Final Term Test —June 2013
Grade 13
PHYSICS I

Time : - 2 hours

o Answer all questions.(g = 10 Nkg™)

(or)

(02)

(03)

(04)

(05)

(06)

Speed of sound in a gas (V) is given by V = {/yKp T/m Where; y - a dimensionless
constant m- mass T- absolute temperature. Units of Kpis:
(1) kgmzs'zK" (2) kg"m'2 $’K (3) kgms2 K

(4) kgm?s”' (5) kgm’s® K

The physical quantity implied by the relation FV’a™? (where; V- velocity a —acceleration

F- force) is;
(1) Energ (2) Power 3) Angular momentum
4 Linear (5) Torque

momentum

A projectile having a time of flight 2s would reach a maximum height of;
(1) 40m (2) 30m (3) 20m (4) 10m (5) Sm

Two particles m; and m, (m;> my) which were initially at rest at separation r attracts
each other according to inverse square law. Which of the following statements is true
about their cnetre of mass (COM)?

(1) COM moves towards m, at uniform velocity.

(2) COM moves towards maat uniform velocity.

(3) COM doesn’t move.

(4) COM moves towards m, at uniform acceleration

(5) COM moves towards moat uniform acceleration

1.2A current flows across al0™ m? cross section of a conductor having free electron
density 5%10*m™ . (Charge of an electron 1.6 x 10"°C)The drift velocity of electrons is;
(1) 1:5:%10% ms’! ) 1.5x107 ms’ @y 152100 ms!

4) 1.5x107ms" (5) 1.5x[0° ms

Two massesm;andm,, attached at the ends of a spring, placed on a smooth horizontal
table. When moacquires an acceleration ‘a’ due to a horizontal force *F’ acting on it, the

acceleration of m, at the same instance is;
F—mya F-mya
(e == 2y s 3)

my+ mp ny my

F-mja

£


https://pastpapers.wiki/

©7)  Two metal wires A and B, made of the same material weigh 12g and 18g respectively.
The ratio between their lengths is 3 : 4. The ratio between their resistance(Rn : Rp) i8;

¢ 27 32

(2)2 a3

(3) 9:18 4) 18:27 (5) 2:9

08 A layer of oil (r =I.5Nsm’ %) of thickness 10° m is applied between a plate of area 0. Im’

and a planar surface. The plate slides on the planar surface at Imms 'constant speed. The

corresponding force applied is;
1) I.5N

(09)  Speed of a certain light ray (of frequency 6x10'* Hz) in vacuum is3 x10° ms

2) I5N 3) 150 N 4) 100N 5) SON

A [l

speed (V) and frequency (f) in a medium of refractive index 2.5 are;

V(ms™) f(Hz)
(1) | 1.5x10° 12 x10"
2) [F155%10 6x10
3) | 1.2x10° 6 x10"
@) [1.5x10° 6 x10" H
(5) |3 x10° 12 x10"

(10)  Prism angle was found to be 60°using the spectrometer configuration shown here, which
read the position of the telescope T = 68° 12. The reading at position Tz is;

(M
(2)
(3)
4
(5)

128%12
218%12!
288°12/
24812/
308°12

(11y A circular loop of wire having a single turn is then folded to make three turns within the

available length. The same current is sent through the wire in both situations. The

magnetic flux density at the centre of the loop in situation 1 and 2 are

B,andBarespectively. The ratioB;/ Bais equal to;

(1)

L) Wik O

“4)
(5)

Ol= ]l
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10

(12) AN
1 /}1‘717 mr,r"/\‘éf
10

NAL N

10

A
Equivalent resistance between A and B:
2 2 3) 70 2 8
(50 (2) 50 (3) (4) 50 (5) ;0
(13) A uniform sphere of mass m is attached to a string at its’

circumference, which is tied to a rough wall from the
opposite end as shown here. The sphere in contact with the
wall is in equilibrium, while the string is an a angle
inclined to the wall. u- coefficient of friction between the

sphere and the wall. Which of the following gives the

tension of'the string?

(1) mg —pu mgsina (3) mg+ u mgsina

mg
2 /p_sinamcosa:

(4) mg (5) mg
Hcosa+sina usina+cos a

(14)  The variation of torque (t) applied on an object of moment of inertia 10kgm?® which was

at rest is shown here. Angular velocity of the object after 30s (in rads™);

T (Nm)4
50 +

b time (s)

20 +

Angular velocity of the object after 30s (in rads™);

(1) 20 (2) 40 (3) 60 (4) 80 (5) 100

(15) A rock of mass l.1kg is tied to an Aluminum string (of length Im and of diameter
0.4mm) which is suspended vertically from the fixed end. Now the rock is rotated in a
horizontal plane, as the string is inclined 60°with the vertical. Young’s modulus for

Al=7 x10""Nm™. The extension of the length of the string is;

(1) 6.25mm (2) 2.5mm (3) 0.625mm (4) 0.25mm (5) 3.125mm

3
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(16)  An electron of an atom emits radiation of wavelength A and velocity ¢ when jumping

from its’ existing energy state Ejto a higher energy stateE;. Which of the following

relationships is correct?

