CBSE Board
Class XI Physics

Time: -3 Marks: - 70 Marks

General Instructions

(a) All questions are compulsory.

(b) There are 29 questions in total. Questions 1 to 8 carry one mark each, questions 9 to
16 carry two marks each, questions 17 to 25 carry three marks each and questions
27 to 29 carry five marks each.

(c) Question 26 is a value based question carrying four marks.

(d) There is no overall choice. However, an internal choice has been provided in one
question of two marks, one question of three marks and all three questions of five
marks each. You have to attempt only one of the given choices in such questions.

(e) Use of calculator is not permitted.

(f) You may use the following physical constants wherever necessary.

e=1.6x10"°C
c=3x10°ms™
h=6.6x10"4JS

Ly =47 %107 NA™

ky =1.38x102JK ™!

N, =6.023x10%/mole

m, =1.6x107?"kg

1. Why is kilogram a fundamental unit? (1)

2. What is the ratio of the time taken by a body to go up and come down when thrown
vertically upwards? (1)

3. When are two vectors equal? (1)

4. A fixed force acts on two bodies of different masses, initially at rest, what is the ratio of

their speeds at the end of a certain time interval? (1)
5. Define impulse. (1)
6. What is a conservative force? (1)

7. Where is the centre of mass of a meter stick? (D)



8. Write 2 characteristics of a medium that determine the speed of sound waves through
the medium. (1)

3|2

Jed

errors of measurement in a, b, cand d are 1%, 3%, 4% and 2%, respectively. What is the

9. A quantity R is related to 4 observables a, b, c and d as follows R =

. The percentage

percentage error in the quantity R? (2)
10.What is the angle of projection at which the hmax and range R are equal? (2)
OR
The position of a particle is given by r(t) =3.0ti +2.0t? ], where t is in seconds. Find v(t)
and a(t) for the particle. (2)

11.A cyclist stops in 10m. During this the force on the cycle due to the road is 200N and it
directly opposes the motion. How much work does the cycle do on the road? (2)

12.What is the angle between the vectors axb and bxa? State the rule used to find the
direction of cross product of vectors. (2)

13.Why is the force of attraction due to a hollow spherical shell of uniform density, on a
point mass situated inside it zero. (2)

14.A spherical ball contracts in volume by 0.01% when subjected to a uniform pressure of
2 atmospheres. What is the bulk modulus of the material? (2)

15.State Newton'’s law of cooling. (2)

16.At what temperature is the root mean square speed of an atom in an argon gas cylinder
equal to the rms speed of a helium gas atom at - 20 °C? (atomic mass of Ar = 39.9 u, of
He = 4.0 u). (2)

17.A projectile is projected with velocity u making an angle # with the horizontal. Find
(a) Time of flight
(b) Horizontal range (3)

18.In a nuclear reactor a neutron of high speed is slowed down so that the probability of its
causing fission increases. Show that a neutron can lose most of its kinetic energy in an
elastic collision with light nuclei that has a mass only a few times the neutron mass.

(3)

19.Define moment of inertia. What is the moment of inertia of a ring about a tangent to the
circle of the ring? (3)



20.A 400kg satellite is in a circular orbit of radius 2Rg about the earth. How much energy is
required to transfer it to an orbit of radius 4 Rg? What are the changes in its kinetic and

(3)

potential energies?

21.The stress-strain graphs for materials A and B are shown below:
(a) Which of the materials has greater Young’s modulus?

(b) Which of the two is a stronger material? (3)
£ A £ B
Strain Strain
OR
State Pascal’s law. What is the pressure on a swimmer 10m below the surface of a lake?
(3)

22.State the law of equipartition of energy. Show that the ratio of specific heat at constant
pressure to specific heat at constant volume is 7/5 for a rigid diatomic molecule. (3)

23.Two cars A and B are running at velocities of 60km/h and 45km/h on parallel roads.

Find the relative velocity of car A is

(i) they are both traveling northwards, and
(ii) car A is traveling northwards and car B is traveling southwards. (3)

24.State and prove Work-energy theorem. (3)

25.Prove that the impulse received during an impact is equal to the total change in

momentum produced during the impact. (3)
26.Padma’s little sister was crying. Then she took a piece of camphor and put it in water.
By seeing the camphor piece dancing on the surface of water, the little one stopped

crying.
(a) What can you say about the qualities of Padma?
(b) hy do small pieces of camphor dance on the surface of water?

