G. C. E (Advanced Level) Examination, August 2014
PHYSICS -1

Two hours

‘Instructions :

< This question paper consists of 50 questions in 10 Pages.
% Answer all the questions.
% Write your Index Number in the space provided in the answer sheet.
%  Read the instructions given on the back of the answer sheet care fully.
@ Ineach of the questions 1 to 50, pick one of the alternatives from (1, (2). (3), (4), (5) which is correct or most apprepriate and mark ~
your response on the answer sheet with a cross (x) in accordance with the instructions given on the back of the answer sheet
Use of calculators is not allowed.

(g= 10N kg")

01.

02.

03.

04,

As far as the units are concerned, which of the following 06. Two cells, each having em.f. E and internal resistance r,

quantities differs from the rest?
{1) Rotational kinetic energy

connected as shown in figure are equivalent to a single cell with

(2) Mechanical potential energy IE ‘r'
(3) Intemal energy ]E Hr”
(4) Work ’

(5) Power

Which of the following quantities is / are dimensionless?
(A) Relative velocity
(B) Relative density
(C) Relative humidity

(1) Aoniy.

(3) BandC only.

(5) AllA,Band C.

(2) Aand B only.
(4} Aand C only.

Which of the following propagates in the form of longitudinal
waves?

(1) Laser light

(3) Ultrasonic waves

(2} X-rays
(4) Microwaves

07.

(1) e. m.f. E and internal resistance r.
(2) e. m. f. 2E and internal resistance 2r.
(3) e.m.f2E and internal resistance r.
(4) e.m.f. E and internal resistance /2
(5) e.m.f. E and internal resistance 2r.

Two charged conducting spheres of radii R, = rand R, = 2r are
connected by a thin conducting wire. After being connected, if
the respective charges on the two spheres are Q, and Q, and,
the corresponding surface charge densities on the two spheres
are Q, and Q, respectively, then

(5) Radio waves (1 ) ) —;I— :_12 2) o) 9 _,
When a guitar is played, it will produce o - Q; 2
(1) longitudinal progressive waves on the strings .and 3) 9 1 a , 4) 0,=Q, o, =0,
longitudinal progressive waves in air. 0,7 2o ¢ d
- (2) transverse progressive waves on the strings and
longitudinal progressive waves in air. (5) 9 op 1
(3) longitudinal standing waves on the strings and transverse (2% = Ty =7 :

0s.

1

progressive waves in air.
(4) transverse standing waves on the strings and longitudinal
progressive waves in air.
(5) transverse standing waves on the strings and transverse
~ standing waves in air.

Which of the following statements is not true with regard to a

08.

Four particles each having a charge of +q are placed on four
vertices of a regular pentagon as shown in figure. The distance
from the centre O of the pentagon to a vertex is a. The electric
fiel intensity at the centre of the pentagon is

(1) 77 in the OF direction

o
S . Y
. compound microscope : (2) %z in the EO direction. E C
(1) Tt has two convex lenses. ‘ (+q)
) . o w e g
. (2) Image 91 the ?bject torme(_J by the objective is real. @) TP kOB diretion,
(3) Separation of the lenses is much greater than the focal 0 X B(+a)
length of the objective or the eyepiece. ¢t %

(4) Final image formed by the microscope is a virtual
image. A

(5) The object to be examined should be placed within the
focal length of the objective.

q_ . .
4) ;SF in the EO direction.

(5) zero.

Kapila Sri Rohana m



09. A thin ring of mass M and radius R is rotating in a horizontal

10.

1L

®) ¥ @ &

12.

(1)

plane about an axis passing through its centre perpendicular to
its plane with a constant angular velocity . Now if two small
masses, each of mass m, are attached gently to the opposite
ends of a diameter of the ring, the new angular velocity of the
system is .

oM (2) (M + 2m)
¥ Im ——g
3 wom (4) oM -2m)
M+ym M +72m
& oM +m)

4

A particle of mass m is dropped freely from a Jocation at a
height h, from the ground. The variation of the kinetic energy
(E) of the particle with height h as measured from ground is
best represented by

M ET D) E[
00 ’ /] 00 i
Gy £ @ £
OOL_? i Oob? A

() E

0 0——-—7&-—9!1

A solid cube of plastic of mass M and side Iength 2x floats in
water with half the side length submerged as shown in figure.
If this cube is now converted into a hollow cube of mass M
with external side length 8x, the depth to which it submerges
in water will be

m % @ £ <l

6 &

A Gaussian surfacs S encloses a metal sphere carrying a charge

of +4, three n-type semiconduetor pieces each having a number

of free electrons corresponding to charge of -¢, and one p-type

semiconductor piece having a number of holes corresponding

to charge of +q as shown in figure,

Total electric flux through the surface can be made zero by

(A) removing one n-type semiconductor piece.

(B) adding one more p-type semiconductor piece with the
.same hole concentration. )

(C) bringing a metal sphere carrying a charge of -g from
outside into the enclosed volume.

Of the above three methods

(1) only Ais true. 3

(2) only Cis true. z

(3) only A and B are true.

(4) only B and C are true.

{5) AllA. B and C are true.

7

@

13.

14.

I5.

16.

WhentwometalrodsAandBatroom A/
temperature are heated together
and their expansions Al are plotted
with the incerase in temperature
AD, the two curves are found to
coincide with each other as shown
in figure. '

This could happen only if 0
A6

(1) the two rods are made of same material.

(2) length of A is same as the length of B.

(3) linear expansivity of A is same as that of B.

{4) the product 'linear expansivity x originallength'is same for
both rods. )

{3} the two rods are heated together.

If three coplanar forecs of 20N, 40 \E N and 30 \/’E N acton
a particle situated at the origin O of a x-1 coordinate system as
shown in figure, the vector that represents the force necessary
to keep the particle stationary is

(1) 04 (2) OB
(3) OC 4) 0D
(5) OE

A heavy roller of mass 500kg, moving on a horizontal surface
at a constant velocity of Im s as shown in figure is stopped
in 0.5s on hitting a smooth vertical wall. The horizontal force
exerted by the roller on the wall is

(1) 5000 N

(2)3 000N

(3)2000N

(4) 1 000N

(5)500 N

Atraditional grain grinder consists of two flat stones. The upper *
stone is rotated on top of the lower stationary stone by applying
a horizontal force of magnitude F to the handle H which is
fixed at a distance of r from the axis of rotation as shown in
figure. If the force is always applied parallel to the direction of
motion of the handle, and the period of rotation is T, the power
being expended is

n =E

~

2rrF
(2).__7,?(_

(3) rF
W L -V‘

5)
( m'zFT
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17.

18

20.

e

21.

22.

A radioactive material has a half life of 60 minutes. The
percentage of the fraction of material that has decayed during
a period of 3 hours is
(1) 8.75%
(3) 66.6 %
(5) 87.5%

(2) 12.5%
(4)78.3%

Intensity of the noise generated by a machine is 102 Wm™. By
employing a noise barrier, the intensity of noise is reduced to
10 W m™ . What is the reduction in the noise intensity level?
(1) 160 dB (2) 100 dB

(3) 60dB (4) 40 dB

(5) 25dB

. A convex lens is used to obtain a clear image of an object on a

screen. The screen is located 30 cm away from the lens, and the
object is at 20 cm from the lens. It the lens is now used to focus
the image of a distant tree on the screen, the distance between
the lens and the image of the tree is

(1) 12cm ' (2) 24 cm

(3) 50 cm {4)60 cm

(5) 90 cm

Which of the types of glass prisms shown in figure (2) can be
used to bend a ray of light into all the forms given in figure (1)?

—_—

Lo

Figure (1)
(1) Type A only.
(3) Type C only.
(5) Type B and C only.

. Figure (2) -
(2) Type B only.
(4) Types A and C only.

The work functions corresponding to two metals A and B are
W,, and W, respectively, and W, > W,. Two surfaces made
of 4 and B are illuminated separately using a monochromatic
beam of light of frequency /. Which of the following graphs
cotrectly represents the variation of the maximum kinetic
energy (K.E__ )ofthe emitted photoelectrons with the frequency

(#) of the incident light beam, for the surfaces made of metals
4 and B?

KEp, KE
B

L el
l)u f 00 ¢ Q“ ," ([ i ; oq / ¢
(1) 2 (5)

(3) G
Two ends of two identical metal rods of uniform cross section
are placed very close to each other, and those ends are heated
using an electric heating element which supplies heat at a
constant rate of P {Watts), as shown in figure. The rods are
thermally well insulated as shown. and at the steady state, the

. temperature at free ends which are exposed to the surroundings

is T,. Assume that the entire heat energy generated by the
element is absorbed equally by the two rods. If /, 4 and &
respectively are the length, cross sectional area and the thermal
conductivity of a rod, what is the temperature T of the ends
close to the heating element at the steady state?

