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Introduction :

Physics is the most basic science which deals with the study of nature and natural phenomena. 
It is learned in deep through observation of the phenomena of nature. Physics is exciting 

by analysing the basic concepts and laws which can explain the phenomena and also by carrying 
out new experiments to find the secrets of nature. We can understand the basic laws of physics 
through technology that can help the society to become more science oriented. Physics can also 
be designed as a branch of science dealing with the study of properties of materials. To understand 
the properties the measurement of physical quantities such as length, mass, time etc., are to 
be studied. These physical quantities are measured and expressed in units. They are expressed 
in the form of the equations. Errors and approxiation are required to study and express these 
quantities. SI system is considered to be the standard system to express the quantities and units.

Important formulae

1. 1 light year = 9.467 × 1015 m
Distance travelled by light in one year in vacuum
 = [velocity of light × 1 year in seconds]
 = 3 × 108 × 365.25 × 24 × 60 × 60 

2. 1 Astronomical unit = 1.49 × 1011 m

3. d = ct
2

    where d → distance of the moon from the earth, t → time interval, c → velocity of 
the laser pulse

4. Percentage Error  =  
∆x
x
×100%   where x → measuring quantity, D x → accuracy in measuring

5. Error = True value – measured value

6. s = ut at+
1
2

2   where s → displacement,  a → acceleration of the body,  t → time interval,   
u → initial velocity

7. T = 2π l
g

  where T → Time period of simple pendulum,  l → Length of the pendulum,   
g → acceleration due to gravity.

8. l = 
h

mv
 where l → Wavelength,  h → planck’s constant,  m → Mass,  v → Velocity

9. T = 
Pr
2   where T → Surface Tension,  P → Pressure,  r → Radius of the capillary tube.

Volume - I

nature of the physiCal 
world and measurement
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Sura’s  +1 Std - Physics  Volume I  Unit 1 3

)) The number of meaningful digits in a number is called the number of significant figures.

)) The uncertainty in the measurement of a physical quantity is called error.

)) Errors are classified as Constant errors, Systematic errors, Gross errors and Random errors.

)) Dimensions of a physical quantity are the powers to which the fundamental quantities must 
be raised.

)) Constants which possess dimensions are called dimensional constants. Eg. Planck’s constant.

)) The constants which do not possess any dimensions are called dimensionless constants.  
Eg. Strain.

)) An equation is dimensionally correct if the dimensions of the various terms on either side of 
the equation are same. This is called the principle of homogeneity of dimensions.

)) If A, B, C are dimensions of physical quantities, then the equation A + B + C is valid only if 
the dimensions are the same.

Self Evaluation

1.1 Which of the following are equivalent?
(a)  6400 km and 6.4 × 108 cm  (b)  2 × 104 cm and 2 × 106 mm
(c)  800 m and 80 × 102 m   (d)  100 μm and 1 mm [Ans: (a)]

1.2  Red light has a wavelength of 7000 Å. In μm it is   (Govt. Model Question Paper)
(a)  0.7 μm  (b)  7 μm (c)  70 μm  (d)  0.07 μm [Ans: (a)]

1.3  A speck of dust weighs 1.6 × 10–10 kg. How many such particles would weigh 1.6 kg?
(a)  10–10  (b)  1010 (c)  10  (d)  10–1 [Ans: (b)]

1.4  The force acting on a particle is found to be proportional to velocity. The constant of 
proportionality is measured in terms of
(a)  kg s–1  (b)  kg s (c)  kg m s–1  (d)  kg m s–2  [Ans: (a)]

1.5  The number of significant digits in 0.0006032 is
(a)  8  (b)  7 (c)  4  (d)  2 [Ans: (c)]

1.6  The length of a body is measured as 3.51 m. If the accuracy is 0.01 m, then the percentage 
error in the measurement is
(a)  351 %  (b)  1 % (c)  0.28 %  (d)  0.035 % [Ans: (c)]

1.7  The dimensional formula for gravitational constant is
(a)  M1L3T–2  (b)  M–1L3T–2 (c)  M–1L–3T–2  (d)  M1L–3T 2 [Ans: (b)]

1.8  The velocity of a body is expressed as v = (x/t) + yt. The dimensional formula for x is
(a)  MLoTo  (b)  MoLTo (c)  MoLoT  (d)  MLTo  [Ans: (b)]

1.9  The dimensional formula for Planck’s constant is
(a)  MLT  (b)  ML3T2 (c)  MLoT4  (d)  ML2T–1 [Ans: (d)]

1.10  _____________have the same dimensional formula
(a)  Force and momentum   (b)  Stress and strain
(c)  Density and linear density  (d)  Work and potential energy [Ans: (d)]
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6 Sura’s  +1 Std - Physics  Volume I  Unit 1

32.  The significant figure of 0.0026 is __________.
(a)  3 (b)  4 (c)  2 (d)  1 [Ans: (c)]

33.  Which of the following is a dimensional quantity?
(a)  density   (b)  velocity of light
(c)  specific gravity   (d)  gravitational constant [Ans: (d)]

34.  Identify the physical quantity which has dimension.
(a)  strain   (b)  angle 
(c)  gravitational constant  (d)  refractive index [Ans: (c)]

35. Which one of the following set have the same dimensional formula?
(a)  Force and momentum  (b)  Density and linear density
(c)  Light year and wavelength (d)  Stress and pressure [Ans: (d)]

36.  The number of significant figure in 0.00513250 is __________.
(a)  6 (b)  5 (c)  8 (d)  7 [Ans: (a)]

37.  The distance covered by the body in terms of t is s = ut at+
1
2

2 . The dimensions of u and 
a are 
(a)  LT–2, LT (b)  LT–1, LT–2 (c)  L, LT–1 (d)  LT–2, LT–1 [Ans: (b)]

38.  The velocity, v of a particle in terms of time t is v t
t

= A + B . The dimensions of A and B 
are__________.
(a)  LT–2, L (b)  LT2, LT (c)  L2T, LT (d)  L, LT [Ans: (a)]

Textual Questions

1.11  What is the role of Physics in technology?  5 Marks
The application of the doctrines in Physics for practical purposes is called technology. The 
technological applications of Physics are RADAR(Radio Detecting and Ranging). SONAR 
(Sound Navigation And Ranging), LASER (Light Amplification by Stimulated Emission 
of Radiation) and CAT (Computerised Axial Tomography)etc. In 1938, Hann and Meitner 
discovered neutron induced fission reaction of Uranium in which enormous energy is released. 
This is the basis of nuclear weapons and nuclear reactors. In the development of alternative 
resources of energy, physics provides a significant contribution.
For example, Production of electricity from solar energy and geothermal energy is a reality 
now. Another example of physics giving rise to technology is the integrated chip, popularly 
called as IC. Computers have become affordable now due to improved production techniques 
and low production costs.

1.12  Write a note on the basic forces in nature.  5 Marks
The basic forces in nature are gravitational force, electromagnetic force, strong nuclear force 
and weak nuclear force.
Gravitational Force : 
(i) It is the force between any two objects in the universe. It is an attractive force by virtue 

of their masses. By Newton's law of gravitation, the gravitational force is directly 
proportional to the product of the masses and inversely proportional to the square of the 
distance between them. 
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Sura’s  +1 Std - Physics  Volume I  Unit 1 7

(ii) Gravitational force is the weakest force among the fundamental forces of nature. But 
it has the greatest large-scale impact on the universe. Unlike the other forces, gravity 
works universally on all matter and energy, and is universally attractive.

Electromagnetic force : 
(i) It is the combination of electro-static and magnetic forces. It is the force between charged 

particles(electrons) or the force between two current carrying conductors. 
(ii) Electromagnetic force is very strong compared to the gravitational force. It is attractive 

for unlike charges and repulsive for like charges. It obeys inverse square law.
Strong nuclear force : 
   It holds to protons and neutrons together in the nucleus of an atom. It is the strongest of 

all the basic forces of nature. It has the shortest range of the order of 10–15 m.
Weak nuclear force : 
   It is important in certain types of nuclear process such as b-decay. It is not as weak as the 

gravitational force.
1.13  Distinguish between fundamental units and derived units.  3 Marks

S.No Fundamental units Derived units
1 Using fundamental units, fundamental 

quantities are measured
Using derived units, derived quantities 
are measured.

2 These units cannot be expressed in terms 
of other fundamental units.

These units can be expressed in terms of 
all fundamental units.

3 Examples : Metre, kilogram and second Examples: metre/second, newton/metre, 
kilogram metre/second.

1.14  Give the SI standard for (i) length (ii) mass and (iii) time.  5 Marks
(i) Length :
  The SI standard for length is metre.
  One standard metre is equal to 1 650 763.73 wave lengths of the orange-red light 

emitted by the individual atoms of krypton-86 in a krypton discharge lamp.
(ii) Kilogram :
  The SI standard for mass is kilogram.
  The kilogram is equal to the mass of the international prototype of the kilogram  

(a platinum-iridium alloy cylinder) kept at the International Bureau of Weights and 
Measures at Sevres, near Paris, France.

(iii) Time :
  The SI standard for time is second. One standard second is defined as the time taken for 

9 192 631 770 periods of the radiation corresponding to unperturbed transition between 
hyperfine levels of the ground state of cesium - 133 atom.  

1.15  Why SI system is considered superior to other systems?   3 Marks
(i)  The SI standards do not vary with time as they are based on the properties of atoms. SI 

system of units are coherent system of units. Further it is a rationalised system of units. 
(ii) The SI units have certain special features which make them more convenient in practice. 
(iii) Permanence and reproduceability are the two important characteristics of SI standards. 

Thus SI system is considered superior to other systems. 
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Sura’s  +1 Std - Physics  Volume I  Unit 1 13

Textual Problems

1.24 How many astronomical units are there in 1 metre?  2 Marks
Given data : 1 Astronomical Unit (AU) = 1.496 × 1011 m
Working : 1.496 × 1011 metre is equivalent to 1 AU

	\ 1 metre is equivalent to 1
1 496 1011. ×

 = 0.6684 × 10–11

   = 6.68 × 10–12 AU
Solution : \ In one metre, 6.68 × 10–12  astronomical units are present. 

1.25 If mass of an electron is 9.11 × 10–31 kg how many electrons would weigh 1 kg? 2 Marks
Given data : Mass of an electron = 9.11 × 10–31 kg
Working : 9.11 × 10–31 kg is the mass of 1 electron

\ 1 kg is the mass of 1
9 11 10 31. × −  electron = 0.10976 × 1031 electrons

   = 1.097 × 1030 electrons

Solution : \ 1.097 × 1030 electrons would weight 1 kg.

1.26 In a submarine fitted with a SONAR, the time delay between generation of a signal and 
reception of its echo after reflection from an enemy ship is observed to be 73.0 seconds. If 
the speed of sound in water is 1450 m s–1, then calculate the distance of the enemy ship.

 3 Marks
Given data : Speed of sound in water v = 1450 m s–1

  Time delay t = 73 s

Working : Distance of the enemy ship d vt

km

= = × =

=
2

1450 73
2

105850
2

52 925.  
Solution :      \ Distance of enemy ship = 52.925 km.

1.27 State the number of significant figures in the following:  3 Marks

 (i)  600900       (ii)  5212.0       (iii)  6.320       (iv)  0.0631       (v)  2.64 × 1024

Solution : No. Given number Number in significant figures
(i) 600900 4 (four)
(ii) 5212.0 5 (five)
(iii) 6.320 4 (four)
(iv) 0.0631 3 (three)
(v) 2.64 × 1024 3 (three)

1.28 Find the value of π2 correct to significant figures, if π = 3.14.  2 Marks
Given data : π = 3.14 
  π2 = 3.14 × 3.14  =  9.8596
Solution : The value of π2  =  9.86.
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20 Sura’s  +1 Std - Physics  Volume I  Unit 1
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2. Derive an expression for the Time Period of a simple pendulum dimensionally is the time 
period (T) depends on (i) mass (m)  (ii) length (l) of the pendulum and  (iii) acceleration 
due to gravity g at the plane.

(i.e.,)   T ∝
=
m l g
k m l g

x y z

x y z

  
T    

 ...... (1)
 ...... (2)

Quantity Dimension
T (period) T
k (constant) –
m (mass) M
l (length) L
g (Acceleration due to gravity g) LT–2

∴  T = Mx Ly (LT–2)z ...... (3)
M°L°T1 = Mx Ly Lz T–2z ...... (4)
Equating Powers,

x  =  0;      y + z  =  0;      –2z  =  1   ∴  z  =  − 1
2

    

    

x

y

z

=

∴ =

= −

0
1
2

1
2

equation (2) can be written as
1 1

2 2T    

or T

k m l g
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Introduction :

Mechanics is the branch of physics which can be broadly divided into Statics and 
Dynamics. Kinematics and Kinetics are the two branches of Dynamics. The body 

is said to be in motion if it changes in position relative to an object which is regarded as 
fixed. If the body moves about an axis which is regarded as fixed, then the motion is said to 
be rotatory. The concept of force, velocity, displacement, acceleration lead to understand the 
laws of motion and to device equations of motion. The scalar and vector make us to learn 
about one dimensional, two dimensional and three dimensional motion of an object. The force, 
momentum, law of conservation of momentum make us understand more about the working of 
a rocket. The rotational motion is necessary to understand the nature and natural phenomena. 
If the direction of motion changes continuously, the particle moves in a circular path. Common 
example is a planet going in its orbit around the Sun.

Work is said to be done on a body only when the body moves in a specific direction by the 
application of force. The term power is associated with the time interval. Energy is the capacity 
to do work.

Important formulae

1. Velocity = 
displacement

time taken
 = −s

t
m s 1

2. Acceleration = 
Change in velocity

time taken
 = ∆ −v

t
m s 2

3. v = u + at where  v → final velocity,  u → initial velocity,  a → acceleration

4. s = ut at+
1
2

2     where  s → displacement,  u → initial velocity,  a → acceleration

5. v2 = u2 + 2as  where  v → final velocity,  u → initial velocity,  a → acceleration,    
s → displacement

6. sn = ut a n+ −( )1
2

2 1     where  sn → distance traveled in nth second,  u  → initial velocity,   
a  → acceleration

7. The triangle law of vectors
P Q R

sin sin sinb a
= =

°−( )180 θ

KinematiCs2UN
IT

[21]
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24 Sura’s  +1 Std - Physics  Volume I  Unit 2

Important terms

)) Mechanics is the branch of physics which deals with the bodies when they are at rest or motion.

)) Statics and Dynamics are two branches or mechanics in which statics deals with the bodies 
which are at rest and Dynamics deals with the bodies which are in motion.

)) Kinematics and Kinetics are subdivisions of Dynamics, in which Kinematics deals with the 
moving bodies without considering the force causing motion and Kinetics deals with the moving 
bodies considering the forces acting.

)) A particle is ideally a piece or a quantity of matter, having practically no linear dimensions 
but only a position.

)) When a body does not change its position with respect to time, then it is said to be at rest.

)) Motion is the change of position of an object with respect to time.

)) The three classification of motion are (i)  Motion in one dimension,  (ii)  Motion in two dimensions 
and  (iii)  Motion in three dimensions.

)) The total length of the path is the distance travelled by the particle and the shortest distance 
between initial and final position of a particle is called displacement.

)) Speed is the distance travelled in unit time and it is scalar quantity where as velocity is the rate 
of change of displacement which is a vector quantity.

)) The particle is said to move with uniform velocity if it moves along a fixed direction and covers 
equal displacements in equal intervals of time, however small the time intervals may be.

)) If the magnitude or the direction or both of the velocity changes with respect to time, the particle 
is said to be under acceleration. It is defined as the rate of change of velocity.

)) If the velocity changes by an equal amount in equal intervals of time, however small these 
intervals of time may be, the acceleration is said to be uniform.

)) If the velocity decreases with time, the acceleration is negative. The negative acceleration is 
called deceleration or retardation.

)) A particle is in uniform motion when it moves with constant velocity (i.e) zero acceleration.

)) The scalar quantities have magnitude only (Eg.) Speed, Work, Energy etc. The vector quantities 
have both magnitude and direction (Eg.) displacement, velocity. acceleration etc.

)) Equal vectors, Like vectors, Opposite vectors, Unlike vectors, Unit vector, Orthogonal unit 
vectors, Null vector or zero vector, Proper vector, Co-initial vectors and Coplanar vectors are 
different types of vectors.

)) If two vectors are represented in magnitude and direction by the two adjacent sides of a triangle 
taken in order, then their resultant is the closing side of the triangle taken in the reverse order.

)) If two vectors acting at a point are represented in magnitude and direction by the two adjacent 
sides of a parallelogram, then their resultant is represented in magnitude and direction by the 
diagonal passing through the common tail of the two vectors.

)) A body thrown with some initial velocity and then allowed to move under the action of gravity 
alone, is known as a projectile.

)) The angle between the initial direction of projection and the horizontal direction through the 
point of projection is called the angle of projection.

)) Range of a projectile is the horizontal distance between the point of projection and the point 
where the projectile hits the ground.
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2.3  The displacement of the particle along a straight line at time t is given by,  
x = a0 + a1t + a2t

2 where a0, a1 and a2 are constants. The acceleration of the particle is
(a)  a0 (b)  a1 (c)  a2  (d)  2a2 [Ans: (d)]

2.4  The acceleration of a moving body can be found from:
(a) area under velocity-time graph (b) area under distance-time graph
(c) slope of the velocity-time graph (d) slope of the distance-time graph [Ans: (c)]

2.5  Which of the following is a vector quantity?
(a) Distance (b) Temperature (c) Mass (d) Momentum 
 [Ans: (d)]

2.6  An object is thrown along a direction inclined at an angle 45° with the horizontal. The 
horizontal range of the object is
(a) vertical height   (b) twice the vertical height
(c) thrice the vertical height (d) four times the vertical height [Ans: (d)]

2.7  Two bullets are fired at angle θ and (90 – θ) to the horizontal with some speed. The ratio 
of their times of flight is
(a) 1:1 (b) tan θ :1 (c) 1: tan θ (d) tan2 θ :1 [Ans: (b)]

2.8  A stone is dropped from the window of a train moving along a horizontal straight track, 
the path of the stone as observed by an observer on ground is
(a) Straight line (b) Parabola (c) Circular (d) Hyperbola 
 [Ans: (b)]

2.9  A gun fires two bullets with same velocity at 60° and 30° with horizontal. The bullets 
strike at the same horizontal distance. The ratio of maximum height for the two bullets 
is in the ratio
(a) 2 : 1 (b) 3 : 1 (c) 4 : 1 (d) 1 : 1  [Ans: (c)]

2.10  Newton’s first law of motion gives the concept of
(a) energy (b) work (c) momentum (d) Inertia [Ans: (d)]

2.11  Inertia of a body has direct dependence on
(a) Velocity (b) Mass (c) Area (d) Volume [Ans: (b)]

2.12  The working of a rocket is based on
(a) Newton’s first law of motion (b) Newton’s second law of motion
(c) Newton’s third law of motion (d) Newton’s first and second law [Ans: (c)]

2.13  When three forces acting at a point are in equilibrium
(a) each force is equal to the vector sum of the other two forces.
(b) each force is greater than the sum of the other two forces.
(c) each force is greater than the difference of the other two force.
(d) each force is to product of the other two forces. [Ans: (a)]

2.14  For a particle revolving in a circular path, the acceleration of the particle is
(a) along the tangent   (b) along the radius
(c) along the circumference of the circle (d) Zero [Ans: (b)]

2.15  If a particle travels in a circle, covering equal angles in equal times, its velocity vector
(a) changes in magnitude only (b) remains constant
(c) changes in direction only (d) changes both in magnitude and direction
 [Ans: (c)]
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54. The kinetic energy of a body of mass 2 kg and momentum of 2 N is __________.
(a)  1 J (b)  2 J (c)  3 J (d)  4 J [Ans: (a)]

Textual Questions

2.21  Compute the (i) distance travelled and (ii) displacement made by the student when he 
travels a distance of 4 km eastwards and then a further distance of 3 km northwards.

 2 Marks
Total distance travelled = 4 + 3  =  7 km 

O A

3 km

4 km

B

  Displacement = 4 32 2+

   = 16 9 25 5+ = =  km

  tan θ = 
3
4

0 75= .

Displacement is 5 km due north.
2.22  What is the (i) distance travelled and (ii) displacement produced by a cyclist when he 

completes one revolution?  2 Marks
When a cyclist completes one revolution, 
(i) distance travelled is equal to the perimeter of the circular path. 
(ii) The displacement is zero since he has reached the starting point. 

2.23  Differentiate between speed and velocity of a body.  2 Marks

S.No Speed Velocity
1 Speed is the distance travelled in unit 

time.
Velocity is defined as the rate of change 
of displacement.

