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

Answer all the questions.
Write vour Index Number in the space provided in the answer sheet.

sk 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), (D, (5)
which is correct or most appropriate and mark your response on the answer sheet with
a cross (x) in accordance with the instructions given on the back of the answer sheet.

Use of calculators is not allowed.
(g=10ms™2)

)

e

1. Which one of the following pairs of quantities consists of a vector and a scalar, respectively?
(D M‘riés Velocity (2) Power, Speed
(3) Work, Distance o) (4 Force, Potential Energy

(5) Momentum, Torque 1"
} O

2. The magnitudes of two coplanar forces acting on a body are 11 N and 5 N. Which one of the
following values could not be equal to the magnitude of the resultant force?

(1) 16N (2) 9N (3) 7N (4) 6N (5) 5N
3. The quality of sound produced-by a musical instrument depends on the

(1) frequency of sound. (2) amplitude of sound.

(3) intensity of sound. (4) wavelength of sound.

(5) existence of overtones in the sound.

4. A stationary magnetic field does not interact with any
(1) stationary electric charges. (2) moving electric charges.
(3) current carrying wires. (4) stationary permanent magnets.

(5) moving permanent magnets.

5\ The back e.mf. in an electric motor is maximum when the motor
(1) is not operating. (2) begins its operation.
(3) is increasing its speed. (4) is at its maximum speed.
(5) is decreasing its speed.

6. Which one of the rays drawn in the figure is not correct?
(1) A (2) B 3) ¢
4 D 6) E

[See page 1
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7. What is the charge of an @ quark? (The elementary charge is ¢)

|

1
@ 0 (2) +%e 3) +-§-e @ —%e 5) —ze

8. The surface temperature of the sun is 6600 K and it emits blackbody radiation at peak wavelength

50¢nm. For a blackbody with a surface temperature of 16600 K, what will be the value of peak

wavelength of emitted radiation? £x O nm
(1) 30nm (2) 300 nm (3) 500nm  (4) 600nm (5) 800 nm

9. The figure shows the path AB of a ball projected from point A. Neglect air resistance.

df Semeeassntoe o ERIRE Iy
Consider the following statements. e
(A)  The velocity of the ball at the maximum height of the path is zero.> . 5 .
(B) The velocity of the ball at point B is equal (o the velocity at point A. > 8"
(C) The kinetic energy of the ball at point B is equal to the kinetic energy at point A. v
Of the above statements,
(1) Only (A) is true. (2) Only (C) is true.

(3) Only (B) and (C) are true. (4) Only (A) and (C) are true.
(5) All (A), (B) and (C) are true.

10. The Young’s modulus of the material of a wire depends on

(A) the initial length of the wire. ol

(B) the cross-sectional area of the wire. -

(C) the nature of the material of the wire. v/
Of the above statements,

(1) Only (A) is true. (2) Only (B) is true. _
(3)_Only (Q) is true. (4) Only (A) and (C) are true. D% X¥
(53) All (A), (B) and (C) are true. i e (£

11. A uniform electric field of intensity 200V m! is applied in between a pair of parallel metallic plates.

What should be the separation between the plates in order to produce a potential difference of 10V?
, (1) 20 mm (2) 30 mm (3) 50 mm (4) 20m (5 30m

12. An alarm in a car at rest is emitting sound waves of frequency 510 Hz. A person on a motorcycle

is travelling directly away from the car. What is his velocity if he hears the frequency of the
alarm as 480 Hz? (Speed of sound in air is 340 ms™)

(1) 10ms™! {2) 15 miss! (3) 20ms™! 4) 25ms’! (5) 30ms-!
13. Which of the following graphs best represents the variation of momentum (p) of a particle with its
de Broglie wavelength (A4)
p A P A P .
0 & 0 T
(1) (2) (3)
P h =l p A
0 @ (5)

[See page three
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(1) 3( (A) is true. (2) Only (C) is true. (e
(3) Only (A) and (C) are true.”  (4) Only (B) and (C) are true.
(5) All (A), (B) and (C) are true.

16. Which of the following can store one bit of data? -
(1) AND gate (2) NOR gate (3) XOR gate  (4) OR gate (5) Flip-flop
17. The period of oscillation of a simple pendulum of length [ is T. Suppose a simple pendulum of
length 2/ is hung from the ceiling of an elevator. What will be the period of oscillations of this

pendulum if the elevator accelerates vertically upward at g-?