(4)



27.When a cyclist moves along a circular track, what provides the centripetal force? Show
that the maximum permissible speed of the cyclist is independent of the mass of the
cycle.
A cyclist speeding at 18km/h on a level road takes a sharp circular turn of radius 3m
without reducing his speed. The coefficient of static friction between the tyres and the
road is 0.1. Will the cyclist slip while taking the turn? (5)

OR

(i) Prove that the isothermal elasticity of a gas is equal to its pressure.
(ii) Prove that the adiabatic elasticity of the gas = ¥ x P, where P is pressure of the

gasand y=C_/C,C and C, being the specific heats of the gas at constant

pressure and constant volume respectively. (5)

28.State Hooke’s law. Draw a stress-strain curve for a metal and mark the proportional
limit, elastic limit and fraction point.
Define each of the terms: proportional limit, elastic limit and fraction point. (5)
OR
A body is projected with velocity u at angle I, upward from horizontal. Prove that the
trajectory is parabolic. Deduce expression for
(i) horizontal range, and
(ii) maximum height attained. (5)

29.Show that for a particle in linear SHM the average kinetic energy over a period of
oscillation equals the average potential energy over the same period. (5)
OR
A train, standing in a station-yard, blows a whistle of frequency 400 Hz in still air. The
wind starts blowing in the direction from the yard to the station with at a speed of 10 m
s~1. What are the frequency, wavelength, and speed of sound for an observer standing
on the station’s platform? Is the situation exactly identical to the case when the air is
still and the observer runs towards the yard at a speed of 10 m s-1? The speed of sound
in still air can be taken as 340 m s-1. (5)



CBSE Board
Class XI Physics
Solution

1.
It is a fundamental unit because it is defined in terms of certain basic, though, arbitrarily
chosen standardized reference standard.

2.
1:1, time taken is the same if air resistance is neglected.

3.
They are equal if they have the same magnitude and also the same direction.

4.

. . \Y m
The ratio of their speeds % =—
Vl m2

5.
Impulse is the change in momentum of a body and it is given by the product of the force
and the duration of the force

6.
A force for which the work done depends only on the end points is called a conservative
force.

7.
At 50cm

8.
Elasticity and inertia

9.

AP Aa Ab 1Ac Ad
— =32 — = —
P a b 2c¢c d

=3x1%+ 2><3%+%x4%+2%

=13%



10.
u?sin®0 u’sin20
29 g
Hence sin®@ =sin 26

sin? @ =4sindcos O
tand =4
f=tan'4

OR
v(t) = %(3.0& +2.0t%]) =3.01 +4.0t)

a(t)=4.0]

11.
Since work done (W) =fs cos0
Work done by the cycle on the road is zero because the displacement of the road is zero.

12.

The angle between these vectors is 180 degrees as they are in opposite direction to each
other.

The right hand screw rule gives the direction. Open up your right hand palm and curl the
fingers pointing from vector a to vector b. Your outstretched thumb points in the direction
of the vector product.

13.

The various regions of the spherical shell attract the point mass inside it in various
directions. These forces cancel each other out completely so the net force on a point mass
inside it is zero.

14.
B—_2P
AV IV
AV _oo1
V 100
Ap = 2atmospheres = 2x1.013x10° N / m?
_ 2x1.013x10° o )

100



15.
[t states that the rate of cooling of a body is proportional to the excess temperature of the
body over the surroundings.

Qe -
S =k(T,-T)

Where T; is the temperature of the surrounding medium and T is the temperature of the
body.

16.

_ ¥x (273-20) = 2.52x10°K

17.
I)At maximum height v=0

0 = using-gt
2using

g
i) The body falls back to the same height at which it started when

it covers its horizontal range. Then derive
u®sin 26
g

Time of flight T =2t =

R =

18.

The initial kinetic energy of the neutron = 1 mv?,;
2

The final kinetic energy of the neutron = %mlvz1f

m,—m
Use v, =——2v,
m, +m,

The fractional kinetic energy lost is

2
f = Klf :[ml_sz
1
K1i ml + m2
Fractional kinetic energy gained by the nuclei with which it collides is

2
- m
f=1-f=1-| MM | AWM,
m, +m, (m1+m2)

If m, and m, are comparable with each other, the energy transferred is more.



19.
The moment of inertia of a rigid body about an axis defined by the formula
I = Z:miri2 where r; is the perpendicular distance of the it point of the body from the axis.

The moment of inertial about a tangent to the ring in the plane of the ring is the moment of
inertia about a diameter parallel to the tangent + Mh? where h is the distance between the

two parallel axes.
an

I=MR2/2 + MR? = 3/2 MR?

