
CLASS XI

PHYSICS

SAMAGRA SHIKSHA KERALA
2023



3

Physics Class
XI

3 Samagra Shiksha Kerala

Contents

1. Units and Measurements 4 - 8

2. Motion in a Straight Line 9-13

3. Motion in a Plane 14-20

4. Laws of Motion 21-26

5. Work Energy and Power 27-31

6. Systems of Particles and Rotational Motion 32-34

7. Gravitation 35-39

8. Mechanical Properties of Solids 40-42

9. Mechanical Properties of Fluids 43-46

10. Thermal Properties of Matter 47-51

11. Thermodynamics 52-55

12. Kinetic Theory 56-59

13. Oscillations 60-64

14. Waves 65-70



4

Physics Class
XI

4 Samagra Shiksha Kerala

Chapter - 1
Units and Measurements

I. SI Base quantities and units

• The international system of units (SI) is based on seven base units and two supplementary

units.

• SI units are internationally accepted.

II. Significant figures

• The reliable digits in a measured number plus the first uncertain digit are known as significant

figures.

• Change of unit does not change the number of significant figures.

Rules to determine significant figures

• All the non-zero digits are significant.

• All the zeros between two non-zero digits are significant, no matter where the decimal point is.

• If the number is less than 1, the zeros on the right of the decimal point but to the left of the first

non-zero digit are not significant (eg:- In 0.002308 the underlined zeros are not significant)

• The last zeros in a number without a decimal point are not significant (eg:- In 1089000, the

underlined zeros are not significant.

• The last zeros in a number with a decimal point are significant. (eg:- In 0.06900. Only the under-

lined zeros are not significant. Last zeros are significant.

III. Dimensions of physical quantities

• A physical quantity can be described by the dimensions of base quantities and combination of

these dimensions.

eg:- 1) Dimensional formula of volume is [M0L3T0]

2) Dimensional formula of velocity is [M0L1T-1]

3) Dimensional formula of acceleration is [M0L1T-2]

IV. Uses of dimensional analysis

1) To check the correctness of an equation.

2) To derive the relationship between different physical quantities.
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V. Principle of homogeneity of dimensions

The dimensions of each term on either side of an equation are the same.

VI. Limitations of dimensional analysis

1) Dimensionless constants cannot be obtained.

2) It does not distinguish between the physical quantities having same dimensions.

1.Match the following

2)

a) Which law helps to check the correctness of an equation using dimensional method.

b) State the law.

c) Check the correctness of the equation.

½ mv2 = mgh

m = mass

g = acceleration due to gravity

v = velocity

h = height

Base quantity

a) length

b) mass

c) time

d) electric current

e) temperature

f) amount of substance

g) luminous intensity

h) angle

i) solid angle

SI Unit

1) candela

2)mole

3) metre

4) radian

5) kilogram

6) steradian

7) second

8) kelvin

9) ampere
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3) Write down the number of significant figures.

4) A student assumes that period (T) of a simple pendulum depends on (i) mass of the bob (m)

(ii) length of the pendulum ( l ) and (iii) acceleration due to gravity (g). Derive the relation

between these quanities using dimensional analysis.

5. a) Which of the following pairs have same dimensional formula

(i) force, energy (ii) momentum, impulse

(iii) pressure, momentum (iv) torque, momentum.

b) Which of the following is a dimensionless quantity?

(i) momentum (ii) electric current

(iii) gravitational constant (iv) strain

Measurement Number of significant figures

a) 0.3810

b) 5.89

c) 0.001

d) 9.830

e) 6.032

f) 0.0006032

g) 9800
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Solutions
Units and Measurements

1.

a 3

b   5

c   7

d   9

e   8

f   2

g 1

h   4

i   6

2.

a) Principle of homegeneity of dimensions.

b) Each term on either side of an equation will have the same dimensions.

c) ½ mv2 = mgh

Taking dimensions on both sides of the equation.

M(LT-1)2 = MLT-2 L

ML2T-2 = ML2T-2

The dimensions on both sides of the equation are the same. Hence the equation is dimensionally
correct.

3.

a) 4

b) 3

c) 1

d) 4

e) 4

f) 4

g) 2

4.

Let the form of the equation be

1 xT km  yl zg

Taking dimensions on both sides of the equation.

1T  = xM  yL   2 z
LT 

ie, 0M 0L 1T  = xM y zL  2zT 
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Equating powers of M, L and T on either side of the equation,

x = o

y+z = 0

2 1z 

  x = 0

 z = 
1

2



y = 
1
2

The equation is

T = 0km  ½l  ½g

ie, T = 
lk
g

5.

a) (ii) Momentum, impulse.

(b) (iv) strain.
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Chapter - 2
Motion in a Straight Line

Uniform motion - A body covering equal distances in equal intervals of time.

Velocity is the rate of  change of  displacement.

displacement Velocity = 
time

If the velocity is uniform,  acceleration is zero.

Position time graph of a stationary object is a straight line parallel to the time axis.

Acceleration is the rate of change of  velocity.

Change of velocityAcceleration = 
time

Uniform acceleration - equal velocity change in equal intervals of time.

Area under  the velocity-time graph represents displacement.

Slope of the velocity - time  graph represents acceleration.

1. The motion of a body is shown  in the path ABC.

1. Define distance.

2. Define displacement.

3. In the figure which is the distance  (ABC/ AC)?

4. Which is the  displacement (ABC/ AC)?

A

C

B
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2. Study the table given below.

(a) Identify the type of motion.

(b) Draw the position time graph.

(c) Estimate the velocity of the body.

(d) What does the slope of the graph represent?

(e) The acceleration of the body will be --------.

3. The velocity of a body in each second is given in the table.

(a) Draw the velocity - time graph.

(b) The type of motion of the body is-----------.

(c) From the graph estimate the acceleration.

 4

i. Observe each graph and identify the type of motion.

ii. How will you determine the velocity of the body from figure b ?

iii. What is the acceleration in the figure c ?

Time in s.

Position x in m.

0 1 2 3 4 5 6

32 35 38 41 44 47 50

fig (a) fig (b) fig (c)

fig (d) fig (e)

time time time

time

time

x x v

v

+v

-v

time 1 s 2 s 3 s 4 s
4 m/s 7 m/s 10 m/s 13 m/svelocity
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iv. How will you calculate the acceleration of the body from figure d ?

v. Which of the above graph represents velocity-time of a body thrown vertically upward?

5. A car  moving with a velocity 10 m/s  is brought to rest in 2 s.

1. Its final velocity -----------.

2. The acceleration of the car is ---------.

3. Find distance travelled by the car before it comes to rest.

6. A bullet fired to a wooden plank with the velocity 300m/s  and comes out with a velocity 100m/s.  If the

retardation  produced is 6102   m/s2. Estimate the thickness of the plank.
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Solutions
Motion in a Straight Line

1

(a) Actual length of the path.

(2) Shortest distance between initial and final position.

(3) ABC

(4) AC

2.

(a) Uniform motion.

(b)

(c) Velocity (v) = 
2 1

2 1




x x
t t

= 
50 32

6 0



  = 
18
6  = 3 m/s

(d) Velocity is the slope of position time graph.

(e) Acceleration will be zero.

3 (a)

 1        2       3 4

14

12

10

8

6

4
2

ve
lo

ci
ty

time

1 2 3 4 5 632
time (t)

po
sit

io
n 

(
)

50

47
44

41

38

35
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(b) Uniformly accelerated motion.