L1 S 5

i
| s <
|8
|

m = @ ® T @ 2% &
w3 NN V3 Bints [ 3
we 2R 4
118. A body of mass 2 kg is initially at rest on a frictionless F kN) - |
horizontal surface. Then a horizontal force F varying with 10 up 1 10 4 2
time ¢ as shown in the figure acts on the body during 6s. il : VAl v
What is the final velocity of the body? sl '
(1) 20ms™! (2) 25ms™! (3) 30ms! :
4) 40ms! (5) 50ms~! 0 . " 5
Ui 2, 4 6 1(s)

19. The figure shows the displacement (s) - time (?) graphs of two objects P and O moving along a
straight line. Consider the following statements.

(A) Both objects have velocities in the same direction. v

(B) Velocities of both objects increase with time. ~.~

(C) Both objects have the same velocity at the crossing point F:-G @

of the two graphs. .

Of the above statements, 0
(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 (rue.

s

A block of mass | kg is kept on a rough horizontal surface. The block is pulled by a force of 4N
inclined at 30° to the horizontal as shown in the figure. If the block is at limiting equilibrium what

is the value of the coefficient of limiting friction between the two surfaces? g)

e e smmaAAAAR

iy oy 2 s 0,
4 5 6 "
. i 23 l 408 4
@23 @ : <
8 10
TIIIT77T 77777 7777777777 J
" [See page four
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21. Consider the following statements made regarding Tsunami waves.

hallow water x
(A) Wavelengths of waves in deep water an thathlr:l Osw N
(B) Speeds of waves are higher in deep water than that in sha e ilve v
(C) Amplitudes of the waves in deep water are hi gher than that in s 4

Of the above statements,

(1) Only (A) is true,

(3) Only (A) and (C) are true.
(5) All (A), (B) and (C) are true.

lower

_(2) Only (B) is true.
“(4) Only (B) and (C) are true.

22. A triangular shaped portion QBR is removed from a uniform
square sheet PQRS and connected to form the composite sheet
PQOB'RS as shown in the figure. The center of the gravity of
the composite sheet is most likely to be at

(1 A (2) B (R
“4 D 6 E
23. The diagram shows a circuit having a battery of e.mf. 6:0V, 46|;0V
a 3:0 Q resistor and a 6:0 Q resistor connected in para!lcl
When the switch K is opened reading of the ideal ammeter
is 1'5A. What is the ammeter reading when the switch is 30Q
closed?
(1) 1-0A 2) 1-12A (3) I'5A ‘ ; 60 €2
" —
@) 20A (5) 30A =T %06 x
i 5,4
- F"\ g |
\(//24 JA ball is projected at a velocity of 10ms~’ horizontally from 10 ms-!
~"the top edge of a building of height 20 m. While falling, the 5
ball splits into two identical pieces, X and Y. Then pieces X \\_\
and Y hit the ground simultaneously at horizontal distances A
10m and R respectively from the building as shown in the 20m \ \\\
figure. Neglect air resistance. A v
& : 9 A0 : v \
What is the distance R? g xXh N ff\y
(1) 20m (2) 30m (3) 40m O a .
—_— <—|0m—
(4) 50m (5) 60m - R >

[125.rA ball released at point A travels on a frictionless track as
{v”/ shown in the figure. Then the ball just touches point B on
the inner surface of the circular part of the track of radius R.

What is the velocity of the ball at point B?

(1) 0 (2) V2R 3) 2Ver ol
- \ 20Q
@ 5eR (5) gk |

36 Ten identical musical instruments placed along the circumference of circle produce ‘a sound
mtensﬂy level of lj_q_c_t_B__at the center of the circle. How many 1dentlca! musical instruments placed
along the circumference are needed to produce a sound intensity level of ¢ 60dB at the center?

(I) 10 (2) 20 (3)\50 @ 100 (5) 200
+100bh =

e
# 10 =X ) 10 A1 [See page five
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several times.
Which of the following is true regarding the work done by gravitational force and the normal

[=]
reaction force acting on the sphere during the process? %
Work done by Work done by normal 8
gravitational force reaction force
(1) 0 0
) > meR 0
i 3) mgR 0
@ 0 mgR
(&) mgR mgR
28. A person takes a picture of a aquatic plant in a container with thin glass walls using a convex
_lens. The container is filled with water. When the film, lens, and aquatic plant are positioned as
shown in the figure, a clear image of the aquatic plant is recorded on the film.
. 18 - Lo Soer
(Refractive index of water =—) \
3 \ 7_-| i cr
L}
4 | d \ Vecoe n
i
Film 6 | Aquatic plant
~10cm * lOcm:h4':—~—— A CMle———an

. What is the focal length of the convex lens?