24,

26,

. An ideal gas can expand from state a to P

(#T=2T,

® T=32 (T0+ %)

state ¢ along three thermodynamic paths
ade, ac and abe as given in the P - ¥
diagram. Along which of the above
paths would the highest exchange of
heat occur?

(1) Path ade

(2) Path ac

(3) Path abc

{(4) Path adc and ac equally

(5) Path adc and abc equally

R I
A) (B) ©)

The same current I is sent through resistor networks A, B and
C as shown in above figure. If all the resistors in the networks
are of equal magnitude, the maximum power is consumed by
(1) the network A.

(2) the network B.

(3) the network C.

(4) the networks A and B equally.

(5) the networks B and C equally.

25. A 5W electronic device having a resistance of 5Q is operated by

receiving power froma 230V main supply through a transformer.
Number of turns in the primary coil

The ratio, "Number of turns in the secondary coil  of the
transformer is
(1) 46 (2)23
10 1
(3) 53 “4) 73
(5) 2
In the circuit shown, the voltage at X R %

is found to increase by 4 V when R’ is
removed. The resistance of R'is equal to

(1) 4R (2R

R »
® 7 O

R
ORI

Kapila Sri Rohana m



27.

28.

30.

A piece of wire is bent into the form shown in figure and a
current of / is passed in the direction shown. The magnitude of
the magnetic flux density at the point Q is

(1) ;:01 ) ‘”01
T 8
3 3yl 4 ;101
(5) 3#0]
&
Two identical strings are separately subjected to a tension

T. When plucked at the middle, each string produces waves
of frequency f. Now, if the tension of only one string is
reduced to 0.81 7 and the strings are plucked at the middle
simultaneously, five beats can be heard during one second. The
value of f'is

()25 Hz (2) 50 Hz
3)75Hz (4)90 Hz
(5) 100 Hz

. An electron and a proton travel with

equal speeds around two circular:

paths shown in the diagram (drawn{*

flot to scale) under the influence; s

of a uniform magnetic field. If the

direction of magnetic field is perpendicular and into the plane
of the paper, )

(1) the electron travels clockwise around the small circular
path and the proton travels counter - clockwise around the
large circular path. : .

(2) the electron travels counter - clockwise around the small
circular path and the proton travels clockwise around the
large circular path.

(3) the electron travels clockwise around the large circular
path and the proton travels counter-clockwise around the
small circular path.

(4) the electron travels counter-clokwise around the large
circular path and the proton travels clockwise around the
small cireular path.

(5) the electron travels counter-clockwise around the small
circular path and the proton travels counter-clockwise

around the large circular path.
P

Identical loops in the three
arrangementsA, Band Cofcircular
loops cenired around vertical
axes, carry equal currents in
the directions shown in figure.
In the drrangement C there
are two separate loops very
cfose to each other with a common centre at X, In all three
arrangementsthe loops are separated by the same distance XYand
P i§ the mid-point of X¥. If the magnitudes of the magnetic
flux densities at P in the arrangements 4, B and C are B,, B,
and B, respectively, then

P r

A B (o

(1)B,>B,>B, (2)B,>B.>B,
(3)B,>B.>B, (4)B.>B,>B,
(5)B.>B, > B,

3L

Three different types of thermometers, P, Q and R having a
temperature range of 0 -110°C, and kept at room temperature
of 30°C were simultaneously dipped into a large oil bath,
maintained at 100°C at time t = 0,  °
and their readings (8) were recorded gy oc |- 2. ¢._R
with time (t). Curves in figure show /7'
the variation of § with t for three /
thermometers. Considerthefollowing
conclusions made about the
thermometers after analyzing the
three curves.
{A) P is the most sensitive thermometer. -
(B) Thermometers P and R are accurate but not Q.
(C) The scale of thermometer R is not linear.
Of the above conclusions,
(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 ture.

2. Breakdown voltage of the zener

diode in the circuit shown is

3V. R, is a suitable resistor. The e _‘_m,, ur %k
capacitor C is first charged o ;
10V by closing the switch S,

and opening the switch S,. Subsequently. § is opened and S,
is closed. Consider the following statements made about the
functioning of the circuit after S, is closed. TEF

{A) Voltage across R, will be 3V 50 long as the capacitor
voltage is adequately above 3 V.

(B} Time period through which the volrage across R,
remains constant does not depend on the value of the
capacitance,

(C) Potential drop across R gradually decreases with time.

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 A and C are true.

. A and B shown below represent the logical inputs applied to

circuits (1) to (5) given below, and F represents the expected
output from the circuit.

1
4 g1
B g
1
FoBes WHTHE . T e

Which of the following circuits, (1) to (5), provides the expected

output?

A ——\
D D
B B

1

;::)—
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34.

Which of the following is not true regarding an npn transistos
and an n~channel junction field effect transistor (JFET)?

npn transistor n-channel JFET

(1) Has two pn junctions.

Has only one pn junction.

2

Base-emitter Gate-source junction is reverse

biased during the operation, .

junction
is forward biased when
operating in the active
mode.

{(3) Anarrow is marked on the | An arrow is marked on the

emitter of the transistor | source of the transistor symbol.

svmbol.

{4} Both free electrons and

Only free electrons participate
holes participate in the { in the operation.

operation of the transistor.

(5} Magnitude of the current

Magnitede of the current
through  the  collector | through the channel depends
dependsonthebase-emitter
voltage.

on the gate-source voltage.

83,

(1)3.57 x 10°N

" 36.

* 37,

Figure shows a section of a long horizontal rectangular tube
of height 0.0)6m h\aving a large surface area, and filled with
a lubricating oit of viscosity 0.072 Pas. What is the force F
required to drag a very thin plate P of area 0.4m? with a velocity
of 0.02ms™ along the middie plane between the top and bottom
surfaces of the tube as shown in figure?

(2)7.0m x 10N

(3)3.6% 102N (4) 7.2 % 102N
(5)

1.44 x 10N

Three sphericadl liquid films of surface tensions T,, T, and T,
respeciively are in equilibrium as shown in figure such that the
corresponding radii R, = #, R, = 2r and R, = 3 Then,

A cylindrical copper block of radius r and length | = 2r radiates
energy asablack body attemperature T. Ifthis copper block is cut
and separated into N identical disks having the same radius r, the
rate of the emission of radiant energy at the above temperature
will increase by a factor of

(&;) @ V+2)

M - e

40. A cylinder contains two immiscible liquids

G) (N+ 1)

e
J

@ ¥

5) N

. Consider two motor vehicles, A and B. In motor vehicle A only

the front wheels are coupled to the engine and rotated, and in -
vehicle B only the rear wheels are coupled to the engine and
rotated. Which of the following diagrams correctly shows the
directions of the frictional forces acting on the front and rear
wheels of motor vehicles A and B by the ground, when they are
travelling in the forward direction?

(2) Ess.

Lo ".r—‘@' 1

o EBy T

39. Consider the foilowing physical phenomena.

———— Water flowing through a tube having two

21. different areas of cross-section; speed of
— wateratY (v,) >speed of water at X (v,).

[y }

Detlection of a cricket
ball which is moving

Gradual narrowing of the
cross section of a water
whille spinning.

column falling down freety
from a tap.

Existence of a height
difference in the liquid
columns in vertical tubes.

{n
Which of the above phenomena can be explained using the
Beraoulli's theorem?
{(HAand D only.

{3) C and D) onty.
(5)AllA, B, Cand D.

{2) B and D only.
(4) B, C and D only.

filled to heights h, and h, as shown in figure.
Ifthe tap Tatthe bottom isopenedattimet =0
and liquids are taken out slowly at a constant
volume rate, the variation of pressure (P) ;
due to liquids at the.point B at the bottom
of the cylinder with time (f) is best
represented by

e T ——

2§

e P P

o
-
=3

0
(1 (2) (3)
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41.

42.

0 t 0 4

) ()

A small object is initially at rest at point O, and due to an
internal explosion it breaks into three parts and move away. Ata
certain instant after the explosion, the location of three moving
parts are shown by the points 4, B and C in figure. If the mass
of the part which is 4t point 4 is 6 grams, what is the mass of the

object (in grams) before explosi on? e e .
16 @9 e
3) 12 (4) 15 .%__..-v_h_.. mal

x{m)

(5) 18

=

Figure shows the variation of the extensions (A/) produced
by three different metal rods 4, B and C with the force when
they are subjected to a tensile force F. IfE 4+ Eg and E_are the
corresponding energies stored in the rods due to extensions,
then _

(HE, >

it

E, = E,
(QE, = E, > E_
B)E, = E, = E
@E, > E, > E
()E, < E, < E,

43.A light spiral spring has an unstretched length / and a spring

44.

constant k. A small object of mass m is attached to one end of
the spring and the system is rotated about a vertical axis that
passes through a small light ring attached to the other end of the
spring as shown in figure. If the object travels along a circular
path of radius R with constant angular speed o, keeping the
spring on a horizontal plane, then

- k R-1 ‘.-'- ------------------- o
(D) w= 71—(_15_ ) o—@u_@o[?usmw-\)
@ 4= [k
@ o= £ L @ o= ki-£)
(5) e mk_ ] 113

A certain volume of air, isolated from the atmosphere at 30°C,
is first heated up to 80 °C and then cooled down to 15°C at
uniform rates. Both heating and cooling are done at constant
pressure. Dew point of the isolated air is 25°C. The variations
of relative humidity (R) and absolute humidity (A) of the air
volume with time (t) are best represented by

RA RA RA
: /\_A .
A —_ %‘,_L.\‘

(l) RA (2) A (311)
) e

45.

