All Rights Reserved | [ Confidential ]

NEW & OLD

Department of Examinations - Sri Lanka
G.C.E. (A/L) Examination - 2019

01 - Physics
New & Old Syllabus

Marking Scheme

This document has been prepared for the use of Marking Examiners. Some changes would be made according to the
views presented at the Chief Examiners' meeting.

Amendments to be included




- -_H:_II.E'-: . ".
fie s L
B b S Rl M

rald ¥}, eo@unime o sismmnesdl
I - imimntnaadl (a5 00 |

':M:.‘.m




Department of Examinations - Sri Lanka

Confidential

Bsoe Fotvas
umL. @60&sLD

8 Co» Bwd e¢ealine®s3nd

OEWIATOY: SURNE] (WCOY: 2: 0 A 1= 3 301 i1
g.6:0.8. (¢.60g) Beonen/ &.6ur.s. (2-wj SPU ufiems - 2019

0 &9 5O SVed®/ yHw wHELD umpw um _GHL LD

o1

Ssnn
umLLD

g 8e® 50500/ eieM eupEIGD FH LD

eS8 B¢Brd

| syes/ugdyw I

oG | BBnd: | o | 8Bndt | oe® | BBnse oo 880 =) 88mdo
o oD goo® oD oD ot oG ot o eotd®
alem | elenL aleir |alenL @ev.| alenm |aiemL @ov. efemm alenL eleorm aflenL
@ev. @ov. @ev. ®ev. @ev. @ev. @Bev. @ev.
1 I | 2
ol | 2% n |4 21 | . 3wl 7T Wy
2 | 2 2
2. | Y 2 | 4 o9 Ay LA <ol TR a2, |.. 7 .
5 2 2 3
08, oo | 1B 22 Za e | R 43, |-
5 5 5 2 2
o4, | 4., |__T___ 24. | __ 34, |------- 44, |iicc=-=
2 2 4 4 4
os. | B |7 25. | . 85,  ||mecmmin 45, ..
3 4 - 4
6. | 3 | . | 2 6. | 36.  |---o--- 46, |-
07. | 7. essioass 27, | wrmm A 47, .
4 3 5 1 4
os. | 1B.  Jusmmmss 98, | et 38, ||-—reme= 48. ... ;
|
3 5 2 5 4
oo. | 19, |------- 29, | ... 397 |esess 49, | _.
1 4 3 2 3
10 | 20. |ermcemes 30, | oo 40, |---s=e- 50. |-
J = l
O Bes® coecs/ «16F_ ofaymibsed :
o B8owd/ gm sfwnen el ée 01 ooy DcBs/ysiefl aigw
8O endn/Gurssi yshalssn 1 X 50 = 50

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

17



Department of Examinations - Sri Lanka Confidential

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)
[
PITTTTTTIITTIITTITT7
Figure (1)
(@) (i) Figure (2) shows the enlarged
view of the vertical cross section \ é
of the capillary tube along the Wall of the
axis. Draw the meniscus of the N Capillary
. \ A
liquid inside the capillary tabe Tube
and indicate the surface tension 7T,
and the contact angle 6 between \ \
the liquid and the glass surface
of the capillary tube in this figure. Figure (2)
\ k—-——Wau of the
Capillary
Tube
i VN \
Drawing the meniscus correctly =~ L (01)
Indicating one Twith an arrow in correct direction  ....ccoovviiiiniininnn. (01)
Indicating the Contactangle 6 (01)

M
e
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(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 Ak, r, and P, respectively, obtain
an expression for kpg in terms of T, r, and 6.

(27T cosO{=umng) = (mr2Dhegn o 10 1 71 Sxistimrsine veerreennens(01)

| 2Tcos @ (01)

r

hpg

Alternative Method

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

can be reduced to k= 2L .
708

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

Or Zero.  eessssseasseasenssainnieans

for small 8 — cos6 ~ 1 ORhpg = 2T/ 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 liguid surface.

(1 Mark for only raising the lab jack/adjust the pointer until the tip
touches the liquid surface)

01 - Physics (Marking Scheme) (New/Old Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included. 19
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(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,

(x 1073)
30%;.‘;— R e e
* HEHH LT m::ﬂ L _ SEREERER e e
254 saisiEiine: EH
-+ : 3_-:¥ . ok __; 1k
20 zaaaiis i
8 Znaasag S
7t : "h uE : 2! :
15 - e i
o JHiE G e
: g ; i FELHEEL .
5 gazes : -.-e-..%_ e H . : li_,mjj; ]
O - : T ) i'_)(x}ﬂs)
675 1980 125 156 175 200 225 250 275
() Cor_lsidering the equation in (q)(iii) above, identify and write down the independent
variable (x) and the dependent variable (y) of the graph.
B e e A A A A S
I Elmtne gonie At o e e o et
xi Lo (01)
y h e e 01)

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

Gradient

(26.5-6.5) x1073

= e = 140X 1070 MY e (01)
m = 2T/, OR TS T0PE) (o s o st (01)
2T = 1'404"10_52”000 R i (01)
T=702X102Nm L 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)

e
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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 wateris 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. (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

P: Tosupply steam = reeerenaeees (01)

Q: To control the pressure OR to maintain the pressure inside the

steam generator at the atmospheric pressure .........cceeeeeee (01)

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

(i) Steam supply (A ofr B) : .coovieniniiieiiiiienneae,

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

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

() Steamsupply (A or B):L.A L. e (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
SUURURRON (1} )

(ii)) Water supply (L or M):[ ; M\ ............................................. (01)
Reason:

To get large difference between the temperatures of the

thermometers Tz and T4
OR

To ensure maximum heat absorption by water
OR

To achieve the steady state quickly ~ .ooeiiiiiiiininnnn (01)

P S N e T eSS
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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
LU S S
R ——— ——— 1 1 L e .
T A 00~ | - Sl B Ao ne R Rl M o - | L W ¢ Mol | RO O 1
Instrumgnt 1 __’\Ea;s:u:ement ]
Vernier Caliper Dlame‘rer of the rod / Separation between T1
| B _and T, (in the rod) |
STopwa’rch ' Time taken to collect waTer (at sTeady sTaTe)

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

. Meter Ruler Separ'ahon beTween Tiand T3 (ln the rod) |
For any three correct instruments with correct specific Measurement/s.. (03)

{(d) The separation between the thermometers 7, and 7, is 8Ocm. If the constant temperature

readings of 7, and 7, are 73-8°C and 59-2 °C, respectively, calculate the temperature

gradient.
c 73.8—-59.2 14.6
Temperature gradient = ————- = ——— .. (01)
=1825°Cm™* OR 1825Km™! ... (01)

No (01)

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

() At thermal steady state, the difference in thermometer readings of T; and 7, is 9-5°C and
the flow rate of water is 120 g per minute. Calculatc the rate of hcat absu p(mu by water.
(Specific heat capacity of water is 4200Jkg™! K-!))

