Time Allowed: 3 hours

SAMPLE PAPER - 4
Class 11 - Physics

General Instructions:

1. There are 35 questions in all. All questions are compulsory.

Maximum Marks: 70

2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. All the sections

are compulsory.

3. Section A contains eighteen MCQ of 1 mark each, Section B contains seven questions of two marks each, Section

C contains five questions of three marks each, section D contains three long questions of five marks each and

Section E contains two case study based questions of 4 marks each.

4. There is no overall choice. However, an internal choice has been provided in section B, C, D and E. You have to

attempt only one of the choices in such questions.
5. Use of calculators is not allowed.

Section A

If energy (E), velocity (u), and force (F) be taken as fundamental quantities, then what are the dimensions of

mass?
a) [Ev?] b) [Fv2]
) [Ev2] d) [Fv1]

A force acts on a 2 kg object, so that its position is given as a function of time as x = 3t2 + 5. What is the work

done by this force in first 5 seconds?

a) 8751 b) 850

€) 950 d) 900 J
A particle is moving along a straight line parallel to x-axis with constant velocity. Its angular momentum about
the origin:

a) decreases with time b) remains constant

¢) is zero d) increases with time

When a weight of 10 kg is suspended from a copper wire of length 3 m and diameter 0.4 mm, its length

increases by 2.4 cm. If the diameter of the wire is doubled, then the extension in its length will be

a) 1.2 cm b) 4.8 cm

c) 7.6 cm d) 0.6 cm

The given figure shows the motion of a planet around the sun S in an elliptical orbit with the sun at the focus.

(1]

(1]

(1]

(1]

[1]
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The shaded areas A and B are also shown in the figure which can be assumed to be equal. If t; and t; represent

the time taken for the planet to move from a to b and c to d respectively, then:

a
b
d e
ajt =t b) 1 <ty
¢) from the given information the relation d)t; >ty

between t; and t» cannot be determined

Pressure versus temperature graphs of an ideal gas are as shown in figure. Choose the wrong statement. [1]
P P P
- ",
2

‘ -T . -T -T

: . i
a) None of these b) Density of gas is decreasing in graph (ii).
¢) Density of gas is constant in graph (iii). d) Density of gas is increasing in graph (i).

A gas under constant pressure of 4.5 x 10° Pa when subjected to 800 kJ of heat, changes the volume from 0.5 (1]

m? to 2.0 m3. The change in internal energy of the gas is:
2) 5.25 x 10°J b) 1.25 x 10%

€) 6.75 x 105J d) 3.25 x 105)

If in an experiment for determination of velocity of sound by resonance tube method using a tuning fork of 512 [1]
Hz, first resonance was observed at 30.7 cm and second was obtained at 63.2 ¢cm, then a maximum possible error

in velocity of sound is:

a) 51.2 cm/sec b) 102.4 cm/sec

¢) 161.3 cm/sec d) 204.8 cm/sec
A U-tube of uniform cross-section (see Fig) is partially filled with a liquid I. Another liquid II which does not [1]
mix with the liquid I is poured into one side. It is found that the liquid levels of the two sides of the tube are the
same, while the level of liquid I have risen by 2 cm. If the specific gravity of liquid [ is 1.1, the specific gravity
of liquid IT must be

b) 1.05
) 1.0 d) 1.12
The gravitational potential at the centre of a square of side a and four equal masses (m each) placed at the [1]

corners of a square is:

)0 b) —4,/2m
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12.

13

14,

15.

16.

17.

0) —4y/2 8 d) 4,/25m
A cylinder uniform rod of mass M and length 1 is pivoted at one end so that it can rotate in a vertical plane (see

the figure). There is negligible friction at the pivot. The free end is held vertically above the pivot and then

released. The angular acceleration of the rod when it makes an angle 8 with the vertical, is

zﬂl
Vi
— ,.//
P
g ¥
/ .
3g 2g
a) 5rcosf b) 5 cos o
B4 2 .
c) = sinf d) 5 sin#

The amount of heat energy required to raise the temperature of 1 g of Helium at NTP, from T{K to T7K is
3 3
a) 5 Nakp(T2 - Ty) b) 5 Nakp(T2 - T1)

©) §Nakp(T2 - Ty) B $Noks ()

If in an experimental determination of the velocity of sound using a Kundt’s tube, standing waves are set up in

the metallic rod as well as in rigid tube containing air, then the sound waves have the same:

a) wavelengths b) amplitudes

c) frequencies d) particle velocities
The work done W during an isothermal process in which the gas expands from an initial volume V to a final

volume V) is given by: (R is gas constant, T is temperature)

Wi T
a) 2RT log, (v;) b) R(V; - V))loge (T—;)
¢) R(T7 - T1)loge (%) d) RT loge (%)

The escape velocity of a projectile on the earth’s surface is 11.2 km s™1. A body is projected out with thrice this
speed. The speed of the body far away form the earth will be:

a) None of these b) 33.6 km s

©) 31.7 km 57! d) 22.4 km 57!