6.

" (1) increase to ¥ +d sin C.

47.

A particle of mass m is projected
vertically upwards from a point P,
which is at a distance of 2R from the
centre of a spherical planet having
a mass M and radius R as shown in
figure. The escape velocity for this

projectile is
G @ o- 2L
GM

0 =T
@ v=\>p

3) vV

—

o o= ~

A point source of light O situated at the bottom of a water tank
produces a circular patch of light of radius r on a horizontal
screen S as shown in figure. C is the critical angle for the
water-air interface. If the light source is moved vertically up by
a distance d, the radius of the light patch will

(2) increase to r + d tan C. r
(3) remain unchanged.

(4) decrease to r - ¢ sin C.
(3) decreasetor-dtan C.

An ambulance which emits a,
sound of frequency f, from itsvo
sirent is travelling with constant
velocity v, along a straight road.
A car starting from rest is moving

behind the ambulance in the same ¢ P
direction, and the velocity-time
graph of the car is shown in figure. The car approaches the
velocity v, of the ambulance at time t,. The variation of the
frequency (/) of the siren sound heard by a passenger in the car
with time (¢) is best represented by,

R

48.

oy ol

o ‘o

1 2) (3) 4 (5)

When the resistance R, in the circuit shown in figure is varied
from zero to infinity, the potential at A relative to B will change
from

' 8
(1) zero to zero :--A——fnp—*ﬁgﬁ-- ;

! f
| R a4 &
S RN TN
.....—_“V.“._.—-

R
(2) R;—;—'RI—VO to zero

R
g
Crgrmh 1o

4 B, to R

Ry . 7
- 3 . y .
{5) R,¥R7 0 10 ot 3_,/040
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49. A Ferris wheel which consists of two .5 50. A wheel, startihg from rest, is PN\
parallel large wooden wheels joined allowed to roll down without
together with metal cross bars as shown in slipping, along an inclined plane
figure, is erected so that the planes of wheels as shown in figure. Which of
are in the north-south direction, and the'1 the following graphs best
cross bars are perpendicular to the direction: | represents the variation of the magnitude (v) of the velocity
of the ecarth's magnetic field B which is: of a point P, locate on the périmeter of the wheel, relative to
horizontal at this location. The Ferris wheel: the earth with time (£)? (The point P touches the inclined plane
rotates around the horizontal axis passing $H att=10.)
through the centres of the two wheels at a

constant period of rotation T in the direction =~ = i v v v . v
shown. LM is a metal cross bar which is at the highest position as [/\/V\ T /\/\ C / § 3
shown when tinre t = 0. Variation of the induced electromotive § £ o BN - 1% ,

force (¢) at the end I, of the cross bar with respect to the end M
with time (t) is best represented by ¢))] 2) 3) 4) (5)

‘s

NrooIn
U

L 7Y
T— .<~7—T-—>

L/ ~

S @ )
Nn.Lo
Of— 1 >0 : b} £ L
E_
F— tgran T—
3) ) (5)
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G.C.E (Advanced Level) Examination, August 2014
PHYSICS -1I

Three hours

Answer all four questions.

PART A -.Structured Essay

'(g =

10N kg1)

01. The following measuring instruments are given to
determine the density of material of a small ©
uniform cylindrical container of the form shown
in figure,

(1) A vernier calliper
(2) An electronic balance

(a) Before using a vernier calliper for taking measurements,
what is the first step that you should take?

(b) Write down an expression for the density o of material of

the container in terms of volume of the material V and its

mass M.

In addition to the two measurements, the outer diameter

and the inner diameter of the container, state the other

measurements that you would take using the vernier calliper
to determine the volume of the material.

—

(c

i

{d} The figures (i) to (v) below show all the relevant positions

of the main and the veraier scales pertaining to one set of

measurements that has been taken in order to determine

the volume of the material of the container. Relevant jaws/

. depthrod etc., that have been used to take each measurement
are shown on the right hand side of the figure.

Nort : Height of the contairner is greater than its outer diameter.
(ii) .
%WL e
(111) il
Mmﬂrwr e ale
!(iV) . ‘ L
- Tl ZE—
\. [/

Identify thefigures correctly and relate themto the measurements
that have been indicated in (c), and fill in the table given below.

Figure | Reading of Corrected Name of the

the vernier reading measurement

calliper

@ .. [N
(635 N IOV S (say %Y | csens
(iii) (G555 ST IO
(iv) e b I [———
(v) (V' ————

{(e) (i) Write down an expression for the volume I° of the
material of the container in terms of thc svmbols
(x,, X, X,, x,) given in the table above.

{ii) Using the expression written under (e) (i) above and
readings that have given in the above table in (d),
caiculate " (Take = == 3).

(f) According to the reading of the electronic balance, if the
mass of the container is 9.60 grams, find the density of the
material of the container and give your answer in kg m™.

02. An experiment is to be designed and carried out to find the
specific latent heat of vaporization of water using an electric
method. The labelled experimental arrangement of the items to
be used for this purpose is shown in figure (1).

Electric immersion heater
Thermistor

240\/.
I

e Vacuum

d

R —

HHHeH

B onvore

BEHeB-5

. Silver plated
double-walled
vacuum container

I'g'g'g‘g:m. ‘i
U START / STOP

Digital thermometer

Electronic Balance

Figure (1)

Digital stop watch
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Experimental Procedure:

(1) Add a sufficient guantity of water to the silver plated
double-walled vacuum container which is kept on the
electronic balanec.

(2) Switch on the electric immersion heater.

(3) Afterthe water has started boiling thoroughly at the boiling
point, start the digital stop watch at a certain instant (say at
time t = 0) and also record the reading of the electronic
balance (say M,) at that instant.

(4) A fter a suitable time ¢, record the reading of the balance

"again (say M,)
(5) If several readings for }f, are needed. continue the
" experiment without stopping and record the successive
readings of the balance at times 2z, 3z, 4z, and 1.

(a) When the experiment is carried out according to the above
procedure, suggest up 1o which level, A or B, marked on
the diagram should the water be filled. Give two reasons
for your choice. Assume that when boiling. water does not
spill over from the container.

Reasons :

A s

(b) How doesthe siiver plated double-walled vacuum container
reduce the heat loss?

(¢) Indicate which property of the thermistor is used to measure
the temperature, and state ow this propesty changes with
the temperature.

(d) It P is the power of the electric heater in watts and  is the
time through which the water has been boiled off as steam,
write down an expression for the specific latent heat of
vaporization L of water in terms of P, f and the measured
quantities of M, and M, under the experimental procedure
above.

() (i) Ifthe least measurement of the electronic balance is 0.1
grams, what should be the minimum mass of water that
has to be boiled off to ensure that the fractional error
in the measured mass of water that had been boited off
. O
as steam 1s T05°

(i) If P = 500W. calculate the minimum value for time ¢
through which the water has to be boiled ofT in order to
satisfy the requirement given in (e) (/) above. (For this

. caleulation take the value of L as 2.3 x 10¢J kg™)

* (/) Agraph of mass m (in grams) of the vaporized water with
time ¢ (in minutes) was plotted using the data taken under

+  the experimental procedure number (5) and the coordinates
corresponding to two points on the graph were found to be
(2. 26) and (8, 106). Determine the value of L.

03. You have been given a standard spectrometer, a glass prism,

and a source of sodium light to determine the refractive index
n of glass using a glass prism.

{a) Write down the two major components which can be
rotated independent of each other, about the vertical axis
passing through the centre of the prism table of the
spectrometer.

(b) Write down the major steps -of the adjustments that you
should do to the following items, before beginning to take
measurements using the spectrometer.

(i) Eyepiece :

(ii) Telescope :

(¢) You have been asked to use the prism POR shown in figure
2 (a) for levelling the prism table.

:P Collimator [
o R

Figure 2 (a) Figure 2 (b}

Draw on the figure 2(b), the way you should place the prism
PQOR on the prism table in order to level the prism table. In
figure 2(b), L, M, N indicate the positions of the levelling
screws of the table.

{d) Todeterminetheangle of minimum deviationofaray oflight
through the prism. it is necessary to take two measurements.

