n e oLl - H i Cat | ]
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

(" Boe © BEDE ¢80 /wpapts uglnyflemouentwigi/All Rights Reserved)

.

(2 88e¢oa /g LT_GFN L b/New Syllabus))
08300 @ g Bm® ogHHDOS &5 @) Bm® ocenboedBad & gom Bomm oc_mbma@a!q&“
é SHensMibaHend  Fevmiendll L a¥Irg 691531 ch gl D Jhi60) UTL 6D ﬁs@mﬂ&bmw @eomisndll UfLenFsH  FHensmibasiid
ions, Sri Lanka Department o djﬁu &ﬁ? 5, Sri Lanka Department of Examinations, Sri Lanka
AU RIoDL

i & e e DER At O EX IS, S E ARk oo Gsis i g Sovsmrbam
gdrswm ooy oo8n on (cod esg) Bwoas, 2019 gendesn
sevalll OuNEHH FHITHIU usHr (-wy sHU ufiens, 2019 6D
General Certificate of Education (Adv. Level) Examination, August 2019

— 09.08.2019 / 0830 - 1030
e098n Bes®d 1 —

Guesn g seiluisd } [OIJ [E ] [ | ] e ¢S J
2/

) @)

LI Rl

Physics Bewi(®  LoewflSSIUITevLD
L Two hours

(Instructions:
s This question paper consists of 50 questions in 12 pages.

% Answer all the questions.

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

s 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), (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.
(Consider that the acceleration due to gravity, g = 10m 5_2)

%

1. Which of the following is mot a fundamental unit?

(1) m 2) 1] 3) cd 4 K (5) mol
2. The dimensions of the gravitational constant G are given by
(1) L2M-IT! 2) LM &) 1441 @ L°MAT2* () IPMT2
3. When a bipolar junction transistor operates in saturation mode, a further increase in base current will
(1) turn on the transistor. (2) turn off the transistor.
(3) increase the collector current. (4) decrease the collector current.

(5) not change the collector current.

4. According to the evidences found in Particle Physics, matter is composed of
(1) 6 quarks. (2) 6 leptons.
(3) 4 quarks and 4 leptons. (4) 6 quarks and 4 leptons.
(5) 6 quarks and 6 leptons.

5. The variation of the gravitational potential V(r) due to a point mass, with distance  is best represented by
V(r)p V()4 V(r) A V(r) A V(r) A

\__ N

0 —>r 0 >r 0 >r 0 = 0 >Tr

(1) 2 3) 4) &)
6. Which of the following statements is incorrect regarding thermometry?

(1) There must be a measurable physical quantity that varies with temperature.

(2) Mercury-glass thermometers consist of thin-walled glass bulbs.

(3) By using a mercury-glass thermometer with a large mercury bulb, the range of measurements
can be increased.

(4) Two different types of thermometers may give slightly different readings at the same temperature
as all thermometric properties are not equally sensitive.

(5) Having a large contact angle between mercury and glass is an advantage for accurate readings

in mercury-glass thermometer.

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 20f 63




n e oLl - H i Cat 1 ]
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

( N
7. Consider the following statements regarding the physical properties of ultraviolet and ultrasound
waves.
(A) Energy of both waves depends on their frequencies.
(B) Both waves have the ability of ionizing materials.
(C) Both waves can be polarized.
Which of the above statements is/are incorrect?
(1) Only A (2) Only A and B (3) Only A and C
(4) Only B and C (5) All A, B, and C

8. An object is moving in a circular path at a constant speed v as shown in the
figure. The change in velocity of the object, when moving from A to B is

v v J2v 5 B
U 455N 459\ 2 v{
3) 4)

(1) (2) &)
v\ A
9. A weightlifter lifts a weight vertically up (positive direction) with his hands.
The signs of the work done by
(a) his hands on the weight,
(b) gravity on the weight, and
(c) the weight on his hands, respectively, are
(€)) (b) ©
(1) + + +
2) + - +
@ | + | - | -
@ | - |+ | -
5) - - +
10. Consider the following statements regarding a three-level LASER system Level 3 E
having energies E,, E,, and E; (E, < E, < E;) as shown in the figure. Level 2 E3
(A) The LASER action occurs between energy levels 2 and 1. 4
(B) The frequency of pumping radiation is 5;—‘52 Level 1 E,
(C) Level 3 is known as the metastable energy level.
Which of the above statements is/are correct?
(1) Only A (2) Only B (3) Only C

(4) Only A and C (5) Only B and C

11. Consider the following statements made regarding the velocity of sound in earth atmosphere.
(A) It does not change with altitude at constant temperature.
(B) It always increases with decreasing pressure.
(C) It decreases with increasing altitude as a result of decreasing temperature.
Which of the above statements is/are correct?
(1) Only A (2) Only B (3) Only C
(4) Only A and C (5) All A, B, and C

12. Which of the following statements regarding the X-ray production in common applications is incorrect?
(1) Two circuits are used in the X-ray production system.

(2) Anode could be damaged due to the bombardment of electrons.

(3) Low voltage is sufficient to heat the cathode.

(4) Energy of the X-rays emitted depends on the current through the filament.

(5) X-ray tube must be evacuated to avoid the energy loss of electrons. .
%
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13.

14.

15.

16.

17.

1= ===

~

Consider the following statements regarding the dew point of air having water vapour in a closed
container.
(A) At dew point, unsaturated water vapour becomes saturated water vapour.
(B) If the temperature is reduced below the dew point, some of the vapour will condense.
(C) At dew point, if the volume of the container is reduced, the absolute humidity of the
air will decrease.

Which of the above statements is/are correct?
(1) Only A (2) Only B (3) OnlyA and B
(4) Only A and C (5) All A, B, and C

When the tension of a wire is slowly increased from T to T, within the proportional limit, its length
changes from /, to /,. The energy stored in the wire during this process is

M (B+5)(,-1) @ 3(h-T)(5+1)

® 3(B-T)(,-4) @ Lm+n)(,+1)

®) 3(%+T) (L -1)

Hydrogen gas in a container is maintained at standard temperature (300 K) and pressure (1 x 10° N m™2).
If the root mean square speed of hydrogen molecules is 2 km s, what is the density of hydrogen in the
container?

(1) 0-038 kgm= (2) 0075 kgm™ (3) 0-150 kgm™> (4) 1-225 kgm™ (5) 2450 kgm™

A composite rod is formed by connecting two rods A and B as shown in the figure. Longitudinal
wave velocities in rods A and B are 3210 ms~' and 6420 ms~!, respectively. A longitudinal pulse
applied at the free end of the rod A propagates with a wavelength of 2m. What is the wavelength
of this wave when it propagates through rod B?

E & & L4

A B
(1) 1T m 2) 2 m 3) 3 m 4 4 m B) 5Sm

The magnitude and the direction of the electric field at point A due
to the point charge distribution shown in the figure are

2q q
_t - 2
4r g, a @ 4x £0a2 f @
29 6q ° s °
4 & a* “ 4m & a* g A —q%
a
o
+q

<«—a—><—a—>

® o [ ]
+q +3q +qT
(1)

3)

6
5) —2— |

4 & a °

°
+q +3q

Three capacitors with equal capacitance and two batteries with equal electromotive force (emf) are
given to construct a circuit to store energy. Which of the following circuits stores the maximum

energy? T

JL | L
| 11
|
|

—_

i i e — e

(1 2 3 Q) ®)
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19. When a current of 6A is flowing through the primary coil of an ideal transformer having power of
60 W, output voltage is 12V. Select the correct answer which gives the type of the transformer
and the current ratio (Primary current : Secondary current).
(1) Step down and 6:5 (2) Step down and 5:6 (3) Stepupand 1:2
(4) Stepupand 5:6 (5) Step up and 6:5

20. A coil is made by winding N number of turns around a plastic ring of l
mean radius R and cross sectional area A as shown in the figure. This [
coil is placed coaxially with a long straight wire carrying a current i.

If the rate of change of current through the straight wire is i coswz,
which of the following expressions gives the electromotive force (emf)
induced in the coil?
(1) HMyANi, coswt ) /,toANzi0 sin wt
HAN . UyAN
3) 5 osin wt 4) 7R I, cos wt A
UAN . R
5 cos wt
(&) AR b

21. Consider the points A, B, and C on two equipotential surfaces as shown in the figure. When a proton
moves from A to B, the electric field does a work of 3:2x107!°J on it. Charge of an electron is
-1:6x 10712 C. The electric potential differences V,,, V., and V., respectively, are
(1) 2V, 2V, and OV
(2) 2V, -2V, and 2V L C .~ -
@y -2V, oV, ad OV 00 - . o /2‘3,‘:}5;2“ ’
@) 05V, -05V, and 0V
(5) -0-5V, 05V, and 0V “~_B

22. A celestial object is located at the mid point of the line joining the centres of the earth and the
moon at a certain time. The mass of the moon is 0-0123 times the mass of the earth. Assume
that the distance between the centres of the moon and the earth is 60 times the radius of the
earth. The acceleration of the object due to the gravity of both the earth and the moon in terms
of g is approximately,

(1) 1'1 x 10%  (2) 1'1 x 103g (3) 33 x 10%2g (4) 05¢ (5) 10g

23. The gap of 2 cm between two horizontal plates of surface area 500 cm? is filled with an oil
having the coefficient of viscosity 0-2Nsm™. A horizontal force of 5N is applied to the upper
plate while keeping the lower plate at rest. What is the velocity of the middle layer of the oil,
if the velocities of the oil layers vary linearly across the gap between the plates?

(1) 2:5ms! (2) 5ms™! (3) 10ms™! 4) 25ms! (5) 50ms™!

24. A diode and a resistor are connected in such a way that only two terminals are available for external
connections. When a voltage of 1 V is applied across the external terminals, the current through the
circuit is 50 mA. When the applied voltage is reversed, the current doubles. What are the forward
bias resistance of the diode, and the value of the resistor?

Resistance (L)
Diode | Resistor
(1) 0 20
) 10 10
3) 10 20
4 20 10
4) 20 20
\_ _J

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 50f63



n e oLl - H i Cat 1 ]
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

( N
25. An air mass in a cyclone moves around its eye in a spiral path as
shown in the figure. The velocity of the air mass at a radial distance @*{5‘\
of 80 km from the centre of the eye is 150kmh~'. What could be the ﬂ
velocity of the same air mass at a radial distance of 40 km from the S
centre of the eye? %Q\‘"“ ‘
(1) 75kmh! (2) 150kmh™!
(3) 150v2 kmh! (4) 300kmh! eye
(5) 450kmh!
26. An analogue multimeter connected to 'y 7= \x
a circuit is shown in the figure. The s 2 = °
reading of the multimeter is il
(1) 8 Q T
(2) 7 mA
3) 114V
4 7V
(5) 14V
27. Alarge number of point charges are uniformly spread out over a non-conducting P
ring of radius . If the total charge on the ring is Q, what is the electrostatic E
potential at point P on the axis of the ring, as shown in the figure?
Q Q
0 4reyd 2) 4meyr
Q Q
3 4) ——F—
0 8ﬂ280’d e dmegNr* + d*
s

dre,dNrt + d°

28. The human blood circulatory system consists of about one billion (10%) capillary vessels each with
an average diameter of 8 um. If the blood is pumped from the heart at a rate of 5 litres per minute,
what is the average speed of blood flowing through the capillary vessels in cm per minute?