Absorption Rate = Q/t ms ,m >< sx 0= E X 4200 x 9.5  ..(01)

= 0PN ADBIW ' B g o gl (01)

01 - Physics [Marking Scheme) {New,0ld Syllabus;} ; G.C.E. {A/L) Examinaticn - 251 9 “Amendments 1o be included 23
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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.

Y=ka™% OR 798=Kx12x10*x1825  ..cooccoo.w. (1)

K=3644 WmK?Y (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 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.

GBS T2 1) ipw Tostal pf tevint semi ISIOEIDIE (01)

Heat flow through 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. (01)

3. A standard spectrometer, a glass prism, and a monochromatic light source are used to determine
the refractive index of the glass.
(@) 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 veiw of the cross wires

(i) 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.  ooiiiiiinnnnin. (02)

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

The slit should be adjusted to be narrow and vertical, (and
illuminated by a light source.) = iccisissssasseasesans (01)

01 - Physics {Marking Scheme) {New/0ld Syllabus) / G.C.E. (A/L} Examination - 2019 / Amendments to be included. 24
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(iv) Thc? teles_cope 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. e, 02)

(b) In order to level the prism table, the prism is placed as shown in figure (1) and the
screws P, @, 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 7, 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 corect? 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 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.
SRR (13 )

(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 7, to 7,. Calculate the prism angle A.

24 = 360° =T, + T, = 360° — 279° 58" + 38°02"  cemmrermscscrsrrennsesenens(01)
= 118° 04’
A=059°02" e (01)

O e e T e T S
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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

Figure (2)

70

Iy
T

50

30 : :

LS

I £
1 1 LLLL

20

it t e ll

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; T I3) —A e (02)
(ii) Determine the minimum angle of deviation D by using the graph.
n T
= From the graph i; =i, =i OR
E Correct line as indicated in the graph
o lEEEREE e eeeseeeeees e (01)
se a
N
30 -~
20 a—;il
0 3 4 S0 6 70 8 %0 (degrees)
i =475° OR 47°30" OR 47° OR 48° e (01)
Minimum angle of deviation =D =2i—A e (01)
= 2 x (47.5°) —59°02 ..(01)
= 35°58’ (34°58" OR 36°58") .ceeevnnnnnns (01)

01 - Physics (Marking Scheme) (New/Old Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included. 26
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(iii) Calculate the refractive index of the glass that the prisin is made of.

o ! o !
sin(A—+E) sin(sg 02 :35 58)
n = T e TR 01)
sin(A/z) Sin(59°02’) ke
2
= 1-4.'9 (1.48 - 1.51) ---------------------- sesusenban smspasnanep (01)
Alternative method
sini  sin47°30’
M= S o e (01)
=1.49 (148 - 1.51)  rrrreeiireniirirerseresierasnaerinns (01)
4. Figure (1) shows an experimental setip
of a potentiometer with a 4m long
wire, that can be used (o determine
the internal resistance r of a given
cell with electromotive force (emf)
E (< E).
(@) 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 i (01)

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

Yes. - - T T e O W (01)

Range can be adjusted by

varying the value of Q
OR
Increasing the length of the potentiometer wire

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.

YeS. . e s 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 continued 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 intermal resistance r

of the given cell in terms of [, [, and R.

izfﬂ OR L=2 cccimussissismaimmissmmisnragisss (01)
= 0
R V. R

VA—E(;;) OR  —=—— e (01)
R I

"R4+7r

_pfl_

r—R(l ) .......................................... (01)

(e) 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.

lo=724401cm OR [=501-01lcm .ocoviiininrnrnnnnnnns (01)
_ 72.4+01 - 22

r=8X (50-1_0.1 1) =8xX (50_0 1) ................................ (01)

r=3550 OR 3.600  sisusesiressscensevesvenoscuves (01)

R ________ ...
01 - Physics (Marking Scheme) (New/0ld Syllabus) / G.C.E. {A/L) Examination - 2019 / Amendments to be included. 28
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Alternative Method

8
or :r{%Jr—l},

miF
herer = 8 (g-j—‘lf B i L R Rt Al (01)
§r = 3.56 {% b= 00180, s 01)
(= 3.565Er08l)iEs IHTNR (BN T Trband 2 ol xsthdsolise st eng. (01)

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

SL

b _ 1 1_ (L) 1.1
l_(r)R+1 OR l A R+lo. (01)
X. 1/R
y: 10/1 ORE L i 2 L (01)

—

(Award this mark only if the equation is correct)

() The potentiometer circuit shown in figure (1) +V,
can be modified by replacing the part of the I
circuit marked X in figure (1), by the circuit 5':_@]( ,
shown in figure (2). For this, the terminals §' T’ = | Green | A LED
and 7' of the circuit shown in figure (2) are _y LED @Qg f
connected respectively to points S and T of the ’ §
potentiometer circuit shown in figure (1). | !

|
(1) Assume that the balance point is located I:
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?

