columit

S

[see page three
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(- _ Do not
(e) What is the purpose of having patt C in micrometer screw gauges? ' f:lré;els .
’ ‘ -*{column’
(H (@) Figure (3) shows the position of the circular scale when )
the diameter of one place of the wire is measured using e 15
the micrometer screw gauge mentioned in (¢) above. 0 =
= 1
(1) What is the reading of the micrometer screw gauge _LIE 0
in mm? — 5
=0 |
--------------------------------------------------------------- _— \
(2) What is the correct value of the diameter of the wire Figure (3)
in mm?
(ii) Calculate the cross-sectional area (in mm?) of the wire using the value in () () (2)
: above.. (Take 7=3.)
(g) @G What other measurements do you take to determine the density of the matenal of
the wire?
[ T PP ST S SUPTUPOL PO PPt
2) e, T oottt e
(i) Name the most appropriate measuring instruments needed to obtam the measurements
mentioned in (g) (1) above. *
(1) oot e e
() P U PP TIUPPOPTRN
(k) Figure (4) shows an electronic micrometer screw gauge used in industrial: applications.
What is the least count of this gauge in mm? .
et H&)5
e
|
k -
- Figure (4) -
N A

[see page four
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2.

You are asked to determine the slpeciﬁc latent heat of vaporization (L) of water-using the
method of mixtures. Figure (1) shows an incomplete experimental setup. A rubber tube is
used fo take steam out. A well lagged copper calorimeter, water and a copper stirrer are also

provided. - Rubber tube

Insulating

Steam
generator

Water -

Figure (1)

(@) (i) Water has to be poured into the steam generator. Using a horizontal line, mark
the appropriate level of water that must be filled inside the steam generator. °

(ii) A thermometer has to be inserted into the steam generator. Using a small cross (x)
mark the appropriate position of the bulb of the thermometer that must be placed
inside the steam generator.

(iii) The accurately measured temperature of steam in this experiment is 99-0 °C not
100-0 °C. What can be the reason for this? '

(b)) (i) Name the item that you use to avoid mixing condensed steam into water in the
calorimeter.

(i) Draw the item mentioned in (b) (i) above in the appropriate place in figure (1)
with the correct connection.

(¢) Two thermometers A and B are available for the experiment.
The range of thermometer A: —10°C to 110°C
The range of thermometer B: -10 °C. to 60°C

Which thermometer must be used to measure temperature of water in the calorimeter?

(d) What are the mass measurements that you would take in this experiment? Give them
in order of measurements.

) e e,

(¢) What are the experimental steps that you would take to measure the last temperature reading
- of water in this experiment?

Do not - |
write

in this
column

[see page fiv
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() The room temperature and the initial temperature of water are 0 and 0, respectively.
Write down an expression for the value of last temperature measurement 0 of water in
terms of 6, and 6 to minimize. heat exchange with the surroundings. V

0, =

(g) () Is it possible to use a glass beaker instead of a copper calorimeter in this experiment? -
Possible/Not possible (Underline the correct answer.)
(ii) Give the reason for the above answer.

(h) When a student performed the above experiment, the exact value of the mass of steam added
was 1-2 g. Using this and other measurements the value of L the student must have obtained
after calculation was 2-3 x 10° J kg~!. But the student used the mass of steam added as 10 g.
Determine the value of L that the student obtained due to this mistake. Round off your answer |
to one decimal place in scientific notation. :
Temperature rise in water was 10 °C. The specific heat capacity of water is 4-2 x 103 J kg‘1 K‘
(Take 234-2 = 234)

~|3. You are required to determine the refractive index of material of a glass prism using a
laboratory spectrometer.

(@) Draw the path of a monochromatic ray incident on the surface AC undergoing minimum
deviation through the prism shown in figure (1). Also mark the angle of incidence (i)
and the angle of refraction (r) of the ray at the surface AC.

C
Flgure (1)

(b) Mark the angle of minimum dev1at10n D) of the ray in the above ﬁgure (1)

(c) Write down an expression for the refractive index (n) of material of prism in terms of
angle of prism A and D.

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

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

“|Donot )

write
in this
column

o

[see page six
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(e) A student argues that a beam of hght from a bnght filament ‘bulb can be used for Vﬁ;ﬁs
levelling the pnsm table. Do you agree‘7 e eeee ettt eatera e neeas : | column .

Give the reason.

(H After ad]ustmg all the parts of the spectrometer how do you expenmentally obtam the

minimum deviation position for a monochromatlc ray of light?

R L R R R R AR AR AR R AR R AR R

(g) ‘When the telescope is fixed to the minimum deviation
positon, the circular scale and the vernier scale positions - -
.are shown in figure (2).

What is the reading of this position? 7 AL
Figure (2)

150 70

(h) After removing the prism from the prism table, the direct reading of the telescope is
measured as 104°55". Find the value of D. The 360° mark of the circular scale has not
crossed when taking measurements. ’ .

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

(@) If the prism angle is A= 60°00 calculate the refractive index (n) of matenal of pnsm -

(Use the natural sine table for your calculation.)

4. Figure (1) shows an experimental setup that can be used to determine the temperature coefficient
of resistance («) of material of a thin wire using a metre bridge. An electrically insulated
uniform wire of length 50 m and diameter 0-1 mm, is wound around a cylindrical piece of
plastic rod to make a coil. The resistivity of the matenal of the wire is 1-5x10°Q m at
30°C. A suitable resistance S is connected across the left gap of the bridge.

Water

Figure (1) .

Do not )

e .

[see page seven
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{a) Find the resistance of the coil of wire at 30 °C. (Take 7=3.)

(c) @) In the space given below, draw a diagram of the circuit that should be connected
across the gap ‘X’ in figure (1).

(i1) What is the purpose of the circuit that you have drawn in (c¢) () above?

(d) Copper wires have to be used to connect the coil of wire to the metre bridge. What
type of wires are suitable for this? i

(e) What are the other essential instrument and item needed in this experiment?
INSTIIMENT & oot e et e e e et e
Item D e P P

(f)v (i) If the resistance of the coil at a given temperature 6 (°C) is R, and the corresponding balance

R
length of the metre bridge wire is / (cm), write down an expression for TH in terms of /.

Neglect end corrections of the metre bridge wire.

6=0° and 0.

“|Danot )

(if) Write down an expression for the resistance R, in terms of «, the resistance R, at|-

write
in this
column

./

[see page eight
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" needed to_draw the straight line graph of ( i ) versus - 6.

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

(iv) Using the parameters of the expression written in (f) (iii) above, write down
expressions for the gradient (m) and intercept (c) of the graph.

(g) Calculate @ using the following graph shown in figure (2).

(%Q - 1) 1-1

T

1'0 >

09 A

0-8

07

0 10 20 30 40 50 60 70
Temperature (°C)
Figure (2) ,
#* 3k

Do not |
(iii) By combining expressions written in (f) (i) and (ii) above, obtain an expression fﬁ}ﬁs
100 -1 column

/

[see page nine
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Answer four questions only. R
(g = 10ms™) .

e Note: For an example the number 65210 can be written as 652 x.10* in scientific notation after
rounding off to two decimal places.

5. Read the following passage and answer the questions.

In ice skating, the blade of an ice skate shown in figure (1) exerts pressure
on the ice and melts a thin layer of ice providing lubrication between the
ice and the blade. This is called ‘pressure melting’. The bottom surface of
the skate blade is 30 cm long and 1 mm wide. A human who exerts his
weight on one ice skate can create pressure of up to 20 times the normal
atmospheric pressure. The coefficient of friction between ice and the blade
is almost zero. Therefore the only way to move forward is by pushing the
ice wall not melted with a force by the skate blade as shown in figure (2).

Figure (1)

As the ice skater pushes with his right leg from behind, a force F is . direction of
exerted on the skate blade by the ice. The component of the force F in the motion

direction of motion pushes the skater forward. At the same time, his left 7
leg with skate is-either raised or gliding on the ice surface. As the skater ;.. ...
moves forward he changes the above action to the left leg and pushes the i aiced
ice with that one while raising the right leg. The process is continuously orgliding

repeated. , ) on the ice

F

[
9
a circular path on a flat horizontal ice surface with a constant speed. Here, g g‘l;:hsl]:gzg
G is the center of mass of the skater, P is the point of contact between a - the ice wall
skate and ice surface, and L is the distance between P and G. The horizontal Figure (2)
and vertical components of the force exerted on skate from ice are F,, and

F, respectively. The radius of the circular path is R.

1
1
1
I
Figure (3) shows the forces acting on a skater of mass m as he moves in !
I
I
I

In order to achieve a spin motion of a skater, a special blade is used which
has small, jagged spikes at the front end as shown in figure (4). Spins
are made by this jagged spikes digging into the ice and creating necessary
torque.

(a) What is meant by ‘pressure melting’?

(b) (i) If a person of mass 60 kg wearing regular shoes stands on ice
surface with one foot, what is the pressure exerted by him on the
ice surface? The surface area of the bottom surface of one shoe
is 300 cm?.

(ii) If he wears a skate instead of the regular shoe, what is the pressure
exerted by him on the ice surface? Take the dimensions of the
skate blade from the passage. Assume that the bottom surface of
the skate blade is rectangular. -

(iii) Hence, show that the pressure obtained in (b) (ii) above is 20 times o
the atmospheric pressure. (Atmospheric pressure is 1-0 x 10° Pa.) Figure (4)

(¢) How does a skater move forward on an ice surface?

. i . - J

[see page ten
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110. Answer either part (A) or part (B) only.
Part (A)

(a) The first law of the'r'modynéfnics for a closed system can be written as AQ = AU +AW Cieérly 4identify‘ :
each term.

(b) What do you mean by an isothermal process, a constant pressure (isobaric) process and an adlabatlc
process?

(c) Starting from the same point and labelling it as A, sketch the above three processes in the same p—V |
diagram. Mark isothermal, constant pressure and adiabatic processes as AX, AY and AZ respectively.

(i) Which process does obey Boyle’s law?
(i) Which process does obey Charles’s law?

(iii) If the volume is increased from V, to V, at a pressure P, in an isobaric process write down an
expression for AW in terms of P1’ V1 and V2'

(d) The Stirling engine converts heat to mechanical energy and that was invented by Robert Stirling in.
1816. It is operated by a cyclic process of a closed system of an ideal gas by exposing it to different
temperatures. A typical Stirling cycle is shown in the given p—V diagram by abcda cyclic path.

P(x10°Pa)

10

7

yd
7
/

v.4

7

0

4 6 8 - 10 12 4 V(x10°m)
(i) Giving reasons ide'ntify the types /of four processes aZ), bc, ‘cd and da.

(i1) If the temperature at point a is. 273 °C, find temperatures at pomts b, ¢ and d.
(iii) For a process represented by a vertical line such as bc the change in internal energy is given b
g gy 18 8 y

the equation AU, =3 (P POV, where P, and P_-are-pressure at points b and c¢ respectively.
The volume at b is V. Calculate the heat energy supplied to the system -in processes bc and da.

(iv) Assuming ab and cd are straight.lines for calculation purpose only, find the work done in processes
ab and cd.

(v) Using the same assumption in (d) (iv) above calculate the net work done-in one cycle.

(vi) Using the same assumption in {d) (iv) above calculate the efficiency of the cyclic process abcda?

