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. Write the dimensional formula of torque. (D)

2. Draw velocity - time graph for an object, starting from rest. Acceleration is constant and

remains positive. (1)
3. Arrange increasing order the tension Ty, T2, and T3 in the figure. (D)
M€ M3 ML M>F

4. Why there is lack of atmosphere on the surface of moon? (1)

5. The triple point of carbon dioxide is 216.55 K. Express this temperature on Fahrenheit
scale. (D)



6. In an open organ pipe, third harmonic is 450 Hz. What is the frequency of fifth
harmonic? (1)

7. Which types of substances are called elastomers? Give one example. (1)

8. A simple harmonic motion is described by a = -16 x where a is acceleration, x is
displacement in m. What is the time period? (D)

9. Volume of a cylinder is zy°x, Where y and x are radius and height of the cylinder

respectively. Find percentage error in the measurement of volume. Which of the two
measurement height or radius need more attention? (2)

OR
The length and breadth of rectangle are measured as (atAa) and (b+Ab) respectively.

Find (i) relative error, (ii) absolute error in the measurement of area (2)

10.An object moving on a straight line covers first half of the distance at speed v and
second half of the distance at speed 2v. find (i) average speed, (ii) mean speed. (2)

11.A block initially at rest breaks into two parts of masses in the ratio 2:3. The velocity of
smaller part is (8i + 6j) m/s Find the velocity of bigger part. (2)

12.Find the height from the surface of earth at which weight of a body of mass m will be
reduced by 36% of its weight on the surface of earth. (2)

13.Define gravitational potential. Give its S.I unit. (2)

14.An engine has been designed to work between source and sink at temperature 177 °C
and 27 °C respectively. If energy input is 3600 ]. What is the work done by the engine?

(2)
15.Explain:
(i) Why does the air pressure in a car tyre during driving increase?
(ii) Why coolant used in a chemical plant should have high specific heat? (2)

16.Calculate the work done in blowing a soap bubble from a radius of 2 cm to 3 cm. The
surface tension of the soap solution is 30 dynes cm-™. (2)



17.A body of mass m is released in vacuum from the position A at a height h above the
ground. Prove that sum of kinetic and potential energies A, B and C remains constant.
(3)
A *A

18.Give two points of difference between elastic and inelastic collisions. Two balls A and B
with A in motion initially and B at rest. Find their velocities after collision (perfectly

elastic). Each ball is of mass "m". (3)
G>. O
A B

19.A liquid is in streamlined flow through a tube of non- uniform cross-section. Prove that
sum of its kinetic energy, pressure energy and potential energy per unit mass remains
constant. (3)

20.Give reasons:
(i) Fog particles appear suspended in atmosphere.
(ii) Two boats being moved parallel to each other attract.
(iii) Bridges are declared unsafe after long use. (3)

21.What is the law of equipartition of energy? Determine the value of y for diatomic gas N:
at moderate temperature. (3)

22.Show that for small oscillations the motion of a simple pendulum is simple harmonic.
Drive an expression for its time period. Does it depend on the mass of the bob? (3)
OR
A SHM is described by y = A sin t. What is
(i) thevalue of displacement y at which speed of the body executing SHM is half of the
maximum speed?
(ii) the time at which kinetic and potential energies are equally shared? (3)



23.A solid sphere of mass m and radius r is impure rolling on a horizontal surface. What
fraction of total energy of the sphere is:
(a) Kinetic energy of rotation?
(b) Kinetic energy of translation? (3)

24.Four bodies have been arranged at the corners of a rectangle shown in figure. Find the
centre of mass of the system. (3)

2m a 3m

' 1

b

& ')
m 2m

25.What is a conservative force? Prove that gravitational force is conservative and
frictional force is non-conservative (3)

26.Suresh was struggling to understand Kepler's second law of planetary motion. Then his
friend Ravi explained to him how the planets move around Sun obeying Kepler's laws of
planetary motion.
(a) Comment upon the values of Ravi.
(b) State Kepler's laws of planetary motion. (4)