(i) After placing the prism on the prism table and adjusting
the spectrometer to obtain the minimum deviation
position, draw a ray diagram on figure (3) to show the
deviation of the ray through the prism. Draw also the
position of the telescope. ’

Collimator I Q

Figure (3)

(i) If corresponding readings of one scale for the two
measurements mentioned above for sodium light
are 143°29" and 183°15' (Assume that the scale did not
pass through 360° mark when taking the
measurements.), find the angle of minimum deviation.

Kapila Sri Rohana



{e) Once you have identified and fixed the angle of minitnum
deviation position on the cross wires, in order to reconfirm
it. you have been asked to rotate the prism table starting
with a smaller angle of incidence until it passes through
the minimum deviation position, while continuously
observing the image of the slit. Figures 4(a), 4(b) and 4(d)
show three of the five consecutive positions where image
of the stit could be observed during this rotation.

4(b) 4(c) 4d) He)

On figure 4(c) and figure 4(e), draw the images of the slit
at the position where you expect to sce them.

4(@)

(/} 1fA4isthe angle of the prism and D is the angle of minimum
deviation for sodium light, write down as expression for
the refractive index # of glass for the sodium light in terms
of 4 and D.

(@) 1.4 = 60°, find the value of .

04. You are asked to determine the corrsct resistance (R) of a
resistor of unknown value by measuring currents (/) and voltages
(¥) across it, and plotting a suitable graph. The resistarice R of
the unknown resistor is known to have a value around 500 Q.

{2) A section of the circuit digaram of the electrical circuit that
you would set up for this purpose is drawn in figure (1). X
is a rheostat connected between points 4 and B.

(i) Complete the circuit diagram using circuit symbols of
other components shown below. All the symbols have
their usual meaning,

» 6V
. R A B
~@- @ b [
' | |
Figure (1)
(i) Correctly mark the + and - signs on either side of

- circuit symbols of voltmeter and ammeter on the
section of the circuit drawn by you.

(b) You have been given the rheostat shown in figure (2) to be

" used in this experiment. Mark the points 4 and B,

. mentioned in (a) above, at the appropriate terminals of the
rheostat shown in figure (2).

Figure (2)

{c) Following specifications are given for the rheostat.
Total resistance = 2000 Q
Maximum current = 0.5A
When this rheostat is used in the completed circuit drawn
in part (a) (i), estimate the maximum and the minimum
currents that you can obtain..
Maximum current : ......coovvuene....

MiIDIMUM CUITEDE 2 1ot oee e

{d) It you are asked to select a suitable ammeter from a
collection of ammeters having full scale deflections of
0.5 mA, 15mA, 20mA. 100mA and I A. what would be
your choice? Give reason for the choice.

Choice : cooeererrnrrenrna,
REASOM oottt

(e) You are asked to take five different pairs of readings for /
and V.

(1) Deflection of the indicator of the volimeter
corresponding to one such voltmeter reading is shown
in figure (3).

4

AR
S /7

\%
Figure (3)

(1) Write down the value of this reading :

(2) What is the maximum estimated error in that
measurement?

(ii) When this experiment was performed using the circuit
completed in (@) (i) above, the corresponding volaneter
readings obtained for ammeter readings of 3mA, 5 mA,
7mA.9mAand 1 mAwere 1.4V, 2.4V, 3.4V, 4.3V and
5.3V respectively. Considering the current as the
independent variable mark the data points, on the grid
provided, in a suitable manner to determine R.

RIS e e
EEE
o i

(f) Afterplottingasuitable graph, suppose youhave determined
the value of the unknown resistance R as 480 Q. The internal
resistance (R ) of the voltmeter that you have used in this
experiment is 5000 Q. Calculate the value you would
expect from this experiment for R is R, was infinitely large.
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' PART B - Essay

Answer four questions only.

(g=10N kg™)

05. (a) When a person is changing steps while walking,

at one instant the entire body weight of the person
isborne only by asingle leg asshown infigure (1).
Frontview oftherelevantbonestructure of thisicg
is shown in figure (2), and the corresponding
simplified free-body diagram indicating all the
torces acting on the leg is shown in figure (3). All
the forces indicated in figure (3) and the weight of

.the body are acting in ong vertical plane and the Figure (1)

frictional force between the leg and the ground
is negligible for this situation,

Here, F,= Resultanl force acting on the leg by
the group of muscles M
Fg = Force exerted by the hip

socket (S) on the leg i
W, = Weight of the leg
R = Reaction force acting \%ﬁ-&:
onthelegbytheground

(i} If the weight of the person is
W, express the reaction force R #
in terms of W

(ii) Generally, W_= 0.2W. By taking the Figure ¢ 3)
moments aroud the point P or otherwise
obtain a refationship between F, O and W.

(iii} Find F, in terms of W, (Take sin 72° ~ 0.9 and cos
72°=0.3)

(iv) Find the value of Oy

(v} FindFintermsofW. (Only for this calculation, you
may take sin 6, = 1)

(b) When a person with an injured hip joint is e&

{c

~

walking. he tends to limp by leaning towards the
injured side as he steps on the foot attached to the
injured joint [see figure (4)]. As a result, the
centre of gravity of the body shifts to the side of®
injured hip joint and F, acts in the vertical upward
direction. The free body diagram for the leg
for this case is shown in figure (S)and pipgre ty
corresponding forces of F, and F are indicated as
F',, and F' respectively.

(i) Find the force F'( for this situation, in -/t
terms of W, »
.(ii) Calculate, as a percentage, the reduction ‘:wli-cdnu,
in the magnitude of force F as result of ‘i"{u
the limping of the person for the reason l\
described in (b) above. :"‘V‘H‘-‘ -
- TIITTS
In the process of walking, while one leg rests ont18ure (5}
the ground the other leg moves around the hip joint.
This motion can be considered as an oscillatory motion
of a rod which is freely pivoted at one erid as shown
in figure (6). Here the leg is considered
as a uniform rod of length /. 2
(i) Iflisthemomentofinertiaoftherod \»
around the axis of rotation through 4-3
the point Q, obtain an expression
for the angular acceleration o in
terms of , 8, W, and /, for the W

positionindicated in figure (6).

Fieure {6}

(i)  The period of oscillations of the rod, 7, can be
obtained from T=2x \/wg and it can be

shownthat T=2zx f% for a uniform rod of
length £. .

Clculatethe value of Tcorrespondingto aperson
whose length of a leg is 0.9 m. Take = 3 and

"
N0.06 =025

(ifiy  The most effortiess speed of walking for a
person is the speed where his legs oscillate
with period obtained in (¢) (ii} above. When a
person with 0.9 m long legs is walking, the
distance between two successive positions
where onc of his Jegs touches the ground is
0.9m, Calculate the most effortless walking
speed for him.

06. (a) Draw in four separate diagrams the standing wave patterns

of fundamental mode and first three overtones produced by
a tube of length L open at both ends. Mark nodes as N and
antinodes as 4 in the diagram corresponding to the
fundamental mode. Obtain expressions for frequencies fof
these waves in terms of £ and the speed of sound v, inside
the tube. Neglect end corrections.

(b) Figure 1 (a) shows a-__ By )y g P

standard 6 hole-flute, ===
According to a simple "7 ZT00

model, this fiute can be

consideredequivalenttoa®
set of tubes open at both
ends. Figure 1(b) shows*
the corresponding ...
effective lengths of open~— 3% =

tubes equivalent to the Antinede

flute. Whenafitheholeofthe flutearcopeneditisequivalentto
an open tube of length L as shown in figure (2). When the
first hole of the flute is closed the equivalent length of the

} - Figure 1 (b)

w5 Figure 1(a)
i

Figure (2)

B Figure (3)

‘tube becomes L, and when the first 2 holes are closed at the

same time the equivalent length becomes I, and so on
[see figure (2)] L, is the equivalent length when all 6 holes
are closed. These effective lengths are generally larger than
the actual lengths of the flute due to the effects of ends and
holes.

Table (1) shows how the holes are closed with fingers to
obtain two notes, n, and n, of the flute and their correspond
ing fundamental frequencies. The speed of sound in the
tube is 340 ms™. Calculate the effective lengths L, and L,.

(c) Certain flutes have a few small holes in addition to the

standard holes. Such a small hole, when open, will produce
an antinode at the location of that hole in the flute. Having
such a small hole in the flute will not alter the effective
length of the equivalent TableA1)
open tube, but produces g 1 cposeativles = TF
an antinode at an appropri ; @ | frequency Hz
-ae Jocation in the equiv-1 n, |2® @ €@ ®| 2620
alent tube ther by mod- i, lee o 00 0 310

{ O i -
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07.

ifying the wave pattern accordinglyand produces a standing
wave. [f such an open small hole on the flute
produces an antinode at the centre of the equivalent open
tube of length L, when all other holes are closed, draw the
first two new standing wave patterns produced in the tube
and obtain expressions for their trc.queucms Fin terms of v
and L .

(d) (i) Write down the frequencies of first four standing wave
patterns in part {c) in terms of v and L.