110
(1) 80 cm (2) 2; cm (3) T cm (4) 90 cm (5) 539 cm

29 As shown in the figure, two point charges X and Y are fixed along a straight line. The charge
of X is +g. When a negative point charge is placed at point P, it remains stationary. What is

the charge of ¥? Neglect all other forces acting on charges. x )
Ty T i b iE y
(D ,jjq (2) -54 (3) +549 __ﬂ_.____{;__'_!__( _____ ot b
| <« —><—2x—>
@ +754 (5) +2

gg The figure shows a circuit containing two batteries with negligible

(=)
internal resistance, five resistors, and one capacitor. %
What is the current flowing through the 3Q resistor after steady =
state of the circuit has achieved? g
(1) O-1A (2) 0-2A (3) 04A %

" ol = (=]
“4) 08A (5) 10A s
Ly

YW
6Q

|See page six
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( gﬁ A current carrying metallic wire with different cross-sections is shown in the figure. Consid
- following statements.

] : ) 0l ) P/'t\; P='l3_
p- A pe
(A) The current in the wire is same everywherc./ € o
(B) The power dissipation of the wire is higher in the thin section than that in thick section.
(C) The drift velocity of electrons is higher in the thin section than that in thick section.v
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.
(51 All (A), (B) and (C) are true.

32. Four metallic plates are placed at a separation d from each other as shown in the figure. The
overlapping area of each plate with the other is A. What is the equivalent capacitance of the system?

o
P" v ']// d 4 lﬂ_'_.'l-,f 2\
By S
o S
il [5]
G
iy i e @ 2= @)= 2 254 ) 352
34 2 d (_) d d

33. As shown in the figure, a monochromatic ray of light is
incident normally on the face AC of a glass prism. The

refractive index of glass is E A layer of transparent

liquid of refractive index n is placed on face AB of the
prism. Which of the following is correct with regard to n
for the ray to be totally internal reflected from face AB?

33

3 3
(1) f?<-—8— (2) N<Z (IS ==

4
W3
4

G SRS () > ——

34. Figure shows a siphon which is filled with a liquid. The respective
heights are marked in the figure. What is the speed (v) of the
emerging liquid from the siphon at C? Assume that the ckgs__s-s_ectional
area of the liquid container is large compared to the cross-sectional -
area of the tube and the flow is steady and non-viscous.

. |
) e o R e
@) v=y28(h+h) 1
@ v\l |
5) v=y2eh

Hl.a,l,l.n.'nl’llunll
Q

.

e,

[See page seven
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QA uniform rod AB of mass M and length L is freely hinged at end A and kept horizontally b}
a string attached to end B as shown in the figure. What will be initial vertical lincar acceleration

of end B once the string is cut?

el

The moment of inertia of the rod about end A is 3 ML, String

2
M 3¢ @ 3¢ @) 8 / L

3 et g

3 A B

@) 3¢ 5) 2% ?
é y/ A homogeneous wooden cube of side 10cm is hung in a tank of X

water by a light string attached to a spring balance as shown in the 3N
figure. Densities of wood and water are 800 kg m™ and 1000 kg m™
respectively. If the reading of the balance is 3 N what is the volume
of wood under water?

(1) 400 cm?® (2) 500 cny® (3) 600 cm?
——"
) 700 cm? (5) 800 cm?

(@ The length of a wniform glass tube AB sealed at both ends is 100 cm. It is kept horizontally and
"~ 10cm long mercury (Hg) column is trapmddle when both air columns (P and Q) are at
temperature 27°C and same pressure. If the temperature of the air columns P and Q are increased
to 47°C and 127°C respectively what will be the difference between the lengths of the two air
columns? Neglect the expansion of mercury and glass.