(c) Acceleration = slope of the velocity time graph.

a= 
2 1

2 1

V V
t t

  = 

10 4
3 1



a = 
6
2  = 3 m/s2

4. (i). Fig (a)    position time of a stationary object

Fig (b)    Uniform velocity of an object

Fig (c)    Velocity is constant

Fig (d)    Uniform acceleration

Fig (e)    Velocity of the object thrown vertically upward.

(ii) Slope of the curve.

(iii) Zero

(iv) Slope of the curve

(v) fig (e)

5.

(1) Zero

(2) a = 20 10 5 /
2

m s
 

(3) Distance covered = 
2 2

2
v u
a


= 
2 20 10
2 5



 = 
100
10




 = 10 m

6. u = 300 m/s

v = 100 m/s

a = - 6 22 10 /m s

s = ?

s = 
22

2
V u

a


  = 
22

6
100 300
2( 2 10 )


 

 = 22 10 m
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Chapter - 3
Motion in a Plane

• Physical quantities having only magnitude and no direction are called scalar quantities.

• Physical quantities having both magnitude and direction are called vector quantities.

• The resultant of two vectors A and B acting at an angle   is

The direction of this resultant with A

• For a projectile motion the horizontal component of velocity Vx = Vo Cos   remains a constant

and vertical component of velocity Vy = Vo Sin  continuously changes.

• The maximum height attained by a projectile 
2 2Sin

2
 ovH

g


• The time of flight of the projectile is 
2 Sin

 ovT
g



• The range of the projectile     
2 Sin 2

 ovR
g



  • The rate of change of angular displacement is called angular velocity     
d
d t
 

1. Classify the following physical quantities based on (i) scalars and (ii) vectors.

Distance, displacement, speed, velocity, acceleration, volume, mass, time, density, force,

energy, pressure, work, weight, power.

2. (a) Write more examples for scalars and vectors.

(b) A represents a vector.

(i) Length represents .....................

(ii) Arrow head represents ......................

2 2 2 Cos  

R A B AB 

Sintan
( Cos )



B

A B



A
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(a) Which law is used to find the resultant in fig (a) and in fig (b).

(b) Complete the figure using the above laws.

(c) Write the expression for resultant of the two vectors  &A B
 

.

(d) Write down the expression for angle made by of the resultant with vector A.

4. You are given two vectors of magnitudes 8 units and 6 units.

Find the resultant of the vectors using.

Parallelogram law for given angles.

 (a) 300 (b) 600 (c) 900

5. Two vectors of equal magnitude are acting at an angle. The resultant is also having the same

magnitude. Find the angle between the vectors.

(600, 900, 1200)

6.

3. Observe the vectors represented in figure (a) and (b)

Fig (a)
Fig (b)



A

P

Q


B
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A stone thrown away with an angle.

(a) Identify the path of the stone

(Straight line/Parabola)

(b) Draw the path and its component of initial velocities.

(c) What happens to the component of velocities in the vertical and horizontal directions?

7. A batsman hits a cricket ball at an angle   with the horizontal and velocity vo.

(a) Derive the expression for maximum height of the ball.

(b) How will you derive the time of flight of the ball?

(c) Obtain the expression for the horizontal range of the ball.

8. A ball is thrown at a speed of 20 ms-1 making an angle 300 with the horizontal. Calculate.

(i) Maximum height.

(ii) Time of flight

(iii) Horizontal range.

9. (i) For maximum range the angle of projection must be

(a) 300, (b) 450, (c) 600 (d) 900

(ii) The maximum height (H) reached by a projectile, projected to attain the maximum range (R) is

(a) H = R  (b) 2
RH  (c) 3

RH  (d) 4
RH 

(iii) A boy can throw a ball to a maximum range of 80 m. How high he can throw the ball

(a) 160 m   (b) 80 m (c) 40 m (d) 20 m

10. Consider the motion of a stone tied at one end of a string and is whirled in a horizontal plane.

(a) What do you mean by uniform circular motion?

(b) The angle turned in unit time is called ..............

(c) Write the relation between linear velocity and angular velocity.

(Hint: Linear velocity - v, angular velocity -  , v= R , R = radius of the circular path)

(d) The direction of centripetal acceleration is .......

(e) Obtain the relation for centripetal acceleration.

(Hint: a= R 2)

(f) The angular velocity of second hand of a watch is ............
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 (a) 30
rad

1s i
    (b)  60

rad
  rad  1s i



(c)  1800
rad

 1s i


(d)  3600
rad

1s i
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Solutions

Motion in a Plane

1.  (i) Scalars : Distance, speed, volume, mass, time, density, energy, work, power, pressure.

(ii) Vectors : Displacement, Velocity, acceleration, force, weight

2.

(a) Scalar : length, moment of inertia, specific gravity.

Vectors : Torque, Electric field, magnetic field, angular velocity.

(b) (i) magnitude

(ii) direction

3.

(a) Fig (a) - Triangle law

fig (b) parallelogram law

(b)

(c) 2 2 2 cos  

R A B AB 

(d) tan   = 
sin

( cos )
B

A B



4.

(a) 2 28 6 2 8 6 cos 30    

R  = 13.5 unit

(b) R = 2 28 6 2 8 6 cos 60    

R  = 12.1 unit

(c) R= 2 28 6 2 8 6 cos 90    

R  = 10 unit

8 unit

R


Q


P



B


A


R

 

R

6 
un

it
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5. 2 2 2 cosR A B AB   

A2 = A2 + A2+ 2A2 Cos
2 2 22 2 cosA A A  

1 2 2cos 

1Cos
2

  

  = 1200

6. (a) Parabola

(b)

(c) Vertical component changes

Horizontal component remains the same

7. (a) H = 
2 2sinov
g



(b) T = 
2 Sinov
g



(c) R = 
2 Sin 2ov
g



8.

(i) H = 
2 2Sinov
g


 = 

2 220 Sin 30
9.8


 = 10 m

(ii) T = 
2 Sinov

g


 = 
2 20 Sin 30 2

9.8
s 



(iii) R= 
2 Sin 2Ov
g


 = 

220 Sin(2 30) 35
9.8

m 


vx = vo Cos
vy = vo Sin

y

S in0v 

c o s0v 

 

)
x
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9.

(i) 450

(ii) (d) H = 4
R

(iii) (c) 40 m

10.

(a) Circular motion with constant speed.

(b) Angular velocity

(c) v R
(d) Towards the centre along the radius.

(e) a R

(d) Towards the centre along the radius

(e) 2a R

(f) (a)   30
rad 1s 
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Chapter - 4
Laws of Motion

1. Inertia

• Inability to change the state of a body by itself.

• Inertia depends on mass.

2. Momentum

• Basic property of a moving body.

• It is the product of mass and velocity P = mv.

3. According to Newton’s second law, force is the rate of change of momentum.

dpF
dt

       F = ma

4. Impulsive force

   Large force acting for a very short time.

5. Impulse is the change in momentum.

   Impulse = Force x time.

6. Conservation of linear momentum.

   If F = o, 
dp o
dt



   p = constant.

If no force is acting on a system, total momentum of the system remain constant.

7. Recoil of gun.

 When a shot is fired from a gun, bullet moves forward and gun moves backward. Velocity of the

gun is called recoil velocity.

Momentum before firing = Momentum after firing.