27.A body is projected with velocity u at angle 0, upward from horizontal. Prove that the
trajectory is parabolic. Deduce expression for
(i) horizontal range, and
(ii) maximum height attained. (5)
OR
A body is projected horizontally from the top of a building of height h. Velocity of
projection is u Find:
(i) thetime it will take to reach the ground.
(ii) horizontal distance from foot of building where it will strike the ground
(iii) velocity of the body at any instant. (5)

28.Derive an expression for maximum speed a vehicle should have, to take a turn on a
banked road. Hence deduce expression for angle of baking at which there is minimum
wear and tear to the tyres of the vehicle. (5)



OR
Define angle of friction. The inclination 1, of a rough plane is increased gradually. The
body on the plane just comes into motion when inclination I, becomes 30°. Find
coefficient of friction. The inclination is further increased to 45°, find acceleration of the
body along the plane (g = 10 m/s?). (5)

('/@/3

29.A progressive wave is given by y(x,t) = 8cos(300t-0.15x), where x and y are in metre
and t in second. What is the
(i) direction of propagation
(ii) wavelength

(iii) frequency
(iv) wave speed
(v) phase difference between two points 0.2 m apart?

OR
Give any three differences between progressive waves and stationary waves. A
stationary wave is y = 12 sin 300 t cos 2x. What is the distance between two nearest
nodes? (5)
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T1<T2<T3
4.

Since, the value of acceleration due to gravity a€7g' is less on moon, escape velocity on
surface of the moon is small and so the molecules of gases escape from the surface of the
moon.

K=°C+273
= 216.55-273=°C
—=° C=-56.55

-2 crs2=0F
5

g (-56.55)+32="F

= °F=-69.8



v, = 3y,

¥, = 450Hz

450 = 3,

= ¥ = 150H=z

Fifth harmonic, ¥, = Sy,
=5=150

v, = YE0OHz

7.

Those materials for which stress-strain variation is not a straight line within elastic limit

e.g. Rubber.

8.
For SHM., a=— w?x

Comparing with a = — 16%

'_'UJ:E?H:-\I"E:‘I-

n
T = —second
2

9.
Height of cylinder =
Fadius of clinder = v
Vvolume of cylinder = ny®x
percentage error in measurement of volume

E><1IIII:|= :|:|2ﬂ+&—x x 100
Y W E

Hence, radius needs mare attentionbecause any error in its measurement is multiplied

two times,

OR

{in Relative error in area

b4 |83 8b

2, a b
as & =ah
{iy Absolute error in area

Ab = E+ﬂ = E+&—tI ab
b a b

Ak

[(&ab + (ab)a]



10.

Let total distance be ». Distance of firsthalf = :

speed = v

< |ra] =
x

Time taken t;, =

Dis tance of second half = %

speed = 2v

e
Time taken t; = 2 _*
2

&y

Total dis tance trawvelled

Naverage speed =
o g9e =P Total time taken

_ bt A
T x % 3
2v gy
i Mean speed = vtav _av
2 2
11.
Let mass of the block = m
p 2 3
4 fter breaking, my = Em and m, = —S-m
Initial momentum F=0
Final momentum R=mgv +m,v,

According to law of conservation of momentum

Pf_= Ro=> mv, +m,v,
E:Velocity of smaller part E = Velodty of bigger part

= %m(8i+6j) + %m(ﬁ): 0

3 — 1 s o ~
= —mv, = —=(161+12
5 2 5( i)

— 1647 oa
vzz—[?|+4_]]



12.
h= 17, R, = 6400km

. 2h 2hg
= gll===] = g2
g 9[ R g =
. 2gh
* g-gh=T

Percentage decrease in weight = %xlﬂﬂ: 9-9 ,100

9-9 100 = 29" L 100=2N, 100
g gR R
gz 2%
6400

13.

Gravitational potential at a point in a gravitational field of a body is defined as the amount

of work done in bringing a body of unit mass from infinity to that point without
acceleration. Its SI unit is J-kg -1.