(ii) Assuming that the length L6 is equal to the length L of
the open tube mentioned in (a) above, compare the
frequecies that you obtain in (d) (i) with the frequencies
obtained in part (a), and thereby comment on the effect
of having a small hole as mentioned in part (c).

(e) An antinode is produced at a distance of 2 L, in the
equivalent open tube due to an open small hole located
at the left of the first standard hole of the flute as shown in
figure (3). Draw the wave pattern of the first standing wave
in the equivalent open tube (corresponding to the lowest
frequency) and calculate its frequency, when the flute is
played with the small hole opened.

Read the passage below and answer the questions given.
The magnitude of
the contact angle 7
‘of water depends Al ;,’);J,\ ;{ )‘

on the nature of the ».,,,f///{:eaﬁ L

surfae  with which Figure (1)
water is in contact. . "
Water drops can settle ‘/‘?\ Ninupsres
on certain ideally

dat surfaces so that

the angle of contact P

is less than 90°. Such Figure (2)
a surface is known to have been wetted by water and acts as a
hydrophilic surface.

However, some surfaces consisting of rough structure at micro/
nano scale can actas hydrophobic surfaces showing non-wetting
properties.

The lotus leaf, compared to other natural leaves, shows
superhydrophobic properties with a contact angle of water
greater than 150° and remains clean in muddy, dirty ponds
and tanks. When rain drops fall on the surfaces of lotus leaves,
instead of wetting the leaf, they immediately bead up like shiny
spherical balls and roll off the surface even at the slightest
disturbance, collecting dirt and debris away. This" water
repellent self cleaning property of lotus leaf is known as the

i

LT

’dplllae

Pore wall

3(c} 3}

The lotus effect arises due to the dual scale micro/nano
structures present in the lotus leaf. Covering its surface, the lotus
leat has a series of protrusions (parts that stick out like bumps)
called papillae that are nearly 10um in height. Each papilla
is covered with a nano-metre scale thick superhydrophobic
waxy layer. The roughness introduced by papillae allows
air to be trapped under water drops as shown in figure (1)
contributing to the non-wetting behaviour of the leaf. Using
the lotus effect, a variety of surfaces has been patterned to
preduce roughened hydrophobic surfaces with high contact

“~Water surface

08.

angles of water necessary for water repellent window glasses,

self cleaning clothes and paints, and low-drag (show low

resistance by water against motion) marine vessels, ete.

Wettability of 2 surface also depends on the nature of the liquid.

some liquids wet roughened surfaces whereas, some liquids

show non-weiting properties. Property of wetting of roughened
surfaces by liquids is used to fabricate nano-structures such
as nanotubes and nanorods by means of the techigue known

as 'template wetting nano fabrication’. This technique uses a

solid template that contains an array of nanopores as shown in

figure(2).

A non-wetting liquid does not penetrate the pores and settles

on the protrusions of the template whereas. a wetting liquid

penetrates into pores by wetting walls and filling the pores.

When nanopores are filled with a wetting solvent that contains

a desired solid and the tempfate is heated. due to evaporation

of the solvent, the solid is left behind on the Pore walls or in

the nanopores asshown in figures 3(a) and 3 (d) respectively.

Removal of pore walls of the template by a chemical

treatment known as etching will leave behind structures with

nano-tubes or nanorods as shown in figures 3(c) and 3(d),

respectively.

(a) Write down three applications of artificially fabricated
hydrophobic surfaces.

{b) How does the lotus effect help to remove dirt from the
surface of a lotus leaf?

{c) How do you categorise hydrophilic, hvdrophobic and
superhydrophobic surfaces in terms of the contact angle of
water?

(d) Show using a diagram how a wetting liguid and a
nono-wetting liquid settles on an ideally flat solid surface.

{¢) By copying the rough surface in figure (2) draw diagrams
to show how a wetting liquid and non-wetting liquid setiles
on it.

(f) When dew begins to form, do you expect water molecules
to condense in the pores on the surface of a lotus leaf? Give
reasons for your answet.

(g) State the effect of employing roughened hydrophobic
surfaces on low-drag marine vessels.

(h) Mention twe nano-structures that can be fabricated using
the technique 'template wetting nano fabrication'.

{i) Consider a parallel gold plate capacitor having plates
consisting of gold nanorods of diameter of 100 nm and height
of 50 pm with 10* nanorods per square meter. Assuming
that the capacitance of this capacitor increases due to the
increase in the effective surface area, calculate by what
factor would the capacitance increase compared to a gold
plate capacitor without nanorods, but has identical
dimensions. Assume that the separation between capacitor
plates is much greater than the height of a nanorod.

Two  identical  planar L
eletrodes are placed paralle f XX X X X <o ©*
to each other with ag -
separation of dasshownin } X X X X X <e«s

figure (1). A magnetic field * /- I M
of flux density B can be es- Figure (1)
tablished between the electrodes in the direction shown in the
figure. A beam of ions enters the magnetic field region with
speed v parallel to LM as indicated in figure (1). Each ion has
mass m and charge +q. The magnetic field is turned on at time
t =1, Assume that the motion of the ions will not be affected
by the medium through which they travel.
(2) Obtain an expression for the radius R of the circular path
followed by an ion which enters the magnetic field at time
t=t,in terms of v, B, and ¢.

.
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(b) Consider three ions which enter I

the magnetic field simultaneTx x x x x°F
-ously at time t = t, fromd 0
positions P (very close to the X % X XeR
electrode), Q and R as indicated 7, i M

in the figure (2). Figure (2)

(c) Assume that the ions hitting the clectrode LM get gradually
and uniformly accumulated on the surface of the electrude.
(i) As the ions get accumulated on the electrode LA/, what
is the direction of the electric field being developed
between the electrodes due to accumulated ions?
Assume that the electric field is confined only to the

space between the two electrodes.

(il) Once the accumulation of the ions on the electrode has
begun, the path for the ions entering the field region is
not a part of a circie. What is the reason for this?

(iif)After a certain period of time has elapsed, the ions
entering the field region tends to travel along a straight
line without deviation. If V, is the the voltage across
the electrodes once this state (steady state) has been
reached, obtain an expression for v in terms of 17, B
and d.

(d

~—

Astheblood contains d, Artery dx Blood
charged ions, blood =i . “Tlow
flow detectors based d ﬁow /
ontheaboveprinciple detectors

can be used to find Figure(3)

the speed of blood
flowthrougharteries. Herethetwo parallefplateelectrodesare
placed touching the walls of the artery as shown in figure (3),
and blood flow speed is determined by measuring the
voltage across electrodes at the steady state.

(i) If the flux density of the applied magnetic field at a
certain location X of an artery is B, = 0.08 T and the
measured voltage across the electrodus at X is
V_ =2.16 x 10V, determine the speed of blood flow at
X using the expression obtained in (¢} (iii). The internal
diameter of the artery at X is d_= 3 x 10°m.

(ii) In order to investigate the possibie change in diameter

. of the artey at another location Y, a similar device is
placed at Y. When the magnetic field applied at Y is
set to B = 0.05 T, the measured voltage across the
electrodes at Y is V., = 1.80 x 10V, Find the internal
diameter d,, of the artery at Y.

09, Answer either partk(A) or par"c (B) only.

(A}(a) A potential divider 4B of total e
resistance R, is used to prov1de _[ %w

a variable vo[tage to a load” AE L 2,
resistance  R,. The potential B ‘
divider is connected to a power “Figure (1)
supply of voltage V as shown in

figure (1).

(i) When the resistance of the section of the potential
divider between the points B and the sliding
contact (wiper) W is R,, derive an expression for
the equivalent resistance between A and B.

(i) Through argumentation or otherwise, show that the
minimum and the maximum resistances that can

. R.R. .
.exist between 4 nd B are R)—“Fk;" and R, respectively.

(ili)If R, = 5 kQ, calculate the minimum value of R,
which will permit only up to a 1% of variation in
the current J of the circuit when slider ¥ is moved
from 4 to B.

{b) Terminals 1-9 of the potential divider V=1 500V
shown in figure (2) are used to provide °
currents to 9 electrodes {not shown in the R
figure) of a certain device. Values of the
resistors R}, R, and R, are selected so that
when electrodes are not connected to the 2 2
potential divider, and a voltage (V,) is

~

applied to the potential  divider, the- 3 R,
voltage appearing across the resistor R, is R
4 times that appearing across each and 4 2
every R, resistor, and the voltage appearing R
across R, is 3 times that across R, 5 2
(i) IfV,= 1500V and the current through ¢ R,
the potential divider is 1 mA, calculate R
R, R,and R,. 7 :
(ii) Consider a situation where only R
terminal 9 has to provide a current of 2
5 nAfora period of s to the electrode 8 R
to which it is connected. Calculate the S
voltage drop appearing across R, 9 R
during this period due to the supply of %

the above current from the potential =
divider. Assume that the current figure (2)
through the potential divider from terminal 1 to terminal
9 remains undhanged at 1 mA.

