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A . CIRCULAR MOTION

(a ) Definition :

The motion of a body moving around a fixed point in a circular path is known as circular motion.

Uniform Circular motion : If the body covers equal distances along the circumference of the circle  in
equal intervals of time, the motion is said to be a uniform  circular motion. A uniform circular motion is a
motion in which speed remains constant but direction of velocity changes.

Eg: Examples of uniform circular motion are:

(i) Motion of moon around the earth.

(ii) Motion of satellite around its planet.

(b ) Circular motion is known as accelerated motion :

(i) Explanation : Consider a boy running along a regular hexagonal track (path) as shown in figure. As
the boy runs along the side of the hexagon at a uniform speed, he has to take a turn at each corner
changing direction but keeping the speed same. In one round he has to take six turns at regular intervals.
f the same boy runs along the side of a regular octagonal track with same uniform speed, he will have to
take eight turns in one round at regular intervals but the interval will become smaller.

Fig. 1

By increasing the number of sides of the regular polygon, we find that number of turns per round becomes
more and the interval between two turns become still shorter. A circle is a limiting case of a polygon with
an infinite number of sides. On the circular track, the turning becomes a continuous process without any
gap in between. The boy running along the sides of such a track will be performing a circular motion.
Hence, circular motion is the motion of a body along the sides of a polygon of infinite number of sides with
uniform speed, the direction changing continuously, it means the body moves with changing velocity in a
circular path thus the uniform circular motion is known as accelerated motion.

(ii) Diffrence between uniform linear and uniform circular motion

  

Uniform linear motion 
  

Uniform circular motion 

1. The direction of 
motion does not 
changes. 

1. The direction of motion 
changes continuously. 

2. The motion is non 
accelerated. 

2. The motion is 
accelerated. 

 

CIRCULAR MOTION
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(iii)  Radian : It is  the unit of plane angle.

(I) Definition : One radian is defined as the angle subtended at the centre of the circle by an arc  equal
in length to its radius.

Eg. In figure , the arc AB of the circle has length  and subtends an angle  at the centre C.
If  ACB = radians.

Then,    = 
r


 radians.

[For  = r,  = 1 radian]
Angle subtended by the circumference at the centre,

 = 
r

r2
= 2 radians {or 2c}

[c] is symbol for radian, just as (0) is symbol for degree.       Fig. 2

(II) Relation between radian and degree :

For complete circle at centre 2c = 360º

or 1c = 2
360

 = 57.3º

(c) Variables of circular motion :

(i) Angular Position : To decide the angular position of a point in space we need to specify (i) origin
and (ii) reference line. The angle made by the position vector w.r.t. origin, with the reference line is
called angular position. Clearly angular position depends on the choice of the origin as well as the
reference line. Circular motion is a two dimensional  motion or motion in a plane.

P'
P

Y

O r X

Fig. 3
Suppose a particle P is moving in a circle of radius r and centre O.
The angular position of the particle P at a given instant may be described by the angle  between OP and
OX. This angle  is called the angular position of the particle.

(ii) Angular Displacement () :

Definition : Angle through which the position vector of the moving particle rotates in a given time interval
is called its angular displacement. Angular displacement depends on origin, but it does not depends
on the reference line. As the particle moves on above circle its angular position  changes. Suppose the
point rotates through an angle  in time t, then  is angular displacement.

NOTE :

  Angular displacement is a dimensionless quantity. Its SI unit is radian, some other units are degree
and revolution

2 rad = 360° = 1 rev

 Infinitesimally small angular displacement is a vector quantity, but finite angular displacement is a
scalar, because while the addition of the Infinitesimally small angular displacements is commutative,
addition of finite angular displacement is not.

1221 dddd 


but  1221 

 Direction of small angular displacement is decided by right hand thumb rule. When the fingers are
directed along the motion of the point then thumb will represents the direction of angular displacement.
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(iii) Angular Velocity : The angular displacement per unit time is called the angular velocity. t is represented
by the symbol  (omega).

av = taken time Total
ntdisplaceme Angular

ttt 12

12
av 









where 1 and 2 are angular position of the particle at time t1 and t2. Since angular displacement is a
scalar, average angular velocity is also a scalar.

NOTE :

  Its S.I. unit is rad/s.

  For a rigid body, as all points will rotate through same angle in same time, angular velocity is a
characteristic of the body as a whole, e.g., angular velocity of all points of earth about earth’s axis is (2/
24) rad/hr.

  If a body makes ‘N’ rotations in ‘t’ seconds then average angular velocity in radian per second will be

t
N2

av




 If T is the period and ‘f’ is the frequency of uniform circular motion. then

av = 
T
2

 = 2f

  Direction of  angular velocity is along the axis of rotation and decided by right hand thumb rule.

(iv) Angular Acceleration  : The rate of the change of angular velocity is called angular acceleration. Let
1 and 2 be the instantaneous angular speeds at times t1 and t2 respectively, then the average angular
acceleration av is defined as

ttt 12

12
av 










NOTE :

 Both average and instantaneous angular acceleration are axial vectors with dimension [T-2] and unit rad/
s2.
 Direction of angular acceleration is along the axis of rotation and decided by right hand thumb rule.

If  = 0, circular motion is said to be uniform.

(d ) Relation between linear and angular quantities :

 (i) Relation between angular displacement and linear displacement :

  angle = 
radius

arc
  

r

Q

PC

x

= 
r
x

     x = r..... (i)

(ii) Relation between angular velocity and linear velocity : Fig. 4
From (i) x = r

t
r

t
x 
    v = r..... (ii)

 (iii) Relation between angular velocity and linear velocity :
From (ii) v = r

t
r

t
v 
   a = r ..... (iii)
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Illustration 1.  A fly wheel making 120 revolutions/minute. Find the angular speed of the wheel :
Sol.  120 revolution/ minute = 2 rev/s

Angular speed = angle in one revolution × number of revolution/s
= 2× 2= 4rad/s

Illustration 2. A stone tied to the end of a string 80 cm is whirled in a horizontal circle with a constant speed.

If the stone makes 14 revolutions in 25 sec., what is the magnitude of the angular speed. 





 

7
22use

Sol. angular speed  = angle × number of rev./s

 = 
25
142   = 3.52 rad/s

Illustration 3. Earth revolves around the Sun in 365 days. Calculate its angular speed.
Sol. T = 365 days = 365 × 24 × 60 × 60 s

So,  = 
606024365

2
T
2







= 1.99 × 10–7rad/s

Illustration 4. Is the angular velocity of rotation of hour hand of a watch greater or smaller than the angular
velocity of  Earth’s rotation about its own axis ?

Sol. Hour hand completes one rotation in 12 hours while Earth completes one rotation in 24 hours. So, angular

velocity of hour hand is double the angular velocity of Earth. 






 


T
2 .

Illustration 5. A particle is moving with constant speed in a circular path. Find the ratio of average velocity to its

instantaneous velocity when the particle describes an angle  = 
2


Sol. Time taken to describe angle , t = 



  = 
v
R

 = 
v2
R

Average velocity = 
timeTotal

ntdisplacemeTotal

= 
v2/R

R2


   = 

22 v

Instantaneous velocity = v

The ratio of average velocity to its instantaneous velocity = 

22

 Ans.

Illustration 6. Find the time period of meeting of minute hand and second hand of a clock.
Sol.

Ref. line

min = 60
2

rad/min. ,   sec = 
1

2
 rad/min

sec min = 2 (for second and minute hand to meet again)
(sec – min) t = 2

2(1 – 1/60) t = 2

  t = 59
60

min.
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

Q.1_ What is the direction of the linear velocity of a particle in uniform circular motion?

Q.2_ What is the direction of the centripetal force?

Q.3_ What is the angular velocity of the hour needle in a clock?

Q.4_  Find the relation between angular velocity and linear velocity.

Q.5_ Give an example of a body moving with a uniform speed having acceleration.

Q.6_ Two particles of equal mass are revolving in circular orbits of radii 21 randr  with the same period. Show
that 2121 r:rv:v  .

Q.7_ Two bodies in circular paths of radii 1 : 3 take same time to complete their circles.Find  the ratio of their
linear speeds (Ans. 1 : 3)

Q.8_ In a circular path of radius 3m, a mass of 8kg moves with a constant speed of 20 ms–1. Find the angular
speed in radian/sec. (Ans  20/3 rad/sec)

 Q.9_ The wheel of a cycle of radius 25cm is moving with a speed 20ms–1. Calculate the angular velocity of the
wheel (Ans  28 rad / s)

Q.10_ An air craft completes a horizontal loop of radius 2 km with a uniform speed of 600 kmh–1. Find the angular
velocity of the air craft.. (Ans  1/12 rad / s)



 

TYPE (I) : VERY SHORT ANSWER TYPE QUESTIONS : [01 MARK EACH]

1. Give relation between linear and angular acceleration.

2. Why circular motion is accelerated motion ?

TYPE (II) : SHORT ANSWER TYPE QUESTIONS : [02 MARKS EACH]

3. Two bodies in circular paths of radii 1 : 2 take same time to complete their circles. Find the The ratio of
their linear speeds is :

4. Write down the units of angular displacement, angular velocity and angular acceleration.

TYPE (III) : LONG ANSWER TYPE QUESTIONS: [03 MARK EACH]

5. Derive the relation between
(a) linear displacement and angular displacement
(b) linear velocity and angular velocity
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 Marked Questions can be used as Revision Questions.

SUBJECTIVE QUESTIONS

SUBJECTIVE EASY, ONLY LEARNING VALUE PROBLEMS

SECTION (A) : CIRCULAR MOTION

A-1 Define Circular motion

A-2 State the meaning of uniform ciruclar motion

A-3 The wheel of a cycle of radius 50 cm is moving with a speed 14 ms–1. Calculate the angular velocity of
the wheel.

A-4 Define angular speed write its S.I. unit.

A-5 An air craft completes a horizontal loop of radius 1 km with a uniform speed of 900 kmh–1. Find the angular
velocity of the air craft.

A-6 An artificial satellite takes 90 minutes to complete its revolution around the earth. Calculate the angular
velocity of the satellite.

A-7 Name a physical quantity that (i) varies (ii) remains same in a circular motion.

A-8 Define the time period and find the relation between v and .

OBJECTIVE QUESTIONS

SINGLE CHOICE OBJECTIVE, STRAIGHT CONCEPT/FORMULA ORIENTED

SECTION (A) : CIRCULAR MOTION

A-1. 1C is equal to :
(A) 57.3º (B) 573º (C) 180º (D) 360º

A-2. The angular velocity in (rad/hr) of the earth’s rotation about its axis will be
(A) 12/  (B) /12 (C) 48 /  (D) / 24

A-3. Angular velocity of minute hand of a watch is
(A) /3600 rad/s (B) /1800 rad/s (C) / 7200 rad/s (D) / 900 rad/s

A-4. Suppose a boy is enjoying a ride on a merry-go round which is moving with a constant speed of 10 ms– 1 .
It implies that the boy is
(A) at rest (B) moving with no acceleration
(C) in accelerated motion (D) moving with uniform velocity

A-5. A wheel is of diameter 1m. If it makes 30 revolutions/sec., then the linear speed (in m/s) of a point on its
circumference is
(A) 30  (B)  (C) 60  (D) / 2

A-6. Uniform circular motion is an example of :
(A) Constant acceleration (B) Variable acceleration
(C) A and B both (D) None of these
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A-7. Rate of change of angular velocity refer to :
(A) angular speed (B) angular displacement
(C) angular acceleration (D) None of these

A-8. The ratio of angular speed of hour’s hand and second’s hand of a clock is
(A) 1 : 1 (B) 1 : 60 (C) 1 : 720 (D) 1 : 3600

A-9. The angular velocity (in  rad/s) of a fly wheel making 120 revolutions/minute is
(A) 2 (B) 8  (C)  (D) 4

A-10. Unit of angular velocity is :
(A) rad (B) m/s (C) rad/s2 (D) rad/s

A-11. Two bodies in circular paths of radii 1 : 2 take same time to complete their circles. The ratio of their linear
speeds is :
(A) 1 : 2 (B) 2 : 1 (C) 1 : 3 (D) 3 : 1

A-12. In a circular path of radius 1m, a mass of 2kg moves with a constant speed of 10 ms–1. The angular speed
in radian/sec. is  :
(A) 5 (B) 10 (C) 15 (D) 20

A-13. The relation among v,  and r is :

(A)  = 
r
v

(B) v = 
r


(C)  = 
v
r

(D) None of these

A-14. A body moving along circular path may have :
(A) a constant speed      (B) a constant velocity
(C) no tangential velocity      (D) no radial acceleration

A-15. A particle revolves in a circular path. The acceleration of the particle is :
(A) along the tangent      (B) zero
(C) along the radius      (D) None of these

A-16. The earth’s radius  is 6400 km. It makes one rotation about its own axis in 24 hrs. The centripetal
acceleration of a point on its equator is nearly.
(A) 340 cm/s2 (B) 34 cm/s2      (C) 3.4 cm/s2 (D) 0.34 cm/s2

A-17. The motion of a point on the rim of a wheel rotating about an axis fixed in a wall is :
(A) Circular     (B) Linear
(C) Linear and circular     (D) Vibratory

A-18. Examples of uniform circular motion are :
(A) motion of moon around the earth
(B) motion of satellite around a planet
(C) a runner running on a circular track with constant speed
(D) all of them

A-19. When a body moves along a semicircle, total angle subtended by it at centre of circle is :

(A) 
2


(B) 2 (C)  (D) none of these
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 Marked Questions can be used as Revision Questions.

OBJECTIVE QUESTIONS

1. A motor car is travelling at 20 m/s on a circular road of radius 100m. It is increasing its speed at the rate
of 3 m/s2. Acceleration of motor car is :
(A) 3 m/sec2 (B) 5 m/sec2 (C) 8 m/sec2 (D) None of these

2. Two particles of equal masses are revolving in circular paths of radii r1  and r2  respectively with the same
speed. The ratio of their centripetal forces is

(A) 
2

1

r
r (B)  

2

1

r
r (C) 

2

1

2

r
r
 
   (D)   

2

2

1

r
r
 
  

3. Two bodies of mass 10 kg and 5 kg moving in concentric orbits of radii R  and r   such that their periods
are the same. Then the ratio between their centripetal acceleration is

(A) /R r (B) /r R (C) 2 2/R r (D) 2 2/r R

4. The ratio of angular speeds of minute hand and hour hand of a watch is
(A) 1 : 12 (B) 6 : 1 (C) 12 : 1 (D) 1 : 6

5. A 500 kg car takes a round turn of radius 50 m with a velocity of 36 km/hr. The centripetal force is
(A) 250 N (B) 750 N (C) 1000 N (D) 1200 N

6. The direction of centripetal acceleration of an object moving in a circular path is
(A) directed away from the centre of the circle
(B) directed towards the centre of the circle
(C) directed upward in the plane of the circle
(D) none of the these.

7. The acceleration of an object moving with speed u in a circle of radius r is
(A) 2r (B) r/2 (C) 2/r (D) 2/r2

 Marked Questions can be used as Revision Questions.