1 25 25 125 125
(D 337 @ Tér ® 2z @ Tox ® 4
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29. Two thin spherical metallic shells are placed concentrically as
shown in the figure. Inner shell is kept at a potential V while the
outer shell is grounded. The variation of the electric field E with
distance x from the centre is best represented by
E E E B—
0 0 2 R 0 - k_ﬁ‘ %
(2) (3)
E E 4
0 L R > X 0 - 1; > X
4 (&)
30. An ideal gas expands from state A to state C along P(Nm™)
two different paths, ABC and ADC, as shown in the . ' B - C
P-V diagram. The heat absorbed by the gas during the 610" 777~ 7
processes AB and BC are 200 J and 700 J, respectively.
What is the change in internal energy, when the gas A A
expands along the path ADC?
(1) 380 J (2) 520 J 2x104----g >—ID
3) 7201 (4) 880 J | :
(5) 1080 J : ek U
3x107°  6x107
31. A ball is dropped freely to a floor from a height of 1 m. If its speed is reduced by 25% at each bounce,
what would be the height the ball reaches after three bounces?
2 3 6 9
3 3 3 3 3
o o ol el e
32. Part of an orbiting satellite is coated with a metal that has a work function of 5 eV. The Planck constant
is 41x 107" eV's and the speed of light is 3x 108 ms~'. What could be the longest wavelength of
incident sunlight that can eject an electron from the metal coating?
(1) 123 nm (2) 246 nm (3) 683 nm (4) 800 nm (5) 1230 nm
33. A standard photographic slide has a picture size of 30 mm x 40 mm. An enlarged image of the slide
is projected onto a screen 4.0 m away from the projection lens of a ‘single-lens slide projector’. If the
size of the image on the screen is 1:2m x 1-6 m, what should be the focal length of the projection lens?
(1) 49 cm (2) 98 cm (3) 102 cm (4) 49 cm (5) 98 cm
L y
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34. A test tube is made to float upright in a fluid by placing a metal ball at ) (
the bottom of the tube as shown in the figure. Total mass of the tube
and the ball is m, density of the fluid is £,and the cross-sectional area
of the tube is A. Effect of surface tension and the viscosity of the fluid —===—=== =—=—==-=
can be neglected. If the tube is given a small vertical displacement, ———"_—_— T
what is the period of oscillations of the subsequent motion of the tube? —= -~~~ =
|Apg ’ m ’ 2m - — ===
y 2w, [ —= L 8L ——— - - e T
(1) N 2) 27 Apg () = Apg T e
e Ll i Y Dol gl
2 mg e g e B T T e
(4) =71 IApE 5) 2w Azp
35. Consider a massless balloon attached to one end of a light string. The other end of the string is
attached to the bottom of a water tank which is fixed in a truck as shown in the figure. The balloon
is completely submerged in water. The velocity-time graph shows the motion of the truck.
velocity
A
S lo} |
0 - — > time
;! b &
The positions of the balloon and the string inside the water tank during the time intervals ¢, t,, and
t; are best represented by
l 2 h
)
=ir S =
EES L BT L5 LA
' 8
36. Consider four metal balls of same volume placed on a smooth horizontal surface. Mass of each of
the first three balls is m while the mass of the fourth ball is 2m. They are equally separated on a
straight line. The first ball moves with speed v and collides with the second ball resulting a series
of linear elastic collisions among the balls. After all the collisions, the motion of each ball is best
represented by
v v
< —> 5
<1>@@@@ @ @ ®® e
v 2w
@@@@ DO
rcYoloIcK
\_ J
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37. For optimum operation of a light emitting diode (LED),
forward voltage and current should be 2V and 10mA,
respectively. Transistor is having V. = 0-7V, current gain
B = 100, and V., = 0-1V. For the circuit shown in the ~ 33k
figure, what are the values of Ry and R, for the optimum
operation of the LED?

(1) Ry = 100Q and R. = 1kQ 17 kQ
(2) Ry = 1kQ and R, = 1kQ
(3) Ry = 1kQ and R, = 290Q
(4) R, = 10kQ and R, = 1kQ
(5) Ry = 10kQ and R. = 290Q
38. A piece of metal is attached to the top of a rectangular -::plece of metal
wooden block that floats in water. As shown in the figure, e Bosilen Diack

water level

50% of the volume of the wooden block is submerged in =~ - - — - s v
water. The metal piece and the wooden block have the - -~~~ T 770"
same mass. If the wooden block with the metal pieceis —~ ~—~ "~~~ "~ """ """
flipped up side down, what could be the percentage of the ———————— -~ - — -
volume of the wooden block submerged in water? T

(1) Slightly smaller than 50% (2) Much smaller than 50% (3) 50%

(4) Slightly larger than 50% (5) Much larger than 50%

39. As shown in the figure, an incompressible liquid flows steadily through a horizontal pipe. Two
narrow vertical tubes are fixed at two places on the horizontal pipe where the cross-sectional areas
are A and 2A. If the height difference of the liquid columns in the two vertical tubes is h, flow
rate of the liquid through the pipe is

(1) AJ2gh @) AJogh || H

3gh h 24
® N5 @ 2A\/% \ -

2gh
(5) 28¢5~
40. The figure shows the displacement-time graphs for displacement
the motion of two cars with respect to a lamp post / Car 1

aside the road. Consider the displacement to the right

side of the lamp post as positive. A student has made

the following statements regarding the motion of cars Q

relevant to the points P, O, and R marked on the graph. fime
—> tim

(A) Relevant to P: Car 1 coming from left crosses P I\
Car 2. Car?2

(B) Relevant to Q: Both cars are moving towards
the lamp post and cross each other.
(C) Relevant to R: Car 2 coming from right
passes the lamp post.
Which of the above statements is/are correct?
(1) Only B (2) Only C (3) Only Aand B
(4) Only B and C (5) All A, B, and C

\_ P

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 9 of 63



n e oLl - H i Cat 1 ]
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

~ )
41. A whistling firecracker having a constant whistling frequency is fired vertically upward. It travels

initially with an acceleration, then with a deceleration, and finally blasts before coming to the rest.
An observer at ground directly below the firecracker listens to the whistling sound of the firecracker.
Consider the following statements regarding the frequency of the sound heard by the observer.
(A) During the acceleration, it is higher than the whistling frequency and is decreasing with
time.
(B) During the deceleration, it is lower than the whistling frequency and is increasing with
time.
(C) Just before the blast, it becomes equal to the whistling frequency.

Which of the above statements is/are correct?

(1) Only A (2) Only B (3) OnlyC
(4) Only A and B (5) Only B and C

42. A metal bowl of mass 700 g contains 1 litre of Metal Specific Heat Capacity
water at 27 °C. When a steel ball of mass 300 g Jkg'K™
at 120 °C is dropped into the water in the bowl, [ A{uminium 900

the final temperature of water is measured to be

30 °C. Specific heat capacities of steel and water are Lo .
500 J kg~! K- and 4200 Jkg' K-, respectively. Out | COPPer 385
of the metals given in the table, what could be the |Silver 230
metal that the bowl is made of? Lead 128
(1) Aluminium (2) Copper

(3) Lead (4) Iron

(5) Silver

43. Three right angled prisms of refractive indices n,,
n,,and ny (n, > n,, ny) are arranged very close to
each other on a table as shown in the figure. There
are no gaps between the contact surfaces of the
prisms. A ray entering through the face AB with
an incident angle i, refracts at faces AB, BC, CD,
and DE, and emerges from the face DE without deviation. The angles of refraction at the faces AB,
BC, and CD are r,, Ty and r;, respectively. Which of the following expressions is incorrect?

(1) sini = n;sinr, (2) nysinr, = n,cosr, (3) sini = nycosry
(4) n,cosr, = nysinr, (5) cosi = nycosr,

44. Each of the single turn wire loops placed on xy plane as shown in figures, carries the same
current /. A uniform magnetic field is applied along the positive direction of the x-axis. Assume that
each wire loop can rotate freely about its symmetric axis perpendicular to the magnetic field. Which
choice represents the order of loops that the initial torque acting on them are in descending order?

y (P) y Q) (R) (S
A po A A
57 ) 5t : 5¢ 54
4] 4} : 4 H 4
3 31 | 3, 3. ;
p P AT I :
2 £ : 21 ' 21 Y Vi
2 5 0 T T TRt A s T T Tt R S T S
() PO.RS (2) R,QO,PS (3 O,PRS 4 S,RQP (5) R.Q.S.P

. b
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45. Three cells with electromotive force (emf) E,, E,, and E;, and internal
resistances r;» I, and r;, respectively, are connected as shown in the
figure. Which of the following expressions gives the potential at point
P of the circuit?

E\E,E,
E +E, +
(1) ITZI% @ EE, +EE3+EE
Er2+Er2+Er2 Err, + E;rr, + E rr.
(3) =1 279 33 (4) Z123 213 312

% +h8 45 iG55 Thh

) Ennh+ Eyn + Eyin

nhh

46. Consider a battery of electromotive force (emf) E, and internal
resistance r. As shown in the figure, it is connected in series with a
resistor R and a variable dc voltage source which can be reversible.
When the voltage of the variable source V,, is varied, the graph of
I vs V is best represented by

K.
/1

variable dc voltage
source (reversible)

R 1
—— AW
i o I
= Eo
pm— V .
VVR

L ]

A

(1 2
47. Consider the circuit shown in the figure. The ‘}‘
graphs show the waveforms of the applied voltage V.
and the current through the load L.
; 0 7 = T Tir >t
2 2
| -V | .
1 Y oo
T [ A T N
— A A
T [/ st | /T
4 4, 2 4 |
-1 4 ! !
The average power dissipation of the load is m
VI vV I
2) -Lm 3) = 4 VI 5) 2v I
(H 0 2 —% 3) > 4> @ vl 5) 2v,1,
\_ _J
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48. Two long, straight, and parallel wires are placed in
free space. Consider the following two cases as shown I
1
in the figures. A M A
(a) Wires carry the same current / in the same direction. Of----~--=1 ==X Of=---9--24---= > X
(b) Wires carry the same current / in opposite directions.

Consider the direction of the magnetic flux density (a) (b)
into the paper as positive. Which pair of graphs best
represents, the variation of the magnetic flux density B between the two wires?

Ba BA

Mo

B4

3o

3o

1
1
1
1
I
1
1
]
1
1
1
1
1
1

X 0 X
(a) (b)

49. What is the current through the battery of the circuit shown in the figure?

W 3%

@ =

3) 2%

@ %

) 2

1A

e -
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50. A small object is placed inside a right circular cone with axis vertical

and vertex down as shown in the figure. The coefficient of static friction
between the inner surface of the cone and the object is u. What is the
maximum angular velocity of rotation of the cone about its axis for the
object to be on the inner surface of the cone without slipping at a distance
d away from the axis?

) Jg(cosH — usinf) ?) g(sinf — pcosf)
d(sin@ + ucosf) d(cos @ + usin )

d(sinf — ucosf) d(cosf — usinf)

, g
) dtan@

(3) \/8(0059 + pusin 6) ) \/g(sin@ + 1 cos )
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AL 2019 - Physics (New Syllabus) - Part I -Answers with simplification

01. Fundamental units are m, kg, s, K, A, mole and Cd The answer is............ (2)
02.F =G X N LN
T Mm
(MLT2)(L)?

Dimensions of G = =13M~1T? The answer is............ 4)

M2

03.  When the transistor is working in saturation mode, the collector current is

constant and it is already at ''ON"" position The answer is............ (5)
04.
@ O O
doun % botion Quarks
electron muon
@ g% % Leptons
There are six quarks and six les @ @ The answer is............ (5)
05. The gravitational potential due to a point mass m, V(r) = — ch
V(r) !
0 r

[ The answer is............ (2)

06. Third answer is incorrect because increasing the mercury volume does not
increase the range of measurement. But it increases the sensitively of the
thermometer.

The answer is............ (3)

07.  All the statements are wrong because
(A)Ultrasound energy does not depend on the frequency
(B)Ultrasound cannot ionize materials
(C)Ultrasound cannot be polarized
=~ All are wrong statements The answer is............ (B5)
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08 Aﬁ == 1_7)3 - ﬁA
v _ IU B v
B v
v
= 4+  —
v v
= v .
\E l The answer is............ (4)

09.(a) by his hands on the weight

Foo|n
] Workdone W =F xh=(+)x(+)=> (+)
(b) by the gravity on the weight,

|
mg Workdone W =mgxh=(-)x(+)=> (-)
(c) by the weight on his hands

YF
Hands h

Workdone W =Fxh=(-)x(+)=> (-)
The answer is............ (3)

10. B is incorrect because pumping frequency is BEh

C is incorrect because E; is the metastable energy level
The answer is............ (1)

11.  Change of P/, is constant with the altitude
.-.v:\/yp/p:\/VRT/mﬁvocx/T:as T { and v |

v is dependent only on the femperature.
.. statements A and C are correct The answer is............ 4)

Additional information
Altitude P

At constant T’

-
- @
S Q
=
>
e
")
= =
a [=9
] ©
= o
2 @
= S]
]
@
)
w
@
@

~,
~
~
~
~
~
~.,
~
-~
'~
-~
~

P (pressure)

Change of P/, is constant with the altitude
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12. The energy of the X-rays depends on the high voltage applied, not on the current
through the filament. The filament current controls the intensity of the x-rays
The answer is............ (4)

13. At dew point, if the volume of the container is reduced, some of the vapor will
condense and the absolute humidity will remain unchanged.
The answer is............ (3)

14.
F
Area under the curve
1
AE = 5 (Ty + T)(U, = 1y)
The answer is............ (®)
_1 — _ 3P _ 3x(1x10° Nm~™?) -3
15. P=zpc = P=== Gaormer = 0.075 kg m
The answer is............ (2)
16.
A B
L YJ’]ﬁ?)’/ﬂ//ﬁ/)’/)’/]’d<(—
k 3210ms™! 6420ms~!
A=2m
For the rod 4 For the rod B
_ 3210 _ 6420
"=, =5
51=20 ¥ 2m=4m The answer is............ (4)

3210

17. The electric field at point A is only due to +q and —q circled below, because
other charges are symmetric around the point A.