2 It is a scalar quantity. It is a vector quantity.
3 It has magnitude only. It has both magnitude and direction.

2.24  What is meant by retardation?  2 Marks
Retardation is the negative acceleration. If the velocity decreases with time, then the 
acceleration becomes negative and are called retardation or deceleration.

2.25  What is the significance of velocity-time graph?  5 Marks
When the velocity of the particle is plotted as a function of time, it is velocity-time graph.

As a dv
dt

= , the slope of the v – t curve at any instant gives the 

Velocity-Time graph

t
t1

t2

A B

CD
O

dt

v dt

v
 

acceleration of the particle. But, v ds
dt

=   or  ds = v.dt.

If the displacement are s1 and s2 in times t1 and t2, then ds v dt
t

t

s

s

= ∫∫  
1

2

1

2

s s v dt
t

t

2 1

1

2

− = =∫   area ABCD

The area under the v – t curve, between the given intervals of time, 
gives the change in displacement or the distance travelled by the 
particle during the same interval.

Questions are given under 2 marks or 3 marks categories based on the points of Answers. It is only for guidance. However, 
in the exams, the questions may be asked either in 2 marks or 3 marks
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Textual Problems

2.44 Determine the initial velocity and acceleration of particle travelling with uniform 
acceleration in a straight line if it travels 55 m in the 8th second and 85 m in the 13th 
second of its motion.  5 Marks
Distance travelled in nth second of motion is given by

  sn  = u a n u a n+ −( ) = + −



2

2 1 1
2

Given : sg  = 55m;  s13 = 85m

  sn  = u a n+ −





1
2

Distance travelled in the 8th second

  sg  = u a u a+ −



 = + =8 1

2
7 5 55. ( )given  .....(1)

Distance travelled in the 13th second

  s13 = u a u a+ −



 = + =13 1

2
12 5 85. ( )given  .....(2)

Solving the equations (I) & (2) (2 – 1) we get,

   

u a
u a

a
a ms

+ =
+ =

=
∴ = −

12 5 85
7 5 55

5 30
6 2

.
.  

           
         

Substituting the value of' 'a' in the equation (I) we get.
u

u
u ms

+ × =
+ =
∴ = − = −

7 5 6 55
45 55

55 45 10 1

.
       
            
Solution: Initial velocity of the particle = 10 ms–1.
  Acceleration of the particle = 6 ms–2.

2.45 An aeroplane takes off at an angle of 45° to the horizontal. If the vertical component of 
its velocity is 300 kmph, calculate its actual velocity. What is the horizontal component of 
velocity?  5 Marks
Let the actual velocity of an aeroplane be →v . Let it makes an angle θ with horizontal.
The horizontal component of the velocity be vH = v cos θ
The vertical component of the velocity be vV = v sin θ
Given :  vV = v sin θ = 300 m/s
   Angle θ	 =	 45°
		 	 ∴vV = v sin θ
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6. If P and Q are two forces 6 N and 8 N acting at a point at 90° each other, calculate the 
resultant and angle between the resultant and horizontal force P.

Solution : R = P Q PQ 2 2 2+ + cosθ

  R = 6 8 2 6 8 902 2+ + × × ° cos

  R = 36 64 0+ +       cos 90°  = 0

  R = 100 10 1= − ms

  tan a = 
Q
P

= =8
6

1 33. .

  a = tan–1 1.333 is the distance of resultant force.
7. A body of mass 3 kg moves with a velocity of 5 ms–1 collides with another body of mass  

2 kg moving in the opposite direction with a velocity of 4 ms–1. What will be the common 
velocity of the system together after impact.
Solution : m1 u1 + m2 u2 = m1 v1 + m2 v2 .....(1)
  vl = v2  = v
Equation (1) can be written as
  m1 u1 + m2 u2 = m1v + m2v

m1 = 3 kg, m2 = 2 kg, u1 = 5 ms–1,  u2 = –4 ms–1

  3 ×5 + 2 × (–4) = 3v  + 2v
  15 – 8 = 5v
  7 = 5v

  v = 
7
5

1 4 1= −. . ms
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Introduction :

Large number of tiny particles make a body. The particle and hence the body can move 
in translatory motion and the displacement with respect to time can be studied. Earth  

moving around the sun and the moon moving around the earth are the examples to define the 
centre of mass of the system. Depending on the potential energy of the system, the stability 
of the system can be defined. Stable, unstable and neutral are the 3 types of equilibrium 
of a rigid body. When the body rotates about a fixed axis its motion is rotatory motion.

A door rotates on its hinges, a nut rotates when a force is applied by a wrench explain about 
the torque. A diver jumping from a spring board, a ballet dancer are the examples for the law 
of conservation of angular momentum.

Important formulae

1. M  =  m1 + m2 
where  M → total mass of the system, m1 + m2 are the masses of the particles at two positions.

2. RCM =
+
+

m r m r
m m
1 1 2 2

1 2

where  RCM is the position vector of the centre of mass and r1 and r2 are position vectors of two 
particles in their position.

3. w w a

q w a

w w aq

= +

= +

= +

0

0
2

2
0
2

1
2

2

t

t t

 

 where w0 → is the intial angular velocity
    w   → is the angular velocity of the particle at any instant 't'
    a  → the angular acceleration.
    q  → the angular displacement.

4. Moment of Inertia   I  =  MK2

M = nm and K2 1
2

2
2 2

=
+ + +r r r

n
n..........

5. I0  =  Mx2
 + IG 

where  I0 is the moment of inertia about X1 X1′ axis
 IG is the moment of inertia about an axis passing through the centre of gravity.

6. Iz = Ix + Iy → Perpendicular axes theorem.
7. Work done by the couple, W = τ θ

dynamiCs of rotational 
motion

3UN
IT

[73]
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8. L
�� � ��

= ×r p
where L is the angular momentum, p is the linear momentum.

9. I =
=
∑m ri i
i

n
2

1

 is the moment of inertia of a rigid body about an axis of rotation.

10. τ  =  Iα
I → moment of inertia of a rigid body

a = d
dt

2

2

q  angular acceleration and

τ → is the torque produced by the momentary force.
11. L = Iω → constant. ω is the angular velocity, L is the angular momentum.

Important terms

)) A point in the system at which whole mass of the body is supposed to be concentrated is called 
centre of mass of the body.

)) For a system consisting of n particles with masses m1, m2, m3 … mn and the position vectors  
r1, r2, r3…rn, then the total mass of the system is  
M = m1 +  m2 +  m3 +………….+ mn

)) Moon rotates around the earth reveal the fact that the Earth and the moon both move in circular 
orbits about their common centre of mass in an elliptical orbit around the sun.

)) A body may be considered to be made up of an indefinitely large number of particles, each of 
which is attracted towards the centre of the Earth by the force of gravity.

)) Equilibrium of body can be stable, unstable and neutral depending on the potential energy.

)) A rigid body is defined as that body which does not undergo any change in shape or volume 
when external forces are applied on it.

)) A rigid body is said to have pure rotational motion, if every particle of the body moves in a 
circle, the centre of which lies on a straight line called the axis of rotation.

)) In the case of rotational motion, different constituent particles have different linear velocities 
but all of them have the same angular velocity.

)) w w a

q w a

w w aq

= +

= +

= +

0

0
2

2
0
2

1
2

2

t

t t

  are called equations of rotational motion.

)) Moment of inertia plays the same role in rotational motion as that of mass in translatory motion. 

)) Moment of inertia of a body is equal to twice the kinetic energy of a rotating body whose angular 
velocity is one radian per second.

)) The radius of gyration is equal to the root mean square distances of the particles from the 
axis of rotation of the body.

)) The radius of gyration can also be defined as the perpendicular distance between the axis of 
rotation and the point where the whole weight of the body is to be concentrated.
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)) The moment of inertia of a body about any axis is equal to the sum of its moment of inertia 
about a parallel axis through its centre of gravity and the product of the mass of the body and 
the square of the distance between the two axes.

)) The moment of inertia of a plane laminar body about an axis perpendicular to the plane is equal 
to the sum of the moments of inertia about two mutually perpendicular axes in the plane of the 
lamina such that the three mutually perpendicular axes have a common point of intersection.

)) The magnitude of the moment of force F about a point is defined as the product of the 
magnitude of force and the perpendicular distance of the point from the line of action of the force.

)) If the force acting on a body rotates the body in anticlockwise direction with respect to O, then 
the moment is called anticlockwise moment and if the force rotates the body in clockwise 
direction then the moment is said to be clockwise moment.

)) Forces applied to the handle of a screw press, Opening and closing a water tap, Turning the cap 
of a pen and Steering a car are examples.

)) The angular momentum of a particle is defined as the moment of linear momentum of the 
particle.

)) The sum of the moment of the linear momenta of all the particles of a rotating rigid body taken 
together about an axis of rotation is known as angular momentum of the rigid body.

)) The rate of change of angular momentum of a body is equal to the external torque acting upon 
the body.

)) When no external torque acts on a body, the net angular momentum of a rotating rigid body 
remains constant. This is called as law of conservation of angular momentum.

Self Evaluation

3.1 The angular speed of minute arm in a watch is : [Govt. Model Question Paper]
(a)  π/21600 rad s–1   (b)  π/12 rad s–1 
(c)  π/3600 rad s–1   (d)  π/1800 rad s–1 [Ans: (d)]

3.2  The moment of inertia of a body comes into play
(a)  in linear motion   (b)  in rotational motion 
(c)  in projectile motion  (d)  in periodic motion [Ans: (b)]

3.3  Rotational analogue of mass in linear motion is
(a) Weight   (b) Moment of inertia
(c) Torque   (d) Angular momentum [Ans: (b)]

3.4  The moment of inertia of a body does not depend on
(a) the angular velocity of the body 
(b) the mass of the body
(c) the axis of rotation of the body 
(d) the distribution of mass in the body [Ans: (a)]

3.5  A ring of radius r and mass m rotates about an axis passing through its centre and 
perpendicular to its plane with angular velocity ω. Its kinetic energy is

(a) mr ω2 (b) 1
2

2mr  w  (c) I ω2 (d) 
1
2

2 Iw  [Ans: (d)]

SURA B
OOKS

This material only for sample

orders@surabooks.com Ph: 9600175757 / 8124201000 / 8124301000

www.Padasalai.Net                                                 www.TrbTnpsc.com

http://www.trbtnpsc.com/2017/06/latest-11th-study-materials-tamil-medium-english-medium.html

www.Padasalai.Net



78 Sura’s  +1 Std - Physics  Volume I  Unit 3

21.  The dimension of moment of inertia is _________.
(a)  MLT–1 (b)  ML2T0 (c)  ML2T–1 (d)  ML2T2 [Ans: (b)]

22.  Moment of inertia of a circular disc about an axis passing through its diameter is given 
by __________.

(a)  1
2

2MR  (b)  5
4

2MR  (c)  3
2

2MR  (d)  
1
4

2MR  [Ans: (d)]

23.  The angular velocity of a body of radius 5 m is 2p. Calculate its linear velocity __________.
(a)  10 π (b)  20 π (c)  2.5 π (d)  zero [Ans: (a)]

24.  The mass of a body measures __________.
(a)  density   (b)  volume 
(c)  momentum of inertia  (d)  co-efficient of inertia [Ans: (d)]

Textual Questions

3.12  Obtain an expression for position of centre of mass of two particle system.  
 [Govt. Model Question Paper] 5 Marks
Let us consider a system consisting of two particles of masses m1 and m2. P1 and P2 are their 
positions at time t and r1 and r2 are the corresponding distances from the origin O. Then the 
velocity and acceleration of the particles are,

    v dr
dt1

1=  .....(1)

    a dv
dt1

1=  .....(2)

    v dr
dt2

2=  .....(3)

    a dv
dt2

2=  .....(4)

The particle at P1 experiences two forces :
(i) a force F12 due to the particle at P2 and
(ii) force F1e, the external force due to some particles external to the system.
If F1 is the resultant of these two forces,
   F1 = F12 + F1e .....(5)
Similarly, the net force F2 acting on the particle P2 is,
   F2 = F21 + F2e .....(6)
where F21 is the force exerted by the particle at P1 on P2
By using Newton’s second law of motion,
   F1 = m1 a1 .....(7)
   and   F2 = m2 a2 .....(8)
Adding equations (7) and (8), m1 a1 + m2 a2  =  F1 + F2
Substituting F1 and F2 from (5) and (6)
   m1 a1 + m2 a2 = F12 + F1e + F21 + F2e

Centre of mass
X

Y

O

1r 2r

2P
1P 12F 21F
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The sum of the moment of the linear momenta of all the particles of a rotating rigid body taken 
together about the axis of rotation is known as angular momentum of the rigid body.
∴ Angular momentum of the rotating rigid body =  sum of the angular momenta of all the 

particles.
  (i.e) L = m r m r m r m r

m r m r m r
n n1 1

2
2 2

2
3 3

2 2

1 1
2

2 2
2

3 3
2

w w + w + ........ + w

w + + ..

+

+ ....... +

w

m r

m r

n n

i i
i

n

2

2

1

 










=
∑ 

   = 

   = 

  ∴ L = ω I

where I = I =
=
∑m ri i
i

n
2

1

 =  moment of inertia of the rotating rigid body about the axis of rotation.

3.23  State the law of conservation of angular momentum.  2 Marks
The law of conservation of angular momentum states that, when no external torque acts on 
the body, the net angular momentum of a rotating rigid body remains constant. 
(i.e) L  =  Iω  =  constant.

3.24  A cat is able to land on its feet after a fall. Which principle of physics is being used? 
Explain.  5 Marks
(i) Principle of conservation of angular momentum is being used here. 
(ii)  The cat is able to land on its feet after a fall, because the cat uses the conservation of 

angular momentum to change its orientation. When it falls, its centre of mass follows a 
parabolic path. 

(iii)  when the cat is in the air, no net external torque acts on it, about its centre of mass. So the 
angular momentum about the cat's centre of mass cannot change. 

(iv)  By pulling in its legs, it considerably reduces rotational inertia about the same axis and 
increases its angular speed. 

(v)  Stretching out its legs increases its rotational inertia and thus slows its angular speed. 
The conservation of angular momentum allows the cat to rotate its body and slow its rate 
of rotation enough so that it lands on its feet safely.

Additional Short Answer Questions

Very Short Answer: 2 Marks
1.  Define centre of mass of the body.

The point in the system at which whole mass of the body is supposed to be concentrated is 
called centre of mass of the body.

2.  Define centre of gravity.
The centre of gravity of a body is the point at which the resultant of the weights of all the 
particles of the body acts, whatever may be the orientation or position of the body provided 
that its size and shape remains unaltered.

3.  What is a rigid body?
A rigid body is defined as that body which does not undergo any change in shape or volume 
when external forces are applied on it.

Questions are given under 2 marks or 3 marks categories based on the points of Answers. It is only for guidance. However, 
in the exams, the questions may be asked either in 2 marks or 3 marks
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Therefore, the total moment of all the forces acting on all the particles

   = m r d
dt

m r d
dt1 1

2
2

2 2 2
2

2

2  q q+ + ......

  (i.e) torque = m r d
dti i

i

n
2

2

2
1

× =
=
∑ q  (or)  t aI 

where m ri i
i

n
2

1=
∑  = moment of inertia I of the rigid body and α = d

dt

2

2

q  angular acceleration.

Textual Problems

3.25 A person weighing 45 kg sits on one end of a seasaw while a boy of 15 kg sits on the other 
end. If they are separated by 4 m, how far from the boy is the centre of mass situated. 
Neglect weight of the seasaw.   3 Marks
Given :  Mass of a person ml = 45 kg
   Mass of a boy m2 = 15 kg
  Distance between them = 4 m

Solution:  x = 
m x m x

m m
x1 1 2 2

1 2

45 1+
+

= +

    = 45 0 15 4
45 15

0 60
60

1× + ×
+

= + =

   ∴ AE = 1 m
   EB = 4 – 1 = 3 m
  The centre of mass is situated 3 m from the boy.

A E B
x ( )4 x−

45 kg 15 kg

3.26 Three bodies of masses 2 kg, 4 kg and 6 kg are located at the vertices of an equilateral 
triangle of side 0.5 m. Find the centre of mass of this collection, giving its coordinates in 
terms of a system with its origin at the 2 kg body and with the 4 kg body located along the 
positive X axis.  5 Marks
Given : m1  =  2 kg;  m2  =  4 kg;    m3  =  6 kg
   The co-ordinates of A = (0, 0)
   The co-ordinates of B = (0.5, 0)
Find : Centre of mass of this collection
Solution :  Consider an equilateral triangle of side 0.5 m. Take 

X and Y axes.

Y

A D B

C

X
60°

0.5

3 6m kg=

1 2m kg= 2 4m kg=
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Introduction :

The fundamental forces of nature are gravitational, electromagnetic and nuclear 
forces. The gravitational force is the weakest force. Newton compared the 

force of attraction of the apple towards the surface of earth and the force between 
the moon and earth. He calculated the centripetal acceleration as 2.7 × 10–3 ms–2. He 
ensured that both the moon and the apple are accelerated towards the centre of the earth.

In the absence of air, all bodies will fall at the same rate. Based on the above concept, the 
escape speed of earth, orbital velocity of a satellite can be studied in detail. The principle 
of rocket is the outcome of the above concept. Various theories were put forward by many 
scientists about the origin.

Important formulae

1. Centripetal acceleration ac =  
v
r

2

where  ac is the centripetal acceleration of a body
where  v is the orbital velocity and r is the distance of separation from the mass.

2. F G=
m m

r
1 2

2
 where G is the universal gravitational constant.

3. g = GM
R2  where G  → is the gravitational constant

  g   → acceleration due to gravity
  M  → is the mass of earth
  R  → is the radius of the earth.

4. g g h
h = −



1 2

R  where h is the height of the body from the surface of the Earth.

5. g g d
d = −



1

R   where d is the distance of the body inside the earth from the surface of the 
Earth.

6. ∴ g   
R

a 1
2  non sphericity of the earth.

7. dv = –E dr
dv is the gravitational potential difference, dr is the distance of separation between two points 
A & B.

Gravitation and spaCe 
sCienCe
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100 Sura’s  +1 Std - Physics  Volume I  Unit 4

)) Gravitational field intensity or strength at a point is defined as the force experienced by a 
unit mass placed at that point.

)) Gravitational potential difference between two points is defined as the amount of work done 
in moving unit mass from one point to another point against the gravitational force of attraction.

)) Gravitational potential at a point is defined as the amount of work done in moving unit mass 
from the point to infinity against the gravitational field. It is a scalar quantity. Its unit is Nm kg−1.

)) Gravitational potential is negative, since the gravitational force is always attractive.

)) The gravitational potential energy of a mass 'm' at a distance 'r' from another mass 'M' is defined 
as the amount of work done in moving the mass 'm' from a distance 'r' to infinity.

)) Intertial mass of a body is a measure of the ability of a body to oppose the production of 
acceleration in it by an external force.

)) Gravitational mass is the mass of a body which determines the magnitude of gravitational pull 
between the body and the Earth.

)) The escape speed is the minimum speed with which a body must be projected in order that it 
may escape from the gravitational pull of the planet.

)) The horizontal velocity that has to be imparted to a satellite at the determined height so that it 
makes a circular orbit around the planet is called orbital velocity.

)) A number of communication satellites which appear to remain in fixed positions at a specified 
height above the equator are called synchronous satellites or geo-stationary satellites.

)) A rocket is a vehicle which propels itself by ejecting a part of its mass.

Self Evaluation

4.1 If the distance between two masses is doubled, the gravitational attraction between them
(a) is reduced to half    (b) is reduced to a quarter
(c) is doubled   (d) becomes four times [Ans: (b)]

4.2  The acceleration due to gravity at a height (1/20)th the radius of the Earth above the 
Earth’s surface is 9 ms–2. Its value at a point at an equal distance below the surface of the 
Earth is
(a)  0 (b)  9 ms–2 (c)  9.8 ms–2 (d)  9.5 ms–2 [Ans: (d)]

4.3  The weight of a body at Earth’s surface is W. At a depth half way to the centre of the 
Earth, it will be
(a) W (b) W/2 (c) W/4 (d) W/8 [Ans: (b)]

4.4  Force due to gravity is least at a latitude of
(a) 0° (b) 45° (c) 60° (d) 90° [Ans: (a)]

4.5  If the Earth stops rotating, the value of g at the equator will
(a) increase   (b) decrease 
(c) remain same   (d) become zero [Ans: (a)]

4.6  The escape speed on Earth is 11.2 km s–1. Its value for a planet having double the radius 
and eight times the mass of the Earth is
(a) 11.2 km s–1   (b) 5.6 km s–1 
(c) 22.4 km s–1   (d) 44.8 km s–1 [Ans: (c)]
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39.  Sun belongs to _________ galaxy.
(a)  spiral (b)  irregular (c)  elliptical (d)  none [Ans: (a)]

40.  The star nearest to the earth after sun is __________.
(a)  Canopas (b)  Alpha Centauri (c)  Dhruva (d)  Chitra [Ans: (b)]

41.  __________ has very thick atmosphere of carbon dioxide.
(a)  Mars (b)  Mercury (c)  Moon  (d)  Venus [Ans: (d)]

42.  The reddish planet is __________.
(a)  Venus (b)  Mercury (c)  Mars (d)  Uranus [Ans: (c)]

Textual Questions

4.11  Why is the gravitational force of attraction between the two bodies of ordinary masses 
not noticeable in everyday life?  3 Marks
Gravitational force between the two bodies of ordinary masses is not noticeable because, the  
gravitational force is the weakest force among the fundamental forces. But this force plays an 
important role in the birth of a star, controlling the orbits of planets and evolution of the whole 
universe.