NTSE PROBLEMS (PREVIOUS YEARS)

1. A person takes time t to go once around a circular path of diameter 2R. The speed () of this person would
be: (Raj./ NTSE Stage-I/2015)

(A) R2
t


(B) t
R2

(C) 
t
R2

(D) 2R.t
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BOARD LEVEL EXERCISE

TYPE (II) : SHORT ANSWER TYPE QUESTIONS :

3. 1 : 2

 EXERCISE - 1
SUBJECTIVE QUESTIONS

SUBJCTIVE EASY, ONLY LEARNING VALUE PROBLEMS

SECTION (A) : CIRCULAR MOTION

A-3 28 rad/s A-5 0.25 rad/s A-6
2700


 rad/s

OBJECTIVE QUESTIONS
SINGLE CHOICE OBJECTIVE, STRAIGHT CONCEPT/FORMULA ORIENTED

SECTION (A) : CIRCULAR MOTION

A-1 (A) A-2 (B) A-3 (B) A-4 (C) A-5 (A) A-6 (B)

A-7 (C) A-8 (C) A-9 (D) A-10 (D) A-11 (A) A-12 (B)

A-13 (A) A-14 (A) A-15 (C) A-16 (C) A-17 (A) A-18 (D)

A-19 (C)

EXERCISE - 2
OBJECTIVE QUESTIONS

SINGLE CHOICE OBJECTIVE, STRAIGHT CONCEPT/FORMULA ORIENTED

Ques. 1 2 3 4 5 6 7
Ans. B A A C C B C

EXERCISE - 3
NTSE PROBLEMS (PREVIOUS YEARS)

Ques. 1
Ans. B
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 MATTER IN OUR SURROUNDING
 

   INTRODUCTION

There are a large number of things around us which we see and feel. For example, we can see a book in front of
us. A book occupies some space. The space occupied by the book is called its volume. If we pick up the book,
we can also feel its weight. So, we conclude that the book has some mass. We cannot see the air around us, yet
if we fill a balloon with air and then weigh it carefully, we will find that not only does air occupy space (bounded by
the balloon), but it also has mass.

Things like a book and air are examples of matter. Other examples of matter are wood, cloth, paper, ice, steel,
water, oil etc. Further, that matter offers resistance is borne out by the fact that we cannot displace an object from
one place to another without applying some force. We have to apply force to pick up a stone from the ground.
Thus , matter can be defined as follows -

Anything that occupies space, has mass and offers resistance is called matter.

A . PHYSICAL NATURE OF MATTER

(a) Matter is Made up of Particles :

(i) Everything around us is made up of many tiny pieces or particles.

(ii) Particles which make up the matter are constantly  moving.

(iii) Particles which make up matter are atoms or molecules.

Evidences for the presence of particles in matter : Most of the evidences for the existence of particles in matter
and their motion come from the experiments on diffusion and Brownian motion.

Evidence - 1
Dissolving a solid in a liquid : Take a beaker. Fill half of it with water. Mark the level of water in the beaker. Add
some sugar to the water and dissolve it with the help of a glass rod. You will see that the sugar has disappeared,
but there is no change in the level of water.

Conclusion : This can be explained by assuming that matter is not continuous, rather it is made up of particles.
Sugar contains a large number of separate particles. These particles when dissolved in water occupy the vacant
spaces between the particles of water. That is why, the water level in the beaker did not rise. Had sugar been
continuous, like a block of wood, the water level in the beaker would have risen.

Experiment to show that matter is made of particles
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Evidence - 2
Movement of pollen grains in water : The best evidence for the existence and movement of particles in liquids
was given by Robert Brown in 1827. Robert Brown suspended extremely small pollen grains in water. On
looking through the microscope, it was found that the pollen grains were moving rapidly throughout water in a very
irregular way (or zig-zag way).
Conclusion :  Water is made up of tiny particles which are moving very fast (the water molecules themselves are
invisible under the microscope because they are very, very small). The pollen grains move on the surface of
water because they are constantly being hit by the fast moving particles of water. So, though the water
particles (or water molecules) are too small to be seen, but their effect on the pollen grains can be seen clearly.
The random motion of visible particles (pollen grains) caused by the much smaller invisible particles of water is an
example of Brownian motion (after the name of the scientist Robert Brown who first observed this phenomenon.)

Brownian motion : Zig-zag motion (in a very irregular way) of particles is known as brownian motion. Brownian
motion can also be observed in gases. Sometimes, when a beam of light enters in a room, we can see tiny dust
particles suspended in air which are moving rapidly in a very random way. This is an example of Brownian motion in
gases. The tiny dust particles move here and there because they are constantly hit by the fast moving particles of air.
The existence of Brownian motion gives two conclusions.
• Matter is made up of tiny particles.
• Particles of matter are constantly moving.

 Note :
Brownian motion increases on increasing the temperature.

(b) Characteristics of Particles of Matter :
The important characteristics of particles of matter are the following :

(i) The particles of matter are very, very small.
Experiment : Potassium permanganate is a purple coloured solid substance and  water is a liquid. We will take 2-
3 crystals of potassium permanganate and dissolve them in 100 ml of water. Now we will  take out 10 ml of this
solution and put into another 90 ml of clear water. We will keep diluting the solution like this 5 to 8 times.

Just a few crystals of potassium permanganate can colour a huge volume of water
Conclusion  : This experiment shows that just a few crystals of potassium permanganate can colour a large
volume of water. t means a crystal of KMnO4 is made up of millions of tiny particles. They keep dividing themselves
into smaller and smaller particles.
(ii) The particles of matter have spaces between them :
Experiment : We take about 100 ml of water in a beaker and mark the level of water. We will also take 20 g of
sugar. Now we will dissolve the sugar by stirring and we get a sugar solution.

When we dissolve sugar in water, there is no change in the volume of water
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Conclusion : The level of sugar solution in the beaker is at the same mark where water level was initially in the
beaker.

It shows that particles of sugar go into the spaces between various molecules of water due to which there is no
change in the volume. Thus, from this experiment  it can be concluded that, the molecules in water are not tightly
packed, they have spaces between them.

(iii) The particles of matter are constantly moving : This property can be explained by diffusion.

Diffusion :“Intermixing of particles of two different types of matter on their own is called diffusion.”t is the
phenomenon in which the movement of molecules or particles occur from their higher concentration towards their
lower concentration.

e.g. : When a perfume bottle is opened in one corner of a room, its fragrance spreads in the whole room quickly.
This happens because the particles of perfume move rapidly in all directions and mix with the moving particles of
air in the room.

Experiment : We take a gas jar full of bromine vapours and invert another gas jar containinig air over it, then after
some time, the red-brown vapours of bromine spread out into the upper gas jar containing air.

Conclusion : In this way, the upper gas jar which contains colourless air in it, also turns red-brown. The mixing
is due to the diffusion of bromine vapours (or bromine gas) into air.

   Diffusion of bromine vapour into air

 Note :
The particles of matter possess kinetic energy and so are constantly moving. As the temperature rises, particles
move faster.

(iv) Particles of matter attract each other : There are some forces of attraction between the particles of matter
which bind them together.

(I) Cohesive Force : The force of attraction between the particles of same substances is called cohesive force.

(II) Adhesive Force : The force of attraction between the particles of different substances is called adhesive
force.

e.g. : If we take a piece of chalk, a cube of ice and an iron nail and beat them with a hammer, chalk will easily
break into smaller pieces, but more force will be  required to break a cube of ice and iron nail will not break.

Reason : The reason for this is, that the force of attraction is quite weak in between the chalk particles, but force
of attraction in between the particles of ice cube is a bit stronger, while force of attraction in between the particles
of iron is very-very strong.

RIGID AND FLUID
(i) Rigid : Rigid means unbending or inflexible. A solid is a rigid form of matter so that it maintains its shape when
subjected to outside force.

(ii) Fluids : Fluids are the substances which have tendency to flow.  A liquid is a fluid form of matter which
occupies the space of the container. Liquids have a well defined surface. A gas is a fluid form of matter which fills
the whole container in which it is kept.
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 Note :
Liquids and gases are known as fluids.

(c) Classification of Matter
On the basis of physical states, all matter can be classified into three groups:-
(i) Solids (ii) Liquids (iii) Gases
(i) Solids :

A solid is that state of matter which has definite shape, mass and volume.
e.g. :  ce, wood, coal, iron etc.

Properties :

(I) Solids have a definite mass and definite volume.

(II) Solids have a definite shape.

(III) Solids have negligible compressibility.

(IV) Solids have high densities.

(V) The intermolecular forces in solids are very strong.
(VI) The dimensions of solid do not increase in large proportion on heating or on cooling.

(VII) Solids diffuse into one another very slowly.

(ii) Liquids :

A liquid is a state of matter which has definite mass and volume but no definite shape.
e.g. : Water, alcohol, milk, mercury etc.

Properties :

(I)  Liquids have a definite mass and volume.

(II)  Liquids do not have a definite shape.

(III)  Liquids are slightly more compressible than that of solids.

(IV)  Density of liquids is lesser than that of solids.

(V)  The force of attraction between the molecules of liquids is less than that of solids.

(VI)  Liquids expand far more than solids on heating.

(VII)  The particles of two different liquids can diffuse in one another easily to form homogeneous mixture.

(iii) Gases :

A gas is a state of matter, which has definite mass, but no definite shape and no definite volume.
e.g. : O2, N2, H2 etc.

Properties :

(I)  A gas contained in a vessel has a definite mass.

(II) Gases do not have definite shape and volume.

(III) Gases are highly compressible because intermolecular spaces between them  are very-very large as compared
to solids and liquids.

(IV)  Density of gases is extremely small as compared to solids and liquids.

(V)  Intermolecular forces are negligible.
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(VI) Gases expand to large extent when heated.

(VII) Gases diffuse in one another rapidly to form homogeneous mixture.
COMPARISON OF THE CHARACTERISTICS OF THREE STATES OF MATTER

Property Solid state Liquid state Gaseous state 

Interparticle  spaces Very small  spaces Comparatively  large spaces than solids Very large  spaces

Interparticle  forces Very strong Weak Very weak

Nature Very hard  and rigid Fluid Highly fluid

Compressibility Negligible Very small Highly compressible.
Shape and  volume Definite shape  and volume Indefinite shape,  but definite volume Indefinite shape  as well as volume
Density High Less than  solid  state Very low density

Kinetic energy Low Comparatively  high than solids Very high
Diffusion Negligible Slow Very fast

Gases are Highly Compressible therefore :

(1) LPG (Liquefied Petroleum Gas) is used in our home for cooking.

(2) Oxygen cylinders supplied to hospitals contain liquid oxygen.

(3) These days C.N.G. (Compressed Natural Gas) is used as fuel  in vehicles.

 Note :
Gaseous particles move randomly at high speed and hit each other and also walls of the container, so exert
pressure.
Plasma
This state consists of super energetic and super excited particles. These particles are in the form of ionised
gases.
For eg: Neon sign bulb and fluorescent tube
Neon sign bulb – Neon gas
Fluorescent tube – Helium gas
When electrical energy flows through gas, it gets ionised and hence plasma is created.
Plasma glows with a special colour depending on nature of gas. Sun and the stars glow because of the presence
of plasma.
Bose - Einstein condensate ( B.E.C.)

The B.E.C. is formed by cooling a gas of extremely low density, about one-hundred-thousandth the density of
normal air, to super low temperature

Example.1_  What is the difference between fluidity and viscosity ?
Solution.      Fluidity means tendency to flow but viscosity refers to resistance to flow.

Example.2_  Give reasons why the rate of diffusion of liquid in another liquid is greater than rate of diffusion of a solid
         in a liquid ?

Solution.      The kinetic energy of the particles of liquid is greater than the kinetic energy of the particle of solid.
 

1._ What are the general characteristics of particle of matter ?
2._ Name two processes which provide the best evidence for the motion of particles of matter ?

3._ Write one common characteristic between solid and liquid ?

4._ Why do gases have neither a fixed shape nor a fixed volume ?



Matter In Our Surrounding

JEE-Advanced_RECTILINEAR MOTION_Page No. # 15
Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
TOLL FREE : 1800 258 5555  | CIN : U80302RJ2007PLC024029

CHEMISTRY CLASS IX- 15

Sp
ec

im
en

 C
op

y

5._ A gas exerts pressure on the walls of the containers. How it is possible ?
 
B. INTERCONVERSION OF STATES OF MATTER

The phenomenon of change of matter from one state to another state and back to original state, by altering the
conditions of temperature and pressure, is called interconversion of states of matter.

The various states of matter can be interchanged into one another by altering the conditions of -
(a) Temperature (b) Pressure.

(a) Altering the Temperature of Matter :

(i)  Interconversion of solid into liquid and vice versa : Solids can be converted into liquids by heating them.
Similarly liquids can be cooled to form solids.

e.g. :ce at 00C changes into water at 00C, when heat energy is supplied to it. The water at 00C changes into ice
at 00C on freezing.

Activity -
To study the change of state from ice to water.

Materials required -
A 100 cc beaker, a thermometer (Celsius), a glass stirrer, a wire gauze, a tripod stand, a Bunsen burner, an iron
stand,  ice cubes.

Method -
Half fill the beaker with ice cubes and place it over a wire gauze and tripod stand. Suspend a Celsius thermometer
from the iron stand, such that its bulb is touching the water level. Place a glass stirrer in the ice.

Record the temperature of ice. You will find it is 00 C (273 K). Now heat the beaker on a low bunsen flame and
continuously stir the contents of beaker. Record the temperature five to six times, till all the ice melts. You will
observe that temperature throughout remains 00C (273 K), till all the ice melts.

Change of state from ice to water

(I) Melting or Fusion: The process due to which a solid changes into liquid state by absorbing heat energy is
called melting or fusion.

(II) Freezing or Solidification: The process due to which a liquid changes into solid state by giving out heat
energy is called freezing or solidification.

(III) Melting Point: The constant temperature at which a solid changes into liquid state by absorbing heat
energy at 1 atm pressure is called its melting point.

(IV) Freezing Point: The constant temperature at which a liquid changes into solid state by giving out heat
energy at 1 atm pressure is called freezing point.

 Note :
The numerical value of freezing point and melting point is same.
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Melting point of ice = Freezing point of water = 0ºC (273.16 K).

Explanation:  On increasing the temperature of solids, the kinetic energy (K.E.) of particles increases. Due to
increase in K.E., the particles start vibrating with greater speed. The energy supplied by heat overcomes the
force of attraction between the particles. Then, the particles leave their fixed positions and start moving freely and
thus solid melts.

Latent Heat of Fusion : The amount of heat energy that is required to change 1 kg of solid into liquid at
atmospheric pressure and at its melting point is known as the latent heat of fusion. (In Greek Latent means
Hidden) Latent heat of fusion of ice = 3.34 × 105 J/kg.

 Note :
Particles of water at 00C (273 K) have more energy as compared to particles in ice at the same temperature.

(ii) Interconversion of liquid into gaseous state and vice versa: Liquids can be converted into gases by
heating them. Similarly, gases can be converted into liquids by cooling them.

e.g. : Water at 1 atm pressure changes into vapours (steam) at 1000C by absorbing heat. Steam at 1000C
changes into water by giving out energy.
Activity -
To study the change of state from water to steam.
Materials required -
A 100 cc beaker, a thermometer (Celsius), a glass stirrer, a wire gauze, a tripod stand, a Bunsen burner, an iron
stand, tap water.

Method -
Half fill the beaker with water and place it over a wire gauze and tripod stand. Suspend a Celsius thermometer
from the iron stand, such that its bulb is touching the water level. Place a glass stirrer in the water.
Record the temperature of water. Heat the beaker on a low Bunsen flame and continuously stir the water with
glass stirrer. Go on recording the temperature till water starts boiling. Allow the water to boil for few minutes and
record its temperature.

You will notice that temperature of water rises till it starts boiling. The temperature of boiling water is 1000C (373 K).
If we continue heating the water it changes into steam, but the temperature remains constant, i.e., 1000C (373 K).

Change of state from water to steam 

(I) Boiling or Vaporisation: The process due to which a liquid changes into gaseous state by absorbing heat
energy is called boiling.

(II) Condensation or Liquefaction: The process due to which a gas changes into liquid state by giving out heat
energy is called condensation.

(III) Boiling Point: The constant temperature at which a liquid rapidly changes into gaseous state by absorbing
heat energy at atmospheric pressure is called boiling point.

(IV) Condensation Point:- The constant temperature at which a gas changes into liquid state by giving out heat
energy at atmospheric pressure is called condensation point.
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 Note :
The numerical value of condensation point and boiling point is same.
Condensation point of water vapour  = Boiling point of water = 100ºC (373.16 K).

Explanation : When heat is supplied to water, particles start moving faster. At a certain temperature, a point is
reached when the particles have enough energy to break the forces of attraction between the particles. At this
temperature the liquid starts changing into gas.

Latent heat of vaporisation: The amount of heat which is required to convert 1 kg of the liquid (at its boiling
point) to vapour without any change in temperature. Latent heat of vaporisation of water = 22.5 × 105 J/kg.