0.5 100 cm

( cm (2) 6cm (3) 8cm Al e, (07 L7ED) B B
4) 10 5) 12 7 Z°C ol R

(4) cm _h(#__)/{ cm Bt ar @

38. Three identical conducting spheres A, B and C are mounted on insulating supports and separated as
shown in the figure. The sphere A is given a charge +3¢g and C is given —2g charge. The sphere
B does not have a net charge. Then the Sphere B is first touched to sphere C, next sphere B is
touched to sphere A and finally spheres brought back to the initial pesitions. The remaining final
charge in each sphere is given by,

Sphere A Sphere B Sphere C :J?t_‘;_
(1) +3g -q -q 3 Aty \it.
_(Eln +2q 0 —q +.1; ;
(3) +2¢q —q 0 ah ?
C)) +q —q © 4g ﬁ
(5) +g +q —q VA

39) A uniform magnetic field of flux density B is directed into the plane
7 of paper as shown in the figure. A semicircular conducting loop of

)( radius r rotates at constant angular velocity of @ about centre O it
and perpendicular to the plane. The resistance of the loop is 2 Q. * X X
What is the magnitude of current induced in the loop? Sangs
bale A
1 1
(1) —wr’B 2) —wr’B (3) @r’B X X %
—th 2 SO
2 2
4 2wr°B (5) 4ar°B s FrA Rl
i BAL = 4 > %—
; (3
")}‘ﬁL > ) 9
- Ui D 4
- |See page ei
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the rods are identical in length an

rods AB, BC and BD_is Ky a
| lagged and the ends A
and E are maintained at temperatures

6, and 6, (6,>6,) respectively. Which of
the following graphs best represents the
variation of rate of heat flow (Q) along
the rods AB, BC and CE after steady state

has achieved?

All rods are wel

nd that of rods (6145,

40. Six uniform metal rods AB, BC, BD, cD, CE and DE are connected
d cross-section,

al area. The
CE and DE is ks

thermal conductivi

(4)

41. Three circuit diagrams constructe

T

™
3

o \ e

e

(0N Q1
T I VS
(1 (2)
Q‘\ Q o
e A

()]

relationship of the currents 7, , I, and 1, flowing in th

d using 12 resistors are shown in figures. What is the cor

e circuits respectively?

as shown in the figure. All
ty of material of

rect

e L > >t
@ L<L<I>

@) 1,=1,>1,
@ L=h<,

@) 1,=1,=1,

e

013082

e
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43. ) The bottom surface of a cylindrical container of cross-sectional
area A a small hole of radius r as shown in the figure.
When a liquid of surface tension T is filled in the container up
to a certain height the Tiquid starts to seep through the hole. The
liquid is filled up to half of that height and an, object is floated
on the surface of the liquid. What should the minimum mass of
the object be in order to seeps the liquid through the hole?

T e

AT AT 24T
) '2; -(_21.‘)_ ';; 3) ”,,_g_
r 2rg
@ g
_ For which values of R would the silicon_transistor circuit shown
,(’ﬁ}e in cutoff region and active region, respectively?
= (1) 5kQ, 1:0kQ 100 k2
2) 5kQ, 25kQ / 2
(3) 5kQ, 75kQ . o
) 100kQ, 10kQ 10 229\ 100
(5) 100kQ, 50k 100 +R/ &

0 ; oL . SRS
D olt ) )’/




| ©

& - O
AL/2022(2023)/01/E-1 10 Sy A
( Wy < 27
; ; ] : Y
45\ A stationary neutral particle at point O decays into two small charged RS- < .
particles 2 and QO of identical masses as shown in the figure. A constant P
and uniform magnetic field of flux density B is directed into the plane gl
of the paper. Which of the following correctly shows the paths of the S, (i p
two charged particles P and Q? (Neglect the electrostatic interaction Q
between the two particles) B TR XI5
x x * x x x x x x x N x ® K x b4 ¥ ® ® %
x 1:( x >'< b N, o Q W x
> X X /% X / x
Q Q g b
x x X x B );( x B x XB x b3 x XB X x >§>(Q x B
(1) (2) 3) ki (5)

46. The ﬁgflre s.how.s three circuits A, B and C, made of identical op-amps. All three circuits are
fed by identical input voltage V; from an ideal voltage source. Which of the following correctly

gives tflle comparison of the respective magnitudes of the output voltages Vas Vg and Vi of the
three circuits?

T
10 k€2
(4) (@)
A s 2, ey 3) V,>Vp=V,
@) Vy=Vy>V, GV, V<V,

e
=
\_"il

Ambient air at 30°C and- relative humidity (RH) 90% is cooled to 10°C and some of the moisture
in air is removed by an air-conditioning plant. Then this air is heated to 20°C and passed to a
computer laboratory. If the values of saturated water vapour pressure at temperatures 10°C, 20°C
and 30°C are given by a, b and ¢ respectively, what is the ratio of moisture removed from the
plant and the final relative humidity (RH) of the air at 20°C?

