G.C.E. (Advanced Level) Examination - August 2013
PHYSICS -1 |
Two hours

" Instructions : %

*
# Answer ail the questions.
#
¥

This question paper consists 50 questions in 5 pages.

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

Instructions are given on the back of the answer sheet. Follow them carefully.
In each of the questions 1 to 50, pick one of the alternatives (1), (2), (3), (4), (5) which is correct ormost appropriate and

mark your response on the answer sheet witha cross ( x ) in accordance with the instructions given in the back of

the answer sheet,

Use of calculators is not allowed.

(g =10Nkg")
01. SI unit of Planck constant is i 235 ;
1) J ¢ 2 7Ts @)K @IK (5) Fs 06. A slow neutron is absorded by a 5 U nucleus and results ina
fission process as follows.
02. Which of the following waves requires a plysical medium for 1 235 139 04 1
travelling? 0n* g2 U —> seBa+ 36 Krtx gn
(1) Light waves (2) Radio waves
(3) Sound waves 4 X - rays The value of x (number of neutrons produced) of the above
(5) Gamma rays fission process is
) (1 2)2 (3)3 H4 (s
03. Electromgnetic radiation of frequency [ is incident on a :
photosensitive surface of which threshold frequency for emis 07. If the mean output pressure of the heart is 1.2 x 10*Pa and the
sion of photoelectrons is f. mean blood flow rete is 5.0 x 10 m® per minute, the mean .
Which of the following is not true? output power of the heart is
(1) No photoelectrons ar¢ emitted when £< £, (Ho5S W [REAYY B1L5W  BH220WO)25W
{2) f, is a characteristic feature of the material of the 8
photosensitive surface. 08. An object is projected under gravity with @ |
(3) When /> f,, the rate of the emission of photoelectrons velocity , in a direction which makes an \/\o/—\
increases as the intensity of incident radiation increases. angle 8 with the horizontal as shown in -
(4) The stopping potential is directly proportional to /2. the figure. Which of the following graphs
(5) The stopping potential is independent of the intensity of correctly indicates the variation of the horizontal (v,) and
the incident radiation. vertical (v, } components of the velocity of the object with time (7)?
04. Consider the following statements made regarding the speed of e v
sound. ra N ﬁf !
{A)The speed of sound in air increases with the increase of e K “Jo R
temperature of air. %) V)|
(B) At a given temperature the speed of sound in a metal is
higher than that in air. , Py, .
{C) The speed of sound depends on the frequency of the sound Ero '
Wave. 0;‘-\-5" e, B
Of the above statements . 3)
(1) only (A) is true (2) only (C) is true. .
(3) only (A) and (B) are true  (4)only (A) and (C) are true -
(5) all (A), (B) and (C) are true : \:‘-
o 1 — - -W—- —
05. As shown in figure, a box is placed on an oil \

layer of viscosity # and thickness d. The'area
of the surface of the box in contact with the
oil is A. What should be the horizontal force
F to be applied non the box in order to move
it at a constant velocity v?

PYENE S

_ 7Ad L ndy
@) Fe=rm @ F= 7
B) 7= (4) F =6anAvd
(5) F=6zvAn

05.

®)

Two athletes run a 10 km race with constant speeds v, and v, in
a circular track of radius 50 m. It has been observed that the
athlete with speed v, completed 10 rounds when the other

athlete completed 9 rounds. The ratio L s

v
Ok %  o¥ o o
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10. Two wheels Aand B of a machine rotate about a common axis in

1L

12.

13.

14,

15.

the same direction with angular speeds @, and @, respectively.
See figure (a). Moment of incrtia of wheel A about the axis of
rotation is I, and that of wheel B is I,. At a certain instant, two
wheels are pushed towards each other until they are firmly
pressed and the system rotates with a common angular speed @,
without slipping. See figure (b). The value of w is given by

i A B /
@, @, @
::1@@%
figure (2) figure (b)
% Ny +1
M o=232 @ o= FE2
Hep +1
@) 0= aa @ o= 1522

Ilmlz + Izw%

a): —_—_—
SR I

A block of mass m, kept on the horizontal truck-bed, is at rest
with respect to the truck when it is moving horizontally with a
constant acceleration a. The coefficient of static friction
between the truck-bed and the mass is . The frictional force
acting on the mass is given by

1) ma - ) yuma
(#) pm (g - a) (5) mg

(3) um(g + a)

A simple pendulum is constructed by suspending a small metal
bob with 2 fine wire of the same metal. The period of the
pendulum at temperature 6, is 7. When the pendulum operates
at a higher temperature of 8, the period of the pendulum would
be (Linear expansivity of the metal is o)

) T“/l +ta(f, -6)
Ul

® 1T i)

) 1 (8, :6)

The atoms of an ideal gas have a certain mean kinetic energy at
10 °C. Their mean kinetic energy will be twice at

(1 20°C (2) 100 °C (3) 293°C

4) 566 °C (5) 600 °C

I | N
)] Tl\j1+a(95'.91)

@ N+a -4 71?

A system undergoes a cyclic Nw?)
process according to the P-F 6x1w0’+- -
diagram shown in figure. The
work done by the system from
A tp B and from B to C,
respectively are
(1)4003,0

(3) 4807, 3607

g
)

0 U+ LI TS
3%1209 .-

105 feeeeefoneens

oaxe 120"

(5)5203,0°

(2) 4007, 360
44801, 0

A stretched string is vibrating with four loops. If the frequency

* of vibration is increased by a factor of 2, the number of loops

formed would be

M 3 @5 36 @7 8

16.

17.

18.

19.

20.

Consider the following statements made about a compound

microscope

(A) The object should be placed just outside the focal poind of
.the objective.

(B) The eyepiece acts as a simple magnifier.

(C) The angular magnification is mdepcndent of the focal length
of the objective.

Of the above statements

(1) only (A) is true

(3) only (B) and {C) are true

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

(2) only (A) and (B) are true
{4) only (A) and (C) are true

AUV LD 23V W '.‘.}‘;\'.5\\:'
(A) Incandescent (B) CFL. {(C) LED
The figure shows three types of electric bulbs (4), (B) and (C)
which produce the same brightness spproximately. The
consumptions of electric power by (B) and () when compared
with (4) are approximately.
(1) same as (A).

.(2) T15 and% of (A), respectively.
(3) 10 times and 5 times of (A), respectively.
(4 +and 75 of (A), respectively.
(5) 6 times and 12 times of (A), respectively.

Consider the following statements made regarding a

transformer.

(A) The core of the transformer is made out of laminated plates
of soft iron.

(B) Both Joule heating and eddy currents contribute to the
energy loss of a transformer.

(C) Power can be amplified using a transformer.

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. P

A metal rod of mass Mand length L is L
placed on a frictionless perallel « é R
horizontal rail in a magnetic field of 82~ "x:u‘\‘» '
flux density B directed into the paper "x*x“x R
as shown in figure, (The rail is a RS
conductor and a resistor of value R is connected to the rail as
shown.) Ifan initial velocity of v, is given to the rod released as
shown, it will begin to move m the direction of v, with an
acceleration of

2 22,2
(1) _f"_L‘fQ_ o it ?f’@.,
B2Ly B212y
0 e
G —r> 4) _ 0
MBLy
Yy
) - —p—

Sound that has an intensity level of 100 dB is how many times
more intense than sound of mtensity level 20 dB? '

@®ns 2) 8 3) 10° 4)10° (5) 10®
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21

22.

23,

24.

25.

. The minimum velocity o that a particle should have in order to

escape from a planet of mass M and radius R is given by

(1)Uﬁ,/:’f%’!1 @ v=2 9
(3):;-4\_/?"17 @ o= L

(&) o= BTE

A child, swinging a swing, hears a sound from a stationary
whictle loctated in the direction where he is facing as shown in
figure. The minimum and maximum frequencies of the sound
heard by him are 1314Hz and 1326 Hz respectively. If the
speed of sound in air is 330 m s and air remains still, what is the
wavelength of the sound emitted from the whistle?

3

(2) 24.8cm
(5)50.0 cm

(1) 125¢em
(4)25.2 ¢cm

(3) 25.0cm

A person suffering from farsightedness has his near point
located at 150 cm from the eyes. After wearing contact lenses,
he could read clealy a book held at a distance of 25 cm. The used
contact fenses are

(1) concave lenses with 21,7 cm focal length.

(2) convex lenses with 21.7 cm focal length.

(3) concave lenses with 30.0 ¢cm focal length.

(4)convex lenses with 30.0 cm focal length.