_ W(E-E3)
(1)erdie imare
hc
(@)
(17)
B

(2) A=h(E —E) (3) A= h(E,~E3)
_ (E1-E3)c
(5) A= wh
A Im
D

O—

2m

A is Im long closed tube while B is 2m long open tube. Both resonate at their 2}
harmonic. D is a detector which is moving away from the tubes. Which of the following

relation/s is/ are correct? V —speed of sound in air.

Speed of D (in terms of V) frequency as detected by D
a) 2V/3 fundamental tone of A
b) 2V/3 fundamental tone of B
c) 4V /5 fundamental tone of A
d) 4V /5 fundamental tone of B
(1) aonly (2) bonly (3) conly

(4) aandconly

(18) A uniform rod of mass ‘m” is hinged to the wall at
one of its’ ends. The rod is held in equilibrium by a

string (tied to the wall) from its” opposite end.0,= 60°.

Tension of the string is %, B, is equal to;

(1) 15 ) 30°

(5) bandconly

(3) 45° ) 60° (5) 75°
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(19

(20)

(20

(22)

Shown here is the variation of apparent weight with
the depth submerged (h) for an object of rectangular A

4

pparent weight

h

Y

cross section when immersed in three different liquids
a
a, b, c. Which is the correct ascending order of their w
densities? b
0

(ha<b<c (2)a<c<b
(3) b<c<a (4 c<b<a
(5)c<a<b

Which of the following accurately describe the image formed by a virtual object placed
infront of the convex lens at a distance greater than 2F on its’ principal axis??

(1) Upright, virtual , diminished

(2) inverted, real , same size as the object
(3) upright, real , diminished

(4) inverted, virtual, diminished

(5) inverted, real , magnified

49V
The circuit set up produces a variable potential _T_
difference between P and Q using the sliding key P. r=0 T
The range of potential difference obtained between
P and Q;

5k

()

% 2kQ

(1) 0-25V 2) O-10V @) O-15V

(4) 0-35V (5) 0-45V

Two waves A and B of equal &

wavelength  Atravel towards right ~ Wave A &,

A 4
s

starting from the same phase. Though Y

o
A 4

wave A is being reflected by 4 N
surfaces, it travels towards the initial ’
direction in the end. To make the
waves A and B travel in opposite

A 4

phases in the end the minimum value
Wave B

that L. should take in terms of A is;

(1)220:5 (2) 0.25 (3) 0.75 4) 0.4

b
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(23)

(24)

(25)

Which of the following statement/s is are true about 4 identical particles place
different configurations shown here?
a) Gravitational force on the particle at the centre
of the circle is maximum in c.

b) Gravitational potential of the system is

; Q

maximum in c.

¢) Gravitational force on the particle at the
; : A ) : a b

centre of the circle is minimum in a. =2
d) Gravitational potential of the system is

minimum in b.

(1) aandb (2) bandc (3) candd

(4) abandc (5) Alla,b,c,d

dat3

1

Which of the following possible experimental errors are more effective in an experiment

to determine latent heat of vaporization of steam by sending steam into water contained

in a calorimeter?
a) heat loss to the surrounding during the experiment.
b) heat loss due to the addition of wet steam.
¢) evaporation of water in the calorimeter.

d) a fraction of steam being condensed inside the steam trap

(1) a,¢c,d 2) a,d (3) a,b (4) a,b, c (5) all a,b, c.d

Electromagnetic radiation of frequency f and
intensity I Incidents on a photo cathode, which
results a photo current (). V is the potential :
supplied to the photocell. Shown here is the Dy

variation of iwith V. Given in broken lines is L

the i— V variation when the intensity of the CJ

light is doubled at the same frequency f. Which

of the given graphs shows the correct

variation?.
(n A @) B 3) C (4): #DD (5)
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(26)

(27)

(28)

(29)

(30)

A vehicle travels at uniform speed V on a rod in the hills; climbing peaks and sloping

down troughs each of radius R. The driver of the vehicle feel weightless most probably:

(1) atthe peak whenV <,/gR

(2) at the foot whenV <\/—g_R v
(3) moving down the slope atV=/gR

(4) at the foot when V >\/g_R

(5) atthe peak when V >\/g_R

A shunt of resistance 2(1 is connected across a galvanometer of internal resistance 98(0.
lo — total current entering the galvanometer system I — current flowing through the

galvanometer. The ratio I/l is equal to;

