Department of Examination — Sri Lanka
G. C. E. (A/L) Examination — 2017
O1- Physics

Marking Scheme

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2017 | Amendment to be included.


https://pastpapers.wiki/

Department of Examination - Sri Lanka

G.C.E. (A/L) Examination - 2017
01 - Physics
Distribution of Marks

) Paper 1 - 50

® Paper 11 -

Part A - 10 x4 =40
Part B - 15 x4 =60
Total - 100

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2017 | Amendment to be included.



https://pastpapers.wiki/

Department of Examination - Sri Lanka

By O HBE ek | apapts ugiin e jsniwgtiAll Rights Reserved]

WMWWQSWM
fimol L ansd  enembaaid  Geoensll
Depantmient of F .x'lmtt'l,utiuns Sni Lanka I)cpﬂrlmcnl o

y @ 8o B
om0t g e e;mbcm!ldqg
antment of Examinations. $ri Lanka

@@a&m ﬁqma l
Quengseiwsd |

{14 Physu:s 1
lnstmcﬁons‘ it e f
% This question paper consists of 50 quéstions in 10 pag {5‘&1«‘ @5{
% Answer all the questions. ' _ %W oeokne: -
* ﬁhteyowlndexNumbermﬂzespacepmvfdsdhmei owarsheet i .
% Reéad the instructions given on the back of the: gnswer sheet’ careﬁdly R
* In ‘each “of the questions 1 to 50, pick one of the alternativés from (1), (2), @), @, )

which is eomwmmapnmmmwmemﬁemmmm
a cmn(x}mucoféamuiﬂ!lﬁehmm given on the back of the answer sheet.

Use of calculators is not allowed.
(Acceleration due to gravity, g = 10Nkg™h

. 1. Unit of current. density is - R s % i : '
() Am? @ Am? @ Am?. . @ Am' (5 Am
2. a, b, ¢ and d are physical quantitics having different dimensions, and & is a dimensionless constant.
Consider the following refationships: - . ]
Of the abuve refationships .
(1) only B_is dimensionally val:ﬁ
(2 only Cis dlmensmna!ly valid.
(3) only A and B are dimensionally valid.
(4) oniy A and C are dimensionally valid.
(5) all A B and C are tﬁmenswnally valid.

3. A uniform thin wire is bent. into.a wire-frame with its two ends X and [~ og x
Y kept opened as shown in the figure. The centre of gravity of the wire-
framt is most likely to be at the point, c D ¥
M A . .
@ B 1% B
(3 <.
4 D
(5) E

4. A tube with one end closed resonates af its fmxdamemal fmqumcy wnth a turung fork of frequency /. When
the closed end is opened, the same length of the tube will fesonate at its fundamental frequency with a
tuning fork of frequency aptntmmately equal to
w L @ Lo @f @y O

5 A potentiometer is not used for . x
(1) compasing resistances.

(2) ccmpanng emfs.

(3) measuring the intemal resistance of a cell.
(4) wmeasuring very small emfis. '

3) mcasnring varying voltages.

6. Two rods A and B are connected end to end. Souudwavclravcihngmmdﬁ has a speed v. If it enters the rod
B whose Young’s modulus is four times that of A but having the same density as A, the speed of the sound
wave in rod B will be

Wy o3 v G 5) 4v

01-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2017 | Amendment to be included.


https://pastpapers.wiki/

Department of Examination - Sri Lanka

7.

10.

i1.

12.

A thin transparent convex lens made of ice is immersed in water at
0°C, and rays of parallel light are made to incident on the lens as
shown in the figure. Refractive indices of ice and water relative to’
air are 1.31 and 1.33 respectively. Consider the following statements:
(A) Parallel light rays get converged to a point on the nght
side far away from the lens.
(B) Ice lens behaves as a diverging lens under thlS situation.
(C) Recal images cannot be observed under this situation.

Of the above statements, -
(1) only A is true. (2) only B is true.. (3) only C is true.
(4) only A and C are true. (5) only B and C are true.

Current drawn from the battery in the circuit shown is
4 20V ¥

M ¢z 2. 3 2z
27V mv
@ 1828 O 3828

In a compound microscope under normal adjustment,

(1) the object distance is less than the focal length of the objective.
(2) the image formed by the objective is virtual. '
(3) the image formed by the objective is located within the focal length of the. eyepiece.

(4) the final image is real.

(5) overall angular magnification can be increased by using an ob;echve having a larget focal length.

A body executes simple harmonic motion along the x-axis around the point O. The variation of the
acceleration (a) of the body with the displacement (x) from O is correctly represented in

ajy a ai . ay a
e X 0 X sy —> X BT X x

(1y @ 3) @) ®)

Which of the following statements is not true regarding progressive transverse waves in a stretched string?

(1) Direction of the motion of particles in the string is normal to the direction of propagation of the wave.

(2) Speed of the wave is inversely proportional to the squarc root of the mass per unit length of the
string when the tension of the string is constant.

(3) Energy carried by the wave depends. on the amplitude of the wave.

(4) Waves formed on the string cannot be refiected.

(5) Two adjacent particles of the string do not move with the same speed at a given instant.

A solid sphere at 8°C with volume expansivity y, is completely immersed and floating in a liquid at 6°C

as shown in the figure. Volume expansivity of the liquid is Tf(>7’s) The entire sphere with the liquid is
cooled down to a certain temperature. 3 ’

Consider the following statements.
(A) A part of the sphere will be above the surface of the liquid after cooling.
(B) The magnitude of the upthrust acting on the sphere will not change.
(C) The density of the sphere will be greater than the liquid after cooling.
Of the above statements,
(1) only A is true. (2) only B is true.
(3) only A and B are true. (4) only B and C are true.
(5) all A, B and C are true.
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13.

14.

15.

16.

17.

18.

19.

twelve holes in each disc with three different radii as shown

A solid block of metal of volume I m® and density 8 10 kg m?
rests at the bottom of a lake. What is the volume of a helium filled
balloon connected as shown in the figure to make the block just
float at the bottom of the lake? Neglect the mass of the balloon
with helium. (Density of water = 1% 10%kgm™)

ay 7md (2) 8m? ) 70m’

4) 80m’ (5) 700m*

One of the surfaces of a glass prism of refractive index 1.5, is silvered as shown inthe A
figure. A ray of light falling on the face AB with an angle of incidence 6 gets reflected

from the silvered surface and retums along the same path. Which one of the following ,
values is closest to 0 ?

1y 37° (2) 41° (3) 49°

4 51° (5) 56°

Figurc shows a distribution of static electric ‘charges enclosed by a Gaussian .
surface S. X is an unknown charge. If the net outward electric flux through the

surface S is =, then charge X is
0

() -3q Q) -2q 3) ¢
@ +gq (5) +2¢q '

Three identical uniform metal discs are perforated to form

in the figures (A), (B) and (C). The three discs A, B and C
when arranged so that their moments of inertia, about an axis
normal to the plane of the disc and passing through the centre,

are in the ascending order, is .
() B,C.A @) A,B,C @) C,B,A @ (®) ©
4 A,.C.B 5y B,A,C :

A person with surface body temperature 30°C is in an environment of temperature 20 °C. The net rate of loss
of heat due to radiation from the body is proportional to (Assume that the black body radiation-conditions can
be applied.) ' ’

(1) 303%-293* (2) 293¢ @ 10 4) 3034+293* (5 30*-20*

When the transistor shown in the circuit is biased in the a:czive mode, the collector oV
current will be : . _ ; 4%0

(1) 060mA (2) 0.80mA (3) 1.25mA ! V=4V
4) 140mA (5) 2.50mA - :

When the switch S is closed in the circnit shown,

(1) only A will glow. ' DHDHA [\ia |
(2) only B and C will glow. ' i
(3) only B and D will glow. DDt E-\\Bl'
(4) only B, C and D will glow. —
(5) all A, B, C and D will glow. ‘mj;%l—
WD <
W

\!
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20. Two digital voltage waveforms A and B shown are connected to the two inputs of the gate shown.

t=0 F

rﬂ;LfLI_LJ_I_ 1 UL

s i=0
() =0 @ 3)
R O _ 1 |
=0 =0
@ (5)

21. A beam of monochromatic light is incident on a metal surface which is capable of producing photoelectrons.
If the frequency of the light is abave the cut-off frequency of the metal, the number of photoelccirons
cjected from the metal surface is propottional to the
(1) reciprocal of the kinetic cnergy of a photoelectron.

(2) work function of the metal.

(3) frequency of the incident light.

(4) number of photons that hits the metal surface.
(5) energy of a single photon.