4.12  State the universal law of gravitation.  3 Marks
The  universal law of gravitation states that, "every particle of matter in the universe attracts 
every other particle with a force which is directly proportional to the product of their masses 
and inversely proportional to the square of the distance between them".

F G
=

m m
r

1 2
2  where G is the universal gravitational constant, and its value is   

G = 6.67 × 10−11 Nm2 kg−2.
4.13  Define gravitational constant. Give its value, unit and dimensional formula.  3 Marks

Gravitational constant is numerically, equal to the gravitational force of attraction between 
two bodies of mass 1 kg each separated by a distance of 1 m. The value of universal constant 
G is 6.67 × 10−11 Nm2 kg−2 and its dimensional formula is M−1 L3 T−2.

4.14  The acceleration due to gravity varies with (i) altitude and (ii) depth. Prove.  5 Marks
(i) Variation of acceleration due to gravity 'g' with altitude 

: Let P be a point on the surface of the Earth and Q be a 
point at an altitude h. Let the mass of the Earth be M and 
radius of the Earth be R. Consider the Earth as a spherical 
shaped body.

  The acceleration due to gravity at P on the surface is

    g = 
GM
R2  .....(1)

  Let the body be placed at Q at a height h from the surface 
of the Earth. The acceleration due to gravity at Q is

    gh = 
GM

R +( )h 2  .....(2)

  dividing (2) by (1) 
g
g

h  = 
R

R

2

2+( )h

Q

P

h

R

Variation of g with altitude
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  By simplifying and expanding using binomial theorem,

    gh = g h1 2−



R

  The value of acceleration due to gravity decreases with increase in height above the 
surface of the Earth.

(ii) Variation of 'g' with depth : Consider the Earth to be a homogeneous sphere with 
uniform density of radius R and mass M.

  Let P be a point on the surface of the Earth and Q be a point at a depth d from the surface.

  The acceleration due to gravity at P on the surface is g  =  
GM
R2

  If ρ be the density, then, the mass of the Earth is  P

Q

RO

d

Variation of g with depth

    M = 4
3

3p  R ρ

    ∴ g = 
4
3

G  Rp ρ  .....(1)

  The acceleration due to gravity at Q at a depth d from the surface 
of the Earth is

    gd = 
GM

R
d

d

2

2−( )
  where Md is the mass of the inner sphere of the Earth of radius (R − d).

    Md = 4
3

3p R −( )d ρ

    ∴ gd = 
4
3

G Rp −( )d ρ  .....(2)

  dividing (2) by (1), 
g
g

d  = 
R

R
− d

    gd = g d1−



R

  The value of acceleration due to gravity decreases with increase of depth.
4.15  Discuss the variation of g with latitude due to the rotation of the Earth.  5 Marks

Variation of g with latitude due to the rotation of the earth : 
(i)  Let us consider the Earth as a homogeneous sphere of mass 

M and radius R. The Earth rotates about an axis passing 
through its north and south poles. 

(ii)  The Earth rotates from west to east in 24 hours. Its angular 
velocity is 7.3 × 10−5 rad s−1.

(iii)  Consider a body of mass m on the surface of the Earth at P 
at a latitude θ. Let ω be the angular velocity. 

(iv)  The force (weight) F = mg acts along PO. It could be 
resolved into two rectangular components (1) mg cos θ 
along PB and (2) mg sin θ along PA. From the ΔOPB, it is 
found that BP = R cos θ. The particle describes a circle with 
B as centre and radius BP = R cos θ.

W

N
c

E

S

O D A

B

θ

θ
P Fc

Rotation of the Earth
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(v)  The body at P experiences a centrifugal force (outward force) FC due to the rotation of 
the Earth. (i.e) FC = mRω2 cos θ.

  The net force along PC = mg cos θ − mRω2 cos θ
  ∴ The body is acted upon by two forces along PA and PC.
  The resultant of these two forces is

  F = mg mg msin cos cosθ θ ω θ( ) + −( )2 2 2
R

  F = mg
g g

1 2 2 2 2 4 2

2− +R Rω θ ω θcos cos

since R2 4

2

ω
g

 is very small, the term R2 4 2

2

ω θcos
g

 can be neglected.

The force, F = mg
g

1 2 2 2

− Rω θcos  .....(1)

If 'g′ is the acceleration of the body at P due to this force F, we have, 
  F = mg′ .....(2)

by equating (2) and (1) mg′ = mg
g

1 2 2 2

− Rω θcos

  g′ = g
g

1
2 2

−






Rω θcos

Case (1) : At the poles, θ = 90°, cos θ = 0. ∴ g′ = g
Case (2) : At the equator, θ = 0 ; cos θ = 1

  ∴ g′ = g
g

1
2

−






Rω

So, the value of acceleration due to gravity is maximum at the poles.
4.16  The acceleration due to gravity is minimum at equator and maximum at poles. Give the 

reason.  3 Marks
Earth is not a perfect sphere because it is flattened at the poles 
and bulged at the equator. The radius of earth is not constant at 
all points on the earth surface. The radius of Earth R is greater 
at the equator and least at the poles. Therefore. the value of 
acceleration due to gravity is least at the equator and maximum at 
the poles with intermediate values in between.

We know that       GM
R

  
R

g

g

=

∴ ∝

2

2

1

 

4.17  What are the factors affecting the ‘g’ value?  3 Marks
The factors affecting the value of 'g' (acceleration due to gravity) are (i)  altitude, (ii)  depth 
and latitude.
(i) The acceleration due to gravity decreases with increase in height above the surface of 

the Earth.

Non-sphericity of the Earth

Re

Rp
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g g h
h = −



1 2

R
(ii) The value of acceleration due to gravity decreases with increase of depth.

g g d
d = −



1

R
(iii) The value of acceleration due to gravity is flattened at the poles where the latitude is 90° 

and bulged at the equator where the latitude is 0°.
4.18  Why a man can jump higher on the moon than on the Earth?  3 Marks

(i)  On the moon surface, the value of acceleration due to gravity is approximately equal to 
1
6

th of that value on Earth. 

(ii) The value of g on earth is 9.8 ms–2, that of moon is 1.6 ms–2. 

(iii)  The value of g on the moon is less than that value of g on Earth, a man can jump higher 
on the moon than on the Earth.

4.19  Define gravitational field intensity.  (Govt. Model Question Paper) 3 Marks
Gravitational field intensity or strength at a point is defined as the force experienced by a unit 
mass placed at that point. It is denoted by E. It is a vector quantity. Its unit is Nkg–1.

4.20  Define gravitational potential.  2 Marks
Gravitational potential at a point is defined as the amount of work done in moving unit mass 
from the point to infinity against the gravitational field. It is a scalar quantity. Its unit is Nm kg–1.

4.21  Define gravitational potential energy. Deduce an expression for it for a mass in the 
gravitational field of the Earth.  5 Marks
The gravitational potential energy of a mass m at a distance r from another mass M is 
defined as the amount of work done in moving the mass m from a distance r to infinity.
Expression for gravitational potential energy for a mass in the gravitational field of the 
Earth : Let the mass of the Earth be M and its radius be R. Consider a point A on the surface 
of the Earth and another point B at a height h above the surface of the Earth . The work done 
in moving the mass m from A to B is 
  U = UB − UA

  U = −
+( ) −





 GM
R R

m
h

1 1

  U = GM
R R

m
h

1 1−
+( )







  U = GM
R R

mh
h+( )

If the body is near the surface of the Earth, h is very small when compared 
with R. Hence (R + h) could be taken as R.

  ∴ U = GM
R

mh
2

Gravitational potential
energy near the 

surface of the Earth

B

A

h

O
R
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Textual Problems

4.41 Two spheres of masses 10 kg and 20 kg are 5 m apart. Calculate the force of attraction 
between the masses. (Gravitational constant G = 6.67 × 10-11)  3 Marks
Given :  Mass of the first sphere ml = 10 kg
  Mass of the second sphere m2 = 20 kg
  Distance between two spheres = 5 m

Working:  Force of attraction F = Gm m
r

1 2
2

   F = 
6 67 10 10 20

5

11

2

. × × ×
( )

−

Solution:   = 53.36 × 10–11N
         Force of attraction between the masses = 53.36 × 10–11N.

4.42 What will be the acceleration due to gravity on the surface of the moon, if its radius is  
1
4

 th the radius of the Earth and its mass is 1
80

 th the mass of the Earth?   

(Take g as 9.8 ms–2)  5 Marks

Given :  Radius of moon = 
1
4

 radius of the earth

   Rm = 
RE

4
 .....(1)

   Mass of moon Mm = 
1

80
 mass of the earth

   Mm = 
ME

80
 .....(2)

Working:  GM = gR2

   ∴ g = GM
R2

Acceleration due to gravity on the earth
   gE = 

GM
R

 /E

E
2

29 8= . m s

Acceleration due to gravity on the surface of the moon

   gm = 
GM
R

m

m
2

Using (1) and (2) we can write
   gm = 

G M
R

GM
R

GM
R

 

E

E

E

E

E

E

×
×

( )
×

×
= ×

× = −

80
1

4
16

80
1
5

9 8 1
5

1 96

2

2 2

2. . .ms

    = 

Solution:   = 
Acceleration due to gravity on the surface of the moon  =  1.96 ms–2.
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  ∴  g = 
4
3

3 G Rπ  ρ

  ge = 
4
3

3π ρR  G e

  gm = 
4
3

3π ρR  G m .

   Since ge and Re are acceleration due to gravity and radius of the earth respectively, 
and gm and  Rm are acceleration due to gravity and radius of the moon.

  ∴
g
g

e

m
 = 

4
3
4
3

3

3

π ρ

π ρ

R  G 

R  G 

e

m

.

  ∴
g
g

e

m
 = 

R
R

e

m

3

3 .

 or ∴
g
g

e

m
 = 

R R
3  or 

R R
e e e

m m m

g
g



  
6

eg

eg  ∝ 
R
R

e

m
.

   ∴ Ratio of the radius of earth to the moon is 6.
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Introduction :

The forces which are acting between the atoms due to electrostatic interaction between 
the charges of the atoms are called inter atomic forces. The forces between the 

molecules due to the attraction between the charges of the molecules are called inter molecular 
forces. Solid state, liquid state, gaseous state and plasma state are four states of matter.

Elasticity is the property of a body by virtue of which the body regains its original form on 

removing the external force. Pressure and force are related by an expression P F
A

 or  
Area

= force .  

The concept of Pascal's law deals about the pressure distribution of liquids. Surface tension is 
the property possessed by liquids. Viscosity is the property of possessed fluids. Stokes law and 
Bernoulli's theorem have many application in fluids.

Important formulae

1. Stress  =  
Restoring force

Area

2. Strain  =  
Change in dimension
Original dimension

3. 
stress
strain   =  Constant (modulus of elasticity)

4. Young's modulus  =  q  =  F
A
l
dl

5. Bulk modulus  =  k  =  −PV
Vd

6. Rigidity modulus  =  n  =  F
Aθ

7. P = hrg h → height of the liquid column
  r → density of the liquid
  g → acceleration due to gravity

meChaniCs of solids  
and fluids
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Important terms

)) Solid state, liquid state, gaseous state and plasma state are four states of matter.

)) The forces acting between the atoms due to electrostatic interaction between the charges of the 
atoms are called interatomic forces. They are electrical in nature.

)) The property of a material to regain its original state when the deforming force is removed is 
called elasticity.

)) According to Hooke’s law, the ratio of stress to the strain is a constant.

)) Young’s modulus, Bulk modulus and Rigidity modulus are 3 modulus of elasticity.

)) Bulk modulus of the material of the object is defined as the ratio of the bulk stress to bulk strain.

)) Shear or rigidity modulus of the material of the object is defined as the ratio of shear stress 
to shear strain.

)) Young’s modulus of the material of the wire is defined as the ratio of longitudinal stress to 
longitudinal strain.

)) A fluid is a substance that can flow when external force is applied on it.

)) Pressure is defined as the force acting per unit area.

)) Pascal’s law states that if the effect of gravity can be neglected then the pressure in a fluid in 
equilibrium is the same everywhere.

)) Pascal’s law can also be stated as change in pressure at any point in an enclosed fluid at rest is 
transmitted undiminished to all points in the fluid and act in all directions.

)) Hydraulic lift and Hydraulic brake are the applications of Pascal’s law.

)) Viscosity is the property of the fluid by virtue of which it opposes relative motion between its 
different layers. This is viscosity or internal friction of the fluids.

)) Co-efficient of viscosity of a liquid is numerically equal to the viscous force acting tangentially 
between two layers of liquid having unit area of contact and unit velocity gradient normal to 
the direction of flow of liquid.

)) The flow of a liquid is said to be steady, streamline or laminar if every particle of the liquid 
follows exactly the path of its preceding particle and has the same velocity of its preceding 
particle at every point.

)) Critical velocity of a liquid can be defined as that velocity of liquid upto which the flow is 
streamlined and above which its flow becomes turbulent.

)) Reynolds number is a pure number which determines the type of flow of a liquid through a pipe.

)) According to Stoke’s law, the viscous force F acting on the spherical body depends on coefficient 
of viscosity (η) of the liquid, Radius (a) of the sphere and the velocity (v) of the spherical body.

)) The intermolecular forces are of two types. Cohesive force is the force of attraction between 
the molecules of the same substance and adhesive force is the force of attraction between the 
moelcules of two different substances.

)) Molecular range is the maximum distance upto which a molecule can exert force of attraction 
on another molecule.

)) Surface tension of a liquid is the property of the free surface of a liquid at rest to behave like 
a stretched membrane in order to acquire minimum surface area.

)) The angle between the tangent to the liquid surface at the point of contact of the liquid with the 
solid and the solid surface inside the liquid is called angle of contact.
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)) According to Bernoulli’s theorem, for the streamline flow of a non-viscous and incompressible 
liquid, the sum of the pressure energy, kinetic energy and potential energy per unit mass is a 
constant.

Self Evaluation

5.1 If the length of the wire and mass suspended are doubled in a Young’s modulus experiment, 
then, Young’s modulus of the wire
(a) remains unchanged  (b) becomes double
(c) becomes four times  (d) becomes sixteen times [Ans: (a)]

5.2  For a perfect rigid body, Young’s modulus is  (Govt. Model Question Paper)
(a)  zero (b)  infinity (c)  1 (d)  –1 [Ans: (b)]

5.3  Two wires of the same radii and material have their lengths in the ratio 1 : 2. If these are 
stretched by the same force, the strains produced in the two wires will be in the ratio
(a) 1 : 4 (b) 1 : 2 (c) 2 : 1 (d) 1 : 1 [Ans: (d)]

5.4  If the temperature of a liquid is raised, then its surface tension is
(a) decreased   (b) increased
(c) does not change   (d) equal to viscosity [Ans: (a)]

5.5  The excess of pressure inside two soap bubbles of diameters in the ratio 2 : 1 is
(a) 1 : 4 (b) 2 : 1 (c) 1 : 2 (d) 4 : 1 [Ans: (c)]

5.6  A square frame of side l is dipped in a soap solution. When the frame is taken out, a soap 
film is formed. The force on the frame due to surface tension T of the soap solution is
(a) 8 Tl (b) 4 Tl (c) 10 Tl (d) 12 Tl [Ans: (a)]

5.7  The rain drops falling from the sky neither hit us hard nor make holes on the ground 
because they move with
(a) constant acceleration  (b) variable acceleration
(c) variable speed   (d) constant velocity [Ans: (d)]

5.8  Two hail stones whose radii are in the ratio of 1 : 2 fall from a height of 50 km. Their 
terminal velocities are in the ratio of
(a) 1 : 9 (b) 9 : 1 (c) 4 : 1 (d) 1 : 4 [Ans: (d)]

5.9  Water flows through a horizontal pipe of varying cross−section at the rate of 0.2 m3 s−1. 
The velocity of water at a point where the area of cross−section of the pipe is 0.01 m2 is
(a) 2 ms−1 (b) 20 ms−1 (c) 200 ms−1 (d) 0.2 ms−1 [Ans: (b)]

5.10  An object entering Earth’s atmosphere at a high velocity catches fire due to
(a) viscosity of air   (b) the high heat content of atmosphere
(c) pressure of certain gases (d) high force of g [Ans: (a)]

Additional Questions and Answers

1.  According to Hooke's law is, __________
(a) strain

stress
stress
strain

  (b)  stress × strain (c)  strain
stress

stress
strain

  (d)  All the above 

 [Ans: (c)]
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17.  After terminal velocity is reached, the acceleration of a body falling through a viscous   
liquid is __________.
(a)  zero   (b)  equal to g 
(c)  less than g   (d)  more than g [Ans: (a)]

18.  In Bernoulli's theorem which of the following is conserved __________.
(a)  mass   (b)  linear momentum 
(c)  energy   (d)  angular momentum [Ans: (c)]

19.  Which of the following affects the elasticity of a substance _________.
(a)  hammering and annealing (b)  change in temperature
(c)  impurity    (d)  all of these [Ans: (d)]

20.  The rise of liquid in a capillary tube has a meniscus. If the angle of contact is 90°, the 
shape of the meniscus is _________.
(a)  concave (b)  convex (c)  flat (d)  none [Ans: (c)]

21.  Which of the following works on Pascal's law?
(a)  sprayer   (b)  hydraulic lift 
(c)  barometer   (d)  thermometer [Ans: (b)]

22.  Solids which do not have any definite melting point are _________.
(a)  crystals (b)  amorphous solids (c)  poly crystals (d)  none [Ans: (b)]

23.  Elasticity remain same due to change in temperature in __________.
(a)  invar steel (b)  iron (c)  copper (d)  brass [Ans: (a)]

24.  Tungsten has __________ value for rigidity modulus.
(a)  maximum (b)  minimum (c)  zero (d)  infinity [Ans: (a)]

25.  What is the angle of contact of mercury with glass?
(a)  128° (b)  138° (c)  123° (d)  133° [Ans: (b)]

26.  If the Reynold's number is between 0 – 2000, then the flow is __________
(a)  turbulent (b)  unstable (c)  streamline (d)  vigorous [Ans: (c)]

27.  The flow of liquid is __________ above the critical velocity.
(a)  turbulent (b)  streamline (c)  laminar (d)  unstable [Ans: (a)]

Textual Questions

5.11  Define : i) elastic body ii) plastic body iii) stress iv) strain v) elastic limit vi) restoring 
force  5 Marks
(i) Elastic body : The property of a material to regain its original state when the deforming 

force is removed is called elasticity. The bodies which possessed this property are called 
elastic bodies.

(ii) Plastic body : Bodies which do not exhibit the property of elasticity are called plastic 
bodies.

(iii) Stress : Stress of a deformed body is defined as the restoring force per unit area.

Stress restoring force
area

N= −m 2
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Additional Paragraph / Long Answer Questions

Long Answer:  5 Marks
1.  Verify Hooke's law with the help of an experiment.

A spring is suspended from a rigid support. A weight hanger and a light 
pointer is attached at its lower end such that the pointer can slide over a 
scale graduated in millimetres. The initial reading on the scale is noted. 
A slotted weight of m kg is added to the weight hanger and the pointer 
position is noted. The same procedure is repeated with every additional m 
kg weight. It will be observed that the extension of the spring is proportional 
to the weight. This verifies Hooke’s law.

2.  Discuss the relationship between stress applied to a body and strain developed in it.
Experiment : Let us consider a wire be suspended from a rigid support. At the free end, a 
weight hanger is provided on which weights could be added to study the behaviour of the 
wire under different load conditions. The extension of the wire is 
suitably measured and a stress - strain graph is plotted as in figure.
Explanation of the relationship between stress and strain :
(i) In the figure, the region OP is linear. Within a normal stress, 

strain is proportional to the applied stress. This is Hooke’s 
law. Upto P, when the load is removed the wire regains its 
original length along PO. The point P represents the elastic 
limit, PO represents the elastic range of the material and OB 
is the elastic strength.