Al A b s e v ap e 808 0838 m e OB EBB R mB A RAAAER E K BB NEET
L B R ————————
AtA: Green 000 ciiestiiisteiaemiiei e s e e 01)
AtB: Red s (01)

(AN
2

01 - Physics {Marking Scheme) (New/0ld Syllabus) / G.C.E. (A/L) Examinaticn - 2019 / Amendments o be inciuded.
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(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 be turned
off

OR

When the sliding key is kept at different points along the
potentiometer wire, at the balance point LEDs light ON and OFF

A T ey T R et a5 v s e as wiv s (02)

(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 point 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) ...........ccovevinennen.. 02)

B i
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S. (@) 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
F= a0
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 & = 3)

(b) 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)

[+

Spring

Rorn Flyball

Fixed ik

spring |

clamp J
Rotating axle lleed 1 ‘H‘\""
coupled to ower clamp -
the turbine Throttle <

valve @f -
Flow mbe Water {low
Figure (1)

Assume all the joints in this device are free to move without friction. During the rotation, fiyballs
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 comnected to it, is under
tension. Consider the mass of a fiyball to be m.
(i) If the angular velocity of each flyball about the rotational axle is w rad s, show that the

tensions in the upper and lower arms are respectively given by mT!(wz + %) and mTI(wZ - %)

Here ! is the length of each arm and # is the height to each fiyball from the lower clamp.
(iii) When the frequency of the output voltage is 50 Hz, the value of 4 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 [Marking Scheme] (New/0ld Syllabus} / G.C.E. (A/L) Examination - 2019 / Amerdments to be included. 31
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(c) When the frequency of the cutput voltage is 50 Hz, the throttle valve
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

@O =",

(Substitution should be there to award this mark)

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

3000 3000
w=21f =2X3X50 OR @ = —X 2T =——X2X3 e (O1)
60 60

= 300rads™? SRR (01§ |

(If 7 is considered as 3.14, then = 314 rad s

(b) (i)

mg OR
wmisrsaens(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)

—W
01 - Physics {Marking Scheme) (New, 0ld Syllabus) / G.C.E. (A/L} Examination - 2019 / Amendments to be included. 32
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(ii) For the 1** figure ( or the relevant diagram)
Applying Newton's 2" law (F = ma) along > direction

2
v
(T, + T,)cos =mrw?=m p S (0 V-3 ]

(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,)sin@ = mg SR (03 9 ]
. h T
Since sinf = I OR cos@ = n SN (03 §)
L/ n where r is the distance to the centre of the flyball from the
A central axle.
b T+ Ty = Mlw? . (1) SRS (0} )
l
T,-T, = G o v (2) ST (0 ) )
ml g
= 2 =2
W+@ > T=-|w?+]
ml g
_ _ Ul 2 5
W-@ > T=—|0?~]

(iii) 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?%)

g__ 10 ..o o1
> = =333 SESRURRURR (¢} )
- % & w? (For the comparison of two correct values) ..............c.ccoeeecreerene.(01)

Therefore, the term g/h can be neglected when determining the

tensions T, and T,.

e e e
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(iv) Tension in an upper arm

ml g1 mlw?
=12 18 ~
T, = 5 w +h] 5
1 X50x10~2 %(300 )2
= (300) SN (01 §
2
= 22500 N SO (¢ ) §

(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

F =kx SO (05§
i h
= 2T, sin@ = 2T, 7 ORI (0 ) §)

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

30%10%2
kX 20 %1072 = 2 % 22500 X e (01)
50x102

k =1.35x 10° Nm™? SO (03 )

(T, = 24649 N = k=148 x 105 Nm™)

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

w = 300/2 =150rads™! e (01 )

( =314/, = 157 rad s

e S S
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Tension in the upper arm

_ mlw?

L
1 x50x10_22 X(150 )2 (01)
— 5625 N S8 Yanmupe 11 V6T

(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 T 8 A el (01)
The height (k) to the flyball from the fixed lower clamp becomes,

h =30+ 9/, o (O1)

Now for the equilibrium of the sleeve

h
F = ke = 2T, sin8 = 2T; 7

(30+4/,) x1072

1.35x 10° X (20 —d) x 1072 =2 x 5625 X — ==l N (01)
50X10
(for the substitution)
d =13.84cm (13.8cm) SRR (03 §

(T, = 6162.25Nandk = 148 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)

e S S
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(a) (i) A

(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)

(ii) Ir=n o (= | = F S | R e ke e 3 (01)
v=fod, - (Bl e e et R - (01)

Sh =57 e
n
O s 01
=>f = | P s B T B i B St S (01)
(iii) Varying the (vibrating) length of the string ~ ..ieiiiiinnnss (01)
Varying the tension of the string (01)
. : 1 T
(b) (i) Fundemental frequencies n=1, f; = Z\/;
Since T & mare constant, f; X L =constant  ceeiiiniininenn (01)
1
260 Hz o¢ ommeemeees 25 i =l = 75 == (01)
1

1
L I SREL b el e S 1
f2 0.714 () O
1
..................................... 1
f3 0.5314 2 A
V() == —
(VR =760 = 070
£, =37143Hz BTLHz) . isssisesiesss (01)
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S _ 1
(2)/(X) =260 053
£ =490.57HzZ (491 HZ)  eeeeeevreereeeeeneennns (01)

(i) foevT OR f?xT

T _ [1.01f]2
=T = —f ........................... (01)

!

T
=== [1.01]%=1.02,

T -T

Uh=2% e (01)

Alternative Method

focNT OR f2u«T

Af  1AT

:>? T (01)
AT Af

> =27

T'-T
= % =2% 1 LU hereasesassesessmmssmatbeas (01)

(c) (i) ,

Bl 2

(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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W L= 01
M L=7 e (01)
== 22200 01

S A f X100 senisseeenieiReasaseeeee (01)
Required length of the pipe which produces the musical notes 'C' of
frequency 260 Hz

85
=——X100
260
=32.69cm (32.7CmM)  ceiiiiiserinneenaas (01)
Required length of the pipe which produces the musical notes 'B' of
frequency 491 Hz
85
=——X100
491
= 1731 cm (17.3cm)  ussesvineasssssiinsaissesss (01)
(iii) (L X f = constant)
32.7x260=Lx 255  eseesssessmmmmessaenssennys (01)
260
L = —x327
255
='33.33cm  (33.3cm) F Gessivesessrasnssenbiass (01)
0.64 cm (0.6 cm) towards the openend. ..coeieiiiiiiiiiniiinnnn. (01)
(iv) Fundamental frequency produced by the pipe will be doubled.

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

(For the correct diagram)

A=2L

S5 f=3%)
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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.

(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

s
V)=V, (1— e T), 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 1n0-5=-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)

(i) 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.

(¢) 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 77, £, £, a,
and v, where 1 is the coefficient of viscosity of oil, £, is the density of the oil, £; is the
density of air, a is the radius of the air bubble, and v is the velocity of the air bubble.