23, Positions of threc motor cars D, @ and @ travelling along three parallel straight lanes of a road at time
t = 0, and ¢ = f, are shown in figure (a), and their corresponding velocity (v)-time (#) graphs are shown

in figure (b).
N~ I - — -
© 5 ... S
@ | ... Eoderos
t=0 " et >t
(a) (b)

‘I'he situation shown in figure (a) could have happened only if the arcas in the graphs satisly the conditions

(1) ABD = DEF and ABD = DEG (2) BCD = DEF and ABD = DFG
(3) CDB = DEG and ABD = DEF (4) BCD = ABD and DEF = DFG
(5) ACD = DFG and BCD = DFG
23. A monkey climbed a certain vertical height along a vertical rope with ihedes
uniform speed in 30seconds. (See figure) Later the same monkey
climbed the same vertical hcight along a spiral-path of 75m path
length with another uniform speed. If the monkey applied the same
power throughout its motion in both cases, the speed with which the
monkey has climbed the spiral path is %J
(1) 033ms™ (2) 25ms™ (3) 5ms™!
4 75ms! (5) 10ms!
7777 v
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24. In the figure shown F|, F, and F, represent fixed vectors of -I"
three forces acting at the point O in the x-y plane. F, is a vector
representing a rotating force about the point O in the same x-y g
plane. Which of the following best represents the direction of T
the resultant vector, when the vector F, is at angles §=0°,90°, | |
and 180°?7 i Fl
F) 4
0° 90° 180° ] 0 £
Q) = a f -
2) — - “—
3) “ - -
@] - = = = = =
5) 3 e & I

25. A pipe line laid horizontally carries a liquid of density 4 at a constant

speed v from a pressurized large over-head tank. Pipe line passes through Pressure
a shallow region of muddy water as shown in the figure. Pressure above impARonie
the liquid surface in the over-head tank is P and the atmospheric pressure  § 1. _Pressurized
is P,. Suppose a small crack has been developed on the pipe at X. The liquid tank
condition for muddy water to seep into the pipe is (Assume that the liquid :
level in the tank is maintained at a constant height 4 from the ground, h £
and that the seeping of muddy water does not change the speed v.) ;
(1) P+ Py< hdg+ %dvz (2) hdg _%dvz < Py g x  Muddy water
i
(3) P+ hdg — %dv2‘= Py @ P+%dvz +hdg < Py esispcatsboves S sy
(5) P+ hdg < P,
26. In the circuil shown, each cell has e.mf. E and internal resistance r. Current / is i Er
given by < |!_
2E 2E E
M ri7 (2) AR s 3) 2R+n) RE
E

@ (5) 0

27. The part of a smooth horizontal loop CDEFGH in the figurc consists of a
non-conducting part DEFG and two conducting rails CD and GH. A thin
straight conducting wire XY is placed on the rails and a soap film of surface
tension T is formed in the region DEFGD. A magnetic field of flux density
B is applicd in the direction shown. The magnitude and the direction of the
current needed to setup through DG in order to hold the soap film stationary
is

(1) 3= in the direction of D—G. @) % in the direction of G—D.
Q@) % in the direction of D—G. @ ig- in the direction of G — D.
(5) 531 in the direction of D— G.

28. If the coefficient of viscosity of all fluids is reduced below the existing valuc without reaching the conditions
for turbulence, which of the following is not true?
(1) Liquid flow rates in narrow tubes will be higher.
(2) Heart may have to do less work to pump blood.
(3) Sucking cool drinks using a straw is easier.
(4) Resistance due to air drag on moving motor cars will decrease.
(5) Terminal speeds acquired by rain drops will become smaller.
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29. Four charges each of +g are fixed at the vertices of a square ABCD as shown +q +q
in the figure. A movable particle with charge -g is placed at the centre O A1 ~t 8
of the square. If the two charges at A and B are vanished simultancously, 2"
which of the following is not true regarding the movement of the particle .
with charge -¢? (Neglect the gravitational effects and the air resistance on _q[)
P

the particle.)

(1) It will begin to accelerate in the direction OP.

(2) Speed of the particle becomes maximum at 7. D

(3) Once it arrives al P from O, it will move a further distance of magnitudc OP +q
along OP direction.

(4) It will always have maximum acceleration at P.

(5) It will again return to O.

-
.
v
v
.
.
.
-

“C
+q

30. As shown in the figure (b), an alternating voltage source v, producing the vollage waveform shown in figure
(a) is connected to the primary circuit of a transformer. The primary circuit is now connected to a dec potential
of 5kV as shown in figure (c). Assume that the primary coil is well insulated electrically from the secondary

coil. v;
=y Y Vg w# g g ”
0y : T
T d 5kV
1
(a) (b) (©
Which of the following figures correctly represents the voltage waveform v, in figure (c) of the secondary
circuit? '
U
¢ T v us
5kV 5 kV1
+10V 1 3 +10V
>t 0 > 0 el !
-0V I -10 \?’
6)) @ @ ©)

31. Part of a huge man-made garbage dump on a large marshy land suddenly collapsed and sank ejecting nearby
houses up which had been built on the marshy land.

oo : garbage dump
— *
Before collapsing

Toalls —
o %? -
J«%@*@

f'l .
i

-
‘.‘\‘. 18
*

Nt o
rigt Vak . LU o B L WP
b = - LR B S o T il O WY

Which of the following physics principles that you have learnt is most suitable to understand the cjecting
the houses up?

(1) Principle of flotation (2) Principle of conservation of momentum

(3) Archimedes’ principle (4) Pascal’s principle

(5) Principle of moments

32. A certain mass of an ideal gas is taken from A through a cyclic process ABCDA P
as shown in the P-V diagram. Which of the following is not true? A
(1) Work done hy the gas through the section of the path ABC is equal
to the arca ABCLKA. '
(2) Net heat absorbed by the gas after completing the cycle is zero.
(3) Net work done by the gas after completing the cycle is equal to the area
- ABCDA.
(4) Net change in internal energy of the gas after completing the cycle is zero. 0
(5) Net change in temperature of the gas alter completing the cycle is zero.

o f ET e r——.
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33. A flute maker produces a flute in a location where the speed of sound in air is 330 ms ! so that when the
note A is played, it occurs exactly at 440 Hz. A flutist plays notc A with this flute in a different location
where the speed of sound in air is 333 ms™!. If a tuning fork of 440 Hz is sounded simultancously with
the note A of this flute, at the new location, how many beals per second will the flutist hear?

) 2 ) 4 (3 8 @ 10 5) 12

34. Two conducting loops A and B, made of a material that is not attracted to magnets
are placed on a frictionless insulated rail as shown in the figure. The loops are free
to move along the rail, and the planes of the loops are perpendicutar to the rail.
The two loops and the bar magnet kept between the loops are initially at rest. The
bar magnet is then suddenly moved to the right as shown in the figure. As a result,

(1) both loops A and B move towards right.
(2) both loops A and B move towards left. 1
(3) loops A and B move towards each other.
(4) loops A and B move away from each other.
(5) both loops A and B will remain at rest. §///l/{
el A
35. Figure shows an insulated network of heat reservoirs X, B, C, D and 'anc 4
A ~

E of which C, D and E are identical. The reservoir X operating at
100°C supplies heat and maintains the four other reservoirs B,C,D
and E at the temperatures shown. Heat is supplied by connecting the
reservoirs with insulated heat conducting rods of same material and
having identical areas of cross-section, Lengths of the rods are not
drawn to the scale. If the length of the conducting rod between X and
B is L, the length of the conducting rod between B and D will be

LS

) 2L @ 3L G L .
2 N 72
2L L Y F

Lo =]
) 3 &) 2 R ung

36. In an experiment to determine the specific latent heat of fusion (L) of ice using method of mixtures, a student
obtained a value for L which is less than the standard value. Reasons for the lower value for L have been
explained by the student with following statements.

(A) Tt may have been due to the dew being formed on the outer surface of the calorimeter while doing the
experiment. .
(B) Watcr on the pieces of ice may have not been properly wiped out before adding fo the calorimeter.
(C) Temperature of the ice used may have been fower than 0°C,
Of the above statements,
(1) only A can be accepted.
(3) only A and B can be accepted.
(5) all A, B and C can be accepted.

37. A person wearing sweated clothes of temperature 35°C has to enter to one of the three large closed rooms X,
Y and Z which are maintained at 40°C, 35°C and 20 °C, respectively. Assume that all the rooms are saturated
with water vapour. Consider the following statements.

(A) If the person enters the room X, initially some of the sweat will begin to evaporatc.
(B) If the person enters the room ¥, sweat will not evaporate.
(C) If the person enters the room Z, initially some of the sweat will begin to evaporate.
Of the above statements,
(1) only A is true.
(3) only A and B are true.
(5) all A, B and C are true.

38. The height of a vertical uniform rod, when one end is firmly fixed to a horizontal
surface in air as shown in figure (a) is L. Then the other end of the rod is kept
in a vacuum chamber hung from the roof as shown in figure (b). Assume that
the chamber does not exert any force at contact points with the rod. Y is the
Young’s modulus of the material of the rod and Py is the atmospheric pressure.

If Ly is the height of the rod in figure (b), then the ratio —f’; is given by L L,
4

Fy B Py I:U_ ¥

m 1-9 @ ( Y) 3 ~L-1

@ P+ ©) 1-.%

(2) only B can be accepted.
(4) only B and C can be accepted.

(2) only B is true.
(4) only B and C are true.