(5) convex lenses with 60.0 cm focal length.

A prism is placed on the prism table of a properly adjusted

spectrometer and the refracted image of the illuminated

collimator slit is observed while rotating the prism table starting
from a large angle of incidence towards smaller angles. As the
prism table rotates.

(1) the image will move in a dlrectlon with continuously
decreading angle of deviation.

(2) the image will move in a direction with continuously
increasing angle of deviation.

(3) the image will move in a direction wing increasing angle of
deviation, turn back, and move in a direction with
dedreasing angle of deveiation.

(4) the image will first move in a direction with decreasing angle
of deviation, turn back, and move in a direction with
increasing angle of deviation.

(5) the image will first move in a direction with decrasing angle
of deviation and then stop.

A lighted candle i is placcd in front of a convex lens as shown in
figure (a) X,

™ Figure (a) Figure (b)
[f'the flame bends towards the direction Y due to wind as shown
in figure (b), which of the following shows the nature of the
1mage of the candlc and the flame?

Kapila Sri Rohana m

28. Two large non-conducting plane sheets,

is 20 kg. What is the minimum tension
that should be wihheld by each rope so that the man can move
safaly between A and B?

(I) 100N (2) 400N
(4)700 N (5) 800N

(3) 600N

27. The inner sphere of a composite solid

spherical object is made of a material of
density d, and the rest of the composite
spgere is made of a material of density d, as |
shown in figure. The radius of the inner {
sphere is r, and the radius of the composite
sphere is r,. If the composite sphere floats
fully immersed in a liquid of density d,, then

3 3 3 3 3 3 3 3
1) mdy =ndy trady - dy Q) qdy=rydy trdytndy

2 2 2 2 2 2 2 2
(3) r2d2=r1 dl +r2d1 “rzdz (4) 72d3 ”rl dl+r2d2 'f'l d2

3 3 3 3
(5) r2d2=r1 d] +r1 d3 i d2

each having a uniform surface charge
density +¢ on one side, are situated

parallel to each other as shown. The |+ i*
electric field intensity at a point P is l’; l i: s P
2 Jed - +
M 22 @ 5 @5 T

o
@ a5 5)0

29. Consider the following statements made about electric fields

and equipotential surfaces.

(A)Flectric field lines and equipotential surfaces are always
perpendicular to each other.

(B) The magnitude of the electric field intensity should be same
at all points on an equipotential suriace.

(C) The magnitude of the electric field intensity cannot be zero
at a point on an equipotential surface.

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

30. If a piece of uniform wire is stretched gradually, which of the

following curves correctly indicates the variation of its
resistance R with the length /7

R Rl\ Rl
0 1 0 g 7

0 0 1

0 0
M e @ @ ®)

31. A wire bent into the shape of a semicircle forms a closed loop

and carries a current /as shown in figure.
The loop lies in the XY plane and a L 13
uniform magnetic field is present along 3

the Y direction. Which of the following is d '
true regarding the forces acting on the circular and straight
portions of the [oop due to the magnetic field?

26. A man of mass 60 kg standing on a ««« ol
uniform  wooden rafter hung B i
horizontally by two identical ropes is *m :
painting a wall. The mass of the rafter il |

A ) B

L J



32.

Force on thecircular { Force on the straight

portion portion
(Y] Ze10 into the paper
2) ZETo out of the paper

3 into the paper
@) into the paper
5) out of the paper

into the paper

out of the paper

into the paper

Smali amount of powdered pepper was sprinkled on the surface
of water in a cup and the water surface was touched with a clean
ary finger tip. Then the finger tip was mbbed with a little soap
and the same process was repeated. Which of the following
observation is likely to be seen in the above processes?

Cleaned and dried finger tip Soapy finger tip

(1)

Pepper powder tend to move
away from the finger tip.

Pepper powder tend to flock
around the finger tip.

@

Pepper powder tend to move
away from the finger tip.

Pepper powder tend to
move away from the finger
tip.

G

Nothing happens to the] Pepper powder tend to flock
distribution of pepper powder| around the finger tip.

“

Nothing happens to the distri| Pepper powder tend to
bution of pepper powder. move away from the finger

tip.

B

Pepper powdsr tend to flock] Pepper powder tend to flock

"33,

34.

3s.

13

around the finger tip. - around the finger tip.

The applied force F and extension A/ curve

for a metal wire is shown in figure. Consider

the following statements. =

(A}f another wire of lower cross-sectional
area is used without changing-other
parameters, the corresponding curve
would fall above the curve shown in O X
figure. 0 J

(B)If 2 wire having identical parameters but with a larger
Young's Modulus is used then the corresponding curve
would fall below the curve shown is figure.

(O)If a longer wire is used without changing the other
parameters the corresponding curve would fall below the
curve shown in figure.

Of the above statements

(1) only (A) is, true.

(3) only (A) and (B) are true.

(5) all (A), (B) and {C) are true.

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

One terminal of the voltmeter V shown in
figure is connected to the point B. When
the voltages of all the other points-
labelled with English letters are measured v
by connecting the free terminal of the ,rm,. - ¢
volimeter to those points, the magnitudes v —

of the readings indicated by the voltmeter =*

ks Fe=l—p
(1) 0,2V, 8V 2 4V,6, ~, wa £ 5
() 2V, 4V, 8V #0,6V,8V
(5)4v,8v,12v .
By looking at an cmpfy glass vessel along the . . N

path shown by the broken ling in figure, a L
person could see the left corner of the bottom Lo |3 em
of the glass vessel. After the glass vessel is . L=~

filled with a clear liquid the person could see dem

the middle of the bottom of the glass vessel when looking along
the same path. The refractive index of the liquid is
(Take i3 =36)
ORA 2) 1.22

(3) .33 4)1.44 (5)1.55

36. The initial relative humidity of a closed room of volume }” at

37.

38.

. 39.

40.

room temperature 8, is X%. The temperature and the relative
humidity of the room are then reduced to 9, and Y%
respectively using an airconditioner. If the absolute humidities
of air at corresponding dew points of 6, and 9, are A and A
respectively then the mass of water vapour that has been
removed by the airconditioner is

M (fi"d’m};{i‘ti) @ ()‘;’0 ) f;O) g

Pt

ol -F)dk oL 1)w

4y 4V
G\ x -7) 100

When a uniforn rod of known length and area of cross-section
was lagged, and the rate of rlow of heat and the temperature
gradient were measured, it was found that value of the thennal

conductivity calculared using those quantiries, is smaller than

the expected value of the thermal conductivity for the material

of the rod. This could occur if

(A) the measured value of the rate of flow of heat through the
rod is lower than the expected vaine.

(B) lagging of the rod is poor

(C) the measunred value of the temperature gradient in larger
than the expected value.

Of the reasons given above

(1) only (A) is true.

(3) only (B) and (C) are true.

(5)ali (A). (B) and (C) are true.

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

Lower half of the circular wire loop of .
radius a. shown in figure is made of'a wire of i
resistance R and the upper half with a wire - >~ '
of resistance 2R. The magnetic flux density

atthe center (O) of the wire loop is given by

D 7z @ o ®
I Und
Oz O

In the circuit shown I, = 500 pA and the i
transistro has a current gain, f of 100, p,;
Current through the 5 kQ resistor in
approximately R

(1) 0.5mA 2) 1.0mA (3) 2.0mA A&

03V

4) 5.0mA 5)50.0mA .

4) 5.0m (5)50.0m -

The box P shown contains acircuitand ,, _———— ¢
when a battery is connected between _E % ,\}\‘
4 and B, the Light Emitting Diode o . -

(LED) connected to the circuit is lit.
Which of the following circuit/ circuit®inside the box P enables/
enable the Light Emitting Diode to be lit even when the battery
terminals are interchanged between A and B?

A c A c 4 4
X) (Y) (Z)

(1) OnlyXand Y (2) Only Yand Z
@ Only Y (5) Only Z

(B)OnlyXandZ
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41.

42.

43,

. (3) (B) and (C) only

44.

Consider following statements made about the circuit shown in figure.
(A) When E=1and S =0, the output F = [,

(B) WhenE=1and S=1 the output F = [

(C) When E =0 the output F =0 frrespective ofthevalues of S, / and 1,

Of the above statements I"H}—L

(1) only (C) is true

(2)only (A) and (B) are true . N

(3) only (B) and (C) are true ‘“‘Pﬁ =
(4) only (A) and (C) are true I

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

A variable parallel plate capacitor is made of
two identical semi-circular matal plates that
can be rotated about the common axis
passing through the centres of each plat and
perpendicular to them, as shown in the

figure. If one plate rotates with constant
angular speed o, relative to the other, the variation of the

capacitance C of the capacitor with time t is best represented by
(e c
%mg‘ OM 4.
M R )] ,
B @

’/_\/_"\A.

