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Distribution of Marks

01. PaperI —1x 50=50
02. Paper 1
Part A — 20 Marks for each Question - 20 x 4= 80

Part B — 30 Marks for each Question - 30 x4= 120

Final Marks — Paperl =50
Paper - =~ =30
Total Marks 100
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Common Techniques of Marking Answer Scripts.

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

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

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

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

Write down marks of each subsection in aA and write the final marks of each question as a rational

number in a with the question number. Use the column assigned for Examiners to write down
marks.
Example: Question No. 03

() e

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

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

MCQ answer scripts: (Template)

1.
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Marking templets for G.C.E.(A/L) and GIT examination will be provided by the Department of
Examinations itself. Marking examiners bear the responsibility of using correctly prepared and certified
templates.

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

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

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

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

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

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

Preparation of Mark Sheets.

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

* % %
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ae mmmmrcmq&wmaum
% Answer all the guestions.
# ﬁ%ﬁamtn&ﬁm&r&ﬁemwmﬁemm

&% Read the instriuctions given on the buck of the answer shedt carefully.

#Iaeaahqftiﬁewmam1m5ﬁ.wekmﬂfmmﬁwu€1},€2}‘(3h€4}.(3}
which is correct or most éppropriate anil wark your response on the anywer shoet with
cmtx}mmmmmmm;mnmﬁcmgﬁmmm

Usé of calvulators i not -allovwed.

(Cmmwmmemmwmumg—mm%

.

. Wmsftkefc&lowmgmmta

e mt? )
() m @ @ K. (5) mol
The dimensions of the gravitational comstant G are given by
(H LM @y LM (3) M @) DM 5) DM
When a bipolar junction transistor operates in saturation mode, a further increase in base current wilt
(ljmmﬂmmsim (2) tumn off the transistor;

(5) nc&aimg&ﬂwwnmm

Amngwmmfamdmmgbmym&mmwmmof
(1) 6 quarks. {2) 6 leptons.

" {4) decréase the collector eammt

3} 4 quarks and 4 leptons. (&)6quaxksand4tegtm

(5) 6 quarks and 6 leptons.

5 The variation of the gravitational potential ¥{7) due to a point mass, with distance r is best represenited by
- Wrik

L WF)I V() WA V4

ob—r 0 > OF —— 0&:—‘/»?‘ 0 ; >~ F

@ 3} 4 - ®

(1)

6 Wlnchetfthefoﬁowmgmts:smmgm&ng&mmm?

(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 mﬂmgs at the same temperature
‘as all thermometric properties are not equally sensitive.

o) Havmgalaxgecomotmglcbetweenmemryandg!asslsanadvmtageformmngs'
in mercury-glass thermometer.

A

- 01- Physics (Marking Scheme) (New/0ld Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included.




Department of Examinations - Sri Lanka _ Confidential

4 ™
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) Al A, B, and C

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

v v J2v 5 B
Lo+ X X
© @ 5) <

8y 2)

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

@ ® | ©

£
)
3)
@ | - [« 1 -
G | - ~ +

+ |+ |+
i
.{-.

10. Consider the following statements regarding a three-level LASER system Level 3
having energies E,, E,,and E, (E, < E, < E;} as shown in the figure. Level 2

(A) The LASER action occurs between energy levels 2 and 1.
(B) The frequency of pumping radiation is ft;zﬁ 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

S

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) Al 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.

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

s
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14.

15.

16.

17.

18.
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Consider the following statements regarding the dew point of air having water vapour in a closed
(A} At dew point, unsaturated water vapour becomes saturated water vapour.
(B) H the temperature is reduced below the dew point, some of the vapour will condense.
(Cy 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
{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 (G+R)(GL-4) @ (f-T)(,+4)
3% -T) (L -4) @ 3(m+5)(k+h)

%(Tz +T)(L - 4)

Hydrogen gas in a container is maintained at standard temperature (300 K) and pressure (1 x 10° N m2).
If the root mean square speed of hydrogen molecules is 2 km s~!, what is the density of hydrogen in the
container? '
{1} 0038 kgm™

(3) OnlyA and B

(3)

()

(2) 0075 kgm=> (3) 0150 kgm™ (4) 1225 kgm™ (5) 2-450 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
appiied 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?

t | TN TOTETIOIY.]

A B
3) 3 m

Iy Im 2)2m “4) 4 m

The magnitude and the direction of the electric field at point A due
to the point charge distribution shown in the figure are
29 ., 2 —L 1

47 g a 4 .sﬂa2
2q

89__4
4n£9a2

b3
4 &ga

(1

€

3) C)

(5) dr g, a’ L .
+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?

I
1 i
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o e 4 |
L
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(H (2) 3 (5
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21.

.

A coil is made by winding N number of turns around a plastic ring of

~1'6x 107 C. The electric potential differences V., V., and V., respectively, are

" gircuit is 50 mA. When the applied voltage is reversed, the current doubles. What are the forward

—
When a current of 6A is flowing through the primery coil of an ideal transformer having power of
(1) Step down and 6:5 © (2) Step down and 5:6 (3) Step up and 1:2
(4) Stepupand 5:6 (5} Step up and 6:5 ,

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 siraight wire is i cosax,
which of the following expressions gives the electromotive force (emf)
induced in the coil? ' ;

(1} HyANY coswr @) UAN, sinowt

oy

py AN AN % Suisi
() = —jpsinat @ %ﬁg‘%mﬁmf A L,

5) %2 iy cos et
Consider the poinis 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 32x 107%} on it. Charge of an electron is

(1y 2V, -2V, and OV .

() 2V, 2V, and 2V A c
(3) -2V, 2V, and OV | o

@) 05V, -05V, and OV

(5) -0:5V, 65V, and OV “_B

P
T i g T

A celestial object is located at the mid point of the line joining the centres of the earth and the
moon at a certain fime. The mass of the moon is 00123 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, : ,
€1y 11 x 10% (@ 11 x 10% (3) 33 x 102 (@) 05g 3) 10g

The gap of 2 cm between two horizontal plates of surface area 500 o is filled with an oil
having the coefficient of viscosity 0-ZNsm™%. A horizontal force of SN 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 lineadly atross the gap between the plates?

(1) 25ms! 2y Smst (3) toms! @) 25ms?! (5) 50ms

A diode and a resistor are 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

bias resistance of the diode, and the value of the resistor?
Resistance (£) '

_Diode_| Resistor

M| o | 20
) 0 | 10

3 0 | 20

@ | 20 | 10

- (5) 20 20
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25, Anwmmammmwmmampathu
shown in the figare. The velocity of the air mass at & radial distance
of 80 km from the centre of the eye is 150kmir!, What could be the
Mdmmﬁrmaammd&mmm

centre of the eye? N

(H 75kmir! (2) 150kmh
@) 150J2 kmb? 4 300kmht
(5) 450kmi*

26. An sralogue nudtimeter copnected to (

a circuit is shown in the figure. The e
reading of the multimeter is | g S

(I 8 Q ,‘%%a i g
a2l AWt B
@) 14V IS .
@7V B R

27. A

an average
wha!xstimavatﬁgespwdofb&mdﬂmmgthmughmecapﬂlaryv&sels nempernnnute‘*

1) -——1-2; ¥4 f%% ) 25: @ fﬁzi 5 4,,

\.