O = mv + MV Recoil velocity  
mvV
M
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8. Friction is the force which opposes the relative motion between two surfaces in contact.

Friction is the force acting.

• Along the surface of contact.

• Parallel to the surface.

• Opposite to the applied force.

Static friction:

Frictional force acting before the body moves along the surface.

Kinetic friction:

Frictional force when the body moves.

Frictional force is proportional to normal reaction.

Kinetic friction are of 2 types (1) Rolling friction, (2) Sliding friction.

9. When a body moves round a circle with a constant speed, the body is in uniform circular motion.

10. Centripetal force is the force acting on a revolving body which gives centripetal acceleration.

centripetal force = 
2mv

r  = 
2mrω

11. Car on a circular level road.

Centripetal force is provided by frictional force.

Mg
2Mv

r

2v rg

v rg

This is the maximum safest velocity.

R
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12. Motion of car on a banked road.

The various forces acting on the body are

Weight mg acting vertically downwards.

Reaction R acting upwards perpendicular to the road.

Centripetal force 
2mv

r
 acting radially inward.

 
2mv

R sinθ =
r

,    R cosθ =mg

tan  = 
2v

rg

v = rg ta n θ

If the force of friction is also considered.

 
 tan

1 tan



rg  

 
v = 

Activity

1. When a person jumps out from a moving bus he falls forward. Why?

2. When a car starts suddenly, the passengers in it tends to fall backward. Why?

3. Accident produced by a bus is more severe than that produced by a cycle. Why?

4. When a shot is fired through a window pane, it leaves a clean hole without breaking the glass,

due to.

(a) Inertia (b) Momentum(c) Impulsive force.

5. A cricket player while catching a ball moves his hands backward in order to reduce the force in

his hands. Can you say the reason?

sinR 

R

mg

cosR 
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6. Fig. shows two bodies A and B before and after collision.

(i) Write down the equation for the total momentum

(a) after collision.

(b) before collision.

(ii) How are they related?

(iii) State the conservation law.

7. Applying the law of conservation of momentum find the recoil velocity of the gun.

8.

(a). From the graph, identify the type of friction in the region (1) OA (2) BC (3) At A.

(b) Which friction is not constant?

9. What are two methods to reduce the friction?

10. A body of mass “m’’ is kept on an inclined plane. Draw a figure showing the various forces

acting on it.

11. Classify each item in terms of the type of friction.

(a) A boy standing on an inclined surface.

(b) A roller skater.

(c) Pushing  a bus, but it is just to move.

(d) A box falling slowly through an inclined plane at rest on the floor.

(e) A vehicle running along the road.

12. When a car moves on a circular level road, which agency provides the centripetal force?

13. Banking of road helps to increase the centripetal force and thereby increase the limit of
maximum speed of a vehicle with which it can take the curve.

(a) Sketch the schematic diagram of a vehicle on a banked road and mark the various forces
acting on it.

(b) Give the expression for the maximum safe speed of the vehicle on a banked road with friction.

A
u1

m1

B
u2

m2

A
v1m1

B
v2m2

Applied force

Frictional  force

L M
o

B C
A
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Solutions

Laws of Motion
Activity

1. Inertia of motion

2. Inertia of rest

3. This is because bus possesses more momentum due to greater mass.

4. Impulsive force.

5.This is because very large force is acting for a very short interval of time.

When the cricket player moves his hands backwards, he gets more time to stop the ball. So less

force is required.

6. (i) (a)  m1v1 + m2v2

 (b)  m1 u1 + m2 u2

(ii)  m1 u1 + m2 u2 = m1v1  + m2v2

(iii)  Total momentum before collision = total momentum after collision.

Total momentum is   conserved.

7. Let M be the mass of gun and V is the velocity of gun, m be the mass of bullet and v is the

velocity of bullet. By the law of conservation of momentum,

Total momentum before firing = Total momentum after firing.

0 = mv + MV



mvV
M

8.

(a)  (1)  Static friction.

(2) Kinetic friction.

(3) Limiting static friction.

(b) Static friction.

9. (1) Polishing

(2) Lubrication.
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10.

11. (a) Static friction

(b) Rolling friction

(c) Limiting static friction

(d) kinetic friction

(e) Kinetic friction

(b) v = 
(tan )

1 tan
rg  

 




mg

12. Frictional force

13.

sinR 

R

cosR 

R
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Chapter - 5
Work Energy and power

1) Work - It is the scalar product of force and displacement.

.W F S


 = F S Cos

Work is positive when   < 900

negative when   > 900

zero when   = 900

2) Energy - It is the capacity to do work.

3) Kinetic energy - It is the energy possessed by virtue of its motion.

KE = 
2

2
P
m

KE = ½ mv2

4) Potential energy - It is the energy possessed by virtue of its position or state of strain.

PE = mgh.

5) Work - energy theorem - Workdone = change in K.E.

6) Potential energy of a spring - Energy due to the strain of the spring.

PE of a spring = ½ kx2

k spring constant

x   extension/compression.

7) Gravitational P.E - It is the work done in lifting the body to a particular height

   W = Fxh = mgh.

8) Conservative force.

If the work done by a force in moving a body between any two points is independent of the path,

the force is conservative. eg. gravitational force, electrostatic force.

9) Non conservative force. eg. Frictional force.

If the work done by the force depends on the path, the force is nonconservative.

10) Power - Work done by a body in one second.

WP
t



11. Relation between power and velocity
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vP=F  

12. Collision are of two types.

1) Elastic collision

2) Inelastic collision.

13) Elastic collision - Those collisions in which both momentum and KE are conserved.

14. Inelastic collision - Those collisions in which momentum is conserved, but KE is not conserved.

Activities

1) A body is lifted through a height, work done by.

a) gravitational force (positive/negative)

b) Lifting force (positive/negative)

2) Classify the work done as positive, negative or zero.

a) A person carrying a load on his head walks on a level road, work done by the gravitational force.

b) work done by the centripetal force.

c) Frictional force.

3) A spring is fixed at one end and a force is applied at the other end. Force and extension are given

in the table.

i) Draw the force - displacement graph.

ii) Nature of the graph.

iii) From the graph estimate the work done.

4.  A body of mass m is dropped from a height h and it reaches at the ground with velocity v.

a) What are the PE and KE at highest point?

b) What are the PE and KE on reaching the ground?

c) Draw the variation of PE and KE with height.

5. A mass m attached to one end of a spring (other end is fixed) is oscillating. Draw the graph

showing the variation of KE & PE.

6. Classify the following forces into conservative and nonconservative.

Force          0 N        2 N        4 N         6 N      8 N

Extension   0 cm 1 cm 2 cm 3 cm 4 cm
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a) Gravitational force.

b) Frictional force.

c) Magnetic force.

d) Spring force.

7.

8. Find the odd one out (joule, calorie, kilowatt, electron volt).

9. A stone of mass ‘m’ is to be thrown to a height ‘h’.

a) What is the acceleration of stone?

b) With what minimum velocity should it be thrown?

10. A light body and a heavy body have equal K.E, which will have a greater momentum? Explain.

11. (i) If the collision is perfectly elastic, which of the following of the system is conserved?

(a) Momentum (b) KE

(c) Both momentum KE (d) None of the above.

(ii) Say whether the following statements are true or false. Give the reason for your answer.

(a) If a collision is elastic, the momentum and energy of each body is conserved.