)

48

One end each of two identical,
stretched springs are fixed to the »
two ends of a closed tube and the other ends of the springs are

attached to a mass m, as shown in the figure. Which of the
following motion/s of the system results in a displcement of

mass m towards P from the centre of the tube? 6
(A) Uniform acceleration of the tube in the direction of PQ,

QLT »__. R AT |

)

45.

46.

If no current flows through the 5 Q resistor in the circuit shown,
what is the value of ratio  ? —
]
n 2 2 3 33 o=
(CO 23 G5 Fwsj»'v-—d-»*,
3 6V (fig) = 2
41 5 5 v=0T i

The network shown in figure consists of identical resistors each
having magnitude R. IfRis 50 Q the current drawn fromthe cell is

oV~
(r=0)

(1) 0.01A
@) 0.5A

@) 0.1A
(5) 1.0A

(3) 0.2A

Ri=19 Ry=28
- e T

(”»

If a certain potential difference 17 is
applied between 4 and B, acurrent of 3A 1
flows through R and a current of 2 A
flows through R .

What is the equivalent resistance between { and B?  +

@ ia @io @6 (570

=
Ziu

<
) S O
Ra=201 Ry=1R

M 3o

. A box, which is placed on a

A7,
rough, horizontal surface of a L ®

table is pulled by a variable, = /u U
horizontal force of magnitude F.

For a given value of F the resultant force R exerted by the
surface on the box makes an angle 8 with the horizontal
direction as shown in the figure. The variation of © with Fis best
represented by

keeping the tube in a horizontal. %

(B) Rotation of the tube around a vertical axis passing through
Q, keeping the tube in a horizontal plane.

(C) Vertical motion of the tube under gravity keeping O below P.

(1) (A) only (2) (A) and (B) only

(4)(A) and (C) only

(3) All (A), (B) and (C)

A cylindrical tank having a very large
diameter contains two immiscible liquids
of denities d, and d, (d, > d,). The tank has
asmall hole closer to the bottom (see ﬁgurc )
If'the heights of the liquids at a certain instant, are hl and k., what
will be the speed v of the liquid ejecting out of the tank at that
instant? Neglect the surface tension effects and assume that the

liquids are non-viscous.
_ _ [2ghdy .
(1) v=2gh Q= r
- Gl
(4 v=,2¢ (3‘2”1‘1 +h2)

50.

3) v+ 2g ( +hy)

Gyv= Zg(hl*f;—fhz)

49.

o @ 8 <]
I\,__ . E/m \_ N
g F oy 7 O F o Fs
o @ €) @ &)
Four identical rectangular metal plates, £, O, R

and S have been arrenged parallel to each other
so that the distance between two successive
plates is d. Area of each plate is 4. If the piates
0 and § are connected by a thin metal wire,
what will be the capacitance between platse P
and R?

g

2 4 3 A
Gy Gl B2~
@Xt T“OA

A body 4 of mass 2 shown in figure is

placed on a smooth horizontal surface, Al

and a small block B of mass M is placed at e T
: ¥ i

the top of the body. Staring from rest,
block B slldes down on the smooth surface of 4. At the instant
when block B Ieaves 4 the speed v of 4 is given by

e} u=@ (2)02\/3—”‘ (3)“=‘/:g?
gh (5)u=\/—%—7

@ o=
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G.C.E. (Advanced Level) Examination - August 2013
PHYSICS - 11

Three hours

Answer all four questions.

PART A - Structured Essay

[g=10Nkg]

01. You are asked to determine the density of'a given oil experimentally
using Archimedes' principle. A set-up consisting of a thin walled
glass test tube containing the oil, and a transparent glass vessel
with water as shown in figure is provided to perform the
experiment.

The test tube floats in up-right position in water as shown in
the figure. A coloured ring is clearly marked around the wall of
the tube at P and it can be used as a reference to measure heights.
The following symbols are assigned to various parameters
relevant to the set-up and use these symbols to answer the
questions. '

A4 - Area of cross-section of the tube above the ring
¥~ Voluree of the tube below the ring

/,- Height of the oil column above thering
1, - Height of the water column above the ring IM_
M - Mass of the empty test tube
d - Density of the oil

d - Density of water (given)

(a)
(b)
(©

()

(i)

(il

e (&)

oil—

Writr down an expression for the weight of the oil inside
the tube in terms of V, 4, l,d,andg.

Write down an expression for the total weight W of the
test tube with the oil.

Write down an expression for the upthrust U acting on the
test tube.

(i) What relationship holds between W and U?

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

In the relationship you have given in (d) (§) above, arrange
the parameters in ¥ and U, to obtain a relationship in the
forml, = mi +ec.

[fa suitable graph is plotted using the relationship obtained
in (d) (i7) above, how would you determine the density of
oil, 4, using the graph? ’

The following measuring instruments are at your disposal.

A half metre ruler, a vernier calliper, and a travelling
microscope.

@

(i)

0

@iy

-

Of the given instruments what is the must suitable
instrument to measure /, and /,? You are not aliowed to
change the position of the test tube.

How do you abtain the relevant readings to measure /, and
I, using the instrument that you have mentioned under (e)

(1)?

if the wall of the test tube is thick instead of thin, the
corresponding expression for m in the expression that you

Jd
=.a

have obtained in (d) (ii) above will yield ™ = d

Te

", where

A, and A are internal area of cross-section and external
area of cross-section, respectively of the tube above the
ring.

To determine A, and A, what measurements de you have

1o take?

BOTA sreseme it ons i disnrsnsssnssnssssasasaspsses
How do you use proper instrument selected out of the

measuring instruments given in (e) above, to obtain the
measurements x, and x,?

SRR i<\ |

To measure X sk e S SR e s

To measure N —

-02. An experiment has been desiéned to find the linear expansivity

oflead by using a thin perforated lead tube, closed at both ends.
The temperature of the tube is increased in steps by pumping
hot air at different temperatures. The temperature of the tube is
measured by means of a thermocouple. In this experiment, a
student is expected to measure the increase in length that occurs
in the length of the tube, with the increase of temperature, by
designing and implementing a suitable methodology.

Perforated lead

Fixed end.

Hot air out ~= e S[TA jj,ﬂ_
=

(@

Hot air in .
Free end

RN

tube

-

il

g
Figure (1)

Let the length of the lead tube at the room temperature be

I, The new length of the tube, when the temperature of

the tube is increased by an amount §°C from the room

trmperature, is /. Write down an expression for the linear

expasivity a of lead in terms of /, /. and 6.

Kapila Sri Rohana m



(b} Student proposes to use a metre ruler for the measurement
of length /. What is the minimum length / 'must have in
order for the percentage error of the / measurement to be
less than or equal to 0.2%?

(¢) State two advantages of using a thin perforated tube in this
experiment?

(d) For the measurement of increase in length (/, - /) of the
tube, student has designed the arrangement shown in the
figure (1) above. One end of the tube touches a rigid support.
ABCis alever system pivoted at B. The end C of the lever
system firmly touches the movable end of the tube and the
ABC structure can rotate about the fixed pivot at B. Scale
S is calibrated in millimetres.

Let X, = Reading indicated by the pointer 4, on the
scale S, at the room temperature, and

. X = Reading indicated by the pointer 4, on the
scale S, when the temperature of the tube is
increased by an amount 6.

Then the relationship between (1 [)and (X-X )isgiven
by the equation.

(h-10)=% (X—XO) ...... o

For this arrangement, P =2 cm and ¢ = 10 cm.

{{) What is the minimum value of increase in length (/, - [},
that can be measured using this arrangement?

{ii) Substitute the expression for (/, - /) given is equation / in
the expression you have written down for a in part (a)
above and obtain « suitable equation to plot a graph of X
with 0.

(e) A graph of X plotted with 8 from the reading obtained
when the length /, == 80.0 ¢m is shown in the figur (2).

X(mry)
4

Figure (2)
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(i) Find the gradient of the graph.

(if) Hence determine the linear expansivity of lead.

(f) Student has chosen a material with very low thermal
conductivity to construct the arm 4BC. Do you agree with
his choice? Give reasons.