Assertion (A): During a turn, the value of centripetal force should be less than the limiting frictional force.

Reason (R): The centripetal force is provided by the frictional force between the tyres and the road.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
c) A is true but R is false. d) A is false but R is true.

Assertion: Water is more elastic than air.

Reason: Air is more compressible than water.

a) Assertion and reason both are correct b) Assertion and reason both are correct
statements and reason is correct explanation statements but reason is not correct

for assertion. explanation for assertion.

[1]

(1]

(1]

(1]

(1]

[1]

(1]
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20.
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22,
23.

24,

25.

26.

27.

28.

c) Assertion is correct statement but reason is d) Assertion is wrong statement but reason is

wrong statement. correct statement.

Assertion (A): Avogadro number is the number of atoms in one gram mole.

Reason (R): Avogadro number is a dimensionless constant.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
c) A is true but R is false. d) A is false but R is true.
Section B

State the number of significant figures in the following:

i. 6.032 N m

ii. 0.0006032 m?
A cricket ball of mass 0.15 kg moving with a speed of 20 ms™! is brought to rest by a player in 0.1 s. What is the
average force applied by the player?
Define the period of revolution. Derive an expression of a period of revolution or time period of the satellite.

OR

Calculate the escape speed of a body from the solar system from the following data:

i. Mass of the sun =2 x 103 kg.

ii. Separation of the earth from the sun = 1.5 x 101 m,
Calculate the value of stress in a wire of steel having a radius of 2 mm of 10 kN of force is applied on it.
Calculate the total number of degrees of freedom possessed by the molecules in 1 cm? of H, gas at temperature

273 K and 1 atm pressure?
OR

On the basis of kinetic theory, obtain a definition of absolute zero temperature.

A bullet travelling with a velocity of 16 ms™! penetrates a tree trunk and comes to rest in 0.4 m. Find the time

taken during the retardation.
An aeroplane requires for take off a speed of 80 kmhL, the run on the ground being 100 m. The mass of the

aeroplane is 104 kg and the coefficient of friction between the plane and the ground is 0.2. Assume that the plane
accelerates uniformly during the take off. What is the maximum force required by the engine of the plane for
take off?

Section C
The volume of steam produced by 1 g of water at 100°C is 1650 cm?. Calculate the change in internal energy

during the change of state given J = 4.2 x 107 erg cal’! g = 981 cm/s?? latent heat of steam = 540 Cal/g.
A pebble of mass 0.05 kg is thrown vertically upwards. Give the direction and magnitude of the net force on the
pebble,

a. during its upward motion,

b. during its downward motion,

c. at the highest point where it is momentarily at rest. Do your answers change if the pebble was thrown at an

angle of 45° with the horizontal direction? Ignore air resistance.

The flow rate of water is 0.58 L/mm from a tap of diameter of 1.30 cm. After some time, the flow rate is

(1]

[2]

[2]

[2]

[2]
[2]

[2]

[2]

(3]

(3]

[3]
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30.

31.

32.

increased to 4 L/min. Determine the nature of the flow for both the flow rates. The coefficient of viscosity of

water is 10-3Pa - s and the density of water is 10 kg/m3.
OR
What is equation of continuity? Water plows through a horizontal pipe of radius, 1cm at a speed of 2m/s. What
should be the diameter of nozzle if water is to come out at a speed of 10m/s?
Explain the terms wavelength, frequency and amplitude for a harmonic wave. [3]
OR
The equation of a wave is given by y = 6 sin 107t + 8 cos 107t, where y is in centimetre and t in second. Determine
the constants involved in the standard equation of the wave.

Two rods of the same area of cross-section, but of lengths 1; and 1, and conductivities K; and K are joined in [3]

L + b
I lg
K )\K

Consider a block of mass 700 g is fastened to a spring having spring constant of 70 N/m. Find out the following  [5]

series. Show that the combination is equivalent of a material of conductivity K =

Section D

parameters if block is pulled a distance of 14 cm from its mean position on a frictionless surface and released

from rest at t =0.

m
—Xm x=0 Xm

i. The angular frequency, the frequency and the period of the resulting motion.

X

ii. The amplitude of the oscillation.

iii. The maximum speed of the oscillating block.

iv. The maximum acceleration of the block.

v. The phase constant and hence the displacement function x (t).

OR

A simple pendulum of time period 1s and length 1 is hung from fixed support at O, such that the bob is at a distance
H vertically above A on the ground (Figure). The amplitude is 8,. The string snaps at 8 %U. Find the time taken by the
bob to hit the ground. Also, find the distance from A where bob hits the ground. Assume 6, to be small so that sin

6, and cosf, 1.
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A particle is projected in air at an angle 3 to a surface which itself is inclined at an angle a to the horizontal as in [5]
figure
i. Find an expression of range on the plane surface [distance on the plane from the point of projection at which

particle will hit the surface.]
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34.

ii. Time of flight.
iii. 4 at Which range will be maximum.