[ZMA/M{M/Z

Vacuum—_§5

/a
(a)
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39. The figures (A), (B) and (C) show a moving sound source S producing different frequencies f£,, £, and f, a
three different situations. O is an observer carrying a sound frequency delector. Speed and the direction of
motion of the source and the observer in cach situation are shown in the figures. If the detector detects the

same value for the frequency in all three situations,

S o S (0] S (]
Yk o—3) PE——» PE—n "—3 VE—=
5 b 5
(A) (B) (9]

the frequencics produced by the sound source when arranged in the ascending order is

(l) fp.fz'f; (2) .}3' fz’fl (3) fl‘)g'}a (4) f'Z'f;‘fI (5) fga fpf";
40. When the switch § in the circuit is closed at time =0, the voltage V of the
power supply varies with time (1) according to the equation V = K12, where the
magnitude of K is 2. The variation of the power dissipation (P) in the 4 € resistor V 4Q
with time (£) is best represented by
P (W) P (W) P (W) P (W) pwy °
24 2 Ut % znk
20 € o0 20 20-
16 16 16 16 16
12 12 12 12 124——
8 B 8 8 8
4 4 ] 4 4
ol ot 2 nAE) g e e i £ L))
(€} 2 (3) @) ’)
41. In the circuit shown V, is a variable voltage provided by a battery. Variation of

the potential V, at point A with respect to the earth, with V, is best represented
by (Neglect the internal resistances of both power supplies)

"‘ E—d
V’IL
i ; Vv o 7 4
G (5)

42. A volume V of a mixture of ideal gases contains n, moles of gas A and ny(<n,) moles of gas B at a constant
temperaturc. The variation of the partial pressures P, and Py of the gascs A and B respectively, and the overall

pressure P, of the mixture with -é,- at the above constant temperature is best represented in

1

@

(5

PM

M : P,
5 /P” 5 /P - P, E P : P P
' a A § a o “~ M
5 . & — 5 & /P & p & <r

_// " / . Pﬁ
>l = | - &1 |
¥ v v v v
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43. A river flows steadily at a constant velocity v. A rectangular biock of wood having density

respect 1o the riverbank, and then slowly lowercd to the watcr until the floating condition
is achieved and then released it, as shown in figure. Assume that the initial speed of the wooden black in the
direction of v is zero. During the subsequent motion of the block, which of the following is true for magnitudes
of the impulsive force acting on the block, the viscous force acting on the block by water, and the momentum
of the block? (Neglect effect due to air drag.)

Impulsive force Viscous force Momentum

(1) | Decreases from a higher valucto zero | Increases and becomes constant Decreases from a higher value
{0 zero

(2) | Increases and becomes constant Decreases from a higher value to zcro | Increases and becomes constant

(3) | Decreascs from a higher value to zero | Increases and becomes constant Increases and becomes constant

(4) | Incrcases and becomes constant Increases and becomes constant Decreases from a higher value
to zero

(5) | Decreases from a higher value to zero | Decreases from a higher value to zero | Increases and becomes constant

44. A uniform solid wheel rolls along a flat surface at a uniform velocity v without R
slipping as shown in the figure. P is a point on the circumference of the wheel. i
Location of the point P at ¢t = 0 is also shown in the figure.

Variation of the horizontal component of the velocity (v,) of the point P with
respect to the surface with time (7) is best represented by

v v v
3 3 2 -fr 2v ;
a8 W a2 . - "
| 7
(hH 2) (3)
v

v :
x
2v
j /\ 5 i T, N

@ 3)

45. Figures (A), (B) and (C) show distributions of a positive charge Q in three situations. In figure (A), charge Q
exists as a point charge placed at a distance R from point P. In figure (B), the charge Q is uniformly distributed
in the form of a thin circular arc of radius R with its centre located at point P. In figure (C), charge @ is
uniformly distributed in the form of a thin ring of radius R, with its centre at point P. If the potentials, and
the magnitudes of the intensity of the electric fields at points P in the situations (A), (B) and (C) are V,, V.
Ve, and E,, Ey, E. respectively, which of the answers given is true?

Potentials at | Magnitudes of the intensity of Q,
points P the electric fields at points P R R Y
Qc——P
(1) | V> Vp>V, EA>EB>EC P
{2) v,> Vﬁ> VL‘ E‘C> E,>E,
(A) (B) ©

@) | Vy=Vp=V, EA=ER=EC
@ | Vy=Vy=V, E =8> Ey
Gy | K=Vy=Vs E,>Ey>E,

46. A rectangular block rests on an inclined plane as shown in figure (a). The direction of the
resultant force F exerted on the inclined plane by the block is best represented by

(a)

M
) &)

\
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47. Variation of the ouiput potential (V) with time (1) of an alternating
voltage gcn‘erato‘r cunncch_:d Lo one platef ‘ur‘ an uncharged parallel Alternating
plate capacitor is shown in the figure. The other plate X of the iltige
capacitor is kept unconnected. The variation of the potential (V) ‘ner%
of the platc X with time (1) is best represented by generator |

Vv V. Vx VX Vx

X X

!
(1) (2) 3 @ (5

48. AB and CD represent two parallel straight long conducting wircs
fixed to a horizontal plane and carrying curvent / in each of them. ___ !
L is a conducting square loop placed on the same horizontal plane, A ) 5
as shown in the figure. XY is the centre fine between AB and CD. p 0
Consider the following statements made when the loop L is moving
towards CD on the same plane at a constant speed. Vel
(A) The induced current in the loop gradually increases as it =~ 7T L4
moves toward XY,
(B) The direction of the induced current in the loop is always
clock-wise.
(C) The induced current in the loop is zero at the instant C
when the centre line PQ of the loop passes through the

{)I 0 e ) t o !

~Y

line XY.
Of the above statements,
(1) only A is true. (2) only B is true,
(3) only A and B are (rue. (4) only B and C are true.

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

49. A metal disc rotates in the clock-wise dircction between north and south
poles of 2 magnet as shown in the figure. The magnet produces a magnetic
flux confined to a small region shown with dotted lines. Magnetic ficld
produced is perpendicular to the plane of the disc, Which of the following
figures shows the correct direction of the current in the eddy-current loops
which are produced in this situation?

50. A small sphere is released from rest from point A in a firmly fixed A o
frictionless track, which is a quarter of a circular path of centre O and 7777777777
radius 7 as shown in the figure. The spherc leaves the track horizontally ”
at point B and falls under gravity until it hits the ground at a certain
point € (C not shown). If the times taken and the distances travelled by B
thc' sphere from A to B and B to C are 1,,, 15 and S,,, Sy respeciively,
which of the following is true?

() gy> 1. and Sy < Sy (2) 15>ty and S,p> Sy

@) tp=1p- and 5,, < Sp. 4 typ<tp-and §,,=S,. Ground

ALLRRRRARARY

() Lg=1ty and §,,= S,
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General Certificate of Education (Adv. Level) Examination — August 2017
Marking Scheme for Physics II

PART A — Structured Essay
Answer all four questions on this paper itself.

(Acceleration due to gravity, g = 10N kg™)

1. You are asked to find the mass M of a piece of rock of irregular shape having a mass of the order
of 60g by performing the experiment which uses the principle of moments. You are provided with

only the following items to carry out the experiment.

e A weight of mass m (=50g) &

s A metre ruler
* A knife-edge and a suitable wooden block

* Pieces of thread ;
(@) As the first step of this experiment, you are asked to balance the metre ruler on the knife-edge. What

is the purpose of this step?

To locate/mark the center of gravity/ center of mass of the metre ruler OR’

To avoid the mass/weight/moments of the metre ruler in the calculations........(01)

(b) Draw a diagram of the arranged experimental setup, on the table shown below, for the balanced
situation just before you take a reading. Mark the balanced lengths {; and I, comectly (Take the
larger balanced length as /,) measured from the balanced point, in the diagram. Label the items.

15 > < 1 >

—
-

metre ruler
knife-edge
o wooden block m
P ]
Labeling lengths, /; linked with mm and /; linked with M ................._(01)
Forthe zest ol the diagram ... oMo cumvneriwssmsimisim e (01)

(To earn this mark, all items and positions of the items in the diagram must be
reasonably acceptable as shown in the figure. Labeling is not necessary.)

(c) Write down an expression for [, in terms of m, M and /| when the system is balanced.
m
- R
[2 Tl e (01)

[For taking moments according to the labeling of the figure drown for part (b)]

(No marks for using 50 g instated of )
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(d) You are supposed to draw a graph in this experiment. What position of the metre ruler would
you place on the knife-edge every time when you take a different set of readings for {, and 1,7

On the center of gravity/ center of mass of the metre ruler OR
On the same point mentioned in (a) above OR
Balance point of the metre ruler alone.

(No marks for only “balance point”)

(¢) Suppose you have plotted a graph as shown in figure (1) to find the mass M.

I,(x 10 m)
3

4
R . i bl S = HER () 15| S O O
i 1N LR ED '{]f '
301 dal] | daloh. | tale : y/‘i_ ne
. L AT
| A H
R R
20 : A5
L _.,,z.’f _
CUEP IR AN R RaEEEERE N
10 < - > (x 102 m)
10 20 30 40
Figure (1)

(i) In this experiment, you have been asked mot to take readings for small values of /, and /,.
What is the reason for this?

To reduce the fractional error/ percentage error of the length measurements OR
Small length measurements creates higher fractional error/ percentage error

(No marks for “to reduce the error of the length measurements” and
negative arguments, such as “large lengths will give rise to small fractional
errors” etc,.)
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(ii) By selecting the two most suitable points on the graph, calculate the gradient of the graph
given in figure (1). The two points selected should be clearly marked on the graph using
arrows. :

Selecting only (16.13) and (39.31) as the most suitable points.........(01)

ot B1719) _ 18
Gradient = (9-16) 23
=078 [0.78—-0.80]................. (01)

(For the calculation of the gradient using any other two legitimate points,
award this second for the correct value of the gradient)

(i) Calculate the mass M of the piece of rock in kilograms.