Gi) It is given that # = 7:5x1072 Pa s, @ = 900 kg m™>, £, = 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 cil, 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.

(a) (i) F = 6mnav revsesressanersneenssnesennensressrasees(02)
n - Coefficient of viscosity ]

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

v - Velocity of the sphere

et it S il eSS LS
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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
(For any two assumptions with 01 Mark each) (01 X 2).....couuerucrsennnnns(02)

(a) () V(&) = V(1 — =)

50 % Vy = Ve(1—e") 21—e/r=05 A I st (01)

= e /t=05=-t/=n05=-07 SRRSO (1: )

t=07%x7t=07%X4x10"%s . (No marks allocated )
=28x%x105s

A ) _ _ _t/ - _t/ __

([{[90%V; =Vr(1—e /7)) 1—e"/1=09 Y (11}
e r=01=2-t,=In01=-23 e (01)
t=23XT1T=23X4%X10%5s=92x%x10"°s .......(No marks allocated )

(i)

Vo
Vr __________________________________
>t ereereeeresseenseesssessssenes(03)

(01 Marks for the shape of the graph, and 01 Mark for marking the axis, 01 mark
for indicating V;, Award marks for drawing the graph by calculating points)
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(¢) (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=Vpg—6mnav —Vp,g e (03)

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

4 4
= sma’p,g — 6mnav — gna3pag .......................... (01)

(i) When the terminal velocity is achieved, Fy = 0 e (1))

Neglecting the weight (i.e. Zma3p,g) of the air bubble and the effect due
9 9 2

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

6nnav,; = gna3pog = Up = g %az ....................... (02)
vy =2x (79;)2;—13 x(01x10H2 (01)
=267x10"*ms™ ' (27x10"*ms™Y) o (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
(100.33 — 100) x 103 = 2 X (2X 1072 )/

r=121x10"*m(1.2 x 10~ m) OO 113

e e T T
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(iv) The terminal speed v; «x 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)

R e
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8. (@ (D) A cuvent [ flows through a thin wire of very small length Al Show that the magnetic. flux density
AR at 2 point with & perpendicular distance d away from this wire, is given by % ~
' 4

{ii} A-current / flows through a flat circutar coil of radius R with N number of furns as shown

in figure (1), Obtain an expression for the: magnitude of the magnetic flux density B af
the centre of the ¢oil. ' I
(i} Two such coils are placed coaxially with 2 separation R as shown in figure 2(a). The

current 7 flows through: beth coils in the same direction. Figure 2(b) shows the vertical

cross section of the coils through the common axis. Figure (1)

- L M

O
ox

O R
s ~ Figure 2(@) 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
€

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

&

Vacoum tube

Fluorescent screen §

P

R o S e By

Pomm in A TANEA)
S (VAVIRYA

._____,uw A AAAA

yy

~ 500V o -450V Figure (3) o B

(i) The function of the electrode A, is to controt the intensity of the electron beam. What is the
function of the electrode A7

(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,.) '

(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
magpetic field B is applied perpendicularly to the screen S. This makes
the electrons move in a circular path: s
If the radius of the path of the electron beam is 7, obtain an expression

= Circular coils
for the ratio (73-) of the electron.
. ) Figure (4)

— B

L

e e
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(¢) 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.

(i) When B = 1 mT and V,, = O, 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 (mi) of an electron.

€

(a) (i) From Biot-Savart Law 4B =%2sin6 e (01)
AB =% sin (g) ........................................ (01)
(Identifying 6 => OR  90°)

Ag - AIA

Ad’

(i) Magnetic flux density at the centre of the coil due to AL,

AB =%T%I .................................. (01)
Magnetic flux density at the centre due to whole coil, B = ¥ AB
B = z—;% OR B= %}—% Al
AB OR
k B == (Al + Aly + Aly + oo ALY e (01)
B = Z—;é 00 T — (02)

(1 Mark for 2R and 1 Mark for multiplying by N)

HolN
2R
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(iii)

(0]
At least 2 nearly parallel lines close to the centre of the coilS .voovvvveeevvr (01)
Arrow/s in a central line/s of force in correct direction i (01)
Additional Symmetric lines with arrow/s of force on the same coil ... (01)

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

beam of high velocity electrons (02)

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

OR

Any correct alternative reasoning L (01)

0+ (—e)(=V) = %mevz SO - N S | (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
v- =
me
[2ev
v = \jm—e (01)

01 - Physics (Marking Scheme) (New, 01¢ Syllabus} _GC E (A/L) Examination - 2019 / Amendments to be included. 17
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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
%)
ma=ef— |+  Fuew
l
) eV
d=— e
Im,

v? =u® +2as

Using

eV

”2.=O+2(1me)l

eV

Mme

(iii)  For circular motion of an electron;
Centripetal force = force on an electron due to magneftic field
mev?
= BeVU (02)
(1 Mark each for writing each side of the equation)
Ber
” =
Me
Ber 2eV Ber\?  2eV
= el I R et R (01)
me Me Me Me
e 2V (01)
me b BZTZ ..........................................
R S T s iy
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(c) (i)
Fz OR eE WA et a(01)

———t -y
—e

Fy OR evB REERNE W= Sl (0

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

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

Bev=eEw 5 « = 0 ms a diwm wm 1 (01)
Bev =e (% .......................................... (01)
v = % .......................................... (01)

— Vro

(iii) (1) V=0

840
s O T (01)
v=105x10"ms™?! T hm—— (v ]
(2) For circular motion of an electron
mev?
Bev = 7
mi = % ...(01)
e
1.05x107

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

= (1x1073)x(6x1072)

=175 X 10T CRE™Y e (01)

e —
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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;
(1) determine the units of emf.
(if) obtain an expression for the power gencrated by a source in terms of its emf £ 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 i
the total energy dissipated in the circuit in time ¢, in terms of §,
E,r, R, and t. ® @)
(c) Consider an electrochemical battery of a car that powers
the starter motor and the headlamps as shown in the circuit s Starjt/q‘r\Motor
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. V)
When only the headlamps are turned on (S, is closed) without Car Battery hed
starting the car (S, is open), the voltmeter shows a value :'"""'" ""h—_]
of 120 V. L 14 !
. . . 1 | W" ¥
(i) What is the reading of the ammeter? ! F i r=003Q |
(ii) What is the resistance of a headlamp? e 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 carrent 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
(ii) the efficiency of the starter motor, at this instant,

(f) 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 (urning 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 0-24 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.