+q +3q +q
=~ the electric field
+qe A o —q E — q- + q- — 2q -
4mega?  4mega?  4mega?
. . . The answer is............ 1)
+q +3q +q

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 16 of 63



n e e of H g a1 !
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

18.

19.

20.

21

22.

23.

The energy stored in a capacitor E= % CVZ2,

To maximize the energy storage, both C and V should be maximized.
To maximize C, capacitors should be in parallel configuration and to maximize V,

the batteries should be in series configuration. The answer is............ 3)
I =6A
P =1,V = LVs ' '
60 =6XVp =1 x 12 )
=V, =10V and I =5A ’ oy
s VpiVs =10:12
= Step Up and Ip:lg=6:5 - —
The answer is............ 5)

— Kot i : _ _ Mol
B = = and magnetic flux through the coil @5 = BAN = ——AN

It is given that % = i, cos wt.

. . _Mi_ﬂoANﬁ_ﬂoAN .
~em.f. induced €=-—"2="rm =220 coswt The answer is............ (4)
‘~\ A c _
S Work done on the proton by the electric field

- -

B 2eV=qExd=q=2xd =V =2V

As A and C are on the
equipotential line, V,e =0V and Vge = Vg4 = -2V The answer is............ (1)

D

"’_{3-——""—-30;2

Acceleration (a) of the object is given by

ma = GMem  GMpm _ GMem  G0.0123Mem __ GMem 1—0.0123]
" (30R)2  (30R)2  (30R)Z (30R)2  RZ 302
. GM _ .
Since g = —¢, a=0.0011g =1.1x1073g The answer is............ (2)
R
L1
—
[ —>5N
vy
2cm
L |
v=>0
- 0.2X500%x10™4x _
F=17AM = 5= -1 o v, =10ms?!
d 2X102

U1+0

=5ms™? The answer is............ (2)

~. the speed at the middle v, =
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24. Since there is a current flow through terminals in both biases, resistance and
diode must be connected in parallel.
When the diode is reverse biased, current in the circuit is lower as the total

resistance is higher.
I=50mA R

1=50%x10"3%xR = R=200Q e

1V

When the diode is forward biased, current in the circuit is doubled.

R
AW

I =100 mA

Rfl\l
>

> R; =R =200 v

The answer is............ (®)

25. For the air mass, applying the principal of the conservation of angular momentum
M 15y Wgg = M1y Wy and w = V/p = Tgo Vgo = Ta0 Vao
150 X 80 = 1,0 X 40 = V4o = 300 kmh™? The answer is............ (4)

26. According to the figure, 2 V is selected by the indicator, therefore DCV-A scale
must be used,and 2V = 10 scale divisions

=~ 7 scale divisions = 1—70 X2V=14V The answer is............ (3)
27.
P . . . .
Due to a single point charge q; , potential at point P;
_ ai
m d Vi - 4neom
Potential due to all the point charges
qi
qi V' = Sum of (V;) = Sum of ( >
l Amte,Nr? + d?
- Sumof (q;) Q
dte NT?2 + d?  Ame NT? + d?
The answer is............ 4)
28. Volume flow rate
? =Av Xn
5 x 1000 cm3 8 _ 2
—— =71 X (=X 10 4Cm) x v x10°
1 min 2 N
V= 14—7T cm min~?! The answer is............ (B5)
29. If the Charge on the inner shell is Q
__Q
E=_—— forr <x <R
E=0 forx<r and x>R .
T R
The answer is............ (2)
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30. Path AB = AW =0 and AQ =200 =~ AU, =AQ—-AW =200J
Path BC = AW =P(AV) = (6 x10*Nm™2) x (3x103m3) =180J
,and AQ =700] = AU, = AQ — AW =700 —-180 =520 J
= Total change in internal energy through path ABC
AU = AU, + AU, =200+ 520 =720J
Since AU is independent on the path =(AU) 45c = (AU)4pc = 7207
The answer is............ (3)
31 2
oju= w2=u?+2as > v2=0+2gh = h= /Zg
. After the 1°" bounce > v = % v
nd " 3, 3\ 2
After the 2" bounce > v =o' = (Z) v
3
oV’ After the 3™ bounce = v =3y = (E v
». The height after the 3™ bounce
W (32 (3 _
h = 20=(3) V/2g=(5) hoandh=1m.
6
h' G) m The answer is............ (4)
32. Photon Energy E = hf = hc//1
To free an electron with the smallest E, kinetic energy should be zero.
E = Work Function + Kinetic Energy
The smallest energy (E) = Work function
- hc
5 CV /Alongest
4.1x10715 eV 5)x(3%x108 ms™1 -
Mongest = ( ° 551‘/( ms™) 246 x 10~ m
ie. Alongest = 246 nm The answer is............ (2)
33.
1.2 X 1.6 m?
30 x 40 mm?
—_—y— v=4m
t_1_1 L _r_1 v_v _v
5T = ST S5 = 1+u—f = 1+m—f
v 4m _
= f= 1+m  1+1.6 m/(40x10~3m) 0.098 m
ie. f=9.8cm The answer is............ (2)
01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 19 of 63



n e e of H g a1 !
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

34. Af equilibrium mg = hApg

Applying F = m a along ! direction for the | | O

motion of the fube. ]
ma =mg— (h+ x)Apg = hApg — (h + x)Apg h
l v =A(h+x)pg[

h
a=— <Apg/m> x = w = Apg/m = At equilibrium }x_
\‘ mg
T=2m/, =21 /m/Apg

35. Because of the inertia, as the truck accelerates, the water moves opposite to the
direction of acceleration and therefore the balloon moves along the direction of
acceleration of the truck.

When there is no acceleration, no motion of water therefore no motion of the
balloon.

When decelerates, the water moves along the directions of motion, therefore the
balloon moves opposite to the motion of the truck.

The answer is............ (2)

The answer is............ (4)

36. For the 1" collision, both liner momentum and energy are conserved.

v v
® 0= 060 O
Before collision After collision

The 2™ collision is similar to the 15" collision.
Now consider the 3™ collision

v v v
d 0= 0 ©
Before collision After collision

Conservation of linear momentum = mv = 2mv, — mv,

. 1 1 1
Conservation of energy = = mv? = 5 2mvs + 5 mv?
From these two equations v, =Y/3 and v, = 217/3

After two more collisions
217/_
>/3

<3
@ @ @ @ The answer is............ 4)

(Student can pick the answer without writing these equations, but by checking the total
momentum and total energy from the answers as the initial momentum and energy are known.)
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37.

=45V I I 10 mA
\VCC +5 ﬁdC: < :}IB = C/ﬁ = = 0.1 mA
Rc ~I,=10mA Ip dc 100

22V, 10mA 1.7
= —  x5=1.7
¢ £ 1.7 + 3.3 > v

V1 = iB RB + 07
1.7 = 0.1 x 103R + 0.7 = Ry = 10 kO

L
+ Ry = 10 kQ

Vee = IcRe + 2 + Vegsary =

R. = (VCC -2 - VCE(sat))/
c — IC
_((G-2- 0.1)/ _
Re = (10 x 10-3) = 2902
=~ Rg = 10kQ and R; = 290 Q The answer is............ (®)

38. The weight of the both wooden block and the
metal piece is balanced by the up thrust. “‘
Since half of the volume of the wooden block
is submerged, the up thrust is the weight of water of that volume.
When flipped up side down, since the metal piece is now inside water, the volume

of the wooden piece under water should be little less than half of its volume.

= The answer is "slightly smaller than 50%". The answer is............ 1)
39. Applying Bernoulli's equation at points with
pressure P; and P,
1 2 1 2
P, +§pv1 =P, +§pv2
A . .
\ Pl B, %4/2,1 From continuity equation
= Avl = ZAUZ = Ul = 2U2 |e Ul > Uz. o P2 > P1

1 1 3 20k
"'hpg:Pz—P1=5,Dv12—Epv22=Epv22 > v, = |8 /3

~ Flow rate Q = Av, = 24v, = 24 Zgh/3 The answer is............ B)

40. At point P, the 1° car is just passing the post

displacement
while the 2™ car is somewhere in the right side 4 Car 1
and moving towards the post.
~ Statement A in wrong. g
At point Q, both cars cross each other but not 0 3 R >time
moving fowards the lamp post. Only car 2 is / Car2
moving fowards the post.
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41.

42.

43.

44,

~ Statement B is wrong

At point R, the 2™ car is just passing the post and also it is coming from the right
side.

~ Statement Cis Correct The answer is............ (2)

Source is moving away from the observer. Therefore, the frequency heard by the
observer is less than the whistle frequency.
A is wrong as it says that the observed frequency is larger than whistle frequency.
B is correct as the observed frequency is smaller than the whistle frequency and
during the declaration, the relative speed decreases, therefore, the change in
frequency decreases.
= The observed frequency increases with time towards the whistle frequency.
C is wrong because the fire cracker blast before coming to rest. Therefore, the
observed frequency cannot become the whistle frequency.

The answer is............ (2)

Heat absorbed by water and the bowl + Heat lost to the surrounding
= Heat lost by metal ball
0.7XCXx3+1x4200%x3+AQ=0.3%x500x90= C =428.6—-AQ/2.1
~ € < 428.6 = Silver and lead are not possible because the heat lost is small.
The material of the bowl has to be copper. The answer is............ (2)

Since incident ray is parallel to emergent ray,
emerging angle is 90-1,
s n3 sin(90 — r3) = sin(90 — i)
= N3 COST3 = COSI
The wrong expression is sini = n; cosr;

The answer is............ (3)
Alternative Method
At face AB = sini = n, sinr;
At face BC = n, sin(90 — ;) = n, sinr,
= Ny COSTy = N, SsinT,
At face CD = n, sin(90 — ;) = ny sinry
> N, COST, = N3Sinry
At face DE = n; sin(90 — r3) = sin(90 — i)
>nN3 COST3 = COSIi
The wrong expression is sini = nz cosr; The answer is............ (3)

Torque (7) applied on a rectangular loop placed in a uniform magnetic field, when

the field is perpendicular to the wire.
T =INA = TaA

This is valid irrespective of the shape of the loop.
List the loop by area.
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Ap=>x2x3=3,Ag=1x4=4, Az =m(15)2 =7, and As = 1.5 X 1.5 = 2.25

i.e area of R>Q>P>S The answer is............ (2)

45. If the potentialatPisV,=iyr, =E -V or

From Kirchhof's law = i1 +i,+i3=0
E—-V n Ey—V n Es-V _ 0
1 T2 T3
MUITipIYing by T‘1T2T3 ﬁ (El - V)T2T3 + (EZ - V)T1T3 + (E3 - V

E 113 + E;rqT3 + E3T1 T
> V= 17273 27173 37172

i.e.

T +11r3+ 1113

The answer is............ (4)

Alternative Way
If r, = 0, then V = E;. When substituting ; = 0 in the given answers, only 4™
answer will give V = E;. The answer is............ 4)

46.

/(:

The answer is............ (4)
47. Energy dissipation in a cycle =V, (17’”) (E) + (=) (?) G)
Average power dissipation = ZVm(E)(Z) = Vﬂ;’m
The answer is............ (2)

48. The magnetic flux density produced by a current carrying wire.
ol
 2md
As d increases B decreases and also B is higher near the wire.
The direction of B is given by the right-hand rule.
The answer is............ (4)

e —
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= s
<

2R

T m@

R/ R/2 R/2 R/Z

R R
WWW
/ \/ \ | D> 14 |
R el s

' 4

I = V/R
The answer is............ (4)

50. For the motion of the object, applying F = ma
Along YN\ R —mgsin = m (dw? cos 6)
Along l F + mgcosf = m(dw?sinB)

For Static friction= F < uR
mdw? sinf® —mg cosf < p(mgsinf + mdw? cos )
g (cos@ + pu sinf)

= d (sinf — ucosf)
g (cosf+ usinf)
max —

2

d (sinf —pucos@)
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All the other questions are same as for NEW syllabus except for the following questions:

4. Power generation by nuclear fusion is challenging due to
(1) limited abundance of light nuclei.
(2) difficulty in disposing the nuclear waste.
(3) emission of harmful radiation.
(4) difficulty in controlling the nuclear reaction.
(5) inability in achieving necessary reaction conditions.