50x1073
0.78

=641 x10"2kg  [(6.25— 6.41) X 107%] kg....(01)

(To award this mark the value of the gradient in (ii) must be within the given
range for the gradient)

Mass of the rock M =

() You are also asked to find the mass m, of the metre ruler using only the other items provided above
except the piece of rock. Draw a suitable diagram of an experimental setup that could be used for
this situation in the space given below. The centre of gravity of the metre ruler should be clearly
labelled as G. '

(G must be clearly marked and located opposite side of the m with respect to
the knife-edge. Give this mark even if the wooden block is not drawn)
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2. The diagram shows an experimental setup that can be used fo verify
Newton's law of cooling, and to determine the specific heal capacity
of a given liquid. It consists of a calorimeter with 4 1id and a gtirver
made of copper, heated water, thermometer and a stand to hang the
calorimeter setup. An experimental procedure similar to the method
used in the standard experiment is performed by keeping the setup
closer to an open window of the laboratory, TR
The advantage of doing this experiment near an open window where
you get & slow uniform flow of wind is that you can verify the validity
of the: Newton’s law of cooling for higher temperature differences.

{a) (i) What are the readings you would take in this experiment
~ to verify the Newton’s law of cooling? -

1. Temperature of water with time OR

Temperature of water at regular time intervals

(small time intervals such as half a minute, one minute)
2. Room temperature.

(If both are correct) ..........occuvvvnunnnn... (01)

(i) ‘What is the experimental procedure to be performied which enables you to reliably assume

that the reading of the thermometer is same as the temperature of the outer surface of the
calorimeter? :

Stii‘ring thonuhter™Ses WS WS B o 01)

 (iii) Draw rough sketches of tho two graphs that you would plot to verify the Newton’s law of
 cooling, Label the axes properly with appropriate wnits. |

Temperature or 6 (°C)
r Shape of the graph and labeling axes......... (01)
(When awarding this mark disregard the units

and the curve need not touch the temperature
axis)

Time or t (s or minutes)

) 26 aé
Rate of cooling or Eg or— (°C sh
F 3

Straight line passing through the intersection
Of the 8XeS ...cvvvvvieiniiieiiiiiiiiieeninn, (01)

Labeling and appropriate units of both axes
as shown in this graph..................... (01)

P
o

Temperature difference or (&-8y) (°C)
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(&) In order to determine the specific heat capacity of a given liquid, the same procedure used in
(a) above is repeated for the Ifqmd after obtaimng relevant. readings for water.

(i) What is the reason for using the. same calorimeter used in part (a) to perform this experiment?

To obtain the same surface nature/emissivity in both parts of the
experiments. 000000 seeecesseseessesiiessssassianiieen (01)

(i) In addition to the using of same calorimetes, what i the reason for using the same volume
of water and liquid in this experiment?

To obtain the same rate of loss of heat for water and liquid/in both parts of

the experiments at a given excess temperature/temperature range. ........ (01)

(iii) The mass and specific heat capacity of the calorimeter with the lid and the stirrer are m and
s respestively. Mass and the specific heat capacity of the liquid are m, and s, respectively. The
average rate of loss of hieat and the average rate of drop of temperature of the calorimeter
with the liquid for a given temperatur¢ range are H and 6, tespectively. In terms of these
quantities, write down the relationship between H, "and 6,

I o ] o T R Y TR A TR - (01)

@iv) Let m = 0.15kg, s = 400 Jkg™* K! andm = (.25 kg. For a certain temperature difference,
the ayerage rate of heat loss of the calorimoter with water was found to be 90 Js'.
The average rate of drop of temperature of the ‘calorimeter with the liquid for the same
temperature difference was found to be 0.125Ks™. Determine the specif ic heat capacity s,
of the liquid.

90 = (0.15 x 400 + 0.25 x 5,)0.125

(For substitution of 90 J s”! for water into the above equation for the

liguid),. =0 sessessssiessesssisieressieeiiees (01)
90
T (60 + 0.25 X s7)
1 ( 90
2 EE(o.us B 60)

= 2640 Jkg' K'  [2640 —2642] Tkg'K! .......... (01)
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3. You are asked to determine the mass per unit length of a given wire by taking only onc measurement
using a sonometer and a tuning fork. Figure shows a standard sonometer setup used in a school laboratory
fixed with the given wire. The wirc is stretched with a tension T between two bridges A and B. In this
setup the bridge A is fixed and bridge B is allowed to move. The tension in the wire could be changed
by varying the load mass M. A tuning fork with known frequency f is provided to you.

wire

&3

O O ) pulley

22 &2
A

(a) What type of vibrations is produced in the surrounding air due (o the vibration of a tuning fork
in this cxperiment?

Longidinal vibrattonss. ovrwvmsmvasvsiws . SEm— 1 b

(No marks for other answers)

(b) If m is the mass per unit length of the stretched wire of tension T, writc down an expression
for the speed v of transverse waves on the wire in terms of 7 and m.

T
(i o R BRI v s caw i (01)

m

{c) In this experiment you arc supposed to measure the resonant length () of the wire resonating with
the tuning fork at the fundamental note. A student suggested that there can be three ways (A). (B)
and (C) of keeping a vibrated tuning fork to obfain the resonance state, as shown in the figure.

A~

(A) (B) ©
XY represents a part of the surface of the sonometer box.

(A) Tuning fork held normal to XY and touching XY.
(B) Tuning fork held normal to XY and without touching XY.
(C) Tuning fork held above the stretched wire.

In order to obtain maximum amplitude for resonance, out of the above three ways, which way
would you select to keep the vibrated tuning fork? [(A) or (B) or (C)|. Give the reason for
you selection,
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P 1o — (01)

Reason: Energy transfer is efficient (due to resonance) OR

Air column inside the sonometer box will vibrate with maximum amplitude/will
resonate (due to efficient energy transfer) OR

Surface of the sonometer will vibrate with maximum amplitude.

(d) Write down the other item that you normally use in this experiment 1o deiect the resonance
state cxperimentally.

PapiBt Gl o nosssmanmasimmaissmmime st i (01)

(¢) Write down the main experimental steps you follow to defect the optimum resonance state.

(Place the paper rider on (the middle) the wire AB.)
(Place the stem of the vibrated tuning fork on top of the sonometer surface.)

Adjust the bridge B until the paper rider jumps off (very) quickly/instantly/to a
maximiiiheights V.. 0ed. exibisiabons s Taunssess s »sakiunsad tan. Saate s ooiessoiss (01)

(/) Obtain an expression for m in terms of f, fand 7.

v=fA and l= = (Ifboth are correct).........ccceseerrrerrrunen. (01)
= 20 = i
v=2fl= =
T
LRy R —— (01)

(g) If the resonant length that you have obtained in this experiment is small, how do you adjust
the above sonometer setup in a suitable matner to obtain a reasonably large resonant length for
the given tuning fork. 1 . : :

Increasing the weight of the load OR
Adding more masses.

(k) When M = 32kg and f = 320 Hz the resonant length was found to be 250 cm. Find the mass
‘per unit length of the wire in kg m™.

it 5 3.2X10
T 4x0.252X3202
m=125%x103kgm' ... ..
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E
LE]
4. An experiment can be designed to determine the internal resistance R,
ro of a voltmeter V using the setup shown in the figure (1). ' W——r
E, is the emf. of a cell with a certain internal resistance. R; is »
a fixed resistance and R is a resistance connected across X and V. X Y
—W——@

Assume that the ammeter A has negligible internal resistance.

(@) When the voltmeter is connected across XV as shown in the .
figure (1), Figure (1)
(i) draw below the relevant part of the circuit to show as to how the resistances R and £
appear across the points X and Y using circuit-symbols.

| “IRI A OR | R : | (No marks for the other circuits)
o -' o ;
! - . ]
h-.._.': v :I____‘

~ -

(i) writc down an expression for the equivalent resistance R, across X and ¥ in terms of r,
and R.

(b) The voltmeter now appears to have been connected across Ry,. Under this situation, will the
reading of the voltmeter be equal to the value indicated by an ideal voltmeter connected across

R,,? (Yes/No). Justify your answer.

Yes (no marks)

Under this situation current through the voltmeter is zero though it indicates a

BRIy SEsevReiEesss ik e s s (01)
As ideal voltmeters carry no currents, the voltmeter acts as an ideal voltmeter.
........................... ....(01)
OR
The current supposed to be flowing through the voltmeter is now going
through ) making the current through voltmeter equal to zero. ............ (01)
As ideal voltmeters carry no currents, the voltmeter acts as an idcal voltmeter.
................................ (01)
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(¢) If V is the reading of the voltmeter and I is the ourrent ﬁn‘ough the ammeter, write down an

expression for I in terms of V, r, and R.

V(R+71q) 1
I =—— PN —V( “J ) ........................................ (01)

(@ Rearran_‘gé the exp’ression given in (c) to plot a graph of % on the y-axis and % on the x-axis.