(ii) Beyond P, the graph is not linear. In the region PQ the 
material is partly elastic and partly plastic. From Q, if we start decreasing the load, the 
graph does not come to O via P, but traces a straight line QA. Thus a permanent strain 
OA is caused in the wire. This is called permanent set.

(iii) Beyond Q addition of even a very small load causes enormous strain. This point Q is 
called the yield point. The region QR is the plastic range.

(iv) Beyond R, the wire loses its shape and becomes thinner and thinner in diameter and 
ultimately breaks, say at S. Therefore S is the breaking point. The stress corresponding 
to S is called breaking stress.

3.  Explain the application of Pascal's law in the working of hydraulic lift.
An important application of Pascal’s law is the hydraulic lift 
used to lift heavy objects. It consists of a liquid container which 
has pistons fitted into the small and large opening cylinders. If 
a1 and a2 are the areas of the pistons A and B respectively, F is 
the force applied on A and W is the load on B, then

  
(or)       

    F W

 W F

a a
a
a

1 2

2

1

=

∴ =

This is the load that can be lifted by applying a force F on A. 

1

2

3

4

5

6

Spring

Slotted
Weight

Experimental setup to 
verify Hooke’s law

O A Strain
St

re
ss

B
P Q R S

Stress - Strain relationship

Hydraulic lift

BA
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6.  Explain any four applications of Bernoulli's theorem.
(i) Lift of an aircraft wing :  A section of an aircraft 

wing and the flow lines are shown in the figure. 
The orientation of the wing relative to the flow 
direction causes the flow lines to crowd together 
above the wing. This corresponds to increased 
velocity in this region and hence the pressure 
is reduced. But below the wing, the pressure is 
nearly equal to the atmospheric pressure. As a 
result of this, the upward force on the underside 
of the wing is greater than the downward force on the topside. Thus there is a net upward 
force or lift.

(ii) Blowing of roofs : During a storm, the roofs of huts or tinned roofs are blown off 
without any damage to other parts of the hut. The blowing wind creates a low pressure 
P1 on top of the roof. The pressure P2 under the roof is however greater than P1. Due to 
this pressure difference, the roof is lifted and blown off with the wind.

(iii) Bunsen burner : In a Bunsen burner, the gas comes out of the nozzle with high velocity. 
Due to this the pressure in the stem of the burner decreases. So, air from the atmosphere 
rushes into the burner.

(iv) Motion of two parallel boats : When two boats separated by a small distance row 
parallel to each other along the same direction, the velocity of water between the boats 
becomes very large compared to that on the outer sides. Because of this, the pressure in 
between the two boats gets reduced. The high pressure on the outer side pushes the boats 
inwards. As a result of this, the boats come closer and may even collide.

Textual Problems

5.39 A wire of diameter 2.5 mm is stretched by a force of 980 N. If the Young’s modulus of the 
wire is 12.5 × 1010 Nm−2, find the percentage increase in the length of the wire. 5 Marks

Given :  Diameter d = 2.5 × 10–3 m  ⇒ r = 
d
2

= 
2 5
2

1 25 10 3. .= × − m= 1.25 × 10-3 m
   Force F = 980 N
   Young's modulus q = 12.5 × 1010 Nm–2

   Radius r = 
2 5
2

1 25 10 3. .= × − m

Working :  q = Fl
r dlπ 2

   dl = Fl
r qπ 2

  Increase in the length of the wire

   dl
l

 = 
F

πr q2 3 2 10

980

3 14 1 25 10 12 5 10
=

× ×( ) × ×−. . .

Lift of an aircraft wing

air flow
High velocity; Low pressure

Low velocity; High pressure
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     = 4π [(1000) × (0.5 × 10–8)2 – (0.5 × 10–7)2]
     = 4π [(1000) × (0.25 × 10–16) – (0.25 × 10–14)]
     = (4 × 0.25) π (10–13 - 10–14)
     = π [10–13 – 10–14]

     = 
π π π

10
1 1

10 10
9

10
9

1013 13 14−





= 



 =

     = 28.26 × 10–14 m2

   Amount of energy liberated W = T × ds
     = 0.075 × 28.26 × 10–14 = 2.12 × 10–14 J.
Solution :   Amount of energy liberated = 2.12 × 10–14 J.

5.57 Water flows through a horizontal pipe of varying cross−section. If the pressure of water 
equals 2 × 10−2 m of mercury where the velocity of flow is 32 × 10−2 ms−1 find the pressure 
at another point, where the velocity of flow is 40 × 10−2 ms−1.  5 Marks
Given :  Pressure of water at one point P1 = 2 × 10–2 m of Hg
   Velocity of flow at one point v1 = 32 × 10–2 ms–1

                     Velocity of flow at another point v2 = 40 × 10–2 m/s
Working : Let the pressure of water at another point be P2
  According to Bernoulli's theorem,
   (P1 – P2) = ρ ρg h h v v2 1 2

2
1
21

2
−( ) + −( )

   But, h2 = h1, ∴ (P1 – P2) = ρ ρg h h v v2 1 2
2

1
21

2
−( ) + −( )

    (2665.60 – P2) = 
1
2

1000 40 32 10 28 82 2 4× ( ) − ( )  × =− .

    – P2 = 28.8 - 2665.60
    ∴ P2 = 2665.60 – 28.80 = 2636.8 Nm–2

Solution :   Pressure of another point = 2636.8 Nm–2.

Additional Problems

Very Short Answer:  2 Marks
1. Calculate the minimum pressure required to force the blood from the heart to the top of 

the head (a vertical distance 0.5 m).
Solution :  Density of blood = 1040 kgm–3

   h2 – h1 = 0.5 m
   r = 1040 kgm–3

   P1 – P2 = ρ ρg h h v v2 1 2
2

1
21

2
−( ) + −( )

  Since v1 = v2
   P1 – P2 = rg (h2 – h1)
   P1 – P2 = 1040 × 9.8 × 0.5
   P1 – P2 = 5096 × 103 Nm–2.
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Introduction :

Motion of planets around the Sun, motion of hands of a clock, motion of a balance wheel of 
a watch are the examples of periodic motion. Motion of a pendulum bob is an example 

for Oscillatory motion called simple harmonic motion. It can also be angular. The description of 
periodic motion requires some fundamental concepts like time, period, frequency, displacement 
amplitude and phase. Simple harmonic motion is dealt in this chapter with its application and  
its types. 

Important formulae

1. a = -ω2y for a simple harmonic motion.

2.	 y	=	a	sin	ωt	is	the	equation	of	SHM.

3.	 Velocity	in	SHM	v = ω = -a y2 2 .

4.	 Acceleration	in	SHM	a = -ω2y.

5. Velocity amplitude v = ± aω.

6. Acceleration amplitude = ± aω2.

7. y	=	sin	(ωt + φ0);	(ωt + φ0) is called phase.

8. T
spring factor

= =2 2π πm
k

initialfactor
(Time	period	of	SHM).

9. Time period of angular harmonic oscillator T I
C

= 2π . where C - Torsional constant,  
I - Moment of inertia.

10.	 Time	period	and	frequency	of	Horizontal	Oscillations	of	a	spring	executing	SHM	T = 2π m
k

 

(or) n
T

= =1 1
2π

k
m

.

Volume - II

osCillations6UN
IT
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11.	 Time	period	and	frequency	of	Vertical	Oscillations	of	a	spring	executing	SHM	 T = 2π dl
g

 

(or) n = 1
2π

g
dl

.

12. Time period and frequency of Vertical Oscillations when two springs are connected in parallel,   

T or n= =2
2

1
2

2π
π

m
k

k
m

( ) .

13. Time period and frequency of Vertical Oscillations when two springs are connected in series, 

T or n=
+

=
+

2 1
2

1 2

1 2

2 1

1 2

π
π

m k k
k k

k k
m k k

( ) ( )
( )

.

14. Time period and frequency of Oscillations of liquid column in a U tube is T = 2
2

π l
g

 (or) 

n = 1
2

2
π

g
l

.

15.	 Time	period	and	frequency	of	simple	pendulum	in	SHM	T or n= =2 1
2

π
π

l
g

g
l

( ) .

16.	 Kinetic	energy	in	SHM	K = -1
2

2 2 2m a yω ( ) .

17.	 Potential	energy	in	SHM	U = 1
2

2 2m yω .

18.	 Total	energy	in	SHM	E K U= + = - + =1
2

1
2

1
2

2 2 2 2 2 2 2m a y m y m aω ω ω( ) .

Important Terms

)) Any motion that repeats itself after regular intervals of time is known as periodic motion. 

)) If a body moves back and forth repeatedly about a mean position, it is said to possess Oscillatory 
motion. A harmonic Oscillation of constant amplitude and single frequency is called Simple 
Harmonic Motion. 

)) A particle is said to execute simple harmonic motion if its acceleration is directly proportional 
to	the	displacement	from	a	fixed	point	and	is	always	directed	towards	that	point.	

)) The time taken by a particle to complete one oscillation is called the time period (T).

)) The number of oscillations produced by the body in one second is known as frequency (n).

)) The	phase	of	a	particle	vibrating	in	SHM	is	the	state	of	the	particle	as	regards	to	its	direction	
of motion and position at any instant of time.

)) Initial phase of the vibrating particle is Epoch. 

)) If	 two	vibrating	particles	executing	SHM	with	same	time	period	cross	 the	respective	mean	
positions at the same time in the same direction they are said to be in phase.
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)) Simple	harmonic	motion	can	also	be	angular.	The	restoring	torque	required	for	producing	SHM	
is directly proportional to the angular displacement and is directed towards the mean position. 

)) The period of a simple pendulum varies directly as the square root of the length of the pendulum. 

)) The period of a simple pendulum varies inversely as the square root of the acceleration due to 
gravity. 

)) The time period of a simple pendulum is independent of the mass and material of the bob. 

)) The period of a simple pendulum is independent of the amplitude provided the amplitude is small. 

)) When a body vibrates with its own natural frequency, it is said to execute free oscillations. 

)) If	the	amplitude	of	oscillations	decreases	with	time	and	finally	becomes	zero,	the	oscillations	
are called Damped oscillations.

)) If the amplitude of an oscillating system is made constant by feeding some energy which is 
lost, the oscillations are called Maintained oscillations. 

)) When a vibrating body is maintained in the state of vibration by a periodic force of frequency 
(n) other than its natural frequency of the body, the vibrations are called Forced vibrations. 

)) If the frequency of the external periodic force is equal to the natural frequency of oscillation 
of the system, then the amplitude of oscillation will be large and this is known as Resonance.

Self Evaluation

6.1  Which of the following is the necessary condition for SHM?
(a)  constant period
(b)  constant acceleration
(c)  displacement and acceleration are proportional
(d)  displacement and torque are proportional [Ans: (c)]

6.2  The displacement of a particle executing SHM is given by x = 0.01 sin (100πt + 0.05).  
Its time period is __________.
(a)  0.01 s  (b) 0.02 s (c) 0.1 s (d) 0.2 s [Ans: (b)]

6.3 If the displacement of a particle executing SHM is given by y = 0.05 sin 100 +
2

t π



  cm. 

The maximum velocity of the particle is __________.
(a)  0.5 cm s-1  (b)  0.05 m s-1 (c)  100 m s-1  (d) 50 m s-1 [Ans: (b)]

6.4 If the magnitude of displacement is equal to acceleration, then the time period is, _______.
(a) 1 s	 (b)	 π	s	 (c)	 2π	s		 (d)	 4π	s [Ans: (c)]

6.5 A body of mass 2 g is executing SHM about a mean position with an amplitude 10 cm. If 
the maximum velocity is 100 cm s-1, its velocity is 50 cm  s-1 at a distance of (in cm)____.
(a) 5 2  (b) 50 3  (c) 5 3  (d) 10 3  [Ans: (c)]

6.6 A linear harmonic oscillator has a total energy of 160 J. Its __________.
(a) maximum potential energy is 100 J (b) maximum kinetic energy is 160 J
(c) minimum potential energy is 100 J (d) maximum kinetic energy is 100 J 
 [Ans: (b)]
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6.7 A force of 6.4 N stretches a vertical spring by 0.1 m. The mass that must be suspended 

from the spring so that it oscillates with a period of pp
4

s is  __________.

(a) π
4

kg  (b) 1 kg (c) 1
4

kg   (d) 10 kg [Ans: (b)]

6.8 The length of seconds pendulum at a place where g = 9.8 ms-1 is __________.
(a) 0.25 m  (b) 1 m (c) 0.99 m  (d) 0.50 m [Ans: (c)]

6.9  A particle executes SHM with an amplitude 4 cm. At what displacement from the mean 
position its energy is half kinetic and half potential?
(a) 2 2 cm   (b) 2 cm  (c) 2 cm  (d) 1 cm [Ans: (a)]

6.10 A particle executes SHM along a straight line with an amplitude ‘a’. PE is maximum 
when the displacement is __________.

(a) ±	a		 (b)	 zero	 (c)	 + a
2

 (d) a
2

 [Ans: (a)]

Additional Questions and Answers

1.  When the restoring force in the spring is increased by ky in upward direction so they 
force act between,
(a)  same direction   (b)  opposite direction
(c)  both directions   (d)  None [Ans: (b)]

2.  A spring of a force constant k is cut n equal parts. The force constant of each part will be, 
__________.  (Govt. Model Question Paper)
(a)  nk (b)  k/n (c)  n/k (d)  k [Ans: (a)]

3.  A spring of a force constant k is cut three equal parts. The force constant of each part will 
be, __________.
(a)  3k (b)  

k
k3
3   (c)  k

k3
3   (d)  k [Ans: (a)]

4.  When the two springs are connected in parallel with attached load of the combination. So 
the time period of the body is given by, __________.

(a)		 T	=	π m
k +k

   m
k +k1 2 1 2

k k
m

1 2

2

2+	 (b)		 	2π	
m

k +k
   m

k +k1 2 1 2

k k
m

1 2

2

2+
	 (c)		π

m
k +k

   m
k +k1 2 1 2

k k
m

1 2

2

2+
	 (d)		 2π

m
k +k

   m
k +k1 2 1 2

k k
m

1 2

2

2+
 

 

 [Ans: (d)]
5.  When the two springs are connected in series with attached load of the combination. So 

the time period of the body is given by, __________.

(a)		 T	=	2π ( ) ( )k k
k k

m k k
k k

1 2

1 2

1 2

1 2

+ +    	 	 (b)		 T	=	π	
( ) ( )k k

k k
m k k

k k
1 2

1 2

1 2

1 2

+ +     

(c)		T	=	2π( ) ( )k k
k k

m k k
k k

1 2

1 2

1 2

1 2

+ +    	 	 (d)	T	=	π
( ) ( )k k

k k
m k k

k k
1 2

1 2

1 2

1 2

+ +     [Ans: (c)]
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20.  The total energy of harmonic oscillation is directly proportional to _________.
(a)  amplitude   (b)  square of displacement
(c)  time period   (d)  square of frequency [Ans: (c)]

Textual Questions

6.11  Define simple harmonic motion. What are the conditions of SHM?  3 Marks
A particle is said to execute simple harmonic motion if its acceleration is directly proportional 
to	the	displacement	from	a	fixed	point	and	is	always	directed	towards	that	point.	
Conditions of SHM : For a body to undergo simple harmonic motion, its acceleration must be 
opposite to the direction of displacement. 
   i.e., a = - ω2y
The restoring force acting on the body should be always directly proportional to the displacement 
and	directed	always	towards	that	fixed	point.

6.12  Every SHM is periodic motion but every periodic motion need not be SHM. Why? 
Support your answer with an example.  3 Marks
(i)  If the motion is repeated after a certain interval of time, the motion is called periodic 

motion. 
(ii)  The motions like rocking in a cradle or swinging on a swing are different from the 

periodic motion of a planet. 
(iii)	 	Here	the	object	moves	to	and	fro	about	a	mean	position	being	a	periodic	motion.	So	the	

motion is simple harmonic motion. 
(iv)  But other periodic motions like the periodic motion of a planet, planet is not moving 

to	and	fro	about	a	mean	position.	So	every	SHM	is	periodic	motion	but	every	periodic	
motion	need	not	be	SHM.

6.13  Show that the projection of uniform circular motion on the diameter of a circle is simple 
harmonic motion.  5 Marks
Let us consider a particle moving along the circumference of a   

X´ X

N

O

Y

Y´

P

a
θ

θ

Projection of Uniform 
Circular Motion

circle of radius a and centre O, with uniform speed v, 
in anticlockwise direction. Let XX´ and YY´ be the two 
perpendicular diameters.
Suppose the particle is at P after a time t.	 If	ω	 is	 the	 angular	
velocity,	 then	the	angular	displacement	θ	in	time t is given by  
θ	=	ωt.	From	P	draw	PN	perpendicular	to	YY´.	As	the	particle	
moves from X to Y, foot of the perpendicular N moves from O to 
Y. As it moves further from Y to X´, then from X´ to Y´ and back 
again to X, the point N moves from Y to O, from O to Y´ and back 
again to O. When the particle completes one revolution along 
the circumference, the point N completes one vibration about the mean position O. The 
motion	 of	 the	 point	N	 along	 the	 diameter	YY´	 is	 simple	 harmonic.	Hence,	 the	 projection	
of a uniform circular motion on a diameter of a circle is simple harmonic motion.

Questions	are	given	under	2	marks	or	3	marks	categories	based	on	the	points	of	Answers.	It	is	only	for	guidance.	However,	
in the exams, the questions may be asked either in 2 marks or 3 marks
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4.  Show graphically and tabulate the results of PE, KE and total energy of a particle 
executing SHM.
Graphical representation of energy : The value of  

Energy - Displacement Graph

Energy Total energy

DisplacementO X

KE

PE

a a

K and U in terms of E for different values of y. The variation 
of energy of an oscillating particle with the displacement 
can be represented in a graph. 

Energy	of	SHM	:

y 0
a
2 a - a

2 -a

Kinetic energy E
3
4

E 0
3
4

E 0

Potential energy 0
1
4

E E
1
4

E E

Textual Problems

6.38 Obtain an equation for the SHM of a particle of amplitude 0.5 m, frequency 50 Hz.  
The initial phase is pp

2
 . Find the displacement at t = 0.  3 Marks

Given data :	Amplitude	of	a	particle	executing	SHM	=	0.5	m
Frequency	of	a	particle	executing	SHM	=	50	Hz

Initial	phase	of	a	particle	executing	SHM	=	
π
2

Solution :       The	equation	for	SHM	is	y = a sin (ωt + φ0)    ......(1)
     = 2πn = 2π × 50 = 100π
  Substituting the given values in the equation (1)
  We get y = 0.5 sin (100πt +

π
2

)

  When t = 0, y = 0.5 sin (0 +
π
2 )

     = 0.5 sin π
2

 = 0.5 × 1 = 0.5 m

  The displacement at t = 0 is  y = 0.5 m.
6.39 The equation of SHM is represented by y = 0.25 sin (3014 t + 0.35), where y and t are 

in mm and s respectively. Deduce (i) amplitude (ii) frequency (iii) angular frequency  
(iv) period and (v) initial phase.  5 Marks
Given data : y = 0.25 sin (3014 t + 0.35) 
Solution :   Equation	for	SHM	is	y = a sin (ωt + φ0)    ......(1)
   The given equation is y = 0.25 sin (3014 t + 0.35)   ......(2)
  Comparing both (1) & (2) we get
(i)   Amplitude = 0.25 × 10-3 m
(ii)   ω = 2πn = 3014

    n = 
3014

2 3 14× .
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190 Sura’s  +1 Std - Physics  Volume II  Unit 6

Additional Problems

Very Short Answer:  2 Marks

1. Calculate the time taken by a particle executing SHM of period (T) to move from the 
mean position to half the maximum displacement.
Solution :    y = a sin ωt

   y = a tsin 2 2π ω π
T T

∵ =  

   y = 
a a t
2

2= sin π
T

   sin 2πt
T

 = 1
2

  or sin π
6

 = a tsin 2 2π ω π
T T

∵ =
1
2

30 1
2

∵sin =

  or 
2 π t

T
 = 

π
6

  or t = 
T
12

s .

2. The equation of a simple harmonic motion of a body which is vibrating is given by 

x t= 5sin 4
6

- pp





 where x is the displacement. Calculate the velocity of the vibrating 

particle if the displacement is 3 units. 
Solution :    a = 5
   y = x = 3 units
   ω = 4
   v = ω a y2 2-

   v = 4 5 3 4 25 92 2- ⇒ -

   v = 4 16 16=
   v = 16 m/s.