~/
"[see page sixteen
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(ili) An airplane generates a sound power of 480 W from ifs engmes Assume a unrform spherical
sound distribution. (Take 7=13.) ~ e i

(I) If the atmosphere absorbs 95% of sound energy’ durmg the propagation between the airplane
and the ear, find the maximum distance that an a;lrplane can be detected wrthout the acoustrc i
mirror using the value obtained in (c) (i) above. (Take /5 =2 24) S

(ID) If the atmosphere absorbs 99.9% of sound energy during the propagatron between the arrplane :
and the acoustic mirror, find the maximum distance that an arrplane can be detected with the |
acoustic mirror using the value obtained in (c) (ii) above. Assume that there is no loss of |1
sound energy during the propagation between the acoustic mirror and the ear.

(d) An air surveillance person on the ground identifies an airplane, which is flying along a strarght -line path
above him parallel to ground at a vertical height of 3000 m with a velocity of 125 ms: At time =0, |
the horizontal distance from the airplane to the observer is 4000 m. The frequency of sound generated
by the airplane is 100 Hz. Assume the speed of sound in. air is 300 ms™

(i) Find the frequency of sound heard by the surveillance person on ground at times =0 s, 1=32 s
and t=64s.
(i) Sketch the variation of observed frequency (f) against time (#) for the above situations.
(e) A supersonic jet flies in a straight line path at velocity u parallel to the ground at a herght of 3000 m. |
The speed of sound in air at that height is v. :

(i) Draw circular wave-fronts emitted and then transmitted from the jet for situations u<v, u=v and |
u>v.

(i) For the situation u>v, the Mach number M and Mach angle « (half angle at the vertex of the |
Mach cone) can be defined for a jet as M = —and sma—ﬁ respectively. If the velocity .of the
jet is Mach 2, how long after the plane has passed directly overhead will an observer hear the
sonic boom? Speed of sound v at that height is 300 ms™. Take ~/3 = 1.73.

7. (a) Define the coefficient of surface tension.

(b) Three long glass capillary tubes are vertically dipped in different liquids having the angle of contact |
(i) 0°, (i) 90° and (iii) 135° so that a half of the tube is inside the liquid. Draw a sketch showing '
the shape of the liquid meniscus inside the tube, the height of the liquid column and the shape of
the liquid surface outside near the tube for each case. ’

(c) Derive an expression for the maximum radius (r ) of a tiny solid sphere that can be floated without
piercing the surface of a liquid with coefficient of surface tension T. The density of the material of the
sphere is B and it is greater than the density of the liquid. Assume that the contact angle between the

3

(d) Hay’s test is done to detect the presence of bile salts in urine to identify patients having jaundice.
Bile salts reduce the surface tension of urine. Sulphur powder having uniform spherical partrcles is
sprinkled on a sample of urine taken for the Hay’s test.

material of the sphere and liquid is zero. The volume of a sphere of radius r is

(i) Using the expression derived in (c) above, calculate the maximum radius (r,) of spherrcal sulphur
particles that can be floated on normal urme Density of sulphur is 2000 kgm and the surface
‘tension of normal urine is 65X 10N m™. Give your answer to one decimal place in mm.

(ii) Sulphur particles will sink if bile salts are present and the person is identified as positive for
jaundice. For Hay’s test according to the value calculated in(d) (i) above sulphur particles of
radius 0-9r_ is used. If these particles just sink in the urine sample of a patient having jaundice,
calculate the surface tension of affected urine. Round off your answer to one decimal place in|
scientific notation. : :

(e) If a capillary tube of radius 0-4 mm is vertically drpped in unaffected urine sample calculate the
capillary rise. Density of normal urine is 1020 kg m™. The angle of contact between urine and glass
is 30°. Give your answer to nearest integer in mm. (Take«/g =1-73) '

(/) Another test method can be designed using an electrical liquid sprayer gun producmg trny urine droplets
with identical radii in one second. What will be the ratio of power needed for forming droplets from
urine with bile salt sample to the normal urine sample? Assume that the densities of urine in both
samples are the same. Give your answer to two decimal places.

. . —

[see page twelve
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8. (a)

(b)

©

Consider a metal conductor in the form of a rectangular thin slab .
having width w and thickness ¢ as shown in figure (1). A constant -
current / flows in +x direction and a uniform magnetic field of flux
density B acts perpendicular to the plane of the slab, in +y direction.
The drift velocity of electrons is v - After the steady state is reached
negative charges accumulate at the upper surface of the slab, leaving
positive charges at the lower surface. Then a potential difference will -
be established between upper and lower surfaces of the slab Wthh is Figure (1)
called the Hall Voltage Vi ’ '

(i) Derive an expression for the Hall voltage V}; in terms of the magnetic flux density -B, the current
I, the number of moving electrons per umt volume # in the conductor electron charge e and |.
thickness ¢ of the slab.

(i) If B=04T, I=32A, n=10%m>, ¢=16x10"" C and t=2 mm, determine V.
(iii) Without changing anything else, if the entire conductor is moved in the —x direction with a constant

velocity equal to the drift velocity of electrons, what will happen to the magnitude of the Hall
voltage? Give reasons for your answer. :

(iv) When the slab is stationary as shown in figure (1), F_ and E denote the magnetic force acting
on the electron and Hall electric field intensity respectively. If the charge carriers are positively
charged instead of negatively charged, what will happen to the directions of each v Foand E?
(will change or will not change)

Hall-effect sensors operate by detecting voltage changes when placed
in a magnetic field. In order to generate a uniform magnetic field, two
identical circular coils, each having the same radius, same number of
turns, and identical currents, placed at a distance equal to the radius as
shown in figure (2) can be used. The resulting magnetic flux density
between the two coils is 1-430, where B0 is the magnetic flux density
at the center of a single coil.

Figure (2)

(i) Starting from Biot-Savart law, obtain an expression for the magnetic flux density (B at the center
of a circular coil with number of turns N, radius R, and carrying current /. Name the other symbol
in the expression.

(i) If N=1000, I=2A and R=0-12m, calculate the magnetic flux density B, at the center of one
coil. (Take ¥ =47x 107"TmA™ and 7=3))

(iii) Referring to the paragraph given in (b) above, calculate the value of the uniform magnetic flux
density between the two coils if they are placed at a distance of 0-12 m.

Hall-effect sensors are used in various applications to detect
rotational speeds of rotating objects. Figure (3) shows a rotating
wheel with four identical coils carrying identical currents
mounted at equal intervals around the perimeter of the wheel.
An additional coil (S), identical to those on the wheel carrying
the same current is placed stationary with a Hall sensor next to
it. When one of the coils on the rotating wheel aligns with the
stationary coil S and the Hall sensor, a uniform magnetic field
is established, allowing the Hall sensor to generate a voltage
pulse. As the wheel rotates, each alignment produces a voltage . s
pulse, enabling the detection of the rotational speed. Figure (3)

(i) If the pulse frequency generated by the Hall sensor is f, write down an expression for the
rotational frequency f of the wheel in terms of f,.

(i) If f,=240 pulses per second, calculate the rotational speed @ of the wheel in rpm.

(iii) When the rotational speed of the wheel exceeds 7200 rpm an alarm has to be triggered. Determme
the pulse frequency of the Hall sensor at which the alarm will be triggered. ]

(iv) In practice, semiconductors are used instead of metals to obtain large Hall voltages. Why does a
semiconductor produce a large Hall voltage?

vy
[see page thirteen
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9, Answer either part (A) or part (B) only
Part (A)

(a) A thin heating element made from a conductive material of resistivity © has a shape of a rectangular
strip with length [/, width w and thickness ¢, as shown in figure (1) : :

f <——,l——‘—>‘\,. o
I . w\ |

Figure (1)

(i) Write down an expression for the resistance R of the heating element in terms of 0, [, w and t.

(i) If =100 mm, w=20 mm, =5 pm and O =8X 10~ Q m calculate the resistance of the heatlng
element.

(b) As shown in figure (2), a wearable heating pad is designed for
localized heat therapy, using the above thin heating elements. o1 1y
The heating elements are arranged as shown in the figure,
along with a 40 Q standard resistor. The pad is connected to

a 24V d.c. source with negligible internal resistance. Thin 4 > -

heating elements are represented by rectangles. The heating 40 Q
. pad- should produce at least 70 W to deliver the required B ——— -\ E

therapeutic heat.

(i) Calculate the resistance of branch AF and branch BE
of the circuit.

(ii) Calculate the current through the branch BE.

(iii) Calculate the power dissipated in the branch BE and the entire circuit. Does the heating pad
produce the required power? ‘

Figure (2)

(iv) Calculate the total power dissipation of the circuit if the thickness of all the heating elements is |
halved.

(v) If the length [ is equal to the width w, show that the resistance is independent of the surface area
(lw) of the heating element shown in figure (1).

(vi) Calculate the resistance per unit square of the top surface of the above heating element having
thickness 5 pm.

(c) Assume that a heating pad contains resistive elements made of two thin layers deposited on top of
each other.

Layer 1: Made of a material with a resistivity that remains constant with temperature.

Layer 2: Made of a material with same resistivity as Layer 1 initially but resistivity 1ncreases as
temperature increases.

The heating pad operates using a constant voltage source. Giving reasons explain what will happen to
the power dissipation of the modified heating pad over time.

(d) A dc. source to supply power to circuits can be constructed using a suitable step down transformer.
Here, a transformer is used to step down an input a.c. voltage of 240V (r.m.s.) to an adjustable output
a.c. voltage between 12V (rm.s.) and 48 V (rm.s.). The transformer has 800 primary windings. At
the output stage, the transformer output is converted to a d.c. voltage. ’

(i) Write down an expression for the ratio of primary voltage (V) to secondary voltage (V) of
the transformer, in terms of the number of windings in the primary coil N, and the secondary
coil Ng. ’

(ii) If the rm. s. Voltage of the secondary coil can be varied between 12V and 48 V, calculate the
range of number of wmdmgs required in the secondary coil. ’
© (iii) The d.c. output voltage is 80% of the rm.s. output voltage of the transformer secondary coil. If
the desired fully rectified d.c. output voltage is 24V, calculate the output r.m.s. voltage of the]
transformer.
(iv) The transformer supplies power to a load that consumes 120 W at 24V d.c. If the power loss
due to Joule heating in the secondary is 10% of the power consumed by the load, calculate the
| rm.s. output current of the transformer.

J

[see page fourteen
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(@

)

(©)

Part(B)

Consider the AND gate circuit made from transistors operating
as switches shown <in figure (1). The circuit consists of three
npn transistors Tp T2 and T3. Inputs A and B control the
action of the transistors 7' and T, while transistor T, controls
the final output X. The circuit operates from a V.= +5V
power supply. Assume that V. =07V, f =100, and V at
saturation is 0-2 V for all the transistors. Desired collector
currents for 7, and T, are 4mA and that for T, is 4-8 mA.