(b) If a collision is inelastic, the final KE in always less than the initial KE.

a ....................... F.S          Scalar quantity

b mass m Momentum P KE = .....................

c ............  collision Momentum conserved energy conserved

d A unit of power ............................. 746 watt

e Body of mass m at a heigh h PE = ...........

f Power P P = ................. P= Fv
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Solutions

Work Energy Power

1. (1) gravitational force is negative

(2) lifting force is positive.

2. (a) Zero

(b) Zero

(c) negative

3. (i)

(ii) Straight line

(iii)

4. (a) PE = mgh KE = 0

(b) PE = 0 KE = ½mv2

(c)

0 1 2 3 4

2

4

6Force in
N

8

Displacement in cm

Work done = area of triangle OAB

W=½ OB x AB

= ½ 4 x 8 = 16 J

 Displacement

Force

0

0

8N A

8N

B
4 cm

 height

energy

0

KE PE
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5.

6. (1) Conservative

(2) Non conservative

(3) Conservative

(4) Conservative.

7. (a) work

(b) KE = ½ 
2P
m

 or KE = 21 mv
2

(c) elastic collision

(d) Horse power

(e) PE = mgh

(f) P = 
W
t

8. kilowatt (kW)

9. (a) Acceleration due to gravity (-g)

(b) ½ mv2 = mgh

v = 2gh

10. 2P mK  Kinetic energy is same for both light body and heavy body. So momentum (P) is
large if mass (m) is large. Thus momentum is greater for heavy body.

11 (i) Both momentum and kinetic energy.

(ii)

(a) False. In an elastic collision, momentum and kinetic energy of the system are conserved. But
after collision the velocity of the body may be changed. So its kinetic energy and momentum also
changed.

(b) True. Some of the kinetic energy is lost as heat.

o

PE

KE

Energy
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Chapter - 6
Systems of particles and Rotational Motion

• The Total mass of the system is assumed to be concentrated at a point called centre of mass.

• Vector product of two vectors A
  and B

 .

 sin .A B AB n 
  

• Torque (or moment of a force) is the rotating effect of a force.

r F  
 

• Angular momentum is the moment of momentum.

• Moment of inertia is the product of mass of the particle and the square of the distance between

the particle and the axis of rotation.

I = mr2

• Kinetic energy of rotating body

KE = 
1
2

  
2

I

• Kinetic energy of rolling body.

KE = ½ mv2  
2

21 k
R

 
 

 

k - radius of gyration.

Activities

1. The door of a room is opened with a force.

(a) Derive its torque.

(Hint: Moment of force is torque.

Torque = Force x  r distance

. sinF r 

 = r x F
 

(b)Derive Angular momentum

(Hint : Angular momentum = Momentum x r distance .

L p r sin

L  = r x p
  

  
L  = r x  p
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(c) Deduce the relation between torque  and angular momentum L

(Hint: The rate of change of angular momentum is torque.

dL
dt

 

2. You are given a ring, solid cylinder and solid sphere. Allow them to roll down in an inclined plane

simultaneously. Observe their motion. Which body reach the ground first give reason?

3. Moment of inertia of some regular bodies are given match them.

. (i) Circular ring about its own axis.

(ii) Disc about its on axis.

(iii) Hollow sphere about its own axis.

(iv) Solid cylinder about its own axis.

(v) Solid sphere about a diameter

4. A dancing girl is rotating in a turn table with her hands stretched, and while rotating she folds her

hands.

(a) The physical quantity which is conserved is ......................

(b) What happens to her moment of inertia?

(c) Is there any change in her angular velocity?

(d) Relate the two quantities, moment of inertia and angular velocity?

B. (i)  I = 22
5
MR

(ii) I = MR2

(iii) 
2MRI = 

2

(iv)  I = 
22

3
MR

(v)  I = 
2

2
M R

A.
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Solutions
Systems of particles and Rotational Motion

1.

(a) Torque = Force x  r distance

. sinF r 

 = r x F
 

(b) L  = r x p
  

(c)  dL d dr d pr P P r
dt dt dt dt

     
    

= 0v mv r F r F       
     

  
dL
dt



2.  Solid sphere. Body with high radius of gyration will have less velocity.

3.

(i) MI of circular ring = MR2

(ii) DISC = 
1
2  MR2

(iii)  Hollow sphere = 
2
3 MR2

(iv) Solid cylinder = 
1
2  MR2

(v) Solid sphere = 22
5
MR

4.

(a) Angular momentum.

(b) Moment of inertia decreases.

(c) Angular velocity increases.

(d) I1 1  = I2 2

I1 1 moment of inertia and angular velocity of the dancing girl with her hands stretched.

I2 2 , the moment of inertia and angular velocity of the dancing girl with her hands unstretched.
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Chapter - 7
Gravitation

I. Kepler’s Laws of planetary Motion.

• 1st law - law of orbits.

All planets move in elliptical orbit with the sun at one of the focii.

• 2nd law - law of areas.

Areal velocity of the planet = constant.

• 3rd law - law of periods.

2  3a
T = time period, a - semi major axis

II. Newton’s Universal Law of Gravitation

• F = 1 2
2= Gmm
r

• Dimensional formula for G is M-1 L3 2

• Gravitational force is always attractive.

• Acceleration due to gravity (g) is the acceleration of a freely falling body due to gravitational

force of attraction.

• ‘g’ is independent of mass of the body.

• ‘g’ decreases with altitude (h) from surface of earth.

• ‘g’ decreases with depth (d) from surface of earth.

• ‘g’ is zero at the centre of the earth.

• ‘g’ is maximum at the poles and minimum at the equator. (on the surface of the earth)

S - Sun

P - Planet

AB - Major axis

CD - Minor axis

G - gravitational constant

m1, m2 = masses

r - distance between the centres of the masses

G = 6.67 x 10-11   Nm2 kg-2

• •

•

A B
S a

D

F1

P

F2

C



36

Physics Class
XI

36 Samagra Shiksha Kerala

III. Escape velocity

The minimum velocity with which a body is to be projected so that it escapes from the

gravitational field of earth.

• escape velocity of the earth = 11.2 kms-1

IV. Orbital velocity

Velocity with which a satellite revolves round the earth in a particular orbit.

• vo =  
GM
r

 where r = R+h

For a satellite, very close to earth r = R    vo  =  
GM gR
R



G = gravitational constant

M = mass of earth

g = acceleration due to gravity

R = radius of the earth

Activities

1) When we throw a stone into air, it returns to the earth. But when we increase the velocity of the

stone, for a particular velocity it may leave the gravitational field of earth.

(a)  Name the velocity

(b) Derive the equation for the above mentioned velocity.

(c) A light stone and a heavy rock are to be projected from earth to space. Say whether the

velocity is same or different in doing so? Why?

2) A planet orbits the sun in an elliptical orbit.

(a)

(b) By which law do you arrive at the above answer?

(c) Which physical quantity of the planet remains a constant throughout the motion?

(i) angular momentum (ii) linear momentum.

Velocity of the planet is greater/less at the

point A than at B?• sunA B• •
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(3) Variation of ‘g’ at different places

‘g’  at a height (h) above

earth’s surface

(a) gh = ............... ‘g’ decreases with ‘h’

‘g’ at a depth (d) below the

earth’s surface

(b) gd ...................... (c)  ‘g’...................... with  ‘d’

‘g’ on the surface of earth
2

GMg
R


(d) ‘g’ is minimum at
equator and maximum
at .........

4)  R = radius of the earth, g = acceleration due to gravity, G = gravitational constant.