Short Answer:  3 Marks

1. When the displacement is half of the amplitude then what fraction of total energy of a 
simple harmonic oscillator is kinetic?
Solution :  Kinetic energy, Ek = 

1
2

2 2m a y( )-

   y = 
a
2

   ∴ Ek = 
1
2 4

2 2
2

m a aω -






=  
1
2 4

2 2
2

m a aω -




 

4
4

2 2a a-
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   Ek = 1
2

3
4

2
2

m aω






   Total energy, E = 1
2

2 2m aω

   
E
E

k  = 
3
4

1 3
4

2

2

a
a

× =

2. A mass of 10 kg is suspended by a spring of length 60 cm and force constant 4 × 103 Nm-1. 
If it is set into vertical oscillations, calculate the (i) frequency of oscillation of the spring 
and (ii) the length of the stretched spring.
Solution :
(i) frequency of oscillations n = 

1
2π

k
m

   n = 
1

2
4 10

10
103

π π
× =

   n = 
10

3 14
3 184

.
.= Hz

(ii) Length of the stretched spring T = 2π dl
g

   T2 = 4 2π dl
g

   dl = 
gT2

24π
 = 

9 8
4 3 14

1
2 2

.
( . )×

×
n

   dl = 
9 8

4 3 14 3 14 3 184 3 184
.

. . . .× × × ×
   dl = 0.0245 m.

3. The velocity amplitude is 3.2 cm s-1. The acceleration amplitude is 8pcm s-2. Calculate 
the time period of its oscillation.
Solution :  Velocity amplitude = aω
  acceleration amplitude  = aω2

   
3 2
8
.
π

 = a
a

ω
ω 2

   ω = 
8
3 2

8 3 14
3 2

7 85π
.

.
.

.= × = rad/s

   Time period, T = 2 2
7 85

2 3 14
7 85

π
ω

π= = ×
.

.
.

   = 
6 28
7 85

0 8.
.

. .= s
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Introduction :

Wave motion is a mode of transmission of energy through a medium in the form of a 
disturbance. The two types of propagation of waves are transverse and longitudinal 

wave motion. The vibrations produced in a tuning fork, vibrations of a stretched spring 
producing waves and their propagation of waves are dealt in detail. The waves propagated as 
sound waves, their velocity, the factors affecting the velocity of sound are dealt by Newton 
and Laplace. The reflection of sound and its applications are studied in detail. The waves 
on superposition give interference and beats. The stationary waves are formed in Sonometer 
finds many applications. Vibrations of air column are formed in both closed organ and 
open organ pipes. Resonance column apparatus is based on the superimposition of sound 
waves and is used to find the unknown frequency of the tuning fork. The phenomenon of 
Doppler effect finds application in SONAR, RADAR and locating satellite position.

Important formulae

1. n = 1
T

 n - frequency of waves; T - time period of one vibration.

2. v = nλ. v - velocity of sound waves.

3. v
m

= T  v - velocity of transverse waves along stretched string; m - mass per unit length; 
T - resultant tension produced. 

4. Velocity of longitudinal waves in an elastic medium,

 v = E
ρ

 E - modulus of elasticity; ρ - density of the medium.

5. v q=
ρ

 q - Young's modulus of the material; ρ - density of the rod.

6. v = k
ρ

 k - Bulk modulus; ρ - density of the liquid.

7. v
v

1

2

2

1

=
ρ
ρ

8. y = a t xsin 2π
λT

±



 is the equation of plane progressive wave.

wave motion7UN
IT

[192]
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194 Sura’s  +1 Std - Physics  Volume II  Unit 7

Important Terms

)) The waves are of three types. They are mechanical, electromagnetic and matter waves.

)) Wave motion is a form of disturbance which travels through a medium due to the repeated 
periodic motion of the particles of the medium about their mean position. The motion is 
transferred continuously from one particle to its neighbouring particle.

)) The two types of mechanical wave motion are (i) transverse wave motion and (ii) longitudinal 
wave motion.

)) Transverse wave motion is that wave motion in which particles of the medium execute SHM 
about their mean positions in a direction perpendicular to the direction of propagation of the wave.

)) The maximum displacement of the particle in the positive direction i.e. above its mean position 
is called crest.

)) Maximum displacement of the particle in the negative direction i.e below its mean position is 
called trough.

)) Longitudinal wave motion is that wave motion in which each particle of the medium executes 
simple harmonic motion about its mean position along the direction of propagation of the wave.

)) The distance travelled by a wave during which a particle of the medium completes one vibration 
is called wavelength.

)) The time period of a wave is the time taken by the wave to travel a distance equal to its 
wavelength.

)) The frequency is defined as the number of waves produced in one second.

)) The velocity of mechanical wave depends on elasticity and inertia of the medium.

)) The experimental value for the velocity of sound in air is 332 ms–1. The theoretical value was 
found as 280 ms–1 by Newton.

)) Laplace correction was made and the velocity of sound was calculated as 331.3 ms–1 which 
agreed with the experimental value.

)) The velocity of sound in a gas is independent of the change in pressure provided the temperature 
remains constant.

)) The velocity of sound in air increases by 0.61 ms–1 per degree centigrade rise in temperature. 

)) The velocity of sound in a gas is inversely proportional to the square root of the density of the gas.

)) A progressive wave is defined as the onward transmission of the vibratory motion of a body 
in an elastic medium from one particle to the successive particle.

)) The loudness of a sound depends on intensity of sound wave and sensitivity of the ear.

)) The intensity is defined as the amount of energy crossing per unit area, per unit time perpendicular 
to the direction of propagation of the wave.
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7.2 Sound of frequency 256 Hz passes through a medium. The maximum displacement is  
0.1 m. The maximum velocity is equal to __________.
(a) 60π m s-1 (b) 51.2π m s-1 (c) 256 m s-1 (d) 512 m s-1  

 [Ans: (b)]
7.3 Which of the following does not affect the velocity of sound?

(a) temperature of the gas  (b) pressure of the gas
(c) mass of the gas   (d) specific heat capacities of the gas  
 [Ans: (b)]

7.4 When a wave passes from one medium to another, there is change of __________.
(a) frequency and velocity  (b) frequency and wavelength
(c) wavelength and velocity (d) frequency, wavelength and velocity 
 [Ans: (c)]

7.5 Sound waves from a point source are propagating in all directions. What will be the ratio 
of amplitude at a distance 9 m and 25 m from the source?
(a) 25:9 (b) 9: 25 (c) 3 : 5 (d) 81 : 625 [Ans: (a)]

7.6 The intensity level of two sounds are 100 dB and 50 dB. Their ratio of intensities are ____.
(a) 101 (b) 105 (c) 103 (d) 1010 [Ans: (b)]

7.7 Number of beats produced by two waves of y1 = a sin 2000 πt, y2 = a sin 2008 πt is ________.
(a) 0 (b) 1 (c) 4 (d) 8 [Ans: (c)]

7.8 In order to increase the fundamental frequency of a stretched string from 100 Hz to  
400 Hz, the tension must be increased by __________.
(a) 2 times (b) 4 times (c) 8 times (d) 16 times [Ans: (d)]

7.9 The second overtone of an open pipe has the same frequency as the first overtone of a 
closed pipe of 2 m long. The length of the open pipe is, __________.
(a) 2 m (b) 4 m (c) 0.5 m (d) 0.75 m [Ans: (b)]

7.10 A source of sound of frequency 150 Hz is moving in a direction towards an observer with 
a velocity 110 m s-1. If the velocity of sound is 330 m s-1, the frequency of sound heard by 
the person is __________.
(a) 225 Hz (b) 200 Hz (c) 150 Hz (d) 100 Hz [Ans: (a)]

Additional Questions and Answers

1.  The fundamental frequency of waves, in a first harmonics is, __________.
(a)  highest frequency and longest wavelength  
(b)  lowest frequency and longest wavelength  
(c)  both are highest    (d)  both are lowest [Ans: (b)]

2.  In a closed organ pipe, the frequencies of harmonics are in the ratio. 
 (Govt. model question paper 2017)

(a)  1 : 2 : 3 (b)  1 : 3 : 5 (c)  1 : 4 : 9 (d)  1 : 1 : 1 [Ans: (b)]
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Textual Questions

7.11  Define wave motion. Mention the properties of the medium in which a wave propagates.
 3 Marks

Wave motion is defined as a form of disturbance which travels through a medium due to the 
repeated periodic motion of the particles of the medium about their mean position. The motion 
is transferred continuously from one particle to its neighbouring particles.

 Properties:
(i) The medium in which a wave propagates should possess elasticity and inertia.
(ii)  All the particles of the medium do not receive the disturbance at the same instant (i.e.) 

each particles begins to vibrate a little later than its predecessor. 
(iii)  During the propagation of wave motion, there is transfer of energy from one particle to 

another without any actual transfer of wave propagations the particles of the medium. 
7.12 What are the important characteristics of wave motion?  5 Marks

The important characteristics of wave motion are - 
(i) Wave motion is a form of disturbance traveling in the medium due to the periodic 

motion of the particles about their mean position.
(ii) It is necessary that the medium should possess elasticity and inertia.
(iii) All the particles of the medium do not receive the disturbance at the same instant (i.e) 

each particle begins to vibrate a little later than its predecessor.
(iv) The wave velocity is different from the particle velocity. The velocity of a wave is 

constant for a given medium, whereas the velocity of the particles goes on changing and 
it becomes maximum in their mean position and zero in their extreme positions. 

(v) During the propagation of wave motion, there is transfer of energy from one particle to 
another without any actual transfer of the particles of the medium.

(vi) The waves undergo reflection, refraction, diffraction and interference.
7.13 Distinguish between transverse and longitudinal waves.  5 Marks

No. Transverse Waves Longitudinal Waves
1. In transverse waves, the particles of the 

medium vibrate perpendicular to the 
direction of propagation.

In longitudinal waves, the particles of the 
medium vibrate parallel to the direction of 
propagation.

2. Transverse, wave is propagated in the 
form of crests and troughs.

Longitudinal wave is propagated in the 
form of compressions and rarefactions.

3. They can be transmitted through solids 
and surface of liquids.

They can be transmitted through liquids, 
gases and solids.

4. They cannot be transmitted inside 
liquids and gases because they do not 
possess cohesion.

They can be transmitted inside liquids 
and gases because they possess volume 
elasticity.

5. They can be reflected, refracted, 
diffracted and polarised.

They can be reflected, refracted, 
diffracted but cannot be polarised.

7.14  In solids both longitudinal and transverse waves are possible, but transverse waves are 
not produced in gases. Why?  3 Marks
(i)  For propagation of transverse waves, the medium must possess force of cohesion and 

volume elasticity. In solids both transverse and longitudinal waves are possible because 
solid possess cohesion and volume elasticity. 
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(iv) SONAR (Sound Navigation and Ranging) : Sound waves generated from a ship 
fitted with SONAR are transmitted in water towards an approaching submarine. The 
frequency of the reflected waves is measured and hence the speed of the submarine is 
calculated.

Textual Problems

7.41 A wave of length 0.60 cm is produced in air and travels with a velocity of 340 m s-1.  
Will it be audiable to human ear?  2 Marks
Given data :   Wave length λ = 0.6 × 10-2 m

    Velocity of sound v = 340 m/s

Solution :   Frequency n = 
v
λ

 = 
340

0 6 10 2. × −

     = 566.666 × 102 = 56,666.6 Hz
    Frequency = 5.666 × 104 Hz
  It is not audible to human ear.

7.42 The velocity of sound in water is 1480 m s-1. Find the frequency of sound wave such that 
its wavelength in water is the same as the wavelength in air of a sound wave of frequency 
1000 Hz. (The velocity of sound in air is 340 m s-1).  3 Marks
Given data :   Velocity of sound in water vω = 1480 m s-1

    Frequency of sound in air n = 1000 Hz
    Velocity of sound in air va = 340 m s-1

Solution :   Wavelength of sound in air λ = 
v
n
a = = × −340

1000
34 10 2 m.

  It is given that wavelength of sound wave in water     
   = wavelength of sound wave in air = 34 × 10-2 m

   Frequency of sound in water = 
velocityof soundin water

wavelength of sound wavein water

    = 
1480

34 10
43 5294 102

2

×
= ×− .

    = 4352.94 Hz = 4353 Hz.
   Frequency of sound wave in water = 4353 Hz.

7.43 Calculate the ratio of velocity of sound in hydrogen γ = 7
5





 to that in helium γ = 5

3




 at 

the same temperature.  
3 Marks

Given data : For hydrogen γ1
7
5

= ; For helium γ 2
5
3

= =
C
C

p

v

Solution :    Velocity of sound in hydrogen vHyd = γ1RT
MHyd
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    = 10 10 9log logmax

min

I
I

=

   L1 - L2 = 10 32log   = 20 log 3.
2. A metal wire of linear mass density 9.8 g/m is stretched with the tension of 10 kg wt 

between two rigid supports of 1 m apart. The wire passes at its middle point between the 
poles of a permanent magnet and it vibrates in resonance when an ac supply of frequency 
'n' is given. Calculate the frequency of AC source.

Solution :    n = 
1
2l m

T

   n = 
1

2 1
10 9 8

9 8 10 3×
×
× −

.
.

   n = 1
2

10000

   n = 1
2

10 1
2

10 100
2

504 2= × = = Hz .

Long Answer:  5 Marks

1. A man is watching two trains, one leaving and the other coming in with equal speeds of  
4 m/s. If they sound their whistles each of frequency 240 Hz, calculate the number of 
beats heard. Given velocity of sound in air = 330 m/s. 
Solution : 
For the observer when the train coming towards the observer, 

   n´ = 
v n

v vs−
For the observer when the train goes away from him

   n´´ = 
v n

v vs+

  No. of beats n´ - n´´ = v n
v v

v n
v vs s−







−
+







   n´ - n´´ = 330 240 1
330 4

1
330 4

×
−

−
+







    = 330 240 1
326

1
334

× −





    = 79200 (0.00307 - 0.00299)
    = 79200 × 0.00008
    = 7.92 × 0.8  = 6.336  ~ 6
   No. of beats = 6.
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Introduction :

Heat is a form of energy called thermal energy. Temperature is the effect of heat and it 
represents the degree of hotness or coldness of the body. Because of the thermal energy 

the molecules begin to move in various directions. Internal energy of the system is due to the 
molecular motion and their configuration. The thermal energy supplied is used to increase the 
internal energy of the system and rest of the energy does some work on the system which is called 
the thermodynamic process. It can be reversible or irreversible. There are 3 ways of transfer of 
heat. They are conduction, convection and radiation. This lesson deals with the thermal energy, 
law of thermodynamics, irreversible and reversible thermodynamic processes the mode of 
transfer of heat and various applications of thermodynamic process in the day-to-day life.  

Important formulae

1. Pressume of a gas P
V

= 1
3

2nm c

2. P E= 2
3

3. 1
2

3
2

2mc k k= T = R
N

(Boltzmannconstant)

4. Mean Kinetic energy per molecule per degree of freedom = 
1
2

kT

5. C Q
T

= ∆
∆m

6. Cp = Cv + R       or     Cp - Cv = R 

7. U = Uk + Up

8. ∆Q = ∆W + ∆U

9. W = P
V

V

dv
1

2

∫
10. For isothermal process W = 2 3026 10

2

1

. logRT V
V

11. For adiabatic process W = 
R T T

1 2 1−
−

γ

heat and thermodynamiCs8UN
IT
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12. Efficiency η = 
T T

T
1 2

1

−

13. Co- efficient of performance COP = 
1− η

η

14. Co - efficient of thermal conductivity K = 
∆
∆
Q
t

15. λmT = b
16. E T= σ 4

17. Newton's law of cooling ( ) ( )ms m s

t

+ −

−





=1 1 1 2

1 2
02

T T
T +T T

Constant

18. Surface temperature of the Sun T R S= 









r

1
2

1
4

σ
 

19. Heat absorbed by Pyrheliometer is Q VI
A

=
a

20. C
C C C

C RMS Velocity=
+ +

→1
2

2
2 2.......... n

n

Important Terms

)) Heat is a form of energy called thermal energy.

)) Temperature is the thermal state of the body, that decides the direction of flow of heat.

)) Avogadro number is defined as the number of molecules present in one mole of a substance.  
It is a constant for all the substances. Its value is 6.023 × 1023.

)) Root mean square velocity is defined as the square root of the mean value of the squares of 
velocities of individual molecules.

)) Average kinetic energy per molecule of the gas is equal to 3
2

kT .

)) The number of degrees of freedom of a dynamical system is defined as the total number of 
co-ordinates or independent variables required to describe the position and configuration of 
the system.

)) A rigid body will have six degrees of freedom, three due to translatory motion and three due 
to rotatory motion.

)) Law of equipartition of energy states that for a dynamical system in thermal equilibrium the 
total energy of the system is shared equally by all the degrees of freedom.

)) Zeroth law of thermodynamics states that two systems which are individually in thermal 
equilibrium with a third one, are also in thermal equilibrium with each other.

)) Temperature may be defined as the particular property which determines whether a system is 
in thermal equilibrium or not with its neighbouring system when they are brought into contact.
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)) Wien’s displacement law states that the wavelength of the radiation corresponding to the 
maximum energy (λm) decreases as the temperature T of the body increases.

)) Stefan’s law states that the total amount of heat energy radiated per second per unit area of 
a perfect black body is directly proportional to the fourth power of its absolute temperature.

)) Newton’s law of cooling states that the rate of cooling of a body is directly proportional to the 
temperature difference between the body and the surroundings.

)) The solar constant is the amount of radiant energy received per second per unit area by a 
perfect black body on the Earth with its surface perpendicular to the direction of radiation from 
the sun in the absence of atmosphere.

Self Evaluation

8.1  Avogadro number is the number of molecules in __________.
(a) one litre of a gas at NTP (b) one mole of a gas
(c) one gram of a gas   (d) 1 kg of a gas [Ans: (b)]

8.2  First law of thermodynamics is a consequence of the conservation of __________.
(a) momentum (b) charge (c) mass (d) energy [Ans: (d)]

8.3  At a given temperature, the ratio of the RMS velocity of hydrogen to the RMS velocity of 
oxygen is __________.
(a) 4 (b) 

1
4

 (c) 16 (d) 8 [Ans: (a)]

8.4  The property of the system that does not change during an adiabatic change is __________.
(a) temperature (b) volume (c) pressure  (d) heat [Ans: (d)]

8.5  For an ant moving on the horizontal surface, the number of degrees of freedom of the ant 
will be:
(a) 1 (b) 2 (c) 3  (d) 6 [Ans: (b)]

8.6  The translational kinetic energy of gas molecules for one mole of the gas is equal to :

(a)  3
2

RT  (b) 2
3

kT  (c) 1
2

RT  (d) 3
2

kT  [Ans: (a)]

8.7  The internal energy of a perfect gas is __________.
(a partly kinetic and partly potential (b) wholly potential
(c) wholly kinetic   (d) depends on the ratio of two specific heats 
 [Ans: (c)]

8.8  A refrigerator with its power on, is kept in a closed room. The temperature of the room 
will __________.
(a) rise    (b) fall
(c) remains the same   (d) depend on the area of the room [Ans: (a)]
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25.  S. I. Unit of Stefan's constant is __________.
(a)  Nm-2 (b) Jm-2 s-1 k-1 (c) Wm-2 k-4 (d) Jm-2 [Ans: (c)]

26.  The specific heat capacity of a gas in an isothermal process is __________.
(a)  infinite (c) zero (c) negative (d) same [Ans: (a)]

27.  Internal energy of a real gas is independent of __________.
(a)  Pressure (b) Temperature (c) Volume (d) None [Ans: (d)]

28.  Heat given to a body which raises its temperature by 1ºC is __________.
(a)  Water equivalent   (b) Specific heat
(c) Thermal capacity   (d) Temperature gradient [Ans: (c)]

29.  Even Carnot engine cannot give 100% efficiency because we cannot __________.
(a)  prevent radiation   (b) find ideal sources
(c) reach absolute zero temperature for sink (d) eliminate friction [Ans: (c)]

30.  The number of degrees of freedom of a diatomic gas molecule is __________.
(a)  3 (b) 6 (c) 7 (d) 5 [Ans: (d)]

Textual Questions

8.12  What are the postulates of Kinetic theory of gases?  3 Marks
1. A gas consists of a very large number of molecules. Each one is a perfectly identical 

elastic sphere.
2. The molecules of a gas are in a state of continuous and random motion. They move in 

all directions with all possible velocities.
3. The size of each molecule is very small as compared to the distance between them. 

Hence, the volume occupied by the molecule is negligible in comparison to the volume 
of the gas.