I 1 1
25 Rl ey s s SRR (01)
v R To
(¢) Draw the shape of the graph expected in (d) above, on the set of axes given below.
_l_: A
v

Straight line with positive gradient and intercept .. ...(01)
(Marking the intercept C, on the graph is not necessary)

c R

0

i |
R

(f) Write down an expression relating 7, and the. relevant information extracted from the graph.

1 1
Intercept=— OR 19 = ————
To Intercept

C = -:— (If C is properly marked on the graph)
0

{g) If you are asked to .pe;fdrm an experiment in the laboratory, and plot the graph mentioned in
(e) above, name the item which you would use for R.

Resistance box (No marks for any other item)......................... (01)

(k) Suppose the resistance R is now removed from the: circuit shown in figure (1), Assume that
7,=1000L. Consider the ‘magnitudes of the following voltages.

* The reading of the voltmeter (say V._)
* The voltage generated across XY when the voltmeter is removed from the circuit (say V).
* If a digital multimeter having an - mtemai resistance 10MQ, is now connected across XY,
the reading of the multimeter (say V.
Write down Ej, V,, V, and V; in the ascendmg order according to their magnitudes.

Vi.Va,Vo,Eg OR Vi< Va <V <Ep cicvivesscsiiionnnnennee (01)
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PART B — Essay

Answer four guestions only.
(Acceleration due to gravity g = 10N kg")

5. The ‘pile-driver’ is a heavy weight which is used to drive poles called piles into the ground
for use as foundations of buildings and other structures. As shown in the figure (1), the
pile-driver is lifted up by a cable and then dropped so that it falls freely under gravity
and strikes the top of the pole. This process is repeated until the pole is pushed to the e pile-driver
desired depth into the ground.

(a) Consider a situation where a pile-driver of mass M=800kg is raised and then released
from rest on to a vertical cylindrical pole of mass m =2400kg from a height 4 =5m.

(i) State the energy conversion that takes place during the fall of pile-driver.
(ii) Calculate the speed of the pile-driver just before the collision.

(iii) Calculatc the magnitude of the momentum of the pile-driver just before the .
collision. :

" Figure' (i)
(b) Assume that after collision between the pile-driver and the top of the pole, the pile-driver does not bounce back,
instead it remains in contact with the pole and drives the pole into the ground vertically. Also assume just after
the coilision, only the momentum is conserved in the system. Calculate, the following.
(i) The speed of the pile-driver with pole just after the collision.
(it) ‘The kinetic energy of the pile-driver with pole just after the collision.
(iii) In each collision 40% of the energy calculated in (b)(ii) is used usefully to drive the pole into the
ground. If in one particular collision it drives the pole 0.2 m into the ground, calculate the average
resistive force acting on the pole.

Consider a situation where a uniform cylindrical wooden pole of 10m height
and 0.3m radius is pushed entirely into a sandy soil as shown in the figure (2).
The maximum load F the pole can hold when keeping it as shown in figure (2) could 1
be written as F=Agf;+Apfy - W, ]_I}m
where W is the weight of the pole, A is the area of the curved surface of the pole
which is in contact with the soil, £, is the average resistive force on the curved surface
of the pole per unit area, Ay, is the cross sectional area of the base of the pole and f
is the average resistive force from the ground on the base of the pole per unit area.
i fs = 5x10°Nm™, f; = 2x 10° Nm and the density of the wood is 8x 10?kgm™,
calculate the value of F for the pole. Take the value of x as 3.

.

"{C’

oy

ady
Figure (2)

(d) Sysiem of four poles, each similar to the pole used in (¢) but having a radius
equal to half of the radius of the pole used in (c), is pushed entirely into a sandy
soil. This is shown in the figure (3) when seen from the above.

(i) As given in (c) above, the F has three components as Af;, Apf, and W. When
using the system of four poles for a construction, which component of the F, for™ =+
the system of four po!es-, is contributing to increase its value in compared with Figure (3)
the situation considered in (¢) above.

(ii) Calculate the value of F for the system of four poles.

3. (a) (i) From Potential energy to Kinetic energy ~ covveveeeeeiivveeeeo) (01)
(ii) Applying the conservation of mechanical energy
0+Mgh=-Mv?+0 OR
Uv=y2gh =V2XT10X5 ..ot

== TS s onnsensssmmerais s s i s
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Alternative method:

UZ '::.‘u_2 +29h OR

p=|/29h=v2x10><5 .................................... (01)
=TOHE™T 3z cacssvemsssvessasssansm (01)
(iii) Magnitude of the momentum p of the pile-driver
p =Mv =800x10
= BODOREME™  isvesisvmmmnncomasemss s (01)
(b) (i) Let v'be the speed of the pile-driver with pole just after collision.
Apply the conservation of momentum :
Mv=(M+m)v" OR
, _ My __ 8000
D' e = s (01)
TdE L B S— (01)
(ii) Kinetic energy of the pile-driver with the pole just after collision
KE = %(M +mv'? = %(800 +2400)2.52. .o (01)
KE=— 10000 =100 | 2 e (01)
(iii) Useful energy used in each collision to drive the pole into the
ground = 10 000 X 3505 (For taking 40%)........ (01)
= 4000]
Let f be the average resistive force, then
f x 0.2 =4000 + (800 + 2400) x 10 x 0.2
(For the identification of f X 0.2)............. (01)
f x 0.2 = 4000 + 6400 = 10 400
f=752000N=52kN R (1] §)

(Even though, final answer is wrong, this second mark can be awarded for the

correct identification of the term: +(800 + 2400) X 10 X 0.2
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() F=Asfs +t4pfp—W

F=Qur) x f, + (mr®)f, —(@r’l) xpx g

(For correct identification of all components)
OR

F=(2%3%x03%x10x5x10% +(3x0.32x 2 x 105) —
(3x0.3*x10x8x 10%x10) ............(01)

F = (900 x 103) + (540 x 103) — (21.6 x 103)
F=142%x10°N [(1.41-1.42) x 10°]N .........(01)

(If 7t is taken as 3.14, then the answer should be within [(1.48 — 1.49) x 105] N)

(d) (i) 4,f; OR first term in the equation.................... AT s s 554w (01)

(“Additional information: Since all four poles are similar with half the radius of the )
pole used in (c), weight (W) of the group of four poles does not change. Total cross
sectional area of the bases of the group of four poles (45) also does not change.
However, the total area of the curved surfaces of the group of four poles (4;)
increases by a factor of two. Hence the term Agf; is contributing to increase the value
of F in compared with the situation considered in (c).

.

(i) F = (2 x 900 x 103) + (540 x 10%) — (21.6 X 10%) =
900 % 103 + 1418.4 X 103 =232 X 10°N ................ (01)

[(2.31—2.32) X 10°] N

J

(If 7 is taken as 3.14, then the answer should be within [(2.42 —2.43) x 10°] N)

Total: 15 marks
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6. (@) (i) A thin convex lens of focal length fis used as a si;n-ﬁle microscope. Draw a ray diagram for a situatior
' when a distinct image is seen using the simple microscope by a person having the least distance of
distinct vision D. Clearly mark the positions of the eye, f and D,

(ii) Derive an expression for the lingar magnification of a simple microscope in terms of £ and D.

(i) A thin convex lens of focal length 10.cm is used by the person mentioned in (i) above as a simple
' microscope to read very small letters. To see the clear image of a letter, what would be the distance
from the lens to the letter. Calculate the linear magnification of the simple microscope. Take the value

of D as 25¢cm. '

(iv) A historical document placed in a museum is framed using a transparent glass plate of 2cm thickness
to protect it. Assume that the inner surface of the glass plate touches the document. Take the refractive
index of glass as 1.6. Find the distance to the apparent position of the document from the front surface
of the glass plate. .

(v) Consider that the same person mentioned in part (i) is reading the document using the simple microscope
mentioned in part Gi). . : o 0
(1) What is the distance from the lens, to the image of the document produced by the lens when the

letters are clearly seen by the person?
(2) What is the distance to the document from the lens when the letters in the document are clearly seen?

(6) () Draw a complete ray diagram indicating all relevant lengths for an astronomical telescope in normal
; - adjustment labetling the objective and the eyepiece clearly. Take £, and f as the focal lengths of the
objective and the eyepiece respectively. : : A
(ii) Derive an cxpression for the angular magnification of the telescope when it is in normal adjustment
using the ray diagram drawn in part (5)(). LNy £ : .
(i} An astronomical telescope is made using two thin convex lenses of focal lengths 100cm and 10cm.
Calculate the angular magnification of the telescope in nomal adjustment. :

(iv) What is the practical advantage of txéing_a convex lens with Iarge. aperture area as the objective of an
astronomical telescope? Explain your answer.

&
7

—

(]
e’
F
—
e
’

i
I
!

o

PO B - el

Correct ray diagram (at least two rays with arrowheads)................. .(01)
(The object should be between the focal point and the lens.)