(i) Consider the situation when both inputs A and B are at 5V. Figufe _(1)
(D) Calculate the base current of 7). Hence, show that 7, is in saturation state.
(II) Calculate the base current of 7. Hence, show that 7} is in saturation state. :
(ii) Consider the situation when either A=5V and B=0V or A=0V and B= -5V. State the operatlonal

state (ON or OFF) of T, and T, for each cons1der1ng the current conductlon from collector to
emitter. No calculations are needed

(iii) Calculate the base current of 7, when either T, or T, is OFF. Hence, show that T, is in saturation |
state. - '

(iv) What are the values of the output voltage V, for the following input conditions? State the operating
mode (either ON or OFF) of T, for each case.
Case 1: A=5V and B=5V
Case 2: A=5V and B=0V
Case 3: A=0V and B=0V

Consider the block diagram shown in figure (2) of a logic comparator A
which compares two binary digits A, and B,. The output F, becomes 1 1= ~
. A=B; —F
only if A, and B, are the same. B 1=21 1
| =
(i) Write down the truth table of the comparator. ‘ Figure 1))

(i) Write down the logic expression of the comparator using the above truth table.

(iii) Write down the truth table and logic expression of an XOR gate with inputs A, and B,. Use it
to write down a logic expression for the comparator.

(iv) Draw the logic circuit of the comparator using an XOR gate and a NOT gate.

(v) Draw the logic circuit of the comparator using only XOR gates.
Hint: Connect one input of an XOR gate permanently to logic 1 or 0 as needed

(vi) Using the block diagram shown in figure (2) above and one additional 3-input logic gate, draw
the composite diagram for a 3-bit comparator -comparing A, and B,, A, and B,, A, and B,.

Consider ldgic gates P and Q of two different types. The logic voltage levels of the inputs; and outputs
are given inthe table.

) : Input - Otltput
Logic Gate - ; ; T
Logic 1 Logic 0 Logic 1 Logic 0
P 2Vto5V [0Vt 08V [27Vio5V |[0Vt004V
0 35Vt05V OVtOISV 495Vto5V [0Vt 005V

Logic gates of types P and Q are used to construct a logic circuit.

() In one circuit, the output of P is connected to the input of Q Do you eXpect the circuit to
operate properly? Briefly explain. :

(i) In another circuit, the output of Q is connected to the input of P. Do you expect the circuit to
operate properly? Briefly -explain.

[see page ﬁfteen
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10. Answer either part (A) or part (B) only.

Part (A)

(a) The first law of thermodynarmcs for a closed system can be written as AQ AU + AW. Clearly 1dent1fy )
each term.

(b) What do you mean by an isothermal process, a constant pressure (1sobarrc) process and an adlabatlc :
process? :

(c) Starting from the same point and labelling it as A, sketch the above three processes in the same p-V
diagram. Mark isothermal, constant pressure and adiabatic processes as AX, AY and AZ respectively.
(1) Which process does obey Boyle’s law?
(ii) Which process does obey Charles’s law?
(iii) If the volume is increased from V| to V, at a pressure P, in an isobaric process write down an
expression for AW in terms of P, V, and Vv,

(d) The Stirling engine converts heat to mechamcal energy and that was invented by Robert Stirling in
1816. It is operated by a cyclic process of a closed system of an ideal gas by exposing it to different
temperatures. A typical Stirling cycle is shown in the given p—V diagram by abcda cyclic -path.

%

P (x10° Pa)

10 c

7

4

7

0 - N
4 6 8 - 10 12 4 V(x10°m?)

€))] G1V1ng reasons ldentrfy the types .of four processes ab be, cd and da.

(i) If the temperature at point a is.273 °C, find temperatures at pornts b, c and d.
(iii) ‘For a process represented by a vertical line such as bc the change in internal energy is given by

the equation AU, =5 (P -P)V, where’ P, and P, are-pressure at points b -and c¢ respectively.
The volume at b is V,. Calculate the heat energy supphed to the system -in processes bc and da.

(iv) Assuming ab and cd are straight lines for calculation purpose only, find the work done in processes
ab and cd.

(v) Using the same assumption in (d) (iv) above calculate the net work done in one cycle.

" (vi) Using the same assumption in (d) (iv) above calculate the efficiency of the cyclic process abcda?

A
[see page sixteen
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Part (B)

(a) The figure shows a schematic diagram of an X-ray tube. It operates at V=30kV and the filament
current is 4 mA.

copper  water

target rod in
copper tube
4 mA
e—
T\ S
water ! v
X-ray$ v out ) »

(i) Determine the number of electrons (n) hitting the target per second. Electron charge = 1-”6 x1071°C:

(ii) Calculate the total kinetic energy (K) of all electrons hitting the target per second. Assume that
the initial kinetic energy of electrons emitting from the filament is negligible.

(iii)) Out of the energy calculated in (a) (ii) above, 95% is converted into heat in the target metal.
This generated heat is taken out using a copper rod covered with a spiral copper tube connected
to running water. Calculate the mass rate m (in kg min~') of flow of water if the temperature
increase of water is 57 °C. Take the specific heat capacity of water as 4000 J kgtec,

() (i) Calculate the minimum wavelength (),min) of the emitted X-rays. Planck constant /=66 x 107*Js
and speed of light ¢=3-0x 105 ms.
(ii) Does the 4_. value calculated above depend on the target material? Give reasons for your answer.

(iii) If the filament current increases does the ﬂ.min value calculated above change? Give reasons for
your answer.

(iv) The target metals are usually made of tungsten or molybdenum. What are the reasons for this?
(¢) (i) X-ray beam of intensity 5 X 10> W m™ is incident on a human organ with an effective surface
area of 0-01 m?. Calculate the total energy delivered on to the organ in one second.
(ii) If the mass of the organ is 0-5 kg, calculate the absorbed dose in Gray (1Gy=1] kg™).

(iii) What is the best material that can be used to effectively block or shield X-rays?

(iv) (I) Why is it important to measure the effective absorbed dose of radiation (in Sv) for people
working in radiation environment?

(II) What might be the reason that the effective absorbed dose vary between different types of |

radiation, even when the absorbed dose is the same?

(d) When an atom is struck by a high-energy electron an inner electron can be ejected creating a vacancy
in the inner energy level. An outer electron can transit to this vacancy emitting a photon with energy
equal to the difference between energy levels. This process can generate X-rays with definite frequency.
If the energies of the higher and lower levels are E, and E, respectively, the frequency f of the emitted
X-ray photon is given by Af=E —E,. Here h is the Planck constant. :

(i) For aluminium if E=~T4¢eV and E,=-1624 eV, calculate the energy (in eV) of the X-ray photon
emitted when an electron transition occurs from higher energy level to lower energy level.

(ii) Determine the corresponding wavelength of the X-ray photon produced. Take hc = 1240 eV nm.

(¢) How do hard X-rays and soft X-rays differ from each other in terms of energy, wavelength, and
penetrating power. : '

\J 1 (]
Sl Sef S
v W W
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Distribution of Marks

01.  PaperI—1 x50 =150 marks

02.  Paperll

Part A — 20 Marks for each Question — 20 x 4 = 80 marks
Part B — 30 Marks for each Question — 30 x 4 = 120 marks

Final Marks —  Paperl - =50marks
—  Paperll = % = 50 marks
200
Total Marks = 50+ - = 100 marks
~
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Common Techniques of Marking Answer Scripts.

Tt 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.) i

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

@ :::::::::::::::::::::'.".‘.'::::::::::::::::::::::::::. v
R v

MCQ answer scripts: (Template)

1.

B

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 ' 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.

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 2 -
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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 overland 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 I Column and right the relevant details.

|
1 ek
| ;’

e i —
e e s
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PART A - Stroctured Essay’
Angwer all four. ‘guestions on this paper zﬁwif

iz = W0msg™ 2

1. You ave asked to determine the e:ia;{mfjs of the material fkf a %:izm mﬁm wm;z @f imgm
about 15 cmy and mass about 200mg. You are provided with the. zmammamr screw gaz;ge

shown in figure {1} to measure the diameter of the wire,

anvil ﬂ;}mﬁiﬁ
5 P

Figure {1} |

{g} Name the parts of the micrometer screw gange marked as A, f:‘f iﬁ%ﬁ: iiiﬁ two seales).
and €.

CAISICEVE  iiieesrecesscenssetctenscssnsstsnrscsnnssaes (01)
- BETRIMBlE e eeseaneens o1)
C: Thimble head/Ratchet =~ = ciieiiiirirrcircnreecenienencossnrosmenes (01)

(Look for the word sleeve only. e.g. if a student has written sleeve scaie"accept it)
() The main scale of the micrometer screw gauge is made by dividing 1 mm into iwo.
The circular scale has 50 equal divisions. One complete turn of B will either increase
or decrease the disiance between the anvil and the spindle by a value Wﬁﬁ:’h is equal

i one division on the main scale,
(i) What is the pitch of the micrometer screw gauge in mm?

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

0.5 mm

(Award marks without the mm unit; but if a student has presented the values with other
units look for both the correct value and the unit; Apply the same rule for other answers

as well)

{iiy What is the least count of the micrometer screw gauge in mm?

0.01 mm

(No mark for a fractional value)

15
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{c} Figure (2) shows the position of the cireular scale when
the anvil and the spindle touch each other, Determine
the value of the zero error of the micromefer screw
gauge in mumn.

—0.02MM/0.02 MM eevveeeeeeeeeereereseesssneesssessnsessonses (01)

{d} After determining the zero error, state how the micrometer screw gange is used o
measure the diameter of the wire.

(D Plei;:e\ the wire in between anvil and spindle by turning C/thimble head until
C/thimble head slips OR starts rotating freely OR a clicking/ tick tick sound is
heard. e e e e s e aeesnn aens 01)

(2) (Rotate the wire by 90° and) measure the diameter at different/several places of the
WITE. iirreieereneeeiieee ittt tntenenaans e eeneanes (01)

{£) What is the pwrpose of having part C in micrometer screw ganges?

Preventing the spindle from moving further OR avoid damaging the wire (measuring
object) OR to avoid over pressing/pressurizing the wire (measuring object)

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

() (i) Figure {3) shows the position of the citcular scale Whenl s
the diameter of one place of the wire is measured using
the micrometer screw gauge mentioned in (¢) above.

(1) What is the reading of the micrometer screw gauge
in mm?

{2) What is the correct value of the diameter of the wire
in mm? ' )

01 - Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 16
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(it} Caleulate the cross-sectional area {in mm®) of the wire using the value in [}'—} i@
above, {Take m=23.} ; ,

{g} (i} What other measurements do you take to determine the density of the material of
the wire? :

(1) Length (of the wire) ................. 01
(2) Mass (of the wire) teeseutetsesesseaatttassansasetnsensnentosess (01)

(it} WName the most appropriate measuring instruments needed to obtain the measurements
mentioned in {g) (i) above.

(D Meterruler = iiririetiererenrensenrenssarrssnasanennns 01)

(2) Four beam balance OR (laboratory) electronic balance OR chemical balance

(No marks for just stating balance; no marks for triple beam balance since the
least count is 100 mg)

() Figure (4) shows an clectronic micrometer screw gauge used in m@m;ﬂ applications.
What is the least count of this gauge in mm? :

0.001 mm e, Ceviieesesseseeseiseesiesmessessenne (01)

B
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Department of Examinations - Sri Lanka Confidential

2. You are askéd 1o determine the specific iatﬁﬁt hﬂ&i of %;mnmmﬁ &y Qf water using the
‘method of mixtres, Figare (1) shows an mi?ﬁiﬁiﬁﬁiﬁ experimental setup. A pubber tube is
used fo take steam out, A well iaggmi copper calorimeter, water and a ﬁggyﬁf stirrer are also

providet. ﬁaﬁh@fﬁﬁ:&

Insulating
sheet

Bieam
generator

.

wure {1 }

@y W Water ‘has to be poured into the steam generator. l}ﬁmg g horizontal fine, mark
the appropriate level of water that must be filled inside the steam gﬁ%ﬁfﬂi’ﬁiﬁf

Any horizontal line between AB and CD  ceeciieaanees 02)

{iiy A thermometer has to be inserted into the steam generator. Using a small cross (¥)
mark the appropriate position of the bulb of the thermometer that must be plam:!
inside the steam generator.