28. Thehaﬂmbtoodmmtﬁamrysys&mms&ofahoﬂmebﬂhm(lﬁ”)mpxﬂmv&sei&mhm@
v iameter of 8 pm Iftheb!mdtspumpedfmmthehmﬂatameofsmmspermmuw'
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29, MMS@MWMW&MMW@y&
: smmﬂeﬁm’fmerﬂwﬂiskmuamnﬁalemﬁﬁw
outer shell is grounded. The variation of the electric field £ with
distance x from the centre is best represented by

32.

3.

\.

EA ,
E 5 |
¢ ; : "
' ! i ‘
¥ ] 4 |4
0 3 ¥ | i R
(3)
£ _ EA___
o ; = X 0 ; e
4 5}
30. An ideal gas expands from state A to state C along PMNm?Y
two different paths, ABC and ADC, as shown in the t 8B ¢
- P-V diagram. The heat absorbed by the gas during the 6%10° T~~~ T—>
processes AB and BC are 200 J and 700 J, respectively.
What is the change in intemnal energy, when the gas A A
expands along the path ADC?
(1) 380 J (2) 520 J 2% 10* 4+ - - fe——ip
(3) 7201 (4) 880 J : '
(5) 1080 J + TV (m>)}|
3Ix10%  6x107
3. AbaﬁisdmgpedfreeiywaﬁmrfmnaﬁeightofIm.ﬁimspwdismdwedbyﬁ%atmhbom,
what would be the height the ball reaches after three bounces?
. 3 30 3) 3 3y
@ 3m @@= o@fn @w@n oFm

Part of an orbiting satellite is coated with a metal that has a work function of 5 eV. The Planck constant
is 41x107% 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 om (2) 246 nm (3) 683 nm (4) 800 nm (5) 1230 pm
Asmdardphotagraphicsﬁdehasapictumsizaafmmmx%mm,meﬁargedimagecfﬂmsﬁde
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 I'2mx 1*6m, what should be the focal length of the projection lens?
(1) 49 cm (2) 98 cm 3) 102 em 4 49 em (5 98 em

01 - Physics (Marking Scheme) (New/Old Syliabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included.
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~134. A test tube is made to float upright in & fluid by placing a metal ball at 1 f ‘
" the bottom of the tube as shown in the figure. Total mass of the tabe

and the ball is m, density of the fluid is #2,and the cross-sectional area :
of the tube is A. Effect of surface tension and the viscosity of the fluid —~=====]  [rz=—="=|
can be neglected. If the tube is given a small vertical displacement, "~ ferplehboiall |
what is the period of oscillations of the stibsequent motion of the tube? T

() 2:,/_5_ @ 2,::,, age O Ao
(m_ m

@ e O 2"‘1{?%

35. Coasider a massless balloon atached to one end of a fight string. The other end of the string is}
attached ta 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 velmty-unij graph shows, the motion of the truck. :

qun*nq-’-v

Xy timie

i 2
The positions of the balloon and the string inside the water tank during the time intervals £, 1;, and

ok

[

@ | o)

36. Consider four metal balls of same volume placed on a smooth horizontal surface. Mass of each of
the first three balls is 2 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

"R o O
VP HEEE G
oo IcIcH | 1 )

e R R i
01 - Physics (Marking Scheme) (New/Old Syllabus) / G.C.E. {A/L) Examination - 2019 / Amendments to be included. 10
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; peration of a light emitting diode (LED),
forward veltagc and current should be 2V and 10mA,
respectively. Transistor is having V. = 07V, current gain v
B = 100, and Vpp,, = 01V. For the circuit shown in the 33X23
figure, what are the values of R, and R, for the optimum
operation of the LED? ‘
(1) Ry = 100Q and R, = 1k 17k §
(2) Ry = 1kQ and R, = 1kQ
(3) R, xmmxx = 2900
4 R, = 10kQ end E = 1kQ
&3] R = 10kQ and RC = 2900

38. A piece of metal is attached to the top of a rectanglar ___-:fi"”"“'“fm
' wooden block that floats in water. As shown in the figure, pe sl
50% of the volume of the wooden block is submergedin - — - v o v
water. The metal piece and the woodea block havethe — - - """ T IIDD
‘same mass. If the wooden block with the metal pieceis T~ T 7T T

flipped up side down, what could be the percentage of the  — — — —— — — — — — - — - -

ll HnH

volume of the wooden block submgediﬁwm? R e e S e oo e e e e
(1) Stightly smaller than 50% (2) Much smallet 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 24. If the height difference of the liquid columns in the two vestical tubes is h, flow
rate of the liquid through the pipe is ) , ~,

(D) Af2gh @) AJégh

@ o2 o .

7
5) 24+ 2§

T

-

40. The figure shows the displacement-time graphs for
the motion of two cars with respect to a lamp post
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
relevant to the points P, Q, and R marked on the graph.
{A) Relevant to P: Car | coming from left crosses
Car 2.
(B) Relevant to O: 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 (3) All A, B,and C

L .

e i e
01 - Physics (Marking Scheme) (New/01d Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included. 11
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41. A whistling firecracker having a constant

N

histling frequency is fired vertically upward. I travels{

initially with an acceleration, then with & deceleration, mdﬁmﬂyhmmmnﬂmbmmv

MMaMMWWWanmemoﬂmﬁmm
mmmmwmngmmﬁwmmbymm

(A) Dmmgthe acceleration, it is mgbﬂﬁmﬁxewh:sﬁmgfmqnmy and is decrensing withi|

B) mmemmm,rtssmmmmﬂmgﬁeqmmﬂtsmgm
time. '

(C) Just before the blast, it becomes equal to the whistling frequency.

(1) Only A @ Oy B (3) OulyC
(4) Only Aand B (3) Only B and C

A metal bowl of mass 700 g contains 1 litte of Metal | Specific Heat Capacity |
water st 27 °C. When a steel ball of mass 300 g | _ kg‘*lc“}
aim)"c:sdmpped m!othemmt}wbewt §TI——— -

30 °C. Spm&mmmdmmwam ; - i -
mikg‘lK"andézw.Ikg‘*K”* jespectively. Our (CopPer | 385
af&cmemisgwmmﬂmmwhatmmﬁw Siver | 230
metal that the bowl is made of? Lead 1 128
(1) Aluminium (2} Copper ' ' T
(3) Lead (4) Tron
(5) Silver

Three right angled prisms of refractive indices a,,
n,, and ny (n, > Ry, 1) are aranged very close to
each other on a table as shown in the figure. There
are no gaps between the contact susfaces of the

prisms. A may entering through the face AB with
an incident angle 7, 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, andCDarer!,rvandr&,respecﬁwy Which of the following expressions is imcorrect?

(1) sini = mysiar, (2) mysinr, = nycosr, (3) sini = nycosr;
(4) nycosr, = mysinr, (5) cosi = nycosr,

Eachofmeﬁnglewmmmiwpspkmmxyﬂmasﬂmwnmﬁgm carries the same|
current 1. A uniform magnetic field is applied along the positive direction of the x-axis. Assume that|
each wire foop 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 Py y {94] Y, R) y 8y}

[ 3 L A f‘

51 5% v 54 » ’ 54

4‘- i 44 s 44 ; 4

34 33 1 ] ! .

3 ; 1! ;M

2' 24 s 24 a 1 2,. E I
e ‘t‘.a'z el M T S R WS

(1) PORS @ RQPS ) GPRS @ SRQGP () ROQSP

e
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45. Three cells with electromotive force (emf) E,, E,, and E;, and intemal
- resistances r,, r,, 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,

@ A3t @ EE Bk +EF,
(%)) Ef +E5 +En @) Enn + En + Egn
R YRRt R LU R R

) EnhrBrn B

ih% o
46. Consider a battery of electromotive force (emf) Eg and internal

resistance r. Asminmﬁm, it it connected in series with a M
resistor R and a variable de voltage source _which can be reversible. I e
When the voltage of the variable source V,, is varied, the graph of /( '

R r—.
-

I vs V is best represented by

i s e o mnd
i cketste’ iR

variable de voltige
source (reversible)

i

§)) ) (3) ' &) (5)

47. Consider the circuit shown in the figure. The 1/
graphs show the waveforms of the applied voltage v
and the current through the load L.