(iii)In situations where curents are drawn for short periods
of time as in (b)(ii), the drop created in terminal voltage
can be minimized by providing this current from
the charges stored in the capacitor connected across R,
as ahown in figure (3).

(1) Calculate the amount of charge AQ
carried by 5 pA current during the

period of lus. R
(2) If this amount of charge AQ is providedg
by the capacitor of capacitance C shown c R,

in figure (3), write down an expression

for the drop in voltage AV across the =

capacitor in terms of AQ and C. figure (3)
(3) Ifthis drop in voltage is to be limited to 0.05V, find the

value of the capacitor that has to be connected across

R,

(B) (a) Draw the input-output L!Eht
voltage characterictic fora “‘“ % b
741 operational ampilfier :@L B ep
and label the linear and "- f& e
saturation regions.

ik N

figure (l)
(b) A circuit is to be designed to detect an intruder I
entering a premises at night. A part of a circuit that can
be used for this purpose is shown in figure (1).

Kapila Sri Rohana m



(A)

A narrow beam of light is set to incident continuously
on the Light Dependent Resistor (LDR) as shown in
figure (1). The operational amplifier is to operate with
V, at its saturation voltages of £10V.

(i) If the voltage at the inverting input (V) is set at
3.5V, calculate the value of R,, Take the value of R,
as 7000 Q. :

(i) When light falls continuously on the LDR,
it is decided to maintain a voltage difference of
0.5V between the inverting input (V-) and the non
inverting input (V+). What should be the valtue of
R, in order to achieve a value of +10 V at the output
V, under this condition? Assume that the
resistance of the LDR when light falls on it is 500 €.

" (iiIf the light beam gets obstructed due to the
movement of the intruder, what will be the value
of V, during the period of interruption? Give
reasons to your answer. Take the resistance of the
LDR under this condition as 10°0.

{¢) Suppose the output of the circuit given in figure (1) is
now connected to the circuit shown in figure (2).

(i) When VvV, = +10V, i
galculatc asmtghle value . R‘x o .
for R, to provide a base ™ I > f/r gl
current of 50pA. Take NC +
Vo= Ve =0.7V. Figure (2)

(ii) If the current gain of the transistor is 100, find the value
of the collector voltage V. under the situation given in

(cX(i).

(iif) When V, = -10V,

(1) What will be the potential difterence across the
diode? (Assume that the reverse breakdown
voltage of the diode is 25V.)

(2) what will be the collector voltage V. under this
condition?

—SV

(d) (i) If the transistor output e g

V. is connected to a S-R h 5ol [k
flipsflop as shown in '"‘ikrl_ RNQJ
figure (3), write down the B 4‘3—

sy

input logic levels of S and R
when light falls on the LDR, Figure (3)
and when the intruder crosses the light beam.

(ii) If the alarm operates when Q = 1, state whether the
alarm sounds continuously even after the intruder
has crossed the light beam and moved away.
Explain your answer. (K is a grounded switch.)

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

Figure I{a) shows a cavity
parabolic disc type solar % receive
energy collector having a (&~ !
circular aperture which
extracts and converts solar
energy to heat. Solarenergy  / 3 }
ﬂuxgi}s concentrated 1o i' ‘gure I{2) Figure 1(b)
cavity reseiver placed at

the focus of the parabolic disc as shown in figure I{a). An
oil passing continuously through a spiralled metal tube
fixed to the inner wall of the cavity extracts the heat
_absorbed by the cavity. Parabolic disc is moved so that the
solar flux atways falls normal to the disc as shown in figure
I{b). Aperture diameter, dofthe disc is20 mand the intensity
of the solar flux striking the earth surface is 1000W m=.

{a) Calculate the rate at which solar energy is incident on the
parabolic disc (Take 7 =3).

{b) Assuming that sunshine is available for 6 hours a bay and
60% of the incident solar energy is absorbed by the oil,
calculate the thermal energy stored in oil per day.

When answering the parts (c) and (d) take the thrmal ener-
gy stored in oil per day as 5 x 10°J.

{¢} Itisplannedtostorethishegted
oil in an insulated tank so that
it can be used even durmg
night. A cubical tank, msuiated
with two layers of materials of
thickness d, (inner) and d,
(outer)  having  thermal
conductivities k, and K, JATARIMA IR AT
respectively is used for this Figure (2)
purpose [see figure 2]. Such a
storage of thermal encrgy is called a thermal battery,
(i) Ifthe effective total surface area of cross-section of the

inner and outer insulation lavers are A, and A,
respectively, write down expressions for the rate of ﬁo“

o T T

[Z

3
?
TR

AATELANLU SRS
;-
o ‘F._

T
L

of heat through the insulation lavers, (E;L) _, at the
steady state in terms of d., d. k.. k.. Ap AL B G . and
0.. where 8, == temperat are of the oil: é) S t;mpcrature
at the interface between the two layers; G = room tem
perature. Assume that the tank is complctd}. filled with
oil and heat flow is normal to the surfaces every where.

(i) Find the thickness d, that the outer insulation layer
must have in order to limit the heat loss from oil to the
environment in a period of 10 hours to | % of the
total thermal energy stored per day. Perform vour
calculation assuming that the temperature of oil,
remains at 8, = 330 °C during the 10 hour period. Take

k= 0.2] m? K k= 0.03) m' K A lem?

1

A, =1Tm*% d =02m; 6, =30°C.

(iii)If the d, value calculated under the assumption in part
(¢) (11) above is used to construct the thermal battery,
will the heat from the battery be less than or greater
than the plannied limit of 1%? Explain your answer.

(d) 25% of the thermal energy stored—»
per day in the thermal battery is
to be used to produce distilled
water by sending water at 30 °C
through a metallic spiral ‘tube
dipped in the tank as shown in
figure (3) and producing steam at
100°C. The steam is condensed
using a heat exchanger. Calculate
the number of litres of distilled
water that can be produced
per bay if the efficiency of this process is 50%. Specific
latentheatof vaporizationofwateris2.25x% 106Jkg™!. Specific

LTV LR TR

P1gurc 3)
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heat capacity of water is 4200 J kg K (iii) A satellite orbiting the earth found that the more
(1 kg of water = 1 liter) accurate temperature of the surface of the Sun to
be 5800 K. Explain briefly the reason for the
deviation of your answer from this value.
(B)  Write down the expression for the Stefan-Boltzmann
law of blackbody radiation. Identify each quantity of
the above expression.

(b} The sunspots are irregularly shaped small dark regions
of the surface of the: Sun. The dark centre of a sunspot
is known as the umbra and it emits 30% of radiation
compared to an equal area without sunspots on the
surface of the Sun.

(i) Assuming that a sunspot also behaves as an
idealized black body. calculate the temperature of
the umbra of a sunspot. -

(a) (i) The sun behaves like an idealized black body. The
distance from the Sun to the surface of the carth
is 1.5 x 108km. If the intensity of solar radiation
flux received onthe earth fromthe Sunis 1000 Wm™2,
find the temperature of the Sun's surface. Neglect
the temperature of the earth compared to the
surface temperature of the Sun. Take the mean
radius of the Sun as 7.0 x 10° km. Stefan -
Boltzmann constant is 5.67x [0#* W m2 K+,

(ii) Calculate the shift in the wavelength of the peak
emission of radiation from the umbra compared to
the wavelength of peak emission of radiation from
the normal surface of the Sun.

(ii) Hence, calculate the wavelength of the peak

emission of radiation from the Sun at the above {c) What changes in appearance would you expect to
temperature. The Wien's displacement constant is observe in the Sun if the number of sunspots per unit
2.9% 10° m K. : area of the Sun's surface increases significantly?
] Explain your answer using the blackbody radiation

spectrum,
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G. C. E (Advanced Level) Examination, August 2014
PHYSICS -1

Provision al Scheme of Marking

2. (@)

A-PART »
1. (a) Check Whether there is a zero error in the vernier calliper.
OR
Move the external Jaws until they touch each other to see.
Whether the zero mark of the two scales are on the same
line.
OR
Determine the value of the least count
ony one (01)
=M OR density = —2258_
®) d \Y By Volume 01}
(¢) 1-Zero error
2- Height (external / outer Iength of container)
All (0D)
(d)
" Figum | Reading of the | Correctreading { Name of the
venier calliper measurement
() 0.02/0.2mm Zero error
(i) [2.02/202mm |200200mm(x,) | Outer diameter
(i) 11.62/162mm |16016.0mm(x,)| innerdiameter
(iv) [3.02/302mm | 3.00/30.20mm (x,) depth
(v) 13.54/354mm 3.52/352mm () height
correct complete tabale (04)
5 2 x.\2
ey Ve==x {( 2‘) Xy - ( 22) K| OR
2 v N2
X X 2
. 1 2 :
e [(7) ) (7 ) }3 +”( 21] (¥4-x3)
- N2 f N2 2
X X X
F=r [( 21} _(__2;) 1,\4 +;:(~2‘2') (\4 -X3)
i
! (01
(i) V= [(2 0)" x3.52- (1.6) x3 0} OR
200 (150\2] 2.00\2 (4 <
ver |[(30) - (159)" | 3.00+ 7 (20%) (3.52-3.00)
OR
200 _ (160Y> 1.60
ver [(390) - (M69) [ as2+n (140) (352-3.00)
V=48cm’ OR 48x10°mm’ OR 48x10°m’
OR . 01
V=4.76cm®, 4.76x 10°mm? 4,76 x 10 m?
9.6 g cm?
(h d=3S9mm®  OR 3¢
d =2000 kg m? (2010 - 2020) Kg m* (1)

fevel : A (01)
" Reasons : .
(i) To minimize the candensation of water vapour on the
inner wall of the container - OR

To reduce the exposed area of the container to air.