(7} 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 €2 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.
(i1) Calculate the maximum current through the starter motor when starting the engine.

9. (Part A)

a) Electromotive Force (EMF) = Work Done/Charge

Np oW
(i) E = p
Units jC! USROS (1 7|

(No marks for other units)
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(ii) Work done Wimalils .. Aol snlt 6 40 s aiam gutd mn. b5, .. (01)
Power generated by the source
p="== B e (01)
P=EL (01)

b)
Total energy dissipated in the circuit in timet = Elt .. (01)
E
E=IR+71) ORI‘RTr ................................. (01)
- Total dissipated in the circuit in time ¢ is £ (=) e = =
- lotal energy dissipated in the circuit in time t i L
................................. (01)
Alternative Method
Total energy dissipated in the circuit in time t = I2(R + r)¢ correnn.(01)
E .
E:](R+7”) :]—E ............................... (01)
~ Total energy dissipated in the circuit in time ¢ is
E 2 E2
(R+r) (R+7r)t = T A (01)
(c)()Apply P = VI for a headlamp
60 =12 x/ ORI=54 ... (01)

Reading of the ammeter = 2/ = 10 A
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(i) To find the resistance of a headlamp use one of the equations below

2
P-——IZRORP:?ORV:IR

P=I?R OR 60 =25R
R=240Q
(iii) For battery

E=V+Ir=12+(10x0.03)

=123V
@ =84
R
‘2
r, = 2.4Q
h &)
1’\,.(
- N
—®
E S T
[ -
+|l—
’ VY
Il 0030
E=123V
@ I=1+Iy—- @)
V=E-Ir-(2)
I,
V=2m-0)
2
(3)=>V=4x24=96V
(2) => I = 123-96 _ g0 4
1)=>1,=90-8=824
Gi) V =Iyry => 1y = —

=0117Q=0120Q

01 - Physics {Marking Scheme) (New,/0ld Syllabus}
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@@ V=110V, I, =342 4
V' = Epgex + IyTm OR  Epgee = 11 —34.2 X 0.12

Epacr, =690V (No marks allocated )

Useful output power
L X 100 %
Input Power

(ii) Ef ficiency of the stater motor =

n = Zhasklu o 100 = £2% « 100
V'xIy 11
=62.7% (No marks allocated )

(f)

11‘ I'm
A
V—1Ir=Ir, +E

Ey=—I(r+nr,)+V

Ep=-nil+V
y=-mx+C
EBack

(Expect shape with correct axis only)

e LLL...aaaeeeeeeeaeeeae—— T T E
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(g)Case I: Head lamps are OFF.

40

E=108V

10.8 = (0.24 + 0.12) I bt (D)

(For the correct Substitution)

[ =30A OR 26A xR0 1)

Case II: The headlamps are kept ON

M)
' 0240
E=108V

108 - (IL + IM)024 s 1L12 ................................. (01)
(For any correct equation)
Solving above two equations [y = 2812A ... (01)
(h)
(i)

M
| | v
E=123V r=0.02 Q
0.015 Q 0.015Q

& e
; .

i —H AVAVAY

| E=108 V] r=0240Q

?[.\]

L M)

J

N

ORBRE s e (02)

(Positive terminal of discharged battery to positive
terminal of external battery should be connected)

B e T L e e e
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@) Iy=L+L - ST |1+ |

10.8 = 0.12(I, + I,) + 0.241,

360 + 121, ='1080 > (2) s (01)
12.3 = 0.12(I; + I,) + 0.021, + 0.031,

121, + 170, =1230 > (3) e (01)

(3) x 3 — (2) => 391, = 2610

__ 2610

Iz = ? =669. =67 A | | =05 immiasemstrestmeesiie (01)
@) => 1, =222 _ 766~ 80A
(D=>67+82T75A ee—— (01)

R e T i el e e A P L P T T T T P e e T e S T e e S LA W T P S e e e Rt
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Part (B)
@ () Why Field Effect Transistors (FET) are called unipolar Vop+2 V)
devices? What are the charge carriers contributing to the
operation of FETs? RS °
(ii) State why FETs are also known as voltage-controlled devices. 10 MS; b b3 2.’5 kQ
(iii) Calculate the drain current /,, and the Gate-Source voltage '
Vs for the circuit shown in figure (1), assuming V, =5 V.
RzEE R
2:2 MQT 1kQ
Figure (1)

() 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
Les5 o
S, .
ZU...- v
e +¥ec
Sl

it

—9
+
% 40 o W,
r/ — A —— b=Yor _L
b <

D, D, D, D, — =

Figure (2)

(i) When D, is *High’, find the current through the resistor 10R in terms of R.
@ii) If a set of voltages (5V, OV, 5V, 5V) is applied simultaneously to operate the switches S, S,
Sl, Sy respectively, calculate the current / indicated in figure (2) in terms of R.
(iii) Calculate the output voltage V, when a set of voltages (SV, 5V, 5V, 5V) is applied simultaneonsly
to operate the switches S, S,, S|, S, respectively.