(0-9¢—a) ax100

(0-9¢—q) L'XlOO(y
0

% 3
g S
.0p — '—a) bx100
3) (0-9¢c aJ,aXIOO% & g__) %
¢ b c ¢
) (c.-fa)’axl(lo%

c

48. When a tuning fork is sounded with a tube closed at one end and filled with air at temperature
51°C, a beat frequency of 4 Hz is heard. Same beat frequency is heard when the tuning fork is
sounded with the tube filled with air at temperature 127°C. In both situations the tube is sounded
with the same overtone. What is the frequency of the tuning fork? Neglect the end correction of

the tube. (¥324 =18)
(1) 56Hz (2) 60 Hz (3) 66 Hz (4) 76 Hz (5) 80Hz

=
[See page eleven
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50. A long straight wire placed at the origin O carries a constant

current directed out of the paper along the Z-axis. Figure shows a
semicircle of radius R drawn on the X-V plane centering the wire.
Which one of the following graphs best represents the variation
of the x—component of the magnetic flux
semicircular path with x ?

density (B!) along the

2)

(=]
4 KoL vy

_R:‘/{] R’x
I
1

®)

* % ¥
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Answer four questions only.
(¢ = 10m s"z)

e Note: For an example the number 65210 can be written as 6:52x10* in scientific notation after
/ rounding off to two decimal places.

j/(a) or a steady flow of a non-viscous, incompressible fluid, the Bernoulli’s equation can be written as

2
hand side of the equation.

(b) A racing car having a rear spoiler with a curved surface
at the bottom is shown in Figure (1). According to the
Bernoulli’s principle, when the car is moving at high
spéEdTa‘denWard force acts on the spoiler.

@ P+lpv2 + hpg = constant. Here all symbols have their usual meaning. Identify the terms in the left

Rear
Spoiler

A vertical c?oss-section of the rear spoiler of the racing
car moving horizontally through air towards left with
constant velocity v relative to the ground is shown in
Figure (2).
(1* What is the velocity of air at point X
relative to the car? Assume that the air Figure (1)
is at rest relative to the ground.

@/As shown in Figure (2), the cross-
sectional area of an imaginary flow tube S
far away from the spoiler is A, and the
corresponding cross-sectional area of the
same flow tube below the spoiler is A,.

V.

A v i
If -1 =1-2, write down an expression

e \A \A

for the speed (v,) of air relative to the { ;
car flowing under the spoiler in ferms Figure (2)
of v. '

(9))4’ the effective horizontal cross-sectional area of the spoiler is 0-2 m?, calculate the downward
force acting on the spoiler. v = 360 kmh™! and density of air = 1-2 kg m™.

@f wind is blowing horizontally relative to the ground from left to right with a constant velocity
: will the force calculated in, (b) (iii) above increase or decrease? Give reasons to your answer

without any calculations.
(¢) When a car moves at Egl} speed, the drag foﬂl‘;d) acting on the car due to air is given by Fd = %Cpsz_

. . . . . - T ————
Here C is known as the drag coefficient, 0 is the density of air, A is the effective frontal area of the
car facing air and v is the speed of the car relative to air. Spoilers also change direction of airflow

on vehicles and reduce the drag coefficient.

Mw that C is dimensionless.

(i) Taking C=03, A= 1.4'm2, Q= 12 kgm™ and v =360 k”_‘ h.—l, calculate the drag force F acting
on the racing car mentioned in (b) above. Assume that air is at rest relative to the ground.
..'%alculate the power (P) needed to overcome the drag force when the car is moving at constant
velocity of 360 km h™".

7
[see page ten
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g one litre of petrol is 40 of thi
i 1 n the car is travelling at constant speed of 360 kmh™" determine th
of the car in km per litre. £ i
JIf wind is blowing horizontally relative to the ground from left to right with a constant
of 10ms™', calculate the power (P') needed to overcome the drag force when the car is travel
at constant velocity of 360 kmh™' (Give your answer to the nearest integer in kW).

6. (@Y (i) Define angular magnification (m) of an astronomical (optical) telescope. 3

y is angular magnification a better measure compared to linear magnification for an optical |
instrument?

=g(leAn astronomical telescope is made with an objective lens L of focal length f and an eyepiece L_ of focal
length fe )

iy What is meant by the normal adjustment of a telescope?

ii")/?aw a clearly labelled ray diagram for the telescope when it is in normal adjustment.

ity Using the ray diagram obtain an expression for the angular magnification of the telescope.