14.
01 = 260017

T, = 177°C = 177 +273 = 450K
T, = 27°C = 27 +273=300K

Q. _T;
Qi Ti
T, 300
— 0, x-2=3600
Qo =fixg 450

1

= 24001

15.
(i) Because work done against friction is converted into heat. Due to which the gas in tyre

gets heated and hence pressure of gas increases as P 22 T at constant volume.

(ii) Because heat absorbed by a substance is directly proportional to specific heat of
substance.



16.

g = 30 dynesfcm, r, = 2cm, r, = 3 cm

Since , bubble has two surfaces,

initial surface area of bubble = 2 % 4mr® = 2 ®x 4m % (20 = 32rn om?®

Final surcace area of bubble 72w om?

2 % 4nr) = 2 X 4m x (3)°
Increase in surface area= 72® - 32% = 40w cm®

Work done = axIncrease in surface area = 30 ¥ 40w = 3768 ergs

17.
AelM
+
X
hl gL _!
h-x
i Ce




Let a3 body of mass m be dropped from a point &4 at a height h.
PE at & =mgh
KE =10
Tatal energy at A=mgh
A= it reaches B, it would have lost some PE. and gained K.E
Yelocity on reaching E.:JZE
PE atB =mgh—=)
KE = %muaﬂ = %m?gx = mgx
Total energy atB =mglh—=)+magx =magh
On reaching the ground C the mass must have gained a

velocity ,,fﬁgh and the PE must be zero,
PEatC =0

KE at C =%r’rw2 = %m(zgh} = mgh

L=

Total energy at C = mgh
Thus it is proved that the total energy at any point in its path is mgh,

18.

Elastic collisions Inelastic collisions

(i) K.E is conserved (1) K.E. is not conserved

(ii) Forces involved must be (ii) Some or all forces involved may be
conservative. non-conservative.

Mass of balls Aand B=m
Initial velocity of ballA=u1=v
Initial velocity of ball B=uz =0

Final velocity of ball A = v¢
Final velocity of ball B = v;

According to conservation of momentum
mv + m(0) =mvy + mvy

mv=mvi+mvy .. (i)

According to conservation of energy, we have



émuz :%muﬁ +%mv22 ------- (i)
myt = mv,S + mu,”

miv? —w,®) = mu,’ Fram (i)

From (i}, My —u,) = muy,

Dividing both sides

miv 4+ v (v —v,)  my,’

M — vy w5

= W, =W 4
Substituting in {}

My = mw, +miv 4w, )
= v, =0

Similarly salwing,

Yy

e, Ball A comes to rest and ball B starts moving with

=
velocity v ie., they exchange their welocity on collision.

19.
(P, —Phavat = Avpatglh, —h) + %#’-‘Ni‘-tp{‘izz— v, ")

F,—F = F'Q':hz_hﬂ""%': "-’12 _"-’12:'

{ie) Py +pgh, + g‘-’izz P, + phg; + g‘-’zz

R 1 P 1
= L +gh, '|'—‘-"1Z = 2 +gh, +_""'zz
p 2 p 2

p 1
. —+gh +§ﬁ.r2 = constant

20.
(i) Fog particles are formed due to condensation of water vapour as they rise up. Due to
condensation, they become heavy and appear suspended.

(ii) When two boats move in parallel directions close to each other, the stream of water
between boats is set into vigorous motion. As a result pressure exerted by water in
between the boats becomes less than pressure of water beyond the boats. Due to this
difference in pressure the boats attract each other.

(iii) A bridge undergoes alternating stress and strain for a large number of times during its
use. When bridge is used for long time, it loses its elastic strength. Therefore, the amount of
strain in the bridge for a given stress will become large and ultimately, the bridge will
collapse. So, they are declared unsafe after long use.



21.

According to law of equipartition of energy for any dynamical system in thermal
equilibrium the total energy is distributed equally amongst all the degrees of freedom and
the energy associated with each molecule per degree of freedom is 1/2kgT, where kg is
Boltzmann constant and T is temperature of the system.