() A cash operated snack dispenser will provide a pack of ‘Marie’ or ‘Chocolate Cream’ biscuits unds
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.

e e e A S S e e S )
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09.PartB
(a) (i) Because they operate only with one type of charge carriers verennen(01)
Type of charge carriers either electrons or holes ... sussss(0F)

(No Marks for electrons and holes)

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

current through the device (01)
Vop-V, 9-5
(iii) Ip= DED 2 = vy 2R (01)
= 1.82mA B 0)
Ve=IpR=(1.82 X 1073) X 1x103 =182V  eeesererenens (01)
R 2-2 x10°
V= (RJjRZ) Gp=2220x9=162V e (01)
VRO erty = o8 semplee G T TEET RN (01)
S A NI = - T o a (01)
(b) (i)
32 Y w%&f I-
L BN
S, i ! \_"_"“‘J
-~ b I e Q
1»—5-1/w—m. __1[}‘/ /
Se_  AOR i, '

, Vy-(-5) 0-(-5)
2="0r 10R ~(02)
1
Fon (01)
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II) [=13+12+11 +10 ..................... (01)
_o0(5 0 05 09
T 5R +10R+ 20R * 40R -(01)
1 1 1
=2 + 0 + o + R
11
== e (01)
Alternative Method
Finding equivalent resistance
1 1 7 1
;—g}‘)‘ %}_27‘-& ..(01)
1 11
e =(01)
_0-(=5 _ 11
I = —40R/11 === e (01)
iii) All the switches are closed
1———13 +12 +11 +10
5
=% " 7 " 2k T ar
1 1 1 1
[ = 2 + R + T + T
Also =1 T e (01)
Vo-Va
e = = T i~ (01)
V,-0
=S e (01)
Vo _ 15
2= (01)
V=15V ...(01)

T e e e e ey ST T
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r————_ — — T
(Alternative method)
Since all switches are closed, equivalent resistance of the input side
1 1 1 1
;—Ez+m+m+a ..................... (01)
= 970
R~ 40R
. 40R
R = 7 e (01)
: . . e Vo Rf
Voltage gain of an inverting amplifier=— =-— i (01)
Wn Rin
8RX15
V,=— 2o X =5 @ = " R —— (01)
VL=15V e (01)
@@ B=T[MX)+ (Y] . (04)

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

Alternative Method 1

B=IMX+ICY

Alternative Method 2

I'mclIx]y[B
1]ofJ1]ofo]o]
1{o|1]0|1]1
l1/ol1]1]0]0
l1lol1]1]1]1
l1[1]ofofo]o
l1{1]0|lo|1]0
1{1]of1]of1
110 fa] o]l

B=IMCXY+IMCXY+IMCXY+IMCXY

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

———

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

(01 mark for each for correct 2 product terms. For the correct expression without
truth table, 1 Mark each for correct product term.)
R e e e S ST T ] e S R e e B e T O TS 8 S T e S S I i Wi e S e e e S e ) M A B e T S i St

PO | 1 7.3
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(i)

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

(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

=
M 3
v 1)
B
D
Y e

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

Alternative Method 2

SN

—
> |/
B
—k =

nr—~————Dx——-_/
——™

ST L TR - (07)

(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)

e R e e
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10. Answer either part (A) or part (B) only.
Part (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 T, 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 comtains a total of n number of N2 moles. Assume that there is

no change in volume of the tyre.
(1) Assuming that the N, gas inside the tyre behaves like an ideal gas, show that the number of moles of
£
N, gas pumped into the tyre is n(1~?J.

(i1) Obtain an expression for the work done to inflate the tyre with N2 gas.
(ili) Assuming that the pumping process of N, gas is adiabatic, show that the change in the temperature

Pt
of the N, gas inside the tyre is %(l - ?" J T, . The change in internai energy of an ideal gas is given

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 STR 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— R).
(¢) 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 = 7TkPa)

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

(1) Calculate the change in temperature of N, gas in the tyre.
(i1) 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
m

provided that the temberature remains constant

OR

P x 5 for a given mass of the gas at constant tfemperature, 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 1 &
P are volume and pressure of the gas, respectively.

T (e ‘014 oS Ry e o s e e e _
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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 ocT 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 (Vi, P1, T1) and (Vz, P2, T2), respectively.

Initial Staie Final State

="

Intermediate state

Applying Boyle's law for the constant temperature process

PV, = P,V B sk (01)

Applying Charles' law for the constant pressure process

Vog¥e
e (B) sssesssmscigmescssvessese 01
(A) & (B) =
A _ RV2 — =coRsEms, ® 0 B . oos0000500000000 (Y
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For one mole of gas the constant is known as the universal gas constant R.
PV

— =R foronemoleofgas. L. (01)
If there are n mole of gas, PT—V =R evieeeeeneenanenns (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
Tfemperature T

PV = constant Y (01)

According to Charles’ law, for one mole of gas at pressure P
14
7= Constant  ——-—emememmeeo (B) e (01)
PV
(A) & (B) ==constant  eeeenns (01)

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

'R, % = R foronemole of gas.  verecreereeeeen (01)
If there are n mole of gas, PTV = DR rieriiieieresieasnrnranes (01)
PV = nRT

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

_ PV 02
ng RTn e, (02)
—
PV
=c—— ~_EL N I T s L ke oo 02
n RTR ( )

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

PV BV
N =n—ng ==l m e (01)
RTR  RTg
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V(P-Py)
RTR

S ) P — (01)

-n(1-3)

(i) Let V' be the volume of these n' moles of air in the tank under pressure Pc

at temperature Ty

1 — MWRTR _ (41 _ Po)nRTR
= Pc - (1 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’ e (01)
(Award this mark for identifying the work as P AV)

= nRTy ( — EPO-) ........................ (No marks allocated )
(iii) 4Q = AU + AW riieseeeseeriereieeaeas 01)
Adiabatic process AQ = 0= —AU = AW (01)

-AU = AW = —nRTy (1 - %) (work done on the system)

Given AU = nCy AT, Cy = 5R/2

— AT = —‘-“Li .............................. (01)
Vv
(nRTR(i——D )
n5/2R
=2 (1 = %0) i = =l B L (No marks allocated )
(iv) Pressure rises to % Gy ) [ P SR o LAY (01)
__ nRTgR | nRAT _ 2(. Py
=Rl 2 =Py P[5(1 L3 ] IO (01)
Change in pressure AP = E(P - Py)