4. There is no force of attraction or repulsion between the molecules and the walls of the 
container.

5. The collisions of the molecules among themselves and with the walls of the container 
are perfectly elastic. Therefore, momentum and kinetic energy of the molecules are 
conserved during collisions.

6. A molecule moves along a straight line between two successive collisions and the 
average distance travelled between two successive collisions is called the mean free 
path of the molecules.

7. The collisions are almost instantaneous (i.e) the time of collision of two molecules is 
negligible as compared to the time interval between two successive collisions.

8.13  Derive an expression for the average kinetic energy of the molecule of gas.  5 Marks
Let us consider one mole of gas of mass M and volume V.

    P = 
1
3

2ρC

    P = 
1
3

2M
V

C   [ 

∴

P = 
1
3

2M
V

C]

    PV = 
1
3

2MC
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So, piece of red glass is heated and taken out glow with green light. This is because it emits 
green light strongly at a higher temperature as it absorbs while heating.

8.45 Define solar constant.  2 Marks
The solar constant is the amount of radiant energy received per second per unit area by a 
perfect black body on the Earth with its surface perpendicular to the direction of radiation from 
the sun in the absence of atmosphere. It is denoted by S and its value is 1.388 × 103 Wm-2. 
Surface temperature of Sun can be calculated from solar constant.

8.46 Describe the working of pyrheliometer.  (Govt. model question paper 2017) 5 Marks
Construction : Pyrheliometer designed by Angstrom is the simplest and most accurate. 
It consists of two identical strips S1 and S2 of area A. One junction of a thermocouple is 
connected to S1 and the other junction is connected to S2. A sensitive galvanometer is connected
to the thermo couple.
Working : Strip S2 is connected to an external electrical    

Angstrom Pyrheliometer

M

S1

S2

G

Rh
Bt

K

V

A

circuit as shown in Figure. When both the strips S1 and 
S2 are shielded from the solar radiation, galvanometer 
shows no deflection as both the junctions are at the 
same temperature. Now strip S1 is exposed to the 
solar radiation and S2 is shielded with a cover M. 
As strip S1 receives heat radiations from the sun, its 
temperature rises and hence the galvanometer shows 
deflection. Now current is allowed to pass through the 
strip S2 and it is adjusted so that galvanometer shows 
no deflection. Now, the strips S1 and S2 are again at the 
same temperature.
Calculation : If the quantity of heat radiation that is incident on unit area in unit time on strip 
S1 is Q and a its absorption co-efficient, then the amount of heat radiations absorbed by the 
strip S1 in unit time is QAa.
Also, heat produced in unit time in the strip S2 is given by VI, where V is the potential difference 
and I is the current flowing through it.
   As heat absorbed = heat produced

   QAa = VI (or) Q VI
A

=
a

Knowing the values of V, I, A and a, Q can be calculated.

Additional Short Answer Questions

Very Short Answer:  2 Marks
1. Differentiate Heat and Temperature.

(i)  Heat is a form of energy which is the cause for temperature. It is formed due to the 
molecular motion. 

(ii)  Temperature is the measurement of heat which is the effect of heat. It is the measure of 
heat lost or gain by a body.

Questions are given under 2 marks or 3 marks categories based on the points of Answers. It is only for guidance. However, 
in the exams, the questions may be asked either in 2 marks or 3 marks
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   dW = - W    and    dU = 0
   ∴   dQ = Q2 - Q1 = - W
Negative sign with W represents work is done on the system
(i.e.,)  W = Q1 - Q2

7.  How can surface temperature of the Sun be calculated?
The Sun is a perfect black body of radius r and surface temperature T. According to Stefan’s 
law, the energy radiated by the Sun per second per unit area is equal to σT4,
where σ is Stefan’s Constant.
Hence, the total energy radiated per second by the Sun will be given by
   E = surface area of the Sun × σT4

   E = 4πr2 σT4  ..... (1)
Let us imagine a sphere with Sun at the centre and the distance between the Sun and Earth R as 
radius. The heat energy from the Sun will necessarily pass through this surface of the sphere.
If S is the solar constant, the amount of heat energy that falls on this sphere per unit time is
   E = 4πR2S  ..... (2)
By definition, equations (1) & (2) are equal. 

Sun

R Earth

Surface Temperature of the Sun

   ∴ 4πr2σT4 = 4πR2S

   T4 = 
R S2

2r σ

   ∴ T = 
R S

1
42

2r σ






   T = 
R S

1
2

1
4

r












.
σ

Knowing the values of R, r, S and σ the surface temperature of the Sun can be calculated.

Textual Problems

8.47 Calculate the kinetic energy of translational motion of a molecule of a diatomic gas at  
320 K.  2 Marks
Given data :   Temperature T = 320 K
Solution : Kinetic energy of translational motion of a molecule of a diatomic gas

     = 
3
2

kT

     = 3
2

1 38 10 320 662 4 1023 23× × × = ×− −. . J

     = 6.624 × 10–21 J
8.48 Calculate the rms velocity of hydrogen molecules at NTP (One mole of hydrogen occupies 

22.4 litres at NTP).  3 Marks
Given :  At NTP, pressure, P = 1.01 × 105 N/m2

Solution :  For 1 mole of Hydrogen, m = 2 gm  =  2 × 10–3 kg.
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   5 = 0.5θ

   ∴ θ = 
5

0 5.
    = 10ºC
   ∴ Temperature of surroundings = 10ºC

Additional Problems

Very Short Answer:  2 Marks
1. The temperatures T1 and T2 of heat reservoirs in the ideal Carnot engine are 1500ºC and 

500ºC respectively. If T1 increases by 100ºC what will be the efficiency of the engine?
Solution :  T1 = 1500 + 100 = 1600ºC
   T1 = 1600 + 273 = 1873 K
   T2 = 500ºC = 500 + 273 = 773 K

   η = 1−
T
T

2

1

   η = 1 773
1873

1100
1873

− =

   η = 
1100
1873

100 59× =% %

Short Answer:  3 Marks

1. In a refrigerator, the low temperature coil of evaporator is at –23ºC and the compressed 
gas in the condenser has a temperature of 77ºC. How much electrical energy is spent in 
freezing 1 kg of water already at 0ºC. (Given : specific heat capacity of water 4.2 J/g/ºC. 
Latent heat of fusion of ice = 80 Cal / g.)

Solution :  COP = 
T

T T2

2

1 −

    = 
273 23

273 77 273 23
−

+ − −( ) ( )

    = 250
100

2 5= .

   COP = Q
W

2

   Q2 = 1000 × 80 × 4.2

   COP = 1000 80 4 2 2 5× × =. .
W

   W = 
1000 80 4 2

2 5
134400× × =.

.
J
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Introduction :

Light is a form of energy given out by a source reaching the observer through a medium 
or without medium. In our day-to-day life it can be proved that any object can be seen 

in the presence of light. Light obeys laws of reflection, refraction, polarisation and diffraction. 
Rainbow formation is an example for the dispersion of light by the rain drops. Dispersion of 
light can be observed in the laboratory by a prism.

Important formulae

1. The number of images formed by two plane mirror inclined at an angle and if the object is kept 

between them, is n = −360 1
θ

.

2. 1 1 1
u v f

+ =   where u - object distance, v - image distance, f - focal length of the mirror.

3. Magnification = size of the image
size of the object

h
h

2

1

=

4. m f
f u

=
−

is the formula for magnification.

5. C =






−sin 1 1
µd

 where C - Critical angle; μd is the refractive index of the denser medium.

6. m m
v

c

=
−

0
2

21
 where m0 is the rest mass of the particle ;  v - velocity of the particle.

7. E = mc2 is the Einstein's mass energy equation.

8. µ = c
v

  c - velocity of light is vacuum; u - velocity of light in medium;  μ-  refractive index.

9. µ µ µ µ2 1 2 1

v u
− −

−
R

is the equation for refraction at a spherical surface.

10. µ µ
v u

− = −1 1
R

if the first medium is air.

ray optiCs9UN
IT

[266]
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11. 
1 1 1
v u f

− = is lens formula.

12. m f
f u

=
+

is the equation for magnification which is valid for concave and convex lenses.

13. P = 1
f

14. 
1 1 1

1 2
2F

and P = P + P1= + +
f f

..... .....

15. µ µ= =sin
sin

sin

sin

i
r

(or)

A +D

A
2

2

 μ→  Refractive index of the prism.

16. Dispersive power ω
µ µ
µ

δ δ
δ

µ µ
µ

=
−
−

−
=

−
−

v r

y

v r

y

v r

y1 1
(or)  

Important Terms

)) A ray of light is the direction along which the light energy travels.

)) Highly polished metal surfaces reflect about 80% to 90% of the light indent on then.

)) The laws of reflection are (i) the incident ray, the reflected ray and the normal drawn to the 
reflecting surfaces at the point of incidence all lie in the same plane and (ii) the angle of incidence 
is equal to the angle of reflection.

)) The angle of deviation of a ray by a plane mirror or a plane surface is twice the glancing angle.

)) For the same incident ray, when the mirror is rotated through an angle, the reflected ray is 
rotated through twice the angle.

)) The centre of the sphere, of which the mirror is a part is called the centre of curvature.

)) The line joining the pole of the mirror and its centre of curvature is called the principal axis.

)) The distance between the pole and the centre of curvature of the spherical mirror is called the 
radius of curvature of the mirror.

)) The distance between the pole and the principal focus is called the focal length of the mirror.

))
1 1 1
u v f

+ = is called the mirror equation. 

)) The linear or transverse magnification is defined as the ratio of the size of the image to that 
of the object.

)) m f
f u

=
−

is valid for both concave and convex mirrors. 
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)) The angle of incidence in the denser medium at which the refracted ray grazes the surface of 
separation is called the critical angle of the denser medium.

)) For the total internal reflection to take place light must travel from a denser medium to a rarer 
medium and the angle of incidence inside the denser medium must be greater than the critical 
angle.

)) Using Michelson's method the velocity of light was calculated as 2.99797 × 108 m s–1.

)) Light year is a unit of distance used in astronomy. It is the distance travelled by light in one 
year. The value is 9.46 × 1015 m.

)) When a ray of light travels from one transparent medium into another medium, it bends while 
crossing the interface, separating the two media is called refraction.

)) The power of a converging lens is positive and that of a diverging lens is negative and the 
refractive index of a medium is always positive are the sign conversions followed in refraction.

))
1 1 1 1

1 2f
= − −







( )µ
R R

is called the Lens maker's formula.

))
1 1 1
v u f

− = is the lens formula.

)) Power of a lens is a measure of the degree of convergence or divergence of light falling on it. 
It is defined as the reciprocal of its focal length.

)) The unit of power is dioptre (m–1). It is said to be 1 dioptre if the focal length of the lens is 1 m.

)) Power of a combination of lenses in contact is the algebraic sum of the powers of individual 
lenses.

)) A prism is a transparent medium bounded by the three plane faces, out of which, one is grounded 
and the other two are polished.

)) Dispersion is the splitting of white light into its constituent colours. This band of colours of 
light is called its spectrum.

)) The dispersive power of the material of a prism is defined as the ratio of angular dispersion 
for any two wavelengths (colours) to the deviation of mean wavelength.

)) The formation of rainbow during rainy days is an example of dispersion of sunlight by the 
water drops in the atmosphere.

Self Evaluation

9.1 The number of images of an object held between two parallel plane mirrors.
(a) infinity (b) 1 (c) 3 (d) 0 [Ans: (a)]

9.2 Radius of curvature of concave mirror is 40 cm and the size of image is twice as that of 
object, then the object distance is __________.
(a) 20 cm (b) 10 cm (c) 30 cm (d) 60 cm [Ans: (b)]
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16.  The angle of incidence corresponding to which the angle of refraction is a right angle is 
called __________.
(a)  angle of deviation   (b) angle of reflection
(c) angle of refraction   (c) critical angle [Ans: (d)]

17.  Which of the following colours in scattered minimum?
(a)  violet (b) blue (c) red (d) yellow [Ans: (c)]

18.  The refractive indices of violet and red light are 1.54 and 1.52 respectively. If the angle of 
prism is 10º, the angular dispersion in degree is __________.
(a) 0.02º (b) 0.20º (c) 3.06º (d) 30.6º [Ans: (b)]

19.  The focal length of a convex lens is 2.5 . Its magnifying power will be __________.
(a)  25 (b) 52 (c) 11 (d) 1.1 [Ans: (c)]

20.  Mirage is a phenomenon due to __________.
(a)  reflection of light   (b) refraction of light
(c) total internal reflection  (d) diffraction of light [Ans: (c)]

21.  The splitting of while light into several colours on passing through a glass prism is due to 
__________.
(a)  refraction (b) reflection (c) interference (d) diffraction 
 [Ans: (a)]

22.  The principle behind optical fibres is  __________.
(a)  total internal reflection  (b) total external reflection
(c) diffraction   (d) none [Ans: (a)]

23.  Critical angle for diamond is __________.
(a)  2.420º (b) 26.41º (c) 24.42º (d) 24.41º [Ans: (d)]

Textual Questions

9.11 State the laws of reflection.  2 Marks
1. First law of reflection states that incident ray, reflected ray and normal drawn to the 

reflecting surface at the point of incidence, all lie in the same plane.
2. Second law of reflection states that the angle of incidence is equal to the angle of 

reflection. (i.e.,) i = r.
9.12 Show that the reflected ray turns by 2θ when mirror turns by θ.  3 Marks

Deviation of Light due to Rotation of a Mirror

2θ

θ

A

α

B

C

O
X′

Y′
YX
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9.30 Write a note on formation of rainbows.  5 Marks
One of the spectacular atmospheric phenomena is the formation of rainbow during rainy 
days. The rainbow is also an example of dispersion of sunlight by the water drops in the 
atmosphere.
When sunlight falls on small water drops suspended in air during or after a rain, it suffers 
refraction, internal reflection and dispersion. If the Sun is behind an observer and the water 
drops infront, the observer may observe two rainbows, one inside the other. The inner one is 
called primary rainbow having red on the outer side and violet on the inner side and the outer 
rainbow is called secondary rainbow, for which violet on the outer side and red on the inner side.
The formation of primary rainbow. It is formed by the light from the Sun undergoing 
one internal reflection and two refractions and emerging at minimum deviation.  
It is however, found that the intensity of the red light is maximum at an angle of 43º and that 
of the violet rays at 41º. The other coloured arcs occur in between violet and red (due to other 
rain drops).
The formation of secondary rainbow is  

Formation of Rainbows

V R

R

V

V

R

R

V
Primary rainbow

Secondary rainbow

41º 43º51º

54º

eye

also shown in figure. It is formed by the light from 
the Sun undergoing two internal reflections and 
two refractions and also emerging at minimum 
deviation. In this case the inner red edge 
subtends an angle of 51º and the outer violet 
edge subtends an angle of 54º. This rainbow 
is less brighter and narrower than the primary 
rainbow. Both primary and secondary rainbows 
exhibit all the colours of the solar spectrum.
From the ground level an arc of the rainbow is usually visible. A complete circular rainbow 
may be seen from an elevated position such as from an aeroplane.

Additional Short Answer Questions

Very Short Answer:  2 Marks

1. Define magnification and state expression for it. 
The linear of transverse magnification is defined as the ratio of the size of the image to that of 
the object.

∴ =Magnification = size of the image
size of the object

h
h

2

1

where h1 and h2 represent the size of the object and image respectively. 
Magnification has no unit.

2. What are the assumptions to be made for deriving expressions for refraction at spherical 
surfaces?
While deriving the expressions for refraction at spherical surfaces, we make the following 
assumptions.
1. The incident light is assumed to be monochromatic and
2. The incident pencil of light rays is very narrow and close to the principal axis.
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The magnification is negative for real image and positive for virtual image. In the case of a 
concave lens, it is always positive.
Using lens formula the equation for magnification can also be obtained as

 m = 
h
h

v
u

f v
f

f
f u

2

1

= = − =
+

This equation is valid for both convex and concave lenses and for real and virtual images.

Textual Problems

9.31 Light of wavelength 5000 Å falls on a plane reflecting surface. Calculate the wavelength 
and frequency of reflected light. For what angle of incidence, the reflected ray is normal 
to the incident ray?  3 Marks
Given data :   Wave length of light = 5000 Å
Solution :
(i) When light undergoes reflection the wave length remains same. 
   So wave length of the reflected light = 5000 Å

(ii)  Frequency v = 
C Hz
λ

= ×
×

= ×−

3 10
5000 10

0 6 10
8

10
15.

    = 6 × 1014 Hz.
(iii) When reflected ray is normal to the incident ray,
   ∠i + ∠r = 90º
   ∠i = ∠r
   ∴ 2i = 90º

   ∴ i = 
90
2

45= º

   ∴ Angle of incidence = 45º

9.32 At what distance from a convex mirror of focal length 2.5 m should a boy stand, so that 
his image has a height equal to half the original height?  5 Marks
Given data :   Focal length of a convex mirror f  = 2.5 m

   Hight of the image = 1
2

× height of the object.

Solution :  f = 2.5 m

   Magnification m = 
size of the image
size of the object

= 1
2

   We know that m = 
f

f u−

   
1
2

 = 
2 5

2 5
.

. − u

SURA B
OOKS

This material only for sample

orders@surabooks.com Ph: 9600175757 / 8124201000 / 8124301000

www.Padasalai.Net                                                 www.TrbTnpsc.com

http://www.trbtnpsc.com/2017/06/latest-11th-study-materials-tamil-medium-english-medium.html

www.Padasalai.Net



294 Sura’s  +1 Std - Physics  Volume II  Unit 9

3. Critical angle for glass is 42º. Calculate the velocity of light in glass.

Solution :  Refractive index μ = 
1 1

42
1

0 6691
1 495

sin sin º .
.

c
= = =

   μ = 
velocity of light in vacuum

velocity of light in glass

   1.495 = 
3 108×

Cg

   Cg = 
3 10
1 495

2 007 10
8

8× = ×
.

. / .m s

Short Answer:  3 Marks

1. A ray of light is incident at an angle of 60º on one face of a 30º prism. The emergent ray 
from prism makes an angle of 30º with incident ray. Show that emergent ray is normal to 
surface from which it emerges. Calculate the refractive index of the material of prism.
Solution : i1 = 60º       A = 30º       δ = 30º       i2 = ?
   i1 +  i2 = A + δ
   60º +  i2 = 30º + 30º
   i2 = 60º - 60º  ⇒ i2 = 0º
  Hence emergent ray is normal to the surface.
  When i2 = 0º            r2 = 0º
   A = r1 + r2
   30º = r1 + 0,  ∴ r1 = 30º

   μ = 
sin
sin

sin º
sin º

i
r
1

1

60
30

3
2

1
1

2
= = ×

   μ = 3 1 732= .

2. The refractive indices of crown glass for red, yellow and violet colours are 1.5140, 1.5170 
and 1.5318 respectively and for flint glass, the values are 1.6434, 1.6499 and 1.6852 
respectively. Find the dispersive power for crown and flint glass.

Solution :  ω = 
µ µ
µ

v r

y

−
−1

    = 
1 5318 1 5140

1 5170 1
. .

.
−

−
 = 0.034

   ω´ = 
µ µ
µ

v r

y

´ ´

´
−
−1

 = 
1 6852 1 6434

1 6499 1
. .

.
−

−

    = 0.064
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Introduction :

The word magnetism is derived from iron ore magnetite (Fe3O4). Gilbert laid the foundation 
for magnetism by suggesting that Earth itself behaves as a giant bar magnet.  We can 

understand the earth's magnetic field by defining the magnetic elements of earth (i.e) Declination, 
Dip and the Horizontal component of the Earth’s magnetic field. The iron ore magnetite which 
attracts small pieces of iron, cobalt, nickel etc. is a natural magnet. Force between the two 
poles of a magnet can be studied by Coulomb's inverse square law. When a magnetic needle is 
suspended between two crossed magnetic fields the needle will have influence due to two fields 
rests in the resultant direction. On the basis of the behavior of materials in a magnetising field, the 
materials are generally classified as diamagnetic, paramagnetic and ferromagnetic substances.

Important formulae

1. B F��
�

=
m

2. M
��� �

= ( )m l2

3. Magnetic flux φ  =  B  A
�� ��

.

4. ∴ =B Mµ
π
0

34
2
d

 Magnetic induction at a point along the axial line due to magnetic dipole.

5. ∴ =B Mµ
π
0

34 d
 Magnetic induction at a point along the equatorial line of a bar magnet.

6. B M
h

d l
=

+( )
µ
π
0

2 2 3 24
  Bh  →   horizontal component of the Earth’s magnetic field, when the 

magnet is placed with its north pole facing geographical north.

7. B M
h

d l
=

−( )
µ
π
0

2 2 3 24
  Bh  →   horizontal component of the Earth’s magnetic field, when the 

magnet is placed with its south pole facing geographical north.
8. Torque on a bar magnet placed in a uniform magnetic field  τ = MB sin θ.