Diatomic gas N2 has 5 degree of freedom. Using law of equipartition of energy total internal
energy of one mole of gas is

U =5 %kET *M, = SRT
o
dt
C, = E[ERT] :ER
dtl2 2
Cp:Cw+R=ER+R=ER
2 2

yo e _G/2R
o, (8/2R

22.

Restoring force is provided by the portion masing of gravitational force,
Since it acts perpendicular to length 1, the restoring torgue=-magsingl
Alsa, 7= I = mlx
Somifa = -magsinél

in#
o = - g5||r|
For small oscillations, sing = &

s -TgE
dd _ a . d*# _
e Tﬁ' he., o= wé=0

giving w=\(;5 and T=2HJI
g

Time period doesn't depend on mass of bob,



OR
(1) y=Asingt
V= @A oosot
Vo =04 (when coswt=1)

Required speed, v= v‘“T"' =

ml%_

Also, v=wh cos wt
= v = @Al - sinf @t
= v=afa’ -yt

z
which gives y= JA‘ - %

From (i%,
_ f ;AW A3
VEA TG T2

{iyPE = %m @' [ﬁ.’ sin a:-t]

KE=2mef [h‘cns‘ wt]
2
When PE=KE,
%mw’ [A" sin® cut] = %mm‘ [A‘ cast &Jt]

= sin® wt = cos? wt
= sinot = cos ot
mo2m n

St =t =
- T 4

= {=

w| -

23.
Mass of sphere = m, Radius of sphere =r

. 2
Moment of Inertia I = Ernr2

Total energy = K, +K;

1., 1 5
K = =10 + =mvy
LaL 2 2
I v? +Zmuw? (v =rw)
T 2% re -
1|7 2
k. = —|[=|mw
LaL 2[5
. fmv
Fraction of KE. of rotation = =& = =
Km 1|7 2
| mw
215




24.

Letm, =m, m,=2m, my=3mM, m, =2m
Let mass m, be at arigin
SFormgyowy =0 =0
For tmy; %, = 4, ¥, =0
For my; ®; = al, y¥; = b]
For my; #, =0, v, = h]
Coordinates of COM of thesystem are

w :mixi + mZHZ + mJKJ + m-de

My 4m, g 4-my

_me+2mx£+3mx£+2r‘nxD
m 4 2m 4+ 3m 4+ 2m

H_Emaiﬁ_EEE
T Bm 8
},:milfr'li‘i'mz'fr"z + Mgy + MyY,

My +m,+mq+m,

_mx04+2m =04 3m xhj + 2m xbj
m + 2m 4+ 3m 4+ 2m

= Em_t'J:Et.j
am

. 5 - <
~Centre of mass of system is g{al+h1}

{Mote: The choice ofthe mass at the origin may lead to varying results)



25.

Say, the work done in moving round a closed path, in a field, is zero. Then force in the field
is called a conservative force.

For a ball lifted to a height and brought back to original position, work done is zero. Hence
gravitational force is conservative.

For an object sliding up and down an inclined plane work done due to friction is not zero.
Hence frictional force is non-conservative.

26.
(a) Ravi shares his knowledge with his friends and has concern towards his friends.

(b)
(i) All the planets move around in elliptical orbits with the sun at its focus.

(ii) The line joining the sun and the planet sweeps out equal areas in equal intervals
of time.

(iii) The square of the time period of revolution of the planet is directly proportional

to the cube of the semi-major axis of the elliptical orbit T° e &

27.