For very small values of o (in radians) tan(a)=o .

(¢) (i) An astronomical telescope having f = 100 cm and f,=10cm is adjusted to form the final image
of the moon at the least distance of distinct vision of the eye, D = 25 cm. The moon subtends
an angle 0-5° at the unaided eye. Calculate the angle (in degrees) subtended by the image of the
moon through the telescope at the eye and the angular magnification in this adjustment. Assume
that the distance between the eye and eyepiece is negligible. You may use 1°=0-018 radians.

(ii) With a suitable modification the above telescope is used to take a real image of the moon on a
screen. Draw the ray diagram for this situation clearly labelling the focal points and distances.

(iii) After the modification mentioned in (¢) (ii) above, if the real image is formed on the screen
placed at 30 cm from the eye piece, calculate the size of the image (diameter) of the moon on
the screen.

(iv) Yerkes Observatory in Wisconsin, USA has the largest and the oldest refracting astronomical
telescope functioning from 1897 to date. The observatory was the birthplace of modern astrophysics
and collected over 170000 photographic plates of astronomical objects.

The focal length of the objective lens of Yerkes telescope is 19:0 m. It gives a real image of the
moon of diameter 17-1 cm on a photographic plate placed 30 cm behind the eyepiece. Calculate
the focal length of the eyepiece of the Yerkes telescope and the angular magnification in this
situation. (Give the angular magnification to the nearest integer.)

ST
[see page eleven
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8 /Read the following passage and answer the questions.
one of the most curious objects in the universe. They have enormous amount of matter

Black holes are ALHIAAS 5
strong gravitational field. Because no light, can_escape from

packed into a minimal volume resulting a very

T R L e —— <
a black hole, they are invisible.

The escape velocity (v,) from the surface of a spherical object of mass

[ with uniform density and radius

R is given by 2GM  \here G is the universal gravitational constant.[This expression for escape velocity

R . -
suggests that @ body of mass M will act as a lb_lack holedif its radius R qul !egg than or equal to a certain

critical value ¥This critical radius is known as thefSchwarzschild radius R¢; and the surface of the spherg
w § radius surrounding a black hole is called the -event horizon. Since light cannot escape from within

this sphere, we cannot détect events occurring inside it.

If light cannot escape from a black hole, how can we know the existence of such objects? Any gas or

dust near a black hole tends to swirl around and pull into the black hole. This causgs heating of the ,dust/

gas, just as air_compressed in a pump gets hotter. Temperatures of dust/gas in excess of '1'06 K can occur,
sG it emits not only visible light but alsg X-rays. Astronomers look for these X-rays emitted by the dust/

gas before they cross_the event horizon to detect the presence of a black hole.

There are also strong evidences for the existence of much larger supermassive black holes. One such black
hole is found to exist at the center of our Milky Way galaxy, 26000 light-years from Earth in the direction
of the constellation Sagittarius. Astrophysicists have discovered a star designated by S4716 revolving around
this_black hole. This star completes one revolution around the supermassive black hole in a short period
of time like four years. This means that the star is travelling at very high speed 8:0'x 108 ms~! around this
black hole. By analyzing this motion, the mass of the unseen sup‘e_rfmasgsive black hole can be calculated.

You may take G =6-0x 107" Nm?kg? and speed of light ¢ =3:0x10° ms™".
(a) What is a black hole? ©
(bV(i) Starting from first principles derive the expression for the escape velocity v, = /%‘M— v

@,)/For a spherical object with uniform density P, show that v, is directly proportional to the radius
R of the object.

(y Letting v, = ¢ in the expression derived in (b) (i) above, obtain an expression for the Schwarzschild

radius (Ry) for a spherical object of mass M in terms of G, M and C.‘/

2 T ) " ‘ on YL
(c\‘)/What is the reason for defining an event horizon? &

@/Can a black hole emit X-rays? Give reasons for your answer.

¢) Determine the peak wavelength (4 ) of radiation emitted by gas or dust with temperature 10° K swirling
into a black hole. (Wein’s displacement constant = 2900 um K). .~

e Round off your answers for (f) (i) Loiﬁvﬂechml places and (f) (ii) to) onjejecimal place respectively
in scientific notation. See the noté given before the question ‘5. t °

(f) Assume that the star S4716 revolves around the supermassive black hole in a circular path of radius r.
J . . T
Further assume that the star and the supermassive black hele are spherical in shape with uniform density.