Any indication of a cross above the drawn Water 16Vel  vuvveeneeersmessesscssonssansansnes(02)

(Correct position of the bulb of the thermometer is accepted; No marks for a cross
drawn below the water level) : '

{iii} The accurately measured temperature of steam in this mpenmﬂnt is 990°C not
100-0°C, What can be the reason for this?

(The temperature of steam/boiling point of water) depends on atmospheric
pressure/altitude/height (from sea level) OR the location of the experiment OR the

location of the school

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

(b} (i) Name the item that you use fo avoid mixing condensed sieam: into water in the
calorimeter.

A steam frap eacendsosae (02)

&
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(it} Draw the item mentioned in () (i) above in the appropriate place in figure: (13
with the comect connection.

OR

eecverereeeas (%)

[01'mark for the correct diagram; 01 mark for the correct connection to the rubber tube;
01 mark for lower end of the tube above the water level in the calonmeter]

(Overflow tube is not essential)
{e) Two thermometers 4 and B are availgble for the eéxperiment.
The range of thermomeler A ~10°C to 110°C
. The range of thermometer B; ~10°C to 60°C

Which thermometer must be used to measure temperature of water in ﬁm calorimeter?

B OR temperature range (from —10 °Cto) 60 °C csvsetsenes 01

{d) What are the mass measurements that you would take in this experiment? Give them
in order of measurements.

(1) The mass of the empty calorimeter and stirrer/calorimeter with contents
(2) The mass of the calorimeter, stirrer and water
(3) The total/final mass of the system/mixture (after adding steam)

[03 marks for all three correct answers in correct order; 02 mark for all three correct
answers but wrong order ; 01 mark for two answers in correct order]

(#) What are the experimental steps that you would take to measure the last tempﬂmmre reading
of water in this experiment?

(1) Stop passing steam into the water. ~ .cieeevenenenns , (01)

(2) Stir well and record the highest/maximum temperature of the mixture.

............... (01)

*01- Physics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 19



Department of Examinations - Sri Lanka " Confidential

{f) The room femperature and the initial temperature of water are fand , respectively.
Write down an expression for the value of last temperature measurement 8, of water in
terms of &, and @ to minimize heat exchange with the surroundings.

0—6,=6,—0
92 - 29 - 01 cecescsesecsoes (01) v

() (D) Tsitpossible fouse s glass beaker instead of a copper calorimeser in this sxperiment?
?ﬂggﬁ%@%&fﬁm possible (Underling the correctanswer) ... (01)
(i) Give the reason for the above answer.

The specific heat capacity of copper is very low/ The specific heat capacity of glass is
higher compared to copper OR the absorption and liberation of heat will be more from
a glass beaker compared to a copper calorimeter during the experiment OR the
temperature will not be uniform on the walls of a glass beaker OR there will be a
temperature gradient across the wall OR temperature of water will not be equal to the
temperature of the glass beaker '

SRR (1} )
(h) Disregard this part.
3. You are required to determine the refractive index of material of a glass prism using a
laboratory spectrometer.

(&t} Draw the path of a monochromatic ray incident on the surface AC mdﬁffgﬂiz@ mindrmm
deviation through the prism shown in figure (1). Also mark the angle of incidence (7
and the angle of refraction (r) of the my at the surface AC.

Figure (1)

01 - Pgilysics (Marking Scheme) G.C.E. (A/L) Examination - 2024 / Amendments to be included 20
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Path of a ray passing through the prism symmetrically (parallel to the surface CB) with
at least drawing an arrow head. e : (1))

Marking i and 7 on surface AC.  revereveeneens ’ (01)

(% Mark the angle of minimum deviation (D) of the ray in the above figure (1).

Marking theangle D e — 01)

{¢} Write down an expression for the refractive index (#) of material n‘f prism in terms of
angle of prism 4 and D,

sin (A+D)
= 2

Tl—?@)— ...............

{d) Give the experimental steps needed for adjusting the telescope of the spectrometer.

(02)

Move the eyepiece (back or forth)-until a clear/sharp image of the cross-wires are clearly
seen/observed throughit e 01)

Direct the telescope on to a distant object and rotate the adjusting knob of the telescope
until a clear image (with sharp edges) is seen. ~ .oeviianns : 01)

(e} A student argues thai a beam of light from a bright filament bulb can be used for
levelling the prism table. Do you agree? '

Yes/agree . eeeesseeancenes ...(01)
Give the reason.

Since reflection of light is used to level the prism table a bright filament bulb can be used.
...... 01)

th After adjusting all the pﬂm of the spectrometer how do you ﬁ:ipe:nmmtaﬁg obtain the
minimum deviation position for a monochromatic ray of lght?

Use a sodium lamp (OR mercury lamp)  .ieevenennenes ...(01)

Keep the prism in the middle of the prism table so that the angle of incidence is small
(about 10°). e : 01)

Rotate the prism table in the increasing direction of the angle of incidence while looking
through the telescope. e ((12))

The position where the image of the slit (OR face of the collimator) returns/turns back is
the minimum deviation position. e 01)
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(¢) When the telescope is fixed to the minimum deviation
positon, the circular scale and the vernier scale positions
are shown in figure (2).

What is the reading of this position?

144°15' eererreesenaen : 02)

(k) After removing the prism from the prism table, the direct veading of the felescope is
- measured as 104°55 . Find the value of D, The 360° mark of the circular scale has not
crossed when taking measurements.

D =144°15' — 104°55' (for the subtraction) .cceveeeenrennnns (01)

= 39°20’ ............... ' (01)

(i) If the pmm angle is A=60°00", calculate the refractive index (n) mf material of pﬁfﬂn
{Use the natural sine fable for ymm caleulation.)

(D + A4)[2 =(39°20" + 60°00‘)/2 (for the addition and division) ................. o1
= 49°4(' o
_ sin49°40’
sin 30°
=1.52 (1.51 - 1:53) 02)

4. Figure (1) shows atl experimental iﬁ:@%g%a;ggiég used o determine the fem)
of resistance (&) of material of a thin wiré wsing 3 melye %ﬁégi An iﬁ%ﬁi{‘; ﬁ:g gigﬁ%ﬁi;aﬁ
uniform wire of length S0m and diameter (-1 mm, is wound aronnd a cylindrical piece of
plastic v6d ‘to make a ¢oil. The resistivity of the material of the wire is I3% 1050 moat

- 30%C, A suitable resistance § is connected across the left gap of the %mégﬂ

Figure {1}
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{a) Find the resistance of the coi} of wire at 30°C. (Take m=3.)

R=p% eeereeeneeas SN (11}
5
= (0.0201)2

—1000 e . (01)

=15x%x 1078

{b} What is the measuring instrument labelled as “Y” in figure (137

Center zero galvanometer 0 cceeieeveeenes 01)

{e) (i} In the space given below, diaw a diagram of the circuit that should be connected
across the gap *X in figure (1),

7“3 ik : 1?' iiigv*
£ ) —»
vJ :

............... ‘ (01)
(if) What is the purpose of the cirenit that you have drawn in (¢} (i) above?

To protect the galvanometer (from high currents) OR to avoid passing high currents
through the galvanometer OR to prevent burning of the galvanometer.

............... , (01)

{d) Copper wires have to be used to conmect the coil of wire fo the metre bridge. What
- type of wires are suitable for this? :

Short length : ..(01)

Large cross sectional area/thick wires eree(01)

{¢) What are the other essential instrument and item needed in this experiment?

Instrument : Thermometer ... eeeeen (01)

Item DStirrer  ieeeeeeseene, 01)
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() (i) Ifthe resistance of the coil at 2 given temperature & [°C) is R and the corresponding balance

R
length of the metre bridge wire is / {cm), write down an mpr&ssmn for TK% i teras of L.
MWeglect end corrections of the metre bridge wire. '

Rg  100-1

TS T : (01)

{il) Write down an expression for the resistance R, in terms of 2, the resistance K, at
8=0° and 8.

Ro=Ro(1+a®) e, (01)
i) By combining expressions written in (/) () and (it} above, obtiin an expression
needed to draw the straight fine graph of {Hgﬁ - i) versus 0.

100 _ 1 = Roltad) pp 2004 = R°“9+ ...... o1)
l S l

{iv) Using the parameters of the expression written in (P (i) above, write down
expressions for the gradient (m) and intercept (¢} of the graph.

m=aX e , o1
S - - -
Ry
2 (01)
(v} Write down an expression for « in terms of m and e.
& —_ __nl -
- =T (01)
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{g} Calculate o using the following graph shown in figure (2.

L ;&
B0 SEREEda5aadi50i0
2 e . e ia 4
1; %
. it s +-
o . 2 s 4 s & W

o ’Tﬁmmmw{aﬁ}
Figure (2) amiperaline 4 &

Selecting the lower point as (29, 0.88) e ' RTPISTREIRY (01)
Selecting the higher pointas (69,1.06) e, (Dl)
(No marks for any other points)
Gradient = 1&22:2';8 (for gradient calculation) ‘ ..... ...... (01).
— % 0c-1
Intercept of the graph = 0.75
""_ 018/
0.75
a=60x10" °C71 (0.006 °C™Y) e (02)

(Deduct 01 mark for incorrect unit; K unit is not correct)

{If a student has obtained the correct answer for «a selecting different points on the line for
gradient calculation, award 03 marks only. i.e. for gradient calculation and the final
answer }
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A faur qams%m anly
iz = Wiy

* ﬁﬁm Foran ﬂ‘i&ﬁ%}ﬂﬁ the nuntber 65210 can be written as 652 % li}‘ i Sﬂiéﬂtzﬁ{: fotation Rfmr

rounding ﬁff e émma% p’iaf:ﬁs

5. Read the fz:aﬁgwmg ywsﬁage m:i answer the questions,

In ice skatlig, the blade of an ice skate shown in figure {1} exerts presoms.
o the jee wnd melts o thin layer of ice providing lubrication between the
ice and the blade. This 8 called ¥ pressute melting’. The bottom siwface of
the skate Blade is 30oh fone and 1 fom wide. A homan who exerts his
weight on one ive skate can creste pressure of up o 20 times the sonmal
;ﬁtiﬁ:ﬁgiﬁﬂﬂﬁ pressure. The coefficient of friction between ive and the blade

Jis almost zevo, Therefore the only way & move Torward is ?;r}* pushing the
e waﬁ not melied with a force by the skate blade as shown in figure {2).

As the ite skater pushes with his sight Teg from behind, a force F is

exered on the skate blade by the ice. The component of the force F in the
direetion of wiotion pushes the skater forward. At the same Gime, his feft.
leg with skate Is either raised or gliding on the ieg surface. As the skafer ...