<&

T
e}
ity
L]

v

s oo 2 e

>'""”" B~y

RDVURE SpRpR
o e, o . P 4 T e ot s 0 O

»l4
I~
Y:H:}'

“It L st
i 1 I 3r
E L/4
The average power dissipation of the load is T |
VI v I )
(1 0 @ @3) 3%7% @ v, (5) 2V, 1,

. | _ —

01 - Physics (Marking Scheme) (New/0ld Syllabus) / G.CE. (A/L) Examination - 2019 / Amendments 10 be included.
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48. Two long, straight, and parsllel wircs are placed in
free space. Consider the following two cases as-shown I .y J
n the figures. ' 4 IJ }
(a) Wires catry the same current /in the same direcion. Ohe---g=-cd-e=X  Oloreozercdumesprx |
(b) Wires carry the same current F it opposite directions. —d= ‘"'?- ‘
Consider the direction of the magnetic flux density ® o
into the paper as positive. Which pair of graphs best ’
represents, the variation of the magnetic flux density B between the two wires?

B . B BY .
@ vféf @9 id %
@ | o |
: BY "
(3} 7 X @ 2
@ o

@ ()
49, What is the current through the battery of the circuit shown in the figure?
V.
M g
v
@ %
v
) 3R
@ %
o ¥ )
-
ol
. : \ .

S s
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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 4. 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?

M) Jg(cos@ - psin8) @ g(sin@ — ucos ) e d
d(sinf + ucos @) d(cosf + usin 8) }
3) g(cos @ + usinf) @ g(sin @ + ucos@) 6:0
d(sin@ — pcos6) d(cos@ — usinf) '
p A
. ) dtan 8

* % *

9 J

MMM‘M
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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 ¢, and q,, 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,=T1,806 =0,
2) T,=T,806 >86,
3 1>7,,60<0,
4 T,>T,86 >0,
5 T, <T, 86, <86,

’npql ”'2,q2

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
() 1'0mWem?  (2) 05mWem?  (3) 02ZmWem? (4) 0-1mWem2 (5) 0-05mW em2
22. A light 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?

i ,\——) : .
s s — '

- : —;\/-——?J\—- : —
(1) @) 3

b
; . ™\ -_—
+ ¥
+ ¥

4) (5)
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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).

Lab jack
(adjustable bench) .
[ 1
7 TITTITTIIIITTTTITI7

Figure (1)

(a) (i) Figure (2) shows the enlarged
view of the vertical cross section \ x
of the capillary tube along the \ —Wall of the
axis. Draw the meniscus of the Q ) Capillary

liquid inside the capillary tube Tube
and indicate the surface tension T,
and the contact angle 8 between k \\

the liquid and the glass surface
of the capillary tube in this figure. Figure (2)

x"""“Wall of the
, Capillary
A Tube
Drawing the meniscus correctly = L, (01)
Indicating one Twith an arrow in correct direction  ................... veeen(01)
Indicating the Contactanglee ... eerererereanans (01)

e
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(ii) If the height of the liquid column in the capillai'y tube, the inner radius of the
capillary tube, and the density of the liquid are A, 7, and P, respectively, obtain
an expression for hpg in terms of T, r, and 6.

(2rr)T cosB(=mg) = (MrDRPG ™ eeeeeeeeeereeereeenennnnns (01)

hpg — 2Tcos 6

..................... veeens(01)
(No Mark only for writing this equation)

r

Alternative Method

A ”

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

can be reduced to h:-g-r-.
‘ rpg

The contact angle between the glass and the liquid should be very small
OF ZEIro. e eee————— 01)

forsmall 6 > cos8 =1  ORhpg =21/ e, (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.(dry the tube)  ....................... (02)

(Only for the correct answer with correct order)

(V) Before taking the readings required to determine the height &, 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.

............................... (02)
(1 Mark for only raising the lab jack/adjust the pointer until the tip

touches the liquid surface)

01 - Physics (Marking Scheme) (New/0ld Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included. 19
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(6) The fongwing graph shows the experimental data (in 5I units) obtained usin,gé capillary
tubes with different radii to determine the surface tension of water. | |
(x 10r%)

30 Busientern b

Wi

0 H Hi

i e

5 : :::-:.',.I"E.v SO ?» i

G_.. A ;:: o 434 l, -....._“ { ﬂ'n St an== i E%—}(x 163)

075 1000 125 150 1775 200 225 250 275

(i) Considering the equation in (a)(iii) above, identify and write down the independent
variable (r) and the dependent variable (y) of the graph.
XD eereveeseeeeenanvietenseananeenns e sscnions .

y. R R S L L L R N LR P RS

(i) Determine the surface tension of water using the graph and state the answer with
SI units. (Density of water is 1000 kg m™.)

Gradient |
= et SO S 1404X 1075 M e 1)
m=2T/, OR T=""F8/, (01)

LT 2 MO0 01)
T=702x10"2Nm T OR kgs™2 i (02)

(01 Mark for the correct answer and 01 Mark for the correct unit. If only
the unit is written without workout, then no marks)
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(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. ... (01)
The surface tension of water is reduced when soap is added OR the
contact angle between glass and water becomes larger when soap is
added. i (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

P:  Tosupplysteam veereena(01)

Q:  To control the pressure OR to maintain the pressure inside the
steam generator at the atmospheric pressure ........ooevvnen. 01)
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(b) Proper connections of steam and water supply to Searle’s apparatus are necessary to
obtain the accurate result. Accordingly, select each comnection and give reasons.

(i) Steam supply (A OF B) © .cocoiiiiiiiiiiinnnninnn

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

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

(i) Steam supply (A or B)A .............................. (01)
Reason:
As steam is less dense than the air, it will fill the chamber before leaving

through B

OR _
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
reeeeeeersnn(01)

(ii) Water supply (L or M): ............................................. (01)

Reason:

To get large difference between the temperatures of the

thermometers T3 and T4
OR

To ensure maximum heat absorption by water
OR

To achieve the steady state quickly — .occeenneienninnnn (01)
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(c) State three more measuring instruments needed in this experiment and briefly state the
specific measurement taken by each of them.

Instrument Measurement

() oo

Q1) o

(L) oo
__ Instrument T __ Measurement )
Vernier Caliper - Diameter of the rod / Separation between T
_and T, (in the rod) - B
Stopwatch _Time taken to collect water (at steady state) |

Electronic/ 3 beam/ Mass of the water collected (at steady state)
4 beam balance | I

Meter Ruler _Separation between Ty and T (in the rod) B
For any three correct instruments with correct specific Measurement/s.. (03)

{(d) The separation between the thermometers T and 7T, is 80cm. If the constant temperature
readings of T, and T, are 73-8°C and 592 °C, respectively, calculate the temperature

gradient.

. 73.8—59.2 14.6
Temperature gradient = X102 = o3 e (01)
=1825°Cm ™' OR 1825Km~' ... (01)

(e) Does this temperature gradient vary along the rod? Briefly explain the answer.