Z)(D/{Jsing the data given in the paragraph determine the value of r. (Take 7 = 3) ’/V‘D?
‘e 4 X I . - 2-
A Hence calculate the mass, My, of the supermassive black hole. Bmo A (= s
_2\(iii) Calculate the Schwarzschild radius, RS, of the supermassive black hole.(//mhgﬂl
(g¢) Suppose hypothetically, the sun suddenly becomes a black hole with the same mass as it has today.

(i) Would the earth continue to revolve around the sun along the same orbit as of

today? Give
reasons for your answer.

Could life on earth get affected due to this? Give the main reason for your answer

how that the sun would become a black hole if its mass could shrink to a sphere of 2-4 km
in radius. Take the mass of the sun as 1-8 x 10 kg.

—
[see page thirteen
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Part(B)

(@) The circuit shown in figure (1) is used to obtain an appropriate output voltage V,,, from a variable
input voltage V, using a Zener diode and a transistor arrangement. The circuit uses a Zener diode
with minimum current of 10 mA and a silicon transistor. Let resistance Ry =70 Q, the load resistance

R, =90 Q and the Zener voltage V, = 8:3 V. Suppose v, =23V

Calculate the following,

(i) Vou (Take V. = 07 V) it
(ii) Current /,
(fxx) Current /¢ al?d R,=90Q A,
(iv) I.corresponding to the minimum
Zener current.
= Figure (1)
v

(b) The circuit in Figure (1) can regulate a voltage variation in the input to maintain a constant v .

resistor when Vin =23V and 30 V.

(i) Calculate the amount of power dissipated across the R
in the input voltage is

(ii) Using your calculations in (b)(i) above, briefly cxplailn how a change

regulated by the circuit.

(c) The circuit in Figure (1) can also regulate a voltage variation in V_  due to an increase in output

load resistance.

(i) If the load resistance is increased, what will happen to Zener current [, and 1.7 Explain your

answer.
(ii) Briefly explain how the Zener diode and {ransistor combination regulate the output voltage when

the load resistance is increased.
from a solar panel with an internal

(d) The circuit shown in Figure (2) is used to charge a battery
ould not exceed 14 V.

resistance (r) that can generate up to 15 V. The output voltage of the circuit sh

—+

15 V solar_ N 14 V output

panel

i}

Figure (2)

(i) Write down the operational mode of the operational amplifier in the above circuit from the given
choices. (inverting amplifier, non-inverting amplifier, comparator)

(ii) Under bright sunlight R, is adjusted to produce 14 V output voltage. When R =9 kQ and
, =5 kQ for the output of the op-amp to be positively saturated, calculate the most appropriate
maximum voltage Vz for that Zener diode Z, should have.

(iii) If the output of the op-amp saturales for 100 uV voltage difference between the non inverting
input and the inverting input, calculate the open-loop voltage gain of the op-amp when the output
voltage of the circuit is 14 V2 Assume that the output saturation voltage of the op-amp is 2 Vv

below the supply voltage.
(iv) Briefly explain the action of the op-amp and the transistor in this circuit when the solar panel

produces less than 14 V under weak sunlight.

)

[see page fifteen
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10. Answer either part (A) or part (B) only.
Part (A)
(a) Clearly identifying the symbols used, write down an expression for the volume expansivity (y) of a
liquid.

(b) In the tank of a filling station at Nuwaraeliya, the temperature of petrol in a certain day is 7 °C in
the morning and 27 °C in the afternoon. The average volume expansivity of petrol is 9-6 x 107*°C"!
and the density of petrol at 7 °C is 730 kgm™. A car is going to be filled 20 litres of petrol from
the filling station.

(i) What is the mass of 20 litres of petrol at 7 °C? (1 m’ = 1000 litres)

(i1) If the temperature of 1 m’ of petrol at 7 °C increases to 27 °C, calculate its new volume. (Round
off your answer to three decimal places in m?’.)

I
1:019

(ili) What is the density of petrol at 27 °C? [Take
integer in kg m™.]

= 7-164. Give your answer to the nearest

(iv) Calculate the mass of 20 litres of petrol at 27 °C.

(v) How many extra kilograms of petrol would the car get if 20 litres of petrol is filled at 7 °C
instead of at 27 °C from the filling station.