To mark the eye, image distance D and focal point correctly
VAT EIPoe eORtBCl). . ocvsmcsdiomm s s s R s s (01)
(When awarding this second mark disregard the position of the eye)
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_— : ; _ heightoftheimage " D
(ii) Linear magnification (m) = R ETEoheE, L Jp e (01)
N o, B R
Using the lens equation a—
' 1 1 _ 1
- —? ................................. (01)
D D
uE +1
D
m= F + 1) ............................... (01)
TR . 1 1_1 i_1r_ 1
(iii) Using the lens equation 5 u T = Ll
50
U =—cm
7
u=714cm [(7.14-7.15)cm].......... (01)
From above equation in part (ii)
D +1 s +1 = 45
m=— = — m=—
i 10 10
M=35 e, (01)
(iv) 1
h
t
Image < -=--
d
Y <
Document
real depth t t 2cm
Refractive index n = £ == >h=—=—+
apperent depth h n 16
h = 1.25 cM....coconevicoiineass (01)

Alternative method:
Using the equationd =t (1 - %) =2cm (1 = _116_)

d =0.75cm
h=t—d=2.00-0.75ecm

L Bz 128800 visisasssivnss
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(v) (1) Least distance of distinct vision of theperson OR D OR 25 cm..... (01)

Qu—h+t=714—125+2.00=789 CM...oeocerrrrrrrnnnn, (01)

e PRI PN

Alternative method:

=
>

=u+d=7.14+0.75 cm

(RE
Image <- > 4 =7.89 €M vooeeemrrinnnsnes (01)
‘Docr:ument
(®) (1)
\\Objective Eye piece
g, ! s
>\ \

-

Final Image-~" .=~ -

Correct ray diagram (At least two rays with arrowheads)............... (01)
To mark the objective, eye piece, f and f, correctly .................. (01)
"
(ii) Angular magnification my, = g— - 57&
fo
e pni. 0.0M..o.. (01)

(iv) To collect more light/photons from the distant objects OR

To obtain a brighter image/finer details of the distant object. ...... (01)

Total: 15 marks
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7. Read the following passage and answer the questions.

Instability of soil that occurs due fo the infrastructure developments such as road constructions in mountain regions
without proper study, can creaic problems such as sinking roads and landslides. Tandslides are now a common
tragedy in many parts of the country during rainy seasons. The stability of sand, a constituent of soil, heavily
depends on the amount of water present in the sand. Anyone who has built structures such as ‘sandcastles’ using
wet sand knows that the adhesive properties of wet and dry sand are very different. Wet sand can be used to
build sharp-featured sandcastles whereas dry sand just crumbles down in this process. Some of the aspects of
these phenomena related to the stability of soil or sand
can be explained by fundamental physics concepts such
as gravity, friction and surface tension. )

Soil is generally a porous medium comprising a mixture
of mineral particles such as clay, silt and sand of different
sizes, and voids. Voids are filled with either air or water as
shown in figure 1(a). The porous nature of soil can create
practical problems, such as sinking of heavy structures
on the ground. This occurs due to the compression of
voids caused by the heavy loads on the ground. Leaning ‘
of Pisa tower and sinking of the Meethotamulla dump™
site and the earth in the vicinity of the Uma Oya tunnel
are a few examples. Another important parameter which
“determines the stability of soil (or sand) is the angle of
repose. When a bucket of dry soil is emptied on to a
hard levelled floor the soil particles slide easily and form
a conical pile due to the friction between grains as shown
in figure (2). The angle @ of the pile is known as the
angle of repose which is the steepest stable slope that a
particular substance can form. Removal of soil from the
base of a slope, increasing the angle of repose, can create Figure (2)
instability on the slope. _

Sand in soil can be considered as a porous medium. It consists of a system of randomly oriented complex
capillary tubes of different sizes similar to the structure shown in figure 1(a). Capillary forces draw water into
fhe sand changing the physical properties of sand medium. Damp sand forms capillary water bridges betwecn
its grains (see figure I(a)). Nanometre-scale water bridges between millimetre-scale grains dramatically increase
the attraction between grains. It is due to the adhesive forces associated with the water bridges between grains.
Dry sand grains maintain stability due to frictional forces, and in addition wet sand grains attract cach other
due to adhesive forces. The enhancement of the attraction of the grains due to these capillary forces leads 1o
the increase of the repose angle creating sand clumps. The surface of a water bridge is concave (figure 1(b)),
and so gencrates ‘capillary action’ which helps to hold the sand grains firmly together due to surface tension.

water bridges

soil (or sand)
grains

During rainy season the soil saturated with water creates high pressure on the voids and grains. Gradually
increasing the pressurc inside voids increases the curvature of the surface of water bridges decreasing the capillary
fuu_:e between the grains. The addition of more water to the soil can decrease friction and strength between the
grains, and increase the weight of the soil making an ideal situation for landslides. Damage on the Earth’s soil
surface due to the addition of large amounts of pesticides and fertilizers decreasing the surface tension force
between the grains can also dramatically increase the likelihood of a landslide.

(a) Name three fundamental physics concepts which can be used to
explain some aspect of the stability of soil and sand.

(&) Write down three main mineral constituents of soil.

(c) In a road construction, soil has been removed from a certain
section of the slope altering the natural slope as shown in figure
(3). This is ‘a vulnerable place for landslides. Explain this using
the information given in the passage.

(@) Addition of water into dry sand dramatically increases the stability
of sand. Explain the main reason for this.
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(e) A water bridge between two spherical sand grains is shown in figure (4). Copy
the figure (4) to your answer script and draw the resultant reaction forces (using
arrows) on each grain due to the surface tension.

Figure (4)

(h Consider a water bridge formed by two sand grains shown in figure 1(b) where the radii of curvature o
the upper and lower miniscii are r, and r, respectively. Using the expressions for the pressure differcnce:
across the upper and lower air-water interfaces, detive an cxpression for the height & of the water colum:
in figure 1(b). Take surface tension and density of water as T and d respectively. Assume that the pressure:
at points A and B, shown in the figure, are equal.

(g) Calculate the height k for the situation mentioned in (f) above. Take 7, =0.8 mm, r,=10mm, T=72X 102N m”
and d=1.0x 10°kgm™.

(k) Consider a situation where the pressures at points A and B are higher than the situation shown in figure
1(b). Copy the figure 1(b), including the two meniscii, to your answer script and draw the shapes of the
two new meniscii and clearly label them as X and Y.

() If the pressures at points A and B, shown in figure 1(b), are continuously increasing, what will happen to
the radii of the meniscii, contact angle and the resultant reaction forces due to the surface tension forces
between the grains? Explain your answer.

(/) Write down two human activities mentioned in the passage, which can increase the likelihood of landslides.

7. (a) Gravity, friction and surface tension  (All three correct )........................ (01)
(b) Clay, silt and sand (All three correct ).........................(01)

(c) Angle of the slope is higher than the a/repose angle/steepest stable slope that the
particular substance can form. (01)

(d) The enhancement of the stability due to the capillary forces/surface tension

forces/adhesive forces between the grains...........coeveveerieniiiiirieeineinen. or

Leftward arrow on the right side grain exactly
as shownin figure............................. (01)

sand grain

Rightward arrow on the left side grain exactly
as shown in figure............................. (01)

Upper two arrows on the left side and right side

. rains exactly as shown in figure........... 01
sand grain sand grain & y g (01)

Lower two arrows on the left side and right
side grains exactly as shown in figure.....(01)
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%),
2T
e U R R R
X)or (¥) oeeve (01)
h Pg 7y —={})
)
I { D | Pp =Bt B o avssnossusiinsiosmnnnamens (01)
oy » 2T 2T
D) =) > P=R=-—
2Tf1. 1
h= T (Z = ;;) .............. (01)
o 2x7.2%1072 1 _ 1 -
® h =EeE e (O.Bxl = 1.0><10“3) (For correct substitution).......... (01)
_ _3 (1-038
h=14.4x 1073 (225
hi=8.6 x40 Su ... . Sl 5 ... B s (01)
pm—
x~ i
RN
S~
S (For meniscus X or Y as shown)................... (01)
(If there is no comparison with the existing menisci in figure 1(b) do not award

this mark.)
@)

® The radii of the menisci will decrease until it becomes equal to the radius of the
void between the grains.

¢ Contact angle will decrease to zero.

* The resultant reaction force will decrease to zero.

(All three correct)........ccovvvunnnnn..... (02)
(Any W0 COIrect). «cciovuiicniiinnrnnnnnnnn (01)

/) Removal of soil from the base of a slope.
Addition of pesticides/ herbicides/fertilizers into the soil.
Road constructions in mountain regions without proper study.
CARY EOW CORLEEE ), sen svnnessovsvaesassans 55855 S ommmnnnad (01)

Total: 15 marks
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8. 'The main objective of NASA’s Kepler exploration is to find habitable
planets in other planetary systems in our galaxy, the Milky Way. A
large number of planets which orbit around stars have been detected
by the exploration. One such observation was a planetary system

consisting of two planets, planet A and planct B of orbital periods
= 300 earth days and T, = 50 carth days, respectively. Assume that the planets are uniform spheres and

moving in circular orbits around a star S of mass M as shown in the figure. Neglect the interaction between
the planets.

(@) (i) Derive an cxpression for the orbital speed (v, of the planet B in terms of M, the orbital radius R, of
the planet B and universal gravitational constant G.
(ii) Write down an expression for the period T, of the planet B in terms of R, and v,

(iii) Derive an expression for thc mass M of the star at the centre in terms of T, R, and G.

(iv) If RH=0.3AU(1AU=1'5><10” m), calculate the mass M of the star. Take G=6.7x 10" m’kg"'s™
and 7% = 10.

(b) (i) Using the expression obtained in (a)(iii) above, derive an expression relating orbital radii R s R, and
periods T, and T, of planets A and B.
(i) Calculate the orbital radius R, of planet A using given values.