“mioves Torward he changes the above action to the left leg and g:awh% the :
fee with thac one while mmmg the right leg. The prwmg E m}nim%ugfy :
repeated. : €}§2 tf‘&ﬂ i

Figure (3} shows the farm geting on & ﬁkaier of miss mds he mioves in
# vireular pathoon g flat borizontal jee surface with & constant speed. Hers,
G s the ‘center of mass of the skater, P is the point of contact between 4
skote and joe surface, and L i€ the distance between P and G, The heorizonisl
and vertical components of the Torce exerfed on skate from ice are F,, and
Fy f&&?ﬁﬁ% sely. The radius of the cireular path = R

I order o schieve a spin motion of a skater, 2 special b}aﬂﬁ is used which
has smalf, ;ﬁgg&ﬁ spikes ot the feont end ae shown in fipurs (). Sping ‘
e made by Hus jageed spikes t%;ggtﬁg intey the ii:ﬂ and creating necessary Fy 2

, .ﬁgﬁw )

direction of
motion.

ihis skl s

¢ pushing off
£he fosvall
Feure 23

wrgue.

) What is mepnt by “pressove migling'T ‘
{6y {1 ¥ a person of mass 60 kg wearing regular shoes stands on ice
- surface with one foot, what is the pressure exerted by him on the
e &z;szzm;‘“i'h& sﬂﬁ&gﬁ area of the bottom surface of ore shoe

iv 300 cm*

{ity If he wears @ skate instend of the regular shoe, what is thie pressure
sxerted by him on the ice surface? Tuke ihﬂ dimensions of the
skate Blade from the passage. Assume that the bottom surface of
the-skate blade iz reclangular,

(i} Hence, show that ihe pressure obtained i ;z‘m (i) ahove 1s 20 times-

. the a{maggﬁ%z@m: i&r&agﬁm, {A{mwpﬁ tfe pressies is 1Ox 107 E‘—‘a}

-~ {ey How does-a ‘shaler move forward on an ice 5@%@{:@5: B

E

. Figure (3)

Figue (@)
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Ady (i} What is the component of the force that points in the direction of motion of the skater? Wiite

(e}

H
(g}
n}

(a)
()

down your answer in terms of F and o .

(i) Is it possible for him to move forward if the angle o is zero? Give the reason for your answer,

{i) If the average force continuously applied by changing legs is 180 N, determine the acceleration (&)
of the skater of mass 60kg along the direction of mofion, Take o =30° Assume that there are no

other resistive forces acting on him,

{ii} "If he starts from rest what is his speed () after accelerating for 5s7 - Y
Using figure (3), show that the speed v of the skater moving in a circular paih is given by ' = : .

What is the purpose of having jagged spikes on the blade as shown in figure (4)7

A Temale figure skater of mass 60kg with her arms extended horizontally
as shown in figure (5), sping about a vertical axis with an angular speed
of 60rpm. Then she fully retracts her arms, by bringing arms very close
to her body ss shown in figure (6). Extended arms can be considersd
as uniform rods each of length 60cm and mass 7kg. Remainder of the
body without arms can be considered as a solid cylinder of mass 46kg
and radius 200m. The body with fully retracted arms can be considered
as a solid eviinder of muss 60kg and radios 20 om. The moment of
inertia of & rod of mass M and ieﬂ%ﬂ;‘h L about an axis perpendicular to
the length at one end is given by 3 1 MI2. The momert of inertia of a
50 n;i oytinder of mass M and radius R about the central axis is given
by 5 Lyre. (Take z2=3)

Figure kﬁ)

\Figufé {6}

(i} Determine the total moment of inertia of the female skater about the rofating axis when her amms -

are fully extended. Neglect the distance between rotating axis and shoulder joint,

{ii} Determine the moment of inertiz of her about the roiating axis when her arms arve fully retracted.
(ili} -Hence, calcolate the angular speed of her in rpm when she fully retracts her arms. :
{iv) Name the conservation law that you have used to find out the answer to (B){iil) above.

{v) Calculate the initial and final rotational kinetic energies of her, How do you explain the change

in the rotations! kinetic energy?

{vi) Staring from rest if she takes 10s 1o achieve her angular speed of 60 rpm what is the mﬁ;uﬂ»
that hes to be applied on the japged spikes from ice? Assume that the angular acceleration of

her is constant throughout the process.

Exerting pressure on an ice surface and melting a thin 1aver 0FiCE vevvereriinseormmeesssssnncses
: 60X10
(i) Pressure exerted = ———
300x10-4
=2 %X 10* Nm?

60x10

(ii) Pressure exerted with the skate = ————
30x10~2x10

ooooooooooooooo

.(01)

(01)

01)

(for the correct substitution)

=2 X 10° Nm?

(iii) This (2 x 10°) is 20 times more than the atMOSPhETiC PrESSUTE. vvvvrvsrerennrmsesiosnsesens

«.(01)

(01)
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(¢) By pushing the ice wall not melted by the skate blade. «..(01)
(d@) Fp=Fsina e (01)
(i1) Not possible C heeersessscaeee (01)
Then the force/component of the force along the direction of motion Will be zero.
............... 7 (01)
(e) (1) Applying F = ma to the skater
186 Xsin30 =60 Xa —"(1) §)
= ‘ (for the correct substitution)
a=15ms> e, .(01)
(i1) Applyingv =u + at
v=15x5 e (01)
(for the substitution)
=75mst 01)
() Applying - F = ma
E=m%> .. o1)
Similarly i, =mg e 01)
DBk
Fe w2
Taking moments about G, F, X Lsinf = F, X Lcosf ~ ..ieeeeunennnne 01)
% = tanf
= gR
tan 6
(g) In orderto achieve a spinmotion. .. 01)
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(7) (i) Moment of inertia of two arms = 2 X § X 7 %X 0.62 [EEIII IS i vere(01)

(for the correct substitution)

= 1.68 kg m?
Moment of inertia of the body = % X46x 022 e (01)
(for the correct substitution)
= 0.92 kg m?
Total moment of inertia of the skater = 1.68 4+ 0.92  ....eeu.ue..e. 01)
| e (for addition)
=26kgm’ e ' 01

(ii) Moment of inertia of the skater about when her arms are fully retracted = ;— x 60 X 0.22

= 1.2 kgm? TR (1) §)
(ii1) Angular speed in rpm when the skater fully retracts her arms = 2'61260 «..(01)
(for substitution)
= 130 rpm ceererareesaeas . 1 01
(iv) Conservation of angular momentum RN (|}
(v) 60 rpm= 1 revolution per second
Initial rotational speed inrad s' =2 x 3 x 1 = 6 rad s’
Initial kinetic energy of the skater = % X 2.6 X 62
=468J e , 01)
Final kinetic energy of the skater = ; x 1.2 x 132
=101.47J YOO ( |1 )
Work done by the skater in pulling her arms inwards. RO ( |} §)
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(vi) Applying = wg + at
6=ax10
a = 0.6 rad s teveeterneeneronnes 01)
Applying 7 = la
T=26X%X0.6
7=156 Nm : (01)

6. (a) If the intensity at a given point produced by a sound source is / and the threshold of hearing is 1,
define the sound imfensity level (8) at the point by an eguation.
by Sound intensity produced by an airplane engine at a point is 20 x 102 W . Ip=10x% W02 Wam
and log 2=03. You may use loglub)=logla) + loo(h)
(i} Find the sound intensity level at thet polnt.
. {ify H the airplane has two engines, what is the total sound intensity level at the same point? Assume
that the two engines are at equidistance from the point.
{¢y (i) At the beginning of World War I, there were no radar Tacilities
.awailable, hence sound waves generated by sirplanes were used 1o
detect airplanes. If sound intensity level at a human ear must be at
least 30dB to detect an sirplane, find the corresponding minimum
somnd infensity that should be generated st the ear by the airplane.
iy Acoustic mirrors were wotd o reflect and forus sound waves
to increase the sensitivity of detection. An acoustic miror with
effective surface area of 4m® conpentrates sound into an ear with
effective surface area of 10cm® 33 shown in the figure. What
should be the minimum incident sound intensity at the acoustic
mirror to detect an airplane? Hﬁglﬁﬂ the sound energy absorption N
by the mxrror. Assume that there is no loss of sound emergy Acoustic Mirror
daring the propagation between the acoustic mirror and the ear.

{ii) An asirplane gehierates a sound power of 480W from its mﬂgzms Assume a guiform sgizﬁrwai
sound: distribution. (Take =3}

{1y I the wmosphere absorby 95% of sound energy during ihe propagation between the airphasie
and the ear, find the maxinium distance that an airplane von, be detected mﬂmﬁi ﬁaﬁr acoustic
mirror using the value obfalned In (214 above (Take /5 =224

(H) ¥ the atmosphere absorbs 99.9% of sousd energy during the propagation befween the airplane
and the acoustic mirror, find the maximum distance that an aimpline can be detectid with the
acoustic miror uging the value obiained in {eifil} above. Assome that there is- no Josy of
sound enerpy during the propagation between the acoustic miror and the ear. .
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{d) An air surveillance person on the ground identifies an airplane, which is fiying along a: straight-line path
above him parallel to ground at a vertical height of 3000 m with a velocity of 125ms7. At fime =0,
the horizontal distance from the airplane to the observer is 4000 m. The ﬁ*ﬁqu@m:v of sound: generazeﬂ
by the airplane is 100 Hz. Assume the speed of sound in air is I00ms?

{1} Find the frequency of sound heard by the surveillance person on gmﬂnd: at ﬁmes t=0s f=32 5
and =043, .
(i} Sketch the variation of observed frequency {f) against time (1) for the above situations.
{e) A supersonic jet flies in a straight line path at velocity w parallel to the sround at a height of 3000 m.
The speed of sound in air af that height is .