9. Tangent law :  B1 = B2 tan θ.
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10. B 2M
h

d
d l

tanθ µ
π

=
−( )

0
2 2 24

    when the deflection magnetometer is placed in Tan A or end on 
position.

11. B M
h

d l
tanθ µ

π
=

+( )
0

2 2 3 24
  when the magnetometer is placed in Tan B or Broad-side on  

position.

12. By Deflection method 
M
M

1

2

1

2

=
tan
tan

θ
θ

  for equal bar magnets placed at same distance.

13. By Null Deflection method 
M
M

1

2

1
3

2
3=

d
d

14. µ = B
H

  B  →  magnetic induction
   H  →  intensity of magnetic field

15. Ι = m
A

  m  →  polestrength
   A  →  area of cross section
16. B = μ0 (H + I)  H  →  intensity of magnetic field
    I  →  intensity of magnetisation

17. χm = I
H

  χm  →  susceptibility of the material

18. μr = 1 + χm  μr  →  relative permeability.

19. 1
Tmc a α c a   T  →  Kelvin temperature.

Important terms

)) The Earth’s magnetic field at any point on the Earth can be completely defined in terms of certain 
quantities namely Declination, Dip and Horizontal component of the Earth’s magnetic field.

)) Some important factors which may be the cause of Earth’s magnetism are:   
(i) Magnetic masses in the Earth.  
(ii) Electric currents in the Earth.  
(iii) Electric currents in the upper regions of the atmosphere.  
(iv) Radiations from the Sun.  
(v) Action of moon etc.

)) The natural magnets have irregular shape and they are weak.

)) The magnetic moment of a magnet is defined as the product of the pole strength and the 
distance between the two poles.
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)) At a particular temperature, ferro magnetics become para magnetics. This transition temperature 
is called curie temperature.

)) The value of the magnetising field H which has to be applied to the magnetic material in the 
reverse direction so as to reduce its residual magnetism to zero is called its coercivity.

)) The value of magnetic induction of a substance, when the magnetising field is reduced to zero, 
is called remanance or residual magnetic induction of the material.

)) The phenomenon of lagging of magnetic induction behind the magnetising field is called 
hysteresis.

)) The loss of heat energy per unit volume of the specimen in each cycle of magnetisation is equal 
to the area of the hysteresis loop.

)) Neutral points are defined as the points where the resultant magnetic field due to the magnet 
and Earth is zero.

Self Evaluation

10.1 Two magnetic poles kept separated by a distance d in vacuum experience a force of 10 N. 
The force they would experience when kept inside a medium of relative permeability 2, 
separated by the same distance is
(a) 20 N (b) 10 N (c) 5 N (d) 40 N [Ans: (a)]

10.2  The magnetic moment of a magnet is 5 A m2. If the pole strength is 25 A m, what is the 
length of the magnet?
(a) 10 cm (b) 20 cm (c) 25 cm (d) 1.25 cm [Ans: (b)]

10.3  A long magnetic needle of length 2l, magnetic moment M and pole strength m is broken 
into two at the middle. The magnetic moment and pole strength of each piece will be

(a) M, m (b) 
M ,
2 2

m
 (c) M,

2
m

 (d) 
M ,
2

m  [Ans: (d)]

10.4  Two short magnets have equal pole strengths but one is twice as long as the other. The 
shorter magnet is placed 20 cm in tan A position from the compass needle. The longer 
magnet must be placed on the other side of the magnetometer for zero deflection at a 
distance
(a) 20 cm   (b) 20 (2)1/3 cm 
(c) 20 (2)2/3 cm   (d) 20 (2) cm [Ans: (b)]

10.5  The direction of a magnet in tan B position of a deflection magnetometer is
(a) North − South   (b) East − West 
(c) North − West   (d) South − West [Ans: (b)]

SURA B
OOKS

This material only for sample

orders@surabooks.com Ph: 9600175757 / 8124201000 / 8124301000

www.Padasalai.Net                                                 www.TrbTnpsc.com

http://www.trbtnpsc.com/2017/06/latest-11th-study-materials-tamil-medium-english-medium.html

www.Padasalai.Net



Sura’s  +1 Std - Physics  Volume II  Unit 10 301

20.  Water is _________.
(a)  diamagnetic (b)  para magnetic (c)  ferromagnetic (d)  none [Ans: (a)]

21.  The deflection magnetometer is most accurate when deflection q is _________.
(a)  Nearly zero   (b)  Nearly 30° 
(c)  Nearly 45°   (d)  Nearly 90° [Ans: (c)]

22.  The deflection magnetometer is most sensitive when deflection q is _________.
(a)  Nearly 30°   (b)  Nearly zero 
(c)  Nearly 45°   (d)  Nearly 90° [Ans: (b)]

23.  At magnetic poles, the angle of dip is __________.
(a)  45° (b)  30° (c)  zero (d)  90° [Ans: (d)]

24.  The ratio of intensity of magnetisation and magnetising field is __________.
(a)  permeability   (b)  magnetic induction 
(c)  magnetic intensity   (d)  magnetic susceptibility [Ans: (d)]

25.  Susceptibility is positive and large for a __________ substance.
(a)  dia   (b)  para 
(c)  ferro   (d)  non-magnetic [Ans: (c)]

26.  Magnetic dipole moment is a vector quantity directed from __________
(a)  south to north   (b)  north to south 
(c)  east to west   (d)  west to east [Ans: (a)]

27.  The unit of magnetic intensity is __________
(a)  Am–1 (b)  Am–2 (c)  H (d)  Hm–1 [Ans: (a)]

28.  Deflection magnetometer works on the principle of __________.
(a)  Henry's law   (b)  Tangent law 
(c)  Coulomb's law   (d)  Snell's law [Ans: (b)]

29.  Unit of magnetic moment is __________.
(a)  Weber m–1 (b)  Weber.metre (c)  Weber.metre2 (d)  ampere/m [Ans: (b)]

30.  Which of the following does not depend on temperature _________.
(a)  ferro magnetism   (b)  para magnetism 
(c)  dia magnetism   (d)  none [Ans: (c)]

Textual Questions

10.10  State Coulomb’s inverse square law.  3 Marks
Coulomb’s inverse square law states that the force of attraction or repulsion between the 
two magnetic poles is directly proportional to the product of their pole strengths and inversely 
proportional to the square of the distance between them.

1 2
2F .

4
µ=
π

m m
d

 where m is the permeability of the medium.
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The value of the magnetising field H which has to be applied to the magnetic material in the 
reverse direction so as to reduce its residual magnetism to zero is called its coercivity.
When the strength of the magnetising field H is further increased in the reverse direction, the 
magnetic induction increases along RS till it acquires saturation at a point S (points P and S 
are symmetrical). If we now again change the direction of the field, the magnetic induction 
follows the path STUP. This closed curve PQRSTUP is called the ‘hysteresis loop’ and it 
represents a cycle of magnetisation. The word ‘hysteresis’ literally means lagging behind. 
We have seen that magnetic induction B lags behind the magnetising field H in a cycle of 
magnetisation. This phenomenon of lagging of magnetic induction behind the magnetising 
field is called hysteresis.

Additional Short Answer Questions

Very Short Answer:  2 Marks
1.  State few magnetic elements.

Magnetic elements are :
(i) Declination (θ).
(ii) Dip or inclination (δ) and
(iii) Horizontal component of the Earth’s magnetic field (Bh).

2.  What are the factors causing earth's magnetism?
The important factors are,
(i) Magnetic masses in the Earth.
(ii) Electric currents in the Earth.
(iii) Electric currents in the upper regions of the atmosphere.
(iv) Radiations from the Sun.
(v) Action of moon etc.

3.  Define magnetic moment. (Govt. Model Question Paper)
The magnetic moment of a magnet is defined as the product of the pole strength and the 
distance between the two poles.
If m is the pole strength and 2l is the distance between the poles, then M  

��� ��
= ( )m l2 .

4.  What is Tan A position.
Tan A position is the position in which the deflection magnetometer is set so that the arms are 
along the pointer i.e., along east-west direction and at right angles to the magnetic needle. 
The magnet is placed along the side of the arms in tan A position. It is also called as end-on 
position.

5.  What is Tan B position.
Tan B position is the position in which the deflection magnetometer is set so that the arms are 
along the magnetic needle i.e., along north-south direction and at right angles to the pointer. 
It is also called as Broad-side on position.

6.  State tangent law.
A magnetic needle suspended, at a point where there are two crossed magnetic fields acting at 
right angles to each other will come to rest in the direction of the resultant of the two fields.

B1 = B2 tan q
Questions are given under 2 marks or 3 marks categories based on the points of Answers. It is only for guidance. However, 
in the exams, the questions may be asked either in 2 marks or 3 marks
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7.  Define relative permeability of a material.
Relative permeability μr of a material is defined as the ratio of number of magnetic lines of 
force per unit area B inside the material to the number of lines of force per unit area in vacuum 
Bo produced by the same magnetising field.

		 	 ∴ Relative permeability μr  =  
0 0 0

B H
B H

µ µ= =
µ µ

8.  Why is soft iron preferred for making electro magnets? (Govt. Model Question Paper)
Soft iron is preferred for making electromagnets as it has a thin hysteresis loop. (small area, 
therefore less hysteresis loss) and low retentivity. It attains high values of B at low values of 
magnetising field H.

Short Answer:  3 Marks
1.  What are the uses of magnetic properties?

The magnetic properties such as magnetising field, permeability, intensity of magnetisation 
and magnetic induction are used to decide whether they are suitable for permanent magnets 
such as electromagnets, or for cores of electromagnetic induction machine such as transformers.

2.  What is curie temperature?
When a ferro-magnetic material is heated it loses its ferro magnetism slowly and at a particular 
temperature ferromagnetism vanishes and the material just becomes paramagnetic. This 
temperature is called the curie temperature. For example, curie temperature of iron is about 
1000 k.

Additional Paragraph / Long Answer Questions

Long Answer:  5 Marks
1.  Explain the mapping of magnetic field due to a bar magnet. 

Mapping	of	magnetic	field	due	to	a	bar	magnet	: 
(i) A bar magnet is placed on a plane sheet of a paper. A compass needle is placed near the 

north pole of the magnet. 
(ii) The north and south poles of the compass are marked by pencil dots. 
(iii) The compass needle is shifted and placed so that its south pole touches the pencil dot 

marked for north pole. 
(iv) The process is repeated and a series of dots are obtained. The dots are joined as a smooth 

curve. This curve is a magnetic line of force. 
(iv) Even though few lines are drawn around a bar magnet the magnetic lines exists in all 

space around the magnet.

Neutral points - equatorial line

N

S

P
B

Bh

P'
B

Bh
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 Examples : Al, Pt, Cr, O2, Mn, CuSO4 etc.

  

N S

Paramagnetic material parallel to the field

5.  Express the application of ferromagnetic materials.
(i) Permanent magnets : The ideal material for making permanent magnets should possess 

high retentivity (residual magnetism) and high coercivity so that the magnetisation 
lasts for a longer time. Examples of such substances are steel and alnico (an alloy of Al, 
Ni and Co).

(ii) Electromagnets : Material used for making an electromagnet has to undergo cyclic 
changes. Therefore, the ideal material for making an electromagnet has to be one which 
has the least hysteresis loss. Moreover, the material should attain high values of magnetic 
induction B at low values of magnetising field H. Soft iron is preferred for making 
electromagnets as it has a thin hysteresis loop [small area, therefore less hysteresis loss] 
and low retentivity. It attains high values of B at low values of magnetising field H.

(iii) Core of the transformer : A material used for making transformer core and choke 
is subjected to cyclic changes very rapidly. Also, the material must have a large value 
of magnetic induction B. Therefore, soft iron that has thin and tall hysteresis loop is 
preferred. Some alloys with low hysteresis loss are: radio-metals, pern-alloy and 
mumetal.

Hysteresis loop for
steel and soft iron

B

H

Soft Iron

Steel

(iv) Magnetic tapes and memory store : Magnetisation of a magnet 
depends not only on the magnetising field but also on the cycle of 
magnetisation it has undergone. Thus, the value of magnetisation 
of the specimen is a record of the cycles of magnetisation it has 
undergone. Therefore, such a system can act as a device for 
storing memory.

 Ferro magnetic materials are used for coating magnetic 
tapes in a cassette player and for building a memory store 
in a modern computer. Examples : Ferrites (Fe, Fe2O,  
MnFe2O4 etc.).

Textual Problems

10.21 The force acting on each pole of a magnet placed in a uniform magnetic induction of  
5 × 10–4 T is 6 × 10−3 N. If the length of the magnet is 8 cm, calculate the magnetic moment 
of the magnet.  3 Marks
Given :  Force acting on each pole F = 6 × 10–3 N
  Uniform magnetic induction B = 5 × 10–4 T
   Length of the magnet 2l = 8 × 10–2 m

Solution:  Pole strength, m = 
3

4

F 6 10 12 A 
B 5 10

m
−

−

×= =
×

   Magnetic moment, M = m × 2l 
    = 12 × 8 × 10–2 = 0.96 A m2.
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   But m = m0 mr
   m0 = 4π × 10–7 Henry / metre

   Relative permeability mr = µ
µ µ

µ
0 0

= =





B
H

B
H



   mr = 
4

2 10 4 10
1
2

10 50003 7
4π

π× × ×
= × =−

   Susceptibility K = mr – 1  =  5000 – 1  =  4999.

Additional Problems

Very Short Answer:  2 Marks

1. Torques t1 and t2 are required for a magnetic needle to remain perpendicular to the 
magnetic fields B1 and B2 at two different places. Calculate the ratio of B1 and B2.
Solution :  τ = MB sin q
   τ1 = MB1 sin q
   τ2 = MB2 sin q	 	 (q		=		90°)
   ∴ τ1 = MB1 sin 90
    τ2 = MB2 sin 90

   
t
t

1

2
 = 

MB
MB

1

2

90
90

sin
sin

   
t
t

1

2
 = 

B
B

1

2
.

2. The moment of a magnet (15 cm × 2 cm × 1 cm) is 1.2 A m2. What is the intensity of 
magnetisation?

Solution :  I = 
M
V

=
× ×( ) × −

1 2
15 2 1 10 6

.

    = 4 × 104 A m–1. 
3. Calculate the relative permeability of the rod inside the magnetising field of  

2 × 103 amp/m produces a magnetic field density of 8p tesla.

Solution :  mr = 
µ
µ0

    = ( )
0 0

H B B H
H H

µ = = µ
µ µ



   ∴ mr = ( )7 3

8
4 10 2 10−

π
π × × ×

   mr = 104.
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Short Answer:  3 Marks

1. A bar magnet 20 cm length is placed with its south pole towards geographical north. The 
natural points are situated at a distance of 40 cm from the center of the magnet. Calculate 
the pole strength of the magnet. Given H =  3.2 × 10–5 T.

Solution :    H = B M=
−( )

µ
π
0

2 2 24
2 d

d l

   3.2 × 10–5 = 
10 2 0 4

1500 1500 10 10

7

4 4

−

− −

× × ×
× × ×

M .

   Since (d2 – l2)2 = (0.4 × 0.4 – 0.1 × 0.1)2

   0.16 – 0.01 = 0.15 m (or) 1500 cm

   M = 
3 2 15 15 10 10

0 8 10
9

4 5

7

.
.

× × × ×
×

=
− −

−

   m = 
m
l2

 = 
9

0 2
45

.
.=  A m

2. The moment of a magnet is 0.1 A m2 and the force acting on each pole in a uniform 
magnetic field of 0.36 Oersted is 1.44 × 10–4 N. The distance between the poles of magnet.
Solution : M = 0.1 A m2 ; B = 0.36 Oersted = 0.36 × 10–4 T
  F = 1.44 × 10–4 N;  2l = ?
  F = mB

  m = 
F
B

 = 
4

4

1.44 10
0.36 10

−

−

×
×  = 4 A m.

  As M = m × 2l

  2l = 
M 0.1

4m
=  = 2.5 cm.

Long Answer:  5 Marks
1. A bar magnet 8 cm long is placed in the magnetic meridian with the N-pole pointing 

towards geographical north. Two natural points separated by a distance of 6 cm are 
obtained on the equatorial axis of the magnet. Calculate the pole strength of the magnet 
if the horizontal component of earth's field 3.2 × 10–5 T.
Solution :    2l = 8 cm Þ l = 4 cm

   d = 6
2

3=  cm

   At neutral point H = B

   ∴ B = 
µ
π
0

2 2 3 24
M

d l+( )
   H = 10

5 10 1250
7

2 3
−

−
×

×( )
=M M

   M = 1250 H = 1250 × 3.2 × 10–5

   m = m
l2

 = 1250 3 2 10
8 10

5

2

× ×
×

−

−

.   = 0.5 A m.
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[321]

11th
STD.

Time : 2½ Hours                                           Physics Max. Marks : 70

        Govt. Model Question PaPer With ansWers

Part - I
I. Answer all the questions. [15 × 1 = 15]
1. For a perfect rigid body the bulk modulus 

is
(a)	 Zero	 (b)	 infinity	
(c) +1 (d) –1

2.  The number of degrees of freedom for a 
bird	that	flies	in	space
(a) 1 (b) 2 
(c) 3 (d) 6

3.  Which of the following velocity-time graph 
is not possible?
(a)  

V

t

 (b)  

V

t

(c)  

V

t

 (d)  

V

t

4.  Which of the following object belongs to 
solar family
(a) Comets (b) Asteroids 
(c) Planets (d) All the above

5.  If a force F is applied on a body and the 
body moves with velocity ν then power 
will be
(a) F. ν (b) F/ν 
(c) F. ν2 (d) F/ν2

6  Red light has a wavelength of 7000 Å. In 
μm	it	is
(a)		 700	μm		 (b)		 7	μm	
(c)		 70	μm		 (d)		 0.7	μm

7.  The angular speed of minute arm in a watch 
is 
(a)		 π/21600	rad	s–1   
(b)		 π/12	rad	s–1 
(c)		 π/3600	rad	s–1   
(d)		 π/1800	rad	s–1

8.  The direction of a magnet in tan A position 
of	a	deflection	magnetometer	is

(a) North-South (b) East-West 
(c) North-West (d) South-West

9. For an equilateral prism, the angle of 
minimum deviation is 40º at which the 
angle of refraction will be
(a) 100° (b) 50° 
(c) 30° (d) 60°

10. If the temperature of the liquid is lowered 
then its surface tension is
(a) increased (b) decreased 
(c) remains unchanged

11. In a closed organ pipe, the frequencies of 
harmonics are in the ratio
(a) 1:2:3 (b) 1:3:5 
(c) 1:4:9 (d) 1:1:1

12.  The image of an object formed by a device is 
always virtual and small. The device may be
(a) Convex lens 
(b) Concave mirror 
(c) Glass plate 
(d) Convex mirror

13. A Spring of force constant K is cut into n 
equal parts. The force constant of each part 
will be
(a) nK (b) K/n 
(c) n/K (d) K
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36. Derive an expression for total energy of the 
particle executing SHM. (or)

 Describe the construction and working of 
a pyrheliometer.

37. (i)  What is Doppler effect?
 (ii)  A railway engine and a car moving 

parallel but in opposite direction with 
velocities 144 km/hr and 72 km/hr 
respectively. The frequency of engine’s 
whistle is 500 Hz and the velocity 
of sound is 340 ms–1. Calculate the 
frequency of sound heard in the car 
when

       (a)  The car and engine are moving away 
from each other.

       (b) They are approaching each other.
(or)

 Derive lens maker’s formula for a thin bi 
convex lens.

38. Prove that 
P a
pg

v
g

h+ + =
2

2
 constant

(or)
 (i) Define	magnetic	moment	of a magnet.
 (ii)  Obtain the expressions for the magnetic 

induction at a point on the equatorial 
line of a bar magnet.



Answers
Part - I

I. Answer all the questions. 
1.  (b) 2.  (d) 3.  (a) 4.  (d) 5.  (a)
6.  (d) 7.  (d) 8.  (b) 9.  (d) 10. (a)
11. (b) 12. (a) 13. (a) 14. (a) 15 .(c)

Part - II
II. Answer any 6 questions in which 

Question No.23 is compulsory. 

16. (i)  A gas consists of a large number of 
molecules.

 (ii)   No force of attraction and repulsion.
 (iii)  The size of the each molecule is very 

small.
 (iv) There is continues and random motion.
17. Acceleration = 10 ms-2

 Time             = 2 sec.
 In the equation of motion v = u + a × t
	 u,	v	are	initial	and	final		velocity
  ∴ v = 0 + 10 × 2
       v = 20 m/s.
18. (i) The restoring force is directed towards 

mean position.
 (ii) k = mw2. It's unit is Nm-1

19. (i) If the product of two vectors is a scalar.