18. Two objects of masses m; and m, (< m,) having charges g, and g,, respectively, are suspended by
two light strings. At equilibrium, objects are in the same horizontal line as shown in the figure. Which
of the following choices is true for the equilibrium of the system?

() T,=T, 0, =0,

@ 1,=1T,,60 >0,
3 T,>7T,,60, <0,
4 T,>T,,0 >0,
6 1,<7T,,0,<86,

”ll 9 m,,q,

21. The intensity of an ultrasound beam entering a tissue is 10mW cm2. If the reduction of intensity
level of the beam is 2 dB per centimetre, the intensity of the beam at 5 cm depth is
(1) 10mWem?  (2) 05mWem?  (3) 02mWem?2 (4) 0-lmWem2 (5) 0-05mW cm

22. Alight string and a heavy string are connected together. A wave pulse in the
light string moves towards the heavy string as shown in the figure.
Which of the following best represents the shape of the pulse/pulses in
the subsequent motion?

(1) 2) 3)

—

|

“ (3)
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AL 2019 - Physics (Old Syllabus) - Part I -Answers with simplification

4. In fusion, fo overcome the repelling force between atoms that are getting close
enough to “fuse”, there must be extreme temperature and pressure, like in the Sun.

The answer is............ (®)
18.
T, cos 68, = myg T, cos 0, = m,g
i?p_-\ Tl 2/9__5 Tl Sln 01 = TZ Sln 02
F, N2
myg tan6; = m,g tané,
tan6; my
and, — m <1 as my > my
m; g m;g
= tanf; < tan6, = -~ 0, <6, = sinf; <sinb, = v Ty >T,
. Answer T;>T, 6, <0, The answer is............ (3)
I, I
21. Totalloss =2dBcm™ x5cm = 10 dB MWS>| 5 cm MWW
x—w dB = 10 log (=) Tissue
0 Surface
~1=log(x) = =107 > I=1mWem™
The answer is............ ¢))

22. At the joint between the strings there will be reflection as well as transmittance.
e Inreflection the phase changes by .
e Along the heavy string wave transmits with less amplitude and without change in
phase.
e The wave reflects back in the light string with more amplitude compared to that
of the transmitted wave.

The answer is............ (2)
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1. An experimental setup used in a school laboratory to determine the surface tension of a
liquid is shown in figure (1).

<—Capillary tube

Stand___» A Pointer

j L Beaker

14— Liquid

P

(AR AR LR R RS —

Figure

(a) (i) Figure (2) shows the enlarged T\

view of the vertical cross section

of the capillary tube along the
axis. Draw the meniscus of the \

— Wall of the

Capillary
liquid inside the capillary tube e&ﬁu Tube

and indicate the surface tension T, \
and the contact angle € between \ \\
the liquid and the glass surface
of the capillary tube in this figure.

N
A\

Figure (2)

Drawing the meniscus correctly (01)
Indicating T (at least one) with an arrow in correct direction S (0} )|
Indicating the contact angle 6 N (03 9

(ii) If the height of the liquid column in the capillary tube, the inner radius of the
capillary tube, and the density of the liquid are #, r, and P, respectively, obtain
an expression for hpg in terms of 7, r, and 6.

2rr)T cosf(=mg) = (mr2)hpg e (01)

hpg = ZTC:S i, (01)
(No Mark only for writing this equation)

Alternative Method

2T
Py PO - m + hpg = PO (01)
hpg = 2Tcos R (0 ) § ]

T
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(iii) Clearly writing the assumption made, show that the equation obtained in (ii) above

can be reduced to h = -2-?-:-.

The contact angle between the glass and the liquid should be very small or zero.

Forsmall 8 > cos®@~1 OR hpg=2T/r o, (01)

(iv) In order to satisfy the assumption mentioned in (iii) above for a given liquid, write
down the experimental procedure that should be followed in the correct order.

Wash/clean the capillary tube with a base first, then with an acid, and finally

with pure water. (Then dry the tube) R (013 |
(Only for the correct answer with correct order)

(v) Before taking the readings required to determine the height 4, what is the adjustment
to be made in the experimental setup shown in figure (1)?

Raising the lab jack until the pointer just touches the liquid surface.
SRR (079

(b) The following graph shows the experimental data (in SI units) obtained using 6 capillary
tubes with different radii to determine the surface tension of water.
(x103)

30 P HH

! b I
EEREEN NN AR T
- 1

st

25

20 _';'_;:,’-’._ B

15 H i Zaasanat

to— i g

: : v ! EaE o y
0 i ' HH : >(x 10%)
075 100 1:25 1-50 175 200 225 250 275

(1) Considering the equation in (a)(iii) above, identify and write down the independent
variable (x) and the dependent variable (y) of the graph.

x 1, SN (¢} 9 |
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(i1) Determine the surface tension of water using the graph and state the answer with
SI units. (Density of water is 1000 kg m™.)

(26.5-6.5) x1073

H — — -5 2
Gradient m = 2250-1025)x10s = 1.404 x 10> m SN (03 9
m=2T/,s OR T =""78/, RN (01 D)
=5
o T = 220810 ;1000 x10 (For the correct substitution)................. (01)
T=702%10"2Nm~' OR kgs~2 [(7.00-7.02) X 1072] oo (02)

(01 Mark for the correct answer and 01 Mark for the correct unit.
If only the unit is written without workout, no marks)

(iii) What would happen to the capillary rise if soap water is used instead of water?
Briefly explain the answer.
~ The capillary rise would be smaller compared to the water when soap water is
used. SRR (0) B ]
The surface tension of water is reduced when soap is added  .........cc.ccc........ (01)

2. An incomplete diagram of an experimental setup to determine the thermal conductivity of a
metal by the Searle’s method is shown below.

P

B

(a) What are the purposes of inserting tubes P and @ into the steam generator?

P: To supply steam SR (03§
Q: To control the pressure OR to maintain the pressure inside the steam
generator at the atmospheric pressure RN (0} D)

(b) Proper connections of steam and water supply to Searle’s apparatus are necessary to

obtain the accurate result. Aeeesdingly, select each connection and give reasons.

(i) Steam supply (A or B):. A . U (03 9
Reason:
As steam is less dense than the air, it will fill the chamber before leaving
through B OR
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If B in connected, steam will leave out through A, without filling the chamber as
steam is less dense. OR

Steam should be in contact with the rod throughout the experiment.
OR

Condensed water may block B, if it is connected through B
OR

To make sure one end of the rod reaches the steam temperature
(For any correct reason) U (03§

(ii) Water supply ( L or M):..M... SN (0) § ]
Reason:

To get large difference between the temperatures of the thermometers
T3 and T4 OR

To ensure the maximum heat absorption by water
OR

To achieve the steady state quickly
(For any correct reason) .....................(01)

(c) State three more measuring instruments needed in this experiment and briefly state the
specific measurement taken by each of them.

Instrument Measurement
Vernier Caliper Diameter of the ro Separation between T; and T, (in
the rod)
Stopwatch Time taken fo collect water (at steady state)

Electronic/ 3 beam/

4 beam balance Mass of the water collected (at steady state)

Meter Ruler Separation between T1 and T, (in the rod)

For any three correct instruments with correct specific Measurement/s......... (03)

(d) The separation between the thermometers 7, and 7, is 8-:Ocm. If the constant temperature
readings of 7, and 7, are 73-8°C and 59-2 °C, respectively, calculate the temperature

gradient.
Temperature gradient = 72'51_05_92'2 = 83:‘2_2 SRR (¢ B
=1825°Cm 1OR 1825Km™ . (01)
(e) Does this temperature gradient vary along the rod? Briefly explain the answer.
No O (0}
Because the rod in lagged (Insulated) ..(01)

() At thermal steady state, the difference in thermometer readings of T, and T, is 9-5°C and
the flow rate of water is 120 g per minute. Calculate the rate of heat absorptlon by water.
(Specific heat capacity of water is 4200Jkg™! K1)

ms6 0.12

Absorption Rate = Q/t =— 5 — >< sX 60 =—x4200x%9.5 I (03 9

=79.77W (79.8W) SUURY (¢} §
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(g) If the cross-sectional area of the rod is 12:0 cm?, calculate the thermal conductivity of the
metal and state the answer with SI unit.

Ye=ka%  OR 798=Kx12x107x 1825 SR (+)

K =3644 Wm 1Kt [364.2— 364.4] SO (013 |
(1 Mark for the correct answer and 1 Mark for the correct unit. If only the unit is written
without workout, no marks. No mark for the unit Wm=1°C™1)
(7) Is it possible to use the Searle’s method to find thermal conductivity of a poor conductor?
Briefly explain the answer.

No. O (03 )

Heat flow through the axial direction of the rods is not possible/ not sufficient
OR

Temperature difference/gradient between the thermometers T; and T, is not

measurable
OR

Temperature difference between the thermometers T; and T, is not measurable.
(For any correct explanation) .....................(01)
I

3. A standard spectrometer, a glass prism, and a monochromatic light source are used to determine
the refractive index of the glass.
(a) A few necessary adjustments are to be done to the spectrometer before starting to take
measurements.

(i) What is the adjustment that should be done to the eyepiece?

Eye piece should be adjusted to obtain a clear view of the cross wires
IS (0 ) §)

(i1) Telescope is pointed to a distant object and it is adjusted until a clear image of
the object is formed on the cross wires. What is the purpose of this adjustment?

To receive parallel beam/rays of light. N (073

(i) What is the adjustment that should be done to the slit of the collimator?

The slit should be adjusted to be narrow and vertical, (and illuminated by a light
source.) S (0} )

(iv) The telescope is brought in line with the collimator. Then the collimator is adjusted
until a sharp image of the slit is formed on the cross wires. What is the purpose
of this adjustment?

To obtain a parallel beam/rays of light from the collimator/to the telescope.
PPN (¢ 7))

(b) In order to level the prism table, the prism is placed as shown in figure (1) and the
screws P, O, and R are adjusted.

Figure (1)
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(i) When the telescope is at position T, the screw Q
is adjusted to obtain a symmetric image of the slit
on the cross wires. When the telescope is moved
to the position 7,, which screw should be adjusted
to get a symmetric image of the slit?

Screw P O (0) § ]

(ii) A student stated that the levelling of the prism
table could easily be done using a spirit level. Is
this statement correct? Briefly explain the answer.

No. S (0} )

Prism table should be leveled parallel to the optical axis of the collimator and the

telescope, not to level parallel to the horizontal / to the table.
OR

Purpose of leveling the prism table is o make it parallel to the light beam of the

collimator and the telescope, not to the horizontal.
OR

Leveling the prism table parallel to the horizontal will not make it parallel to the
light beam of the collimator and the telescope. (For any correct explanation) ....(01)
(c) When the telescope is at positions 7, and T,, the readings of the spectrometer are 279° 58’

and 38° 02, respectively. Note that the telescope passes the zero of the main scale when
it is moved from T, to T,. Calculate the prism angle A.

24 =360°—T, + T, = 360° — 279° 58’ + 38° 02’ UUDUUURURIN (¢}
= 118° 04/
A =59°02’ e (01)

e —
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(d) To determine the angle of deviation of a light ray by the given
glass prism, a student measured the incident and emergent angles
i, and i,, respectively, as shown in figure (2). The graph shows
the variation of i, with i,.

L, (degrees)
A
80 : ; - T .
HHER e p e jRasaiintcdsescese:: Figure (2)
70 ] BEh A RSSSSEESERaGEmas BENE
60 1 -+ -_j 14 T

30

20 S -+ it i ’IL i - ,,. >il
20 30 40 50 60 70 80 90 (degrees)

(i) Write down an expression for the angle of deviation d, in terms of the prism angle
A, and the angles i, and i,.

d=(i;+i,) —A ...(02)

(i) Determine the minimum angle of deviation D by using the graph.
From the graph i; =i, =i OR Correct line as indicated in the graph ....................(01)
i =47.5° OR 47°30' OR 47° OR 48° ....(01)
Minimum angle of deviation =D =2i—A e (01)
= 2 X (47.5°) — 59°02’ o....(01)

= 35°58' (34°58" OR 36°58') ...........