[Hint: This problem can be solved in two different ways:

U /’
If J‘(J..
Zé u )

a. Point P at which particle hits the plane can be seen as the intersection of its trajectory (parabola) and straight

x

line. Remember particle is projected at an angle (a + /3) w.r.t. horizontal.
b. We can take x-direction along the plane and y-direction perpendicular to the plane. In that case resolve g

(acceleration due to gravity) in two different components, gy along the plane and gy perpendicular to the

plane. Now the problem can be solved as two independent motions in x and y directions respectively with

time as a common parameter. |

OR

A man wants to reach from A to the opposite corner of the square C (as in figure). The sides of the square are 100 m.
A central square of 50m x 50m is filled with sand. Outside this square, he can walk at a speed 1 m/s™L. In the central
square, he can walk only at a speed of vm/s (v<1) What is smallest value of v for which he can reach faster via a

straight path through the sand than any path in the square outside the sand?
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centre of the original disc. Locate the centre of gravity of the resulting flat body.
OR

From a uniform disk of radius R, a circular hole of radius = is cut out. The centre of the hole is at % from the [5]

Find the components along the x, y, z axes of the angular momentum | of a particle, whose position vector is r with

components X, y, z and momentum is p with components py, py and p,. Show that if the particle moves only in the x-

y plane the angular momentum has only a z-component.
Section E
Read the text carefully and answer the questions: [4]
2 friends started for a picnic spot, in two different cars. A drove his car at a constant velocity 60 km/h. B drove
his car at a constant velocity 50 km/h.
The velocity of B relative to A is vg- v

Similarly, the velocity of object A relative to object B is v-vp

Their friend C was supposed to wait at a point on the road for a lift. Both of them forgot to pick up C. A and B
reached the picnic spot within 2 hours and 2 hours 24 minutes respectively.
(i) What was the velocity of B relative to A?

(i)  What is the velocity of A relative to B?
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(iii)  What are the velocities of A and B relative to C?
OR
Draw the Velocity vs. time plot for A?
Read the text carefully and answer the questions: [4]

There are many types of spring. Important among these are helical and spiral springs as shown in the figure.

(@) ——VOTTTITTTO— (b)

Usually, we assume that the springs are massless. Therefore, work done is stored in the spring in the form of the
elastic potential energy of the spring. Thus, the potential energy of a spring is the energy associated with the
state of compression or expansion of an elastic spring.
(i)  When the potential energy of a spring may be considered as zero?
(ii)  The ratio of spring constants of two springs is 2 : 3. What is the ratio of their potential energy, if they are
stretched by the same force?
(iii)  The potential energy of a spring increases by 15 J when stretched by 3 cm. If it is stretched by 4 cm, What
will be the increase in potential energy?
OR
The potential energy of a spring when stretched through a distance x is 10 J. What is the amount of work

done on the same spring to stretch it through an additional distance x?




Solution
SAMPLE PAPER -4

Class 11 - Physics

Section A
(©) [Ev?]
Explanation: According to Einstein mass-energy relation, energy (E) = (mass) x (velocity of light)
or [mass] = [%] = i =[Ev?]
(d) 900 J
Explanation: Here, the displaceme?t of an object is given by x = (3t2 +5)m
d(3t°+5)

Therefore, velocity (v) = % =

or v =6tm/s...(i)
The work done in moving the object fromt=0tot=5s

W= [F-dz (i)
]

The force acting on this object is given by F = ma = m x %

=m x 2 [, using ()]

F=m x 6 =6m= 12N

Also,x0=3t2+5=3>< (0)2+5=5mandatt=5s,
X5=3x (5% +5=80m

Put the values in Eq. (ii),

5
W=12 x [ dx=12[80-5]

Iy

W=12 x 75=9001]

(b) remains constant

Explanation:
Suppose the particle of mass m is moving with speed v parallel to x-axis as shown in figure, then at any time t coordinates of P
will be
N 4
—Vi—> i 4
---------- —
'm
r |
‘l’ : >X
(0]

x=vt,y=bandz=0
While components of velocity will be vy =v, vy = 0 and v, = 0

(As it is moving parallel to x-axis)

So,izFxﬁ
i j ok
=Myt b 0
v 0 0
= ,‘;m[fvt x 0 — vb
= -mvbk
(d) 0.6 cm

Explanation: For constant F, 1, Y,
Al L
E
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VAL 2_ 1y2 1

nar=(R) =) =1

Aly = % x 2.4cm =0.6 cm

@uy=t

Explanation: Second law of Kepler states that the radius vector from sun to the planet swaps equal area in equal time.

(c) Density of gas is constant in graph (iii).
. PM
Explanation: p = ==
Density p remains constant when P/T or volume remains constant. In graph (i) volume is decreasing, hence density is
increasing; while in graphs (ii) and (iii) volume is increasing, hence, density is decreasing.