() 1 @ 3 @ ) ® 5%

2 98 100

A closed cyclic thermodynamic process for a gas is A
shown here. From ¢ to b 40] of heat energy is
removed from the gas. From b to a 130J of heat

energy is removed from the gas and work of 80J is

done on the gas. From a to ¢ 400J of heat energy is >y

supplied to the gas. Work done by the gas from a to

cis;
(1) 490J @) 310 G) 1500 4) 410 (5) 4501

A DC motor operated at 200V draws S5A current at the start. Later, during the
functioning, it only draws 3A current. The back e.m.f. generated in the motor;

(1) 200 x —zv 2) 200 X gv (G) 200 x gv
4) 200 %3V (5) 200V

ABCD is a circular conducting wire of
centre O. A cell is connected across A-C
AD@CE 60% Magnetic flux densities at the
centre O, due to the currents flowing

through the routes ABC and ADC are B and

Brespectively. The ratio B,/Bss equal to;

(1) s @ 3 6 @1 (5)
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(34)

Fiand Fare two fish at the bottom of a tank filled with

water upto 80cm depth. C is the critical angle for water

air interface. Fycan directly see F,and also the image 80cm
ofF, vertically right above the water level in air. The
height above the water surface level to the image of F;
(in cm) is;
(1) 80 sinc¢ 2) % (3) 80 tanc
Wi DL
400
The balance point obtained for a metre 100 WY
bridge set up having 10Qresistor and a J”’M \
parallel combination of 400 and (XQ) o
unknown resistor is obtained at 25cm. X is
equal to; 2?"
() 400 (2) 500 (3) 600 (4) 1008 (5) 120Q

AB is a straight long conductor carrying 20A
current through it. CDFG is a rectangular
conducting loop of area 20cm x 9cm passing

10A current through it. CG and AB is parallely

20A48 A A Y 20cm

separated by lcm. Force by AB on the el gem
. i q—pit >
rectangular conducting loop is; A G 4 P Y

(g = 4 < 10FTHm 1)

(1) 3.6 x 10N towards left (2) 7.2 x 10™*N towards right
(3) 3.6 x 10N towards right (4) 7.2 x 10"*N towards left
(5) 1.8 x 10N towards right
Which of the following statement/s is/are true about a compound microscope?
a) Image by the objective is formed on the cross wires at the normal adjustment.
b) Linear magnification of the eye piece increases as the focal length of the eye

piece increases.
¢) A short sighted person should shift the eye piece towards him to see a clear

image from the compound microscope at its’ normal adjustment.

(1) aonly (2) bonly (3) conly
(4) aandconly (5) alla,b,c
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(36)

(37

(1) EA

The balance length obtained (from potentiometer) for a cell of e.m.f. 1.5V is 60cm. The

potential drop across the 1m full length of the potentiometer wire is;
(1)550:5V (2) eV, (3) 1.5V (4) 2.5V (5) 1.75V

Two charged particles A and B of masses maand mg respectively: are moving on the
same plane at velocities vsand vg, perpendicular to a uniform magnetic field. their

following expressions is true?

e @ ® o 0 & 0
(1) mp vgZmp Ug e o000 00
e e 0 e 0
(2) ma UA<1nB L4 e [ °
(3) ma<mpanduy > vp o o0 03 o
e @& @ @ .B. [ ]

(4) ma=mgandvy, = vp

(5) ma vy=mp Ug

A loop of wire of the given shape is moved at uniform V

speed perpendicular to the uniform magnetic field. The By i‘"'"'"'"'"'j
e @ @ 0 0 @

variation of induced e.m.f. across the loop (E) with |:|l:%| :, e

distance (r) is correctly depicted in; RSie 8 00 °
o o 0 0 0 o 8

(2) EA

@ £

L
I"
i
.

©) ea

(38)

Q QO%

() (b)

a) A cart with a pendulum fixed on top is moving at uniform speed V, towards a

@

O
N

N

wooden block.

b)  The cart hits the wooden block and get stuck to it, as the pendulum showed
60 inclination to the vertical. The length of the pendulum string is 1.6m. V is
equal to;

(N 2ms’ (2) 2.4ms’! 3) 3ms’ ) 3.6ms’' (5) 4ms’’
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(39)

(40)

(41)

Sz

The two shells S, and S, contains charges Q

and2Q
When

. Flux through Sis®; and throughS;is®,.

a medium of dielectric constant 5 is

inserted into Sy, the flux through it S; became @s3.

€~ permitivity of free space. Which of the

following accurately gives the ratio ?,/D,and@3.