A body of mass ‘m’ falls freely under gravity near the surface of earth.

(a) What is the acceleration of this freely falling body called?

(b) Derive the relation between acceleration due to gravity (g) and gravitational constant (G)

(c) If the body is taken to moon’s surface will the acceleration increase or decrease?

(d) A ball can bounce on the surface of moon to a height 6 times more than that on earth. Why?

5) (a) Draw graph showing variation of ‘g’ with depth and height from the surface of earth.

(b) What is the weight of a body at the centre of the earth.

(c) Where is weight of a body is maximum

(i)  at the poles (ii) at the equator.

(d) If G = 6.67 x 10-11 N m2 kg-2  and g = 9.8 ms-2   find mass of the earth. Given radius of earth is

     6.4 x 106m



38

Physics Class
XI

38 Samagra Shiksha Kerala

Solutions

Gravitation

1. (a) Escape velocity

(b) Total energy near the surface of earth T.E = K.E+PE

T.E = Total energy

K.E = Kinetic energy

P.E = Potential energy.

K.E = 21
2 emv , ve = escape velocity

m = mass of the body.

P.E = 
GMm
R



G = gravitational constant

M = mass of the earth

R= radius of the earth.

At infinity, T.E = 0

Applying Law of conservation of energy.

210
2 emv  - 

GMm
R

21
2 emv  = 

GMm
R

2
e

GMV
R



(c) Velocity is same escape velocity ve = 
2

e
GMV
R



M = Mass of earth.

ie, escape velocity does not depend on mass of the body which is projected to space.

2.

(a) Greater. Velocity will be greater at points nearer to the sun than at points farther away from the
sun.

(b) Kepler’s second law

(c) (i) angular momentum
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3.

(a) gh = 
2(1 )hg
R



(b) gd = g 1 d
R

  
 

(c) decreases

(d) poles

4.

(a) acceleration due to gravity.

(b) F = mg = 2
GMm
R

F = gravitational force of attraction on a body of mass ‘m’ placed on the surface of the earth.

g = acceleration due to gravity.

G = gravitational constant

M = Mass of the earth

R= radius of the earth.

 2
GMg
R



(c) decrease

(d) Acceleration due to gravity at moon is 
1
6

th

 of that on earth.

5)

(a)

(b) Zero

(c) at the poles

(d) g = 2
GM
R  , 

2gRM
G

  = 
6 2

11
9.8 (6.4 10 )

6.67 10
kg

 


 24= 6.02 10 kg

inside the earth outside the earth

distance from the centre

g

o R
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Chapter - 8
Mechanical Properties of Solids

Stress : 
Force
Area

Strain : 
Change in dimension
orginal dimension

• Hookes law : 
stress
strain  = k, constant called modulus of elasticity..

• Youngs modulus Y = 
longitudinal stress
longitudinal strain ( )

FL
a L




• Bulk modulus B = 

Hydraulic stress
Hydraulic strain  ( )

P
V
V




• Rigidity modulus or shear modulus G = 
shearing stress

shearing strain  ( )
F
A



Activities

1. A rod has radius 8 mm and length 1.5 m. A 80 kN force stretches it. Calculate.

(a) Stress (b) elongation (Youngs modulus of steel is 112 10 2Nm )

2. Steel wire and rubber wire has same length and same cross sectional area, which one is more

elastic?

3. Sag of (bending) of beam at the centre is  
3

34
WL
bd Y

 

W= load

L = length of the beam

b = breadth of the beam

d = depth of the beam

Y = Youngs modulus of the beam.

Which of the following methods are employed to reduce sag ( ).

(a) increase b

(b) increase d
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(c) use large value of material of Y

(d) increase L

(e) increase W

From the above five cases which is more suitable?

4. In the construction of bridges and buildings  shaped girders are used.

    Give the importance of choosing the shape of  .
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solutions
Mechanical Properties of Solids

1. Stress = 
Force
Area  = 

F
A

= 
3

3 2
80 10

3.14 (8 10 )
N



 

2m  = 2
80000

3.14 (0.008)

=3.98 x 108 N/m2

elongation  ( )
FLY
a L


  , 

FLL
Ya

 

380×10 ×1.5ΔL = -3 2 113.14×(8×10 ) ×2×10

3= 2.98 x 10   m = 2.98 mm

2. Steel.

For the same stress applied, steel has less strain.

3. Increase b, d & Y.  To increase d is more suitable.

4.

To reduce sag (bending of beam), increase depth ‘d’ rather than breadth ‘b’ since sag is

proportional to d-3. If the girder is in the shape of  .

d

b (a)

reduces the weight of the beam and also reduces the material without reducing bearing capacity of

the beam.

d

b
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Chapter - 9
Mechanical Properties of Fluids

Thrust

It is the total normal force acting on the surface.

Pressure

Pr thrustessure
area



SI unit - newton/(metre)2 or pascal (Pa)

Pascal’s Law

When a pressure is applied in a liquid at a point, it is transmitted to all other points equally in the

liquid.

Hydraulic lift, hydraulic brakes etc work on Pascal’s law.

Atmospheric pressure

The gaseous air column surrounding the earth is called the atmosphere. The pressure exerted by

this air column is called atmospheric pressure.

Normal atmospheric pressure at sea level is equivalent to the pressure of 76 cm of Hg.

1 atm  = Pressure exerted by 76 cm of Hg = 1.013 x 105 Pa

Surface Tension

It is defined as the tangential force acting per unit length perpendicularly on an imaginary line

drawn on the liquid surface.

Angle of contact.

The angle between the tangent to the liquid surface at the point of contact and the solid inside

the liquid is called angle of contact.

Angle of contact is acute  90 for water with glass.

Angle of contact is obtuse  90  for mercury with glass.

Viscosity
The property of fluids by virtue of which the flow of fluid layers are opposed is called viscosity.

Viscous force
The tangential force between adjacent layers of the fluid is called viscous force.
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dvF A
dx



  = coefficient of viscosity

A = area of liquid layer

dv
dx  = velocity gradient.

Stoke’s formula

6 tF av

tV  - terminal velocity..

Equation of continuity
The volume of the liquid flowing through any cross section, (irrespective of area of cross section

of a pipe) in ‘t’ second will be the same.

av = constant.

Bernoulli’s theorem
In a streamline flow of non viscous fluid the sum of kinetic, potential and pressure energy per

unit mass remains constant.

2

2
P V h
g g
   = constant

Activities

1. (i) A solid cylinder is placed inside a liquid as shown in figure. The pressure acting on the

cylinder at point. A, B and C will be

a) highest at A b) lowest at A

c) highest at B d) Same at A, B & C

(ii) I atm = ........................ Pa

(iii) Pressure exerted by a liquid varies with .......................

2.

(i) The working principle of hydraulic lift.

The force acting on the large piston.

F2 =

A

C

B
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3. A liquid is coming through a small hole at a depth h below the liquid surface. A ball is dropped

from a height ‘h’. Its velocity on reaching the ground is 2gh

(i)   What is the velocity of the liquid?