[Note: That volume would have been constant in case the straight line in graph (iii) had passed through origin.]

(b) 1.25 x 10°J

Explanation: P = 4 .5 x 10° Pa; dQ = 800 kJ
V;=05m3 Vv, =2m3

dW = P(V;- V{) = 4.5 X 10°2 - 0.5) = 6.75 x 10°J
Change in internal energy,

du =dQ - dw

=800 x 10%-6.75 x 10°=1.25 x 10°]

(a) 51.2 cm/sec
Explanation: For first resonance:

For second resonance:

632=L e ... (i)

Subtracting eqn. (i) from (ii),

63.2-30.7 =%

or A =(65.0 4+ 0.1) cm

(Because maximum error in measurement of length using metric scale would be 1 mm)
v =Av=(65.0 £ 0.1) x 512 cm/sec

= 33280 + 51.2 cm/sec

Hence, maximum error in velocity will be 51.2 cm/sec
(@) 1.1

Explanation:

Pressure in limb I at B = Pressure in limb IT at A

hp1g =hpag

= P1L=p2

Hence specific gravity of liquid II = sp gravity of liquid I = 1.1
(b) —4y/22

Explanation:

According to the question,

A (M) a B (M)

A

0 [

D (M) a C(M)

From the above figure,
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12.

13.

14.

15.

0OA=0B=0C=0D
_ay
2

— L

V2
Total gravitational potential at the centre of the square
_ —Gmx4
T DA

- —4Gm
oIV

- —4,/2Gm
- a

(c) %sin 0
Explanation:

As the rod rotates in the vertical plane so torque is acting on it, which is due to the vertical component of the weight of the rod.

=

Initial condition At any time ¢
Now, Torque 7 = force x perpendicular distance of line of action of force from axis of rotation

_ ; !
=mgsinf x 5
Again, Torque, 7 = I
2
Where, 7 = moment of inertia = %

[Force and Torque frequency along axis of rotation passing through in end]
« = angular acceleration

mil?

. ; -
smgsinf x 5 =S«

3gsind

2
(b) 5 Nakp(Tz - Ty)
Explanation: Q = %nRAT
2 x 1 x kN, (T - Th)
3
= g Nakp(T2 - Ty)

(c) frequencies
Explanation: Speed, wavelength and amplitude change as it is travelling through different material on the other side frequency
must remain constant to conserve energy (which is dependent solely on frequency).

Va
(d) RT log, (?1)
Explanation: Work done W, is given by

W
w=— [ pdv
Wi
Since the expansion is isothermal:
pV =RT
_ RT
orp==<-
iy
. W=-RT f v

Vi
= —RT[log, V]y?

W = -RT log, 1= ,= RT log, (%)
1 1

(c) 31.7 km g1
Explanation: Escape velocity of a projectile from the Earth, ves. = 11.2 km/s

Projection velocity of the projectile, v = 3Vegc

Mass of the projectile =m
Let velocity of the projectile far away from the Earth = v

Total energy of the projectile on the Earth = %mv2 - %mvgsc




Gravitational potential energy of the projectile far away from the Earth is zero.

Total energy of the projectile far away from the Earth = %m*u?,

From the law of conservation of energy, we have -;Lmvg — -}mvﬁsc = -]'2-'m'v§*e

— 2 2
Vi =4/ U5 — Vese

= nge.‘n’_‘
=4/8 x 11.2
= 31.68 km/s = 31.7 km/s

16. (a) Both A and R are true and R is the correct explanation of A.
Explanation: The body is able to move on a circular path due to centripetal force. The centripetal force in case of vehicle is
provided by frictional force. Thus, if the value of frictional force, mg is less than centripetal force, then it is not possible fbr a
vehicle to take a turn and the bicycle would overturn. Thus, condition for no overturning of vehicle is,
pmg = -’“ﬁﬁ

17.  (a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
Explanation: Assertion and reason both are correct statements and reason is correct explanation for assertion.

18. () A is true but R is false.
Explanation: Avogadro number (N) represents the number of atoms in 1 gram mole of an element, i.e. it has the dimensions of

mole™.
Section B
19. i.4
Explanation: Significant figure- 6, 0, 3, 2. 0’s between 2 non-zero digits are significant.
ii. 4

Explanation: Significant figure- 6, 0, 3, 2. Since, the number is less than 1, the zeros on the right to the decimal before the
first non-zero integer is insignificant.
20. Here m = 0.15 kg, u= 20 mst,v=0andt=0.1s
mv—u) _ 0.15x%(0—-20)
t (01
The negative sign suggests that the force is a retarding force.