(i} Draw circular wave-fronts emitted and fhen transmitted from the jet fm‘ situations u<y, nsv and
Wi,

(i} For the situation w>v, the Mach number M and Mach angle o (half angle at the vertex ﬁf the
Mach cone} can be defined for a jet as M agand siﬁa»ﬁ? respectively. If the velocity of the
jet is Mach 2, how long after the plane has p&s,sed direcily overhead will an observer h&ar the
sonic bw::«m*’ Speed of sound v at that height is 300ms™, Take 3 =17

(@) B =10log(i) ........... eesenssssensssnssssssnss(02)
® O p=101g(Z2) e — (o1)
= 10[log (2) + log10°] = 10 [log(2) + 10] = 10 X 10.3 7 o
=103 dB reevreesvesssemmsssesssssmssonsassens(01)
@ B =10lg(2217) - 01)
= 10 [log(2) +log (2) + 10] = 10 x 10.6

=106 dB 5 emeresetens S (01)

(o) (1) If1 is the minimum sound intensity

30 =10 log(m) - cesecesosvseces (Ol)
I=10"°W m? : reereeeeesonans " R (1))

(i) If I' is the minimum sound intensity at the mirror
I'x4=10"2x10x10"* S

I'=25x 10713 Wm? ~ (01)
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(i) (I) If d is the maximum distance without the mirror
480 4 n=9
T x 0.05= 10 eetecessessseresensorsssrones 02)
(01 mark for @7 ; 01 mark for the rest)
d? = 40 x 0.05 x 10°
=4x5x108
d = 25 x 10* = 2 x 2.24 x 10*
d=448x10*m (44.8km) = cereereenneens ...(01)
(II) If d'is the maximum distance with the mirror
480 ) _ —13
@) x0.001=25%X107" 01)
d'’? = = x 10"
25
d'.=2x106
e B
d'=4x105m@00km)  ereeereneenn (01)

A

2) | 4000

3000 m

. 0

(i) If V' is the velocity component of the plane towards the observer at # =0

V' =Vcos8
- 4
V' =125 x s
r v ‘
= f
300
= X 100
300-100
f'=150Hz

&

(01)

(1)

(01)

(01)
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At t =32 s, distance travelled by the plane = 125 X 32 = 4000
Therefore the plane is right above the observer,

V' =0 (foridentifying V' =0)  ceeeeeeeennn. 01)

“ f' =100 Hz “ O eeeeeeeee .(01)

At =64 s, the plane is moving away from the observer

v

[
fr= v+vsf
=39 %100 01)
3004100 - o
f'=75Hz e s ..(01)
(1)
f (Hz)
175 »
150
125 \
100
75
50
0 32 64 % 1 (s

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

(01 mark for the shape for approaching; 01 mark for the shape for receding; Labelling the
axes and marking the coordinates are not essential)
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Alternative answer:

3000 m

,
?
/

QO

(d) (MIf V' is the velocity component of the plane away from the observer at ¢ =0

Vi=Vcecos8 ..(01)
Vcosf =125 x% ............... (01)
r v ‘
/= v+vsf
300

=—x100 (01)
300+100

© f'=75Hz e 01)

At =32 s, distance travelled by the plane = 125 X 32 = 4000

V' =Vcos8
8000 .
VecosO =125 % m ................ o (01)
=117 ms’'
fr=—f
v+
300 -
= 300+125X 8000 x 100 ......................... (01)
o J30002+80002
f'=719Hz

At =64 s, distance travelled by the plane = 125 X 64 = 8000
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V' =Vcos
Vcos@ =125 x%&m cerereceienes . 01)
=121 ms’
f'=sif
v+
- 300+125 ih—— x 100 ‘ (01):
V3000120002
f'=713Hz
(ii)

80
79
78
77

76
EES 3
BN
73 \
72 \
" \1‘
70

L e cresenase ..(02)
(02 or zero; Labelling the axes and marking the coordinates are not essential)
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(e) ()

u<vy

u=v ., u>v

(01 mark for each correct shape; look for at least three circles per diagram)

(ii)

u=600ms!

sin(9) =32

600
6 = 30°

tan(0) =22 OR tan(30°) =222 ... (01)

ut 600t

t=2103

600

E=8655 e, o1)

7. (o) Define the coefficient of surface tension.

{6) Three long glass capillary tubes are vertically dipped in different liquids having the angle of contact
(i) 0°, (i) 90° and (i) 135° so that & half of the tube is inside the liguid, Draw a sketch showing
the shape of the liquid wmeniscus inside the tube, the height of the liguid column and the shape of
the liquid swface oulside near the tube for each case.

&
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(o)

(d)

(e

Derive an expression for the maximum radius {r,) of a tiny solid sphere that can be floated without
plercing the surface of a lquid with coefficient of surface tension T. The density of the material of the
sphere is £ and it is greater than the density of the liquid. Assume that the contact angle between the
material of the sphere and liquid is zero, The volume of & sphere of radius r gs%ms )

Hay’s test is done to detect the presence of bile salts in wrine to identify patients having jaundice.
Bile salis reduce the surface temsion of urive. Sulphur powder having uniform spherical pariicles is
sprinkled on a sample of urine taken for the Hay's test.

{1} Using the expression derived in (o) above, calculate the maximum radius {r,) of spherical sulphur
particles that can be floated on normal wrine. Density of sulphur is 2000kgm™ and the surface
tension of normal urine is 65 x I07° Norl. Give your answer to one decimal place in mm.

(it} Sulphur particles will sink if bile salis are present and the person is identified as positive for
jaundice. For Hay's lfest according to the value calculated in {(d} (i) above sulphur particles of
tadius O9r  is used. If these particles just sink in the wrine sample of & patient having jaundice,
calculate the surface tension of affected urine. Round off your answer to one decimal place in
sclentific notaron.

If a capillary tibe of radins O-4mm is vestically dipped in unaffected urine sample calenlate the

capillary rise. Density of normal urine is 1020kgn™, The angle of contact between urine and glass
is 30°. Give your amswer to nedrest imeger in mm. (Take3 =173

Another test method can be designed using an elecirical liguid sprayer gun producing tiny wine droplets
with identical radii in one spoomd. What will be the mtic of power needed for forming droplets from
wine with bile salt sample fo the normal wine sample? Assome that the densities of urine in both
samples e the same. Give your gnswer to two decimal places.

(a)The coefficient of surface tension of a liquid is the force acting on the surface of the liquid at

right angles to one side of an imaginary straight line of unit length in the surface of the liquid.

....................... 02)
(02 or zero)
(b)
00 90° 135°
= 7 7
""""" !
reesshreasnansosssrrossnsarions (06)
Look for meniscus shape, height of the liquid column and shape of the liquid surface
outside the tube. If all are correct 02 marks for each. Deduct 01 mark for each mistake.
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(c) The sphere is not submerged and therefore, up thrust does not act on the sphere.
The weight is balanced by the surface tension forces T T

OR

gnrgﬁ g = 21, T e SR ' (03)
(01 mark for L.H.S. term; 01 mark for R.H.S. term; 01 mark for equating)

3T
N 5 Tm = /Z—ﬁg- C teesesssnsesess , 02)
, __ [3%6.5x1073 :
@ @ Tm = IZXZOOOXIO e (02)

| (for correct substitution)

=+/48.75 x 10™* =~ /49 x 10~*

,=07mm e (02)
. __1r%2fg
(i) T= .
_ (0.9x0.7x107%)%x2x2000x10 02)
3
) (for substitution)
=53x 1073 Nm?(OR526 X 1073 Nm™)  ¢eeresncncinens 02)
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p=2s8 02)
: Tpg
d -3
_ _ 2X6.5x107%xy3 ..(01)
2X0.4X1073%x1020x10
) . (for éubstitution)
=3mm OR (2.7—2.8) mm L eeeeees .(02)
) Enefgy needed to make a drop of radius r = 4mr?T
Since energy per second is power (p) and the radii are the same,
e R
P, T,
) Py 5.3 (0or 5.26) 02
Required 7 ratio = ez e (02)
(for substitution)
=0.82(0.81-0.82) ceecscersusanse 02)

- 8. {a) Consider a metal tonductor jo e form of & fechngolar thin dab
having width w and thickness ¢ a5 shown in figure (13, A constant
current I flows in +x direction and = wnifornt magnetie field of fux
density B acts perpendicular to the plane of the slab, in +y direction, ™
The drife velocity of electrons i5 v, Afier the sieady state §s reached
negative charges accomulate at the upper swrface of the slab, leaving
positive charges at the lower surface. Then # potential difference will
be established between upper and Tower surfaces of the siab which iy
walled the Hail voltage ¥, '

Figure (1)

{1} Derive an expression for the Hall voltage ¥, In terms of the magnetic flux density B, the curreny
£, the number of moving slecirons pér wil volume # in te conductor, slection dharge 2 ol

dhickness £ of the slab.

(0} ¥ B=047, I=R2A, =P 0%, o=l6 2 107 € o 157 mm, detenmine Vi

2

01 -Physics (Marking Scheme) G.C.E. (A7L) Examination - 2024 / Amendments to be included

39



Department of Examinations - Sri Lanka : Confidential

{iily Without changing anything else, if the entire conduetor is moved in the -x direction with a constant
velocity eqoal to the diift velocity of electrons, what will happen to the magnitude of the Hall
voltage? Oive reasans Tor your answer,

{iv) When the slab is stationary as shown in figure {1}, F_and E denote the magnetic force acting
cn the eeciron and Hall clectric field intensify ,mspeumﬂy If the charge camiers are positively
charged instead of negatively charged, what will happen to the directions of each v, F_ and E?
(will change or will not change)

(b) Hall-effect sensors operate by detecting voltage changes when placed
in 4 magnetic field. In order to generate a uniform magnetic field, two
identical circular coils, each having the same radivs, same number of
tums, and identical currsnts, placed at a distance equal to the radius as

- shown in figure (2} can be nsed. The resulting magnetic flux density
between the two colls is 1-4B,, where B, is the magnetic flux density
at the genter of a single ooil.

{i) Stanting from Biot-Savart law, oblain an ﬂﬁpwssimﬁ for the magﬂﬂtiﬁ fiux density (B,) at the center
of a cireular coil with number of fums N, radius R, and carrying current 1. Name the other symbol
in the ﬂpﬁ"ﬂssmn

(it} f ¥=1000, I=2A and R=012m, calcalate the magnetic fux d@n&ﬁ}f B, at the center of one
coil, {Take #,=4mx 107 TmA™ and #=3)

{iii} Referring to the paragraph given in (b} above, calculate the value of the uniform magnetic flux
density between the two coils if they are placed at a distance of 012 m,

{c} Hall-effect sensors are wsed in various applications to detect
rotational speeds of rofating objects. Figure (3) shows a rofating
wheel with four identical eoils carrying identical currents
mounted at equal intervals around the perimeter of the wheel
An additional coil {S), identical to those on the wheel carrying
the same corrent is placed stationary with a Hall seasor next to
ir. When one of the ©oils o the rolaling wheel aligns With 1@
s{atze}ﬂary coil § and the Hall sensor, a uniform magnetic field
is established, allowing the Hall sensor to genmerate a volfage
pulse. As the wheel rofates, each alignment produces a voltage p— ‘
pulse, enabling the detection of the rotational speed. Figure (3}

{iy If the pulse frequency generated by the Hall sensor is f,, write down an expression for the
rotational frequency f of the wheel in terms of f,.
{iiy If £,=240 puises per second, calculate the rotational speed @ of the wheel in rpm.
(iii) When the rotational speed of the wheel exceeds 7200 rpm an alarm has to be tiggered. Determine
the pulse frequency of the Hall semsor at which the alarm will be triggered.
{iv} In practice, semiconductors are used instead of metals to obiain large Hall voltages. Why does a
semiconductor produce a large Hall voltage? -

&
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(a) (i) » eE =evy;B (1) ...(01)
IF'=newtvy e (01)
Substituting for v, in equation (1)
1
o newt
But, Ew =V e 01)
IB
Vp=— e 02)
. 32x0.4
(i) Vi = 1028x1.6X10-19%2x10~3 ~-(01)
| (correct substitution)
L =4pV(4x107°V) . 02)
(ii1) The Hall voltage disappears/ becomes zero/vanishes  ..ueeeeveneenss 01)
Because the electrons will be at rest with respect to the magnetic field OR the velocity of
electrons will be zero/stationary with respect to the magnetic field. (01)
(iv) vy : changes «..(01)
Fn :doesnotchange e 01)
E :changes s 01
(b) @)
P =
Biot-Savart law AB = £ef2on9 we(01)
4TR
(Accept u also)
For a circular coil at the center 6 = 90° . ..eeeenenenee 01)
and the circumference of the coil = 2R~ vvvevvenvannes 01)
. B _ Uol2mR
U0 T R
— Mol
07 2nr
For a coil with N number of turns
— HoNI
By = R e 02)
U, = permeability (of free space/air) ~ .eevenennns (01)
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__ 47x1077X1000% 2

