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I. You are provided with .suithbie measuring insturments and a piece of light string to determine 1t «
the material of a metal ball, whose mass is of the order of 100 g. The metal bali has a hook [
material permanently attached 1o it. :

(a) lf_}:'uu have ‘access to a set of spring balances having mass ranges of 75 g 150 g 200 g .
which one would you select for the mass measurement ? Give the main reason for your sele i
(2 lines) ' . dior

- (b) A student performing this experiment obtained following measurements correctiy for the e— __
" the ball, _ £
3.523 cm, 3.519 cm, 3.551 em, 3.542 cm, 3.521 cm siate the reason why the readings are diffe
( one line) ' _ |

(¢) Indicate the 'mcasuring instrument he may have used assuming that hé has selected s
instrument for this purpose.  ( oine line) ' '

(d) Considering the fluctuation of the above readings, suggest another measuring instrum 1
different accuracy that can also be used to obtain the diameter of the bali, Give reason for your
Instrument :  ( one line) _ ’ '

Reason : t 2 lirtes; - L

te) If the mass of the bail with the hook is i and the diameter of the ball is D write down an exp
for the density. Assume that the mass of the hook is . (2 lines)
: . ‘50
(f) If a suitable measuring cylinder and water are pmwided. indicate major steps of an alternative 1
which gives the volume of the ball. ( 3 lines) ' o

" (@) If the scale of the measuring cylinder can be read with sufficient accuracy, write down tWo auv.-
of the method mentioned in (f) over the method indicated in {b}, (2 lines)

2. An experiment js designed to estimate the temperature of a bunsen flame. in this mer.ll-;d a smqli S
is to be heated to the temperature of the bunsen flame, and the tgnperature .is (o be determined |

method of mixtures, A known mass m of water in a plastic cup. a fhermometer and a stirrer are
The specific heai capacity of water (C,) and the specific heat capacity of steel (C,) are gr.o1
absorbed by the cup and the stirrer can be neglected. ' .

" (a) (i) What are the three quantities.that you will.need to measure ? !ndicate them in the order 1|

take these measurements ?°
X,=1
X, = } ( one line each)
X, = ) 3

{ii) Sﬁte precautions that you should take in.this experiment to ensure accuracy of the measure 1~

(1) ( one line)-
(2) ( one line)

(b} (i) Write down an expression for the temperature (§) of the bunsen flame in terms of the .2
mentioned above. (2 lines)
(ii) Even though the heat loss to the surrounding by conduction, convection and radiation is i lc

still there is one more process through which heat can be lost from the system duc |
temperature of the bali being high. What is this process ? ¢ one lineg)

{iii) The -heat loss due to the reason mentioned in (b) (ii) can be reduced by selecting a prop« |
instead of water. what is the most important property that the iiquid must process ? fone fin..

fe) Can you perfornm this experiimnent with a fead bali instead of steei bali ? Explain your answer .(one .

(d) Name an instrument which can be used to measure the temperature of the flame directly, insteac st
above method. (one line) :
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. A block of mass 1'4 kg is hung by a light inextensibie string. A bullet of mass 0.} kg moving horiztally

with a velocity of 60 m s" collides with the block and geis embedded to the block.

E!? What is the kinetic energy of the builet before the collision ?-

{ii) _Calcu;a:te the percentage loss of the kinetic energy of the system: due to the collision. Does the luss
|mply‘htal the law of conservation of energy is violated here ? Explain your answer. .

(fil]CﬂlL‘.H}a'tc the maximum height to which tire block is raised after the collisior.

{(1v) When the biock swings back to its original position for the first time, a second identical buliet with

same. velocity hits the block and gets embedded. What is the final velocity of the block just at the

coliision ? .
If the above string is replaced by a light elastic string repeat the calculation in (iii) above, for the

(v
' before the collision-is 8.2 m, and the extension what

" collision of the first bullet.. Extension of the string
is at the maximum height is 0.1 m. :

Answer either part (2) or pari (b} gnly. - -
(a) Write down the Bernoulli equation for a fluid flow. ciearly identifying the symbols used, What guantity
does each term in this eguation represent. =~ : IR '
State the conditions under whicis the Bernoulli-equation is valid. |
During heavy wind, sometimes roofs of closed buildings are biows off. Use the Bernoulli equation to

explain this phenomenon. : . : |
jet in the horizontal direction. In order to measuse the

{i} A narrow stream of gas biows out of a gas j
speed of gas at the outlet of the jet, a student usés a U tube which is open at both ends and

containing an oil. When the U tube is held verticalily and close to the outiet so that only ‘one of the
ends is in the stream of gas, he notices a difference of 2.4 em between the oil levels of the U tube.