(ii)  Write down Torricelli’s law.
4.   How does an aeroplane get lifted?
5.   Explain Magnus effect.
6.   Define viscosity.
7.   What is terminal velocity?
8.   Write down Stoke’s formula.
9.   Define surface tension.
10. Distinguish between surface tension and surface energy. How are they related?
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solutions
Mechanical Properties of Fluids

1     (i) highest at A
(ii)    1atm=1.013x 10 5 Pa
(iii)    depth from the top of the liquid surface

2 (i)  Pascal’s law
(ii)    F2= F1 A2/A1

3    (i)    v= 2gh

(ii)  The velocity of efflux through a hole at a depth “h’’ will be equal to velocity gained by a freely

  falling body when it travels a distance ‘h’   v= 2gh
4    When the aeroplane moves forward, the air blown in the form of streamlines over the wings of

the aeroplane as shown in the figure.

As the upper surface of the wing is curved than its lower surface,  the speed of air above the wings
is greater than the air below the wings. Hence the pressure above the wings will be less than
pressure below. Due to this pressure difference,  the aeroplane will get an upward force to overcome
the gravitational force.
5 Magnus effect:  When a ball is thrown in a spinning state,  it moves in a curved path rather than

in a  straight line. This phenomenon is called Magnus effect. This is according to Bernoulli’s
principle.

6 Viscosity is the property of a fluid by virtue of which it opposes the relative motion between two
successive layers. It may be considered as the frictional force in fluids.

7   The uniform velocity with which a sphere falls in a viscous medium is called terminal velocity.
8 Stoke’s formula
    mg= 6 tav

    34 ( ) 6
3

  ta g a v    

9 Surface tension is the force acting on unit length of an imaginary line drawn on the liquid surface.
Surface of every liquid acts like a stretched elastic membrane due to surface tension

10 Surface energy is the potential energy per unit area of the liquid surface
     Surface tension is numerically equal to Surface energy.
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Chapter - 10
Thermal Properties of matter

1. Temperature - average KE of molecules.

2. Heat - Total KE of all the molecules.

3. Important temperature scales.

a) Celsius scale - (C)

b) Fahrenheit scale (F)

c) Kelvin scale (K)

4.Relation connecting the scales of temperature.

a) 
32

5 9

C F 


b) 0 (273 )t c t K 

5.Expansion of solid - When temperature of a solid increases, its length, area and volume changes.

a) Linear expansion of solid.

When a metal rod is heated its length increases.

Increase in length

T   . (   - original length)

T    .   - change in length

 - coefficient of linear expansion. (linear expansivity)

T
 








b) Superficial expansion - Surface area of  a solid increases when the themperature increases.

Increase in area.

A A T  A - original area.

  AA T  T  - rise in temperature .

  - coefficient of superfical expansion. (Superficial expansivity)

  = 
A

A T
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(c) Cubical expansion - When a body is heated its volume increases.

Increase in volume V V T

     T

T








V - Original volume

T - rise of themperature

6. Relation between  , ,  

2 3
   

7. Expansion of liquid.

Liquid has two expansivities, apparent expansion and real expansion.

r  = a  + r r  - real expansion.

a  - apparent expansion

r -     expansion of the vessel.

8. Heat capacity - Quantity of heat required to rise the temperature of a body through one kelvin.

9. Specific heat capacity - Quantity of heat required to rise the temperature of unit mass of a

substance through one kelvin.

10. Change of state - Change from solid to liquid is known as fusion (melting) liquid to solid is

solidification (freezing) change from liquid to vapour is vapourisation and vapour to liquid is

condensation change from solid to vapour is sublimation.

11. Latent heat - Amount of heat required for the change of state of unit mass of a substance is

called latent heat.

Q = mL m - mass of a substance.

L = Qm L - latest heat

Q - quantity of heat.

12. Heat transfer   three different modes.

1) Conduction 2) Convection 3) Radiation.

13) Conduction - heat transfer without the translatory motion of the molecules.

Temperature gradient - rate of change of temperature with distance.

Coefficient of thermal conductivity of a substance.

 Q   A  1 2 t
d
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Q  - quantity of heat - 1 2

d
 

 - temperature gradient

t = time for conduction.

1 2Q KA t
d

    
 

K - Coefficient of thermal conductivity.

 K = 
1 2( )
Q d

A t 



14. Convection - heat transfer by actual motion of the matter (molecules)

15. Radiation - mode of transfer of heat without a  medium.

16. Specific heat of a gases.

   Gas has two specific heats.

a) Specific heat at constant pressure (CP)

b) Specific heat at constant volume(Cv)

Amount of heat required to rise the temperature of unit mass of the gas through one kelvin

either by keeping the volume constant or by keeping pressure constant.

17. If there is a volume change, there is work done.

18. Mayers relation Cp-Cv = R

19. Ratio of specific heat P

V

C
C



20. Anomalous expansion of water.

Water is heated from 00 C, it contract upto 40 C and then expands as the temperature rises beyond 40C.

21. Newton’s law of cooling.

rate of cooling 2 1( )  
dQ k T T
dt

 Activities

1. A patient is admitted to hospital. The temperature of the patient is measured to be 98.40 F.

a) What is meant by temperature?

b) Convert the temperature 98.40F to centigrade and kelvin.

2. Can you say why small gap is left between the walls when huge buildings are made?
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3. Pendulum of a clock is made of invar. Why?

4. Why is mercury chosen as suitable thermometer liquid?

5. Cooking vessels are provided with wooden handle. Why?

6. Specific heat capacity of water is 4186 1 1Jkg K
   what is meant by this?

7. Why CP > Cv ?

8. In winter, metals are colder to touch. Why?

9.  White clothes are preferred during summer. Why?

10. Why burns by steam at 1000C is more dangerous than that by water at 1000C ?

11. What is the reason for wind system in atmosphere?
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Solutions

Thermal Properties of matter

I) a) It is the average kinetic energy of the molecules of the substance.

b) 36.90 C,  309.9K

2. To avoid breaking of the wall due to thermal expansion during summer.

3. Invar has low coefficient of linear expansivity. Thus the pendulum can keep the correct time.

4. For mercury, expansion coefficient is uniform for a wide range of temperature. Mercury has high

thermal conductivly and it does not wet glass and has shining surface.

5. Wood is a poor conductor of heat. Hence hot utensils can be held with the wooden handle.

6. The amount of heat energy required to rise the temperature of one kg of water through one kelvin

is 4186J.

7. By keeping the volume constant, heat supplied is utilised only for increasing the internal energy.

But by keeping the pressure constant, heat supplied is used for increasing the internal energy

and for doing external work. So Cp is greater than Cv.

8. In winter the temperature of the metal is less than the temperature of human body. Hence if we

touch the metal heat flows from our body. So we feel cool.

9. White clothes will not absorb much of radiant heat and hence temperature will not increase.

10. Heat content in steam is more than that at water at 1000 C. (1 kg of steam at 1000 C contain

  2.26 x 106 J heat more than 1 kg of water at 1000 C.)

11. Convection current in air.



52

Physics Class
XI

52 Samagra Shiksha Kerala

Chapter - 11
Thermodynamics

• Thermodynamic variables - Pressure (P), Volume (V), Temperature (T)

• First law of thermodynamics.

Q W   

  - Increase in internal energy..

W - External work done.

• Mayer’s relation CP - CV = R

• Thermodynamic process at constant temperature is called isothermal process.

• Equation for isothermal process  PV = a constant.

• Work done in an isothermal process  2

1

lnVW nRT
V



• Thermodynamic process in which no heat enter or leave the system is called adiabatic process.

• Equation for an adiabatic process  PV  = a constant

• Work done by an adiabatic process  W=    1 21
R


 



• Thermodynamic process in which volume remains constant is called isochoric process.