(iii) Calculate the refractive index of the glass that the prism is made of.

. /A+D . (59°02'+35°58’
sm(T) sml————

.(01)

2

= = ’ 7 oo o 01
sin(A/z) sin(%) ( )
=149 (148 -151) ...(01)

Alternative method
_ s.ini _ si.n 47: 301’ ...(01)
sinr sin 29° 31

=149 (1.48- 1.51) ..(01)
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4. Figure (1) shows an experimental setup
of a potentiometer with a 4m long
wire, that can be used to determine
the internal resistance r of a given
cell with electromotive force (emf)
E (< E)p.

Figure (1)

(a) State two possible qualities of a potentiometer wire that affect the accuracy of measurements.
Non-uniformity / Uniformity of the potentiometer wire. ... (01)

Temperature dependence of the resistance of the potentiometer wire OR
Temperature coefficient of the resistance of the potentiometer wire ... (01)

(b) Can the potentiometer shown in figure (1) be used as a voltmeter having an adjustable
range? Give reasons for the answer.

Yes. SRR (0
Range can be adjusted by
varying the value of Q OR
increasing/varying the length of the potentiometer wire I (0} B

(c) A student observed a small deflection of the galvanometer even when there is no current
passing through it. Is it advisable to use this galvanometer for this experiment? Give
reasons for the answer.

Yes. R (02 § |

Zero error of the galvanometer does not affect the result of the experiment
OR

It is the deflection, not the zero reading of the galvanometer that matters in

the experiment. OR

Experiment can be continued by observing the deflection from the initial

position. (For any correct reason)..........cc.............(01)

(d) When the switch K, is open, the balance length of the potentiometer wire is /,. When
K, is closed, the balance length is /. Obtain an expression for the internal resistance r
of the given cell in terms of /, /,, and R.

E =kl v o1

V=klo} OR =1 e (01)
R \%4 R
K1

R+r |,

r=R(2-1) e (01)

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 35 0f 63



n e e of H g a1 1
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

(e) With the given potentiometer, the balance length can be measured with a maximum error

of 1 mm. If R = 8Q, ly = 724cm and ! = 50-1cm, calculate the maximum value that
could be obtained for the internal resistance r.

ly=724+01cm  OR [=501-01cm SNSRI (0} )
72.4+0.1 72.5

r=8x (o —1)=8x(2=—1) R (¢} §)

= 3550 OR 3.60 0 SN (¢} §)

Alternative Method

or = r{i—i"+%},

here r = 8 (% - 1) =356 N (01 )
§r=356{==+2-1=0010 U (¢} )
(= 3.56 +0.01) = 3.57Q (3.6 Q) e (01)

(/) Internal resistance r can be determined more accurately by a graphical method. Considering
R as a vanable resistor, rearrange the equation obtained in (d) to plot a suitable graph.
Write down the independent (x) and dependent (y) variables of the graph.

=r(s-1)

b _ 01 1_(ryi,1
L= ()it1 OR : (lo) T+ .....(O1)
x: Ur oo+ (01)
y: lo/l OR 1/1 (Award this mark only if the equation is correct)
(g) The potentiometer circuit shown in figure (1) +V,.
can be modified by replacing the part of the \]
circuit marked X in figure (1), by the circuit S§'——F ,
shown in figure (2). For this, the terminals S’ 7T’ ~1 Green /},TSD
and 7" of the circuit shown in figure (2) are v LED (O
connected respectively to points S and T of the -

potentiometer circuit shown in figure (1).

(1) Assume that the balance point is located .
between A and B in the modified circuit. Figure (2)

What is the colour of the Light Emitting Diode (LED) which is lit when the
sliding key is placed at A and B?

AtA: Green et (01)

(i) Briefly explain how the balance point could be found using the modified circuit.

When the sliding key is kept at different points along the potentiometer wire, at

the balance point both LEDs should not illuminate OR
When the sliding key is kept at different points along the potentiometer wire, at
the balance point LEDs light ON and OFF, alternately. e (02)

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 36 of 63



n e e of H g a1 !
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

(iii) State two advantages of this modified circuit in finding the balance point, when
compared with the circuit shown in figure (1).

* Balance point can be determined with high accuracy (due to the very high
sensitivity of the circuit)
* No current passes through the points S and T even when the potentiometer is not
balanced.
» Cell discharges slowly.
» Rough balancing of the potentiometer can be avoided.
(For Any two correct answers, 1 Mark for each) ........................... (02)

e —
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5. (a) In electric power generators, the frequency of the output voltage depends on the number of magnetic poles

(&)

P and the number of revolutions per minute N of the generator. The frequency f in Hz is given by
_ PxN
/= 120
A portable generator consisting of two magnetic poles typically works at 3000 revolutions per minute
(rpm).
Find the following:

(i) The frequency of the output voltage of the generator
(ii) The rotational speed of the generator in radians per second (rad s™') (Take m = 3)

A student has designed a model of a hydro-power plant by replacing the engine of the portable generator
mentioned in (a) above, with a turbine that can be rotated by a water flow. He observed that the
frequency of the output voltage varies with the consumption of electricity even at a constant water
flow. To control the frequency variation of the output, he designed a controlling device to adjust the
water flow to the turbine. Schematic diagram of the controlling device connected to a throttle valve
is shown in figure (1).

Vertically
movable sleeve

Pivoted point
(free to rotate)

2,

o~ []

Fixed
spring
clamp

Rotating axle Fixed ‘\'\‘
lower clamp <
coupled to
the turbine Throttle M <
~ valve -
rEP—— Water flow

Figure (1)

Assume all the joints in this device are free to move without friction. During the rotation, flyballs
move horizontally and it makes the sleeve move up and down along the rotating axle. This device is
symmetric about the rotating axle. Opening and closing of the throttle valve is automatically controlled
by the rotational speed of the turbine. All the other parts of the device can be assumed to be massless
except the flyballs.

(i) Draw the free body force diagram for a flyball assuming each arm connected to it, is under

tension. Consider the mass of a flyball to be m.

(ii) If the angular velocity of each flyball about the rotational axle is @ rad s™', show that the

tensions in the upper and lower arms are respectively given by —'ﬂ((uz + 5) and mTI(wz = é).

2 h h
Here [ is the length of each arm and % is the height to each flyball from the lower clamp.

(ili) When the frequency of the output voltage is 50 Hz, the value of % is 30 cm. Show that the

contribution to the tension from the term % can be neglected.

(iv) If m = 1 kg and / = 50 cm, calculate the tension in an upper arm.
(v) When the frequency of the output voltage is 50 Hz, the contraction of the spring is 20 cm.

Determine the spring constant of the spring.

01-

Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 38 of 63



n e e of H g a1 !
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

(¢) When the frequency of the output voltage is 50 Hz, the throttle valve Flow tube
is set to block 50% of the flow. That is, the valve is making an angle Throttle
of 45° with the axis of the flow tube as shown in figure (2). Assume ..
that the closing of the throttle valve is proportional to the angle of ~  --------
the valve with the axis of the tube.

The frequency of the output voltage depends on the consumption of
electricity. When the consumption increases, the output frequency Figure (2)
decreases and vice versa.

(i) According to the design, when the frequency of the output voltage becomes 25 Hz, the throttle
valve will be fully opened. The valve will remain fully open even for frequencies lower than
25 Hz. Determine the following at the instant of fully opening the throttle valve. (Neglect the
contribution from the term %)

(1) Tension of an upper arm
(2) Contraction of the spring

(i) When the frequency of the output voltage increases, the throttle valve closes gradually to decrease the

flow rate. If the flow is to be blocked by 75%, what should be the frequency of the output voltage?

3000x%2
120

= 50 Hz .(01)
(Substitution should be there to award thIS mark)

(ii) Rotational speed of the generator (taking @ = 3)
3000 3000

(a) (i) f=

w=2nf =2X3X50 OR w=""FSX2T==""=X2X3 (01)
=300rads™?! U (03§

(b) (i)
OR BT e (02)

(01 Mark for mg being vertical and 01 Mark for tensions with any labeling. If there is a
clearly identifiable difference in angles, deduct 01 mark)
(i) For the 1°" free body force diagram ( or the relevant diagram)
Applying Newton's 2" law (F = ma) along > direction

2

(T + T,) cos = mrw? =m v— ..(02)

(01 Mark for LHS and 01 Mark for RHS, To award this
mark, instead of r, any other symbol can be used)

Considering the forces along 1 direction for the equilibrium of the flyball

(T, — T,)sin@ = mg SRR (0
Since sinf = % OR cosfO = % SRR (0
l . where r is the distance to the centre of the flyball from the
central axle.

A T, + T, = mlw?...... (1) SR () §)

T T,—T, = mg% ............... (2) SRRSO (0} 9
ml g
—_ 2 had
M+@) > T = Zl[w +7]
m g
W-@ = TL=—|w*-
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(iii) When the generator operates at 50 Hz, the rotational speed
w=300rads™',and h =30 cm.
= Therefore, w? = (300)? = 90000 s~2

g___ 10 -2
S0 =333s SR (0} §
: ; « w? (For the comparison of two correct values) ........occeeeeeeunenn...(01)

Therefore, the term g/h can be neglected when determining the tensions T; and
T,.
(iv) Tension in an upper arm
ml g1 mlw?
=102 48 &
T, = > [w +h] >

_1x50%x10~2 x(300)?

- ..(01)
= 22500 N [(2.25 — 2.50) x 10*N] R (0} §)
(v) When the sleeve is in equilibrium, the spring force on the sleeve is balanced by
the tensions in two upper arms as below.

When the compression of the spring (say x) is 20 cm, the spring force
= 2Ty sin@ = 2T, - S (0}

where k is the spring constant.
(To award this mark above free body force diagram can also be considered)

kX 20 x 1072 = 2 x 22500 x 2220 SR (0} )
50%10
k =1.35% 10° Nm™? [(1.35 — 1.50) x 10° NM™ Y] e, (01)
(c) (i) (1) When the frequency is f = 25 Hz, the rotational speed of the generator
is w = 300/2 =150rads™ e (01)
Tension in the upper arm
T — milw?

e (150)

_ 1x50x1072 x(150 )?
= - ..(01)
=5625N [(5.6 — 6.2) x 103 N] SR (0) §)

(2) When the sleeve moves up by a distance (say d), the throttle valve opens.
Then, the contraction (say e) of the spring becomes,

e=x—-d=20-d R (0} )
The height (k) to the flyball from the fixed lower clamp becomes
h=30+94/, ST (0} )

Now for the equilibrium of the sleeve

h
F = ke = 2T, sin@ = 2T, 7

d -2
1.35 X 105 x (20 —d) x 10~ = 2 x 5625 x % (for the substitution)......... (01)

d = 13.84 cm (13.8 cm) S (0} 9 ]
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Therefore, the contraction of the spring = 20 — 13.84 cm

=6.16cm[6.1— 6.2cm] = .. (01)
Alternative Method
When the frequency is 50 Hz,
the length of the spring=2h —h, =2 x30—h, = (60— h,) cm ...................(01)
The natural length of the spring =20+ (60 —h,) = (80 —h,)cm e (01)
When the frequency becomes 25 Hz, let the contraction of the spring be e(say) in cm.
Then the length of the spring= (80 —k5) —e =2h' —hy e (01)
hl
F=kx=2T
135X 10° X e = 2 X 5625 X =L N (0} )
e =6.15cm [6.1 — 6.2 cm] —— (0} )

(i) When the frequency is 50 Hz, throttle valve is 50% closed, and becomes fully open
(i.,e. 0% closed) when the frequency becomes 25 Hz.
Therefore, for the closing of the throttle valve changes by 50% when the

frequency change is (50 — 25)Hz = 25 Hz. S (03 §)
Therefore, the frequency to block the throttle valve by 75% (i.e. fo increase the
closing by 25%) f=50 +2222=50 +2 S (0}
= 62.5 Hz S (0} D ]

Alternative Method

When the frequency is 50 Hz, throttle valve is 50% closed, i.e. throttle valve makes
an angle of 45° with the axis of the tube. When the frequency becomes 25 Hz, it
becomes fully open, i.e. the throttle valve become parallel with the axis of the tube.
Therefore, when the frequency is reduced by 25 Hz (from 50 Hz to 25 Hz), the

change in the angle of the throttle valve with the axis of the tube is 45°.............. (01)

To block the throttle valve by 75% , the angle should be increased by
:io = 22.5° from 45°.Therefore the frequency to block the throttle valve by 75%

f =50 4 2X225 I (¢} §)

450

= 62.5 Hz S (0} B ]

e —
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6. (a) (i) Draw the standing wave patterns of the fundamental mode and the first two overtones produced by
a vibrating stretched string, in three separate diagrams. Mark the nodes as ‘N’ and the antinodes
as ‘A’ in the diagrams. (Neglect end corrections.)