~ Find the speed of gas at the outlet of the jet. . . :
(ii} If the area of cross - section of the gas stream at the outlet is,i@“ mz. fidd the rate of mass flow of
the gas in the stream. ~~ = . . - ' '
‘{iii)Calculaie the power of the gas jet,
Density of gas = 1.2 kg m” ‘
Density of oil =800 kg m” S _
(b} Read the following passage carefully, and apswer the questions given below, .
Ripple tank is an apparatus used to demonstrate the wave propagation, and to study the wave properties
such as interference and diffraction. In a riple tank, waves with 2 circular wave front can be produced
by dipping a vibrating pointer in the water. However, by repiacing t:e point vibrator with a thin
vibrating .plate, waves with a straight wave front can be generated. In this case the motion of the wave

is such that the wave fronts remain parailel to the plate. .
The speed of waves on a water surface, depends on the depth of water. Tg study the effect of depth on
the speed, one can make part of the tank shallow by placing a thick glass plate at the bottom of the
ripple tank, and it divides the tank into two regions. The two regions can be considered as two cifferent

media for wave propagation, if # is the depth of water, the speed of water waves is given by V = Jeh,
where g is the acceleration due to gravity. This relation applies only when the wavelength of the wave
is greater than the depth of water, and the amplitude of the wave is small compared with the depth as

in the case of the ripple tank. when the depth is very smali, surface tension effecis are significant. )
Water waves obey laws of refraction and reflection similar to light waves . These phenomena may also
be studied using the ripple tank. Suppose straight wave fronts propagating in the deeper region
(region - 1) meets the boundary between the two regions in such a way that the wave cresls are pqrall:i
to the boundary. The wave will propagate into the shallow region (region -2) without any change in the
direction but with a decrease in wavelength. However, if the straight wave fronts meet the boundary

" making an angie other than a rigt angle, the wave fronts will change the direction of propagation 2s
" they enter the shailow region. Using a stroboscope, adjusted to the relevant frequency, tihe wave
Hence it can be deduced that

patterns in both region can be made lo appear stationary simultaneousiy.

the frequency of waves is same In both regions. .
i) Give nwo phenomena which can be expleined only by considering the wave nature.

{fi} State the conditions under whickh the relationsiop v = +/gh is valid.



(iii} What is the purpese of placing a glass piate agd produce two regions in the rippie tani to study
refraction ? :

(ivi(a) !f the depths of the two regions of the ripple tank are 4 cm
and i cm respectively, what is the ratio of the wavelengths, ‘
(A, 7 Ay) of a weve ir the regions | and 2. -

(b) The parallel lines drawn in the region | of the figure shown ‘

represent the straight wave fronts of a wave in that region. t
Copy the figure and draw the subsequent wave fronts in the l
region 2. Indicate A, and A, on the diagram. If the angle of

incidence of the wave is 30°, find the angle of refraction.

(v} Explain why the frequency of the waves in both regions is same. o . ‘
(vi) The difference in radii between the first and the sixth circular crests of periodic waves produced by a

vibrating peint source was measured to be 20 cm. What is the wavelength of waves ?
What is the fundamental difference between the water waves produced in a ripple take and sound

(vii)
waves ? . :

(viii) If you wish to study the total internal reflection of water waves, in which region of the ripple tank
{i or 2) won!! vou place the source ? L. olain ycur answer. '

1<) Give 1 suitable lavelled disgram showing diifraction of water waves in a ripple tank. 5

Write down ar expression which relates the velocity v of a transverse wave, setup cn 2 streiched string

with its tension T and imass per.unit length m. .