 Note :
Particles in steam, that is water vapour at 373 K have more energy than water at the same temperature. Because
steam has absorbed extra energy in the form of latent heat of vaporisation.

TEMPERATURE TIME GRAPH
We can show the change of temperature with time in the form of a temperature-time graph drawn by using the
readings obtained in the above experiment. Such a temperature-time graph is shown in figure.

Temperature Time Graph

We can understand the above graph by taking an example of water.In this graph at point A, we have all ice. As we
heat it, the ice starts melting to form water but the temperature of ice and water mixture does not rise. It remains
constant at 0°C during the melting of ice. At point B, all the ice has melted to form water. Thus, we have only
water at point B. Now, on heating beyond point B, the temperature of water (formed from ice) starts rising as
shown by the sloping line BC in the graph. When the temperature of water reaches its boiling point i.e; 100°C, water
starts converting into steam. But during the process of boiling, temperature does not rise and thus constant
temperature is observed (line CD). At point D all the water has boiled to form steam. Thus, we have only steam at
point D. Now on heating beyond point D, the temperature of steam rises as shown by the sloping line DE.

(iii) Direct interconversion of solid into gaseous state and vice versa: The changing of solid directly into
vapours on heating and of vapours directly into solid on cooling is known as sublimation.

I. The solid which undergoes sublimation to form vapour is called ‘sublime’.

II. The solid obtained by cooling the vapours of a solid is called ‘sublimate’.

e.g. : Ammonium Chloride (NH4Cl), iodine, camphor, naphthalene (moth balls) and anthracene.
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            Interconversion of states of matter

Specific Heat
The specific heat of a substance is the amount of heat which is required to raise the temperature of a unit mass
of the substance by 1º C. Now, if we measure the heat in “joules” and mass in “kilograms”, then the definition of
specific heat becomes.  The specific heat of a substance is the amount of heat in joules required to raise
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the temperature of 1 kilogram of the substance by 1ºC.
The specific heat of a substance is usually represented by the symbol C (Sometimes, however, the specific heat
of a substance is also represented by the letter ‘S’). The specific heat of a substance varies slightly with
temperature. The  change in the specific heat of a substance with temperature is due to the changes which occur
in the structure and organization of the molecules in a substance with change in temperature.

Units of Specific Heat
The unit of specific heat depends on the units in which “heat” and “mass” are measured. Now, the S.I. unit of heat
is “joule” and that of mass is “kilogram”, so, the S.I. unit of specific heat is “joules per kilogram per degree
celcius”, which is written in short form as :J/kg°C or J kg–1 °C–1.

(b) Altering the Pressure of Matter :
The difference in various states of matter is due to the different intermolecular spaces between their particles. So
when a gas is compressed the intermolecular space between its particles decreases and ultimately it will be
converted into liquid.
Pressure and temperature determine the state of a substance. So, high pressure and low temperature can
liquefy gases.

e.g. : Carbon dioxide (CO2) is a gas under normal conditions of temperature and pressure. It can be liquefied by
compressing it to a pressure 70 times more than atmospheric pressure.
Solid CO2 is known as ‘Dry ice’. Solid CO2 is extremely cold and used to ‘deep freeze’ food and to keep ice-
cream cold.

Unit of pressure :
Atmosphere (atm) is a unit for measuring pressure exerted by a gas.
The S. unit of pressure is Pascal (Pa.)
1 atm = 1.01 × 105 Pa.

 Note :
When pressure is lowered the boiling point of liquid is lowered. This helps in rapid change of liquid into gas.

Example.1_ Why is ice at 273 K more effective in cooling than water at the same temperature.
Solution. Ice (solid water) has extra energy in the form of latent heat of fusion (3.35 × 105 J/kg) as compared

to water. Due to absorption of energy the temperature of surroundings gets lowered or cooling is
caused. Since water is already present in a liquid state so it does not absorb energy from the
surroundings. Thus, ice at 273 K causes more cooling than water at the same temperature.

Example.2_ What produces more severe burns, boiling water or steam ?
Solution. When water (liquid form) at 373 K is converted into steam at 373 K, it absorbs energy equal to latent

heat of vaporisation (22.6 × 105J/kg) from surroundings. Thus, steam (vapour form of water) at 373 K
(100°C) have more energy then water at the same temperature and hence, steam produces more
severe burns than boiling water.

 

1._ At what temperature, do solid ice and liquid water co-exist together.

2._ What do you understand by the term latent heat.

3._ The freezing point of a substance is the same as the melting point. Justify this statement by a simple
example. Is the freezing point of sea water is same as that of rain water ?

4._ Name the temperature at which liquid changes into a gas ?
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5._ Write the name of two substances which shows sublimation.
 

C. EVAPORATION
The phenomenon of change of a liquid into vapours at any temperature below its boiling point is called evaporation.

Water changes into vapours below 1000C. The particles of matter are always moving and are never at rest. At a
given temperature in any gas, liquid or solid, there are particles with different  K.E.
In case of liquids, a small fraction of particles at the surface, having higher K.E., is able to break the forces of
attraction of other particles and gets converted into vapour.

 Note :
The atmospheric pressure at sea level is 1 atm.

(a) Factors Affecting Evaporation:

(i) Temperature: With the increase in temperature the rate of evaporation increases.
Rate of evaporation T

Reason : On increasing temperature more number of particles get enough K.E. to go into the vapour state.

(ii) Surface Area : Rate of evaporation  Surface area
Since evaporation is a surface phenomena, if the surface area is increased, the rate of evaporation increases. So,
while putting clothes for drying up we spread them out.

(iii) Humidity of Air : Rate of evaporation   Humidity
1

Humidity is the amount of water vapour present in air. When humidity of air is low, the rate of evaporation is high
and water evaporates more readily. When humidity of air is high, the rate of evaporation is low and water evaporates
very slowly.

(iv) Wind Speed : Rate of evaporation  Wind speed
With the increase in wind speed, the particles of water vapour move away with the wind. So the amount of water
vapour decreases in the surroundings.

(v) Nature of substance : Substances with high boiling points will evaporate slowly, while substances with low
boiling points will evaporate quickly.

(b ) Differences between Evaporation and Boiling :

   

Evaporation Boiling 
It is a surface 
phenomenon. It is a bulk phenomenon.

It occurs at all 
temperatures below B.P. It occurs at B.P. only.

The rate of evaporation 
depends upon the surface 
area of the liquid, humidity 
temperature & wind speed

The rate of boiling does 
not depend upon the 

surface area, wind speed, 
and humidity.

(c) Cooling Caused by Evaporation :

The cooling caused by evaporation is based on the fact that when a liquid evaporates, it draws (or takes) the
latent heat of vaporisation from ‘anything’ which it touches.
For example :
(i) We Wear Cotton Clothes in Summer :
During summer, we perspire more because of the mechanism of our body which keeps us cool. During evaporation,
the particles at the surface of liquid gain energy from the surroundings or body surface. The heat energy equal to
latent heat of vaporisation, is absorbed from the body, leaving the body cool. Cotton, being a good absorber of
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water helps in absorbing the sweat.
(ii) Pouring the acetone on our palm : If we pour some acetone or ether or nail polish remover on our palm
then we feel cool because the energy needed for evaporation is taken from our palm. Hence, our palm feels
cooling.
(iii) Sprinkling of water on the open ground after a hot sunny day : The sprinkling of water of the open
ground or roof after a hot sunny day causes the cooling of the surface of roof because the water evaporates by
absorbing heat from the ground and the surrounding air. In this way the ground or roof become cool and we feel
comfort.

(d) Water droplets on the outer surface of  a glass containing ice cold water :
If we take some ice cold water in a glass then we will observe water droplets on the outer surface of glass.
Reason : The water vapour present in air on coming in contact with glass of cold  water, loses energy. So water
vapour gets converted to liquid state, which we see as water droplets.

Example.1_ Out of water and petrol which is a more volatile ?
Solution. The petrol is more volatile than water because the force of attraction between the particles of petrol

is lesser than water.

Example.2_ Why do we feel cold after taking a hot bath ?
Solution. The hot water takes heat from the body and evaporates. Thus, the body loses heat and we feel cold.
 

1._ Does the evaporation of liquid occur only at a fixed temperature ?

2._ What is the difference between evaporation and boiling.

3._ Why should wet clothes be spread while drying ?

4._ Why do we wear cotton clothes in summer ?

5._ Why water droplets appear in a glass containing ice cold water ?
 
 

TYPE (I) : VERY SHORT ANSWER TYPE QUESTIONS : [01 MARK EACH]
1._ ‘Osmosis is a special kind of diffusion’. Comment.

2._ A sample of water under study was found to boil at 102°C at normal temperature and pressure. Is the
water pure? Will this water freeze at 0°C?Comment.

TYPE (II) : SHORT ANSWER TYPE QUESTIONS : [02 MARKS EACH]

3._ A student heats a beaker containing ice and water. He measures the temperature of the content of the
beaker as a function of time. Which of the following Fig. would correctly represent the result? Justify your
choice

       .
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4._ It is a hot summer day, Priyanshi and Ali are wearing cotton and nylon clothes respectively. Who do you
think would be more comfortable and why?

TYPE (III) : LONG ANSWER TYPE QUESTIONS: [04 MARK EACH]
5._ Water as ice has a cooling effect, whereas water as steam may cause severe burns. Explain these

observations.

6._ (a) Conversion of solid to vapour is called sublimation. Name the term used to denote the conversion of
vapour to solid.

(b) Conversion of solid state to liquid state is called fusion; what is meant by latent heat of fusion?

TYPE (IV): VERY LONG ANSWER TYPE QUESTIONS [05 MARK EACH]
7._ Comment on the following statements:

(a) Evaporation produces cooling.
(b) Rate of evaporation of an aqueous solution decreases with increase in humidity.
(c) Sponge though compressible is a solid.

8._ You are provided with a mixture of naphthalene and ammonium chloride by your teacher. Suggest an
activity to separate them with well labelled diagram.

 

 Marked Questions can be used as Revision Questions.

SUBJECTIVE QUESTIONS

SUBJECTIVE EASY, ONLY LEARNING VALUE PROBLEMS

SECTION (A) : PHYSICAL NATURE OF MATTER

A-1. Why do gases diffuse very fast ?

A-2. Arrange the  following substances in the increasing order of interparticle forces.
Water, common salt, nitrogen.

A-3. A certain substance ‘A’ can be compressed to very less extent, but takes up the shape of any container in
which it is placed. What will be its physical state ?

A-4. Solids are generally very heavy while gases are light. Explain.

A-5. Define diffusion ? Give one example each of diffusion of (i) a solid into a liquid, (ii) a liquid into another liquid,
(iii) a gas into a liquid and (iv) a gas into another gas

SECTION (B) : INTERCONVERSION OF  STATES OF MATTER

B-1. The melting point of a substance is just below the room temperature. Predict its physical state.

B-2. How the two temperature scales (Celsius) °C and (Fahrenheit) °F are related with each other.

B-3. When a solid melts, its temperature remains the same, so where does the heat energy go ?

B-4. Discuss the significance of the boiling point of a liquid.
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B-5. (a) The graph  shows the heating curve for a pure substance. The temperature rises with time as the substance
is heated:
(b) What is the physical state of the substance at the points A,B,C,D, E and F ?
(c)  What is the melting point of the substance ? What is its boiling point ?
(d) What happens to the temperature during change of the state ?
(e) The substance is not water. How can you judge from the graph ?

SECTION (C) : EVAPORATION

C-1._    Sometimes for performing minor surgery surgeon uses ether,why?

C-2. Explain the factors affecting the rate of evaporation.

C-3. What is the purpose of sipping coffee from a saucer instead of sipping from a glass or cup ?

C-4._ How is water kept in an earthen pot (matka) become cool during summer ?

C-5. Why a desert cooler is more effective in summer ?

OBJECTIVE QUESTIONS

SINGLE CHOICE OBJECTIVE, STRAIGHT CONCEPT/FORMULA ORIENTED

SECTION (A) : PHYSICAL NATURE OF MATTER

A-1. The quantity of matter present in an object is called its -
(A) weight (B) volume (C*) mass (D) density

A-2. Which of the following is/are rigid(s) ?
(A*) Solids (B) Liquids (C) Gases (D) Both (B) and (C)

A-3. Which of the following statements is/are correct ?
(A) Intermolecular forces of attraction in solids are maximum.
(B) Intermolecular forces of attraction in gases are minimum.
(C) Intermolecular spaces in solids are minimum.
(D*) All of the above

A-4. What happens to the volume of the aqueous solution when small amount of sugar is dissolved in it ?
(A) Volume  increases (B) Volume decreases
(C) Volume first increases then decreases. (D*) No change in volume.

A-5. Which of the following is not correct for gases ?
(A) Gases have definite mass. (B) Gases have definite shape.
(C) Gases have definite volume. (D*) Both (B) and (C)

A-6. Which of the following is not an example of matter ?
(A) Air (B*) Feeling of cold (C) Dust (D None of these
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A-7. Which of the following statements is/are correct ?
(A) Interparticle spaces are maximum in the gaseous state of a substance .
(B) Particles which constitute gas follow a zig-zag path.
(C) Solid state is the most compact state of substance.
(D*) All are correct

A-8. Which out of the following does not make sense ?
(A) Solids have fixed shape and fixed volume.
(B*)  Liquids can be compressed easily, but not gases.
(C) The particles of solids have negligible kinetic energy.
(D) Property of diffusion is maximum in the gaseous state.

A-9. Which of the following is/are application(s) of high compressibility of gases ?
(A) L.P.G. is used as fuel in homes for cooking food .
(B) Oxygen cylinders are supplied to hospitals.
(C) C.N.G. is used as fuel in vehicles.
(D*) All of these

A-10. Which of the following statements does not go with the liquid state ?
(A) Particles are loosely packed in the liquid state.
(B*) Fluidity is the maximum in the liquid state.
(C) Liquids can be compressed.
(D) Liquids take up the shape of that container in which these are placed.

SECTION (B) : INTERCONVERSION OF  STATES OF MATTER

B-1. On changing which of the following, the states of matter will change ?
(A) Temperature (B) Pressure (C*) (A) & (B) both (D) None of these

B-2. Melting & freezing point of water -
(A*) are same. (B) have large difference between them.
(C) have close difference between them. (D) None of these

B-3. The boiling point of alcohol is 780C. What will be the temperature in Kelvin scale ?
(A) 373 K (B*) 351 K (C) 375 K (D) 78 K

B-4. Latent heat of vaporisation of water is -
(A) 2.25 × 102 J/kg (B*) 22.5 × 105 J/kg (C) 3.34 × 105 J/kg (D) 33.4 × 102 J/kg

B-5. S.I. unit of temperature is -
(A*) Kelvin (B) Celsius (C) Both (D) None

B-6. In sublimation process -
(A) solid changes into liquid. (B) liquid changes into gas.
(C*) solid changes directly into gas. (D) None of these

B-7. When a liquid starts boiling, the further heat energy which is supplied -
(A) is lost to the surrounding as such.
(B) increases the temperature of the liquid.
(C) increases the kinetic energy of the liquid.
(D*) is absorbed as latent heat of vaporisation by the liquid.

B-8._ Which of these choices will not change the state of matter?
(A) Temperature (B*) Crushing a crystal (C)  Pressure (D) Electricity
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B-9. Which of the following will respond to sublimation ?

(A) Common salt (B) Sugar (C*) Camphor (D) Potassium nitrate

B-10._ Identify the true statement among the following:

(A*) Gases are highly compressible and diffuse very easily.

(B) Gases are highly compressible and possess strong attraction force.

(C) Solid molecules are closely packed and highly compressible

(D) Solid molecules are loosely packed and possess strong forces.

SECTION (C) : EVAPORATION

C-1. During evaporation of liquid -
(A*) the temperature of the liquid falls.
(B) the temperature of the liquid rises.
(C) the temperature of the liquid remains unchanged.
(D) all statements are wrong.