(i) B, =

SN (17 )

2x0.12
” (correct substitution)
=0.01T SRR (| #)
(iii) 0.014 T rveeateeaaes (01)
© () F=L (02)
(i) @=2"x60 | oo , (01)
[Disrega‘r(} the number 4 (accept any value) when awarding this mark]
=3600 rpm : T eereessmessaees (01)
(i) fo="om L reeeesieenens (01)
[Disregard the number 4 (accept any value) when awarding this mark]
=480 pulses per second ~ cicecieeeieenns 01)

(iv) Because n/ charge carriers (electrons) per unit volume/carrier density is small /less
(compared tometals) e 01)

A Aﬁwgr either part {A) or part (B) only.
Part (&)

gy A thin heating Vﬁmm;:m made ffom 2 conductive material of resistivity © has a shape of a reclangular
steip with length 1 width w and thickness ¢, s shown ip figure (1),

i) Wiite down an expression for the resistance K of the hedting element i tenms of 2, L woand #

iy 1 7= 100 tam, w=20 min, =35 pmoand 0 =X 10°Q m calculate the resistance of the heating
‘glement, '
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&

ES

{iif) Calculate the power dissipated in the branch BE snd the entire circuit. Does the heahng pad

{e)

-~ Layer 2: Made of a material with same msxsmﬁ}f #s Layer 1 initially but resistivity increases us

{d) A de. source to supply power to circuits can be constructed using a suitable step down transformer,

As shown in figuse (2}, 4 wearable heating pad is designed for
localized heat therapy, using the above thin heating elements.
The heating elements are arranged as shown in the figure,
along with & 408 standard resistor. The pad is connected to
a 24V de. sonrce with negligible internal resistance. Thin
heating elements are represented by rectangles. The heating
pad should produce at least 70W to deliver ﬂm reqmred
therapeutic heaf.

(i Calevlate the resistance of branch AF and branch BE ' . '
of the circuit. | - Figure (2)

(it} Calculate the current throngh the branch BE.

: ]
g

produce the required power?

(iv) Calculate the total power dissipation of the cirouit if' the thmkn%as of all the heating clements is
halved.

(v} If the length { is equal fo the width w, show that the resistance is independent of the surface area
{hw’ of the heating element shown in figure (1).

(vi) Coleulate the resistance per unmit square of the top swiface of the above heating element ha*mg
- thickness 5 ym.

Assume that a heating pad contains resistive elements made of two thin layers deposited on top z&’f’

each other,

Layer I: Made of a material with a resistivity that remains constant with temperature. -

temperatre ncreases.

The heating pad operaies using a constant voltage source. Giving reasons explain what will happen to
the power dissipation of the modified heating pad over time.

" ac. voltage between 12V (rms.) and 48V {tms). The transformer has 800 primary windings, At

the outpui stage, the transformer output is converted o a de. voliage.

{i) Wrte dows an éipi‘ﬁ&ﬁl&ﬂ for the ratic of primary voliage Wﬁj fo secondary voltage { Vg of
the transformer, in terme of the zmmbe;f of windings in the pﬂmary coil N, and the smmzdaq
coil N

{ii} If the rm.s. woltage of the secondsry coil can be varied between 12V and 48 W, calculate the
range of number of windings required in the secondary coil.

(i} The d.c. outpat voltage is 80% of the rms. i:mtpm voltage of the transformer secondary coil. i
the desired fully rectified de. output wﬂmge is Eéf‘k? caleplate the owpnt rms. mﬁa@ of the
mransformer.

{iv) The transformer supphﬁg power to a load that consumes 120W at 24V de. If ihe power loss
due to Joule heating in the secondary is 10% of the power consumed by the load, caleulate the
ras. cutpt corsent of the fransformer. S

Here, 2 tansformer is used to step down an input ac. voltage of 240V (nm.s.) o an adjustable cutput

01
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@@HR =2

8x1075%100%x1073

SOOI (11 )

(i1) Resistance = SOX10-TxBx106 . reemmesseseees (01)
(correct sui)stitution)
=80Q e 01)
(b) 1) Rarp=80+80+80 e 01)
(for the addition)
=240Q e 01)
Ree =80Q+80Q+40Q e 01
(for the addition)
=200Q  ieeeeeeesenes 01)
(i) Forbranch BE, 24=1Igg X200 ceeereieennnn. 01)
(for substitution)
IBE=120mA (0.12 A)  ceeerrinenennes 01)
v?
(1ii) Pgg = Ipg? X Reg OR —
Rpr
2 242
=(0.12)*x 200 OR Soo e 1)
- (for substitution)
=288W e 01)
Par =22 01
AF — 240 sesssessncsicsns ( )
(for substitution)
=24
P=Paxr+ P+ Pcp=24+288+24
=7.68W e 01)
Yes (since 7.68>7)  eieeieeeerenens ((119)
(to earn this mark students should obtain 7.68 W as the answer)
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(iv) Making the thickness halved causes the resistance of printed resistors to increase by 2

times. Hence power in AF and CD branches becomes half of the original value.

.(01)

(01)

(01)

(1Y

(01)

RBE,newzgo X2+80 X2+40 ...............

A (for the addition)
=360 Q
2
PhE new = 24%/360 OR (%) X360  eeeeceerrenns
=16 W

Piw= 42416 e,
/ (for the addition)

=4W e,

l
W Fl=w,R=2=2
It t

This is independent of Iw.

: 8x107°
R =
V) 5x107°
=16Q e
(c) Power dissipation in layer 1 does not change with time ~ .....ceuuveunss

Power dissipation in layer 2 decreases with time

Therefore power dissipation in the modified heating pad will decrease with time

@ () oo

Vs Ns

(i)  For 12V, Ns=N, X Vi/ V=800 x 12/ 240

= 40 turns
For48 V, Ns=N, X Vs/ V, =800 X 48 / 240
= 160 turns

(1)

(1))
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(111) Vie. = Vs,r.m.s.x 0.8
Vd C. 24
VS T.1M.8. 0 g ag
=30V
(iv) Lsrms. =P/ Vsrms.
120-+120x0.1
Isrm s _T
=44 A

7

ParitBy

{ar Conslder the AND gate circuit miade from transistors operating
as switches shown In figare (1), The circuit consists of thiee
apy iransistors ’i‘p T, and T, Inpuis A and B control the
acHion of the tramismrs 7, and T, while transistor T gontrols
ihe Hogd ouiput X, The éﬂ‘ﬂﬁﬁ ﬁgamtes from & Ef@mﬂé ¥
power supply. Assume that Vi =07V, B =100, and Vi,
satumgion is 02 V for all ﬁzﬁ tramsistors. Diesired Eﬁﬁﬁf’;éf
currgnts for T, and T, are 4w and that for 7, is 48mA.

(i}, Consider the situation when both inputs 4 and B are at 3V,

cersiesacercnne 01)
(for correct substitution)
............... 01)
(for substitution)
........ (01)

{1y Calodute the miiﬁ}:ﬁgﬁé“ Henioe, s&a%iéﬁ? ggm&g
11} Colonlare fhe bose current of 3‘ Hepee, show Hut :’f‘ iz in sturaiio ;

(i) Consider e sitation when either A=5V and B=0V or A=0V and B=5V. Siate the opemtional
state (ON or OFF) of ?"‘ and }“ for each considering the curment conduction from collector to

enutier. Mo calonlatons are m&

{1y Caleulste the base cument of T, wheneither T, r 7, Is OFF. Henwe, show that 7, is in salurafon

siate.

(v} What ave the values of the outpus voltage ¥, for the following input conditions? State the operating

mode feither ON or OFF) of T, for each msﬁr
Case 1 A=3Y and B=5Y
Case 2 A=3Y and B=0¥
Case 3 A=0V and B=0VW

01- Ph;sics (Marking Scheme) G.C.E. (A/L) Examination ~ 2024 / Amendments to be included 46



Department of Examinations - Sri Lanka Confidential

&) Consider the block diagram shown o figure (2) of a logie compardtor
, which compares two binary digits 4, and B The output F, becomes 1
only if & and B, are the same,

{;} Write down the tnith table of the vomparator: : ' Figum {ﬁ}':
{ir Wijle down the. logic ‘expression of the comparator using the ahm*ﬁ truth walile,

{iit} Wiite down the fruth table and logic expression-of an XOR gate with mpuf:; Ay and ;; Use it
to write down & logic expression for the ﬂﬁmpam@r

{ivy Draw the logic clrouit of the pomparalor USing au XOR gate and & NOT ;gaw;

(v} Dty “the Togic cirouit of the comparator tsing ooly XOR gates.
Hinty Connect ong input of an XOR gate permunently to logic 1 or 0 a5 needed,

{vi} Using the block diagram shown in figure {2} above and one additional S-input logic gate, draw
the mmgmmw Al fw 4 bt comparator comparing A, aud. By, A, and B, &, wod B,

{67 Consider logic gates P und O of two different types. The iﬁgw Wﬂi&gﬁt levels of the inputs and outpits
are given in the fable

e !_ Toput ' 3_ P OQuiput
Logle Gate ™ el g Logicl | LogicO
P [2Viosy 27V 105V |0Vi04Y
g ‘%ﬁ‘*fiﬁﬁ%f i}”%?iali‘if 495Vio5V OV 00V

Logic gates of types P and Q are used 1o construct & logic vireuit.
(i} In one circult, the output of P is counected to the joput of @, Do you expect the cireuit 1o
operate properly? Briefly explain.
{it} Tn another circuit, the sutput of ¢ s connected o the input of P. Do you expect the cireuit o

operate properiy? Briefly sxplain.
@ L Im= S);jgg ............... en(01)

=430 pA (43x107*A) e, 01)

. The required base current for saturation Ic/f = 4/100 = 40 pA
Since Isa > Ic/f OR 430 pA > 40 pA  ceevveenennns (01)

the base current is sufficient to operate 7> in saturation.

1L fyi = %2—) ............... S ——C
=410 pA (41X 107%A)  eeeeeeeeenn (01)

The required base current for saturation Ic/f = 4/100 = 40 pA
Since Ip1 > Ic/f OR 410 pA>40 pA cvervncencnnns (01)

the base current is sufficient to operate 77 in saturation

ks
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(i) ForA=5VandB=0V; T5is OFF, T1iSOFF  .cveverereunnns , (01)

ForA=0Vand B=5V ; T1is OFF, T2is OFF  ..cucuiirrnimriminsicrnrecnnncnenenns(01)

(5-0.7)

(i) Ip3 = m

............... ' (01)

S430pA (43X 1074A)  eeceeeeeeeen, (01)

The required base current for saturation /c/f = 4.8/100 = 48 pA
Since Igs > Ic/f OR430 pA>48 pA | evercennnennns (01)
the base current is sufficient to operate 73 in saturation.