(g In order to reduce the error in
taking readings from the scale S,
student proposes to fix a narrow
strip of a plane mirror (M) colse
tothe scale S as shown in the figure
(3). After this modification, what
is the step that must be followed ..
in taking readings from the scale $?

03. A glass tube, a measuring cylinder with
water, a metre ruler and a tuning fork of
frequency (f) 512 Hz are provided to [:2F<<:
deiermine the speed of sound (v} in air
and the end correction of the tube (e). [
When the glass tube is completely [:=
immersed in water and then raised [
gradually, resonances can be heard when
the heights of the tube above the water
level are [, = 0169 nrand /, = 0.509 m,
respectively. figurel

{a) (i) Draw the wave form for the resonance heard for the
first time in figure 1 (2).

(i)} Draw the tube, water level and the wave form for the
resonance heard for the second time in figure 1 (b).

(iif) Clearly mark the height /, that you would measure in
figure 1 (b).

(b) (i) Obtain an expression for the speed of sound v in
terms of e, fand /, by considering the resonance heard
for the first time.

(ii) Write down an expression for the speed of seund v in
terms of' e, fand /,, considering the resonance heard for the
second time.

(iii) Usmg the resulte obtained in () (i) and (b) (ii} above,
obtain an expression for v in terms of /, /, and £.




(iv) Hence calculate vande. What is the main reason for using wide copper strips
. instead of connecting wires when connecting the
components?

creasbienntatestrrrinaine

(¢) Identify the item X in the circuit precisely.

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

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

(d) Ifthe unknown value of R, isto be determined by plotting
a graph, state whether you would use a resistance box or a
(¢)  Astudent suggested to use a graphical method to determine rheostat for R, Give reasons for your answer,
v and etaking measyrements of several resonance states of
the tube with the tuning fork. Write down two difficulaties
of different nature in preforming such an experiment to

obtain sufficient number of measurements. - {e) (i)Write down an expression relating R \» R, and balanced
G T length 1
@)....

B o » . B .

04. In the circuit shown in figure (1) R, Ry AN, Ry (if) Rearrangethe var 1a_b1€S‘m CXpression given unger (e)
R, R, and R, represent resistances N @L R {#) above so that it is suitable to plot a graph with the
and Erepresents the e.m.f of the cell. 5 1
(a) Ifthe potential at B is same as Ry Ry reciprocal (}Tl) of the indepndent variable R, as

that at D, derive and 2 Xoaxi
expression relating R, R,, R, 3; TaXIS.
and R4‘ ﬁgure 1 B OO

(b) The above circuit can be used Ry Ry L eteemmnemmesseeiieeirasessereatasaa i ana s e n e reaat ss bt ehe e aas teseisanensnrnran
to ‘measure the value of an
unknown resistor (say R)) by
replacing resistors

. Give two reasons for not selecting R. values v hich produce
corresponding to R, and R, § i ) B ot B ey L P

with a uniform resistive wire
as shown in figure (2).

figure 1 0 ) onsnesssinisses s e A ey
All resistors and the resistive wire are connected using
wide copper strips. The length of the resistive wire is
exactly Im.
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Answer four questions on this paper itself.

PART B

[g=10Nkg"]

-05. The vertical force (lift) required for the taking off of an airplane
is provided by two forces, one arises due to the Bernoulli effect
and the other due to the hitting of air molecules on the wings of
the airplane. The orientation and the cross sectional view of a
wing of an airplane when it is travelling along the runway for
taking off are shown in the figure (1). Here the bottom surface of
the wing makes an angle 6 with the horizontal direction.

(@

()

©

Figure (1} Figure {2) Figure (3)

Take the speed of the airpiane on the runway to be (ms™)
at a certain instant and assume that air molecules remain
still relative to the earth. Also assume that each air molecule
has the same mass m. Consider a complete elastic collision
of an air molecule with the wing. [see figure (1).] The
speed of the air molecule relative to the airplane is shown
in the figure.

(i) Write down an expression for the change in momentum
of the air molecule in the direction perpendicular to
the bottom surface of the wing in terms of m, v and 6.

(ii) Ifthe number of air molecules hitting the witg during -

one second is N, using the result in () (i) above obtain
an expression for the vertical force generated by
collisions of air molecules on the with in terms of m,
v, 8 and N. Cn
When the airplane is moving , a wing swee;%n effective
cross-sectional area 4 {figure (2)}, and therefofe molecules
in a volume Av hit the wing during one second period. Let
the density of air be d.

(i) Write down the total mass of air molecules hitting the
wing during one second in terms of 4, v and 4.

(i) Hence express N in terms of 4, v, d and m.

(iif) Obtain an expression for the total vertical force (take
asF ), generated due to the collisions of air molecules
on both wings in terms of 4, v, d and 0.

(iv) ¥6=10° 4= 25m?and 4 =1.2 kg m? obtain the
-value of F_ in terms of v,
(Take sin 8 = 0.2 and cos 8 =1 for 6 = 10°)

(i) Assume that, because of the shape of the wing, the
average speeds of the air streams relative to the airplane

just above and just below the wing are 16‘1 and égi

respectively. Taking P, to be the pressure just above
the wing and P, to be the pressure just below the
wing [figure (3)], show that the pressure difference
 across the wing due to the Bernoulli effect is given by

(Pz"’l)z%"z-

(i) If the effective surface area of one wing is 120 m?,
find the total vetical force on both wings (Say F,)
due to the above pressure difference, in terms of v.

{Assume cosl10¢= 1) J

06.

(4
(¢}

0

In modern world optical fibres are
used in numerous fields such as
telecommunication and medicine.
Figure (1) shows a crosssection of 3;5
an optical fibre known as a
'step-index’ fibre.

If the mass of the airplane is 4.32 x 10% kg, calculate the
minimum speed required for the plane to take off.

The maximum possible acceleration of the airplane on the
runway is 0.9m s Assuming that the airplane accelerates
uniformly, calculate the minimum length the runway must
have for taking off.

Pilots take off airplanes by accelerating against the direction
of wind, whenever possible. Explain the reason for this.

dﬁdling Core

The inner part of the fibre known as the core in made of a
transparent material of refractive index 1.50 and the outer layer
of th fibre known as the cladding is made of another transparent
material of refractive index 1.44.

(@

(b)

©

As shown in figure (1) 2 monochromatic ray of light
travelling in air and entering one end of the fidre with an
angle of incidence 8 is refracted into the core. Then the ray
is incident on the core-cladding interface at an angle
corresponding to the critical angle C of that interface.
[sin 160 = 0.28; sin 25" = 0.42, s5in74° = (.96]

(i) Calculate the value of C

(i) Hence calculate the value of

(iif) Find the range of values 8 must have for the ray to be
totally internally reflected from the core-cladding
interface and transmit along the fibre. ]

(iv) Write down an important advantage of using such
fibres in telecommunication.

(v) Draw the paths of emergent rays from the other end
of the fibre for (1) odd number of reflections and (2)
even number of reflections.

(vi) Copy the figure (1) onto your answer sheet with the
existing incident ray and show the complete path ofa
ray incident at F and subsequently falls at the
core-cladding interface but does not undergo total
internal reflection.

Two shortred and blue light pulses are sent into one end of

a straight optical fibre of 3km length simultaneousiy and

perpendicular to it. Calculate the time interval between

the red blue light pulses when emerging at the other end.

The speed of light in air is 3.00 X 108 m s and the refractive

indices for blue and red light are 1.53 and 1.48 respectively.

(i) Totransmit light signals more efficiently some optical
fibers are made so as to decrease its refractive-index
gradually and continuousiy from the middle (axis) of
the fibre to the outer surface of the fibre. This type of
optical fibre is called a 'graded-index' fibre. Draw the
path of a monochromatic light ray transmitting along
such a fibre in a span of two total internal reflections.

(ii) If the incident ray consists of blue and red colours
instead of being monochromatic, will they travel along
the same path inside the fibre? Explain your answer
with a help of a diagram.
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07. Treatment procedures adapted in hospitals

very often require infusion of fluids such
as saline, antibiotics, insulin, etc. into the '}
venous sxstem of patients, over a long
period of time. A common method used for
this is to allow the fluid to be infused to the
patient under the gravity. Here, the fluid to
be infused is included in a bottle, and a
metal needle in the form of a thin tube is
connected to the bottle by a plastic tube as
shown in figure (1). The fluid is allowed to .+..
be infused by inserting the needle to a vein
of the patient.

(a) Suppose that it is required to infuse a saline solution to 2

patient using the set-up shown in figure (1).