Average force applied by the player, F =ma = -30 N

21. Period of revolution of a satellite, T is the time taken by the satellite to complete one revolution around the earth.
o Circumference of circular orbit

Orbital velocity
2
orT = vL:
orT = w [-.r=R+h]
o R+h |, . _ GM
orT=2m(R+h) \/Gr [ SV = R+h]
- (R+h)
orT =27 Zar
[ (R+R)?(R+R)
AISO, T=2n G_M
orT=2m Ry
gR?
S gR}=GM
N S s
S o

OR
Suppose M be the mass of the sun and R be the distance of the earth from the sun, then escape velocity,

2GM —11 30
JJRC, 2 6.67x 1071 x 2% 10 2
Upg = B = \/ LS LE e

1.5x 10!

= ;‘% X 10%ms™! = 4.217 x 10*ms™!

v, = 42.17 kms 1

.*. The escape speed for the solar system is 42.17 km.s !
22.Force, F = 10kN =1 x 10'N

Radius, r = 2mm = 2 x 10 *m

Area, A= T2 =17 X (2 % 10‘3)2




=12.56 x 10~ %m?

Force 1x 104N 8 2
Stress = = =7.96 x 10°N
Area 1256 10~ 5m?2 L PNy

23. At 273 K temperature and 1 atm pressure means STP condition.

.". Number of H, molecules in volume of 22400 cm? at STP = 6.02 x 1023(Av0gadm's number)

Hence, number of H, molecules in 1 cm? of volume at STP

_ 6.02x10% 19
== = 2.6875 x 10

Now, number of degrees of freedom associated with each H; (diatomic) molecule = 5

Total number of degrees of freedom associated with 1cm? of gas = total number of molecules x total degrees of freedom
=2.6875 x 10" x 5 = 1.34375 x 10
OR

According to the kinetic interpretation of temperature, mean kinetic energy of a gas molecule is directly proportional to its

absolute temperature i.e., It « T orvex VvT.

If gas temperature T = 0 K, the rms speed of gas molecules and hence kinetic energy of each molecule will be zero. Thus, the

absolute zero temperature is the temperature at which all molecular motions stop altogether.
24.Hereu=16ms,v=0,s=04m,t="?

AsvZ-u2=2as

-.02-162=2a x 04

— _A6x16 -2
ord= =504 _‘350“;5

. _nh-u  0-16 _
Times, t=——=—x- =0.05s

25.Here u =10, s = 100m,

I L B 200 o1
v = 80 kmh —SDXIS— 5 s

As v2 - u? = 2as

(%)2 —0=2ax100

40000 200 9
81x200 81

Force required to produce acceleration a,

ora=

Fi=ma=10" x 20 =247 x 10*N
Force required to overcome friction,
Fy = puR=pmg =02 x 10* x 9.8=1.96 x 10*N
Maximum force required by the engine for take off,
F=F; +F, =247 x 10%+1.96 x 10*=4.43 x 10*N.
Section C
26. Here J = 4.2 x 107 erg cal’!

Latent heat of steam, L = 540 cal g'1
Mass of water=1 g

Temperature of water = 100°C

Initial volume, V; =1 cm?

Final volume, V; = 1650 cm?

.". Change in volume,

dV =V,-V, =1650- 1 = 1649 cm®

When 1 g of water at 100°C is changed to steam at 100°C, temperature remains constant. so the heat supplied is
dQ=mL =1 X 540 =540 cal =540 x 4.2 x 10 erg

Pressure, P =1 atm = 76 x 13.6 x 981 dyne cm?
From first law of thermodynamics,
dU=dQ-PdV

=540 x 4.2 x 107 - 76 x 13.6 x 981 x 1649
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28.

=22.68 x 107-1.67 x 10°

=21.01 x 10°=2.1 x 10'%erg
When an object is thrown vertically upward or it falls vertically downward under gravity then an acceleration g = 10m/s 2 acts

downward due to the earth’s gravitational pull.
Mass of pebble (m) = 0.05 kg

i. During upward motion
Net force acting on pebble (F) = ma=0.05 x10 N
= 0.50N (vertically downward)
ii. During downward motion
Net force acting on pebble (F) =ma =0.05 x 10 N
= 0.50N (vertically downward)
iii. At the highest point
Net force acting on pebble
(F) = ma=0.05 x 10N
=0.50 N (vertically downward) If pebble was thrown at an angle of 45° with the horizontal direction then acceleration acting
on it and therefore force acting on it will remain unchanged, i.e., 0.50 N (vertically downward). In case , at the highest point
the vertical component of velocity will be zero but horizontal component of velocity will not be zero.
Given, diameter, D = 1.30cm = 1.3 x 10~ %m
Coefficient of viscosity of water, n = 10 *Pa—s
Density of water, p = 10°kg/m®
The volume of the water flowing out per second is

2

V=vA=v x 7rr2=erT
D 4pu
Reynold’s number, R, = &= = 22

Case I When V = 0.58L/min = l]'581x><1t?0_:ms
=9.67 x 10 *m?s!

4% 10% % 9.67x 100
= =048
R 1073 %3.14%1.3x1072

"." Ry < 1000, so the flow is steady or streamline
Case I When V = 4L/min

= % m3s~ 1 =6.67 x10°m3s!