(ii) Readings Can be taken over a longer period of time.

(iii) To make sure that the heating element is submerged
throughout the experiment.

(iv) To have a higher accaracy in the measurement of mass
of vapour any two (01)

(b} By reducing the heat loss due to radiation, convection and
Conduction.

(c) Resistance/ Resistivity, decreases with temperature.
Resistance / Resistivity, has negative temperature
coefficient  electrical  Conductivity = /Conduetance,
increases with temperature any onw (01)

(d) Q=mL
Pt=(M,-M)L
L=, Pt
(Mg -Mp) (1)
. 1
e) () ‘M'QZ'M" = ﬂlyo
S gy
Minimum mass of (M, -M,) =10g 01) .
(107kg)
(i) Pt=(M,-M)) =
- 1 = i *
P
me 10-3]x23x 109 o)
il aae :
t=46s o1
() m=(M,-M)=(FPL)t
Gradient = 106 -26) 107 op 100-26 ©1)
8-2)x60 8-2
- 40 x 107
IX 60
}7 0 x 10 =
p S 60x 500 - )
< 40 x 107

L= 225x 10°74g™" on
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3. (@) (i) Telescope

(ii) Prism table (01)
(b) (i) Eyepiece:
The eye piece should be moved in and out adjusted
until the cross wires are seen clearly. 01
(if) Telescope
Ajust the telescope to obtain a clear image of a distant
object. on)
(iii)Collimator
The telescope is brought in line with the collimator
and the collima for is adjusted while looking through

the telescope (or cross wires) Until a clear image of
the slit is seen on the cross wires. on

PQ, (or QR or RP) is
Perpendicular to the LN
P (cor Q or R) Shouid be
the prism table. (01)

Correct Ray diagram
and correct position of
the telescope. (01)

(ii) Angle of minimum deviation D = 183° 15" - 143° 29"

=39°4¢' (01)
(e)
4(a) 4b) - 4(c) 4(d) 4e)
if both positions are correct (01)
sof450)
1 = :
® ‘Smyz o)
Sin [ﬂli%ﬂﬂ]
(8 n=——g
Sin | A
_ Sin49°s3!
T Sin30°
01
=1.529 (1.52 - 1.53) L

complete cireuit diagram (01)

(ii) +and - signs marked as shown across both the Ammeter
and voltmeter terminals. o1

Kapila Sri Rohana m

©) A0D) ol 3 o 1) s )
BlA) Be4) Ao
Bld)s .5 =
o€
(c) Maximum Current: 1 = _5.8.0
= 12mA OR 00124 OD

minimum current _ 6 -
lmin = 230073 500 = 7506
= 24mA OR 0.0024 A (01)

(d). Choice : 15 mA

reasons : It provides the maximum accuracy for measurement
OR error / fractinonal error will be smali

OR the readings will be accurate
OR it use the major part of the scale
OR If is the most sensitive ammeter. (01)
(e) (i) Value ofthe readry : 4.3V [425-430v] (01)
Maximum estimated error in the measurement : 0.05V

(ii) Preper selection and labeling of axes with units as

above 01)
V (volts)
6
5
4 L
9
3
y
2
1 L
'Y
0.0 2 3 4 5 6 7 8 9 10 11gma)
making all the date points correctly (01)
RR, 5000R
B g =480 OR grgppy =480 on
5000R = 480R + 5000 x 480
4520R = 5000 x 480
R = 5000 =480
4320
R =331Q
(530-5320)
PART -B
5. (@) (i) R=W (01)
(i) PJIOW, + 8Fsin 6, - 18R =0 (o1
Substituting R=Wand W =02W
2W + 8F sin 0 - 18W =0
FSin 8,=2W ©n



0.8
OR F, = ] s i 20/ _ 2x09 _ =
[ gy - 30085 N (@) T=27 PG, =22 (32X =2x3=006 5
Bcm— :
i fy=mo T=158®=3.14; T=1.575) 1)
F,, Sin 72°+ R -F; Sin 8- W =0 (01) i
F Sin 72° + W - IW-02W =0 L . (iii) most effortless speed for the person = 9T9— 01)
F, Sin 72°=1.2W
SHES " _ 09
i A 1.5
AW == 06ms' (01
brccee =0.6 ms
=AW OR F,=133W  (O1) i 4
R HEgEn3) (If 7 is taken 3.14 the An swer 0.575 ms™ )
(iv) > X =0
F, Cos 72°=F, Cos 6 ! o) 6. @l - v...A
-—]—> =<—L
FsSings _ _ ow <«—L—> <~—L—> <~L—> P
FC i
sCosqs R, Cos72 = % L= 21 T _32& T ilé‘l,_
'tanﬂumx03 f._V f_l f='3—\£ f:ﬂ
. : 0" 2L 17 L 25 2L 37 2
tan g =35
T (5) Drawing correct standing wave patterns & identifying the
5 Rl ‘ node (N) and the antinode (A) in the fundamental mode
g, =78 41 (78" 40' =78’ 42) (o1) (01)
3 Correct standing wave patterns for three overtones  (01)
) Fg Sin 6¢=2W Correct expressions for frequencies 01)-
F, Sin78°41'=2W
i =N
- 2wy ® f= Vi ©1n
-l L= 340
o = 1) 6 2x262 1
(1.96w -2.00W) = 0.6489m = (6.49 + 0.01)10" m OR0.65m (0D)
_ 340
Ly = 7%392

(®) @ P J7FS+625W, -10R=0
7Es = 10W - 6.25 * 02W
P _10W-125W
:

L, =04337m= (434 £0.01)10"'m OR0A3m (01)

s \/ Y.\
v o DEA XXXA
Pl = 875, =L e (02)
. s <«—L— <«~L—
F/=125W 01) L(, = L(, =21 )
dlagram ) . .
(ii) Percentage reduction of the magnitude of Fs, £ e % e %Y‘ 02
6 6
" MW- L2SW o 100%
U7 100 % (d) (i) Freqzjér)lcies of first four standing wave patterns is in
2 part
(1)
=37.5%
. VvV 2V 3V 4V
L g Tt L™ T B
((,) (1) =l : T=Fx#r 01)
=W, x7 Sind (ii) Frequencies of first four standing wave patterns in
/SmB—I o part (a)
W meé’ p G V.2V 3V 4V
o L T_ = 0.1WL.Sind By 2 By I,

frequencing of part (c) is always equel to 2 x frequencies

o part (2)

diagram (5)
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OR . -

Cy Anzxfxx]()"x;rdf

Inclusion of a small hole has removed 1%, 39, 5*... (or oda) Eal = X
harmonics of the open tube, 01) : i r 01
Ln 14108 7 x 100 % 100 50 x 1678 OV
LV
€ A A@A : Y - S
<~L,~> ' ¢ :
_ -, s 22,
L, =3} = 151 (z =3) OR 158 (= = 224) 01
L 2 (158-158.2)
=
fy - 3x340_
Ve = 2x0.4337
B . 8 (@ 2 -
5= 3\;_ = 1175.9Hz (1172 - 1178 H: )1 mi2 gy —
y e 0o T2
7. (@) (i) Water repellent window glasses. ) Bp=m g, (1)
(if) Self cleaning paints. R = L"B;—
(iif) Self cleaning cloths / shoes. . . &
(iv) low - drag marine vessels any three (01) (b}
. R=%
(b) Spherical water bubbles/ drops are formed due to non - d . mV
wetting (water repellent) property of the surface. 2 Bg oD
~ o1) B 2V o1)
They roll of the surface at the slightest disturbance ; 4
collecting dirt and dust. (01) E
(¢} Contact angle of water, 6 < 90 hydrophilic
90° < § <150° hydro phobic 1 Q
150° < @ Super - hydrophobic B
oy X M

) 5 For correct paths of ions entering from P and Q (01)
= Y S < )

Wetting angle of contaet <90 Non - Wetting angle of contact > 90° ForComeel pativokion enteringsrom R0 b

(c) (i) Direction of the electric field 7
OR vertically upward on

: OR /t\+ + /i\/f\ drawn in the diagram .