 (ii) 
→
A . 

→
B  = 

  →
A   →Bcos θ.

20. Given :    
 Radius of a ball a  =  1 mm  =  10–3 m

 Coefficient	of	viscosity	of	the	ball	η	
= 0.2 Ns m–2

 Speed v = 0.07 ms–1  =  7 × 10–2 ms–1

 Viscous	force	F	=	6	πη	av
 = 6 × 3.14 × 0.2 × 10–3 × 7 × 10–2

 = 26.376 × 10–5 = 2.6376 × 10–4 N.
Solution :  
Viscous force on a ball 
=  2.6376 × 10–4 N.

21. A man's weight becomes half of his weight 
at a height of a earth surface is 

 h = 2649.6 × 103m.

 because, gh = 
g g

g
R

R h
R

R h2 2
1
2

2
2

2

2

          h
( ) ( )+ +

  g g
g

R
R h

R
R h2 2

1
2

2
2

2

2

          h
( ) ( )+ +

 = g g
g

R
R h

R
R h2 2

1
2

2
2

2

2

          h
( ) ( )+ +

 ⇒ 
g g

g
R

R h
R

R h2 2
1
2

2
2

2

2

          h
( ) ( )+ +

 = 
g g

g
R

R h
R

R h2 2
1
2

2
2

2

2

          h
( ) ( )+ +

 h  = (g g
g

R
R h

R
R h2 2

1
2

2
2

2

2

          h
( ) ( )+ +

-1) R = (1.414 - 1) × 6400 × 103  

 [∴ R=6400 × 103]
 h  = 2649.6 × 103 m.

22. (i)  Dispersion is the splitting of white 
light into its constituent colours. 

 (ii)  The emergent beam was found to be 
white light.
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This is Bernoulli’s equation. Thus the 
total energy of unit mass of liquid remains 
constant.
Dividing equation (3) by g,

P
ρg

v
g

h+ +
2

2
 = constant. (or)

(i)  The magnetic moment of a magnet is 
defined	as	the	product	of	the	pole	strength	
the distance between the two poles.

(ii)  Intensity of magnetisation, I =  M/V

 But, volume V = 
M
V

M
M

     m
m

m
ρ

ρ I

.2 7 10 90 10
3

5 3× × × − ∴ I =  
M
V

M
M

     m
m

m
ρ

ρ I

.2 7 10 90 10
3

5 3× × × −	 ρ	=	
M
V

M
M

     m
m

m
ρ

ρ I

.2 7 10 90 10
3

5 3× × × −

 =  

M
V

M
M

     m
m

m
ρ

ρ I

.2 7 10 90 10
3

5 3× × × −
= 8100

 ρ	=	8100 kg m−3.

11th
STD.

sura’s Model Question PaPer - 1
Based on Scheme of Examination as per G.O. (2D). No. 50 dated : 09-08-2017

Time : 2.½ Hours                                            Physics Marks : 70



Part - I
I. Answer all the questions. [15 × 1 = 15]
1. Red light has a wavelength of 7000 Å. In 

μm it is
(a)		 0.7	μm		 (b)		 7	μm 
(c)		 70	μm		 (d)		 0.07	μm

2.  A speck of dust weighs 1.6 × 10–10 kg. How 
many such particles would weigh 1.6 kg?
(a)  10–10  (b)  1010 
(c)  10  (d)  10–1

3.  The displacement of the particle along 
a straight line at time t is given by,  
x = a0 + a1t + a2t

2 where a0, a1 and a2 are 
constants. The acceleration of the particle is
(a)  a0 (b)  a1 
(c)  a2  (d)  2a2

4.  Rotational analogue of mass in linear 
motion is
(a) Weight   
(b) Moment of inertia
(c) Torque   
(d)   Angular momentum

5.  The moment of inertia of a body does not 
depend on
(a) the angular velocity of the body 
(b) the mass of the body

(c) the axis of rotation of the body 
(d) the distribution of mass in the body

6  Force due to gravity is least at a latitude of
(a) 0° (b) 45° (c) 60° (d) 90°

7.  The excess of pressure inside two soap 
bubbles of diameters in the ratio 2 : 1 is
(a) 1 : 4 (b) 2 : 1 (c) 1 : 2 (d) 4 : 1

8.  A square frame of side l is dipped in a soap 
solution. When the frame is taken out, a soap 
film	is	formed.	The	force	on	the	frame	due	
to surface tension T of the soap solution is
(a) 8 Tl (b) 4 Tl 
(c) 10 Tl (d) 12 Tl

9. If the magnitude of displacement is equal to 
acceleration, then the time period is, _______.
(a) 1 s (b)	π	s	 (c)	 2π	s	 (d)	4π	s

10 When a wave passes from one medium to 
another, there is change of __________.
(a) frequency and velocity
(b) frequency and wavelength
(c) wavelength and velocity 
(d) frequency, wavelength and velocity

11. Sound waves from a point source are 
propagating in all directions. What will be 
the ratio of amplitude at a distance 9 m and 
25 m from the source?
(a) 25:9 (b) 9: 25
(c) 3:5 (d) 81 : 625
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12.  The translational kinetic energy of gas 
molecules for one mole of the gas is equal to :

(a)  3
2

RT  (b) 2
3

kT

(c) 1
2

RT  (d) 3
2

kT

13. Radius of curvature of concave mirror is 
40 cm and the size of image is twice as 
that of object, then the object distance is 
________.
(a) 20 cm (b) 10 cm 
(c) 30 cm (d) 60 cm

14.  The magnetic moment of a magnet is 
5 A m2. If the pole strength is 25 A m, what 
is the length of the magnet?
(a) 10 cm (b) 20 cm 
(c) 25 cm (d) 1.25 cm

15.  A long magnetic needle of length 2l, 
magnetic moment M and pole strength 
m is broken into two at the middle. The 
magnetic moment and pole strength of each 
piece will be

(a) M, m (b) 
M ,
2 2

m
 

(c) M,
2
m

 (d) 
M ,
2

m

Part - II
II. Answer any 6 questions in which 
Question No.23 is compulsory. [6 × 2 = 12]
16.  Why SI system is considered superior to 

other systems? 
17.  What is meant by retardation?
18.  State the law of conservation of angular 

momentum.
19.  Define gravitational constant. Give its 

value, unit and dimensional formula.
20.		 Define	 force	 constant.	Give	 its	 unit	 and	

dimensional formula.
21. How are stationary waves formed?
22.		 A	gas	has	two	specific	heats,	whereas	liquid	

and solid have only one. Why?
23.	 State	the	laws	of	reflection.

24.  Why is soft iron preferred for making 
electro magnets?

Part - III
III. Answer any 6 questions in which 
Question No.33 is compulsory. [6 × 3 = 18]
25.  What are the limitations of dimensional 

analysis?
26. Compute the (i) distance travelled and (ii) 

displacement made by the student when he 
travels a distance of 4 km eastwards and 
then a further distance of 3 km northwards.

27. A cat is able to land on its feet after a fall. 
Which principle of physics is being used? 
Explain.

28. Differentiate between inertial mass and 
gravitational mass.

29. What is Reynold’s number?
30. What is forced vibration? Give an example.
31. State the laws of transverse vibrations in 

stretched strings.
32. Define power of a lens. What is one 

dioptre?
33.	 Define	the	term	magnetic	permeability.

Part - IV
IV. Answer all the questions. [5 × 5 = 25]
34.  (i)  Give the rules and conventions followed 

while writing SI units.
 (ii) What is the role of Physics in technology?

(or)
 (i)  What is the need for measurement of 

physical quantities?
 (ii) What is the SI unit of current?
35. (i)  The cover of a jar has a diameter of 8 cm. Two 

equal, but oppositely directed, forces of  
20 N act parallel to the rim of the lid 
to turn it. What is the magnitude of the 
applied torque?

 (ii)  A cyclist riding at a speed of 22 ms–1 takes 
a turn round a circular road of radium  
44 m. What is his inclination to the 
vertical? (or)
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 (i)		In	 a	 submarine	fitted	with	 a	SONAR,	
the time delay between generation 
of a signal and reception of its echo 
after	 reflection	from	an	enemy	ship	 is	
observed to be 73.0 seconds. If the speed 
of sound in water is 1450 m s–1, then 
calculate the distance of the enemy ship.

	 (ii)		Find	the	value	of	π2	correct	to	significant	
figures,	if	π	=	3.14.

36. (i) Verify Hooke’s law with the help of an 
experiment.

 (ii) Mention few illustrations of capillarity.
(or)

 (i)  Which is more elastic, rubber or steel? 
Support your answer.

 (ii)  How do insects run on the surface of 
water?

37. (i)  List out the differences between a 
progressive wave and a stationary wave.

 (ii)  Why open organ pipes are preferred for 
making	flute?

(or)
	 (i)	Define	Stoke’s	law.
 (ii)  Define cohesive force and adhesive 

force. Give examples.

38. (i) What is convection?
 (ii) State 1st law of thermodynamics.

(or)
 (i) Define	the	Electromagnets.
	 (ii)		Define	the	Magnetic	tapes	and	memory	

store.

Answers
1.  (a) 2.  (b) 3.  (d) 4.  (b) 5.  (a)
6.  (a) 7.  (a) 8.  (a) 9.  (c) 10. (a)
11. (d) 12. (d) 13. (a) 14. (a) 15 .(d)



11th
STD.

sura’s Model Question PaPer - 2
Based on Scheme of Examination as per G.O. (2D). No. 50 dated : 09-08-2017

Time : 2.½ Hours                                            Physics Marks : 70

Part - I
I. Answer all the questions. [15 × 1 = 15]
1. The number of significant digits in 

0.0006032 is
(a)  8  (b)  7 
(c)  4  (d)  2

2.  Which of the following is a vector quantity?
(a) Distance (b) Temperature 
(c) Mass (d) Momentum

3.  An object is thrown along a direction 
inclined at an angle 45° with the horizontal. 
The horizontal range of the object is
(a) vertical height   
(b) twice the vertical height
(c) thrice the vertical height 
(d) four times the vertical height

4.  The moment of inertia of a disc having 
mass M and radius R, about an axis passing 
through its centre and perpendicular to its 
plane is

(a) 1
2

2 MR  (b) MR2 

(c) 1
4

2 MR  (d) 5
4

2 MR

5.  Angular momentum is the vector product of
(a) linear momentum and radius vector
(b)  moment of inertia and angular 

velocity
(c) linear momentum and angular velocity
(d) linear velocity and radius vector

6.  If r represents the radius of orbit of satellite 
of mass m moving around a planet of mass 
M. The velocity of the satellite is given by
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(a) v
r

2 = GM  (b) v
r

= GM

(c) v m
r

2 = GM  (d) v
r

= GM

7.  If the Earth is at one fourth of its present 
distance from the Sun, the duration of the 
year will be
(a) one fourth of the present year 
(b) half the present year
(c) one - eighth the present year 
(d) one - sixth the present year

8.  Two hail stones whose radii are in the ratio 
of 1 : 2 fall from a height of 50 km. Their 
terminal velocities are in the ratio of
(a) 1 : 9 (b) 9 : 1 (c) 4 : 1 (d) 1:4

9. The length of seconds pendulum at a place 
where g = 9.8 ms–1 is __________.
(a) 0.25 m  (b) 1 m 
(c) 0.99 m  (d) 0.50 m

10.  A particle executes SHM with an amplitude 
4 cm. At what displacement from the mean 
position its energy is half kinetic and half 
potential?
(a) 2 2 cm   (b) 2 cm  
(c) 2 cm  (d) 1 cm

11. In order to increase the fundamental frequency 
of a stretched string from 100 Hz to 400 Hz, 
the tension must be increased by ______.
(a) 2 times (b) 4 times 
(c) 8 times (d) 16 times

12  First law of thermodynamics is a consequence 
of the conservation of __________.
(a) momentum (b) charge 
(c) mass (d) energy

13. In Michelson’s experiment, when the 
number of faces of rotating mirror increases, 
the velocity of light __________.
(a) decreases (b) increases
(c) does not change   
(d) varies according to the rotation

14. If the velocity of light in a medium is (2/3) 
times of the velocity of light in vacuum, then 
the refractive index of that medium is ______.
(a) 3/2c (b) 2c/3 (c) 2/3 (d) 1.5

15.  The direction of a magnet in tan B position 
of	a	deflection	magnetometer	is
(a)	 North	−	South	 (b)	 East	−	West	
(c)	 North	−	West	 (d)	 South	−	West

Part - II

II.  Answer any 6 questions in which Question 
No.23 is compulsory. [6 × 2 = 12]

16. You are given a wire and a metre scale. How 
will you estimate the diameter of the wire?

17. What are scalar and vector quantities?
18.	 Define	 the	magnitude	 of	 the	moment	 of	

force.
19. State the universal law of gravitation.
20. What is a spring factor?
21. On what factors does the intensity of sound 

depend?
22. Give an example for a heat pump.
23. Does a beam of white light disperse through 

a hollow prism?
24. State tangent law.

Part - III

III.  Answer any 6 questions in which Question 
No.33 is compulsory. [6×3=18]

25. Distinguish between fundamental units and 
derived units.

26. State Newton’s laws of motion.
27. A solid cylinder of mass 20 kg rotates about 

its axis with angular speed 100 rad/s. The 
radius of the cylinder is 0.25m. Calculate 
the kinetic energy associated with the 
rotation of the cylinder.

28. What will happen to the orbiting satellite, 
if its velocity varies?

29.	 Define	sphere	of	influence.
30. Why does the oscillation of a simple 

pendulum eventually stop?
31. Write a short note on whispering gallery.
32.	 Write	a	note	on	optical	fibre.
33. What is tan B position? How will you set 

up	 the	deflection	magnetometer	 in	 tan	B	
position?
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Part - IV
IV. Answer all the questions. [5 × 5 = 25]
34. (i)  What are the uses of dimensional 

analysis? Explain with one example.
 (ii)  What is the need for measurement of 

physical quantities? (or)
 (i) What are random errors?
 (ii) How can we minimise random errors?
35. (i) What are the Usage of multistage 

rocket?
 (ii) State and prove the law of areas based 

on conservation of angular momentum. 
(or)

 (i)  What is forced vibration? Give an 
example

 (ii)  Illustrate an example to show that 
resonance is disastrous sometimes

36. (i)  What is elastic collision?
 (ii) What is viscosity? (or)
 (i)  Explain reflection of sound with an 

illustration.
 (ii)  A metal wire of linear mass density  

9.8  g/m is stretched with the tension of 
10 kg wt between two rigid supports of 
1 m apart. The wire passes at its middle 

point between the poles of a permanent 
magnet and it vibrates in resonance 
when an ac supply of frequency ‘n’ is 
given. Calculate the frequency of AC 
source.

37. (i)  Distinguish between isothermal and 
adiabatic process.

 (ii)  Why an echo cannot be heard in a small 
room? (or)

 (i)  State the principle of homogeneity of 
dimensions.

 (ii)  Prove that 2gh  has the dimension 
of velocity. 

38. (i)  Distinguish between dia, para and ferro 
magnetic substances. 

 (ii)  Calculate value of acceleration due 
to gravity on the surface of the moon, 
Mass of the moon is 7.349×1022 kg. 
Radius = 1.738×106 m, 

   G = 6.67×10–11 Nm2 kg–2.
(or)

 (i)  Why a small bubble rises slowly through 
a liquid whereas the bigger bubble rises 
rapidly?

 (ii) What is a rigid body?

Answer
 1. (c) 2. (d) 3. (d) 4. (a) 5. (b) 6. (a) 7. (c) 8. (d) 9. (c) 10. (a)
 11. (d) 12. (d) 13. (c) 14. (d) 15. (b)
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(c) zero torque 
(d) constant torque

8. A Paricle performing uniform circular 
motion has angular momentum L. It its 
angular frequency is doubled and its 
kinectic energy halved then the new angular 
momentum is 

(a) L L
4 2

   (b) 2L 

(c) 4L (d) 
L L
4 2

  
9. Rotational analog of mass in linear motion is

(a) weight 
(b) Moment of inertia 
(c) Torque 
(d) Angular momentum

10. Force due to gravity is least at a latitude of
(a) 0° (b) 45° 
(c) 60° (d) 90°

11. A body attains a height equal to the radius 
of the earth the velocity of the body with 
which it was projected is

(a) 
3 5

4
2GM

R
GM
R

GM
R

GM
R

       (b) 
3 5

4
2GM

R
GM
R

GM
R

GM
R

      

(c) 
3 5

4
2GM

R
GM
R

GM
R

GM
R

       (d) 
3 5

4
2GM

R
GM
R

GM
R

GM
R

      

12. Radius of orbit of satellite of earth is R. Its 
kinectic energy is proportional to

(a) 
1 1 1

3
2R R R

     (b) 
1 1 1

3
2R R R

     

(c) R (d) 1 1 1
3

2R R R
    

13. The Bulk modulus for an incompressible 
liquid is
(a) zero (b) unity
(c)	 infinity	
(d) between 0 and 1

Part - I
I. Answer all the questions. [15 × 1 = 15]
1. The respective number of significant 

figures for the numbers 23.023, 0.0003 
and 2.1 ×10-3 are
(a) 5:1:2 (b) 5:1:5 
(c) 5:5:2 (d) 4:4:2

2. If force (F), Velocity(v) and time (t) are 
taken as Fundamental units, then the 
dimensions of mass are
(a) [FVT-1] (b) [FVT-2] 
(c) [FV-1T-1] (d) [FV-1]

3. If car at rest, accelerates uniformly to a 
speed of 144 km/h in 20 s. It covers a 
distance of
(a) 2880 m (b) 1440 m 
(c) 400 m (d) 20 m

4. The milk is chumed cream gets  separated 
due to
(a) centripetal force 
(b) centrifugal force 
(c) frictional force 
(d) gravitational force

5. Physical independence of force is 
consequence of newton
(a) Third law of motion 
(b) Second law of motion 
(c) First law of motion 
(d) All of these

6. For a particle revolving in a circular path, 
the acceleration of the particle is
(a) along the target 
(b) along the radius 
(c) along the circumference of the circle 
(d) zero

7. Angular momentum of the particle rotating 
with a central force is constant due to
(a) constant force 
(b) constant linear momentum 
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14. 

B

stress

straino

Q

A

P
A S

 The region PQ the material is
(a) plastic range 
(b) elastic range 
(c) obey Hooke's law 
(d) partly elastic and partly plastic

15. The rain drops falling from the sky neither 
hit us hard nor make holes on the ground 
because they move with
(a) constant acceleration 
(b) variable acceleration
(c) variable speed 
(d) constant velocity

Part - II
II. Answer any 6 questions in which 

Question No.23 is compulsory.  
 [6 × 2 = 12]

16.  Two equal force are acting at a point 
with an angle of 60° between them if the 
resultant force is equal to 20 3  N. Find 
the magnitude of each force.

17. Why SI system is considered superior to 
other systems?

18. When a conservative force does positive 
work on a body.

19. What is Reynold number? Give expression.
20. The Moon has no atmosphere. Why?
21. The Young's modulus of rubber is greater 

than that of steel. If it is true or false. Give 
reason.

22. At what height will a man's weight become 
half of his weight on the surface of the 
earth(Given raduis of earth = R).

23. Give the equations of rotational motion.
24. Does the centre of mass of a body 

necessarily lie inside the body? Give 
reason.

Part - III
III. Answer any 6 questions in which Question 

No.33 is compulsory. [6 × 3 = 18]
25.  Compare linear motion and rotational 

motion.
26. State and explain triangle law of vectors.
27. Obtain an expression for the gravitational 

potential at a point.
28. The following force act at a point
 (i)  20 N inclined at 30° towards North of 

East.
 (ii) 25 N towards North.
 (iii)  30 N inclined at 45° towards North of 

West.
 (iv)  35 N inclined at 40 towards South of 

West.
29. Mention the Limitations and uses of 

dimensional analysis.
30. A sphere contracts in volume by 0.01% 

when take to the bottom of sea 1 km deep. 
If the density of sea water is 103 kg m-3.
Find the bulk modulus of the material of 
the sphere.

31. Explain the principle, construction and 
working of hydraulic brakes.

32.	 Define	the	SI	standard	for
(i) length  (ii) mass  
(iii) ampere and  (iv) mole

33. Draw  the milky way structure. Explain 
important features of milky way.

Part - IV
IV. Answer all the questions. [5 × 5 = 25]
34. 	 (i)			Explain	 the	 physical	 significance	 of		

moment of intertia.
 (ii)   A solid cylinder of mass 200 kg rotates 

about its axis with angular speed 100 s 
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