!f the string is streiched between two horizonial supporis,

fundamental note of vibration. Draw the corresponding standing wave pattern in the string. A heavy rope of

length L and mass per unit length m is suspended from a ceiling.. : :

(i) What is the tension in:the rope 2t a height x from its lowerend 7 = . %

(i) if 'a transverse wave is initizted et the lower end of the rope. what will be the velocity of the wave at
the height x from that end. '

(iii)If L = 10 m find velocities of the wave at tie lower end and the upper end of the rope. _

(iv) Assuming that the average velocity of the wave in the rope is the average of the two velocities
calculated in (iii) , and if the wave travels with this average velocity find the time taken for the

transverse wave to travel from the lower end to the upper end. _ - _
(v) If the lower end of the rope is also fixed draw the standing wave patiern coiresponding to the

fundamental note of vibration. :

distance d apart, what is ihe frequency of the

Answer either part (a) or part (b) only. .
(a) A person inhales, 5x10° m’ of dry air at atmospheric pressure at.27 C in a single breath. This air gets

warmed to the body core temperature of 37°C in the lungs. If the person takes twelve such breaths per

minute. :

(i) Caicuiate the rate at which heat is transferred (in Watis) o the inhaled air from the body. {Density
. : ’ . . -1 . . = a "

. of dry air at 27 °C and atmospheric pressure = 1.2 kg m", specific heat capacity of dry air at

: P R
atmospheric pressure = 1.0 x !0° J kg K') : " S '
(ii) Calcuiate the final volume occupied by air when it is in the lungs, for a single breath. Assume that

the pressure of the inhaled air inside the lungs remains at atmospheric pressure. .
in Watts) by the lungs to expel the air

(iii) When breathe out, caiculate the rate* of work done {
compietely. (Atmospheric pressure = 1.0-x 10° Pa)

(iv) During each breath, 2.1 xi0” kg of water in the body. which is in liquid form is added jato the
inhzled air in-vapour form, and is then expelled with the exhaled air, calculate the rate oftloss of
heat (in Watts) from the body due to this process (Latent heat of vaporization of watei at 37 °Cis
25x 10°7 kg™) o -

(v) A mini bus carries 40 passengers. if sudderly the windows and the door are ciosed, calculate the
rate (per minute) at which the relative humidity of the bus begins to increase due to the water
q\ﬁxr wf:::;t in the exhaled air. Assun}e that he’ temperature inside the bus remains constant

) ;Tée i be considered 55 2 black body, Surfrce temocrature f the sucis 6000 K. znd its radius is

Ox n. ' .
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(1) Caiculate the total power radiated by the sun into space. - N T:j
{The Stefan constani = 57x10° W ‘:"::'1 Kfi) o o . 1'&
(i1} Whai are the three regions in the electromagnetic spectrum to which most of the electromagncetic | &
radiation eriitted from the sun falls in ? ' : |
(iii) At what wavelengih does the sun radiate most strongly 7 (Wien's constant = 2.9 x 10” m K ) f&—ﬁ
(iv)Calculate the ioss of mass of the sun during an year due to the emission of electromagnetic | _#
radiation {speed of light = 3.0 x 10° ms™) 1

(v) Use the value caiculated in {i} above, to estimate the total energy incident on the earth surface per r|
second per square meter of area at right angies to the sun’s rays. Assume that the atmosphere I
absorbs 10% of the energy radiated by the sun. (The distance between the sun and the earth = 1.5 ,Ia“]
x 10" m) ' ' S . .

{vi) What  is the rate of absorption of energy from the sun by a person-lying flat on the beach on a 'L
clear day if the sun makes an angle of 30" with the vertical 7 Assume that the area of the body T{
exposed to the sun is 0.8 m® and that the surface absorptivity of the skin is 0.7. ot

5. Write down Newton's law of gravitation in the form of an expression, identifying the symbols used. Ocizin Lz

an expression for the acceleration due to gravity (g) at the earth in terms of mass (M) ard radius {R) of the  |¥
earth. :

A, satellite of 1000 kg is placed in a circular orbit so that it goes round the-earth 10 times a day. Radius of '_,l ¢

the earth is 6.4-% 10° m. . _ - : i

(i) Find the height of its orbit from the surlace of the earth. : . |

(ii) Calculate the total energy of the satellite in its orbit. : ' _ .

(iii) Find the minimum energy required to take tire sateliite from the surface of the carth 16 its orbit.