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

Ya
P(x, v)
- |u
€ y |H
)]
2 |A0 N o
ucos b M(R, 0)

X

suppose a body 15 projected with velocity u at an
angle & with the honzontal, P(x,v) iz any point on its
trajectory at timne t Honzontal component of velocity

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



w o= (ucDSB)t

— (using)t— Lgr
}r_(uzmejt 2|;|t

. 1 >< :
=SNG = ——0
LUoosg 2 T lucose
gx’
=#tang — ———
¥ oufcosta

[t 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
Z

0= xtanﬂ—%
2u° cos A
Z
ar # tanB = %
2u”cos B
o w = 20t sinBoosB  uwsinzd
y g
Butcoordinates of M areR,0). Puttingx =R,
We have R = u’ sin 26
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, = Lsing
or fusin@y® = 2gH
2 -2
L© sin“ A
ar H= —

=g



Y

(i) Time taken to reach the ground (Time of Flight)
Letitbe T

h = vertical height of point of projection O from C
Taking motion of object along OY direction

yo=0, y=h, uy=0, ay=g, t=T

Y = Yo + uyt+ 1/2ayt?

Putting values of y,, y, uyand ay, we have

1
h==gT?
E'EI
T= %

9

(iiy Horizontal distance from foot of building where it will
strike the ground (Harizontal range R). Taking motion of
object along OX-direction; we have
M, =0, =R, u, =u, 3 =0
cor-

q

As w=u_ +u f+ %axt2

Putting the values we have
F=u ﬁ
'||| =

(iii) At any instant t the object possesses two perpendicular velocities.
Horizontal velocity vx = u, represented by PA
Vertical velocity vy, represented by PB



v, =, +ayt
u, =0,a, =9 we hawve
v, = gt

Fesul tant velocity v Dfﬁ.r_; and E is given by
_ 2z 2z
Vo= ,flﬁ.rx +,
Vo= 'ru2+g2ta
Let v makes an angle B with horizontal direction then

ol
]

v
tan|3=—"=g—t|:|r|3= tan™
v u

3

28.
From the forces acting on the vehicle on a banked curve,
Moos# -Fsind = mg

Msinf+ Fcosf =

(F. = gN}

Dividing the equation, we have,

v’ _ NsinB+pN cos8

rg NcosB-pNsinB

: tan8+u ;
2 ; r
v T-ptand [dividing each term of right side by N cos8]
Ncos®
ﬁs
%)
Nsin®
e <
-
F,cos®
Fl
8
=
F, sin O mg
p+tanB
~ny 1-ptan8

If p=0ie,banked road is perfectly smooth. Then from above

v, =(rgtan8)"”?

v.! = rg tan8

L]




OR

Angle which the resul tant of force of lim iting friction F and
normal reaction R makes with direction of normal reaction R,

C:l """" TA
:‘ R
k¢ = 0 =30°
B F [°
v mg

8 = tan~*(y) = 30°

=>4 =tan30”=%

When nchinstion 15 increased to 45 net force on the body down the in dined plane is

Net force
F = (mg sin 45° — pmg cos45°)
- |mg_1 mg
ma'[?e' B
= 9 - 1
o= g
_10[\B~-1| _ l0'1.73-1]
o o ad
a:%:zg'?m/s"
29.
yix, = Boos (300t-0.15x)
On comparing with v = acos2x [;—%J

(i7 Direction of propogation is + ¥ - axis
=

) — =015

i) 5

ie 27 41.87m
.15

e 2@
my — =300
(i} =
2nv = 200
yo 298 _ 47 78Hz
2n
' 2 300
(wiw=24v = L =Z2000m /=
0.15 Zn
2
(u) ap= =2 Ax
A
Z2m 2nx0.2 «0,15

= —x0 2= ——— " " - 0.03radian
A Zn



OR
Progressive Wave Stationary wave

(i) All particles have same phase and (i) Amplitude varies with position.
amplitude.

(ii) Speed of motion is same. (ii) Speed varies with position.

(iii) Energy is transported. (iii) Energy is not transported.
¥ =120 300t cos 2x

Comparing with equation of stationary wave, y=24 sint cosEx

E==2
. . A
Listance between two consecutive nodes=—

where, A 15 wavelength

2T
A
g8
=—=2=2
A2
Aom
2 2

. . T
=o, the distance between two nearest nodes 15 —.
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