Ro.= = 6536

4%103%6.67x 1075
*." Re > 3000, so the flow will be turbulent.

1079 %3.14%1.3x 1072

OR
The Navier—Stokes equations form a vector continuity equation describing the conservation of linear momentum. If the fluid is an
incompressible flow (p is constant), the mass continuity equation simplifies to a volume continuity equation: which means that the
divergence of velocity field is zero everywhere. Consider a non-viscous liquid in streamline flow through a tube A B of varying
cross-section

Let aj, a = area of cross-section at A and B

V4, V5 = Velocity of flow of liquid at A and B

S1, Sz = Density of liquid at A and B

Volume of liquid entering per second at A = aj vy
Mass of liquid entering per second at A =ay vy 5y
Moss of liquid entering per second at B = ay vy sp.

If there is no loss of liquid in tube and flow is steady, then
Mass of liquid entering per second at A = Mass of liquid leaving per second at B
d1 Vi Sp = VpS3

If the liquid is incompressible,
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$1=5,=5
aj vi s =agVys

41V] —Ha Vg

or a v = constant

i.eVaox Ja-

It means the larger the area of cross-section, the smaller will be the flow of liquid.
Here 1 Dy =2r; =2x1 = 2cm

D2 =7?
Vi =2mi|s
V3 =10ml|s

D, = Diameter

R; = Radius

V1 = velocity

a=7mr?, D=2r

_ & D _

=Ty =T

From equation of continuity

HvVi=ay vy

2
2 2
= [k i = (w2 s
4 1 4 2

Il
o
o
Sl
S
3 =

D; = 0.894 cm
Hence, diameter of the outer opening is 0.894 c¢m as flow rate through this area is high as compared to initial one.

i. The wavelength of a harmonic wave is the distance covered by the wave motion during the time in which a medium particle
completes one vibration to and fro about its mean position. Alternately, it is the distance (parallel to the direction of wave
propagation) between the consecutive repetitions of the shape of a wave. It is the minimum distance between two consecutive
points in the same phase.

ii. Frequency of a harmonic wave is the number of vibrations per unit time by a medium element as the wave passes through it.
The frequency of a wave is defined as reciprocal of its time period and is related to angular frequency w by the relation,
Frequency v = % ==
SI unit of frequency is s'L or Hz.

iii. The amplitude of a harmonic wave is the magnitude of maximum displacement of a medium particle (or element) from its
equilibrium position as the wave passes through it. The amplitude of a wave is a positive quantity and its SI unit is 1 metre.

OR
Given, y =6 sin 107t + 8 cosw cm...(i)
Now the general equation of this type of wave is
y = A sin(wt + ¢)
= Asinwtcos¢ + Acoswtsin ¢
= (Acos¢)sinwt + (Asin @) coswt ....... (ii)
Comparing Egs.(i) and (ii), we get
Acos¢p=6....... (iii)

Time period, T = 27“ = % =0.2s

Squaring and adding Eqgs.(iii) and (iv), we get
A? (cos® ¢ + sin® ¢) = 6% + 87
=36+ 64=100
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31.

or A2 =100

.". A =10 cm, the amplitude of the given wave.
Dividing Eq.(iv) by (iii), we get

tan¢ = & = 1.3333

.¢=tan 1(1.3333) = 53°8' , the value of phase angle of the given wave in the question
It is given conductivities Ky and K are in series, Therefore rate of flow of heat energy is same.

8, —T K, o ..|“-'J_ - r\_ [ .I\I ]
.I‘..‘:,-_ AV _\..-"
III 1 !
. |
S (01-0)+(0-07)=(6,-6y)
Ia i} [Il ‘HZ)

f
t KoA t' K.qA
L+

8 h

Tt A

Bl
=>K—1+

c Kog=

ie =

I Iz

Ky~ Keg
I +1;

1y ly
(K_1+ K_z)

. The angular frequency is given by
k o TONJ."III[

m — \[ 0.700ke
£ -2 1.59Hz

T 2r —

The time period, T = % = 755 =0.63 = 630 ms

i

W= = 10 rad/s

Frequency, f

ii.
Xy =14 cm =0.14 m

iii. The maximum speed of the oscillation v, is given by

Vi = WXy =10 x 0.14 =1.4 m/s

iv.
am = wzxm =100 x 0.14 =14 m/s?