• Thermodynamic process in which pressure remains constant is called isobaric process.

• In a thermodynamic process, if there is no change in its internal energy, then it is called cyclic

process.

• A heat engine converts heat energy into mechanical work.

• Work done by a heat engine  W = Q1-Q2

• Efficiency of a heat engine 
1 2 2

1 1

1Q Q Q
Q Q

 
   21

1
T
T

 

• Second law of thermodynamics.

(i) Kelvin - Planck statement -

No process is possible whose sole result is the absorption of heat from a reservoir and the

complete conversion of the heat into work.
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(ii) Clausius statement -

No process is possible whose sole result is the transfer of heat from a colder object to a hotter

object.

• In Carnot cycle there are four operations - isothermal expansion, adiabatic expansion, isothermal

compression and adiabatic compression.

Activities

1. General thermodynamic process are given in table A and match the corresponding process

with table B

2. Thermodynamic process is occured in three system of gases A, B & C with certain temperature.

(a) The law involved in this system .............

(b) How A and B related in temperature?

(c) “The three systems A, B & C are in thermal equilibrium” (True/False)

1

2

3

4

5

6

Quasistatic

Isothermal

Adiabatic

Isochoric

Isobaric

Cyclic

Constant volume

No heat enter or leave

Constant pressure

No change in internal energy

Very slow

Constant temperature

Table A Table B

 conduct-
ing wall

Adiabatic
wall
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4. Carnot cycle is shown in the graph.

(a) Name the processes

AB, BC, CD, DA

(b) Work done in this process is ............................

(c) The temperature between A to B

(Increase, Decrease, same)

(d) The temperature between D to A

(Increase, decrease, same.

5. A heat engine absorbs heat from a source of temperature 900 C and releases to a sink of

temperature 360C calculate its efficiency?

2

1

int : 1 TH
T


 

  
 

A

B

CD

3. Fill in the blanks.

Isothermal Adiabatic

Equation        .......................................          PV   constant

Work done           .......................................

Internal energy         ................................         Change

Isothermal Adiabatic

2

1

ln VRT
V
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Solutions
Thermodynamics

1.

2.

(a) Zeroth law of thermodynamics.

(b) Both have the same teperature

(c) True

3.

Table A Table B

1. Quasi-static Very slow

2. Isothermal constant temperature

3. Adiabatic No heat enter or leave

4. Isochoric Constant volume

5. Isobaric Constant pressure

6. Cyclic No change in internal energy

Isothermal     Adiabatic

Equation    PV = constant PV   Constant

work done   
2

1

lnVRT
V

  1
R

    1 2T T

Internal energy No change changes

4.

(a) AB - Isothermal expansion

BC - Adiabatic expansion

CD - Isothermal compression

DA - Adiabatic compression

(b) W = 1 2Q Q

(c) Same

(d) Increase

5. T1 = 90 + 273 = 363 K

T2 = 36 + 273 = 309 K

2

1

1 T
T

    = 1-
309
363

 0.1488 = 14.88%
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Chapter - 12
Kinetic Theory

• Ideal gas equation is PV = nRT

• Pressure of an ideal gas 
21

3
mnvP

• Energy associated with each degree of freedom E = ½ kBT

• Mean free path 2

1
2 nd



• The relation between Cp and CV is CP - Cv = R

• Energy of one mole of a monotomic gas

3
2
RT

• Energy of one mole of a diatomic gas

5
2
RT

•  The ratio between Cp and Cr is

   
Cp
Cv



Activities

1.

(a) The Avagadro’s number NA is ...............

(b) When does a real gas approach to ideal behaviour?

(c) The value of gas constant R is ...............

(d) The ratio of R to NA is called Boltzmann constant kB.

Then kB =....................

2.

(a) Write down five postulates of the kinetic theory of gases.

(b) “Collision between gas moleculeis elastic”. The statement is (True/False).
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3. The elastic collision of a gas molecule with the wall of the container is shown in figure.

(a) Change in momentum of the molecule is .............

(Molecule of mass m, velocity v)

(b) Does it have the same average speed in all the three directions?

(c) The pressure of an ideas gas in

1
3

P n m 2v

  What do the terms n, m & v  represent?

(d) When the temperature is increased the energy is also increased, write down the relation.

4. By the law of equipartition of energy, each degree of freedom of a gas molecule is same.

Complete the table.

Monoatomic
3
2

E RT cv = ........ cp = ........ 5
3

 

Diatomic       E = .......... Cv = 
5
2
R Cp = 

7
2
R       = ..........
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5. Gas molecules are free to move and can be represented as shown in figure.

(a) What is d in figure

(b) What happens to the gas molecule when the temperature is increased?

(c) The distance travelled by the gas molecule between collision is called.........
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Solutions
Kinetic Theory

1.

(a) NA = 6.02 x 10 23

(b) At low pressure and at high temperature.

(c) R = 8.31 J mol-1 K-1

(d) kB = 1.38 x 10-23 JK-1

2.

(a) (i) A given amount of gas is a collection of a large number of molecules.

(ii) The interaction between the molecules is negligible.

(iii) The molecules collide each other and with the walls of the container.

(iv) The molecules of a gas are in incessant random motion.

(v) The collisions are considered to be elastic.

(b) True

3.

(a) 2mv

(b) Same

(c) n - numberof molecules per unit volume

m - mass of the molecule

V
 - average speed of gas molecule

(d) E = 
3
2 Bk NT

4.
Monoatomic

3
2

E RT cv = 
3R
2 cp = 

5R
2

5
3

 

Diatomic            E = 
5RT

2
Cv = 

5
2
R Cp = 

7
2
R

7
5



5.

(a) d - diameter of the molecule  (b) The kinetic energy of gas molecules becomes high

(c) Mean free path
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Chapter - 13
Oscillations

1. Periodic motion.

A  motion which repeats at regular intervals of time.

2. Harmonic motion.

To and fro motion of a body about a mean position.

3. Period - Smallest time interval after which a periodic motion is repeated, 
t

T
N



4. Frequency - No. of repetitions per socond f = 1


5. Angular frequency - 
2
T
 

6. Simple Harmonic Motion.

The type of motion in which the force is directed towards the mean position and is proportional to

the displacement of the oscillating particle.

7. Differential equation of simple Harmonic Motion is

  
2 2
2

d y
y

dt
  = 0                        where k

m 

8. Expression for displacement of Simple Harmonic Motion along x-axis and y axis.

 sinY A t  

 cosx A t  

  is the initial phase.

9. Velocity of Simple Harmonic Motion.

v A cos t

v = 2 2A y 

At the mean position y = 0,   v = AA        velocity is maximum.

At the extreme position y = A   v = 0 velocity is minimum.

10. Acceleration of S H M

2a = -Aω Sinωt
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a = 2y .

At mean position y = 0 a = 0

At extreme position y = A  2 a A
11. Oscillation of the spring.

Load & extension

F

F k  , k =  
mg


Period T = 2
m
k



12. Energy of S H M.

(a) P.E = ½  k 2x  = 2 21
2
m x

(b) K.E = ½ k(A2 - 2x ) = ½ m 2 2 2( )A x 

(c) Total energy = PE + KE

E = ½ 2 2 21
2

m A kA 

13. Simple pendulum.

F  = -mg Sin 

F = -mg   (if   is very small)

  = 
x
l

xF mg
l

  

m
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Acceleration = 
F
m

a = - 
2g x x

l


a x 

So motion is simple harmonic period T = 2
l
g



Activities
1. Identify periodic motion and oscillatory motion from the following examples.

a) Motion of a mass attached to a spring.

b) The motion of a piston in an automobile.

c) Prongs of a tuning fork.

d) Revolution of earth around the sun.

e) Heart beat of healthy person.