20.

The change in total energy is
Ef_Ei
E__ GmM _ GmM :_GmM
' 2(R+h)  2(R+R) 4R
E __ GmM _ GmM :_GmM
" 2(R+h)  2(R+3R) 8R

GmM gmR

Change in total energy = —— = =— =3.13x10° J
g aqy SR 8

The kinetic energy of the satellite reduces and it is given by —3.13x10° J.
The change is potential energy is twice the change in the total energy so change in potential
energy is —6.26x10° J.

21.
(a) From the given graphs we observe that for a given strain, stress required for A is
more than that of B. Hence, Young's Modulus (= Stress/strain) of A is greater than that
of B.
(b) Material A is stronger as it can withstand more stress (load) before breaking
(fracture) of the material.
OR
Pascal’s law states that whenever external pressure is applied on any part of a fluid
contained in a vessel, it is transmitted undiminished and equally in all directions.
Pressure = atmospheric pressure + pressure due to the water.
P =1.01x10° +10(1000)(10) = 2.01x10° Pa



22.

In equilibrium, the total energy is equally distributed in all possible energy modes, with
each mode having an average energy equal to 1/2KT. This is the law of equipartition of
energy.

A diatomic molecule that can be taken as a rigid rotator with 5 degrees of freedom: 3
translational and 2 rotational. Using the law of equipartition of energy the total internal
energy of a mole of such a gas is given by

U ZEkaN :§RT
2 2

e 5
Then molar specific heat at constant volume C,, = > R

and molar specific heat at constant pressure C, = —

Hence G 1
C, 5

\%

23.
If both are travelling towards north then relative velocity of car A w.r.t. B is 60-45 =
15km/h northwards.

If A travels towards north and B travels southwards then velocity of A w.r.t. B is 60-(-45) =
105km/h northwards.

24.
Work-energy theorem states that the work done on a particle by a resultant force is equal
to the change in its kinetic energy.

W = des_jF—dt

:IF.v.dt jd—Kdt_de

W =K, -K,;
25.
We know that,
F= dP or Fdt=dP
dt

If the impact lasts for a small time dt and the momentum of the body changes from Fﬁ’ltOF_"2

then,



or Ilfdtzpz—ISl

F varies with time and does not remain constant.

t
U IfdtJ is a measure of the impulse of the force.
0

— t — t —
Let F,, be the constant force during the impact, then I Fdt= . j F, dt
0

—

dt=F_ t

av

—
= I:av

o!—.;—p

l:avt = PZ - RL
Thus, the impulse received during an impact is equal to the total change in momentum
produced during the impact.

26.

(a) Padma is responsible, helps her mother in looking after her younger sister.

(b) When small bits of camphor are floated on water, they try to dissolve and reduce
surface tension in that region. Consequently the camphor is drawn or pulled aside by the
surrounding uncontaminated water of higher surface tension. Due to its irregular shape,
camphor dissolves more rapidly at some points than at other points, therefore, the force
due to surface tension is not uniform all round, with the result that the camphor pieces
dance on the surface of water.

27.
The static frictional force provides the centripetal force. The static friction opposes the
impeding motion of the car moving away from the centre of the circle.

The three forces acting on the cyclist are the weight of the cyclist, mg, the normal reaction,
N and frictional force, f.
N-mg=0
So N =mg.
The maximum permissible speed



f <uN

S

mv?

<uN

V2 < :usNR

m
Put N = mg in above expression

v<.uRg

Solution for cyclist:
R=3m,g=9.8m/s% u, =0.1
1,Rg =2.94m? / s
v=18km/h=5m/s
v? =25m*/s?

As VZis not less than 1 .Rg

So the cycle will slip and the cyclist will not be able to negotiate the turn.

OR
(i) Let there be a gas at constant pressure P and volumeV . When the pressure increases
from P to P +Ap, the volume decreases from VtoV —AV.

VAP
AV

Bulk modulus, K =

When the gas is impressed isothermally, Boyle’s law holds good, i.e.
PV = constant,
Differentiating w.r.t. V , we get
dP

P+V—=0
dv
dP i
or E—P—KISO
Vv

Thus, the isothermal elasticity of a gas is equal to its pressure.
When the gas is compressed adiabatically, we get

PV?" = constant,

,_Ce
C,
Differentiating w.r.t. V , we get

pvi vt 9P g
dv



or P __»

vV
—dP
or W = 'YP = kadi
v
Thus, the adiabatic elasticity of a gas is y times the pressure of the gas.
. K adi _ E —
K iso P
28.