No e, (01)

Because the rod in Lagged (Insulated) ... . ... (01)

{(/H At thermal steady state. the difference in thermometer readings of Ty and T, is 9-5°C and

Fhe ﬂ(‘)fv rate of water is 120 g per minute. Calculate the rate of heat absorption by water.
(Specific heat capacity of water is 4200 ] kg K1)

m 0.12

Absorption Rate = Q/t = Tj—q D oXsXxl= - X 4200 x 9.5 ..(01)

=7977TW (798W) (01)

e T TIE———————

—————
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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.

Q/, =k.a2% OR 798=Kx12X 1074 X 1825 eeerrrneeen (01)

K=3644 WmK?T (02)

(1 Mark for the correct answer and 1 Mark for the correct unit. If only the unit
is written without workout, then no marks. No mark for the unit W m™2°C™")

(h) Is it possible to use the Searle’s method to find thermal conductivity of a poor conductor?
Briefly explain the answer.

No. e (01)

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

sufficient
OR

Temperature difference/gradient between the thermometers Ty and

T, is not measurable
OR

Temperature difference between the thermometers T; and T, is not
measurable. e (01)

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 1o 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 veiw of the cross wires
........................... (01)

(ii) 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.  wereererinnerennees (02)

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

The slit should be adjusted o be narrow and vertical, (and
illuminated by a light source) (01)

01 - Physics {Marking Scheme) (New/0Old Syllabus; / G.C.E. {A/L} Examination - 2019 / Amendments to be included.
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(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. vereeneeens veereresserensns(02)

(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.

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

Screw P

(i) 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. (01)

Prism table should be leveled parallel to the optical axis of the
collimator and the telescope, (not to level parallel to the horizontal /
the table.)

OR
Purpose of leveling the prism table is to make it parallel to the light
beam of the collimator and the telescope, not o 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.
. e sessesssseneneee(01)

(c) When the telescope is at positions T, 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 7, to T,. Calculate the prism angle A.

24 = 360° — T, + T, = 360°—279° 58" 4 38° 02" eereeeenssnnnissneneene .0
= 118° 04
A=59°02 DAPERMACTER | K | ‘ooomeseesemmeeseeeees on
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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, (degrees)
A

30

20 = > i
20 30 40 30 60 70 80 9% (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)—A e, ceeererrenens R (123}
(ii) Determine the minimum angle of deviation D by using the graph.
B : From the graph i, =i, =i OR
i it Correct line as indicated in the graph
P verrernen(01)
i it
56 51
40 -
30 +}
20 T i - -

1
20 30 4 50 6 70 8 9 (degrees)

i =47.5° OR 47°30' OR 47° OR 48° crevrrernrnneesenen(01)

Minimum angle of deviation=D=2i—-A ... URRRRRN (11 §
= 2 X (47.5°) — 59°02' eeeeneenenaas (01)

= 35°58'(34°58" OR 36°58')............. (01)
S S————
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(iii) Calculate the refractive index of the glass that the prism is made of.

’ ’
. (59°02"4+35°58
sin(132) _ sin(F252er)

Sln(A/z) - sin(sgozozl) t0essessensrrenesse

=149 (148 -151) et eteeesnenens eeeereeonenreesesen(01)

n= ceeereerenneeennne(01)

Alternative method

sini  sin47°30'
n=--= et eerer et ———————————tttuoesaneneaen (01

sinr sin 29° 31/

=149 (148-151) ... et ane s (1))

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) Fo

E (< E). CEL
. | jOF 7

"E

¥
oo it e o

2 Tt ok i e i s o

Figure (1)
(@) 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  OR
The resistance of the wire e (01)

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

Y oS, e (01)

Range can be adjusted by
varying the value of Q

OR
Increasing the length of the potentiometer wire
............... veeeao(01)
01 - Physics (Marking Scheme) (New/0ld Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included. 27
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(¢) 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.

Ves. e (01)

Zero error of the galvanometer does not affect the experiment
OR

It is the deflection, not the correct reading of the galvanometer that

matters in the experiment.
OR

Experiment can be confinued by observing the deflection from the initial
position. e 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 I, L, and R.

E =kl v_ 1
V___kl} OR L=0 s (01)
R vV _ R
V=E (El?) OR == —— e e rerer e (01)
R I
R+r I
r=R(£l9—1) f ceereereereeenesreeeresieesseenseereenens(01)

(¢) With the given potentiometer, the balance length can be measured with a maximum error
of 1 mm. If R=8Q,/[, =724cm and / = 50-1cm, calculate the maximum value that
could be obtained for the internal resistance r.

lp,=724+01cm OR [=501- 0.1CM  coevreviinienennnneennns (01)
72.4+0.1 _ 725

r=8x (50‘1_0-1 _ 1) = 8x (50_0 1) RS (01)

r=3550 OR3600Q0 . eeereereianaenes ....(01)
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Alternative Method
I ]

or=r { I + z}’

72.4

=8(— — =356 e 01
herer = 8 (50‘1 1) 3.56 (01)
51 = 3.56 {il— + -0—1} =0.010 e, 01)
72.4 50.1

r(=356+01)=3570 (3.602) e (01)

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

S

b _ (1 1_(ryt, 2
T=() +1 OR 2= (1) 3+ eeeetOD
X: 1/R
y: IO/Z OrR 1/, TR RUTPTURPTRPTRN (1} )

(Award this mark only if the equation is correct)

(8) The potentiometer circuit shown in figure (1)
can be modified by replacing the part of the
circuit marked X in figure (1), by the circuit
shown in figure (2). For this, the terminals §'
and 7' of the circuit shown in figure (2) are
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.

RyE—

+
<

V4

TI B———

|
f:\'(:

s
Green |

H

i

£

|

Figure (2)

LED @y
:

l[t———-—

(WY
ey
.
il 4
Iyl
g =

\4

AMA,
YYYy

What is the colour of the Light Emitting Diode (LED) which is lit when the

sliding key is placed at A and B?

AL A L
AL B
AL A BPreen e (01)
AtB: Red e (01)
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(¢) 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
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
(ii) 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?

3000x2

@0 =05

(Substitution should be there to award this mark)

(i) Rotational speed of the generator (taking m = 3)

3000 3000
w=2nf =2x3x50 OR W = o X 2m = o0 X2X%X3 ORI (03 )

=300rads™? SRR (¢ 3 9 ]

(If 7t is considered as 3.14, then = 314 rad s™ %)

{(b) (i)
Ty
gs ~“
- =, C
6 !
T,
OR mg

e (02)

(01 Mark for mg being vertical and 01 Mark for tensions with any labeling,
and when awarding marks indicating angles is not necessary, If there is
clearly identifiable difference in angles, deduce 01 mark)
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(ii) For the 1°t figure ( or the relevant diagram)
Applying Newton's 2™ law (F = ma) along - direction

2
v
(T, + T,) cos8 = mrw? =m . SO (¢ 73 |

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

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

(T, - T,)sinf = mg RO (03
. h r
Since sin@ = T OR cosfO = 7 IR (0 '
L/ \n where r is the distance to the centre of the flyball from the
A central axle.
T Ty + Ty = mlw? ... (1) U (1§ |
l
Tl - TZ - mg; ............... (2) "..................................(01)
ml g
D+@) = T, =~2—[a)2 +E]

W -@) = n:%htﬁ]

(ili) When the generator operates at 50 Hz, the rotational speed
w=300rads™?,and h =30cm.