(c) The mass and the radius of the outer planet A are found to be 23m, and 4.6r, respectively, where my
and r, are the mass and the radius of the earth respectively.
(i) Derive an expression for the gravitational acceleration, g,, at a point on the surface of planet A, in
terms of m,, r. and G.
(i) Obtain an expression for the g , in terms of the gravitational acceleration 8 4t 2 point on the surface
of the earth,
(iii) If a space landing module of mass 100 kg is Janded on planet A, calculate the weight of the landing
module after landing.
(iv) The outer planet A is located within the habitable zone when compared with our solar system. Obtain
an expression for the average density d, of the planet A in terms of the average density d_of earth.

8. (a) (i) Gravitational force on B = Centripetal force on B

GMmp mpg vp
2 PR (01)
_ [ar
e S Y S (01)
(ii) Orbital period, Ty = 2?1’ — (01)
2 Rs )
(iii) (T5)? = (2n2)
Vg
4% R}
M -E-Fg- .......................................... (01)
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3
ax10 (0.3x1.5x10™*)
6.7%x10711 (50%24X60%60)?

(Award this mark if 3.14 is used insted of 10 for r?)

(For correct substitution)........(01)

(iv) M=

4x10 (0.3x1.5)3 38
T 6.7 (5%24%36)? %10

= 2.92 x 103%g [(2.90—2.92) x 1030 kg ............. (01)

_@f wis taken as 3.14, then the answer should be within [(2.87 —2.90) x 103°] kg)

. _ 4n?Rj 4
() (i) From part (iii) above, M = & 12 and,
o 4m?R3
similagybli= —==h S0 .. S W Lo (01)
A
A (OR other correct fo 01
Tj ~ T Tg any rm) ............ ( )
i 2/3
(i) From (b)(i) above R, = (%) Ry

R, = (35000) Lo (0.3 %15 x 10™")  (For correct substitution)......(01)

R, =149 x10"'m [(1.48 —1.50) x 10" ]m ............ (01)

Alternative Answer:

2/3 G i
R, = ('%J) (0.3) AU (For correct substitution)...... (01)

R, =099AU (0.99 —1.00) AU.......ccccevcueunnnee. (01)

(¢) (i) Gravitational attraction on mass m at the surface of the planet 4 is,

_Gmgm
mgs = Nl e (01)
. : . Gmygy
Acceleration due to gravity on planet A is, gg = 2
A
__G(23mg) 23 Gmg _ G mE 1)

47 Gerp)?  (46)2(rp)?
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(i) g4 = (;63)2 g =1.09g; [(1.08 —1.10)g,]........(01

(iii) Weight of the module is = 100 g4 =100 X 129 X 10N
=1.09%10°N [(1.08-1.10)x103] N.......... (01

(iv) Average density of planet 4 is,

3 ma (23mg) - 23 mg
B Deesr 0\
= =dy = 024d;  [(0.23-0.24)dg]......01

Total: 15 marks

9. Answer either part (A) or part (B) only.

(A) (@) Explain briefly how the back electromotive force (e.m.f) is produced in a direct currcnt motor. Na:
laws in physics which determine (i) the magnitude and (ii) the direction of the back e¢.m.f. respective

(b) Write down an expression for the back e.mf. E produced by a direct current motor when it draws a
of I from a battery. The internal resistance of the motor coil is r and the terminal voltage of the
is V.

(c) If V=80V and r=15% calculate the following quantities when the motor operates with full load d:

"a current of 4.0 A. i
(i) Back e.mf. (E) produced by the molor.

(il Power given to the motor.
(ili) The mechanical power output and the efficiency of the motor. (Neglect any energy losses due to ft

(d) Assume that the values given for r and the current (4.0A) in (¢) above for the motor are the value{
the coil is at the room temperature of 30°C. After running the motor for several hours it was fo»;
the current in the coil had dropped to 3.6 A with voltage V remaining unaltered at 80V. Calculate
temperature of the coil. Temperature coefficient of resistance of the material of the coil is 0.004°C ‘

(e) In electric motor vehicles, direct current motors driven by batteries are used fo rofate the wheels
vehicles. During the application of brakes, the same motor in such vehicles is made lo operate as
current generator, and part of the Kinetic energy of the vehicle is used to drive the generator. The

output is then used to recharge the battery of the same vehicle.

(i) How do you operale a direct current motor as a direct i
current generator? Direct current '_—_T Bat
(iiy Copy the two diagrams in the figure to your answer Sgﬂel‘atq:ed
script and show how you would connect the direct (aucircrf:?tlz?} -

current generator output to charge the battery.
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9, (A) (a) Back em.f. is produced due to the rate of change of magnetic field

throngh the COIL.. cossirsnivsiaminss sers raRums i T e pew s ey o ess 2 (o1)
(i) Faraday’s Law (i) Lenz’s Law  (Both correct).................. (01)

(If the laws are not clearly separated as in the above form, then take the first answer
as the response for magnitude.)

fBl._.. BV = cumumseecmmmsmmssmessseonsgaposisssisiin (01)

©V=80V,r=150,1=40A
()E =80—4x15

E =74V i e e (01)

(i) Power giventomotor =VI =80 X4 ......ccc.co..ooiiviiiiiinnnnn, (01)

= SZ0WNVIE . et IS oo iocoeen (01)

(iii) Power dissipated inthe coil = [ r =16 X 1.5 .......cc............. (01)
=24 W

Mechanical power output = VI — 2 r=320—24 ................. (01)

= 290 W b S s (01)

Efficiency of the motor = g-z-g =0.925 [0.92 - 0.93] OR

=92.5% [92% —93%] ............ (01)

11-Physi ;
1-Physics (Marking Scheme) | G. C. E. (Adv. Level) Examination- 2017 | Amendment to be included.


https://pastpapers.wiki/

Department of Examination - Sri Lanka

(d) Resistance at 30 °C = 130 = 1.5 Q)

Resistance at @ ’°C =1y = %;—E = 803_;,4 = 5616- =1.67Q0 .o (01)

3 = To(l + 0.004’ X 30)
rg = 1o(1+ 0.004 X 6)

}(Any correct equation).......(01)

15){3.6__ 1+012
T 6 1+0.0046
022

"~ 0.9%0.004
0 =61.11° [61.0 —62.0] °C.......(01)
(e) (i) Rotate the coil of the motor with a mechanical force..................... (01)
(ii) oy Baaery l .................... (01)

e

Total: 15 marks

(B) (@) Write down the expression for the relationship among 7, I, and 7, of an npn transistor. All symbols have
their usual meaning.

(&) The mpn transistor connected as shown in figure (1), is operating in the active mode. Assume that the
current gain of the transistor is 100, and when it is forward biased, the voltage across the base and the

emitter, V. = 0.7V.

(i) Calculate the base current I, necessary to produce a collector voltage +10V
of 5V.

. . | . % R 10 kL2

(ii) Calculate the value of R, if R, = 12kQ. (Assume [, is negligible for 1
this calculation), Al

(iii) Modify the given circuit shown in figure (1) so that it could be operated §
with a negative power supply voltage of ~10V. Correctly re-label, the R,
modified circuit using R, R,, 10kQ, and the labels A and B given
for the points in the appropriate manner. Indicate the direction of the ) —,L
collector current, and the direction of the current through R, and R, Figure (1)

with arrows.

(¢) A photodiode is to be connected across the base and the emitter of the transistor in the modified circuit that
you have drawn under (b)(iii).

(i) When connecting a photodiode to a circuit, it is done in such a way that the photodiode is reverse biased.
Using the circuit symbol of the photodiode show how you would connect it correctly across the base and
the emitter of the transistor in the modified circmit.

(i) When the photodiode is connected to the modified circuit correctly, will it alter the resistance across
base and emitter appreciably? Explain your answer.

(iii) When a rectangular light pulse of short duration is incident on the photodiode,
(1) show the direction of the current through the photodiode in the circuit using an arrow.