S L ®) (3) “) (5)

o ; 7 1 s

Up 3 3 2 2

G, ] 50 . 0 o

5¢q £ 5¢&g 5¢ 5¢p

qiand qucharges are placed at the points of a i 1Scm A
rectangle of length 15cm and breadth 5Scm.
Q= —3uc, qa=2uc. 1/4mey=9 x10°Nm’c? ot
Electrostatic potential at infinity is zero. Which of B 42

the following statement/s is/ are true?

a)

b)
c)

When carrying a charge of +5uc from B to A along the straight path BA, 3J of
work is done.
Electrostatic potential energy of the system increase once the charge is carried.

The amount of work done in carrying the charge along the BA diagonal is greater

than the amount of work done in carrying the charge from B to A along the sides

of the rectangle.

(1) aonly (2) bonly (3) a,b
(4) bs C (5) a, b, C
A uniform rod of length 0.6m and moment of inertia 3 ;
i 2.4rads’| | axis of
0.12kgm~about the axis of rotation, hits and get stuck to a rotation

ball of clay of mass 0.2kg at its’ vertical position. While ', ssssssra2
rotating at 2.4rads'angular velocity, as shown here.

Angular velocity of the system after collision is;

. 5N
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(1) 1.2rads’ (2) 1.5rads’ () 1.8rads’
(4) 2.0rads’ (5) 2.1rads”

42) A hollow sphere and a hollow cube (with thin walls and equal areas of surface, made of
the same material) are filled with hot water and placed in a constant temperature room.
Temperature of the room is a few degree less than the temperature of water. Which of
the following statement/s is / are true?

a) rate of heat loss from the sphere is greater than that from the cube.
b) rate of heat loss from the sphere is less than that from the cube.

¢) rate of temperature loss from the sphere is less than that from the cube.

d) rates of heat loss from both objects are equal.

(1) a,c (2) b,c (3)a,d (4)b,d (5)c.d

@3)  The two zener diodes connected in the circuit are
used as voltage stabilizers. Zener voltage for the
diodes areV, = 10V and the maximum current for

the diodes I = 200mA. R, =

20kQ) (the most suitable value for)Rs would be;
(1) 100 (2) 209 (3) 40 Q (4) 500 (5) 1005

. _100kQ

10k © +10V

Gl il -
Bl ;
V=1V ov

n -

In the amplifying circuit shown here, the current Iis equal to;
(1) 0.14 (2) 0.2A (3) 0.1mA (4) TmA (5) 10mA

@5y ABC is an isosceles rectangular prism. A pin PQ is placed infront of AB face of the

prism. Which of the following statement/s is/are true? E; e
a) A laterally inverted image of PQ is observeq fromE, @\
b) The image observed from E; is real. :
¢) An image is not observed when looked from E; !
A 45:0 . a5°\, g
: __,:Q
(1) aonly (2) b only (3) conly E,

(4) a, bonly (5) alla, b, ¢
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(40)

(47)

(48)

Height of Mercury column in a barometer is 70cm due to some air been escaped into the

10cm long space ¢ above Hg.
Now the Hg tube of the barometer is pushed down a little into the dish of Hg. Then the
height of space above Hg in the tube became 6em for the height of the Hg column in the

tube 67cm. The true value of the atmospheric pressure is;

(1) 74.5cmHg (2) 75cm Hg (3) 75.5cmHy
(4) 76 cmHg (5) 76.5 cmHg

Which of the following combination is not valid for an S-R flip flop?
(1)S=0,R=0 ) S=1,R=0 3)S=0,R=1
“HS=1,R=1 (5) None of the above

A horizontal circular loop of wire (of radius 2cm) weighing 5.4x 10°Nrequired
14.2 % 10Nforce to be raised from a liquid surface. Surface tension of the liquid on

which the wire had been placed is;

(1) [75 %1080 Sy 215 =110% 3) 3.5 x 107 @) 4.5 107 (5) 7 x 107

(49)

Two stars of masses m and M at separation d are

e wH ol s rotating in circular orbits at time period T about
¥ their centre of mass. G- universal gravitational
/ constant. T2 is correctly expressed in ;

2

; 4n?d? p 4n’d? e am?d*M

() Te= G(M+m) @)= G(M+m) @) T*= G(M2+m?)
7 o Anfaim g _ An?d®
(el = G(M2+m?) )T = GMm

50) When the rotating plane of the armature of a current generator aligns parallel to the
magnetic field,

D)
2)

3)

4)

the magnetic flux linked with the armature and its’ electromotive force are zero.
the magnetic flux linked with the armature is zero but the induced e.m.f is maximum.

the magnetic flux linked with the armature is maximum but the induced e.m.f is
minimum.

the magnetic flux linked with the armature and induced e.m.f both are at their maxima.

5) the magnetic flux linked with the armature and induced e.m.f both are at moderate values.