= Therefore, w? = (300)? = 90000 s™2

(w=314rads™! = w? = (314)%? = 98596 s7%)

E — __..10___ — -2 01
" = 30%10-7 = 33.3s RO (03 9 ]
: % « w? (For the comparison of two correct values) .._........couee..(01)

Therefore, the term g/h can be neglected when determining the
tensions T; and T,.

e
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(iv) Tension in an upper arm

ml g1 mlw?
— e 2 —— ot
T= et 4]~
1 X50x1072 x(300 )2
_ (300) e {O1)
2
= 22500 N SRR (¢ 3 )|

(w=314rads ! > T, = 24649 N)

(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

h
= 2T1 sinf = 2T1 "{ ....................................(01)

where k is the spring constant.

(To award this mark above free body force diagram can also be considered)

30%x1072

kx20x10"% =2 x 22500 X Sox10-7 T (01 )

k=135x105Nm™1 | Y (1 )

(T, = 24649N =  k = 1.48 x 105 Nm™)

(c) (i) (1) When the frequency is f = 25 Hz, the rotational speed of the
generator is

w = 300/2 =150 rads™* SSUOOCUN (0 ) 3

(w = 314/2 =157 rads™?)

T R e
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Tension in the upper arm

_mlw2
17 2
1 X50X10~2 x(150 )2 ’
_ 1X50x1077 x(150) e (O1)
2
— 5625 N e (O1)

(w=157rads™ = T, =6162N)

(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+9/, SRRSO (¢ 3§

Now for the equilibrium of the sleeve
h
F = ke = 2T, sin8 = 2T, 7

(30+4/,) x1072

e (01)

1.35x 10% x (20 —d) x 1072 =2 X 5625 X
(for the substitution)
d = 13.84 cm (13.8cm) R (0 ) )
(T, = 616225 Nand k = 1.48 x 10° Nm™* =  d =13.85cm (13.9 cm)
Therefore, the contraction of the spring =20 —13.84 cm

= 6.16 cm (6.2 cm)............(O1)
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Alternative Method

When the frequency is 50 Hz, the length of the spring = 2h = 2 x 30 = 60 cm
SRR (0} §)

The natural length of the spring = 20 + 60 = 80 cm USRI (0 )

When the frequency becomes 25 Hz, let the contraction of the spring be e(say)
incm.

Then the length of the spring =80 —e = 2h | (01)
h
F=kx=2T 7
135X 105 X € = 2 X 5625 X =2 | e (O1)
e = 6.15cm (6.2 cm) R (03 )

(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 (0 §

Therefore, the frequency to block the throttle valve by 75% (i.e. to increase
the closing by 25%)

. 25%25% __ 25
f=50 +——=50 +- SRRSO (0§
= 62.5 Hz SRR (0) B
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°
To block the throttle valve by 75% , the angle should be increased by

f—zi = 22.5° from 45°.Therefore the frequency to block the throttle valve by

75%
25 x22.5°
450

f =50+ IR (03 9|

= 62.5 Hz SRR (¢} § )
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6. (@) (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 £, 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.

() 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’ (=, 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 /,. ‘

Musical | & ] ® ® & o P
410 f =3 b u & B
‘li“ 100108 {079 070 1 067 | 059 | 033 -
Figure (1)

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

frequencies of musical notes ‘F(&, ) and ‘B’ (53, %).
(11) 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 S
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.)

!i
|
(i) Calculate the required lengths of the pipes in c¢m, which produce the (‘ork"‘/rw

musical notes ‘C’(¢3, aw) and ‘B’ (53, ). Assume that the velocity Reaeesd
of sound in air at room temperature is 340 m s,

(iti) 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 feli completely out of a pipe, what would happen to the fundamentai frequency produced
by the pipe? Justify the answer with a suitable diagram.

Figure (2) hexonst

e e S i e
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(a) (i) A |
B A e 01)
N
R ———r—
) VT (01)
A
Nm
N N S - A (01)

(Atleast one of the diagrams should have ‘A’ & ‘N, if not deduct 01 Mark. No need to
look for amplitude of the wave. For different lengths of the string deduct 01 Mark)

in
i) l=n—r e (A) e (01)
S A B— (B) e (01)

_ [ c

= = © e (01)

T
= f, = —_Z_Tlf— ........................... (01)

_r |

=f, = A e (01)
(iii) Varying the (vibrating) length of the string e 01
Varying the tension of the string e (01)

(b) (i) Fundemental frequencies n=1, f; = l\/_?_

2l\m
Since T & mare constant, fi X L =constant (01)
1
260 Hz o ——--menreoeee X) e (01)
1

2 07l (Y) e (01)
1 N
f3 x 0_5311"" ______ (Z) ........................... (01)
(Y(X) =560 = 570
£, =37143Hz 371Hz) e (01)

P T
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fi 1
(2)/X) 260 053
fr =490.57 HZ (491 HZ)  eeevreeeereereeennnnnnenes (01)
(i) feedT OR f2«T
T’ 1.01f]2
— == | eiiiieriieesenssienee 01
T [ f (01)
Tl
== [1.01]%=1.02,
T'~T
%% = 2%  ieeiiseesrseanennaees (01)
T
Alternative Method
foeNT OR f2ouT
Af 14T
R s 01
= f 2T (01)
AT Af
== 2 7
,—
00 = 29 e ieieerieraeaiaeeannes 01
(c) (i)
(01 X 3) coeeeierrnieeernneneees (03)

(Atleast one of the diagrams should have ‘A’ & ‘N, if not deduct 01 Mark.
Deduct 1 Mark if lengths of the tubes are different)
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. A |
(ii) LZZ ........................... 01)
-2 =3280 1
TR X100  rriiiiiiieceiserseiee, (01)

Required length of the pipe which produces the musical notes 'C’ of
frequency 260 Hz

8
=—x100

=32.69cm (32.7cm) i, 01)

Required length of the pipe which produces the musical notes 'B' of

frequency 491 Hz
85
=— X100
491

= 17.31cm  (17.3CmM) e, 01)

(iii) (L X f = constant)

32.7x260=Lx255  iiiiiiiiireeeeseretseeees 01)
260
L = — X327
255
= 33.33cm  {33.3cm) e (01)
0.64 cm (0.6 cm) towards the openend. .oiiiiiiiiiiiiinnnnnee, (2]

(iv) Fundamental frequency produced by the pipe will be doubled.

(For the correct diagram)

A=
v

(fogp  f1=5)
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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.

(@) 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.

(ii) 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(#) of an air bubble in a viscous medium at a given time ¢ can be given by

I
Vo=V, (1 -e v |, 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 us, 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=-23)

(iii) Considering the answers obtained in (6)(1) 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.
(¢) 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, L, P, a,
and v, where 717 is the coefficient of viscosity of oil, 0, is the density of the oil, P, is the
density of air, @ is the radius of the air bubble, and v is the velocity of the air bubble.

(i) It is given that 7 = 7:5x102 Pa's, o, = 900 kg m?, 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
20x 102N m™,

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

@6F =6mev (02)

n - Coefficient of viscosity

a ~ Radius of the sphere - (01 X 3o (03)

v - Velocity of the sphere B
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(ii) Flow is streamline with respect to 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 X
(For any two assumptions with 01 Mark each) (01 X 2)eurrresnesmnssssenssenss{02)

(a) (i) V() = VT(1 - e"t/'r)

500V = Vp(1—e 1) =1- o=t =05 s (01)
= e~ =05 =—t/r=In05=-07 TR OTOSPOPUROROROOON (12 §
—07XT=07%x4X107Cs s (No marks allocated )
=28x%x10"%s
" 0 - — et — et =
(ii) 90 % Vy = Vr(1—e t) =>1—e /1=09 eevvnnesssreenernenseees(01)
et =01 2—t/r=In01==23 e (01)
L 93x7=23x4%x106s=92%x107%s ... (No marks allocated )
(iif)
7o
720
P e (03)

(01 Marks for the shape of the graph, and 01 Mark for marking the axis, 01 mark
for indicating Vy, Award marks for drawing the graph by calculating points)
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(c) (i) Forces acting on the air bubble are buoyant force (upthrust) 1, drag force
|, and weight of the air bubble |.