C-2. As temperature increases rate of evaporation -
(A*) increases. (B) decreases.
(C) first increases, then decreases. (D) remains same.

C-3. On a humid day rate of evaporation -
(A) is more. (B*) is less.
(C) initially more, later on less. (D) remains same.

C-4. During evaporation, particles of a liquid change into vapours only -
(A*) from the surface. (B) from the bulk.
(C) from both surface and bulk. (D) neither from surface nor from bulk.

C-5. Rate of evaporation depends upon -
(A) temperature (B) surface area (C) humidity (D*) All of these

C-6. In which phenomenon water changes into water vapour below its boiling point ?
(A*) Evaporation (B) Condensation
(C) Boiling (D) No such phenomena exists

C-7._ During summer water kept in earthen pot becomes cool because of the phenomena -
(A) Diffusion (B)  Transpiration (C) Osmosis (D*) Evaporation

C-8._ Dogs stretch out their tongues generally in summer because
(A*)  Evaporation leads cooling (B) Of condensation of water vapour
(C) Of freezing of saliva (D) Their body temperature are high

C-9._ Rate of evaporation of water
(A) Is more in coastal areas than in non coastal areas
(B*) Is more in non coastal areas than in coastal areas
(C) Is the same in both coastal and non coastal areas
(D) Cannot be predicted

C-10._ Which of the following factors do not affect the rate of  evaporation -
(A*) Depth of liquid (B) Humidity of surrounding air

(C) Temperature of liquid (D) Surface of liquid
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 Marked Questions can be used as Revision Questions.

OBJECTIVE QUESTIONS

1._ In which of the following substances, intermolecular force of attraction is the maximum?
(A*) iron bar (B) water (C) air (D) nitrogen

2._ Water sticks to glass due to
(A*) Adhesive force between water and glass (B) Cohesive force between water and glass
(C) Cohesive force between water molecules (D) Cohesive force between glass molecules

3._ Identify the wrong statement among the following
(A) Molecules of solid posses only vibratory motion
(B) Solid are incompressible
(C*) Solid have only one free surface
(D) Gases are highly diffusible

4. A liquid disturbed by stirring comes to rest after sometime due to its property of -
(A)  Compressibility (B) Diffusion (C*) Viscosity (D) All of these

5. When common salt is added is ice -
(A*) its melting point decreases.
(B) its melting point increases.
(C) its melting point does not change from 0ºC
(D) ice becomes harder.

6. Which of the following statements is false ?
(A) Melting and freezing point of a substance are the same.
(B*) Evaporation of liquid takes place only at its boiling point.
(C) Pure water has no taste
(D) Water allows sunlight to pass through it.

7. The water boils when :
(A*) Saturated vapour pressure of water becomes equal to the atmospheric pressure
(B) Boiling point of water becomes more than atmospheric pressure
(C) Saturated vapour pressure of water is less than atmospheric pressure
(D) Vapour pressure of water becomes more than atmospheric pressure

8. The temperature remain same during melting, while all the ice changes into water due to the :
(A*) latent heat of fusion. (B) latent heat of vapourisation.
(C) latent heat of evaporation. (D) latent heat of sublimation.

9. Fusion is the process of conversion of  -
(A) liquid into gas. (B) solid into gas. (C*) solid into liquid. (D) liquid into solid.

10. A thermometer is inserted into a beaker filled with ice at 0ºC. The beaker is heated slowly. The temperature
does not rise for some time. This is because -
(A) ice is very cold
(B*) heat was used for changing ice at 0ºC to water at 0ºC
(C) the density of water is more than ice
(D) the density of water is less than the ice
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11. What sublimate will be obtained when a mixture of sand, sulphur, common salt and iodine is sublimed ?
(A) Sand (B*) Iodine (C) Sulphur (D) Common salt

12. Purity of organic liquid can be checked by its characteristic -
(A*) boiling point (B) volume (C) solubility in water (D) solubility in alcohol

13._ Sublimation is involved in
(A) Incense stick and odonil (B) Camphor and incense stick
(C) Perfume and odonil (D*) Naphthalene balls and camphor

14._ At higher altitude :
(A) B.P. of a liquid increases (B) Melting point of a substance increases
(C*) B.P. of a liquid decreases (D) None of these.

15. Which of the following conditions is most favourable for converting a gas into liquid ?
(A*) High pressure, low temperature (B) Low pressure, low temperature
(C) Low pressure, high temperature (D) High pressure, high temperature

16. Which of the following statements regarding melting point and freezing point of a substance is true ?

(A) Melting point of a substance is more than its freezing point.

(B) Melting point of a substance is less than its freezing point.
(C*) Melting point and  freezing point of a substance are same numerically.
(D) None of these.

 Marked Questions can be used as Revision Questions.

NTSE PROBLEMS  (PREVIOUS YEARS)

1. Boiling point of water is – [Raj. NTSE Stage-I/13]
(A) 273K (B) 0K (C*) 373K (D) 100K

2. By which property are gases and liquids different from solid ? [Raj. NTSE STAGE-I/14]
(A) Volume (B) Mass (C) Conductivity (D*) Fluidity

3. Ice is floating on water in a beaker when ice completely melts then level of water in beaker :
[Delhi_NTSE Stage-I/15]

(A) Increases (B) Decreases
(C*) remains the same (D) First increases decreases

4. The boiling point of a gas is –80°C. This temperature is equivalent to:   [Raj._NTSE Stage-I/15]
(A) –193 K (B*) 193 K (C) 353 K (D) – 353 K

5. When the solid melts, its temperature :              [Haryana_NTSE Stage-I/15]
(A) increases (B) decreases
(C*) remain constant (D) first increases then decrease

6. In which state of a substance, it has the shape ? [Gujarat NTSE Stage-I/17]

(A) Liquid (B) Liquid & Gas  (C) Gas (D*) Solid
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7. The physical state of water at 298 K temperature is : [Delhi NTSE Stage-I/17]
(A) Gaseous (B) Solid (C*) Liquid (D) Plasma

VALUE BASED / PRACTICAL BASED QUESTIONS

MARKED QUESTIONS MAY HAVE FOR REVISION QUESTIONS.

This Section is not meant for classroom discussion. It is being given to promote self-study and
self testing amongst the Resonance students.

1. Look at Fig. and suggest in which of the vessel A, B, C or D the rate of evaporation will be the highest ?

2. Ice at –10°C is heated slowly until the water formed starts boiling. The temperature time plot that will explain
the changes correctly is represented as :

(i) (ii) 

(iii) (iv) 

(A) (i) and (iii) are correct (B) Both (ii) and (iv) are correct
(C*) only (iii) is correct (D) only (iv) is correct

3. Name A, B, C, D, E and F in the following diagram showing change in their state :
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Increase heat and decrease pressure

Decrease heat and increase pressure

Solid Liquid Gas

E

F

4. The heating curve of a pure substance at one atmosphere pressure is shown in the following figure.

Heat added

Te
m

pe
ra

tu
re

 (K
)

E

D
C

B
A

373

273

(a) What is the physical state of the substance at points A, B, C, D and E.
(b) What is the melting point of the substance ?
(c) What the boiling point of the substance ?
(d) What happens to the temperature when the substance is changing its state ?
(e) Can the given substance be ice at point  A ?

5. Give two reasons why the rate of diffusion of liquid in another liquid is greater than the rate of diffusion of a
solid in a liquid ?
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 EXERCISE - 1
SUBJECTIVE QUESTIONS

SUBJCTIVE EASY, ONLY LEARNING VALUE PROBLEMS

B-1 Liquid B-2 F – 32 = 5
9

C

B-5 a) At point A : The substance is in the solid state
At point B : The substance has started melting and it exist in solid and liquid states along the curve BC.
At point C : The substance is in the liquid state
At point D : The substance has started boiling and it exists in liquid and gas state along the curve DE
At point E : The substance is in the gaseous state and maintains it along EF and onwards.
(b) The melting point of the substance is 15°C
(c) The boiling point is 110°C.

C-1 Wet air
C-5 Hot and dry air passes through the wet pads of cooler and takes up water vapour (due to evaporation) with it

and thereby the air coming out loses its temperature and feels cold.

OBJECTIVE QUESTIONS

SINGLE CHOICE OBJECTIVE, STRAIGHT CONCEPT/FORMULA ORIENTED

SECTION (A) : PHYSICAL NATURE OF MATTER
A-1 (C) A-2 (A) A-3 (D) A-4 (D) A-5 (D) A-6 (B) A-7 (D)

A-8 (B) A-9 (D) A-10 (B)

SECTION (B) : INTERCONVERSION OF  STATES OF MATTER
B-1 (C) B-2 (A) B-3 (B) B-4 (B) B-5 (A) B-6 (C)

B-7 (D) B-8 (B) B-9 (C) B-10 (A)

SECTION (C) : EVAPORATION
C-1 (A) C-2 (A) C-3 (B) C-4 (A) C-5 (D) C-6 (A)
C-7 (D) C-8 (A) C-9 (B) C-10 (A)

EXERCISE - 2
OBJECTIVE QUESTIONS

SINGLE CHOICE OBJECTIVE, STRAIGHT CONCEPT/FORMULA ORIENTED

Ques 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Ans A A C C A B A A C B B A D C A C
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EXERCISE - 3
NTSE PROBLEMS (PREVIOUS YEARS)

Ques 1 2 3 4 5 6 7
Ans C D C B C D C

PRACTICAL BASED QUESTIONS
1. C 2. C

3. A = fusion or melting, B = Evaporation, C = Condensation
D = Solidification or Freezing, E = Sublimation, F = Frosting

4. (a)   At point  A, the substance is in the solid state; at point B, it exists both in the solid as well as in the liquid
state.  At point C, the substance exists as a liquid ; at point D, it exists both as a liquid as well as a gas while at
point E, it exists only as a gas.
(b) The m.p. of the substance is 273 K.
(c) The b.p. of the substance is 373 K.
(d) During the phase, from solid to liquid or from liquid to gas, the temperature remains constant.
(e) From melting point and boiling point, the substance appears to be water.

5. The following reason
(i) The kinetic energy of the particles of liquid is greater than the kinetic energy of the particles of solid.
(ii) The interparticle space is greater in liquid than the interparticle space of solids.
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NUMBER SYSTEM

 

A . INTRODUCTION TO NUMBER SYSTEM & RATIONAL NUMBERS

(a ) Classification of Numbers

(i) Natural numbers : Counting numbers are known as natural numbers.
N = { 1, 2, 3, 4, ... }.

(ii) Whole numbers : All natural numbers together with 0 form the collection of all whole numbers.
 W = { 0, 1, 2, 3, 4, ... }.

(iii) Integers : All whole numbers and negative of natural numbers form the collection of all integers.
I or Z = { ..., – 3, – 2, – 1, 0, 1, 2, 3, ... }.

(iv) Rational numbers : The numbers which can be expressed in the form of  
q
p , where p and q are integers

and 0q  .

For example : 
3
2 , 

15
37

 .

 All natural numbers, whole numbers and integers are rational.

(v) Real numbers : Numbers which can represent actual physical quantities in a meaningful way are known
as real numbers. They can be represented on the number line.

 Real numbers include all rational and irrational numbers.

(vi) Prime numbers : Prime numbers are natural numbers greater than 1 and each of which is divisible by
1 and itself only. For example : 2, 3, 5, 7, 11, 13, 17, 19, 23, ... etc.

(vii) Composite numbers :  All natural numbers greater than 1 which are not prime numbers.
 1 is neither prime nor composite number.

(viii) Co-prime Numbers : If the H.C.F. of the given numbers (not necessarily prime) is 1 then they are
known as co-prime numbers. For example : 4, 9 are co-prime as H.C.F. of (4, 9) = 1.

  Any two consecutive numbers will always be co-prime.
(ix) Even Numbers : Integers divisible by 2
E = { ..., – 2, 0, 2, ... }.
(x) Odd Numbers : Integers not divisible by 2
E = { ..., – 3, –1, 1, 3, ... }.

(b ) Rational number in decimal form

(i) Terminating Decimal :

Let x be a rational number whose decimal expansion terminates. Then, x can be expressed in the form q
p

,

where p and q are co-prime, and prime factorization of q is of the form 2m × 5n,  where m, n are non-negative
integers. In such finite decimal number of digit occurs after decimal.

For example : 
2
1 =  0.5, 

16
11  = 0.6875, 

20
3 = 0.15 etc.

(ii) Non-Terminating and Repeating   (Recurring Decimal) :

Let x = q
p

 be a rational number, such that the prime factorization of q is not of the form 2m × 5n, where m, n
are non - negative integers. Then, x has a decimal expansion which is non - terminating  repeating. In this a
set of digits or a digit is repeated continuously.

For example : 6.0.....6666.0
3
2   and 45.0.....454545.0

11
5 
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(c) Representation of rational number on a real number line

 Representing terminating Decimals on Number line :

The process of visualization of number on the number line through a magnifying glass is known as
successive magnification.

Sometimes, we are unable to check the numbers like 3.765 and 26.4  on the number line. We seek the
help of magnifying glass by dividing the part into subparts and subparts into again equal subparts to
ensure the accuracy of the given number.

 Method to Find  Such Numbers on the Number Line
1.  Choose the two consecutive integral numbers in which the given number lies.
2. Choose the two consecutive decimal points in which the given decimal part lies by dividing the two given
decimal parts into required equal parts.
3.  Visualize the required number through magnifying glass.

(d ) Conversion of recuring decimal into fraction

(i) Long Method :

Step 1 : Take the mixed recurring decimal and let it be equal to x.

Step 2 : Count the number of nonrecurring digits after the decimal point. Let it be n.

Step 3 : Multiply both sides of equation by 10n so that only the repeating decimal is on the right hand side
of the decimal point.
Step 4 : Multiply both sides of equation obtained in step 3 by 10m where m is the number of repeating digits
in the decimal part.

Step 5 : Subtract the equation in step 3 from equation  obtained in step 4.

Step 6 : Divide both sides of the resulting equation by the coefficient of x.

Step 7 : Write the rational number thus obtained in the simplest 
p
q  form.

(ii) Direct Method :

Step1 : To obtain numerator subtract the number formed by non-repeating digits from the complete number
without decimal. (Consider repeated digits only once.)

Step2 : To obtain denominator take number of nines = Number of repeating digits & after that put number of
zeros = number of non-repeating digits.

(e) Finding Rational Numbers Between Two Integral Number :

Method - I
Let a & b are two given rational numbers such that a < b.
If n rational numbers are inserted between a & b.

Then, multiply numerator and denominator of a and b by 
1n
1n

 .

a = a × 
1n
1n



 and b = b × 
1n
1n



.
Then, as we increase the value of numerator we get rational numbers between a & b.

Method - II
Let a & b are two given rational numbers such that  a < b then, a < b
 a + a < b + a  [adding a both sides]

 2a < a + b  a <
a b

2


Again, a < b
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 a + b < b + b. [adding b both sides]

 a +b < 2b 
a b

2


< b.

 a < 
2

ba 
 < b. i.e. 

2
ba 

 lies between a and b.

Hence 1st rational number between a and b is 
a b

2


.

For next rational number

a a b
2

2

2a a b
2
2

3a b
4






 




 





           a 3a b
4

a b
2

b.

next  

a b
2

b

2
a b 2b

2 2
a 3b

4





 





 








            a 3a b
4

a b
2

a 3b
4

b.  and continues like this.

Example.1

Is (39, 93) a coprime ?

Sol. HCF of (39, 93) is 3.
  (39, 93) is not coprime.

Example.2

Represent 
7
3 on a real number line.

Sol. (i) Draw a line XY which extends endlessly in both the directions.
(ii) Take a point O on it and let it represent O (zero).
(iii) Taking the fixed length, called unit length, mark off  OA = 1 unit, as shown in figure below

(iv) Divide OA into 7 equal parts. OP represents 
7
3 of a unit.

X Y

O A

3
7

P0 1

Example.3

Represent 
5
7  on a real number line.