(ii) Because there is an additional forre acting on the

- Wetti o i
. b . ving . g ions due to the electric field and the resultant force is
liquid should not be in pores. (01) liquid should fill the not always perpendicular to the velocity of the ions.
Angle contact should be as pores (01) o1
shown above (Oi) (iii)E - electric field
' F=gE [F =Bqv]

(f) Yes - BqV=qE on
Compared to the size of the pores the water molecules are Vv,=Ed 01
very small in size and thus can condense in the pores. E=V,

1) = d
3 Bb (01)

(g) Non - Wetting water repellent nature reduces. the
adhesirity (sticky nature) of water to the surface. o1) —
There fore, the friction against the motion of the vessel in (d) (i) Speedofblood flow at X ; Uy = ——x—_:{ (01}

: 0.08 x3x 10
« water is reduced. . (0D i

(h) nanorods, nanotubes, nonowires. any two (01) V, =0.09 ms on

G TA"8° (if) Applying th f Continuity
C. = _ ii) Applying the eq. o inui

= ® ) Al Vl = AZ VZ
3 &o g}
= A —Q
G
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2 42
% v, = L=vyon, Wy
e % _ W By i i
¥ Z{ Bydx Ty dy = xVy X
. . R g 2
= X
VS VB T O (3x 10-3) x 0.9 x 0.05
dy = 7
1.80 x 10™ -
dy=225x 10°m oh
OR 2.25 mm (01)-
. A i ]
s 216 x 1077x 8.05 5 s T
180 x 107% x 0.08 (01)
dy =225 x 10_1m OR dy = 2.25mm 1)
; R
9, (A)a(l) 1 _l..+.!_
Ry T R R W
1 _ R+R, eRI'_>
®TRE ) —R—>
R = Rl R}'.
v RAR I
. N L RR L
- Rpap "Ro -Ry + gy oD
(i) 3 = +R (1- 2 )
ag = Ro -Ri U= g3y,
maximum R, ; WhenR =0
= Rhlll‘( = Rll (01)
minimum R, ; When R, =R
[Second term in the expression in maximum]
_ RR
Rmin— R,:I‘RL_ (0])

V=IR

100=1x 10° xR,

R, =100 kQ _ o1
R, =400 kQ (o1
R, =300 kQ )

(ii) When the electrode is connected, the current through,
R, =995uA (oY)

. Change (AV) in the voltage drop across R, is given by
AV-IR=V

AV -995 x 109x 300 x 10° =300 (01)
AV =(300-298.5)V

| OReffect of having R, in parallel with R is reduce the eifective
value of R|. There fore when R, is not in the circuit the potentional
divider has its maximum resistance across AB which is equal to R

oD
This effect is maximum When R, =R, and the cffective resistance
has its minimum value ; R.R
Rmin= 07l (OI)
Ry
iy RoRL (01)
« Iy FRY D e 9B
R 100 Ry + Ry T00
0 )
100R, =99R; + 99 x 5000
R, =495KQ o1
B G v, =¥, then + 1500V
2
4V + 8V + 3V = 1500 01) R=4R,
15V=1500 e
V=100V 8R,
= R=3R,

AV =15V 01)
OR AV =AIxR o1y
=5 x 10 x 300 x 10*? oy
AV =15V o1
() MQ =cV
AQ =5x10¢x 1 x 10®
=5x1012C o1
@av= £ o1
_5x1012
Gy T Toos
=10 "F (100PF) o1
(B) (8)  Saturation
v, & _region V4 Saturation
s region
linear region inear region
» :
'S vV,-V)
V;
R R
b 2 = 2 _ 1.5 x 7000 01
(®) @) R3_,\7gomz2—_,5_3._ (&)
SRy = 3000Q o1

(ii) In order to achieve +10V at the output
V,, Voltage at V+ input should be equal to

3.5+0.5=4V 1)
o5V
LDR §,
.__{>——v‘,
AR, 3R,
L
C B4 oRR, =4 x 500
Ripg T771
Ry = 200002 1)
(iii‘)RwR = 10°Q2 (Very large)

the voltage V, becomes smaller than 3.5V (0r V)
There fore V= -10V on
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® AQ 6 -0,
S2 =K, A, ﬁTl —® (o1)

0 -6
- K, A, (_7*) o1

@ Vo =VptlgRg + Vg

O 5 (S
10=0.7+50 x 10°x R, +0.7 o @ ZF = 0X60x60 * T @
= 139 x 10°W
R. = 85
B 50xI0~° @ - @
Ry =172 x 10°Q (o1 g-g=2 . KD
= 144
: . 01
iy L.=81 _ A8 4 ) =
(H)C BB 92-%~Tt.m; ._@
I.= 100 x50 x10°¢
I.=5mA’ ©n O+
= A0 1 4 ) 01
V,=5-1R, . Bets =0 [K]A] oy "
Ve=5-1x10*x5x 103 on _ 3 0.2 d,
300= 139 x 10 m+ D037 on
V.=0 o1 N )
¢
' dy = 0.078m (7.8 cm)
o , (7.80-7.83 cm) oD
-(iii) (1) Potential difference across the diode=10V (01)
. (2) Collector Voltage under this condition=5V  (01) :
3 330 - 8
: v ORA) =139510° =02 x 16 (—m—i) W
(d) ’ g
330-6, =86.88
v
e ; g, =24312°C 01
= 7 by 6, -6,
o M S0
(i) Input logic leveis when light fall on LDR S=0,R=0 ¢ 272 dz
Input logic levels when intruder crosses ﬂie_beam X 5 (243.12-30)
S~1,R(;10) 139 x 10° =0.03 x 17 xjﬁ(o’])
(ii) Alarm sounds continuously since it does ‘not recieve a d, = 0.03 ]x3 197;(]%13' 12
reset signal (S = 0 and R = 1) to reset the Alarm OR ’
Conect truth table. (o1 d, =0.078m (1)
, (ii)Heat loss from the battery will be less then the planned
10.(A) (a) Rate at which solar energy is incident on the value becaues, the temperature of oil decreases with
dise =ar2x E (01) time, and the rate of heat loss becomes smaller. (01)
=3 x 100 x 1000 )
=3x10°W (01) (d) M - mass of the distitled water produced per day
¢ 25 S50 6
(b) Energy stoered in oil per day SXI0 »p ® fpg—M (2'25 x 10" +4200 x 70)
p 8 _ 6 LHS (01)
=3x105x6x60x60x%% 01 625 x 107 =M x 2.544 x 10° pric o))
ks 3.89 x 10°F - o1) LM =24568kg
(©) =245.7¢
. : (1)
(245-246.3)
oil .
:kd, (B) E=cT* OR E, =cAT* ©1)
3 S
—~d, E = Total radiated power per unit E, = Total radiated
___________ k, Surface area of black body power
Bkl | B VS IRINNIANI VWAV o = Stefan (-Boltzmann) Constant ~ A - Surface Area
T = Surface temperature in kelvins (K) (015
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"

(a) (i) Ifthe radius of the sunisr, the total power radiated
from the surfacc of the sun
=4 qmrix T 2
=567 x10%x 41 x (7.0 x 10*P x T* (01)

If the distance from the sun to the surface of the earth is d,
the intensity of the solar radiation flux at earth surface

_ c)'/-lm'zT4
47zd2
-8 8 . 4
5.67 x 10 x4n(7.0x10) xT4
1000 = 5 @2)
47?[1.5><1011}
2
U 1,5x103) i
T o 0T el M .
‘( 7] Y se7x10°8

- (83)" x 5k %107

1/

. .1 1 |74
= 53345K (129)]
(ii) From wein'slaw 2 T = C =2.9x 103 ©on

16

Coqo= 29% 10-3_

© m 3333
o ~7

Ay =344 x 10 Tm (o1
(5.43-5.44)

(iit)yCalculated temperature is lower because the radiated
power loss due to carth atmospheric absorption has not
been considered in the Calculation 1)

(b) (i) If the temperature of the umbra of a sunspot is Tu
Comparring with an equal area. A of normal Surface.

AT _ 30 oD
GAT[ 100

L TE=03x5335t
o e
T, =0.3% x 5335
T, =3948K  (3947-3949)

" Bls = P (01)
oy Ty
Zm Tu
am = (T, - I)Am (gggg . 1)'x5._44)<10—7
M =191 x 10 m - ©1)

(c)

Ao =.C _C (01)
mu. M T~ T
=29 x 107 (T’” 'T”“‘)
my
_7 (5334 - 3048)
= 29> 10 “syggwsoag
=191 x 107 m o)
N
N
4
Correet Two Curves (01)

Significant increase in sunspot per unit area causes 2, OR
red region making the sun appear reddish

Peak emission of radiation of shift more towards

longer wavelengths.

(0D

LT
¢ >
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