(¢) A tank of a petrol bowser is made of metal and the internal volume of the tank is 25 000 litres at
7°C. In a hot day, the temperature of petrol and the tank became 27 °C and the tank was completely
filled by the petrol due to the expansion. The average volume expansivity of petrol is 9:6 x 1074 °C!
and linear expansivity of metal is 2-4 x 107> °C~!,

® Round off your answers for (c) (i), (¢) (iii) and (¢) (iv) below to two decimal places in scientific
notation. See the note given before the question 5.

(i) Calculate the apparent volume expansivity of petrol in the tank.

1

e el

1+1:776x10 ~

(iii) How much heat is absorbed by the tank and petrol from outside to increase the temperature from
7 °C to 27 °C? Mass of the metal of the empty tank is 2:0x 107 kg. Specific heat capacities of
metal and petrol are 50 x 10* Jkg' K™' and 22 x 10° Jkg™' K™' respectively.

(ii) Hence calculate the volume of petrol (in litres) at 7 °C. [Take =0.98]

(iv) Suppose at 7 °C the tank is half filled with petrol and the rest with air at atmospheric pressure of
10 x 10° Pa and sealed. Saturated vapour pressure of petrol at 27 °C is 7-47 x 10* Pa. Determine
the total pressure inside the tank at 27 °C. Neglect the volume expansion of metal and petrol for
this calculation.

(v) How many moles of petrol vapour present inside the bowser at 27 °C in the situation (¢) (1v)
above? Universal gas constant R=8-3 Jmol™' K™'. Assume that the petrol vapour behaves as an
ideal gas.

[see page sixi(en A
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(B) ©

dosimeter is an instrument used to measure (lonizing radiation expnsurg It can be used to measure the
@oum of radiation exposed to the human bodi}vhich 1s an essential measure for the safety. There are Iwo
kinds of dosimeters namely active and passive. The active dosimeter can be used to obtain o real-time eXposure
value] Passive dosimeter measures thé Tamount of radiation a person absorbs over a set period of Iich The
most commonly used pﬁslve dosimeter is Thermoluminescent dosimeter (TLD).

When a thermoluminescent crystal is exposed to ionizing radiation, it absorbs and traps the energy of the

radiation in its crystal lattice. When heated, the crystal releases the lrgEEe?l energy in the form of visible
light. The inmt is proportiomal to the intensity of the ionizing radiation the crystal was exposed
to. The emitted light is allowed to incident on a photo sensitive surface and thereby produce a weak current
Finally this current is amplified and measured. - L T

-

A Geige.r-Miiller counter can be used to detect ionizing radiation. Absorber plates made of different materialg
and various thicknesses can be used to determine the type of radiation incident on a GM counter,

Write down three types of radiations that can ionize air, 22 /> 7

(b)Y Write down an advantage of an active dosimeter over a passive dosimeter. - +¢lv Are
8 i B e ST

\»f() The activity of a radioactive materiel ofl half-life 1 hour’ is measured by a Geiger-Miiller counter,
If the initial count rate is 64 counts per second, calculate the count rate after 3 hours. |

)
oW is it possible to detect the type of ionizing radiation incident on a Geiger-Miiller counter using |
different absorber plates? VY £ of o rletd |

(¢) A TLD dosimeter emits blue light of wavelength 400 nm with an intensity of 198 nW. Assume that the |
emitted light is incident normally on a photo sénsifive surface made of cesium with a work function .
2.0 eV. (Planck constant = 6:6x 107 | s, speed of light = 3.0 x 10* ms !, electron charge = 1-6 x
I'eV =16x10"7J) ) 4k #

(¥ Determine the number of photons of blue light incident on the photo sensitive surface per sec

(j)/1f 10 electrons are ejected for each 100 photons incident on the photo sensig've surface, d

the current produced by the photo sensitive surface. ks 7 107

(‘xy)/ Calculate the maximum kinetic energy (in J) of the ejected photoelectrons from_‘,the photo :
surface. |4k ¥ 10

(A A CT scanner takes a series of. X-ray images from different angles around a human b
CT scanner in a medical laboratory operates full-time for a research purpose. A TLD dosime
near the CT scanner has recorded radiation dose of 250 mSv/year. -

\ R el i o
M radiation scientist in the operator room of the CT scanner can be exposed to 10% of
during the operation. Calculate the maximum dose in mSv/year that the scientistzcjguld be exf

(ii)’l“he occupational dose limit for a radiation worke.r is 20 mSv/year. If th? scientist v
a day for 146 days in a year prove that the radiation exposure he receives does not

~occupation dose Timit. At

Qy‘f If the mass of the scientist is 75 kg, how much radiation energy (in J) does he
year? : '