Sol.
5
7  = 

5
21

(i) Draw a line XY which extends endlessly in both the directions.
(ii) Take a point O on it and let it represent 0 (zero).
(iii) Taking the fixed length, called unit length, mark off  OA = 1 unit and OB = 2 unit.
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(iv) Divide OA and AB  into 5 equal parts. OP represents  the rational number 
5
7 .

X Y

O A B

1 20

7
5

P

Example.4

Represent 
4

13
  on a real number line.

Sol.
4

13
 = 

4
13

(i) Draw a line XY which extends endlessly in both the directions.
(ii) Take a point O on it and let it represent  0 (zero).
(iii) Taking the fixed length, called unit length, mark off OA = 1 unit and OB = 2 unit and OC = 3 unit on

the left side of O.

(iv) Divide OA , AB, BC and CD into 4 equal parts. OP represents  the rational number 
4

13
  of a unit.

X Y

B A O

– 1 0– 2

1
4

P

C

– 3– 4

D

– 3

Example.5

Represent 2.5 on a real number line.

Sol.

Example.6
Represent 2.65 on a real number line by process of magnification.

Sol.

Example.7

Visualize the representation of 735.  on the number  line upto 5 decimal places.

Sol.
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Example.8

Express 6.0  to 
p
q  form.

Sol. Let x = 6.0
i.e. x = 0.6666..... ...(i)
Multiply both sides of eq.(i) by 10.
10x = 6.666..... ...(ii)
Subtract eq.(i) from eq.(ii)
10x =    6.666....
 – x = – 0.666....
   9x = 6

 x = 9
6  x = 3

2
.

Example.9

Express 47.0 to 
p
q  form.

Sol.  Let x = 47.0
i.e. x = 0.474747..... ...(i)
Multiply both sides of eq.(i) by 100.
100x = 47.474747..... ...(ii)
Subtract eq.(i) from eq.(ii)
100x =  47.474747....
   – x = – 0.474747....
   99x = 47

  x = 
99
47 .

Example.10

Express 312.0  to 
p
q  form.

Sol. Let x = 312.0
i.e. x = 0.12333..... ...(i)
Multiply both sides of eq.(i) by 100.
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100x = 12.333..... ...(ii)
Multiply both sides of eq.(ii) by 10
1000x = 123.333..... ...(iii)
Subtract eq.(ii) from eq.(iii)
1000 x  =   123.333....
– 100 x  =  –12.333....
–––––––––––––––
    900 x = 111.000

   x = 
900
111

  x  = 
300
37

900
373


 .

Example.11

Express the following to 
p
q  form using direct method :

(i) 45.0 (ii) 377.0 (iii) 57346.0

Sol. (i)
11
5

99
45

99
0–4545.0  .

(ii)
99
73

990
730

990
7–737377.0  .

(iii)
99900
46527

99900
46–4657357346.0  .

Example.12

Find 4 rational numbers between 2 and 3.

Sol. Steps :

(i) Multiplying 2 and 3 in Nr and Dr with (4+1).

(ii) 2 = 5
10

)14(
)14(2





& 5
15

)14(
)14(3





(iii)  So, the four required numbers are 
11
5

,12
5

,13
5

,14
5

.

Example.13

Find 3 rational numbers between 1

3
&

1

2
.

Sol.  
1
3

1
2

2

2 3
6
2

5
12

    








 1
3

, 5
12

, 1
2

 
1
3

5
12

2

4 5
12
2

9
24









1
3

,
9
24

,
5
12

,
1
2
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5
12

1
2

2

5
12

6
12

2
11
24








1
3

,
9
24

,
5

12
,

11
24

,
1
2

.

1. Represent the number 
3
5

on the number line.

2. Find a fraction between 
3
8

 and 
2
5

.

Ans.
80
31

3. Insert 5 rational numbers between 3 and 4.

Ans.
6
23,

6
22,

6
21,

6
20,

6
19

4. Which of the following fractions yield a recurring decimal ?

5 7 9 5 12 6; ; ; ; ;
3 16 14 7 5 11

Ans.
5 9 5 6, , ,
3 14 7 11

5. Represent 1. 129129129…… as a fraction.

Ans. x = 
999

1128

 

B. IRRATIONAL NUMBERS
All real number which are not rational are called irrational numbers. These are non-recurring as well as non-
terminating type of decimal numbers.

i.e. 2 , 3 4 , 32  , 32  , 4 7 3 , , etc..

(a ) Proof of irrationality of numbers

To prove the irrationality of a given number,  process is done by contradiction method. In logic, proof by
contradiction is a form of proof, and more specifically a form of indirect proof, that establishes the truth or
validity of a proposition. It starts by assuming that the opposite proposition is true, and then shows that such
an assumption lead to a contradiction.

(b ) Insertion of irrational numbers between two real numbers

Let a and b are two given real numbers, then irrational number between a and b is a b . Provide a  b is
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not a perfect square.

(c) Irrational Number on a Number Line

Irrational Number in Decimal Form :

2 = 1.414213............... i.e. it is non-recurring as well as non-terminating.

3 = 1.732050807.......... i.e. it is non-recurring as well as non-terminating.

Properties of Irrational Number :

(i) Negative of an irrational number is an irrational number. e.g. 4 5–,3–  are irrational.

(ii) Sum and difference of a rational and an irrational number is always an irrational number.

(iii) Sum, product and difference of two irrational numbers is either rational or irrational number.

(iv) Product of a  rational number with an irrational number is either rational or irrational.

(d ) Geometrical representation of real numbers

To represent any real number x  on number line we follow the following steps :

STEP I : Obtain the positive real number x (say).

STEP II : Draw a line and mark a point A on it.

STEP III : Mark a point B on the line such that  AB = x units.

STEP IV : From point B mark a distance of 1 unit and mark the new point as C. Such that ABC is a straight
line.

STEP V : Find the mid-point of AC by drawing the perpendicular bisector of line segment AC and mark the
point as O.

STEP VI : Draw a semi circle with centre O and radius OC.

STEP VII : Draw a line perpendicular to AC passing through B and intersecting the semi circle at D. Length

BD is equal to x .

STEP VIII : Taking B as centre and BD as radius, draw an arc cutting OC produced at E. Distance BE

represents x .

x

x

EXPLANATION :
We have,
AB = x units and BC = 1 unit.
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 AC = (x + 1) units

 OA = OC = 
2

1x 
 units

 OD = 
2

1x 
units [ OA = OC = OD]

Now, OB  =  AB – OA

       = 
2

1xx 
   = 

2
1x 

Using Pythagoras Theorem in OBD, we have
     OD2 = OB2 + BD2       BD2 = OD2 – OB2

      BD2 = 
22

2
1x

2
1x








 








 
       BD =    

4
1x2x1x2x 22 

       BD = 
4
x4

       BD = x

This shows that x  exists for all real numbers x > 0.

Example. 14

Prove that 2  is an irrational number..

Sol. Let assume on the contrary that 2  is a rational number..

Then, there exists positive integer a and b such that 2  = b
a

 where, a and b are coprime i.e. their HCF is1.

 2)2(  = 
2

b
a








 2 = 2

2

b
a

 a2  = 2b2  a2 is a multiple of 2
 a is a multiple of 2 ...(i)

a = 2c for some integer c.
 a2 = 4c2  2b2 = 4c2

 b2   = 2c2  b2 is a multiple of 2
 b is a multiple of 2 ....(ii)
From (i) and (ii), a and b have at least 2 as a common factor. But this contradicts the fact that a and b are

co-prime. This means that 2  is an irrational number..

Example.15

Prove that 3 – 5  is an irrational number..

Sol. Let assume that on the contrary that 3 – 5  is rational.

Then, there exist co-prime positive integers a and b such that,

3 – 5  = b
a

 3 – b
a

 = 5

 b
ab3 

 = 5  5  is rational [ a, b are integer  
b

ab3   is a rational number]

This contradicts the fact that 5  is an irrational number..

Hence, 3 – 5  is an irrational number..
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Example.16

Insert an irrational number between 2 and 3.

Sol. 632 

Example.17

Find two irrational number between 2 and 2.5.

Sol. 1st Method : 55.22  .

Since, there is no rational number whose square is 5. So, 5  is an irrational number..

Also, 52 is an irrational number..

2nd Method : 2.101001000100001............. is between 2 and 5 and it is non-recurring as well as  non-
terminating.
Also, 2.201001000100001 ............. and so on.

Example.18

Plot 5,3,2  on a number line.

Sol. Let X’OX be a horizontal line, taken as the x - axis and let O be the origin. Let O represents 0 (zero).
Take OA  = 1 unit and draw AB OA such that  AB = 1 unit.
Join OB. Then,

OB = 22 ABOA  = 22 11  = 2 units.

With O as centre and OB as radius, draw an arc, meeting OY at P.

Then, OP = OB = 2 units.

Thus the point P represents 2  on the real line.

Now draw BC OB such that BC = 1 unit.
Join OC. Then,

OC = 22 BCOB  =   22
12  = 3 units.

With O as centre and OC as radius, draw an arc, meeting OY at Q.

Then, OQ = OC = 3 units.

Thus the point Q represents 3  on the real line.

Now draw CD OC such that CD = 1 unit.
Join OD. Then,

OD = 22 CDOC  =   22
13  = 4 = 2 units.

Now draw DE OD such that DE = 1 unit.
Join OE. Then,

OE = 22 DEOD  =   22 12  = 5 units.

With O as centre and OE as radius, draw an arc, meeting OY at R.

Then, OR = OE = 5 units.
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– –

E
D C

B

A

1

11

1
1

P Q
2 3 5

R

2
3

5

4

X Y

 Another Method for :

(i) Plot 3,2

Draw a number line and mark a point O, representing zero, on it. Suppose a point A represents 1. Then
OA = 1. Now draw a right triangle OAB such that  AB = OA = 1.
By pythagoras theorem,

OB = 22 ABOA  = 22 11  = 2 units.

Now, draw an arc with centre O and radius OB. It cuts the number line at C.

Then, OC = OB = 2 units.

Thus the point C represents 2  on the real line.

Now, draw a right triangle OEC such that CE = AB = 1 unit.
Again by pythagoras theorem,

OE = 22 CEOC  =   22
12  = 3 units.

Now, draw an arc with centre O and radius OE. It cuts the number line at D.

Then, OD = OE = 3 units.

0 1
2

– – –

B E

A C D
1

1 1

2 3

1. Which of the following numbers are not rational?
1.256;   0.45454545…;  0.05005000500005 …;   5.51551555151…;    2.012340123401234…;

Ans. 0.05005000500005 …;   5.51551555151…;

2. Find two irrational numbers between 5  and 6 .

Ans. 1.5 , 2.5

3. Prove that 3  is irrational number..

4. Represent 6  on the number line.

5. Represent 3.7  on the number line.
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 

(C) SURDS AND THEIR APPLICATION

(a ) Surds

An irrational number of the form n a  is given a special name Surd, where ‘a’ is called radicand and it should

always be a rational number. Also the symbol n  is called the radical sign and the index n is called order

of the surd. n a  is read as ‘nth root of a’ and can also be written as n
1

a .

(b) Law of Surds

(i)   n nnn aa  = a (ii) nnn abba 

(iii) nnn

b
aba  (iv) m nnmn m aaa 

(v) pn pn aa 
   or pn pmn m aa  

(c) Operation on Surds

(i) Addition and Subtraction of Surds :

Addition and subtraction of surds are possible only when order and radicand are same i.e. only for like surds.
The addition of surds follow the following rules. Summation of same degree surds is distributive.

nnn p)ba(pbpa 

The subtraction of surds follow the following rules. Subtraction of same degree surds is distributive.

n n na p b p (a b) p  

(ii) Multiplication and Division of Surds :

For multiplication and division we have to check the order if it is not same then first we make the order of surd
same by using LCM of indices.Then we follow the follwing rule

nnn qp)ba(qbpa 

n
n

n

q
p

b
a

qb
pa

















(iii)  Comparison of Surds :

It is clear that if x > y > 0 and n > 1 is a positive integer then n x  > .n y

(d) Rationalization of Surds

Rationalizing factor : Product of two surds is a rational number then each of them is called the rationalizing
factor (R.F.) of the other. The process of converting a surd to a rational number by using an appropriate
multiplier is known as rationalization.
When the denominator of an expression contains a term with a square root ( or a number with radical sign),
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the process of converting it to an equivalent expression whose denominator is a rational number is called
rationalizing the denominator.

 Rationalizing factor of n
1

a  is 
11
na


 where a is a real number..

Example.19

32504575 

Sol. 32504575 

= 24255335 

= 25335  .

Example.20

Simplify  : 333 5414–1672505 

Sol. 333 5414–1672505   = 333 22714–28721255 

= 333 2314–227255   = 3 2)42–1425(   = – 3 23 .

Example.21
Simplify : 43 32  .

Sol. 43 32 

= 12 312 4 32  [order should be made same]

= 12 34 32    = 12 2716  = 12 432  .

Example.22

Simplify : 3 225 ba4ba8  .

Sol. 3 225 ba4ba8     = 6 4426 3153 ba4ba8 

 = 6 71913 ba2  = 632 ab2ba2  = 63 ab2ba4 .

Example.23

Divide : 24  3 200  .

Sol. 24   3 200  =  6
6 2

6 3

3 625
216

)200(

)24(
200
24

  .

Example.24

Which is greater :

(i) 3 6  and 5 8 (ii)
2
1  and 3

3
1

Sol. (i) 3 6  and 5 8
L.C.M. of 3 and 5 is 15.
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1553 53 777666  

1553 35 51288  

 1515 5127776   53 86 

(ii)
2
1  and 3

3
1

L.C.M. of 2 and 3 is 6.

6
2

6
3

3
1and

2
1

















6
8
1

and 6
9
1






 
9
1

8
198As

So, 66
9
1

8
1
  3

3
1

2
1
 .

Example.25

Arrange 2 , 3 3  and 4 5  in ascending order..

Sol. 2 , 3 3  and 4 5
L.C.M. of 2, 3, 4 is 12.

 1262 6 6422  

1243 43 8133  

1234 34 12555  

As, 64 < 81 < 125.

 121212 1258164   43 532  .
Example.26

Rationalize the denominator 
162
1 .

Sol.   
162
1  = 281

1


= 
29

1  × 
2
2  = 

18
2

.

 Rationalising factor of a + b c  is a – b c  where a,b,c are rational numbers.
Example.27

Rationalize the denominator 357
1


.

Sol.  
357

1


 = 
357

1


×
357
357





= 
7549
357


  = 

26
357


  = 

26
735 

.
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Example.28

Rationalize the denominator of 
bba

a
22

2


.

Sol.
bba

bba

bba

a
22

22

22

2







 = 

2
2

22

222

)b(–ba

bbaa






 






 

= 222

222

b–ba

bbaa








 

 = 




  bba 22 .

Example.29

If 
23
223



  = 2ba  , where a and b are rationals in reduced form then, find the values of a and b.

Sol. LHS  
23
223




 = )23()23(

)23()223(




= 
29

426239




= 
7

2913    = 2
7
9

7
13


 2
7
9

7
13
  = 2ba 

Equating the rational and irrational parts

We get 
7

13a  , 
7
9b  .

Example.30

If 
32

1x


 , find the value of x3 – x2 – 11x + 3.

Sol. As, 
32

1x


  = 32   x – 2 = – 3

 (x – 2)2 =  23  [By squaring both sides]

 x2 + 4 – 4x = 3  x2 – 4x + 1 = 0
Now,  x3 – x2 – 11x + 3 = x (x2 – 4x + 1) + 3 (x2 – 4x + 1)

= x (0)  + 3 (0) = 0 + 0 = 0.

Example.31

If x = 3 – 8 , find the value of x3 + 3x
1 .

Sol.  x = 3 – 8

 83
1

x
1


  83

x
1


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Now, 68383
x
1x 

 






 






 
x
1x

x
1x3

x
1x

x
1x

3

3
3  3

3

x
1x   = (6)3 – 3(6)

 3
3

x
1x   = 216 – 18  3

3

x
1x   = 198.