12
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2 A ' P
Final Term Test — June- 2015
Grade 13
L o PHYSICS II
S e Time : - 3 hours

Gravitational field intensity g = IOng"
Part A — Structured Essay

4 Answer all 4 questions on this paper itself.

(1) (a) A mass M connected to spring of spring & constant K

oscillates at amplitude A on a smooth horizontal |

table. The spring of negligible mass is rigidly fixed at M
P
kmmm

P. When M passes the equilibrium position a small

‘m’ mass is placed on it (The friction between m and
M is sufficient to give ‘m’ the velocity of M) Now the

- system oscillates simple harmonically.

(i) Obtain an expression for the velocity of M as it passes the equilibrium position (V)
interms of M, A and K.

(ii) Obtain an expression for the velocity of the system (after m placed on M) as it passes the

equilibrium position, interms of M, m and V.
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(b)

&@

Now M and the spring is used in an experiment to determine the coefficient of dynamic

friction (ug) between the rough surface and M. A light inextensible string connected to M
runs over a smooth pulley at the end of the rough horizontal surface and its’ free end is

connected to a light scale pan while the spring is tied to a fixed support.
The spring is not under tension for the situation

shown here.

When a mass m is placed on the scale pan, the pan
shifts its™ position an x distance down. Accordingly
M too moves an x distance and the extension of the

spring becomes x.

44!
(i) Obtain an equation for the variation of x with " based on the Work-Energy principle.

Shown below is a set of readings obtained in the above experiment.

ii) 3) If the temperature of water remained steady at 70°C (instead of 60°C), what is the

power out put from the flames?

m (g) 650 700 750

800

850

X (cm) 9.0 18.0 27.0

35.0

44.0

(iii) Plot the graph of x Vs m.
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(iv) Find the gradient of the graph.

(2) Sonometer and a vibrating tunning fork are used to determine the variation of fundamental

resonance length of a wire with the tension of the wire (T).

(i) What is the reason for using a hollow wooden box in the sonometer?

(i) Explain briefly how you would find the fundamental resonance length of the wire for

different values of its’ tension.

(iii) Write down an equation for the frequency of the tunning fork (f) for which a ‘I’ length of

the string resonates at its’ fundamental when ‘M’ mass is attached at the free end of the

string whose linear density is ‘m’.

1

(iv) Gradient of the Graph of / Vs v/M obtained from a similar experiment was 6—5; mkg z.

Find the mass per unit length of the wire if f = 512 Hz.
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(v) The result obtained in (iv) above can be used to find the density of the string material.

What is the additional measurement you may need in this regard?

(vi) Write down an expression for the density of the string material interms of ‘m” and the

above measurement.

(vii) Some musical instruments produces musical notes by means of stationary waves along a
set of stretched strings, either of varying diameter or density. Explain. how these string

instruments produce different musical notes based on the above phenomenan.

3) (i) Show the direction of heat flow through the rods a) and b) using lines ending with arrow
heads.
(a)
cold hot

hot

Bl
W i

Wall of the boiler

layer of air
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In an experiment to determine the thermal conductivity of the material from
which a boiler is made; 2kg of water in the boiler which was initially at the room
temperature was heated by a flame of temperature 200°C. Temperature of water
raised to 60°C from room temperature 30°C within 5 minutes and then remained
constant. Specific heat capacity of water 40000kg 'K

a) Thickness of the layer of air = -;- Sketch the variation of temperature 8 with /.

(Ignore the heat loss to the surrounding along the length /)

2|
b) Explain why the temperature of water remained steady after being increased to 60°C.

e) Write down an expression for the temperature of air in contact with the wall of the
boiler (8) interms of A (area of the wall of the boiler) and K, (thermal conductivity of
air)
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f) Write down an expression for K, (thermal conductivity of the material from which
the boiler is made of ) only in terms being introduced above.

ﬁ) _”.;..‘_....;....:“;7...: ........ : ................. "v'"f;ld;.e-]:'j ................................................

: T L je o LHis
(4) Figure shows two coils of wire A and B placed coaxially closer to each other in air. Coil A is
connected 1o a centre zero galvanometer and a switch Si while coil B is connected to a battery

and a switch S,.

A B

— X — — ORI —

Hiiie ez | ;
|
S, S0 S5

Galvanometer

0\) You have to carry out the following experiments independent of each other. Choose

and underline the expected reading from the galvanometer for each experiment.

Expen‘iment Galvanometer reading

(i)  First switch S is closed; And then a) Zero

switch S, is opened and closed b) a constant value which is not zero
repeatedly. ¢) keeps changing (oscillates either side)
(i)  First S; is closed and then S, is a) Zero
closed bj a constant value which is not zero
: a) Zero

(1) First S, is closed; and then S, is s

b) a constant value which is not zero
closed and opened repeatedly. | | : :
| ¢) keeps changing (oscillates either side)

b) Battery connected to coil B is now replaced with an alternating potential supply having
variable frequency. Now both S, and S, are closed. Explain giving reasons the variation

of the Galvanometer deflection when the frequency of the variable supply becomes.