(i) If »=Internal radius of the needle; /= Length of the
needle; Q = Volume flow rate of the saline solution
through the needle; 1= Viscosity of the saline solution;
AP = Pressure difference across the needle, write down
an expression for AP in terms of », / Q and n, when
the needie is placed horizontally.

(i) Whenaneedlewith»=2x10"mand/=3x102mis
used, the volume flow rate through the needle, before
it is inserted into the patient is 0 = 1.5 x 107 m® 5"
Calculate the height / shown in figure (1) under these
conditions. You are also provided with the following

N data.
" Density of the saline solution

=12x10°kgm? ;1 =2x 10? Pas. Take 7= 3.0.

(iii) Ifit is desired to maintain the initial volume flow rate
through the needle at the same value given in (a) (ii)
above, after inserting the neelde into 2 place where
the venous blood pressure of the of the patient is
3x 10° N'm? over and above the atmospheric pressure,
by how much the height # must be increased?

(iv) If the length of the saline bottle is 0.2 m, by how
much the volume flow rate through the needle will
change when a completely filled saline bottle becomes
almost empty?

(v) Hence, find the average value of the volume flow rate
through the needle.

(vi) If a saline bottle contains 1.10% x 10* m* of saline
solution, using the result obtained in (a) (v) above,
find the time taken for the infusion of one bottle of
saline completely to the patient.

(b) Infusion under the gravity is not a very good method when
it is crucial to maintain a constant rate of infusion. In this
situation use of infusion machines is appropriate.
A schematic diagram of the relevant section of such an
infusion machine is shown in the figure (2).

Driving motor Saline

syst i i
y fgn Syrmgemn solution

¥

figure (2)
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Here the fluid is filled to a syringe and is pressed using a
piston which can be moved very slowly by a controllable
motor system. Consider that the needle described in ()
(if) above is connected to this machine horizontally as
shown in the fi igure. The machine is used to infuse the
sdline solution to the patient as described in (a) (iii) above
with the same volume flow rate of 0 = 1.5x 107 m® 5,

(i) If the internal cross-sectional area of the syringer is
1.2 x 10* m?, how fast the piston must be moved?

(i) Assuming that the pressure differences of the saline
solution across the syringe and the plustic tube
[see figure (2)] are negligibly smal} calculate the
constant force exerted by the piston on the saline
solution.

" (iii) calculate the rate of work done by the driving motor
systen on the piston.

08. Read the passage and answer the questions given below.

Comets are small Tail3y,
astronomical  objects Periheliof\|
typically moving in highly
elliptical ordits around the
sun., [see figure (1).]

Some orbits extend roughly one hght-yea.r beyond the planetary
system. The main force acting on the comet is the gravitational
attraction to the sun. The main components of a comet are the
nucleus, coma and tails. While the solid body of the comet, the
nucleus, is generally less than 50 km in extent, the coma may be

larger than the sun, and the tails can extended over 150 million

kilometres.

Comets mainly, compose of frozen carbon dloxide, methane,
water (ice) with dust, and various types of minerals. When the
comet reaches the inner planets and moving closer to the sun, its
outer fayer gets evaporated due to the radiation pressure from

* the sun. The dust and gases released from it form the extended

atmosphere of the comet around its nucleus and is called the
coma. The solar radiation pressure and the solar wind acting on
the coma produce a bluish colour tail of ions which is straight
and directed away from the sun as the gas is more strongly
affected by the solar wind. The dust released from the comet
forms another white coloured and slightly curved tail behind the
comet.

The speed of the comet varies from its minimum value at furthest
point from the sun (aphelion) to the maximum value at the
closest point to the sun (perihelion). For example, the Halley's
comet of mass 2.0 x 10"kg at the aphelion which is at adistance
of 5.0 x 10"m from the sun, acquires its lowest speed of 12.0
km s,

Debris those enter the atmosphere from the outer space are
known as meteoroids. Most meteoroids burn out emitting light
in the atmosphere due to heat generated through the friction
with the expense of their kinetic energies, both linear and
rotational. They are called meteors. When the Earth's atmosphere
crosses the debris left along the path of a comet, meteor showers
could be observed. Some meteoids fall onto the Earth's surface
and they are called meteorites.

When a meteoroid is rapidly reaching its melting point, it becomes
incandescent. When the surrounding atoms become ionized and
rapidly recombined with the electrons causing the emission of
light, the meteoroid produces a huge spherical air mass, appearing
as a fire ball. Some meteoroids seen as fire halls could exnlade

Xphelion



into several pieces of meteors. Seconds after seeing the explosion,
the shock waves produced by the fragments of the meteoroid
could reach the ground making ground-breaking sonic booms as
heard in the recent event in Russia.

{a) What are the main components of a come?

(b) Write down three main differences between the two types
of tails of a comet.

(c) Calculate the gravitational force actmg on the Hallry's
comet when it is at aphelion.

(Mass % ofthe Sun=2 x 10%%kg, G =6.7x 10" N m? kg*?)

() Find the speed of the Halley's comet when it is located at
perihelion where its distance from the sun is 8.0 x 10*°m.
Note : The velocity of the comet is perpendicular to radial

direction at both perihelion and aphelion. Assume’
that the mass remains undhanged.

(e} Why meteor showers are produced when the Earth's
atmosphere crosses an orbit of a comet?

(A What is the difference between meteprs and meteorites?

(g) What energies are converted to heat energy in burning
meteorids?

(4} What is the mechanism that generates the light for a
meteoroid to appear as a fire ball?

(/) A meteoroid falling vertically downward with a speed of
200 m s explodes into two pieces. If one piece having a
mass of the meteoroid travels in the horizontal direction
with the speed of 600 m s, find the speed of the other
piece.

(/) Whatshould be the condition that must be satisfied by the
speed of a piece of meteoroid to create a shock wave? -

(k) Explain the formation of 2 shock wave using a diagram.”

09. Answre cither part (A) or part (B) only. X

(A) The box P shown in the figure (1)
comprises a complex electrical circuit
containing only cells and resistances.

AAAR
YYVy
o)

P

figure (1)

Assume that the entire circuit inside the box can be replaced
with a series combination of a single cell withane.m. £ E
and a single resistance R jas shown in figure (2). 5

(a) Write down an expression for the current [ drawn
from the circuit in P when an external resistance R, is
connected across the terminals X¥in figure (2) in terms
of E, R, and R,

Values of E and R, mentioned above can be determined

exprimentally be using the two methods indicated under

(b) and (c) below.
(b) Afterremoving theresistance R, rovs -
the voltage across the tetmmals f L RLIVL
XY is measured with a voltmeter — -
having an internal resistance
ving an i al resis very figure 2)

much greater than R, Let the
voltmeter reading be V.

Then the terminals XY are short circuited for a short
time and the current in the circuit is measured by an
ammeter with negligible internal resistance. Let the
ammeter reading be /.

Use the results obtained above to write down expressions for Eand R,

(¢) In order to find values of £ and R using the second
method, two resistors having different values are used
for R, in figure (2), and the voltages ¥, across R, are
measured with a voltmeter having an extremely high

internal resistance compared to R, values. Set of values
obtained in such a measurement is given below.

When R, = 1kQ, V,=75mv
When R, = 100kQ ¥, =5V
Use the above measurements and calculate £ and R,

(d) (i) In general if RO is extremely large compared to R,
show that the current / in the circuit is almost
independent of the value of R, and it depends only
on E and R, You may use the expression obtained
for I under part {a) above for this. (Under this
condition the circuit in P consisting of £ and R,
can be treated as a constant currant source)

(iDIf the voltage appearing across R, under the-
conditions mentioned in (d) (i) above i IS vV, drawa
rough sketch to show how the current I varies
with V,. (Use V, for x - axis.}

(e) Part of the output I - V ekl

characterictic of an npn |

transistor [see figure (3)]

connected in the common

emitter mode is almost similar

to the rough sketch that you heure(3)

have drawn in (4) (ii).

From this what can you infer about the magnitude of
the resistance between the collector and the emitter of
the transistor? Briefly explain your answer.

0 2 4 6 B Ve (V)

(B) A step-down transformer produces an output voltage of

18 V (peak value) from a 240 V, 50 Hz ac mains voltage.

(a) Draw acircuit diagram of a bridge rectifier connected *
to the appropiate terminals of the above transformer.

(b) Draw the voltage waveforms formed across a resistor /
connected across the outputs at the following output
stages. Label the axes of the graphs and clearly mark
the peak values of the voltage (in volts) and the period
of the waveforms (in seconds). Assume that silicon
restifier diodes used in the rectifier have a forward
bias voltage of 1V.