Example.32

If 5  = 2.236 and 2  = 1.414, then  evaluate :     25
4

25
3






Sol. 25
4

25
3






=
   
  2525

254253



= 
25

24542353




= 
25

257



= 
3

257 

= 3
414.1236.27 

= 3
414.1652.15 

= 3
066.17

= 5.689 (approximately)

1. What is the simplest form of 200 50 ?

Ans. 25

2. Rationalise the denominator of 
5

10 5
.

Ans. 510 

3. If x = 2  – 1 what is the value of x – 1/x ?
Ans. – 2

4. Simplify ( 5 + 1)2 + ( 5  – 1)2.
Ans. 12
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5. If x = 
5 2
5 2



, find the value of 
1x
x

 .

Ans. 18
 

D. EXPONENTS

(a ) Exponents of Real Numbers

(i) Positive Integral Power :

For any real number a and a natural number ‘n’ we define an as :
an = a × a × a × ..........................× a (n times)

an is called the nth  power of a. The real number ‘a’ is called the base and ‘n’ is called the exponent of the
nth  power of a.
e.g. 23  = 2 × 2 × 2 = 8

NOTE :
For any non –zero real number ‘a’ we define a0 = 1.

e.g.: Thus, 3º = 1, 5º , 
0

4
3








= 1 and so on.

(ii) Negative Integral Power :

For any non–zero real number ‘a’ and positive integer ‘n’ we define  a–n = 
na

1 .

Thus we have defined an for all integral values of n, positive, zero or negative. an is called the nth power of a.

(iii) Rational Exponents of a Real number

Principal of nth Root of a Positive Real Numbers :

f ‘a’ is a positive real number and ‘n’ is a positive integer, then the principal nth root of a is the unique
positive real number x such that xn = a.

The principal nth root of a positive real number a is denoted by a1/n or n a .

 REMARK :
If ‘a’ is negative real number and ‘n’ is an even positive integer, then the principal nth root of a is not
defined, because an even power of a real number is always positive. Therefore (–9)1/2 is a meaningless
quantity, if we confine ourselves to the set of real number, only.

(b ) Law of Rational Exponents

The following laws hold the rational exponents

(i) am × an = am+n (ii) am   an = am–n

(iii) (am)n = amn (iv) a–n = na
1

(v) am/n = (am)1/n = (a1/n)m   i.e. am/n =  n ma =  mn a (vi) (ab)m = ambm
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(vii)
m

b
a








= m

m

b
a

(viii) abn = ab + b + b.....n times

where a, b are positive real numbers and m, n are rational numbers.

Example.33
Evaluate each of the following :

(i) 58  53 (ii)
3

4
3 










Sol. Using the laws of indices, we have :

(i) 312555
5
555 538

3

8
38   . [ am   an = am – n ]

(ii)
27
64

64
27
1

4
3
1

4
3

1
4
3

3

33

3





















[ a–n = na
1

]

Example.34
Evaluate each of the following :

(i)
145

5
3

3
2

2
1 















 







(ii)

233

5
3

5
2

3
2

























Sol. (i) We have,

145

5
3

3
2

2
1 

















 









 = 

























 








5
3
1

3
2

2
1 45

 = 
 

3
5

3
2

2
1

4

4

5

5





= 38132
5161



   = 3812
5


 = 486
5

.

(ii) We have,
233

5
3

5
2

3
2





























 =   2

2

33

3

5
3

5/2
1

3
2



= 233

233

523
352



 = 3

5
.

Example.35
Simplify :

(i)
   
    3/44/5

5/32/3

816
24325



(ii) 2n2n

n1n

22216
24216








Sol. We have,

(i)
   
    3/44/5

5/32/3

816
24325



   = 

   
    3/434/54

5/352/32

22

35




 = 3/434/54

5/352/32

22
35






  = 45

33

22
35

  = 1632

27125



 = 512
3375

.

(ii) 2n2n

n1n

22216
24216







 = nn

nn

28264
24232




 = )864(2

)432(2
n

n




 = 

2
1

Example.36
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Simplify 
































 32/34/3

2
5

9
25

16
81

.

Sol. We have,


































 32/34/3

2
5

9
25

16
81

  = 







































  32/3

2

24/3

4

4

2
5

3
5

2
3

= 

























































 32/324/34

2
5

3
5

2
3

 = 
































 32/324/34

2
5

3
5

2
3

= 
































 333

2
5

3
5

2
3

 = 
































333

5
2

5
3

3
2

 = 











 3

3

3

3

3

3

5
2

5
3

3
2

= 











 3

3

3

3

3

3

2
5

5
3

3
2

 = 1.

Example.37

Prove that : 11

1

11

1

yx
x

yx
x












 = 22

2

x–y
y2

.

Sol. 11

1

11

1

yx
x

yx
x












  =  

y
1

x
1

x
1


 + 

y
1–

x
1

x
1

    =    

xy
xy

x
1


 + 

xy
x–y

x
1

=   )xy(x
xy


 + )x–y(x
xy

  =  
)x–y(x

)xy(xy)x–y(xy
22


=   22 x–y
)xy(y)x–y(y 
    =   22

22

x–y
xyyxy–y 

= 22

2

x–y
y2

.

Example.38

Find the value of x : 27
125

3
5

5
3 x2x

















.

Sol. 27
125

3
5

5
3 x2x


















27
125

3
5

3
5 x2x



















27
125

3
5 xx2










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3x

3
5

3
5



















Because the base is same, so comparing the powers x = 3.

Example.39

If 25x – 1 = 52x – 1 – 100, find the value of x.

Sol. We  have,
  25x – 1 = 52x – 1 – 100

    10055 1x21x2  

   10055 1222   xx

   1005.55 12222   xx

   52x – 2 (1 – 5) = – 100
   52x – 2  (– 4) = – 100

   255 22 x

   22x2 55 

   2x – 2 = 2
   2x = 4
   x = 2.

Example.40
Assuming that x is a positive real number and a, b, c are rational numbers, show that :

1





























c

b

ab

a

ca

c

b

x
x

x
x

x
x

Sol.
c

b

ab

a

ca

c

b

x
x.

x
x.

x
x
































=       bcacbabcacabcbabacacb x.x.xx.x.x  

= .1xx 0bcacbabcacab 

1. Find the value of the following:

(i) 811/4 (ii) 641/3 (iii) 323/5 (iv) 272/3

Ans. (i) 3 (ii) 4 (iii) 8 (iv) 9
2. Simplify the following:

(i) 31/3 . 32/5 (ii)
1/24

9
 
 
 

(iii) 22/3.32/3 (iv)  31/32

Ans. (i) 311/15 (ii) 2/3 (iii) 62/3 (iv) 2
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3. Simplified value of  n n 1 n2 4 8  
Ans. 8

4. Find x, if 168x 
Ans. 4/3

5. Find x,y,z if zyx423 5x3x216x12x15 
Ans. x = 20, y = 5, z = 3

 

 

TOPIC NAME : NUMBER SYSTEM (DIRECTLY QUESTION FROM EXAMPLER)
TYPE (I) : VERY SHORT ANSWER TYPE QUESTIONS : [01 MARK EACH]
1. Find the product of any two irrational numbers.
Ans. Rational or Irrational

2. Find a rational number between 2  & 3 .

Ans. 1.5

3. Find the value of 1.999... in the form q
p

, where p and q are integers and q  0.

Ans. 2

4. Find the number obtained on rationalising the denominator of 2–7
1

.

Ans.
3

27 

5. After rationalising the denominator of 
7

3 3 – 2 2 , what will be the denominator

Ans.
19

)2233(7 

6. Find the value of 
128
4832




 .

Ans. 2

7. Simplify 4 3 22 .

Ans. 6
1

2



Number System

JEE-Advanced_RECTILINEAR MOTION_Page No. # 52
Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029

Maths_Class-IX - 52

Sp
ec

im
en

 C
op

y

8. Simplify 4 2–)81( .

Ans. 9
1

TYPE (II) : SHORT ANSWER TYPE QUESTIONS : [02 MARKS EACH]

9. If 2 = 1.4142, then find the value of 
12
1–2


.

Ans. 0.4142

10. Find the product  1243 32.2.2 .

Ans. 2
11. Find the value of (256)0.16 × (256)0.09.
Ans. 4

12. State whether the following statements are true or false? Justify your answer.

(i)
3
2

 is a rational number..

(ii) There are infinitely many integers between any two integers.
(iii) Number of rational numbers between 15 and 18 is finite.

(iv) There are numbers which cannot be written in the form q
p

 , q  0 , p, q both are integers.

(v) The square of an irrational number is always rational.

(vi)
3

12
 is not a rational number as 12  and 3  are not integers.

(vii)
3

15
 is written in the form q

p
 , q  0 and so it is a rational number..

Ans. (i) False (ii) False (iii) False (iv) False
(v) False (vi) False (vii) False

13. Locate 13  on the number line.

Sol. We write 13 as the sum of the squares of two natural numbers :
13 = 9 + 4 = 32 + 22
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On the number line, take OA = 3 units. Draw BA = 2 units,

perpendicular to OA. Join OB (see Fig.1.1).

By Pythagoras theorem, OB = 13
Using a compass with centre O

and radius OB, draw an arc which intersects the number line at the point C. Then, C corresponds to 13 .

Remark : We can also take OA = 2 units and AB = 3 units.

14. Express 312.0  in the form q
p

, where p and q are integers and q  0.

Ans. 300
37

Sol. Let x = 312.0

so, 10x = 32.1

or 10x – x = 32.1   – 312.0  = 1.2333 ... – 0.12333 ...
or 9x = 1.11

or x = 9
11.1

 = 900
111

Therefore, 312.0  = 900
111

 = 300
37

15. Find the value of a in the following :

32–23
6

 = 3a–23

Ans. a = – 2

Sol. 32–23
6

 = 32–23
6

 × 
3223
3223




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= 
 

   
   

6
32236

12–18
32236

32–23

32236
22









= 3223 

Therefore, 3223   = 3a–23
or a = – 2

16. Simplify :  

4
1

3

3
1

3
1

2785































Ans. 5

Sol.

4
1

3

3
1

3
1

2785





























  = 

4
1

3

3
1

33
1

3 )3()2(5































=  413)32(5   =  413)5(5  =  4145  = 5

17. Represent the following numbers on the number line :

7,7.2, 5
12–,

2
3–

TYPE (III) : LONG ANSWER TYPE QUESTIONS : [03 MARK EACH]
18. Find three rational numbers between

(i) – 1 and – 2 (ii) 0.1 and 0.11 (iii) 
7
5

 and 
7
6

(iv) 
4
1

 and 5
1

19. Insert a rational number and an irrational number between the following :

(i) 2 and 3 (ii) 3
1

 and 
2
1

(iii) 5
2–

 and 
2
1

(iv) 2  and 3

(v) 0.0001 and 0.001

20. Locate 10,5  and 17  on the number line.

21. Represent geometrically the following numbers on the number line :

(i) 5.4 (ii) 3.2

22. Simplify the following :

(i) 54203–45  (ii)
9
54

8
24



(iii) 74 612  (iv) 3 773284 

(v) 3
727233  (vi)  22–3
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(vii) 22532152168–81 534  (viii) 2
1

8
3


(ix)
6
3–

3
32

Ans. (i) 5 (i) 
12

67 (iii) 28 1118 3.2 (iv) 3 73
8

(v) 3
34

(vi) 62–5 (vii) 0 (viii) 
4
25

(ix) 
2
3

23. Rationalise the denominator of the following :

(i) 33
2

(ii)
3
40

(iii)
24
23 

(iv) 5–41
16

(v)
3–2
32 

(vi)
32

6


(vii)
2–3
23 

(viii)
3–5
353 

(ix)
1848

2534




Ans. (i) 
9

32
(ii) 

3
302

(iii) 
8

223 
(iv)  541 

(v) 347  (vi) 32–23 (vii) 625  (viii)  1529 

(ix) 
15

649 

24. Find the values of a and b in each of the following :

(i)
347
325




 = a – 6 3 (ii)

523
5–3


 = 

11
19–5a

(iii)
32–23

32 
 = 2 – 6b (iv)

57
5–7–

5–7
57




 = a + b5

11
7

Ans. (i) a = 11 (ii) a = 
11
9

(iii) 6
5–

(iv) a = 0 , b = 1

25. If a = 2 + 3 , then find the value of a – a
1

 .

Ans. 32

26. If  a = 625   and b = a
1

 , then what will be the value of  a2 + b2 ?

Ans. 98
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Sol. a = 5 +  62

b = a
1

 = 625
1


 × 
62–5
62–5

 =  22 62–5

62–5
 = 

24–25
62–5

 = 5 – 62

Therefore, a2 + b2   = (a + b)2 – 2ab

Here, a + b = (5 + 62 ) + (5 – 62 ) = 10

ab = (5 + 62 ) (5 – 62 ) = 52 – ( 62 )2  = 25 – 24 = 1

Therefore, a2 + b2  = 102  – 2 × 1 = 100 – 2 = 98

27. If 2  = 1.414, 3  = 1.732 , then find the value of 2233
3

22–33
4


 .

Ans. 2.063

TYPE (IV): VERY LONG ANSWER TYPE QUESTIONS [04 MARK EACH]

28. Rationalise the denominator in each of the following and hence evaluate by taking 2  = 1.414 , 3  =1.732

and 5  = 2.236 , upto three places of decimal.

(i) 3
4

(ii) 6
6

(iii)
2

5–10 (iv)
22

2


(v) 23
1


Ans. (i) 2.309 (ii) 2.449 (iii) 0.463 (iv) 0.414
(v) 0.318

29. Simplify :

(i)  21333 321  (ii)
612–4

5
32

5
8

5
3

























(iii)
3
2–

27
1








(iv)  

2

4
1–

2
1–

625
































(v)

3
2–

6
1

2
1–

33

279 3
1




(vi)












3
2

3
1

3
1–

64–6464

(vii)
3
1–

3
1

3
1

32

168 

Ans. (i) 6 (ii) 64
2025

(iii) 9
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(iv) 5 (v) 3
1–

3 (vi) – 3
(vii) 16

30. If a = 
2

53 
, then find the value of a2 + 2a

1
.

Ans. 7

31. If x = 
2–3
23 

 and y = 
23
2–3


 , then find the value of x2 + y2.

Ans. 98

32. Express 0.6 + 7.0  + 74.0  in the form q
p

 , where p and q are integers and q  0 .

Ans. 90
167

33. Simplify : 
2315

23–
56

52–
310

37


.

Ans. 1

34. Find the value of 
5
1–

4
3–

3
2–

)243(

2

)256(

1

)216(

4


.

Ans. 214

 

 Marked Questions can be used as Revision Questions.

SUBJECTIVE QUESTIONS
Subjective Easy, only learning value problems

Section (A) : Introduction to number system & rational numbers

A.1 Express 11
2

 in decimal form.

Ans. 0.1818
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1818.0

2
88
90
11
20
88
90
11
2011

A.2 Give three rational numbers between – 2 and – 1.

Ans.
4
7 , 

2
3 , 

4
5

Sol. Three rational numbers between – 2 and – 1.

– 2 ×
4
4  = 

4
8

 and  – 1 ×
4
4  = 

4
4

Three rational numbers between them are

4
7 , 

4
6

 , 
4
5

or
4
7

 , 
2
3

 , 
4
5

 .

A.3 Find five rational numbers between 5
3

 and 5
4

.

Ans. 30
19

, 3
2

, 10
7

, 15
11

, 30
23

Sol. Five rational number between 5
3

 and  5
4

5
3

 = 6
6

5
3
  = 30

18

5
4

 = 6
6

5
4
 = 30

24

So, five rational number between 5
3

 and  5
4

 is

30
19

, 30
20

, 30
21

, 30
22

 and 30
23

.

or, 30
19

, 3
2

, 10
7

, 15
11

, 30
23

.

A.4 Express the following in the form of p/q.

(i) 0 37. (ii) 43 54. (iii) 2453.5 (iv) 162.4

Ans. (i)  99
37

(ii) 4311.0 (iii) 9990
53192

(iv) 900
4159

Sol. (i) 0 37.