The resulting force on the air bubble along 1 direction
Fr=Vp,g—6mnav —Vp,g8 e (03)

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

= f}3-7ta3pog — 6mnav — %na3pag .......................... 01)

(ii) When the terminal velocity is achieved, Fr =0 i (01)

Neglecting the weight (i.e. f;-ncﬁpag) of the air bubble and the effect due

to the variation of pressure with height (i.e. no change in volume)

6mmav, = %na3p0g = vy = % p—;—g-az ....................... 02)
vy =2 %—%1—;'— X (01X 1072 01)
S 267%X107 ms (27 X107 M) s (01

(Award All the mark for the calculation even if the weight of the air bubble is considered)

(iii) The difference in pressure of the air bubble inside and outside

AP = Pin‘side - Poutside - ZT/T' ....................................... (02)
(01 Mark each for each side of the equation)

-2
(10033 — 100) x 10° = 2 X @x1075)/ N (12
r=121x10"*m (1.2 x 107* m) e e eeeneeinee e (01)
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(iv) The terminal speed v; « a?, therefore v; 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)

(1 mark for axis labeling, 1 mark for behavior of initial rising,
and the 1 mark is for later, continuous slow rise)

e T
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8 (@ @@ A current I flows through a thin wire of very small length Al. Show that the magnetic flux density
AR at a point with a perpendicular distancé d away from this wire, is given by ..”!1.:,.3.2{
; o
(ii) A current I flows through a flat circutar coil of radius R with & number of tums as shown
in figure (1). Obtain an expression for the miagnitude of the magpetic flux density B at
the centre of the coil. '
(i) 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)

O
ox

- "o

6 R % R £

Figure 2(a) Figare 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,

",

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

<

(b) The apparatus shown in figure (3) can be used to determipe the charge to mass ratio (-ﬁ-) of an

Vacuum

Fhuorescent screen.§

63V~

Y
AAAA AAAA
¥

-500V  —450V Figure (3) L

(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 > [
for the speed of an electron travelling through the electrode A,. (Charge
of an electron is ~e and mass of an electron is m,)

(iit) 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 ficld B is applied perpéndicularly to the screen S. This makes
the electrons move in a circular path.

If the radius of the path of the electron beam is 7, obtain an expression | ™\

for the rati e ) of the el = Circular coils -
or ratio (i@:) electron. Figufe (4}
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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 V,,, 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. .

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

(iii) When B = 1 mT and V,, = 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 (;-:—) of an electron.

[

(a) (i) From Biot-Savart Law AB = ’; 2’;21 SING s (01)
2B =25 (D) e (01)
(Identifying 0 = g OR  90°)

AB = U IAl

drd*

(ii) Magnetic flux density at the centre of the coil due to Al,

M IAL
AB =10 iiieiiiensiernienisrcanas
4nR? (01}
Magnetic flux density at the centre due to whole coil, B = Y AB
_y ko I8l _ B 1
B—Z4nR2 OR B—E?ZAI
AB OR
_ ol
h B = 41TOR2 (Al + Aly + Alg 4 v vee e AL e, (01)
_Ho I
B="2— (2IRN) (02)

(1 Mark for 27tR and 1 Mark for multiplying by N)

HolN
SR s
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(iii)

O {
At least 2 nearly parallel lines close to the centre of the COls .o, (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 e (01)

(b)(i) Accelerating electrons (towards Az) OR Producing a collimated

beam of high velocity electrons (02)

(i) Kinetic Energy + Potential Energy at A1= KE. + PE.af Az
OR
Considering the conservation of energy
OR

Any correct alternative reasoning (01)

0+ (—e)(=V) = %mev2 0 e (02)

(1 Mark each for writing each side of the equation)
(If all the terms in this equation are written correctly, all 03
marks can be awarded without any reasoning)

. 2eV
Vo=
me
{901
v = ;-Ze—’ ......................................... (01)
N Me

A ————————————— S
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Alternative Method

If the distance between the two anodes is /, and the electric field between the

two anodes is E,

Force on an electron F, = eE

m,a = e[?) ............................................ (01)
= (01)
Im,

Using v? =u?+ 2as

”2=0+2(Z:7V;)l ............................................ (01)
— jnﬂ ............................................ (01)

(iii)  For circular motion of an electron;

Centripetal force = force on an electron due to magnetic field

mev?
= BeU e e (02)
(1 Mark each for writing each side of the equation)
_ Ber
=
Ber 2ev Ber\? 2eV
= OR ) T e, (01)
Me e Me Me
e 2V

T . __._]
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(c) (i)
Fg OR eE

e e 2

—e

Fyz OR evB

S (1% )

(E is the Electric Field Intensity between the plates, P and Q)

(ii) For no deflection of electrons; Fg = Fg

Bev = eE
— ,(Vro
Bev = e( " )
v = ke
Bd
_ _VP_Q
(iii) (1) V=
840

= (1x1073)x(8x1072)

v=1.05%10" ms™!

(2) For circular motion of an electron

mev>?

Bev =

_ 1.05%107
(1x1073)x(6x107%)

= 1.75 x 10* Ckg~!

S
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9. Answer either part (A) or part (B) only.
Part (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;
(1) determine the units of emf,

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

(b) A source of emf K 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 S,

E, r, R, and ¢ : ® QD

(c¢) Consider an electrochemical battery of a car that powers
Starter Motor

the starter motor and the headlamps as shown in the circuit / ~
of figure (1). Rated power of each headlamp is 60 W. The | S, M)
internal resistance of the batiery is 0-03 €. Consider that

the ammeter behaves as an ideal ammeter. o)
When only the headlamps are turned on (S, is closed) without Car Battery -

£ oo h o o e W oo ot s e e o -

starting the car (S, is open), the voltmeter shows a value i
of 120 V. !

(i) What is the reading of the ammeter? :' l £ r=0Y(;3 o
(ii) What is the resistance of a headlamp? i
(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 110 V.
Calculate,

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

(H 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.

(%) In the situation mentioned in (g) above, the driver used an external battery with an emf 12-3V 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 € 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.
(i) Calculate the maximum current through the starter motor when starting the engine.