(ii) Obtain an expression for the frequency f, of the n™ harmonic in terms of n, T, [, and m, where T
is the tension, / is the length, and m is the mass per unit length of the string.

(iii) For a given string, state two possible ways of changing the harmonic frequencies.

(b) A harp like musical instrument shown in figure (1) consists of 7 identical
stretched strings with different lengths. The longest string of length /, , produces
the musical note ‘C’ (es, ew) with the fundamental frequency of 260 Hz. The
corresponding lengths of the strings which produce all the musical notes are
given in the table as fractions of /,.

) & 8 ® ® e @) ')

Musical
Notes | C| D | E| F| G| A | B
& 1

610 i & D u

lL 1:00 | 0-89 | 079 | 070 | 0-67 | 0-59 | 0-53
1

] igure(l)

(i) If all the strings are under the same tension, calculate the fundamental

frequencies of musical notes ‘F’(®, 1) and ‘B’ (33, ®).

(ii) To obtain a correct musical note, the frequency can be fine tuned by adjusting the tension of the
string. By what percentage should the tension of the string be adjusted to change the frequency
by 1%?

(c) A student designs and builds a set of panpipes to produce musical notes ————3
given in the above table, by using narrow PVC pipes with different
lengths as shown in figure (2). Lower end of all the pipes are closed
with corks.

(i) Draw the standing wave patterns of the fundamental mode and the

first two overtones produced by a one end closed pipe of length L, in
three separate diagrams. Mark the nodes as ‘N’ and the antinodes as

‘A’ in the diagram. (Neglect end corrections.) =
(ii) Calculate the required lengths of the pipes in cm, which produce the c k/ams
or
musical notes ‘C’(€3, ) and ‘B’ (53, ®). Assume that the velocity b
. . . -1
of sound in air at room temperature is 340 m s™. Figure (2) 7

(iii) The longest pipe is found to be producing a frequency of 255 Hz instead
of 260 Hz. By what distance should the cork be moved to obtain the frequency of 260 Hz.

(iv) If the cork fell completely out of a pipe, what would happen to the fundamental frequency produced
by the pipe? Justify the answer with a suitable diagram.

(a) (i) A

(“")—f_—_.——_‘\“‘j.
—— e, (01)
A A
< - A e (01)
A A A
T T 01
N> N N 7_/.,{'- ( )

(Atleast one of the diagrams should have ‘A’ & ‘N’, if not deduct 01 Mark.
For different lengths of the string deduct 01 Mark)
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(ii) l=n2 e (B e (01)
T A M— (B) e (01)
R
v= |~ ) (01)
r
= fy = "‘/21 ........................... (01)
n
=fp=2 \/; ........................... (01)
(i) Varying the (vibrating) length of the string i, (01)
Varying the tension of the string L (01)
(No marks for only decreasing or only increasing)
(b) (i) Fundemental frequencies n=1, f; = |--
Since T & mare constant, f; X [ =constant ~  ...cceveieieieennnn. (01)
260 Hz li ------------ X) e, (01)
Let f, & f; be the fundemental frequencies of the musical notes 'F' and 'B'.
f, « # ------------ (Y) e (01)
fo ﬁ ---------- 74 N (01)
IX) == —
f, =37143Hz  [371- 372HZ] cevvreeeeeereeeereeeenne (01)
@IX) == —
fo =490.57 Hz  [490 - 491 HZ]  wevevveeeveeeeereeesnnenns (1)
(i) foeT OR f2«T
7' [1.01f]? 7' [0.99f]?
= T [T] OR T [T] ........................... (01)
== =[1.01]?=1.02, OR —=[0.99]? = 0.98
06 =20 OR 2506 = 20h  eveereeereerereeireceene, 01)
Alternative Method
focNT OR f?«T
Af _ 14T
TIEIT e, 01)
AT _ o Af
= - = 2 ¥
% =2% e, (01)
(c) (i)
A A A

’{ L (Atleast one of the diagrams should have ‘A’ & ‘N’, if

A not deduct 01 Mark. Deduct 1 Mark if lengths of the
k‘ tubes are different)
N N N
A 31 51

e —
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A

@ L= (01)
v 340 85
L=p==r==2x100 (01)
Required length of the pipe which produces the musical notes 'C' of frequency
260 Hz = % %100
=32.69cm [32.6-32.7CcmM]  ceiiiiiiiiiiieeiieienes (01)
Required length of the pipe which produces the musical notes '‘B' of frequency
491 Hz =2 X100
= 1731 cm [17.3-17.4CM]  ceiiiiiiiiiinercecnnscnnns (01)

(iii) (L X f = constant)

32.7x260=Lx255  ieiiiieeessiectttaenes (01)
L =22x327
255
= 33.33cm [33.2-33.4CM] e (01)
0.64 cm (0.6 cm) fowards the openend. (01)
(iv) Fundamental frequency produced by the pipe will be doubled/increased. ......... (01)
........................... (01)
(For the correct diagram)
(= )
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7. When an object is falling through a viscous medium, it is subjected to the buoyant force and the drag
force. The buoyant force pushes the object upward while the drag force acts against the motion of the
object with respect to the medium.

(a) The drag force for a solid spherical object falling in a liquid medium can be expressed by the Stokes’
Law.
(i) Write down the Stokes’ formula for a solid spherical object and name the parameters.

(i) Write down two assumptions that are used in deriving the Stokes’ formula.

(b) Consider an air bubble rising gradually upward in a viscous fluid. Stokes’ Law can be applied to determine the
time taken by an air bubble to reach the surface of the fluid. Neglecting the effect of the pressure change with

height, the instantaneous velocity V(z) of an air bubble in a viscous medium at a given time f can be given by
_t
V)=V, (1 —e f], where V. and 7 are the terminal velocity and the relaxation time of the motion

of the air bubble, respectively.

(i) If the relaxation time for the motion of an air bubble in a viscous medium is 4 ps, calculate the
time it takes for the instantaneous velocity to be 50% of V. from the rest (Take In0-5=-07)

(ii) Calculate the time taken by the air bubble to increase the instantaneous velocity from 50% to
90% of V,. (Take In0-1=-2-3)

(iii) Considering the answers obtained in (b)(i) and (b)(ii) above, plot the variation of the instantaneous
velocity of the air bubble as a function of time. Clearly indicate V. on the graph.

(c¢) Consider an air bubble rising from the bottom of an oil tank which is filled upto 10 m height.

(i) Obtain an expression for the resultant force acting on the air bubble in terms of 7, £, Pq, a,
and v, where 1 is the coefficient of viscosity of oil, £ is the density of the oil, P, is the
density of air, a is the radius of the air bubble, and v is the velocity of the air bubble.

(i) It is given that ®» = 7:5x107% Pa's, £ = 900 kg m=2, P, = 1225 kg m>, and the average
radius of an air bubble @ = 0-1 mm. Neglecting the weight of the air bubble, and the effect due
to the variation of pressure with height, calculate the terminal velocity of the air bubble.

(iii) Calculate the radius of the air bubble just below the surface of the oil, if the internal pressure
of the bubble is 100-33 kPa, atmospheric pressure is 100 kPa, and the surface tension of oil is
2:0x102 Nm™.

(iv) Considering the change in radius of the air bubble with height, sketch the variation of its instantaneous
velocity with time.

(a) (i) F = 6mnav SSRPORIN (¢ -3 |
n - Coefficient of viscosity
a - Radius of the sphere (01 X 3)eeeeeeeeeeeerecee e . . (03)

v - Velocity of the sphere

(i) Flow is streamline with respect o the object
Surface of the object is smooth
No interaction with other objects/ Infinite large area around the object.
The temperature of the fluid is constant
Made of homogeneous material

Fluid must be at rest (For any two assumptions with 01 Mark each)........................(02)

(b) () V(D) =V (1—e"7)
50 % Vy = Vs (1 - e‘t/f) >1—er=05 N (¢} §)
> e /r=05=-t/,=In05=-07 SN (¢} §
t=07x71=07%X4%x10"°=28%x10"°%s .................. (No marks allocated )
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(ii) 90 % Vy = Vy (1 - e‘t/f) >1—e=09 s r e (01)
e=/r=01 -t/ =In0.1=-23 ..(01)
t=23X1=23%X4x10"°s=92x%x10"%s ... (No marks aIIocated )
(iii)
v(t)
VT _____________________________________
>t ..(03)

(01 Marks for the shape of the graph, and 01 Mark for marking the axis, 01 mark for mdlcatlng Vr)

(c) (i) Forces acting on the air bubble are buoyant force (up thrust) 1, drag force |,
and weight of the air bubble |.
The resulting force on the air bubble along 1 direction

Fr=Vpog—6mnav —Vp,8 e (03)

(For each correct term with correct sign: 01 Mark)

= i7Ta3pog — 6mnav — i7'ra3pag .......................... (01)

(ii) When the terminal velocu‘ry is achieved, Fr = 0 ...(01)

Neglecting the weight (i.e. na 3p.8) of the air bubble and ‘rhe effec‘r due to the
variation of pressure with helgh‘r (i.e. no change in volume)

6mnavy =§na3pog > v = zp;g az s (02)

_ 2, (900)x10 _3\2
vp =X X (0.1x 10792 (01)
=267x10"*ms ™t [(26— 27)x107*ms™ ] oo (01)

(iii) The difference in pressure of the air bubble inside and outside
AP = Pigide — Poutside = 2 /r e, (02)
(01 Mark each for each side of the equation)
-2

(100.33 — 100) x 103 = 2% (2x107°)/ e (01)
r=121x10"*m [12x107%m] SR (0} §

(iv) The terminal speed v < a?, therefore wv; increases as the radius of the air
bubble a increases. But due to the pressure variation with height, the volume of
the air bubble increases and therefore a increases. Due to this continuous

variation of a, the air bubble accelerates without achieving the terminal speed.
V(t)

t ..(03)
(1 mark for axis labeling, 1 mark for behaV|or of |n|t|al rlsmg and the
1 mark is for later, continuous slow rise)
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8. (@) (i) A current [ flows through a thin wire of very small length Al. Show that the magnetic flux density
Hol Al
And*
(ii) A current / flows through a flat circular coil of radius R with N number of turns as shown
in figure (1). Obtain an expression for the magnitude of the magnetic flux density B at
the centre of the coil. 1

AB at a point with a perpendicular distance d away from this wire, is given by

(iii) Two such coils are placed coaxially with a separation R as shown in figure 2(a). The
current / flows through both coils in the same direction. Figure 2(b) shows the vertical

cross section of the coils through the common axis. Figure (1)
L M L M
O] (O]
—— L. 7 S ———
® ®
(0] R N (0] R N
Figure 2(a) Figure 2(b)

Copy the figure 2(b) onto the answer script and draw the magnetic field lines to illustrate the magnetic
field due to both coils.

(b) The apparatus shown in figure (3) can be used to determine the charge to mass ratio (mi) of an
e

electron. The vacuum tube has a filament cathode C, electrodes Al and A2, and a vertical fluorescent
screen S with grid lines. The path of the electron beam can be seen on the fluorescent screen.

7

Vacuum tube

Fluorescent screen S

63V~

MWWy MWW
-500V —-450V Figure (3) .

(i) The function of the electrode A, is to control the intensity of the electron beam. What is the
function of the electrode A,?

(ii) If a negative voltage (-V) is applied to electrode A, obtain an expression >B [
for the speed of an electron travelling through the electrode A,. (Charge
of an electron is —e and mass of an electron is m,.)

(iii) The spherical part of the tube is placed between two flat circular coils
carrying the same current as shown in figure (4). Thereby a uniform
magnetic field B is applied perpendicularly to the screen S. This makes
the electrons move in a circular path.

If the radius of the path of the electron beam is r, obtain an expression

Circular coils -

for the ratio |2~ | of the electron. )
m Figure (4)

e
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(c) A dc voltage can be applied between two parallel metal plates P and Q as shown in figure (3). The plates
P and Q are separated by a distance d as shown in figure (4). While the magnetic field B is applied, the
potential difference between the plates VPQ can be adjusted until there is no deflection of the electron beam.
This process can be utilized as an alternative way to determine the speed of the electrons.