Let x = 0 37. ..... (i)
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100x = —
37.37 .....(ii)

Subtract equation (i) from (ii)
100x – x = 37
  99x = 37

So, x = 99
37

.

Thus, 0 37.  = 99
37

.

(ii) 
—
54.43

Let, x = 
—
54.43 ......(i)

Multiply equation (i) with 100

100x = 
—
54.4354 .......(ii)

Subtract equation (i) from equation (ii)

99x = 
—
54.4354  – 

—
54.43

= 4311.0

So, rational representation of x is 99
4311

.

(iii) 2453.5

Let x = 2453.5 ...... (i)
Multiply equation (i) with 10

10x = 245.53 ...... (ii)
Multiply equation (i) with 1000

10000x = 245.53245 ...... (iii)
Subtract equation (ii) from equation (iii)
So,   9990x = 53192

 x = 9990
53192

.

(iv) 162.4

Let, x = 162.4 ...... (i)
Multiply equation (i) by 100
100x = 1.462 ...... (ii)
Multiply equation (ii) by 10
1000x = 1.4621 ...... (iii) Subtract equation (ii) from equation (iii)
1000x – 100x = 4159
or 900x = 4159

x = 900
4159

.

Thus, 162.4  = 900
4159

.

Section (B) : Irrational numbers
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B.1 Write three irrational number between 3  and  5
Ans. 1.801001....,1.901001......,2.01001........

Sol. Three irrational number between 3  and 5  are 1.801001....,1.901001......,2.01001........

B.2 Find three different irrational numbers between 
7
5  and 

11
9 .

Ans. 0.7507500750007......,0.7670767007670007..... , and 0.808008000800008.....

Sol.
7
5

 and 
11
9

7
5

 = 0.7142857......

11
9  = 0.818181.....

So, three different irrational numbers are
0.7507500750007......,0.7670767007670007..... , and 0.808008000800008.....

B.3 Give one example where the product of two different irrational number is rational.

Ans. (3 + 2 ) (3 – 2 )

Sol. Let first number be (3 + 2 )

Let second number be (3 – 2 )
so their product is

(3 + 2 ) (3 – 2 ) = 9 – 4 = 5

B.4 Prove that 37   is an irrational number..

Sol. Let 37   be a rational number in form p/q where q  0 & p & q are integers

37   = q
p

3  = q
p

 – 7

3  = q
7q–p

  q
q7–p

 is rational no. & 3  is an irrational no.

Hence, our assumption is wrong.

Therefore, 37   is an irrational number..

B.5 Represent 10,5,4  on the real number line.

Sol. Representation  of 5,4 & 10  on real number line
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0

1 A P=
5

B

O
1 3

5

2

H = 

B = 2 
P = 1 

10H = 

4
5

10

Q

B.6 Represent 3.8  on the number line.
Sol. Let AO = 8.3 cm and OB = 1 cm, then AB = 8.3 + 1 = 9.3 cm

A C O B P =  8.3

D

OC = BC – OB = 
2

AB
 – OB

OC = 
2
3.9  – 1 = 

2
3.7

OD = BC = 
2

AB
 = 

2
3.9

In right angled COD
   P2 = H2 – B2 (pyth. Th.)
OD2 = CD2 – OC2

= 
2

2
3.9








 – 

2

2
3.7









= 
4
1

 (9.3 + 7.3) (9.3 – 7.3)

= 
4
1 (16.6) (2) = 

4
2.33  = 8.3

      OD = 3.8  = OP..

So, OP represent 3.8 .
Section (C) : Surds and their application
C.1 Multiply 283  by 72
Ans. 84

Sol. 283  by 2 7

283   2 7

 2273    2 7

3  2 7   2 7  = 84



Number System

JEE-Advanced_RECTILINEAR MOTION_Page No. # 62
Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029

Maths_Class-IX - 62

Sp
ec

im
en

 C
op

y

C.2 Find the value of 5352  .

Ans. 5 5

Sol. 2 5  + 3 5

=  5 5

C.3 What is the square root of the number 0.04 in fraction form?

Ans.
5
1

Sol. N = 0.04
Taking square root of above

N  = 04.0
= 0.2

In fraction from 
10

2.0
 = 

10
2

  
5
1

.

C.4 Simplify the expression 7548
3


.

Ans. 3534
3


Sol. 7548
3


53532222
3

  = 35322
3


= 3534
3


C.5 Find the value of 
35

6


, if being given that 3 = 1.732 and 5 =2.236.

Ans. 11.904.

Sol.
35

6


= 
35

6


 × 
35
35





=  
2

356 
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= 3 (2.236 + 1.732)
= 3 × 3.968
= 11.904.

C.6 Multiply 423 cba27 × 3 297 cba128 × 6 212cab729 .

Ans. 36 a4 b6 c3 6 108

Sol. 423 cba27 × 3 297 cba128 × 6 212cab729

= (27a3b2c4)1/2 × (128a7b9c2)1/3 × (729 ab12c2)1/6

= (33a3b2c4)1/2 × (27a7b9c2)1/3 × (36ab12c2)1/6

= (39a9b6c12)1/6 × (214a14b18c4)1/6 × (36ab12c2)1/6

= (214315a24b36c18)1/6

= 22 32 a4 b6 c3 6 32 32 

= 36 a4 b6 c3 6 108

C.7 Simplify :

     (i)
26

32
26

34
36

23








     (ii) 
1848
2537





Ans. (i) 0 (ii)
30

641–114

Sol.  (i) 
26

32
26

34
36

23








Let x = 3–6
23

,  y = 
2–6

34
, z = 26

32


x = 
3–6

23
× 

36
36





  = 
3–6

6336 

= 32 + 6

y = 
2–6

34
 × 

26
26





= 
4

64234   = 623 

z = 
26
26

26
32








  = 
 

4–6
2–632

 =  2–63

= 23  – 32
So, x – y + z
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= 32 + 6 – 6–23  + 23  – 32
 = 0.

(ii) 
1848
2537





= 
29316

25–37


= 
2334
25–37



= 
2334
25–37


 × 

23–34
23–34

= 
18–48

30620–621–328 

= 
30

641–114 .

C.8 Find the value of a and b :

(i) 77ba
711
711




 (ii) 
23

63



 = a + b 3

Ans. (i) a = 
2
9

 & b = 
2
1

. (ii) a = 0 and b = 1.

Sol. (i) 77ba
711
711






711
711

711
711









 = 77ba 

 
711
711

2


 = 77ba 

4
772711  = 77ba 

4
77218  = 77ba 

2
779   = 77ba 

2
9  – 

2
1

77 = 77ba 

Comparing rational and irrational part

 a = 
2
9  & b = 

2
1 .

(ii) 
23

63



 = a + b 3
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23
63




 × 

2–3
2–3

= a + b 3

1
32–2323–33  = a + b 3

33  – 32 = a + b 3

3  =  a + b 3
Comparing rational and irrational part
a = 0 and b = 1.

C.9 If 
2

13x 
 , find the value of 4x3 + 2x2 – 8x + 7.

Ans. 10

Sol.  
2

13   = x

3 + 1 = 2x

2x – 1 = 3
Squaring both sides we have,
 4x2 – 4x + 1 = 3
4x2 – 4x – 2 = 0
2x2 – 2x – 1 = 0

4x  + 2x  – 8x + 7
4x  – 4x  – 2x

3 2

3 2

2x + 3
2x  – 2x – 1 2

– + +
6x  – 6x + 72

6x  – 6x – 32

– + +
10

So, 4x3 + 2x2 – 8x + 7 = (2x2 – 2x – 1)(2x + 3) +10
4x3 + 2x2 – 8x + 7 = (0) (2x + 3) +10
4x3 + 2x2 – 8x + 7 = 10.

C.10 Prove that :

5
25

1
56

1
67

1
78

1
83

1
















Sol. 83
1


 =
83
83

83
1








=
89
83




= 83  .

78
1


 = 
78
78

78
1








= 
78

78


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= 8  + 7 .

67
1


 = 
67
67

67
1








=
67

67



= 7  + 6 .

56
1


 = 
56
56

56
1








= 
56

56



= 6  + 5 .

25
1


 = 
25
25

25
1








= 
45
25




= 5  + 2.

So, 25
1

56
1

67
1

78
1

83
1















= 83  – 8  – 7  + 7  + 6  – 6  – 5  + 5  + 2
= 5.
RHS            Hence Proved .

C.11 Arrange the following surds in ascending order of magnitude : 963 4 ,3 ,2 .

Ans. 9 4 < 6 3 < 3 2

Sol. 963 4 ,3 ,2

= 3/1)2( , 6/1)3( , 9/1)4(

=    18/13/182 ,   18/16/18)3( ,   18/19/18)4(

=   18/164 ,   18/127 ,   18/116

So, 9 4 < 6 3 < 3 2 .
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C.12 If x = 2 + 3 , find the value of 
3

3

x
1x  .

Ans. 52

Sol. x = 2 + 3

x
1


32
1


x
1


32
32

32
1








x
1


34
32




x
1
2 – 3

So,      x + 
x
1

= 2 + 3  + 2 – 3    = 4.

       3
3

x
1x  = 







 






 
x
1x3

x
1x

3

= (4)3 – 3(4)
= 64 – 12
= 52.

Section (D) : Exponents
D.1 Find the value of x : 5x – 2 × 32x – 3  = 135.
Ans. 3
Sol. 5x – 2 × 32x – 3 = 135

5x – 2 × 32x – 3 = 51 × (3)3

Compare LHS and RHS power
x – 2 = 1
 x = 3
or 2x – 3  = 3
 x = 3
So, x = 3.

D.2 Evaluate : 
  3/13/432

23

31525
15

9863








.

Ans. 228

Sol.
  3/13/432

23

31525
15

9863








= 3/13/4–3/4–3/2–2

223–

3)5()3(55
27233



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= 22–1–

2/51–

53
723





= 7 × 25/2

= 228 .

D.3 Simplify : cbcabcbaacab xx1
1

xx1
1

xx1
1

 






.

Ans. 1

Sol. cbcabcbaacab xx1
1

xx1
1

xx1
1

 







= 

a

c

a

b

x
x

x
x1

1


 + 

b

c

b

a

x
x

x
x1

1


+ 

c

b

c

a

x
x

x
x1

1



= cba

a

xxx
x


 + cba

b

xxx
x


 + cba

c

xxx
x


= cba

cba

xxx
xxx


  = 1.

D.4 If  
   

27
1

23
27339

3m3

n2/n2n





 2
, then prove that  m – n = 1.

Sol.     
27
1

23
27339

3m3

n22/n2n







27
1

23
3333

3m3

n32
2
n

2n2







27
1

23
33
3m3

n3n2n2






 27
1

23
33

3m3

n32n3






 
  27

1
23

133
3m3

2n3




 
  27

1
83
83

m3

n3


27×33n = 33m

33 × 33n = 33m

33n+3 = 33m
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3n + 3 = 3m
3 = 3m – 3n
3×1 = 3 (m – n)
m – n =1                          Hence proved.

D.5 If ax = b y = cz and b2 = ac, then prove that y
2

z
1

x
1

 .

Sol. ax = b y = cz and b2 = ac
ax = b y = cz  = k
So,  a = k1/x

b =  k1/y

and c =  k1/z

Now, b2 = ac
  (k1/y)2 =k1/x ×k1/z

  k2/y = k1/x + 1/z

 z
1

x
1

y
2

 .               Hence proved

OBJECTIVE QUESTIONS
Single Choice Objective, straight concept/formula oriented

Section (A) : Introduction to number system & rational numbers

A.1 The decimal representation of 400
27

 is :

(A*) Terminating (B) Non terminating recurring
(C) Non terminating non recurring (D) None of these

Sol. 400
27

 = 24 52
27


 = nm 52
27


Denominator is of the form of 2m × 5n so, it has terminating decimal expansion.

A.2 342.2  is :
(A) Non-terminating only (B) Non-repeating only
(C*) Non-terminating and repeating (D) Non-terminating and non-repeating

Sol. 342.2  Non terminating & repeating.

A.3 How many rational numbers exist between any two distinct rational numbers?
(A) 2 (B) 3 (C) 11 (D*) Infinite

Sol. We can find out infinite rational number between any two distinct rational numbers.

A.4 The rational form of  2.74  is :

(A) 9999
27161

(B) 99
27

(C*) 9900
27161

(D) 9000
27161

Sol. Let x = 2.74

0.27161x9900
35.274x100

35.27435x10000





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x = 9900
27161

.

Section (B) : Irrational numbers
B.1 Which of the following number is irrational ?

(A) 16 – 4 (B) (3 – 3 ) (3 + 3 ) (C*) 5 + 3 (D) – 25

Sol. 16 – 4 = 4 – 4 = 0 which is rational

(3 – 3 ) (3 + 3 ) = 9 – 3 = 6 which is rational

5 + 3 which is irrational

 – 25  = –5 which is rational

B.2 The decimal expansion of 2 is :
(A) Finite decimal (B) 1.4121
(C) Non-terminating recurring (D*) Non - terminating non recurring

Sol. 2  is irrational number and irrational number having non - terminating non recurring decimal form.

B.3 The product of a non -zero rational number with an irrational number is :
(A*) Irrational number (B) Rational number (C) Whole number (D) Natural number

Sol. The product of a non -zero rational number with an irrational number always give a irrational no.

B.4 The number 
33
33




 is :

(A) rational (B*) irrational (C) both (D) can’t say

Sol. 33
33





 33
33




× 33

33



 = 

6
3612  = 2– 3

So, 2 – 3  is an irrational number..
B.5 Every point on a number line represents :

(A) A natural number (B*) A real number (C) A rational number (D) A irrational number
Sol. (B) a real number.

B.6 A  rational number lying between 2  and 3  is :

(A) 
2

32 
(B) 6 (C*) 1.6 (D) 1.9

Sol. 2   1.414

3    1.7312

1.6 lies between 2   3

Section (C) : Surds and their application

C.1 If 3  = 1.732 and 2  = 1.414, the value of 23
1


 is :



Number System

JEE-Advanced_RECTILINEAR MOTION_Page No. # 71
Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029

Maths_Class-IX - 71

Sp
ec

im
en

 C
op

y

(A) 0.318 (B*) 3.146 (C) 146.3
1

(D) 414.1732.1 

Sol. 23
1
   23

23



 = 3  + 2  = 1.732 + 1.414 = 3.146

C.2 If x = 2 + 3  , then 





 

x
1x  equals to :

(A) 32 (B) 2 (C*) 4 (D) 4 32

Sol. x = 2 + 3

x
1

 = 32
1
   32

32



  = 
34
32


  = 32 







 

x
1x  = 2 + 3  + 2 – 3  = 4

C.3 The exponential form of 32  is :

(A) 2/16 (B) 61/3 (C*) 4/16 (D) 6

Sol. 32  = 6

= ((6)1/2)1/2

= 61/4

C.4 The simplest rationalisation factor of 50 is :

(A) 5 2 (B*) 2 (C) 50 (D) 50

Sol. 250   , so 2  is simplest R.F..

C.5 If 83x   and 83y   then 22 y
1

x
1
  =

(A) – 34 (B*) 34 (C) 812 (D) 812

Sol. 83x  ,

x
1

  = 
83

1


= 83
83

83
1







 = 89

83



= 83  .

y  = 83  ,
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y
1

 = 
83

1


= 83
83

83
1







 = 

89
83




= 83 
So,

      22 y
1

x
1
 =  283  +  283 

= 9 + 8 –  86 + 9 + 8 + 86
= 34.

C.6 If 
73
73




 = 7ba   then (a, b) =

(A) (8, – 3) (B) (– 8, – 3) (C) (– 8, 3) (D*) (8, 3)

Sol.
73
73




  = 

73
73




 ×

73
73




 = 

 
 22

2

73

73





= 79
7679




 = 2
7616 

 = 8 + 3 7

Now a + b 7  = 8 + 3 7
 a = 8

and b 7  = 3 7
b = 3
 (a,b) = (8, 3).