(i) i2kbze il el S e e e e
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sheets of paper
‘/ Laminated soft iorn

/

C'
o
I~ I~
¢ H|IT[E
audible frequency / Cf':lthode ray
generator Copper wire Copper wire oscilloscope
with 60 turns with 120 turns
Shoton

Shouj\ here is a circuit arrangement for a transtormer. Audible frequency generator is
given a sinusoidal input of Vr.m.s = 7V.

(1)  First the papers are removed and the two C shaped laminated soft iron cores are pushed

towards each other. Then switch S is closed. Work out the maximum potential difference

(*+) and (-) (peak to peak voltage difference). Clearly state your assumptions.

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

(i) Now the papers are replaced between the two soft iron cores and a 100Q resistor is
connected across the CRO. Maximum {(+) and (-)} potential difference is measured from

the CRO with the no. of sheets inserted within the 2 sofi iron cores.

No. of sheets within the (+) and (-) maximum
3 : Power delivered (W)
two soft iron cores potential difference
1 18
3 | 12

Work out the power delivered to the resistor for each case and complete the table.
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(111) Why soft iron is used as the core of a transformer?
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(5)

(6)

PART B - Essay

¢ Answer any four questions.

tea leaves

R=150cm XX

rubber belt

r=>5cm

Electric motor

Shown here is a set up used to separate and categorise tea leaves. Tea dust is filtered, when the
filter moves side ways (towards left and right continuously) in a horizontal plane, by the rotation

of the wheel (of radius 150cm) on a vertical plane about a horizontal axis.

a) (i)  The motor which was rotating at constant rate 2400rpm came to a rest in 40s due to
power failure. What is the angular deceleration of the motor?
(i)  What is the reason for the motor rotating at a constant angular velocity before the
power failure?

(iii) ~ What s the power required to rotate the motor at this constant angular velocity?

b) (i)  Whatis the tangential speed at the edge (circumference) of the motor, rotating at the
above constant rate?
(i) What is the corresponding angular velocity of the wheel?
(i) What is the oscillating frequency of the filter?
(iv)  What is the oscillating amplitude of the filter?
(v)  What is the maximum acceleration of the filter?
(vi)  Sketch the variation of displacement for the oscillations of the filter (x) with the

resultant force (F) acting on it.

. : S1gn . )
a) (1) State the sigg convention used in the lens formula.

(ii) A bright object is placed infront of a lens of focal length 10cm, which produces a real
image magnified x5. Find the corresponding object distance.

(iii) Now (only) the lens is moved 6¢cm away from the object, while the object and the
screen remained at their previous positions. To obtain a real image once again, how

far, towards which direction, the screen has to be shifted?
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b). A convex lens and a concave lens. each of focal length 4cm is positioned at 8cm separation.
A vertical linear object is placed on the principal axis at 3em distance from the convex lens.
The final image is formed at “x” distance from the concave lens. Work out x.

(i) Is the final image a) real or virtual? b) upright or inverted?
(ili)  Obtain the final image after being refracted from both lenses by constructing a ray

diagram considering 2 rays coming from the object.

¢) (i)  What is the defect of vision suffered by a person wearing spectacles with concave
lenses of power 0.5D?
(11)  What is her natural range of vision with out spectacles?
(iii)  Another person wears spectacles having an equal power to'a combination of two
lenses of powers +2D and -0.5D. What is his defect of vision?
(iv)  Find his range of vision while wearing spectacles.

(Least distance of distinct vision = 25¢m)

(7) (1) Give meanings of the terms tensile stress and Young's modulus.
(i) When determining Young’s modulus of a material it is common to use a specimen
~ (wire) which is very long and very thin. Give the reason for this.
(1ii) The graph shown below represents the tension —extension variation for a Copper wire
of length 1.2m and cross sectional area 1.5 x10°m’. The tension is gradually

increased from zero to a maximum value and then reduced back to zero.

i ¢ VT ey
tension oIS B i i S TS WS B O R
(R T L 4ES
1.0 e A T w
: il Ll A LA i ‘.
I it + 1]‘ AR . i
0.8 = oA g s
I P B | S V.81 e s 5 E e
@ i Lo =] o)
o A i i =
0-b e A A e patae
SR WY 4 I i B td ;
AT IR -1 3
0.4 HE __} 14 R T feregl
A A o
0.2 FH /S S oE . S s E BT
= 4 N e s, : 2 pas—
Al f ] 4 I‘,—ll : 1 J
o7 -2 B3, Ak BB 7 -8 |
. -3 .
extension 107m !

a) Use the graph to find the Young's modulus for the material of the wire.
b) Why is the unloading curve displaced from the loading curve?
¢) Copy the graph on your answer script and shade the area of the graph which.

represents the energy lost as heat during the loading and unloading cycle.