(2) draw the waveform of the voltage pulse appearing at the base relative to emitter, and the waveform
of the voltage pulse at the collector relative to the ecarth duc to the light pulse at appropriate
places on the circuit.
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9.(B) (2) Ip = I F Jp .cinvisissonsions ot tnmpmmnnsesmsssissssnss (01)

® () Ve=5V, B=100, Vgz =07V
. 10-5 5

e LRy WD (01)
_I¢ _ 5x107*
Ig =3 S e VPP (01
Ip=5x10" A OR (5pA)........ (01)
(i) Ry = 12 kQ (given)
10R, __
e e 1L (01)

0.7x12x103
R, =———
9.3

R, =903.2Q OR [(903.0-903.5)0]...(01)

B B 10V
i) & ¥ 1ok R
OR
A A
R2 ié W Ri ié
B
10V
For the correct diagram ................ (01)
(When awarding this mark, look for the -10 V terminal and the
Earth terminal)

For the correct labeling of Ry, R;,Aand B .....(01)

(Note that in the circuit Vg =—-10Vand V, = =9.3 VsothatVy; = +0.7V,
and this happens only when R; > R,. Check the circuit accordingly before
allocating this second mark)
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-0V

OR

-10V ®

Arrow indicating the direction of I ...... (01)

Arrow indicating the direction of current through R; and R, .......... (01)

(©)()

Rz

— -10V
\ =
\SZ Re
OR _
E_

L
AAAAMAA
Yyvyvwy

-10V

(The modified circuit should be a correct one to award this mark. Also check
if the diode is connected between the base and the emitter with its junction
reverse biased)

(i1) No,
As the photodiode is connected reverse biased its resistance is very large
compare to Ry (>> R»). PR | :

Photodiode is in parallel with the B-E junction. Therefore, it does not
change the effective resistance across B-E junction.
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(iii)

i

-0V

OR

-

-

__________
oooo

ST

E -

-
_______

% o
c%ﬂﬂ/’?'w
as ’

-
-
-------

(1) Direction of the current: Arrow drawn in the direction opposite to the direction
of current in a normal forward biased diode...........cooiiiiiiiii (01)

(2) Rectangular voltage pulse appearing at the base relative to the emitter as

Rectangular voltage pulse at the collector relative to the earth as shown ......(01)

(The diagrams given in dotted areas are additional information for marking examiners)

Total: 15 marks
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10. Answer either part (A) or part {B) only

(A) - A certainhouse ‘consumes 100kg: ofhotwater at 50’Cper one: hour for. washmg purposes at the kitchen
and bath rooms, Hot water generated at?O‘C byaneleeu'lcal boi]er:s mmed outside the boiler withwaﬁer

at 30°C to produce water at 50°C.

Take specific heat capacity, and the dengity of ‘water as 4300]‘ l:g“!{'1 and’ 1000kgm‘3 respectively.
Assume that the heat loss to sumumiings and tha imt papacity uf the. hoiler are neghgth!e for all the
calculations.

(@) Calculate the mass of hot water fo be nﬁedsd from ﬂ!: boi}er at 7’9"(3 to pmduee 100kg of water at SD‘C

(b) The boiler is des;guedsothatwhenﬂ\eamouu:dhotwateratm‘ﬁcalmﬂwdm(a} is taken out of
- the boiler it is refilled withthesafneamountafmtﬁslﬁﬂﬁmsuchawayﬁatthetempemuneofthe
waler inside the boiler does not go below 66°C, Calculate the minimum capamtycswa:erofthu bcxle:m

- terms of(i) kilograms and (ii) ditres neﬁdedtofn[ﬁlthiswnﬂman :

" LAV e hcgmmng of the day, the boiler is filled with the samé amourt of mass 6f the water calculated
in: (b) as the - capacity, and heated-at a constant rate fnam 30°C to 70°C using an electrical heater. If the
heating is to be complated in one hour, caieuiate ﬂlﬂ power of the heater needed for this purposc

(d) After the initial heating has been done-according to (c), fefilling of water at 30°C is done continuously to
compensate for the hot water taken out of the boiler acoording to the requirement (a) above. The boiler is
designed so that another small efectric heater provides lhieal to maintain the average temperature of the bmler at
70°C throughout the period of one hour. Calculate the: power of ‘the mall heater needed. :

10. (A) (@) Let the amount of hot water at 70 °C = my; kg,
amount of cold water at 30 °C = m kg, and
amount of water at 50 °C  m = 100 kg.
50°C
m=100
Amount of heat lost by hot water at 70 °C, Qg = my C,, (70 — 50)
Amount of heat gain by cold water at 30 °C, Q¢ = m, C,, (50 — 30)

(Both are correct)....................... (o1)
Qu =0Qc
my C,, (70 — 50) =m¢ Cy, (50 = 30) ............... (01)
my = 100 —mpy  (Substitution for Me)......ocvvviviriniininiens (01
my = 50Kkg......... Py, U — (01
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S
Alternative Answer:
ce the temperaiure of the mixture
Gy 521 e e ratures, <. ... (01)
the mass of hot water needed is equal to the mass of the cold watsr. ©1)
................. (i3]
o (113

(b) Let the minimum capacity of the boiler =M *k.

() M inkilograms = Sﬂﬁkg ......... -
x1000 Sﬁehters e

(i) Capacity inliters =

102 kgm -3
_ _ MXCwX(8r—00) s
(C) ?Ower Gf the heatei‘ P —_— ¢ e ............._.-_-‘,.n:_o._-..e_.f‘-._v-.._- assn '--'--‘«!!:'.(_ﬂl)
_ 500x4200x(70-30) _ : Py e
P = S (For correctsubstituuon)......._._....(01)
p=233x%x10*W [(2.35- 2.34) % 1{;4] Wo s (o)

(d) Power of the small heater,

- 50x4200%(70-30)
60%60

P 988 e 103 W [(233 - 2.34) X 1033 W....... (01)

(For correct substitution) .........(0%)
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Alternative Answer:

Power of the small heater P = 500x425030xi(a70-66) ................ (01)

(For correct substitution)

P 233x10°W [(2.33-2.34)x103]W....... (01)

Total: 15 marks

(B) (@) (i) The diagram given in figure (1) is a rough
sketch of an X-ray tube. Name the parts
ol

marked as A and B.

(ii) Name the part marked as D and explain the ‘ =
purpose of using it. 5
(iii) Name the part marked as C in the d:agram A A
and explain the purpose of using it. ~ «]
(iv) Explain how X-rays are produced. .C
Figure (1)

(v) Give a reason for using an -evacuated:tube.

(b) The supply voltage of an X-ray tube is 100000V.

(i) Catculate the maximum energy of an electran reaching A in units of keV.

(i) An elcctron carrying the maximum energy calculated in (b)(i) above produces an X-ray photon spending
half of its energy, and the rest of the energy is completely absorbed. Explain what will happen to the
absorbed energy.

(iii) Calculate the wavelength of the X«ray photon produced in part (B)(ii).
[h=66x%x10%*J)s,c=3x10®ms*and 1 eV=16x 107]]

(c) When y-rays pass through a material, a certain fraction of the y-ray photons
are absorbed by the material. Consider a beam of y-rays of intensity 1, incident
perpendicular to a sheet of material of thickness ¢ as shown in the ﬁgure ).
As a result of the absorption the transmitted intensity of the y-ray beam is 1

Incident d Transmitted
beam beam
>

decreased, and it is denoted by I. 0 5 I
A (1 .
The relationship between [, and 7 is given by log (—-}): 0.434uz, where u is -

a constant for the material at the given y-ray energy. All data given below are

for 2MeV y-rays. Take value of u for lead as 51.8m™ for 2MeV ¥y-rays. Figure (2)

(i) Calculate the thickness of lead required to reduce the intensity of the above y-rays by half.

(ii) The maximum permissible annual dose for a radiation worker is. 20 mSy. When a person is exposed to
the above y-ray beam of intensity 10°m™ s, the annual dose received is 2.5X10° mSv. Determine
the maximum intensity of the above beam of y-rays that a radiation worker can be exposed without
exceeding the maximum permissible dose.

(iif) Consider a radiation therapy room in a hospital, in which a 2MeV y-ray source is installed to treat
patients. Radiation workers work in the adjacent room. The two rooms are separated by a lead wall.
In case of a radiation leak in the source the maximum intensity of the y-rays incident normal to the
lead wall is 2.56x 10° m2s™*. Determine thc minimum thickness of the lead wall required in order for
the radiation workers to work safely in their room.
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10. (B) (a) (1) A- anode/target
B- cathode/filament/heater (Both 4 and B correct ) ............(01)

(i1) D - Power supply for the filament/heater
Purpose - To produce electrons through thermionic emission

(Botheorrect ).c..osmsnsivisis (01)

(iii) C - High voltage (dc) power supply
Purpose - To accelerate electrons from cathode to anode OR
To increase the energy of the electrons................ (Both correct)....(01)

(iv) X-rays are produced when accelerated/energetic electrons strike
ANOAEMAIZEL . vt vviiiniiniiiiii et e (01)

(v) Electrons can travel from the cathode to the anode without colliding with
air molecules/decreasing their energy OR
To increase the efficiency of X-ray production.

(Also, award this mark for the negative answers with proper arguments)

(b) (1) Maximum kinetic energy, E = eV = ¢(100 000 V)
E =100 (KeV) oo (01)

(ii) Dissipated as heat OR Heat the anode/target..........ccccoveeevvveerruerssvesenens (01)

(i) E' == (Any other correct form) OR

1 6.6%X1073%%x3x108 1)
— 5Bx103x1-6x10_19 AR R AR N N N T T T T T T L R L

1=248%x10""m [(2.47 —2.48) x 10~ 1]m.....(01)
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(c) (i) s (01)
log (TOI";") = 0.434(51.8)t (For correct substitution)......................(01)
2
45, o AR
T 0.434x51.8

t=1339x10%m [(1.33-1.34) x 107%]m....(01)

1010 m‘-z 5—1

(ii) Beam intensity = S itor ey 20 MY
=B IO et (01)
6
(iii) log (2'85::33 ) = 0.434(51.8)t" (For correct substitution)......(01)
,_ log(32)  log(2°) : log(2)
© 0.434x51.8 0.434x51.8 ~|0434x518|
t'=670x10%m [(6.69~6.70) %10 2| m....... .. ... (01)
Alternative method: 2 =250 = 35 y=l o1)
Iy
32
—

Using the above argument
t' = 5t
=6.70x107%2m [(6.69 — 6.70) X 107%]m....(01)

Total: 15 marks
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