2. Identify the periodic motion from the following figures.

(i) (ii)

(iii)
(iv)
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3. Fill in the blanks

4.

(a) A tunnel is set up through the centre of the earth and a stone is dropped into it. What happens
to the stone?

(i) It will escape through the other end of the tunnel.

(ii) It will return to the thrower’s hand.

(iii) It will execute SHM.

(b) Write the period of oscillation of the stone in the above case.

6400 l R  Km, radius of earth & g = 10 ms-2

5. The bob of a simple pendulum made of wood. What will be the effect on the time period if the
wooden bob is replaced by an identical bob of aluminium.

6. A pendulum clock is taken to moon, Will it gain or lose time?

7. Babu is swinging on a swing in the sitting position. How will the period of the swing change if
Babu stand up?

Kinetic energy Potential energy Total energy

Extreme position E = 0 Mean position E = .............. TE  never zero

O

TE

-A O A

E

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

K.E = ½ m 2 2 2( )A x  P.E = ½ m 2 2x
T.E = .........................

(a)

(b)

(c)
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Solutions
Oscilation

Activities
1)

(a) Periodic motion

(b) Oscillatory motion.

(c) Oscillatory motion.

(d) Periodic motion.

(e) Periodic motion.

2)
(a)   (iii) and (iv)

3)

(a) 2 21
2
m A

(b) 0

(c)

4)
(a) It will execute S H M.

(b) 2
g

 


= 
36400 102

10
 

= 5024 sec.

5) No change in time period.

6) At the moon g is less than g at earth.

2T
g




Time period becomes larger. So it takes more time to swing. Hence it loses time.

7) When Babu stands up, length of the pendulum is reduced.(Centre of gravity is raised)

As T  , period is decreased.

E

O-A +A
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Chapter - 14
Waves

I. Mechanical waves are classified into

(1) longitudinal wave (2) transverse wave.

Transverse wave:-

1) Particle of medium vibrate perpendicular to the direction of propagation of wave.

2) The wave travels in the form of crests and troughs.

3) One crest and one trough constitute one wave.

4) These waves can be produced only in solid and on the surface of liquid.

Longitudinal wave.

1) The particle of medium vibrate parallel to the direction of propagation of the wave.

2) The wave travels in the form of condensation and rarefaction.

3) One condensation and one rarefaction constitute one wave.

4) The wave can be formed in any medium : solid, liquid or gas.

II. Relation between frequency (f) velocity (v) and wave length.

v = f 

III. Speed of transverse wave in a stretched string

 Tv 

T - tension of the string.

  - mass per unit length (linear mass density)

IV) Speed of longitudinal wave.

General expression v



    E - modulus of elasticity.

  - density

1) Solid  v
Y
       Y = Young’s modulus

2) liquid v = 
B
     B - bulk modulus
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3) gas v = 
P
    P - pressure exterted by the gas

Newton’s formula v = 
P


4) Laplace correction v = 
P
      =  

p

v

c
c - ratio of sp: heat.

V) Interference of wave.

Path difference 2 1S P S p  

1) Constructive interference.

   
2

2
n n    n = 0, 1, 2, 3 ......

Path difference is even mutiple of  2


2) Destructive interference

path difference  is odd multiple of   2


 2 1 ,
2

n     n = 0, 1, 2, 3

VI) Stationary wave:- When two waves of same frequency  and amplitude travel in opposite
   direction in a straight line at the same speed their superposition gives rise to a stationary wave.

node - position of zero displacement  - Distance between two successive nodes 2




Antinode - Position of maximum displacement.

Distance between node and antinode 4



VII) If a system is capable of vibrating a number of frequencies f1, f2, f3 etc. such that f<f1, <f2 <f3
......................

F      fundamental frequency..

P

S2

S1
•

•

•
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f1, first overtone

f2 - second overtone ...........so on.

All  the overtones are integral multiples of fundamental frequency.

VIII) Transverse vibration of stretched string.

IX) Closed pipe

X) Open pipe

Frequency ratio

 f1:f2 :f3 = 1 : 2 : 3

(b) Its progressive wave.

1) Factors affecting the velocity of sound in air.

Effect of pressure.


pv 
    

P
  is constant. Hence velocity of sound independent of change of pressure.

2) Effect of temperature


RTv
M

 ,  V  T

3) Effect of humidity

v = 
P
  , v   

1


Density of water vapour is less than density of dry air.

Equation of a harmonic wave.

Y = A sin ( t-kx + )

Velocity = k
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Activities

1. The speed of wave along a stretched string depends only on the tension and linear mass density

of the string and does not depends on the frequency of the wave.

(a) Give the equation of speed of transverse wave along a stretched string.

(b) A steel wire .72 m along has a mass of 5 x 10 -3 kg. If the wire is under a tension 60N, what is

the speed of transverse wave on the wire.

2. A sonometer wire vibrates in the second overtone.

1) Represent it pictorically.

2) How many nodes and anti nodes are there?

3. Sound wave produced by an open pipe contains.

1) Fundamental frequency only.

2) Odd harmonic only.

3) All harmonics.

4) Even harmonics only.

4. Sound wave produced by a closed pipe contain.

1) Fundamental frequency only.

2) Odd harmonic only.

3) All harmonics.

4) Even harmonic only.

5. Velocity of sound 
Pv 
 , explain why sound travels faster in moist air than dry air?

6. A string is attached between two points. The string is plucked at one end and released. The wave

will travel from one end to other end and reflect back.

a) What will be the name of resultant wave?

b) Draw the wave form.

c) Represent nodes and antinodes in the figure.

(d) What is the distance between two consecutive nodes or antinodes and what is the distance

between a node and next antinode?
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7. Classify the given examples into transverse and longitudinal wave.

1) Vibration of air column in organ pipe.

2) Vibration of string of a violin.

3) Vibration of the membrane of tabala.

4) Vibration of air column in resonance column.

8. A wave travelling along a string is described y (x, t) = 0.005 sin (80.0 x -3.0t)

Calculate (a) amplitude.

(b) Wave length (c) period and (d) frequency of the wave.
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Solutions

Waves

1. (a) V = T
 T   tension of string.

   mass per unit length.

(b)  
TV


  = 3
60

6.9 10

M
l

    = 
35 10

0.72


 = 36.9 10  kg

m

= 93 m s

2. (1)

(2) 4 nodes, 3 antinodes

3. All harmonics.

4. Odd harmonics.

5. Density of moist air is less than that of dry air. So sound travels faster in moist air than dry air.

6. (a) Stationary wave or standing wave.

(b) Refer Ans. 2 (1)

(c) Refer Ans. 2 (1)

(d) Distance between two nodes/antinodes 2,
  Distance between a nodes and the next antinod

4
  .

7. (1) transverse

(2) transverse

(3) transverse

(4) longitudinal

8. y = A Sin ( )kx 

a) A= .005 m

b)
2 80 k 


2 0.075
80

  m

c)
2 3 
T


2
3

T 
  =2.09 s

d) Frequency 
1


T



11 1 .478
2.09

   s
T



N
A

N
A N

A
N