{iv) Explain why the values obtained for (iii} and (ii) are different. '

(v) At what height above the earth surface, the satellite must orbit to

be a geostationary satellite ? SR . ' :

(vi)}If a satellite in orbit losses energy due to friction what happens .
to the speed o the stellite and the radius of the orbit. ’

6. A coil wound round ar armature in the form of a rectangular loop is
shown in th figure (X) . The loop contains M turns of wire each
having length @ and width b. The armature rotates at a constant

angular velocity w in a uniform magnetic field of flux density B.
: (i) Show that the maximum em.f..
generated by the coil is NabBw. 5

| / A ~ (ii) The above arrangement can be o - , [
k‘ ' \ modified to use as a dc generator, and obiain an e.m.f. {E) which varies L
. —f with time (7} as shown in the  figure (Y). : -
vy

‘ Explain with a labelled diagram how you would modify the above
. arrangement shown in figure (X) to i

achieve this. -

(1ii}Now another identical lcop is fixed to the same armature 50 that the plane of the loop is perpend
to that of the former loop, and the armature is rotated with the above angular speed,
Copy the figure (Y) and draw im the same time scaie, the variation of e.m.f: with time that you would

expect from the second loop. Draw =lso on the same figure, the resultant e.m.f. when botii outouts are |
connected in series. Clearly labe! ali the curves. - ' ) ) [

State two advantages of having man
wiiich are connected in series.

icular, |r

y such coils evenly-spaced and fixed to an armature. outputs of

(iv) The do generator mentioned in (ii) can be used as an electric motor by cofinecting an external voltage
source across the output. Explain how a back e.m.f is generated in the ioop under this situation. )
;ﬁtim?‘tgr;ns ;r |§temnl resistance of 1042. When it is driven by 2 voliage source of 200 V, a

current of & A is found o be d ! i ] i. Fi k e.m. '
g Flat e dJ_“r.'vwr_: from the supply at its operating speed. Find the back e.m.f. of the
e current drawn By the motor at the moment it is furmed on.



7. Aaswer either part (a) or part (b) oniy.

. ' ids L.
f voltage V and a variable resistor with a sliding contac

(%) (i) You are provided with a DC sppy 2 load is to be increased steadily from ZE€ro to the

Using these apparatus, the voltage across a
III:IKEI'I'ILI“'I V“luﬁ .

Draw a suitable circuit dia
the load is to be connected. R X
Sketch a graph of load current against the voltage applied when the load is -
{a) a constant resistance (b) a tungsten filament lamp.

Explain why the two graphs are different.

(ii) In the circuit shown. B is a battery with negligible internal
resistance, A variable resistor of 600 £2 with a sliding contact is r-
connected across the points X and Y. An ideal voltmeter is L:
connected between tie terminals A and the sliding terminal of
the variable resistor,

(a) Find the current through XY ]

(b) Find the readings of the voitmeter when the sliding terminal is at X, and Y respectively.

{c) if the above voitmeter is a 0 - 12 V moving coil type voltmeter, can it be used to measure
both values calculated in (b) above ? Explain your answer. - -—

: ™
) EPTI i to which
gram to obtain sush a voltage, clearly indicating the terminals

(b) (1) The circuit shown below uses & silicon trasistor and a 6V T'm}‘n
battery. The coliector potential is set at 3 V. ' .
! (a) Show that in this circuit the transistor is biased in the active
. ‘_ici_l_

_ mode. .
(b) Find the base current in the circuit. - .
(¢) If B =50 find the value of R, . o : .
(d) What is the purpose of having a capacitor C at the input?
tif) Block diagram of a circuit used to detect the binary numbers 1 A ] J I
corresponding o the decimal numbers 2 or 3 in a string of binary ' 0
numbers is shown below. _ . : . Beey—d- .
AB is the binary input, and the output F will produce a binary ! B |

whenever a proper detection is made. Design a circuit using logic
gates for this purpose. state all the design steps ciearly. '

8. A sphere of radius 2x10” m attains the terminal velocity 3 ms’
when it is allowed to fall from rest in a viscous liquid.
(i) Draw a rough sketch to show the variation of velocity (v} of
the sphere with time (t).
(ii) When the sphere is connected to a block of mass 0.1 kg by a
string passing over a pulley as shown in the figure, and allowed
to fall in the same liquid , it attains the terminal velocity of 1.5

m s The coefficient of kinetic friction between the block and N @
the horizontal surface on which it is placed is 0.4 . The pulley I
is light and frictionless.' _
{a) What is the tension of the string when the sphere attains the
terminal velocity 7 : : _ .
(b) Calculate the coefficient of viscosity of the iiquid. .
(¢) Draw a rough sketch to show the variation of the velocity of the sphere with time on the’same
graph drawn in (i) above. Label the sketches properly.
nly Calculate the new terminal velocity attained by the sphere if a layer of the same liquid of
' + thicknes | mm is present between the block and the surface. Contact surface area of the block.

‘ool
25x 10" m’