At time t = 0, the block is located at position, x = X

Section D

The maximum amplitude of the oscillation = maximum displacement

The magnitude of maximum acceleration of the block is given by

v. Then, from general equation of oscillation, x(t) = xpcos (wt + @)

= Ty = T €08(0 X w + @)
ccosp=1=¢=0

The required displacement function of the given oscillation with all the above values becomes,

z(t) = x,, cos(wt + @)
= x(t) = 0.14 x cos(10t + 0)
=-x(t) = 0.14 cos 10t

Assume that t = 0 when 6 = 6. Then,

0= 6y coswt
Given a seconds pendulum w = 27
Attime ty, let 6 = %ﬂ

cos2mt; =1/2=t =
0 = —0y2msin 2t [9 =3 ﬂ%]
Att =3
6= —8y2msin 3 = —/3n6,
Thus the linear velocity is
u = — /376! perpendicular to the string.
The vertical component is
uy = —+/3nt sin
and the horizontal component is
uy, = —/ 310yl cosby

OR
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At the time it snaps, the vertical height is

H =H+1 (1 - cos(%“))

Let the time required for fall be t, then
H' = ugt+ (1/2)gt?

(notice g is also in the negative direction)
or, %glﬁ2 + /3n8ylsinfpt — H' =0

— /3yl sin By + y 37r29332 sin® 0+ 2gH'
=
g

— /36l & \‘fSrrzﬂéfz +2gH'

g
Neglecting terms of order 62 and heigher.

[2H
g
Now H‘H+1(1-1)=H_-,t1/%

The distance travelled in the x-direction is uyt to the left of where it snapped.

X= x/gﬂeulcosﬂu‘f%

To order of 8y

X = 3rboly /2 =, [2L601

At the time of snapping, the bob was
lsinf, 16, distance from A.

Thus, the distance from A is

6H 10 _
10, — /219, = 16,(1 — \/6H]g)

Consider new Cartesian coordinates in which X-axis is along inclined plane OP and OY-axis perpendicular to it as shown in the
figure.

Consider the motion of the projectile from OAP.

a, = —gcosa

a, = gsina

" L _g/
ATOandP,y=0

uy = vy sin(A), t =T where T is time of flight

We calculate the time Of flight part (b) before part (a):
The motion of projectile along new QY axis.

Using the equation: s = ut + %gi‘f2

s=0, u=uy,=wvsinf, g=g,=—gcosa, t=T
0 =g sin B(T) + 5(—gcosa)T?

0 =wysin B(T) — %COSQ(TP

48 [Ug sin 3 — T%cosa] =0

) . ¢
Either T = 0 or wgsinf — %cosazﬂ

%cosa = v, sin B

.. Time of flight from O to P is, T' = 2y=np
g COS &
_ i _ 2upsingd |
At T =0, projectileisat O and at T = —oea itisat P.
a. Consider motion along OX axis x = L, u, = vg cos(83),a, = —gsin(a)
2y sin &
t=T= g cos o

§s=1u,t + %axtz
L=uvycosB(T) + %(—gsin a)T? =T [vycos S — %gsina. T)

2up sin 8
L[==228
geoso

2y sin 4

1 .
[UGCOSﬁ —~ SRR e
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21:% sin 3
geos® o
202 sin 3
gcos? o
b. Time of flight done above.

c. L will be maximum or maximum range along new OX axis.

L= [cos B - cosa — sin Bsin a

= L=

cos(a + B) [Range On the Plane Surface]

From above relation of L, it will be maximum when sin(#3) cos(a + ) is maximum as '@’ is a constant angle of inclination
of the plane.

s0, cos?(a) is constant.

Z = sin(B) cos(a + B)

Z = sin f[cosa cos § — sin asin J]

Z = %[cosa2 sin Bcos 8 — sin a2 sin? ,B]
Z= %[cosa sin 28 — sina(1 — cos23)]
Z= %[cosa sin 23 — sina + sin « cos 23
Z= %[cosa sin 2 + sina cos28 — sin |
zZ= %[sin(Qﬁ + a) — sina]

For Z to be maximum

sin(280+a)=1

sin(2f + a) = sin 90°

28+ a=90°
26=90° — «

90~ o o cx
== ) —3245 -3

8= (% — %) radian

OR
Let us first calculate the lengths of PQ and AC , PQ = 1/50% + 50% = 50+/2
AC = /100% + 100% = 1004/2
Time(T;) taken through path A — P — Q —+ C'

T=t

lm/s v
7= 4909 | P _ 40045 50vE+ 22
T, =50v2+ 22 —50,/2(1 + &)

2
Time taken along the path A —+ R — C' = (AR+RC)

=2AR=T, |,

Using Pythagoras theorem, we get

AR? = AO* + OR? = (%"(2)2 + (5’”2—"5)2 = 5000 + 1250 = 6250

AR = /6250 = 254/10 s

T = 2 x 254/10s = 50+/10s

For Tgand < Touiside. We have

504/2[1 + L] < 50/10

1+ < V5

% <v8-1 3.3

v< ﬁ == =0.83m/s

v<0.82m/s

The centre of mass of an object is the point at which the object can be balanced. Mathematically, it is the point at which the
torques from the mass elements of an object sum to zero. The centre of mass is useful because problems can often be simplified
by treating a collection of masses as one mass at their common centre of mass. The weight of the object then acts through this
point.