(i) Transformer output
(i) Rectifier output (without smoothing capacitor)

(i), Rectifier output with the smoothing capacitor.
Show the capacitor connection in the circuit, that
you have drawn under ().

(iv) Output after connecting a zener diode to regulate
the voltage. Show the zener diode connection in
the circuit that you have drawn under (a).

(¢)(i) What is the advantage of choosing a ]érge
capacitance value for the smoothing capacitor than
a small value?

(ii) When the smoothing cap:clcitor is in place what is
the maximum reverse-bias voltage that can appear
across a diode?

(d) Ifthe zener diode used in (b) (iv) above has following
specifications, colculate the value of the safety resistor
that has to be used in order to safeguard the zener
diode.

Zener voltage=10V

Maximum permissible current through the zener diode =200 mA

{Use the relevant peak values for your calculations.)

(e) A student has decided to use the rectifier sircuit with the

smoothing capacitor (but without zener regulation) as the
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dc power supply which is necessary to operate a common
emitter amplifier.

(i) Draw acircuit diagram of 2 common emitter amplifier.

(i) State changes that you would expect in voltages at
the base and at the output of the amplifier due to the
voltage variation (ripple voltage) of the power supply.

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

{A) Starting from ideal gas equation derive an expression for the
density (p) of an ideal gas in terms of pressure ( P), molar mass
(M), absolute temperature (7) and universal gas constant (R).

As shown in figure (i) a volume of 1.0 m? i
of air at atmospheric pressure isxwfoe..
(1.0 x 10° Pa) and temperature 27°C
(point 4 of the P - ¥ curve). is
compressed adiabatically to a pressure 0***
of 1.5 x 10°Paand temperature 0f 64.5 °C figure (1)
(point B of the P-V curve).

Then the air is cooled to the initial temperature of 27 °C under a
constant pressure of 1.5 x 10° Pa (point C of the P - I curve).

i\
V% 10 Vis))

[Assume that air behaves as an ideal gas; the molar mass of air
=3.0x 10 kg mol’; R =8.31 Tk mol; take gy =0.12 ]
(@) Calculate the densities of air (i) at point A, (ii) at point B,

and (iii) at point C.
(b) Calculate (i) volume V| of air at point B, (if) volume V, of

air at point C. (Give your answers to the nearest second
decimal place.)

(c) Assuming the adiabatic curve to.
be linear, the above P -V diagram

could be redrawn as shown in ~_ ® &5

3 p 1SR 10 -rromvmnrneest <
figure (2). During the compression P
process of air from 4 to B, i
calculate the following. . ?‘ M

- () Work done by air figure (
(i) The change in the internal energy

(d) Duringthe compression process of oir from B to C, caicillaxe
the following,

(i) Work done by air.
(ii) The amount of heat given out from air.

+

() A process similar to the process shown in figure (1) takes
place in some vehicle engines. The power output of an
automobile engine is directly proportional to the mass of
air that can be drawn into the engine to mix with a given
mass of fuel. These vehicles have a unit called 'turbocharger’
which compresses the air before it enters the engine, giving
a greater mass of air per unit volume. This rapid, adiabatic
compression heats the air. [Process 4 to B shown in figure
(1).] To compress it further, the air is then passed through
aunit called 'intercooler' in which the air gives out heat at
constant pressure. {Process B to C shown in figure (1).]
The air is then drawn into the engine. '
Compared to the power output of an engine that takes in
air at a pressure 1.0 x 10° Pa at 27°C, what percentage
increase in power output can be obtained by using the
. 'turbocharger’ and 'intercooler'?

[Hint : use the results obtained in (a) (i) and (a) (iii) above.]

(B) A photosensitive surface is illuminated by radiations of

(®)

©

(d)

wavelength A.

(@) (i) Write down the Einstein's photoelectric equation
relating the maximum kinetic energy (K, )ofthe
ejected photoelecrons to A and the work function
(9) of the photosensitive material.

(ii)Obtain an expression for ¢ in terms of the threshold
wavelength (1) of the photosensitive material.

Intensity

Y
1t

3 T
300 ! s00 w0 0 s A

figure (1)

Plants can convert solar energy directly to chemical
energy. This process is known as photosynthesis. In
order to absord light, plants use pigments known as
chlorophyll. A typical chlorophyll molecule absorbs two
wavelengths (one of blue colour and the other of red
colour) from sunlight. The wavelengths absorbed by
chlorophyll are shown in the figure (1).

(i} Determine the two wavelengths, 2, and %, absorbed
by a chlorophyll molecule. ‘

(if) Which wavelength corresponds to blue colour?

Chlorophyll molecules absorb the photons of the
corresponding wavelengths shown in figure (1) above and
get transferred to excited states. The minimum energy
needed to excite the molecules is known as the excitation
energy ( §) of the molecule. This excitation energy can be
evaluated by the same expression obtained for the work
function ¢ in (a) (ii) above. Determine the two excitation
energies, ¢, and ¢, of the chlorophyll molecule,
corresponding to the excitations occur due to the two
absorptions, A, and A, respectively.

(Take ke = 1290 eV nm)

(i) During the day time average rate of solar radiation
incident on a unit area of the Earth's surface in Sri
Lankd is 1200W m-%. Assuming that out of this rate of
energy, only 0.1% belongs to the energy ofthe photons
corresponding to the wavelength )| determined in ()
(?) above, calculate the rate of energy incident on a
unit surface area of the Earth, which belongs to
wavelength 7

(i) (1) If the effective surface area of chlorophyll
molecules on a leaf of a plant is 4.0 x 10* m?,
determine the rate of energy incident on
chlorophyll molecules, which belongs to
wavelength 2.

(2) What is the rate of photons corresponding to
the rate of energy in (ii} (1) above?
(1eV=16x10"71

(iii) If only one chlorophytl molecule is excited for every
10* photons incident on chlorophyll molecules, how
many molecules are excited due to the incident photons
calculated in (ii) (2) above?

(iv) If such six excited chlorophyll molecules are needed
to make one glucose molecule, hoq much time is
needed to make one glucose molecule?

Kapila Sri Rohana m



Provisional Scheme of Marking

@OREO®B
- JolelhRola
0B XR(E
QLR M® 0B
GOROM®O
Jolol-lala
OO
PO
RO BE
Jajelael:de
RO B
- eNajola
PLOEOXRO®OB
RO OEG
OO X
POREABOE
OO XRB
PLOORE®OB
OO BOXB

2013 - Answers

DXABEBB
QOBXREO®B
OB EIXROG
Q@O OBC
OO
OO
OX &
2 NEDIC
DX [
OE
@O0
2 ORE
OO K
Q0
s NONE)
OX @
@0 O
G JORE
QORI O®O

wn

HEOLOUXOOEOOEEEEE

DEHENOOORROOOEOXROX®
XN UUOUOEXNOOEE®E

(- JONONONON

: JoJolaolx
- JONORONOR
QLURB®MO(E
- JONOROROIN
- JONORNONE
OO X® B
OREBEB
- JOINONON0
QOROO®O
QOB EXRE

2 JONENOROII




A~TIAKI1

(01

(02)

(@) (V+Al)dg 01
(b) W=Mg+(V +Al))dg 01
(c) U=(V+AlL)d g 01
(A (Hw=U

(i) Mg+ (V+Al)dg=(V + Al)d g
M+Vd+Ald=Vd +Ald,

M+ Vd- de

- —

w

L=+ v
W
(iif) d = (gradient) x d ,
Mulitplying the gradient of graph by d / density of water
01
{e) (i) Travelling mieroscope 01

(i) Focus the horizontal cross wire of the travelling
microscope to the ring / point p and take the
reading.

Then focus the horizontal cross wire of the
travelling microscope to the oil and water surface /

levels and take corresponding readings. 02
(f) (i) interndl diameter of the tube
Exteranl diameter of the tube 01

* (ii) Using the inner Jaws of the vernier Calliper
Using the outer Jaws of the vernier Calliper 01

(a) 0 01
Imm o/ — 0.5mm
—=— x 100% =0.2% ~—— x 100=0.2
®) @mm OR (7o Jmin o1
({yymin= 500 mm (Ip)min =250 mm
50cm = 25cm
0.5m =25m 01

t

(¢} Tube reaches the therfal equilibrium state OR

equilibrium / stable temperature quickly/ with small
amount of heat or it will have a small heat capacity.