Hooke’s law states that for small deformations, stress is directly proportional to the strain.

Stress

Strain

In the region from O to A, the curve is linear. The strain is directly proportional to the
stress. Beyond the point A, known as the proportional limit, the relation between stress and

strain is not linear.

The point B on the graph is known as the elastic limit. Up to this point stress and strain are
not directly proportional but the body returns to its original dimensions if the stress is

removed.

Fracture point corresponds to point C on the graph at which the material breaks.



OR

A body thrown up in space and allowed to proceed with effect for gravity alone is called
projectile.

Ya
P(x, ¥)
= | u
c y |[H
o
ucos v M (R, 0)
I X : o

Suppose a body 15 projected with velocity u at an
angle © with the honzontal, Pz ,v) 15 any point on its
trajectory at time t Honzontal component of velocity

1z unaffected by grawity, but the vertical component {usin Q)
changes due to gravity.

= [Ucos@)t

y = (USiﬂE':lt—%gtz

. b 1 " :
=UsINg = ——q
LUcosg 2 Tlucosa
gx’
=¥ tang — —
¥ 2ufcost A

It represents the equation of a parabola, and hence the path followed by a projectile is a
parabola.

(i) When the body returns to the same horizontal level y = 0

2

0= Htanﬂ—%
2u” costA
2
ar @ tan A :%
2u cosT A
2ufsinBocosA Uf sin2A
ar P =
g g

Butcoordinates of M aredR,0). Puttings =R,

-
We have R:ﬂ
g



(ii) The greatest vertical distance attained by the projectile above the horizontal plane from
the point of projection is called maximum height.

Maximum height, LN = H

At maximum, height vy = 0

) Z 2 _
SoVT Uy = —2gH,

where U, = usinB
or {usinBy® = 2gH
-
ar by o Hosin A
29
29.
The equation of displacement of a particle executing SHM at an instant t is given as:
x = Asin ot

f K
Where, A = Amplitude of oscillation; w = Angular frequency ,[—
m

The velocity of the particle is:

b dy

Cdr = Awcos ot

The kinetic energy of the particle is:
I

» 1 e
kE, = S5 Myt =— MA@ cos™ ax

The potential energy of the particle is:

AP R,
E,=—k =_-Mw A sin” wx
2 2

For time period T, the average kinetic energy over a single cycle is given as:
7

|
(E,),, = = J‘E* d

IS
=— I— MA@ cos™ ot df
<2



I 3 9
=— M4 o
27

T
j{l+cos Erﬂr}m

| sin 2aw :
= — MA*&* L + -‘
4T 20 |,

= %msz (T)

:imw o 0)

And, average potential energy over one cycle is given as:

. (.
(L“’]A‘; =FJ."_-,I, dt
11 142 a2
=FJ£.1fcu A7 sin” of dr

I

R
=—.H’m'.4'JQ df
2T : 2
1 sin 2t |
= Matqr| -2
4T 20,
=L_umf.-13{r}
41
Mo’ A
- . (ii)

4

It can be inferred from equations (i) and (ii) that the average kinetic energy for a given time
period is equal to the average potential energy for the same time period.



OR
For the stationary observer: 400 Hz; 0.875 m; 350 m/s
For the running observer: Not exactly identical

For the stationary observer:

Frequency of the sound produced by the whistle, v =400 Hz
Speed of sound =340 m/s

Velocity of the wind, v=10m/s

As there is no relative motion between the source and the observer, the frequency of the
sound heard by the observer will be the same as that produced by the source, i.e., 400 Hz.

The wind is blowing toward the observer. Hence, the effective speed of the sound increases
by 10 units, i.e.,
Effective speed of the sound, ve = 340 + 10 = 350 m/s

The wavelength (A) of the sound heard by the observer is given by the relation:
2= 2350 875 m
v 400

For the running observer:
Velocity of the observer, v, = 10 m/s
The observer is moving toward the source. As a result of the relative motions of the source

and the observer, there is a change in frequency ( V' ).

This is given by the relation:
(v
v = v
|_‘ v .'_I

340 + 10 )
(2010 400 =411.76 He

.

Since the air is still, the effective speed of sound = 340 + 0 = 340 m/s

The source is at rest. Hence, the wavelength of the sound will not change, i.e., A remains
0.875 m.
Hence, the given two situations are not exactly identical.
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