(1v) A 20m length of continuous steel railway line of cross sectional area 8 x 10°m’ is
welded into place after heating 1o a uniform temperature of 40°C.
Take Young’s modulu's of steel 1o be 2 »10''Pa. linear expansivity of steel
(oc) = 12x 10°°K™" density of steel = 7800kem™,
Specific heat capacity of steel = 300Jke™ K™,
10
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A conducting plate can be usedﬂstore electric charge. But

Calculate for normal operating conditions of the railway line at 15°C;
a) the tensile strain
b) the tensile stress
¢) the elastic strain energy in the rail
d) How much heat would be required to return the rail to 40°C from 15°C?

e) Explain briefly why your answer is not the same as that of (c).

to

Capacitan Ce

its electric - - " is at a lower value. fﬂ

(i)

(if)

(i)

(iv)

(v)

(vi)

Conductor plate

Copy the conducting plate shown here on to your answer script and show how a positive
charge can be distributed on it.
Now another plate which has been earthed s brought closer to the charged plate. Will

this increase or decrease the potential of charged plate? Give reasons for your answer.

Copy this diagram on to your answer script and
show the distribution of charges on the charged
plate in the presence of the earthened plate.

Electric capacity of a parallel plate capacitor can be increased by introducing a dielectric
material between the plates. What is the main reason for this?

A cell of e.m.f (E) connected to a capacitor (C)

(Which is not charged at the beginning) is shown Bl
here. When the circuit is closed through the switch, b
Q charge flows through _the cell. Write* down _’_C
expressions for a) energy supplied from the cell b) e
cenergy stored in the capacitor, in terms of E and Q.
:
A metal plate of area ‘A’ is held horizontally by ' i § d

four identical springs each of spring constant K.

Another identical plate is held horizontally below

the first plate. The supports from which the springs

are suspended are electrically insulated. First plate / ,<
is under a potential V. b -

11
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a) Explain why the separation between the plates decreases. when the potential is
increased to V.

b) Show that the maximum electrostatic force between the 2 plates — FF = S—E where d
— separation between the plates. f
Q- charge on each plate.

¢) Show that the maximum (additional) extension of each spring. when the plate is

being charged — e =g, A V?/ 8kd?.

(vii) Area of one plate in a parallel plate capacitor (of capacity 100pF) is 100ecm’. The gap
between the two plates is completely filled with a material of dielectric constant 5. When
a 50V potential difference is maintained between the two plates:
a) What is the magnitude of free charge on the plates?
b) What is the magnitude of electric field intensity across the dielectric material?
c) What is the magnitude of the induced charge on the surface of the dielectric

board? (g5 = 9 X 1072Fm™Y)

® Answer either part A or part B.
(9 (A) a) A source of electro motive force (X) 1s connected to a parallel combination of 6
identical bulbs. Internal resistance of X is 1£2. 0.5A current flows through X. Potential
difference between the terminals of X is 120V.
(1) What is the electromotive force of the

source (X)?

(i) What is the power dissipated in X in the

566660

form of heat?

G
(1i1) What is the total power delivered to the |

circuit by X?
(iv) What is the total power of the set of bulbs?
(v) What is the equivalent resistance of the set of bulbs?

(vi) Assume point A is earthened. Copy the following axes on your answer script and

plot the variation of potential along
A-B-C-D-E-F-G-A

v

12
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b)  Now the parallel combination of bulbs has been replaced with another six bulbs
connected in series across A. Assume the current through the circuit and the power

consumption of the set of bulbs remains the same as above.

——C——C—®

STy

(i) State apossible disadvantage of using bulbs in series (though the energy

consumption remain the same)
(ii)  What is the power consumption when only one of the bulbs is connected across
120V potential difference? What is the corresponding current through the bulb?
(iii) State a possible disadvantage of using these 6 bulbs in a parallel combination.
(iv) When one of the six bulbs connected in series is with a broken filament, you can
detect the defected bulb, by connecting an ideal voltmeter across each bulb (at 6
different instances) and obtaining the corresponding voltmeter readings. What
are the expected readings from the voltmeter when connected across a

functioning bulb and the broken bulb?

(B) (i) A transistor can be biased in 3 configurations, out of which only one is mostly used.
a) What is that configuration? Explain the reason for this configuration being

preferred over the other two.

b) Bias a transistor in that preferred configuration using batteries and obtain its”

(voltage / power / current) gains.

L T
(i) |
o0 S i
2 S e :

. } it
=

4.3k0 S L E f
) i

i
|
F
For the npn transistor connected in the circuit here Vi = 0.7v and DC voltage

gain = 100
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a) Show that the transistor 13 saturated when switch A is closed.