Tube will heat up uniformly/ tube will achieve the
same interanl and external temperatures or beter

_thermal contact to the inside and outside of the tube.
01

@@ (x-x0) =% 1)
minimum value of (11 -10) that can be measured

using the setup=0.2mm=0.02cm=2x10*m 0l

R (x-x) =5 (1-1)

05mm =5 (71 -10)

-4 01
I ~lg =0.1mm/00len/1x10" m

03.

(@

(X -Xo)
5,0
OR X=5X10 €+XO

a5 01
X -Xg =5 [aly 6]

o=

=%
X"TXG"'XO

(¢} (i) Gradient of the graph = 0.1 mm °C-' = 10*m °C"!
0t

(i) 51y =107% OR Sefy=0.1mm°c™l 01

S [V s |

 5x80x 102
a=25x10" °c1 01

(® yes.

low thermal conductivity for the arm ARC is disired
because;

Heat absorbed by the ABC am will be small, OR
Expansion of the ABC Arm will be small negligible.
OR

Temperature rise of the arm ABRC wil] be small,
OR

The ratio (p/q) will not be different from the given
value.

 OR
No additional contribution to the expansion will come
from the heated arm 01

(€

=

looking from above and move until the indicator
pears right in top of its own mirror image and take the
reading. 01

(i} Correct diagram with the end correction 01

(ii) Correct diagram with the end correction as shown
Length above the water level should be approximately
three times compared fo the first case.

(iii) Correctly marked the height from the water level to the
open end of the tube 01
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(b

©

04. ()

(b)

©
@

M 4=y+e
V=4 +¢) 01
V=1fi
V=ra(y +e)
V=47(} +e)
() =% (12 +e)

V=‘—13]—~ (12+e)_ 01

(i) @ = 35-11%
= %'—'lzi-e

@. 01

2V
- 4f 271
v=af(l-4) O

=2x512 (0.509-0.169)
V=381l6ms! = 382ms! -

® = e= %f-zl

_ 3482
e=gx513 ~0169
e =0.001 m 01

The length of the tube or the height of the measuring
cylinder equired would be too fong OR

length of the tube or the measuring cylinder may not be
sufficient.

The intensity of sound / loudness would be too low to hear-

sufficient number of overtones. OR (if would be difficult

to hear sufficient number of overtones) 01
LR = R
171 2 3} 01
hBy ™ 1Ry
R R
1 3
. = 01
R TR

To reduce the resistance between the interconnection of
items OR

To reduce the contrrbution of connecting wires to be the
resistances OR

To reduce errors associated with resistances due to

conecting wires 01
Centre - Zero Galvonometer with a Safety resistor 01
Resistance box

Reasons

To obtain read the value of the resistance (R,) to plot the
graph OR 5

The resistance box will provide the value of resistance
OR

Numerical value of the resistance is needed to plot the
graph

OR

Rheostatdoes not provide the value of the resistance (R,) 01

N s
@O ®~1=1 oo R TI00-7 01
R 4 Ry _100-1
@ & T or ] 1
o T I _,
R T ' BT

- 1 R,

={R +1 1 1 1

1= (%) R oo 7“(m)‘1§'+m
01

(iii) Form the gradient OR gradient x 100

(f) Ifsmall/valueare selected.
1. Fractional / percentage error due to end correction will

be large.
2. Fractional / percentage error due to /measurment will
be large.
3. Galvonometer is more sensitive when the readings are
taken at the middle (or 30 cm - 70 cm) 02
PART -B

05.(a) (i) Change in momentum ofthe air molecule perpendicular

fo the wing = 2 mv sin § 01
(if) Vertical force generated by the collisions
=2mv sinf x cosB x N 01
(b} (i) Mass of molecules hitting the wing in one second
= Avd 01
(if) Number of molecules hitting the wing in one second,
N =4 [Nm = Avd] 01

(iii) Total vertical force on both wings due to collisions of
air molecules on the wings,

F, =2mvSinf cosé x ~A”v1_d X2
E. = 4AdV2Sing cosé o1
(v)if A =25m?% d = 1.2kgm?, cos® =1sin6=0.2

FC=4x25xl.2xV2x0.2xI

F, =24v2
(¢) (i) Bernulliseq; P+%p\12+ pgh= Constant ,_01
OR P+ Lpv* = Constant 01
Rege () e be (3
1o (42 2) ‘“
= 3 xax 2
= % xdgigz;
P2‘31=%=QTV2
Py - =2v? !
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(if) Total vertical force on both wings due to Bernulli's (m) Range of8:01025%r 0 <8 <25°

effect; -25"< @< 25° 01
o P, -, (iv)Advantages : - No interfences from external
A4 electromagnetic waves/ imterferences from external
F=A (P2 - PI) noises could be avoided OR Bandwidth is large OR low
9 transmission loss OR Less heat dissipation OR No
=A %— cross-tatk 01
F=2x120 y 5,2 v} ——— __Aeven) 01
-3 v
Fy=2x 120 x2x v2 x Cos 100
b 25 ’ ____%\\(odd) 5 o1
F =96V 01
¢ () e
(d) Total vertical force on the airplane; s
o1
Fy +EF, =96V2 +24v2 0% 7
(7'
=120 ¥2 !
B +F, =mg o108
b ; . (b) Speed ofthe blue light in the fibre = 9-1"31?%
12072 =432x10° OR '
2108
2 _432x10° Speed of the Red light in the fibre = 3.X 10
vV 120 p 8 148~ 01
2 - - 3
. 4 3600 Time taken by the blue light = %\—%8
Vo =60ms™! 01 153
(¢) Initial velasity , U= OFinal velomty 60 ms! : ¢ = B X_103 %153
a=0.9ms? OR i 3 X 108
Vi=U? + 245
3 ;
60°=0+2x09x5 01 Time taken by the red light (t,) = %j—
0
S= % m ; §=2000m Timedifference t =t -1

Required minimum length of the runway =2 km

~ 3x103
t = 2220 (1.53-1.48

. , o o 3x108 ( )
(f) Pilots take off airplanes by accelerating in the direction

— 105
against the wing in order to have a higher value of v OR 1 =107"x0058
to achive a higher lift t=5x107"S (0.5s) o1
OR
' Airplanc'can take off at a lower speed relative to the earth. {c)- (i)
01
' 01
06.(@)()) n, sini=n,sinr
1.58inC=1.44 ' 01 (i) Red
1 44 Blue
SinC= =0.96
01
C =74 01 F
Speeds / refractive indices / Wavelengths of blue and
* (i) Angle of refraction of the first surface (1) 2 red rays are diffrent inside the fibre
r=90°-C 01 8n/
: 07. (@) (i) Presuredifferece = AP = 27
r=90-74 @ O o e
= gt (if) Give that #=2x 10*m, /=3 x 10°m
e Sin 8 = 1.5 x Sin r (sin 16%) : 01 Q=15x 107 m!
Sin6=1.5x0.28=042 -3
: = 8x2x10 x3x10 =7 01
N o1 AP = x 1.5 x 10

3x (2 x 10“4}
AP=15x10*Pa
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Value of h required to maintain this pressure diffrence is

given by
hdg = Ap (For equaling
hx1.2x10°x10=1.5x% 10° Ap to hpg)
h=125m ‘ : 01

(iii) If the pressure at the free end of the needle is increased by
an amount 3 x 10°Nm over and above the atmospheric
pressure, the height of the saline coloumn must be
increased by an amount h' Where

h'dg =3x10° 01
o o 3108

1.2 x103 x 10
A =025m

01
(iv) If the corresponding change in flow rate is AQ for a
change in height of Ah, then.
(ah) dg= 2 < AQ
re

gx2x 1073 x 1072 x AQ
4
3 x(2 X 10_4)

(an) dg=

(Ah)dg = 10" AQ

_. (an)dg
AQ = 1011
2 3«
AQ - 20x 10 xlél.lZXIO x 10 01

AQ =24x10"8 m3s~! 0

OR Minimum volume flow rate Qmin which occurs when the
bottle is almost empty

b= (LSE~02)m=13m
3 3
13x12x10° x10-3x 10° = 8X2x 1077 x3x 1077 ,

3x@x 109 ol
0 =126x107 m> §7
e < =,
- Change inflowrate= 1.5 x 10 -126x 10
: = 24x10 %7 o

(v) maximum flowrate (when the bottle is full)=1.5x 107 m? S
minimum flow rate (when the bottle is emty)
= (1.5x107-2.4x10%)m*S?!
= 126x107m*S’!