To solve this problem, first we assume that the whole disc was present whose centre of mass lies at the origin from which a small
disc was cut out. So CM of remaining portion and cut out disc will lie exactly at the origin i.e Centre of Mass of the original disc
atx=0

Mass per unit area of the original disc = o

Radius of the original disc =R

Mass of the original disc, M = mR%c




The disc with the cut portion is shown in the following figure:

Radius of the smaller disc = £

M : " R . 1 2 __ M
ass of the smaller disc, M' =w| 3 ) o= gwR*0c= T

Let O and O’ be the respective centers of the original disc and the disc cut off from the original. As per the definition of the centre
of mass, the centre of mass of the original disc is supposed to be concentrated at O, while that of the smaller disc is supposed to be
concentrated at O'.

It is given that:

00 =%

After the smaller disc has been cut from the original, the remaining portion is considered to be a system of two masses. The two
masses are:

M (concentrated at O), and

(—M’ = %) concentrated at O'

(The negative sign indicates that this portion has been removed from the original disc.)
Let x be the distance through which the centre of mass of the remaining portion shifts from point O.

The relation between the centers of masses of two masses is given as:
mMiT1+mar:
g +1mp

For the given system

Mx0—Mx (%)
Tz = —————— (here M'is M/4)
M+ (-M")
M R
"% _-MR 4 _ -R

¥ % 8 3M 6

Note that shift in Centre of Mass is very less(only 0.16 R or %) as removed portion has very less mass as compared to the

remaining portion.
(The negative sign indicates that the centre of mass gets shifted toward the left of point O and lies at % left towards origin.)

OR
Iy = ypz - zpy
ly = zpy - xp,
I, = Xpy - yPx

The linear momentum of the particle in cartesian coordinate, p De i + py j + pzk
Position vector of the particle in cartesian coordiantes , ¥ = xi + ¢ + 2k

As we know the angular momentum of a moving particle about a point is given as, | = x p where p and r are linear momentum
and position vector respectively,

= (m% + i+ z?}) x (pﬁ +pyj +pz?:?)

i j ok
=z y =z
Pz Py DP:

I:z; + Iy} +lLk= ; (ypz = zpy) _3(33172 == sz) = k(mpy = ypz:)
==t (yp: — 2py) + j (—2p: + 2p) + k(2py — yps)
Comparing the coefficients of , j, and k we get the components of angular momentum as :

I-X = ypz, = Zpy
ly = XPz - 2Py ceen(i)
I, = XPy - ¥Px

b) If the particle moves in the x-y plane only. Hence, the z-component of the position vector and z component of linear momentum
vector become zero, i.e.,




z=p,=0

Thus, equation (i) reduces to:

I,=0
ly=0
1, = Xpy - ypx

Therefore, when the particle is confined to move in the x-y plane, the x and y components of linear momentum are zero and hence
the direction of angular momentum is along the z-direction.
Section E
34. Read the text carefully and answer the questions:
2 friends started for a picnic spot, in two different cars. A drove his car at a constant velocity 60 km/h. B drove his car at a
constant velocity 50 km/h.
The velocity of B relative to A is vg- v
Similarly, the velocity of object A relative to object B is vp-vg

Their friend C was supposed to wait at a point on the road for a lift. Both of them forgot to pick up C. A and B reached the picnic
spot within 2 hours and 2 hours 24 minutes respectively.
(i) The velocity of B relative to A is
Vg -Va = 50-60
=-10 km/h
(ii) The velocity of A relative to B is
VA - VB = 60 - 50 = 10 km/h
(iii)Since C is in stationary position, his velocity was 0.
Hence the velocity of A relative to C is 60 - 0 = 60 km/h and the velocity of B relative to C is 50 - 0 = 50 km/h.
OR

Velocity time graph is as shown below

Velocity (km/h)

60

time
(h)
35. Read the text carefully and answer the questions:
There are many types of spring. Important among these are helical and spiral springs as shown in the figure.

N

(a) — 0000000000 — (b)
Usually, we assume that the springs are massless. Therefore, work done is stored in the spring in the form of the elastic potential
energy of the spring. Thus, the potential energy of a spring is the energy associated with the state of compression or expansion of
an elastic spring.

(i) It may be considered as zero, when the spring is in normal position.

(i) B2 _ Jaof

-52 kg.’t%
here x; = x»
By _ ko 2
0 Ey ks 3
2
(DL _ ko
Ey k x%
here x; =3 cm and x; = 4 cm
2
E T
s0 =+ = — i
2 16
here E{ =151

OB, =4 x By =4 x 15 =267




B _ ke

Ey kx%

E=Lkz?
2

if distance = x, By = 3 kx* =101

on increasing the distance x more

Ep = 3k(22)? = 2kx?

so increase in potential energy = E; - E1 = (2 - %) KX?2
= 3K2? =3 x ka? =3 x 10 =30 Joule

so work required = 30 - 10 = 20 Joule

OR