- b) Find the potential at point [? when switch A is open.

¢) What is the potential at point E when switches B and C are closed
simultaneously?

d) The above circuit is used in a modern day machinery. Consider A,B,C, to be

inputs. Tabulate all the possible potential states for open and closed states.
Mention the potential at I for each state in your-table.
e) Write down the Boolean expression considering the A,B,C inputs and their
corresponding F output in your table. :
So\'tm—a\{’e'—\ Vecpodr and

(10) (A) (i)  In terms of the kinetic theory of matter explain what is meant byhsaturated vapour
pressure. (S.V.P)

(i)  Draw sketch graphs showing how the pressure P of Im? of water vapour at 20°C

(with a small amount of water present through out) will vary when;
a) the vapour is compressed isothermally to a volume of 0.2m>.
b) the vapour (and water) are heated at constant volume to the boiling point of
water (IOOOC).
In each case show on your graph the final vapor pressure exerted by the water
vapour. (saturated vapour pressure at 20°C is 2.4KPa) atmospheric pressure =

100KPa
'

(iii) A vessel contains only water vapour at a temperature of 360K and pressure 2.1 x 10

Nm™?. It may be assumed that unsaturated vapour behaves like an ideal gas. S.V.P at
360K = 6 x10 Nm?S.V.P. at 300K =3 x 10'Nm.
a) If the vapour were to remain unsaturated what would be the pressure in the
vessel at 300K?

b) What is the actual pressure at this temperature?

¢) What fraction (if any) of the vapour has condensed at 300K ?
3
(iv) An air conditioning system is required to increase the relative humidity of 0.5m  of air

per second from 30% to 65%. The air temperature is 20°C. How many Kg of water are
needed by the system per hour?

S.V.P. at20°C = 2.4 KPa

R = 8.31Jmol "K'

Relative molecular mass of water = 18g

14
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(B) Figure shows a modern day X ray tube.

Y

X vy S
The maximum frequency of the X rays produced. depend on the potential difference applied
across the X-ray tube. When an electron hits A its” energy is not completely lost due to the

emission of single X-ray photon. After an electron collides with the atoms of A it looses different

s : 0 electron

fractions of its’ energy due to several collisions of the atoms of A. and hence the ;
. lost s conveyxted ko heat energy.

decelerates. About 99% of the Kinetic energyhThls systematic loss of energy from the electron,

produces a continuous spectrum of X-rays with a continuous range of wavelengths.

a .
e
- 7 & K 7
IntERsity Diagram showing the
intensity of continuous
and line spectra
b wave length

The intensity of the spectrum remarkably increases for some narrow wavelength ranges. The
following graph shows the variation of intensity with the wavelength of the continuous X ray
spectrum. When the potential difference exceeds (or equal to) 25KV a line spectrum

corresponding to higher intensities is obtained in addition to the continuous spectrum.

X-ray photons with maximum energy is produced when the total kinetic energy of an electron is
completely converted into an X-ray photon. Such X-ray photons are of maximum frequency

(fmay) and of minimum wavelength (2,,;,). In the continuous spectrum corresponding 10
g min P p cd\ 1o
ni B rre Spon di
minimum wavelength. the value of 4, depends on V. Wavele ths co.l—e_k?s-fm‘cs V?{j Y
lnwe Spectrums of higher jntensi are  clhiarad
metal  used in Ay colich does pot c\epenal on .
15
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(B):(1) .

(ii)

(iii)

(iv),

v)
(vi)

(vii)

_Identify the components A, B, C, D, E, F in the experimental set up.

What is the function of B?

The apparatus produces a continuous spectrum of X fays.in a certain range of energy

with a limited maximum value. Explain. .

What is the requirement to be satistied to obtain a X ray photo;igl%ctrum, 1n addition

to the continuous spectrum? What factor determines the wavelength range

corresponding to the line  spectrum?

State the functions of the potential supplies Py and P.

a) What is the energy of accelerating electrons under potential difference 80KV
from P, . potential supply? (Planck constant 6.6 x103Js)

b) What is the maximum energy of X-ray photons under the above operating
potential supply? (Planck constant = 6.6 x107Js)

¢) What is the maximum frequency of X-ray thus prbduced‘?

d) What is the corresponding Wavelength of X-rays?

What is the inverse process to X-ray production?

viii) A certain radioactive sample contained 8.46x 10° radioactive nuclel when its® activit
p Y

cl«\owﬂe

showed 1.85x IOSBq. Work out its; L R
a) decay constant

b) halflife (T 1=1§3?'-)
i

¢) time taken to bring down its’ activity to 1.156 x10*Bq
of omn electron = b o™ - ;
1s3h+ = 37«10& s I’

16
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