(15+126)

Average flowrate = 0_'7

- 138x 10" mis ! 01

(vi) Time required to infuse 1104cm?® of saline

1104 x 1076 S
1.38 x 1077

t =8000S 01

{b) (i) IfV is the speed of the piston with which it must be
moved in order to maintain a volume flow rate of
1.5 x 107 m*S*, then [ Q = AV]

V cross sectional area of the syringe = 1.5 x 107

15 x107
V= Txi0e
V=125% T 01

(ii)Required Pressure to maintain the given flow rate
[P =hpg]
=1.5x1.2x10°x10=1.8x 10*Nm?
Force exerted by the piston on the saline solution,

F = PA
F = 18x10°x12x10*" 01
F = 216N 01

(iti) Power =Fxv
=21.6x1.25x 10"

=2.7x10°W =2.7mW 01
OR
Power =PV

=1,8x10%x 1.5x 107
power =2.7x10°W

=2TW
08.(2) Nucleus, Coma and Tails (All three)
(b) Iomtail Dust tail
(i) Straight Slightly curved
(it) Bule Colour White colour

(iii) Mostly ione Mostly dust
(iv) Always directed

away from the sun Behind the comet 01

¢ = GMm
© F o
F= 6.7x10~11x2x103gx2x1014 ol
(leolz)
e ¥ 9
F o= 107x10° W 01

@ ApplyI, @, =1 o, (Consevation of angular momontumy

s )
mrl ?{—mrz E
8.0x10xV=5x102x12.0x 103

V=75x10°"ms* OR V=75x10kms’ 01

[mr,v, = mr, v,} :

(&) The debris left along the path of a comet enters the earth's
atmosphere and burn out due to heat being genarated
through friction, emitting light. 01

(f) Meteorltes - Metorids which burn out partially and the

remains fall into the earth surface.

Meteors - Meterids which burnt out completely in
the atmosphere emitting light. 01

(g) linear (translational) and rotational kinetic energies.
(h) Fireballs are produced when the atoms surrounding the

meteoroid ionize and rapidly recombine with the
electrons, emitting light. 01
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® % m
( i{: ) v, @'—’600ms"
200ms! %m '
vl

Applying consevation of linear momentum,

R

v, =%0ms "
Vv, x % =200 M
v, = 500'ms " |

.3
v = 9002 + 5002

V=106 x 10% ms™! =1030ms™! (1020- 1040)01

(i) Speed of the piece > the speed of saund. 01
[Mac Number > 1]

&)

. Correct diagram with the envelope (two lines) 01
The cone proctuced by the envelope of spherical wave

fronts is the shock wave OR labeling the envelope of the

wave front as the shockwave. 01
09. (A) (a) 1= Lt 01
Ry ¥R,
Ohms (¢) and Kirchhoff's
b = 01 .
g & Yo lows are apply to the

I, = 71?0 o1 |eircuit, .
! L
"o

. Ry = 01
I # E=IRy+Ry Ol
(¢} Applying y =R
VL=IRL
]
_(_E
VL‘[R0+RLJRL 01

R, =1x10® and V, =75mV

o3 = _1x103E
75“}(10 = ALY
Ry+1x103. o

75x 1073 Ry +75=1x 10°E
E=75x100R,+75x10° (@
R, =100% 10°Q and V; =5V

5= _100x 103E
Ry +100x 103

SRy +5x10° = 100x 10°E
E=5x10°Ry+5

@ =@ 75x100R) +75x 107> =75x 107k, +5
25x1070R) =4.925

Ry =0.197x10° Q
Ry =197kQ 02 (02 0r00)

®= E =5x10759x197x10° +5
=985x 1072 +5
E =1485V 02 (02or00)

(d) (i) Consideringtheeq I= RQ—ERZ when R, >>>R

L lx 7R0 OR Iz%o or

OR Answer in words followed by a correct argument.

(ii)

01

ve

() The nearly horizontal flat region of the output characteristic
is similar to the above curve. 01

(the one corresponding to the active region)

The above curre is produecd by a circuit baving a large
internal resistance (R ), there fore the internal resistance
of the transistor is also large. OR

The gqradient of the above curve is very small

AV
implying that the associated resistance [—EL-J is vey

large.
Therefore the resistance, of the transistor is very large.
any one 01
o X
(B) '
R.

For correctdiagram up to the line xy from left 01
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(b) (0 (i)

Y.V} V)
t(s) 0
2x107% .1x10%s
@iv)
VitV
VZ

01 mark each for the shapes and labeling of axes of

above graphs 04
18V and 16V mark af least one graphs 01
Respective periods of the wave forms 2 x 10 S and
1x 1028 01
(ii) Smoothing capacitor connection shown in the diagram
01

(iii) Zenor diode connection shown in the diagram 01

(¢) (i) Thedccomponent bigger OR the voltage smoother OR
A large capacitance will make ripple voltage smaller
OR ripple factor smaller OR make the output more dc

01
(if) Maximum reverse - bias voltage across adiode is 17V
' 0t
d :
( ) 4 __I.m_, .u....«fML“,._u._,_Es _____ e,
12
' ¢ Vz
|
) ¢
16200 -200x 107 o 1610 < 2001073
Ry = —b. — Rg2 300 01
200x 10
Rg =300 01
© @ y "
T « R He— T e
] iR Ok :
FRZ | E o——~]—r_ﬂ[
| 3 ! .
OR “"cc
- IR,
Ry§ —
o?—L/*l
: Correct circuits 01
“ ¥

(ii)Base voltage would vary according to the ripple
voltage. This will appear as a signal variation at the
base and produce an ampllified (inverted) signal at
the collector. 01

10.(A) Py=mRT - OR PV = ('{”‘,}")RT 01
- (m) RT
P v M
= PRL
174
p=—%4- 01
_ _ 10°x3010° _ 0.12x10° x30x 1073
(@ () PA =~ “83Tx300 300
<3 .
py = l2kgm 0t
(i) o = 1:9%10°x30x103 _ 0.12x1.5x10% x30x10°%
PR = = B83Ix3375 3515
PR = 1.6Kgm'3 01
ao o L3x10° x30x103 _ 0.12x1.5x10° x30x 1073
(i) pc 8.3T X 300 300
= 1.8kgm™ 01
PV, PV
; 12 11 _ PV |
() @ Vl T OR “Tl*‘" T

08 o LRI RV
TTT300 T T 3375

v = 0.75m> or’
PV, P,V
i ) 1. 2.5
@ V=15 OR —5=%;
10x105 x1 _ 15x 103 xV,
300 h 300
V, = 0.67m’ 01

{c) (i) WorkdonefromAtoB = -_21‘ x 025 x (1+1.5) % 10°

= .31250] (3.125 x 104.1)

(ii) For an adiabatic process AQ =0 01
AQ =AU+ Aw
O =AU+ Aw

L Au=-Aw 01

Change in internal energy from Ato B=31250] 01

=-1.5% 10°x 0.08
=-12000J (1.2 x 10%)

(if) Since temperature at C is equal to the temperature at A,
the internal energy of the air of C is same as that at A.
Therfore the internal energy gained during the process
from A to B has to be lost during the process from Bto C

Applying AQ =AU+ Aw
AU =AQ-Aw
-31250 =AQ - (-12000) 01

AQ  =-432501 (4.325 x 10%7) 01

(d) (1) Workdone formBtoC
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. . (1.8-1.2)
(¢) Increaseinefficienct = —T17—x100%

' =50%
5 he _
10.B) @6 H-g-x__ ' 01
(iYWhen L = A0,K_ =0 01
$= ;% 01
(b) () A, =430 nm (430x 10°m) 0t
A, =660nm  (660x 10°m) 01 o
(i)430 nm OR X, OR shorter wavelength 01
~ - 1290 _1290x1.6x10-19g
© O =75y OR ¢ = =X g —-m
é =3eV 4 =48x107%1 0
_ 1290 ' - 1290x1.6x 1019
h=% R & 660
_ - ~19 01
gy =1.96 ev $y =3.13x1077J
(1.95-1.96) (3.12 - 3.12)
(d) (i) Rate of energy incident on unit surface area due to A,
. _ 1200
= 700 x 0.1
=1.2Wm™2 o1
(ii)(1) Rate of energy incident on chlorophgll
TEISCRIES 155 el T4
el =48x 1074w 01

(2) Number of photons incident per second
_ _48x107%
Ix16x 10-19

1015 Photons §™! 01

01

(iii) Number of chlorophyl! molecules excited

=10
. Per Second _l o

= 10 molecules S__]
01

(iv) time taken to make on glucase molecule = % 0
068

01
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