w
e T e === i LIS
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Alternative Method
AP P
Z0 0 et 01)
— P y2(1_R
ap =7 (1-B) e 01)
Change in pressure 4P = E(P — Py)
(c) (i) 1psi = 7kPa
Py = (20 X 7 + 100) = 240KPa  eeeeeeeeeeeeeeeeeeeeeenns (01)
P= (30 X7+ 100) = 310KPa  iiiiierierenenennnnens (01)
_2(q _Po\p _2(q_240
aT=2( p)TR-S(l 2X300 e (01)
NEPVIORZYCCE il i ke s T Wl B oS (01)
(i) AP = 2(310 =k T e S 01)
=28kPa OR  4psi (01)
Maximum pressure in the tyre due to change in pressure,
Phax = (310 + 28)  OR (30 + 4)
= 338 kPa OR =3} |05 o S sw———_ p— 01)
(iii) 1. Usual pumping process is not adiabatic. ... (01)
2. Normal air cannot be considered as an ideal gas.  ....ceevnnennn. (01)
¥
e ]
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Part (B)
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 mumber of radioactive atoms present at that
instant but independent of externat physical conditions.
Radioactive iodine '] is used in nuclear medicine to ticat patients with thyroid cancer. The haif-life time
of Y is 8 days. It decays to stable "Xe initially by emitting a § particle and then by emitting 2
y-photon. The maximum tissue penetration length of this § is 2 mm. Usually ™' is administered to
patients as sodium iodide (NaP!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 kifls 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 i equal to 37 x 10° disintégrations 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 A, Hence the effective decay comstant 4, due to both radicactive decay and
biological clearance can be stated as 4, = 4 +ib.whmlgisth¢decayconsmntmpmdingw
physical radioactive decay. The effective haif life time, which is used for radiation protection measures,
is calculated from the effective decay constant.
(a) (i) State two differences between the emissions of £~ and y.
(ii} Rewrite the following decay equation replacing @, b, and ¢ with correct numbers.
Y Ol
() A fresh sample of Na'3'I | having an setivity of 100 mCi is received by a hospital. The sample is stored
in a lead container at room tetaperature.
() What is the SI unit used for dctivity?
(i) Write down an expression for the decay constant 4 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'>'l sample if it is stored at 0°C instead of storing at
room temperature? Explain the answer.
(¢} A small amoust of Na'3'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 half-life tme T, of 'l in thyroid gland can be given by —;},— = ‘fl'“‘:?{"
e p

]
where T p and T, are the half-life times due to radioactive decay and biological clearance, respectively.
(ifi) ¥ the biclogical half-life time of I in thyroid gland is 24 days, calculate the effective half-life time
of 1 (in days).
(iv) Calculate the pércentage change in the activity after 4 days of administraiion of P'1.
(Take €% = (-63)

(v) According to radiation protection regulations, ! 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 abave
B treated patient has to be kept in isolation in the hospital before discharging?
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(a) (i)
S v ]
|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 ' r
(02 Marks for each difference).......cccveuvenneennennes (04)
(No Marks for properties of B~ and y)
(i) 55l tiXe + 3BT
a=54 b=0andc=—1 (01X BN csassminsamvesssnsss (03)
(b) (i) Bq (Becquerel) e, (02)
i) A=22 OR A=22B 0R A= s (02)
T T T
(iii) Ay = Age ™™
_0693 ,
=100Xxe” 8 " =100xe 03>
= 70 mCi
= 70 X 37 X 10° Bg
=259 X 10°Bg e (No marks allocated )
L _ (100-70)mCi
(iv) Change = S X 100%
=30% (No marks allocated )
O g == wm b'n gl ' iy el (02)
Radioactivity is independent of external physical conditions.
........................... (02)
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(c) (i) yradiation e (62)

B~ will not come out of the body as the maximum penetration length

is 2 mm.
OR
y radiation has longer penetration length/Power  ..cococvvvnieenenns (02)
(i) =24, +4,
Since 1 = 222
T
o (02)
Te 7 Tp
Therefore, — = —+ —
i e K
1,1
(iii) stz e (02)
T,=6days eseessmssspssssessiasuesi (02)

(iV) A4 - Aoe—lt

0.693

=100 X e 6 “* =100 x e~ %% (for substitution)

= 63 m(Ci
Change = (100-6%) 5 100%
100
=37% 0 esvemeestesnSessaned (No marks allocated )
VM bdays . s (02)
Because the effective half lifetime is 6 days. ....ccooeveeivninrinnnnns (03)

01 - Physics {Marking Scheme) (New, Oid Syllabus} / G.C.E (A/L) Examiuation - 2013 / Amendments to be included.



Department of Examinations - Sri Lanka Confidential

10. Answer either part (A) or part (B) only.
Part (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 F,, at room temperature T, is connected to a compressed
nitrogen (N,) gas tank via a valve. The tyre initially contains only N, gas. After inflating the tyre with
N2 gas, its final pressure is P and it contains a total of » number of N2 moles. Assume that there is
no change in volume of the tyre.

(1) 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"].
(i) Obtain an expression for the work done to inflate the tyre with N, gas.
(ii1) Assuming that the pumping process of N, gas is adiabatic, show that the change in the temperature
s
%{1 - 70 )i T, . The change in internal energy of an ideal gas is given

A\

of the N, gas inside the tyre is

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 %? where R is the

universal gas constant.
{iv) This change in temperature, increases the pressure temporarily to a higher value. Show that this change

$(P-n)

(¢) 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 1 psi = 7kPa)
A deflated tyre at 20 psi pressure is pumped further with N, gas to a pressure of 3Q psi at room
temperature (27° C).
(1) Calculate the change in temperature of N, gas in the tyre.

in pressure is

(it) Calculate the maximum pressure in the tyre due to this change in temperature.

(iiiy 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

LAEI L R A

OR

P < 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.

T e T R e—
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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 femperature of the gas, respectively.

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

Initial State Final State

={%5")

Intermediate state

Applying Boyle's law for the constant temperature process

PV, =PV’ 1 (A e (01)

Applying Charles’ law for the constant pressure process

Uil Uy UV Rkl
e B ceeceassemsiissssasmsiss (01)
(A) & (B) =
fﬂ — % = iz = Constant, .................. (01)
e T T

01 - Physics {Marking Scheme) {(New/Old Syllabus) / G.C.E. (A/L) Examination - 2019 / Amendments to be included. 62



Department of Examinations - Sri Lanka Confidential

For one mole of gas the constant is known as the universal gas constant R.