@iv) Casel:4=5Vand B=5V
Case2: A=5Vand B=0V
Case3: A=0Vand B=0V

Case 1: T3i1s OFFand V'x=5V  «iceeivnnieens 01)
Case2: T3isONand V'x=02V  ceeiiiiinnens (01)
Case3: T3isONand I'x=0.2V  crieveennene. o1
b O A1 | Bi | F1
- 0 10 |1
0 |1 1]0
1 10 |0
1 |1 1
everersesasnss 02)
(02 or 00) 4
(ii) Fi=(AiBi+AB1) e 02)

(01 mark for each correct term)

&
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(ii1) A1 | By | Fxor
0 |0 |0
(1’ (1) } eeeeereerenan, 02)
T 11 To (02 or 00)
F; = A XORB; OR F; = A;®B;, ORF;=AB; +AB; eco... (01)
(iv)
SR (1))
(02 or 00)
W)
Al '—‘}' F
B 1
e D ................................ (02)
(02 or 00)
[XOR gates can be drawn as ]
(vi)
AI-—
B~ '[
Ay - ‘
B [ >‘F1
=)
Bj = )
(1) §
(©)

(1) No e, .(01)
Logic high output voltage levels of P are outside of logic high input voltage levels
of O RO ( |1 §

i  Yes e, (01)

Logic output voltage levels of O are inside/within the logic input voltage levels of
P e, (o1
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10, Answer either part (A) or part (B) only.

Part (&)

() The first taw of thermodymarnics for a closed syster van be written as M= AL 4 Clearly ;sieaafy
each term.

{h) What do you mean by an isothermal process, a constant pressure {iaﬁb&riéf} iar{m;gs and an adiabatic
piogess!

) Starfing from the same point and labelling it as 4, sketch the above fhres processes in ihe same p=V
dagram. Mark. ;mthémmé ‘Gonstant pressure and adisbatic processes a8 A}E Al and AZ respeciivily
{1y Which prbvess does obey Boyles law?
(i} Which process dies obey Charles’s Taw?

il I the volume Is increased from ¥, 1o ¥, at a pressure P, ﬁ’ an.isobaric process write down an
i’;”‘{*f}rﬁ%i{m f»zar AW in: mrm:; c&f F ? anci ’if

iﬁié It is iﬁgﬁﬁmﬁ&ﬁ hy # cvﬂiw prmaﬁ of & e:igsed ﬁfgﬁmm ﬁf an 1ﬁﬁﬁi gﬁi h}f %pmmg it m éztfemnt
temperatures. A Wgawai Smimg czyr:}ﬂ is shown i s}xﬁ gwaﬁ ¥ disgran by abeda cyclic path,

poxiray |

1§

4 P 8 ) 1 1 Vixiotay

[ 5

{1y Giving reasons identify the types of four processes ab, be, ol and o
(i) I the temperatie &t pmﬁi ais 273 "{E find tempentres at poinis b, ¢ and 4.
{iii) For a process mpr&mmeé bva wertical Hne such as be the change in internal energy is given by
“the eguation Al = 2 {P =PIV, where F, and P are pressure al points Boand ¢ respectively.
“The volume at i:: is ¥y i‘;ais:ﬁiate the heat energy guypiwd 1o the system in processes be and da.

{iv) Assuming ab and of are straioht lnes $or calculation purpose only, find the mﬁ:. Hore B provesies
b oo ed.

1§s}’;&» Vsing the sume assumption in () (v} above caloulale the net work doue o ong i:ya‘;‘iﬂ
{vi} Using the same assumption in () (iv) above caloulate the efficiency of the cyclic process abeda?
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(@) AQ = Heat supplied to the sysfeni (No marks for change in heat) .....ccueererernrene A (01)
. AU = Increase (or change) in internal energy Ceeeens rersrane : 01)
AW = Work done by the system (No marks for change in work done) ...... o1

(b) Isothermal process:
The temperature of the system remains constant/same throughout the process (or AT =0 )
............... 01)

Isobaric process (constant pressure):
The pressure of the system remains constant/same throughout the process (or Ap = 0 )
' T, .(01)

Adiabatic process:
The amount of heat in the system remains constant throughout the process. OR No heat gain
or loss from the system throughout the process OR AQ = 0) '

............... (01)
()
o p A
4 Y [01 mark for each line with
correct labelling. Do not
look for (0,0) ]
Z X
(0,0) v
............... 03)
® |
Boyle's law: AX OR isothermal process  eessesesseescns (01)
Charles's law: AY OR constant pressure process.  veeeecovsecnss remisassbesen (01)
(ii) AW =p(Vo = V1) reeeeeeeeee 02)

&
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(d) (i) For ab 12x2 = 6x4 and for c¢d 12x5 = 6x10. Since p1V; = DaVa  ervevvsrennnerensencsesannee (01)
Therefore, ab and cd are isothermal (AT = 0) processes  .ceeeeesn : weeee(01)

V, = V. and V; =V, OR vertical lines cereereresnanes (01)
Therefore, bc and da are constant volume (isochoric) (AV = 0) processeS.ceeccsseesess 01)

(i1) Since ab is an isothermal (AT = 0) process,

temperature at b is 273 °C. ~ ceveeniinien 01
Since bc is an isochoric (AV = 0) process 1;,—1 = %
1 2
and temperature at c is 1092 °C. eereenieeinans seenne(01)
Since cd is an isbthermal (AT = 0) process,
“temperature at d is 1092 °C. reeriesrsnnses (01)
(iii) Since AW, =0, C reeereeeeenens ..(01)
AQpc = AUp, V :
AQpe =2(10—4) X105 X6 X 1073 oo (01)
(for correct substitution)
= +5400] cevossnsnsesossmsssssnensssssssssssaesse( 1)

Since AWda =0 R AQda = AUda

AQuq =3 (2—5) x 105 x 12 X 1073
= — 54007 (01

(to earn this mark - sign is essential)

(iv) Work done in ab = area under ab with right to left is (-).

5
AW,y = E2E0 ¢ (6 - 12) x 1077

=-=1800J - e ‘ 01)
' (to earn this mark - sign is essential)

Work done in cd = area under cd with left to right is (+).
__ (1045)x10° P
AWeq = ———X (12 -6) x 10

= +4500] cosessessassassnnnasesessanene 01)

2
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(V) AW = AWab + AWbC + AWCd ~+ AWda

Since AWy, = 0 and AW, = 0

AW =—1800+04+4500+0 - eeerrerrenens 01)

(for subtraction)
=+427001] SRR (1) §

: . kd
(vi) Efficiency = % X 100%

Efficiency = = 2x 100% e (01)

n (for substitution)
=60%  rererireeen. (01)

Part (B

ta} The figere shows a schematic diagram of an jﬁumy’ twbe. I operates al V=30kV and the flament
cumpnt i dmd,

(i) Determine the number of electrons {(n) hitting the target per sécond, Electron charge = 16 x 1079,

(i) Cleulate the oml kinet¢ eneigy (K of all elecons hiving the mrger per second. Assime that
the initial kinetic energy of electrons emiting from the flament is negligible.

{m} Out of the energy calonlated in (23 G0 above, 95% is converied into heat in the farget mwetal,
This generated heat is taken out using & copper rod covered with a spiral copper tube connecied
to running water, Calenlate the mass rafe m (n kgain™y of How of water if the tempersiure
increase of water is 57°C. Take the specific heat capacity of water as 40001 kg™ °C,

(3 (i) Caledlate the minbmom wavelength (2 L OF the emitted X-rays. Planck constant h=fBx 10 s
and speed of Heht e=30% 10 my L,

{iy Dots the 2 value calculated above depend on the target material? Give reasons for your answer,

{iis H‘ the ﬁiamﬁm current inpeayes does the 4

e Value calenlated above change? Give reasons for
Your answer,

{ivy The terget metals are usually wade of mmgsten or molybdenmn. What are the ressons for this?
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(&) (i) X-ray beam of intensity 5> 10° Wm? is incident on a human organ with an effective surface
ares of 001 m?, Calculate the total energy delivered on fo the organ in one sevond.
(iiy IF the mass of the organ is 05 kg, calculate the absorbed dose in Gray (1 Gy=11keD.
(ifi} What is the best material that can be used to effectively block or shield X-rays?

{iv (1) Why is it important to measure the effective absorbed dose of radiation (in Sv) for people
~ working in radiation environment? -
(Ify ‘What might be the reason that the effective absorbed dose vary between different types of
- radiation, even when the absorbed dose Is the same?

{d) When an atom is struck by a high-energy slectron an inner electron can be ejected creating a vacancy
in the inner energy level. An outer electron can fransit to this vacancy emitting & photon with energy
equal to the difference between energy levels. This process can generate X-rays with definite frequency.
If the energies of the higher and lower levels are E, and E, respectively, the frequency F of the emiftted
Xeray photon is given by #f=E - E,. Here & s the Planck constant. 4

{1} For aluminium if E=~T4eV and E,=-1 624 eV, caleulate the energy (in eV) of the Xaay ph&mﬂ
emitted when an electron transition occurs from higher energy level to lower energy level.
{ii) Determine the corresponding wavelength of the X-tay photon produced. Take he= 1240 ¢V nm.

{¢) How do hard X-rays and soft X-rays differ from gach other im terms of enmergy, wavelength, and
penetrating power.

(@) 1) I=ne
_ 4x1073
T 1.6x10719

= 2.5 x 101

(i) KE of asingle electron=eV e . 01)
Total KE of all electrons = neV
| = 2.5 106 x 1.6 X 1072 x 30 x 10°
=120 51 (W)

(i) 120X —==m'X4000X57 e , (02)
(01 mark for taking 95% ; 01 mark for R.H.S)
m=m' X 60 PRI (| ) §
(for multiplying by 60)
=0.03 kg min™
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(B) () A = ;i- oo : (02)
-34 8 h
= S6X107x30x10 oo e (O1)
1.6x10 X30X10 <
(for correct substitution) ™~
=4125X 107" m[(4.12 - 413) X 107 m] e (01)
(i) No e (01)

Minimum wavelength occurs for electrons tOp/ at once lip(;n colliding with the target OR
when electrons loses all of its kinetic energy in a smgle collision. Therefore A,,;, does
not depend on the target material. ... cerveserane (01)

(iii) No e, (01)

Increase of filament current does not change kinetic energy of electrons. (It merely
increases the number of electrons hitting the target)  ...cceveenenns 01)

(iv) They are chosen because they have high melting point and higher atomic number.

............... ceenees(02)
(01 mark for each)
(¢) (i) Total energy =5 x 10% x 0.01
=501 e 01)
(i) Absorbed dose = gﬂs : » , Y , (01)
(for the division)
=100Gy  eeeeeeee. (01)
(111) Lead/tungsten/tin/bismuth/antimony OR concrete  ceveveevneeenes : 02)

2
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(iv) T The effective dose depends on both the absorbed dose and the biological impact of
different types of radiation. ~ .ieeeeeenenan “ 01)

II. The RBE factor/ quality factor/Q factor may have different values depending on the

radiationtype. T e enaens 01)
(d) (i) Energy of the Xray=—74 — (—=1560)  «cceeeerenneee 01)
- =1486 eV ‘ | eveesvresenibe ‘ 02)
(i) A=% ............... (01)
1240
FTme e (01)
(for substitution)
=084nm (84X 107 m) e, (o1)
(e) Energy: Hard X-rays have higher energy than soft X-rays. ......... 01)

Wavelength: Hard X-rays have shorter wavelengths whereas soft X-rays have longer
wavelengths OR Hard X-rays have shorter wavelengths compared to soft X-rays OR vice
versa

............... (01)

Penetrating Power: Hard X-rays can penetrate deeper into materials OR penetration
power of hard X-rays is higher compared to soft X-rays OR vice versa

............... (01)

k]
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