(i) Draw the electric and magnetic forces acting on an electron within the plates P and Q, after the
above adjustment is done.

(ii) Obtain an expression for the speed of the electrons in terms of d, B and VPQ

(iii) When B = 1 mT and VPQ = 0, the radius of the path of the electrons is 6 cm. When

VPQ = 840 V, there is no deflection of the electron beam. The separation between the plates P

and Q is 8 cm.
Calculate
(1) the speed of an electron, and

(2) the charge to mass ratio (i] of an electron.

€

(a) (i) From Biot-Savart Law AB = Z;’T—I;zlsin 0 SRR (02 §
__ MolAl . T
AB = 4;’Td2 sin (5) RN (03§
AB = ”O'AZ'
47d
(ii) Magnetic flux density at the centre of the coil due to AL,
HolAl
AB=20— 01
47R? 1)
Magnetic flux density at the centre due to whole coil B =Y AB
— y Ko IAL _ Mo I
B_Z4nR2 OR py RZZAZ
OR
- B= 4"‘;’2 (Al + ALy + Alg 4 -+ oo AL) i, (01)
B = Z—R’z (2mRN) ..(02)
(1 Mark for 2R and 1 Mark for multlplylng by N)
_ HoIN
Al B == TN (01 § |
(iii)
L M
W \9/
_— T
® ®
TR
At least 2 nearly parallel lines close to the centre of the coils .............................(01)
Arrow/s in a central line/s of force in correct direction ... (01)
Additional symmetric lines with arrow/s of force on the same coil ~ .............. (01)
(b)(i) Accelerating electrons (towards A;) OR  Producing a collimated
beam of high velocity electrons ORI (0 1) |

01 - Physics (New/0ld Syllabus) -Answers with simplification / G.C.E. (A/L) Examination - 2019 48 of 63



n e e of H g a1 !
DUl UTTTTTUUT TAAITTT Tatiorts = ST T LdiTRd

(ii) Kinetic Energy + Potential Energy at A1= KE. + P.E.at A

OR
Considering the conservation of energy OR For any correct reasoning ....(01)
0+ (=e)(=V) = 2MV? 40 o (02)
(1 Mark each for writing each side of the equation)
02— 2elV
me

Alternative Method
If the distance between the two anodes is |, and the electric field between the two
anodes is E, the force on an electron F, = eE

mea:e(\lij ............................................ (01)
eV
azm ............................................ (Ol)
Using v? =u?+ 2as
v2=0+2(ljnv)z ............................................ (01)
v= ZT:V ............................................ (01)

(iii)  For circular motion of an electron;
Centripetal force = force on an electron due to magnetic field
meTvz = Bev SRR (O 1)
(1 Mark each for each side of the equation)

_ Ber
¢ 2
Z2 = 2 oR (Bmi) =2 e (O1)
e 2V
m—e = B2r2 (01)
(c) (i)
e R e i, (01)
———¢-=->v
—e
Fg OR evB e (01)

(E is the Electric Field Intensity between the plates, P and Q)
(ii) For no deflection of electrons; Fyz = Fg

Bev = eE TR (0) B
Bev=c¢e (V;;Q) .......................................... (01)
p="20 L ——— (01)
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(iii) (1) v = %

— 840 PSRRI (0} B |

T (1x1073)x(8x102)
v=1.05%10"ms™?! RN (¢} §)
(2) For circular motion of an electron

mev?

Bev =

e _v Y (¢} )
1.05x107 N (03§

= (1x1073)x(6x1072)

= 1.75 x 10 Ckg™? SN (¢}
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9. Answer either part (A) or part (B) only.
Part (A)
(a) The electromotive force (emf) of an electric source is defined as the work done by the source on a unit
charge. Using this definition;
(i) determine the units of emf,

(ii) obtain an expression for the power generated by a source in terms of its emf E and the current
I flowing through it.

(b) A source of emf E and internal resistance r is connected to an ®Headlamps

external resistor with resistance R. Obtain an expression for / |

the total energy dissipated in the circuit in time ¢, in terms of A

E, r, R, and ¢. ® . @)
(c) Consider an electrochemical battery of a car that powers S M

the starter motor and the headlamps as shown in the circuit s tal?{ otor

of figure (1). Rated power of each headlamp is 60 W. The s, M)

internal resistance of the battery is 0-03 Q. Consider that

the ammeter behaves as an ideal ammeter. )

When only the headlamps are turned on (S, is closed) without Car Battery ~

starting the car (S, is open), the voltmeter shows a value L i

of 1220 V. | | ¢ X !

(i) What is the reading of the ammeter? vl s Zomq !

(i) What is the resistance of a headlamp? b . !

(iii) Calculate the emf of the battery. Figure (1)

(d) When the starter motor is just turned on (S, is just closed) while the headlamps are ON, the ammeter
shows a value of 80 A. Calculate,
(i) the current through the starter motor, and
(ii) the resistance of the starter motor.

(¢) When the armature of the starter motor is rotating while the headlamps are ON, the current through the
starter motor is 342 A and the voltmeter reading is 11-0 V.

Calculate,

(i) the back emf, and _
(ii) the efficiency of the starter motor, at this instant.

(/) Sketch the variation of the back emf E, of the motor with the current flowing through it.

(g) The battery discharged considerably because the driver parked the car without turning off the headlamps
on a certain night. As a result, emf of the battery dropped to 10-8 V and its internal resistance increased
to 024 Q. The current through the starter motor was not sufficient to rotate it due to the discharge of
the battery. Find the current through the starter motor at this instance.

(h) In the situation mentioned in (g) above, the driver used an external battery with an emf 12:3 V and an internal
resistance 0-02 Q to jump start the car. For this, the external battery was connected to the discharged battery
using two jumper cables, each having a resistance of 0-015 Q and the car was then started.

(i) Draw the circuit diagram showing the connections to the external battery with the discharged
battery, when jump starting the car.

(ii) Calculate the maximum current through the starter motor when starting the engine.

9. (Part A)
a) Electromotive Force (EMF) = Work Done/Charge
(i) E=—
q

Units JC e (02)
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(ii) Work done W =EqQ e (01)
Power generated by the source
pP= % =EL (01)
P=EL . (01)
(The given definition must be used to award marks)
b)
+ p—
iy E '
A,
R
Total energy dissipated in the circuit intimet =Elt ..., (01)
E=IR+7) ORI=RE? ................................. (01)
. . . ey e - . E E?
= Total energy dissipated in the circuit in time t is E (R—H) O (01)
Alternative Method
Total energy dissipated in the circuit intime t = I*(R+7r)t ... (01)
E=IR+71) =>1=Ri+r ............................... (01)
= Total energy dissipated in the circuit in time t is
E 2
() R+mt=—t (01)
(c)()Apply P = VI for a headlamp
60 =12 xI ORI =54 SN (¢} )
Reading of the ammeter =21 = 10 A .., (02)
(ii) To find the resistance of a headlamp use one of the equations below
VZ
P=I?R OR sz OR V =IR
P=1?R OR 60 =25R e (01)
R=240Q e (01)
(i) For battery
E=V+Ir=124+ (10X 0.03) e (01)
=123V e (01)
d I,=84
1L/2 ®
1./2 ®
I, = 2.4Q
I (A)
Iv
M)
—()
| A I'm
V
+ -
| AWy
| r=0.03Q
E=123V

Q) I=1+1;- (1)
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V=E-Ir-(2)

I
V= —Tb 3)
(3) =>V=4x24=96V TN (01 )|
2)=>1=2= 30396 =904 T (0 §
(1)=>1,=90-8=824 ST (01§
(i) V=Iyr,=>r,= ‘;—26 SN (0 §

=0.1170=0.120Q

(e) (i) V=110V, I, =34.24
V' =Epgex + IyTm  OR  Epger = 11 —34.2 X 0.12 = 6.90 V....(No marks allocated )

Useful output power

(ii) Efficiency of the stater motor = X 100 %
Input Power
n= W x 100 = @ X 100 = 62.7% cooeiiieeiieeen (No marks allocated )
M
()
E
o Back
U=
| T fm Eback

> e (01)
(For the shape with correct axis only)

+
r=0.24 Q
E=108V
10.8 = (0.24 + 0.12) I ..(01)
(For the correct substltutlon)
I=30A OR 30.25A R (0) § ]
Case II: The headlamps are kept ON
T
— @
1 =0.12Q
4{ 0.24Q
=10.8V
10.8 — (I, + I,,)0.24 = ,,0.12
10.8 — (I, +1,))0.24 =1,1.2 (For any correct equation).............(01)
Solving above two equations Iy =28.12A OR 2835A..... (01)
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(h) @)
1 L T aan
E=108V r=024Q
VIM
(M)
\—/
0120 ) (02)
(Positive terminal of discharged battery to positive terminal
of external battery should be connected.)
(“) IM = 11 + 12 - (1) .................................... (01)
10.8 = 0.12(I; + I,) + 0.241,
361; + 121, = 1080 - (2) SN (0} B |
12.3 = 0.12(I; + I,) 4 0.021, + 0.031,
121, + 171, = 1230 = (3) SR (¢} §)
(3) x3 — (2) => 391, = 2610
L=22=669~67A OR68A . (01)
(2) => I, = %ﬁx“” = 7.66 ~ 8.0 A
(1)=>67+8=75A OR 76 A S (0} )
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Part (B)

(@) (1) Why Field Effect Transistors (FET) are called unipolar
devices? What are the charge carriers contributing to the
operation of FETs?

R

(ii) State why FETSs are also known as voltage-controlled devices. 10M Ql p:

(iii) Calculate the drain current /,, and the Gate-Source voltage
V. for the circuit shown in figure (1), assuming V, =5 V.

R
22 MQ73

Figure (1)

(b) In the Op—amp circuit shown in figure (2), each electromechanical switch S, (i = 0, 1, 2, 3) is operated
by applying an electrical signal D, (i = 0, 1, 2, 3) which can be ‘High’ (5V) or ‘Low’ (0V). When
D. is ‘High’ the respective switch S, will be closed and otherwise, it will be open.

-5V
oy 3R
S,
SR v 5
. +Ve
1
-, 20R I RN
S—t——e
+
S, ] TVO
=, 40R v
1 —MWW— —Yce —L
D, D, D, D, = =
Figure (2)

(i) When D, is “High’, find the current through the resistor 10R in terms of R.

(i) If a set of voltages (5V, 0V, 5V, 5V) is applied simultaneously to operate the switches S, S,,
S,» S,, respectively, calculate the current 7 indicated in figure (2) in terms of R.

(iii) Calculate the output voltage V, when a set of voltages (5V, 5V, 5V, 5V) is applied simultaneously
to operate the switches S, S,, S|, S, respectively.

(c) A cash operated snack dispenser will provide a pack of ‘Marie’ or ‘Chocolate Cream’ biscuits unde
the following conditions.

The correct amount of cash is inserted (/)
‘Marie’ (M) or ‘Chocolate Cream’ (C) is selected
If ‘Marie’ is selected, ‘Availability of Marie’ in the dispenser (X)
e If ‘Chocolate Cream’ is selected, ‘Availability of Chocolate Cream’ in the dispenser (Y)
(i) Obtain the logic expression for the conditions under which a pack of biscuits may be obtained.