% =R foronemoleof gas. e, (1))
If there are n mole of gas, ETK S 1 - S PR (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) cissssesscsvessssseneseney 01)
According to Charles' law, for one mole of gas at pressure P

; = Constant = ------------m-m-- (B) e (01)
(A) & (B) = % = CONStANt  iiiiiiirsesseecenasienns 01)

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

'R’ —';1 = R foronemole of gas. i, (01)
If there are n mole of gas, ETK R  » " g e (01)
PV = nRT

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

N 14
Mo=gr e (02)
PV .
n= m ........................... (02)

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

PV PoV
N SN =Ny = ——— == cesesrssrssrssssesesssrses (1))
RTg RTR

e e - e e
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V(P~-Pg)
RTp

-7 (";”°) ........................... (01)

- n(1-2)

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

V, — n/RTR - (1 —EQ)nRTR
Pe 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’ v, (01)
(Award this mark for identifying the work as P AV)

= nRTg ( = %) ........................ (No marks allocated )
(iii) 4Q = AU + AW e 01)
Adiabatic process AQ = 0= —AU = AW = oseesosessesse (01)

-AU = AW = —nRTy (1 - %") (work done on the system)

Given AU = nCy AT, C, = 5R/2

= NFE=E 0 ytda = L) (01)

nCy

~ (n!f?'g(l—ifj)

n5/2R
=2(1-2)1 No marks allocated
== S)Tr (No marks allocated )
(iv) Pressure rises to % (T +AT)  isssenesmwenseakensennsss (01)
__ nRTR , nRAT _ 2(, Py
=R BT = P+P[5(1 LS ] (01)
Change in pressure AP = —ZS-(P — Py)

-
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Alternative Method
= = % ........................... (01)
AP:%XE( BT s (01)
Change in pressure AP = (P — Py)
(c) (i) 1psi = 7kPa
P, = (20 x 7 + 100) = 240kPa = smooweiisassdsisi (01)
P=(30 X7+ 100)= 310kPa  oeerereeereenerr e, (01)
at=2( —%)TR=§(1—%)><300 ........................... 01)
AT=27KOR27°%C eensenessRie e s 01)
(i) AP = 2(310 ToNE = =t BN Sl (01)
=28kPa OR  4psi e, (01)
Maximum pressure in the tyre due to change in pressure,
P, = (310 + 28) OR (30 + 4)
= 338 kPa OR = 34DSI 1 enessasnEsE SRR (01)
(ii) 1. Usual pumping process is not adiabatic. .., (01)
2. Normal air cannot be considered as an ideal gas. ...l (01)

e e e e e e S e
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Radioattivity is a spomtaneous 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
insi:afntbmindependanofexml’ . physical conditions.

Radioactive iodine '] is ysed in nuclear medicine to. treat patients with thyroid cancer. The half-life time
of BY is § days. It decays 1o stable “'Xe initially by emitting a A particle and then by emitting a
y-photon. The maximum tissue penetration length of this § is 2 mm. Usually Y is administered to
patients as sodium iodide (Na®') in the form of a capsule. Once administered, it is absorbed into the
blood stream and concentrated in the thywid gland. Radiation emitted from I kills most of the cancer
cells in the thyroid gland.

Since the patient becomes a potential somrce of radiation, precautions must be taken to minimize the
radiation exposure to others dround. The amoumt of radiation emitied by the patient is proportional fo 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° disintagrations 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 variation, characterized
by the decay constant A, Hence the effective decay constant 4, due to both radioactive decay and
biologicalcleamncccaubesmedas}. = A, + A, where 2 mthedewycunstanteormspmdmgto
physical radioactive decay. The effective half-life time which is used for radiation profection measures,
is calculated from the effective decay constant.

(@) (i) State two differences between the emissions of §~ and y.
(iiy Rewrite the following decay equation replacing @, b, and ¢ with correct numbers,

Ei; . 131XE+ ﬁﬁ-'

(#) A fresh sample of Na''I, having an sctivity of 100 mCi is received by a hospital. The saniple is stored
in a lead container at room temperature.
(i) What is the SI unit used for activity?
(i) Write down an expression for the decay constant 4 in terms of half-life time 7.
(it} Calculate the activity of the above sample after 4 days and express the answer it 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.
{c} A small amount of Na®'l sample having an activity of 100 mCi s 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.
(if) Show that the effective half-life time T, of 'l in thyroid gland can be given by 7 4= :}-4‘:}.—
where 7 and T, are the hatf-fife times due to radicactive decay and biological dmme, respecuvety

(i) K the bldngmal half-life time of 'I in thyroid gland is 24 days, calculate the effective half-life time
1311 {in da}'S)
(iv) Calcuiate the percentage change in the activity after 4 days of administration of *'L.
{(Take %% = ¢63)
(v) According to radiation protection regulations, '*!I treated patients can be discharged from the hospitat
when the activity is below or equal to 50 mCi. If this regulation is followed, how long the abave
B treated paticnt has to be kept in isolation in the hospital befare discharging?
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(a) (i)

5

y

is a particle emission

_is a photon/ an elecTromagnéTic
radiation.

' B~ emission changes the proton
number/ atomic number)

“no change in proton number/
atomic humber

(02 Marks for each difference).........ccouuuuveennnn... (04)
(No Marks for properties of B~ and y)

(i) T3l — "5Xe + 1B
a=54 b=0,andc=—1 (01X 3)eereeeeevevennnnnn, (03)
(b) (i) Ba' {Becguerelln " ™= . = B ap oo amly a i (02)
(ii) A:‘“TZ OR 1==2 OR L E e (02)

(iii) Ay = Age™t

0.693

=100xe 8 “*=100x 035

= 70 mCi
= 70 % 37 x 10° Bq

= 2.59 x 10° Bq

(iv) Change = “2°-7mC 1000
100 mCi
=30 %
(v) No
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(c) (i)  yradiation s (02)

8~ will not come out of the body as the maximum penetration length

is 2 mm.
OR
v radiation has longer penetration length/Power — ......cceineeeen. (02)
(ii) Ae = ;[P + A‘b
Since 1 = 222
T
0.693 — 0.693 + O = = BN EELLEE." » @ ,7 =T g (02)
Te Tp Ty
Therefore, — = — + —
Te Tp Tp
1 1
(III) —e = g z ........................... (02)
T,=6days = sesdesemsesesesssssessse (02)

(iV) A4_ = AOQ—M

0.693
=100 x e 6 <% =100 x e~%*® (for substitution)

= 63 mC(i
Change = (1%;63)- X 100%
=37% e (No marks allocated )
(v) 6days (02)
Because the effective half lifetime is 6 days. .....ccovvieriennnnnen. (03)
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