9. (Part A)
a) Electromotive Force (EMF) = Work Done/Charge

N4
(1) E= .
Units I O (02)

(No marks for other units)

W
A SO
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(i) Work done W =Eq e, (01)

Power generated by the source

-Y_ra
P===E> (01)
P = El (01)
(Student must use the given definition.)
. b)
+ o~
Iy E '
A
R
Total energy dissipated in the circuit in timet = EIt ..o (01)
E
E=IR+m) ORI=— . (01)
. . . - . E EZ
- Total energy dissipated in the circuit in time t is £ (RT) E= o
................................. (01)
Alternative Method
Total energy dissipated in the circuit in time t = [2(R + 1)t ........... (01)
_ __E
E=I(R+71) :>I—R+r ............................... (01)
) ». Total energy dissipated in the circuit in time ¢ is
(—E“)Z R+n)t= i t (01)
— 7L S
(c)()Apply P = VI for a headlamp
60 =12 XTI ORI =54 (01)
Reading of the ammeter =2/ =10A ... e, (02)

wm,mmw.~W_—u“—*__%_w.
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(i) To find the resistance of a headlamp use one of the equations below

2

|4
P=12RORP=FORV=1R

P=I2R OR 60=25R s (01)
R=24Q  ———— (01)
(iii) For battery
E=V4+Ir=12+(10%0.03) oo (01)
=123V (01)

d I,=84

;2
1, = 2.4Q
I} Q\)
@
\_/
IAL rm
%
+ —
| AWy
l r=0.03Q
E=123V
V=E-Ir-(2)
I
V==m-(3)
2
() =>V=4%X24=96V e (01)
12.3-9.6
@ =>1="2222904 (01)
() =>1; =90 =8 =824 (01)
(i) V =Iyty =>7m = f’é- ......................................... (01)
=0117Q=10.120Q oo (01)
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@@V =110V, I,, =342 4
V' = Epack + luTm OR  Eppp = 11— 34.2 X 0.12

Epger =690V (No marks allocated )

Useful output power
PP % 100 %
Input Power

(i) Ef ficiency of the stater motor =

EbaciXIy 6.896
n = -2AKTM % 100 = 222 x 100
V'XIy 11
=62.7% (No marks allocated )
(f)
V~—Ir=Ir,+E,
Eb = —[(T+Tm)+V
Ey ==-rl+V
y=-mx+C
Esack
4
e (01)
(Expect shape with correct axis only)
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(g)Case I: Head lamps are OFF.

+
r=0.24 Q
E=108V
10.8 = (0.24 +0.12) I i (01)
(For the correct Substitution)
[ =30A OR 26A e (01)

Case II: The headlamps are kept ON

Lt Iy %Q

10.8 — (I, + 1,))0.24 = 1,,0.12

108 — (I, + [41)0.24 =112 s (01)
(For any correct equation)
Solving above two equations Iy = 2B12ZA (01)
(h)
(@)
i 2 Iz + —
E=108V r=0240Q
Vv
(V)
0120
WU RS2 (02)
(Positive terminal of discharged battery to positive
terminal of external battery should be connected)
”
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M y=L+L-0) e, (01)
10.8 = 0.12(1, + I,) + 0.241,
360, + 121, = 1080 > (2) e (01)
12.3 = 0.12(I; + I,) + 0.021, + 0.03L,
121, +17L, = 1230 > (3) e (01)
(3) x 3 —(2) => 391, = 2610
I, = %ﬁﬂ =669%67A (01)
@) => 1, =222 — 766 ~ 80 A
(1) =>67+8=T75A e (01)
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Part (B)
(@ () Why Field Effect Transistors (FET) are called unipolar Vop(+9V)

devices? What are the charge carriers contributing to the
operation of FETs? RS <

(ii) State why FETs are also known as voltage-controlled devices. Md b3 3 2.% kQ

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

22 MQ 1kQ
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

! ns f:s SR
S,
- 10R 8R
._..._...,..—...M—-—-——-. A'A'A'A'
+Vee
Sl
. 20R I
e WR 11 \I\
+
Sn /( Vu
rj --3?WR~—~ '“VCC _TL
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,,
Sl, SO, respectively, calculate the current [ indicated in figure (2) in terms of R.
(iii) Calculate the output voltage V, when a set of voltages (5V, 5V, 5V,35V) is applied simultaneously
to operate the switches S, S,, S, S, respectively. \ .

(c) A cash operated spack dispenser will provide a pack of ‘Marie’ or ‘Chocolate Cream’ biscuits und
the following conditions.
e The correct amount of cash is inserted (J)
‘Marie” (M) of ‘Chocolate Cream’ (C} is selected
o 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.
(if) 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 USRI (1} §)
Type of charge carriers either electrons or holes ... seeeerene(01)

(No Marks for electrons and holes)

(ii) Voltage between two of the terminals (Gate and Source) controls the

current through the device (01)
_VDD'VD _ 9-5 '
(iii) Ip= P vo~ (01)
= 1.82 mA cresersrrarsrsssanees(01)
Vs=IpRs=(1.82 X 1073) x 1x103 =182V e, (01)
| R _ 2:2x10° 1
V= (R1+R2) Vo= ex9=162V (01)
Vos=Vs-Ve=1-62—-1-82 e (01)
==02V e (01)
(b) (i)
8R
3oV A
> SR,
S, i
“-—»————ﬂ——“—-l\%%-—&v
g .
1M~yw—mi
So.  A4O0R |,
. -5 o(-
1= A]UR = W ..................... (01)
1

= (01)
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Il) 1=I3+12+11 +10 ..................... (01)
085 , 0 ,0{5 , 0L
= + — +—-—20R +———40R ..................... (01)
1 1 1
=% + 0 + R + R
11
== e (01)
Alternative Method
Finding equivalent resistance
1 1 1
; = :;‘E + —2—0} .;TR --------------------- (01)
1
SEaes e (01)
_0-(=5) _ 11
| = WRL Se o mmm—— (01)
i) All the switches are closed
[—"—"13 ’/'12 +11 +10
PRI A
SR ' 10R  20R  40R
1 1 1 1
[ = 2 + R + e + o
Also =1 e (01)
_ -V
[r= R e (01)
_ Y0
== e (01) .
o _ 15
2= e (01)
V=15V e (01)
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——r_—_—_—m——”—_————-—m————_—————_—_——_ﬁ———————“—
(Alternative method)
Since all switches are closed, equivalent resistance of the input side
1 _r 1,1, 1
= = + ToR + S0R + et (01)
1_ 15
R~ 40R
40R
R = e e (01)
. . . . Z Re
Voltage gain of an inverting amplifier=—=-—" rrirenrienne (01)
- V;'n Rin
__BRX15 _
V=—222x=5 (01)
V,=15V e (01)
() B=I[MX)+(Y)] (04)

(01 mark each for correct I, MX, CY and + terms)

Alternative Method 1

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

e

Alternative Method 2

R N U P S Ll L

ek lolololo|g
cio|loo|r|mikirin

P | OO | (= |O0|C | X

RO IOl |00
RimiololRr OlRIOC®m

(Awarding for 4 rows when B = 1 with 1 mark each for correct 2 row values)

B=IMCXY+IMCXY+IMCXY+IMCXY i (02)

(01 mark for each for correct 2 product terms. For the correct expression without
truth table, 1 Mark each for correct product term.)
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(i)

I »
ey
D—D

(02 marks each for 15 two AND gates with correct inputs, 02 marks for OR gate
with correct inputs, 01 mark for final AND gate with correct “I” input)

s

Alternative Method 1

(03 marks each for 1% two AND gates with correct inputs, 01 mark for final OR
gate with correct inputs)

Alternative Method 2
IMCXY

S0 000

vy

S?

— )

Y|Y

NN

Y

(02 marks for top AND gate, 01 mark each for remaining three AND gates with
correct inputs, 02 marks for final OR gate with correct inputs)

T T T e
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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 1s 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}i~~£—}.
i

(ii) Obtain an expression for the work done to inflate the tyre with N, gas.
(iify Assuming that the pumping process of N, gas is adiabatic, show that the change in the temperature

of the N, gas inside the tyre is %(i - %RTR . The change in internal energy of an ideal gas is given
Y 7

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 3R where R is the
universal gas constant. 2
{iv) This change in temperature, increases the pressure temporarily to a higher vaiue. Show that this change
in pressure is »25—(1’ - 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. (latm = 100kPa and 1 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° Cj.