(i) Show how this may be implemented using logic gates.
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09.(Part B)
(a) (i) Because they operate only with one type of charge carriers ... (01)
Type of charge carriers either electrons or holes SN (0} §

(No Marks for electrons and holes)
(i) Voltage between two of the terminals (Gate and Source) controls the current

through the device (01)
(iii) Voltage drop accross the drain resistor Rp
Vpp-V, 9-5
Vop =Vp =IpRp = Ip= D;)D L= ey wer-u— (01)
Ip=1.82mA [1.81-1.82mA] (01)
Voltage at source terminal
Ve=IpRs=(1.82 X 1073) x 1x103=1-82V [1.81-1.82V] e (01)
Voltage at gate terminal using potential divider made by R; and R;
_( R __ 2:2x10°8 _
Vg— (m) VDD = m x9=1.62V .(01)
The Gate-Source Voltage; Vs=V;-V5;=1-62 — 1-82 R (03 )
=-02V [((0.19V) = (-0.20 V)] e (01)
(b) (i)
—_5V d\%&{ |;
S, '\%‘ i 4| A
I | by,
S 40R

According to the conditions for ideal OP-AMP (from the golden rules of OP-
AMP) = V, = V.= V. = O (Since non-inverting terminal is grounded)
i.e. point A is at virtual ground

I/ GO )
= SRR (¢} §)

(ii) According to the conditions for ideal OP-AMP, the current following in to the
OP-AMP through the inverting terminal is zero.
By applying Kirchoff's current law to the node at the inverting terminal of OP-
AMP
[ =ig+i+i+iy e (01)

_08) , 0 o) ()

—15R ot 208 + wR o — (01)

== 7?11 + 0 + Z? + Ei’

= (01)
Alternative Method
Finding equivalent resistance

1 1 1 1

—(- 11
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iii) All the switches are closed (as in the same way of part ii)
[:13 ‘/‘12 ‘/‘11 ‘/‘10

Since the current following into the OP AMP through the inverting terminal is zero

Ip= 22 SRR (1))
v,-0
=V o R (0 )
V=15V R (02 )
Alternative method
Since all switches are closed, equivalent resistance of the input side
1 1 1 1 1
EI B m? 40R
Voltage gain of an inverting amplifier = % = -% SR (0) )
8RX15
s Vo= — = X =5 R (03 )
V=15V R (0} )
() () B=TI[(MX)+(CY)] (04)

Alternative Method 1

B=IMX+ICY (04)
(01 mark each for correct IMX and ICY terms, and 02 marks for “+” term)

Alternative Method 2

RlRrR|IRPRRIR|R[R|—
N = == =1
OO0 |FR[FRIF|O
R Rr|OO|R|kR|O|O]|X
Rlo|lr|lo|r|lolr|lo|=<
RR OO |OFR|O|W

SRR (0 13
(Award for 4 rows with B = 1, 1 mark each for 2 correct rows)

B=IMCXY+IMCXY+IMCXY+IMCXY SRS (0 /3
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(i)

| . D_B,

J

(02 marks each for 1% two AND gates with correct inputs, 02 marks for OR gate with
correct inputs, 01 mark for final AND gate with correct “I” input)

Alternative Method 1

=D
Ee—

Y

SRR (07 )

(03 marks each for the two AND gates with correct inputs,
01 mark for final OR gate with correct inputs)

Alternative Method 2
IMCXY

O oo

VY

X?

-

VY

NN NN

Y

(02 marks for the first AND gate, 01 mark each for remaining three AND gates with
correct inputs, 02 marks for final OR gate with correct inputs)
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10. Answer either part (A) or part (B) only.
Part (A)
(a) (i) State the Boyle’s law and the Charles’ law.
(ii) Derive the ideal gas equation using the above laws.

(b) A deflated tyre of volume V and initial pressure P, at room temperature 7, is connected to a compressed
nitrogen (N,) gas tank via a valve. The tyre initially contains only N, gas. After inflating the tyre with
N, gas, its final pressure is P and it contains a total of n number of N, moles. Assume that there is
no change in volume of the tyre.

(i) Assuming that the N, gas inside the tyre behaves like an ideal gas, show that the number of moles of
P
N, gas pumped into the tyre is n(l— ?f’)
(if) Obtain an expression for the work done to inflate the tyre with N, gas.

(iif) Assuming that the pumping process of N, gas is adiabatic, show that the change in the temperature

. B o . o
of the N, gas inside the tyre is 2 (1 - —O-J T, . The change in internal energy of an ideal gas is given

5 P

by AU = n C, AT, where C,,is the molar heat capacity at constant volume and AT is the change in

temperature. The molar heat capacity at constant volume of a diatomic ideal gas is 52R , where R is the
universal gas constant.
(iv) This change in temperature, increases the pressure temporarily to a higher value. Show that this change

in pressure is %(P - Po) .

(¢) Gauge pressure is the pressure measured relative to atmospheric pressure. Gauge pressure of a tyre is
usually expressed in psi (pound per square inch) units. (1atm = 100kPa and I psi =7kPa)

A deflated tyre at 20 psi pressure is pumped further with N, gas to a pressure of 30 psi at room
temperature (27° C).

(i) Calculate the change in temperature of N, gas in the tyre.
(ii) Calculate the maximum pressure in the tyre due to this change in temperature.

(iii) Usually this temporary increase in pressure is not observable when pumping N, gas further to a deflated
tyre. Give two possible reasons for not observing the increase in pressure.

10. Part (A)
(a) (i) Boyle’s law
The pressure of a given mass of a gas is inversely proportional to its Volume
provided that the temperature remains constant
OR

P % for a given mass of the gas at constant temperature, where V & P are
volume and pressure of the gas, respectively.

OR
PV = constant for a given mass of the gas at constant temperature, where V & P
are volume and pressure of the gas, respectively. (02)

Charles’ law
The volume of a given mass of the gas is directly proportional fo its absolute

temperature, provided that the pressure remains constant.
OR

V T for a given mass of the gas under a constant pressure, where V & T are

volume and absolute temperature of the gas, respectively.
OR

; = constant for a given mass of the gas under a constant pressure, where V& T
are volume and absolute temperature of the gas, respectively. SRS (0 13
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(i)  Consider one mole of a gas going through the following two stage processes with
the initial and final values of the volume, pressure and absolute temperature are
(V1, P4, T1) and (V2, P2, T2), respectively.

Initial State Final State

=
[n& (P,]

P, V'
Ty

Intermediate state

Applying Boyle's law for the constant temperature process

P1V1 = P2V’ (A) ...........................(01)
Applying Charles’ law for the constant pressure process
Vi n
s (B) e (01)
A) & (B)=> =P _ PV _ ;nstant, O (03§
Ty T, T
For one mole of gas, the constant is known as the universal gas constant R.
PV
— =R for one mole of gas. (01)
If there are n mole of gas, % =R e (01)
PV = nRT

(b) (i) Let no be the number of moles of the air in the type at pressure Py at Ty

ny = o SRR (079
e — (02)
Number of moles of the air from the tank to the tyre
, PV PyV

WER-N= o mns (01)

__ V(P-Pyp)

T RTR

= n (D) cenrmrinen(O1)

— _k
= n ( P)
(i) Let V' be the volume of these n' moles of air in the tank under pressure P¢ at
temperature Ty

!
N'RTR P, NRTR
V' = _=(1 __0)_
Pc P Pc

As N2 gas flows from the tank into the tyre through the valve, the tank does work
at constant pressure P; given = PV’ R (03 )

(Award this mark for identifying the work as P AV)

= nRTg (1 - %) ............... (No marks allocated )
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(iii) 4Q = AU + AW (01)
Adiabatic process AQ = 0= —AU = AW U (03 9

-AU = AW = —nRTy (1 - %) (work done on the system)
Given AU = nCy AT, C, = 5R/2

AT = 22 S (01 )
nCy
_ (nRTR(l—P?O))
~ ns5/2R
= %( — %) TR (No marks allocated )
(iv) Pressure rises to % (Tr + AT) R (03 §)
NnRT NRAT 2 Py
= v R + v =P+ P [E( - ?)] (01)
Change in pressure AP = E(P —Py)
Alternative Method
AP P
o=z - (01)
P 2 Py
AP = - x E( _ F) Ty R (0} )
. 2
Change in pressure AP = -(P —P)
(c) (i) 1 psi = 7kPa
P, = (20 X 7 + 100) = 240kPa (01)
P= (30 x 7+ 100)= 310kPa e (01)
2 Po 2 240
AT—E( —?)TR-E(l—m)xEBOO ........................... (01)
AT=27KOR27°C [27.0-27.1]1 e (01)
(i) AP = 2(310 — 240) SRR (¢ §
= 28 kPa OR 4 psi
Maximum pressure in the tyre due to change in pressure,
Pnae = (310 + 28)OR (30 + 4) RN (¢ }
= 338 kPa OR = 34PSi e, (01)
(iii) 1. Usual pumping process is not adiabatic. SRR (¢ ) §)
2. Normal air cannot be considered as an ideal gas. ... (01)

e —
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Part (B)

Read the following passage and answer the questions.

Radioactivity is a spontaneous decay process by which an unstable nucleus becomes a stable nucleus by
emitting radiation. Decay rate is directly proportional to the number of radioactive atoms present at that
instant but independent of external physical conditions.

Radioactive iodine '3'I is used in nuclear medicine to treat patients with thyroid cancer. The half-life time
of B!l is 8 days. It decays to stable '*!'Xe initially by emitting a S~ particle and then by emitting a
y-photon. The maximum tissue penetration length of this = is 2 mm. Usually BT is administered to
patients as sodium iodide (Na'*'l) in the form of a capsule. Once administered, it is absorbed into the
blood stream and concentrated in the thyroid gland. Radiation emitted from ''I kills most of the cancer
cells in the thyroid gland.

Since the patient becomes a potential source of radiation, precautions must be taken to minimize the
radiation exposure to others around. The amount of radiation emitted by the patient is proportional to the
activity of the dose administered. In medical practice, the common unit used for activity is Curie (Ci)
which is not an SI unit. One Curie is equal to 37 x 10° disintegrations per second.

A radioactive material inside the body, diminishes not only by radioactive decay but also by biological
clearance. This clearance is purely a biological process and follows an exponential variation, characterized
by the decay constant 1,. Hence the effective decay constant 4, due to both radioactive decay and
biological clearance can be stated as 4, = 4+ 4,, where }.P is the decay constant corresponding to
physical radioactive decay. The effective half—fife time, which is used for radiation protection measures,
is calculated from the effective decay constant.

(@) (i) State two differences between the emissions of 8~ and y.
(ii) Rewrite the following decay equation replacing a, b, and ¢ with correct numbers.
131 131 bp-
pl——*" X+ B
(b) A fresh sample of Na'3'1, having an activity of 100 mCi is received by a hospital. The sample is stored

in a lead container at room temperature.
(i) What is the SI unit used for activity?

(ii) Write down an expression for the decay constant A in terms of half-life time 7.

(iii) Calculate the activity of the above sample after 4 days and express the answer in SI units.
(Take In 2 = 07 and €% = 07)

(iv) Hence, express the change in activity as a percentage.

(v) Is it possible to reduce the activity of the Na'3'1 sample if it is stored at 0°C instead of storing at
room temperature? Explain the answer.

(¢) A small amount of Na''l sample having an activity of 100 mCi is administered to a thyroid patient.
(i) When dealing with such a patient, for which mode of emission, the radiation protection measures
should be taken? Explain the answer.

(ii) Show that the effective half-life time 7, of "*'I in thyroid gland can be given by TL = TL + TL ,
b

where Tp and 7, are the half-life times due to radioactive decay and biological clearareice, regpectively.

(iii) If the biological half-life time of *'I in thyroid gland is 24 days, calculate the effective half-life time
of B'I (in days).

(iv) Calculate the percentage change in the activity after 4 days of administraiion of "3'I.
(Take %% = 0-63)

(v) According to radiation protection regulations, '*'I treated patients can be discharged from the hospital
when the activity is below or equal to 50 mCi. If this regulation is followed, how long the above
1B1T treated patient has to be kept in isolation in the hospital before discharging?

e ——
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10. Part (B)
(@) (i)
B~ Y
is a particle emission is a photon/ an electromagnetic
radiation.
B~ emission changes the proton no change in proton number/ atomic
number/ atomic number) number
(02 Marks for each difference)...........................(04)
(No Marks for properties of B~ and y)
(i)  '50- 'EXe+ Ip”
a=54, b=0,andc =-1 (01x 3)..................(03)
(b) (i) Bq (Becquerel ) RN (¢ -9
i 1==2 OR 1="2 oR =% O (073

(iii) Ay = Age

_mle_
=100 xe s =100 x 7935

= 70 mCi
=70 x 37 x 10° Bq
=259 X10°Bg e (No marks allocated )
. __ (100-70)mCi
(iv)  Change = —oomc X 100%
=30% (No marks allocated )
(v) No (02)
Radioactivity is independent of external physical conditions. ... (02)
(c) (i) yradiation e (02)
B~ will not come out of the body as the maximum penetration length is 2 mm.
OR
y radiation has longer penetration length/Power SR (¢ 79
(ii) Ae =y + 4
Since 1 = Ojﬁ
0095 _ 0098 | 0093 SR (0% )
T, Tp Ty

1 1 1
Therefore, — = — + —
Te T, Tp

(i) Tl =S+ (02)
T, = 6 days S (03

(iv) A, =Aje™™

=100 x e‘gm = 100 x ¢~046
= 63 mCi
Change = (10100;63) x 100%

=37% (No marks allocated)
(v) 6days (04)

Because the effective half lifetime is 6 days.
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