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

ains constant

The pressure of a given mass of a gas is inversely proportional fo its Volume
m

A A I | LI

provided that the temperature ret

OR

P x 5 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.
reeineeeeen(02)
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Charles’ law

The volume of a given mass of the gas is directly proportional to 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.
e —————— (02)

(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, P1, T1) and (Vz, P2, T2), respectively.

Initial State Final State

ealien
A

Intermediate state

Applying Boyle's law for the constant temperature process
P1V1 - szl ““““““““““““““““ (A) ........................... (01)

Applying Charles’ law for the constant pressure process

iV
L=z (B) e, (01)
(A) & (B) =
M — ﬂz_ — I_JZ =constant, (01)
T T, T
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For one mole of gas the constant is known as the universal gas constant R.
PV

— =R for onemoleof gas. e eeenens ...(01)
If there are n mole of gas, % =NR e (01)
PV = nRT

Alternative method

Q10 (A) (ii)

Consider one mole of gas of volume V under pressure P at absolute
temperature T.

According to Boyle's law, for one mole of gas at absolute
temperature T

PV = constant (A) e (01)

According to Charles’ law, for one mole of gas at pressure P
% = Constant  ——--s---e-meemm- (B) e (01)
PV
(A) & (B) = = consStant  iiieressreseeeeraenaens (01)

For one mole of gas, the constant is known as the universal gas constant |
PV

'R’ — =R foronemole of gas. 01)
If there are n mole of gas, %‘C = DR e, (01)
PV = nRT

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

14 02
L) Re s (02)
-
PV
R eSO OP PP PP PP PP PP PR 02
n RTR ( )

Number of moles of the air from the tank o the tyre

no=n—n. = S e —— (01)
RTR  RTR
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V(P~Py)
RTg

-n ("_;ﬁ) ........................... (01)

- n(1-2)

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

14
n'RT Py nRTR
V' = R _ (1 _ _q)
Pc P Pc

As Nz gas flows from the tank into the tyre through the valve, the tank does
work at constant pressure P given =PV’ . (01)

= nRTy ( - %9) ........................ (No marks allocated )
(iii) 4Q = AU + AW e (01)
Adiabatic process 4Q = 0= AU = AW . (01)

-AU = AW = —nRTy (1 - ’—:;‘1) (work done on the system)

:> AT = ;:L—C; .............................. (01)
B (nRTR(1—5PQ))
T ns5/2R
2 P,
=: (1 - F) T, (No marks allocated )
(iv) Pressure rises to % (Te +AT) ieeeeeeeereeeeeeen, (01)

__ nRTpR nRAT

e R 2B 1 e | I (01)

Change in pressure 4P = -E(P — Py)

B e
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Alternative Method
AP P
e (01)
AV Y E i
AP_TRx5(1 P)TR ............................ (01)
Change in pressure AP = E(P —Py)
(c) (i) 1psi = 7kPa
P, = (20 x 7 + 100) = 240kPa e 01)
P= (30 x 7 +100) = 310kPa i (01)
_2(q P\ _2(q 220
at=2( p)TR-S(l 2300 e (01)
AT=27KOR27°C e (01)
i) AP = 2(310-240) e (01)
= 28kPa OR 4 psi e (01)
Maximum pressure in the tyre due to change in pressure,
Poa. = (310 + 28)  OR (30 + 4)
= 338 kPa OR = 34 PSI crreereereeennisecsieinenes o1
(iii) 1. Usual pumping process is not adiabatic. ~ cooeeneiciiinienen (01)
2. Normal air cannot be considered as an ideal gas.  ..ceeeveennenn. (01)
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Part (B)
Radicactivity is a spontaneous decay process by which an unstable nucicus becomes a stable nucleus by
emitting radiation. Decay rate is divectly propostional to. the number of radioactive atoms present at that
Radioactive iodine 'I is used in nuclear medicine to treat patients with, thyroid cancer. The half-life time
of Bl is § days. It decays 1o stable “*'Xe initially by emitting a 5 particle and then by emitting a
y-photon. The maximum tissue penetration length of this & is 2 mm. Usually ] is administered to
patients as sodium fodide (Na®'D) in the form of & capsule. Once administered, it is absorbed im0 the
blood stream and concentrated in the thyroid gland. Radiation emitted from Y kills tost of the cancer
cells in the thyroid gland. :
Simmmﬁmmva.powﬁﬂmﬁ'm&wm,\pmmmwmmmm;m
mwmmmmmdmmwummmswmm
wﬁvnydﬂwdnseadmmmdmme&catmw,theommwuwdfamm%(ﬁ}
which is not an SI unit. One Curie is equal to 37 x 10’ disintegrations per second.
A radicactive material inside the body, diminishes not only by radicactive decay but also by biological
clearance. This clearance is purely a biological process and follows an exponential varistion, characterized
by the decay constant A, Hence the effective decay constant i, due to both radicactive decay and
biological clearance can be stated as A= d + Ay w!me_kg is the decay constant correspomding to
physical adicactive decay. The effective half-fife time, which s used for radiation protection measures,
is calculated from the effective decay constant.
(@) () State two differences between the emissions of 8~ and y.

(ii} Rewrite the following decay equation replacing 4, b, and ¢ with correct numbers.

P Xe+ 257

(8) A fresh sample of Na'®'I, having an activity of 100 mCi is received by a hospital. The saniple is stared

in a lead container at room temperature;

(i) What is the ST unit used for activity?

(i) 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'*'I sample if it is stored at 0°C instead of storing at
room temperature? Explain the answer,

() A small amount of Na''l sample baving 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.
(i) Show that the effective balf-ife time 7, of 'l in thyroid gland can be given by - = 7-+L,
where 7, and T, are the half-life times due to radioaetive decay and biological clearance, repectively.
(iii) H the biological haif-life time of *'I in thyroid gland is 24 days, calculate the effective half-life time
of 31 (in days).
(iv) Caiculate the percentage change in the activity after 4 days of administration of Y1,
(Take e %% = (+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
BI[ treated patient has to be kept in isolation in the hospital before discharging?
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(a) (i)
| t Y
|is a particle emission “is a photon/ an electromagnetic
| radiation.
' B~ emission changes the proton  : no change in proton number/
' number/ atomic number) atomic number
(02 Marks for each difference).......ccovvvvinninnnen. (04)

. (ii)
(b) (i)

(ii)

(iii)

(iv)

(v)

(No Marks for properties of B~ and y)

131y _, 131 0p-
53l =& “siXe + 3P

a=54 b=0andc=-1 (01X 3)eiriirenirernrenennes (03)
Bqg (Becquerel) (02)
1=22 0R A=22 OR A= (02)
A, = Age™t
0.693

= 70 mCi
=70 % 37 x 10° Bq

=259%x 10°Bg (No marks allocated )

Change = (200-70mE  100%
100 mCi

=30% (No marks allocated )

No e (02)

T
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(€ (i)  yradiation (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 — ..coovevnin..., (02)
(i)  Ae=4y+ 4
Since 1 = 222
0.693 0.693 0.693
noC + T e, (02)
Therefore, ;—; = E + E
11,1
(iii) =% tor e (02)
T,=6days e, (02)

(iv) A, =A4ge™
=100 x e‘iﬁé?iﬂ = 100 x e~%® (for substitution)
= 63 mCi
Change = (100 63) X 100%

=37% (No marks allocated )

(v) 6days e, (02)

Because the effective half lifetime is 6 days. ...c.ccoceeeervvvnnnneen. (03)
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