C.7 Which one is greatest in the following :

(A) 2 (B) 3 3 (C*) 3 4 (D) 3 2

Sol. 2 , 3 3 , 3 4 , 3 2
= (2)1/2 , (3)1/3 , (4)1/3 , (2)1/3

=  
6/1

6
2
1

2 






  ,  
6/1

6
3
1

3 






  ,  
6/1

6
3
1

4 






  ,  
6/1

6
3
1

2 






 

=  6132 ,   6123 ,   6124 ,  6122

=  6
1

8 ,  6
1

9 ,  6
1

16 ,  6
1

4

So  6
1

16  is greatest or 3 4  is greatest.

C.8 The value of  5 332   is :

(A*) 1/8 (B) 1/16 (C) 1/32 (D) None of these

Sol.  5 332   =   5
1

352 




 
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=   5
1532
  = 2–3 = 32

1
 = 8

1
 .

C.9 If 
23
23x




  and 

23
23y




  the value of  22 yxyx   is :

(A*) 99 (B) 100 (C) 1 (D) 0

Sol. x = 
23
23





= 
23
23



 ×
23
23



  = 625 

 x2 = (5 – 2 6 )2 = 49 – 20 6

y = 
23
23





= 
23
23



 ×
23
23



  = 625 

 y2 = (5 + 2 6 )2 = 49 + 20 6

& xy = 
23
23




 ×

23
23




 = 1

 x2 + xy + y2 = 49 – 20 6 + 1 + 49 + 20 6  = 99.

C.10 Simplify : 
25

3
23

1
35

2








.

(A) 1 (B*) 0 (C) 10 (D) 100

Sol. 35
2


= 35
2


x
35
35





=    22
35

)35(2





=  
2

352   = 5 – 3

23
1


= 
23
23x

23
1







= )23(
23




= 23  .

25
3


= 
25
25x

25
3







          = 
 

)25(
253



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         =
 

3
253 

 = 25 

So, 
35

2


+ 
23

1


 – 
25

3


   = 5 – 3 + 23  – 5 + 2
   = 0.

C.11 Which of the following is smallest :

(A) 4 5 (B*) 5 4 (C) 4 (D) 3
Sol.   (5)1/4 (4)1/5 (4)1/2 , (3)1/2

= 
20/1

20
4
1

5 











 
20/1

20
5
1

4 











 

, 
20/1

20
2
1

4 











 

, 
20/1

20
2
1

3 











 

= (55)1/20 , (44)1/20 , (410)1/20 , (310)1/20

Easily (44)20 is smallest.
(4)1/5 or 5 4  is smallest.

C.12 The product of 3  and 3 5  is :

(A) 6 375 (B*) 6 675 (C) 6 575 (D) 6 475
Sol. (3)1/2×(5)1/3

=  
6
1

6
2
1

3 











 
× 

6
1

6
3
1

5 











 
= (33)1/6 × (52)1/6  = (27)1/6 × (25)1/6 = 6 675

C.13 The value of 520  is :

(A*) 10 (B) 52 (C) 520 (D) 54

Sol. 20  5  = 520  = 100  = 10

C.14 3
250
54

equals :

(A) 
25
9

(B*) 
5
3

(C) 
125
27

(D) 
5
23

Sol. 3
250
54

= 3
125
27

= 
5
3

Section (D) : Exponents
D.1 The value of x, if 5x – 3 . 32x – 8 = 225, is :

(A) 1 (B) 2 (C) 3 (D*) 5
Sol. 5x–3 . 32x–8  = 225

5x–3 . 32x–8  = 25×9
5x–3 . 32x–8  = 52×32

 x – 3 = 2 or 2x – 8 = 2
 x = 5.
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D-2. x2

2x5

3
6561)81(3 

 = 37, then

(A) x = – 2 (B*) x = – 3 (C) x = – 1 (D) x = 0

D-3. 3n × 9n × 271 – n =

(A) 9 (B*) 27 (C) 3 (D) 
3
1

D-4. (3–1 + 5–1 + 2–1)–1 =

(A) 
30
29

(B) 
29
31

(C*) 
30
31

(D) None

D-5. If 2x = 4y = 8z , then find x : y : z.
(A) 1 : 2 : 3 (B) 3 : 2 : 1 (C) 2 : 3 : 1 (D*) 6 : 3 : 2

 Marked Questions can be used as Revision Questions.
MERGE FOR NTSE SHEET EXERCISE - 1

OBJECTIVE QUESTIONS

1. The digit at the 100th place in the decimal representation of 
7
6

, is :

(A*) 1 (B) 2 (C) 4 (D) 5

Sol.
7
6

 = 857142.0

six digit are repeated

6 100
16

96
×4

 100 digit will be the 4th digit of 857142.0
i.e. 1.

2. xy is a number that is divided by ab where xy < ab and gives a result 0.xyxyxy... then ab equals :
(A) 11 (B) 33 (C*) 99 (D) 66

Sol. ab
xy

 = xyxyxyxy.......

 ab = 99.
3. When the repeating decimal 0.45454545....... is written in simplest fractional form, the sum of the

numerator and denominator is :
(A) 5 (B) 11 (C) 55 (D*) 16

Sol. Let N = 0.45454545.......

            =  99
45

 = 11
5

Sum of numerator & denominator = 5 + 11 = 16.
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4. If 2)2n(9   is a real number, then the number of integral values of n is :

(A) 3 (B) 5 (C*) 7 (D) Infinitely many

Sol. 2)2n(9 

For n = 5, 4, 3, 2, 1, 0, – 1
2)2n(9   is a real number

So, number of integral values of n is 7.

5. If x is a positive integer less than 100, then the number of x which make x4321   an integer is:

(A) 6 (B*) 7 (C) 8 (D) 9

Sol. x4321   = x10 

x which make x10   an integer is 6, 15, 26, 39, 54, 71 and 90.

So, number of positive integers = 7.

6. If 
00155.0

625704484954 
= 

x.)009.0(
0004.0

2 . Then approximate value of x is

(A) 123.456 (B*) 0.01234 (C) 12.34  (D) 12345.67

Sol.
00155.0

625704484954 
 = x.)009(.

0004.
2

x = 23

4

)10.9(
10.4




 . 
961
10.155 5

 = 81
310

 . 
961

10 1

= 0.01234.
7. If n is a perfect square, then the next perfect square greater than n is :

(A) n2 + 1 (B) n2
 + n (C*) n + 2 n  + 1 (D) 2n + 1

Sol. Next perfect square greater than n is n + 2 n + 1.
As, n = a2  is a perfect square

Therefore, n + 2 n  + 1 = a2 + 2 2a  + 1
    = a2 + 2a + 1 = (a + 1)2.

8. If 2.......xxxx   then x equals

(A*) 2–2 (B) 22  (C) 22  (D) 3–2

Sol. 2.......xxxx 

2x   = 2

x = 2–2
9. The four digit number 2652 is such that any two consecutive digits from it make a multiple of 13.

Another number N has this same property, is 100 digits long, and begins in a 9. The last digit of N, is
(A) 2 (B) 3 (C) 6 (D*) 9

Sol. 913913 ........... (100 digit)
we see that 913 is repeated.
913 comes 33 times so the last digit (100th digit) will be 9.

10. The expression
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





 

2008
1.......

3
1

2
1

 





 

2007
1.......

3
1

2
11  







 
2008

1.......
3
1

2
11  






 

2007
1.......

3
1

2
1

simplifies to :

(A) 0 (B) 2007
1

(C*) 2008
1

(D) 2007
2

Sol. 






 
2008

1.......
3
1

2
1








 
2007

1.......
3
1

2
11

– 






 
2008

1.......
3
1

2
11 







 
2007

1.......
3
1

2
1

Let 





 

2007
1.......

3
1

2
1

= x

and 





 

2007
1.......

3
1

2
11 = y

So,

 y – x = 






 
2007

1.......
3
1

2
1

2007
1.......

3
1

2
11  = 1

So, 





 

2008
1x  y – 






 

2008
1y ×x

= xy + 2008
y

– xy – 2008
x

= 2008
xy 

 = 2008
1

.

11. If 

2
1

x
1

1

2
1

x
1

1
1

2
1

x
1

1

2
1

x
1

1
1

1













 = 36
x

,  then x is equal to :

(A*) 70 (B) 72 (C) 36 (D) 68

Sol.

2
1

x
1

1

2
1

x
1

1
1

2
1

x
1

1

2
1

x
1

1
1

1













  =  
36
x

x2
x2

1

x2
x2

1
1

x2
x2

1

x2
x2

1
1

1












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= 

x2
x2

x2
x2

1

x2
x2

x2
x2

1
1













=  

x4
x2

x4
x2

1



 = 

x24
x4


 = 
36
x

4 × 36 = 4 + 2x

144 = 4 + 2x ; x = 
2

140
 = 70.

12. The value of 
2

3
11 






   
2

4
11 






   
2

5
11 






   ....... 
2

n
11 






   is equal to :

(A) 
2

n
1








(B*) 

2

n
2








(C) 

2

n
3








(D) 

2

n
4









Sol.
2

3
2








 
2

4
3








 
2

5
4








 .... 
2

n
14






 

 = 2

2

n
2

 = 
2

n
2








13. If x = (7 + 34 ), then the value of x  + 
x

1
 is :

(A) 8 (B) 6 (C) 5 (D*) 4

Sol. Given x = 7 + 34  = (2 + 3 )2

 x  = 2 + 3

and x + 1 = 8 + 34  = 4 (2 + 3 ).

Now, x  + 
x

1  = 
x
1x   = 

32
)32(4



  = 4.

14. If 
23
23x




  and 

23
23y




  the value of  22 yxyx   is :

(A*) 99 (B) 100 (C) 1 (D) 0

Sol. x = 
23
23




= 

23
23



 ×
23
23



  = 625 

 x2 = (5 – 2 6 )2 = 49 – 20 6

y = 
23
23




= 

23
23



 ×
23
23



  = 625 

 y2 = (5 + 2 6 )2 = 49 + 20 6

& xy = 
23
23




 ×

23
23




 = 1

 x2 + xy + y2 = 49 – 20 6 + 1 + 49 + 20 6  = 99.

15. The value of the expression terms99upto.....
34

1
23

1
12

1










is equal to :
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(A) 9 (B*) 3 (C) 1 (D) 0

Sol. terms99upto.....
34

1
23

1
12

1










= 99100......342312 

= 101 = 9 = 3.

16. The simplest rationalising factor of 4 48 is :

(A) 4 9 (B*) 4 27 (C) 3 9 (D) None of these

Sol. R. F . of 4 48  or  4 32   = 4 27 .

17. Let r and s be integer. The s2rr

s–rsr

98
126







is an integer if :

(A) r + s  0 (B*) s  0 (C) r  0 (D) r  s
Sol.

s2rr

s–rsr

98
126








= s4r2r3

s–rs2–r2srsr

32
3232









= 2r + s + 2r – 2s – 3r × 3r + s + r – s – 2r – 4s

= 2–s × 3– 4s

This should be an integer only when s  0.

18. If 2a > 4c and 3b > 9a and a, b, c all positive, then :
(A*) c < a < b (B) b < c < a (C) c < b < a (D) a < b < c

Sol. 2a > 4c 3b > 9a

2a > 22c 3b > 32a

a > 2c b > 2a
  a > c - (i)   b > a  - (ii)
from (1) & (2), we have
c < a < b.

19. If 22008 – 22007 – 22006 + 22005 = k . 22005 then the value of k is equal to :
(A) 2 (B*) 3 (C) 4 (D) 5

Sol. Given : 22008 – 22007 – 22006 + 22005 = k . 22005

 23 × 22005 – 22 × 22005 – 2.22005 + 22005 = k × 22005

  (23 – 22  – 2 + 1) × 22005 = k × 22005

  k = 3.

20. If 2x = 3y = 6–z, then 









z
1

y
1

x
1

 is equal to :

(A*) 0 (B) 1 (C) 
2
3 (D) – 

2
1

Sol. 2x = 3y = 6–z sin 
x
1

+ y
1

+ 
z
1

Let 2x = 3y  = 6–z  = k
2 = k1/x 6–z = k
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3 = k1/y

k1/x × k1/y = k–1/z

k1/x + 1/y = z
1

k


x
1

+ y
1

= 
z
1–

so 
x
1

+ 
y
1

+ 
z
1

= 0

21. If 4x – 4x-1 = 24, then the value of (2x)x equals :

(A) 5 5 (B) 5 (C*) 25 5 (D) 25
Sol. 4x – 4x-1 = 24

 4x [1 – 
4
1

] = 24

 4x ×
4
3

 = 24

 4x = 32
 22x = 25

 2x = 5

So, (2x)x = 52.5 = 25 5 .

22. 273 – 272 – 271 is the same as :
(A) 269 (B) 270 (C*) 271 (D) 272

Sol. 271 (22 – 2 – 1) = 271 (4 – 3) = 271.
23. If x = – 0.5 then which one of the following has the smallest value :

(A) x
1

2 (B*) 
x
1

(C) 2x (D) x–
1

Sol. x = – 0.5 = 
2
1–

(A) x
1

2  = 2–2 = 
4
1

 = 0.25

(B) 
x
1

 = – 2
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(C)  2x  = 2
1–

2  = 2
1

(D) x–
1

 = 2

So, option (B) has the smallest value.

 Marked Questions can be used as Revision Questions.
* Marked Questions may have more than one correct option.

NTSE PROBLEMS (PREVIOUS YEARS)

* Marked Questions may have more than one correct option.

1. If 2x =  4y = 8z and 
x2

1
+ y4

1
 + z6

1
 = 

7
24

, then the value of z is -   (Rajasthan NTSE Stage-1 2005)

(A) 16
7

(B) 32
7

(C*) 48
7

(D) 64
7

Sol. 2x  = 4y = 8z

2x = 22y = 23z

 x = 2y , 2y = 3z

x2
1

+ y4
1

+ 
z6

1
= 

7
24

 y4
1

+ y4
1

+ 
z6

1
= 

7
24

 y2
1

+ 
z6

1
= 

7
24


z3
1

+ 
z6

1
= 

7
24

 z = 
246
73




z = 
48
7

2. If 
3–x1–x

a
b

b
a
















 then the value of x is - (Rajasthan NTSE Stage-1 2005)

(A) 1 (B*) 2 (C) 3 (D) 4

Sol.
1–x

b
a








= 
3x–

b
a 









so, x – 1 = – x + 3
x + x = 1 + 3
2x + 4
x = 2
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3. If ax  = b, by = c and cz = a, then value of xyz is (Rajasthan NTSE Stage-1 2007)
(A*) 1 (B) 0 (C) –1 (D) a + b + c.

Sol. ax = b, by = c, cz = a
 (ax)y = c
 axy = c
 (axy)z = a
axyz = a1

xyz = 1

4. An equivalent expression of 53
5
   after rationlizing the denominator is

(Rajasthan NTSE Stage-1 2013)

(A) 







2
5

 ( 3  + 5 ) (B*) 







2
5

 ( 3  + 5 ) (C) 







2
5

( 3 – 5 ) (D)  







2
5

( 3  – 5 )

Sol. 53
5


= 53
5
   

53
53





= 
53

)53(5

  = – 2

5
( 3  + 5 )

5. Value of 
2

2100
is : (Rajasthan NTSE Stage-1 2013)

(A) 1 (B) 50100 (C) 250 (D*)  299

Sol.
2

2100
 = 2100–1 = 299

6. If qpx  = qp )x( , then p = (Haryana NTSE Stage-1 2013)

(A) q
1

q (B) 1 (C) qq (D*) 1q
1

q 

Sol. qpx  =  qpx

so
qpx  = pqx

pq = pq
pq – pq = 0

p )qp( 1q   = 0

so p = 0 or 1qp  – q = 0

so

p = 1q
1

q 

7. If ax = b, by = c and cz = a, then the value of x2y2z2 is ..............
   [Madhya Pradesh NTSE Stage-1 2013]

(A) a2b2c2 (B) 1 (C) 4 (D) 222 cba
1
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Sol. ax = b, by = c, cz = a
 by = c
 (ax)y = c
axy = c
if cz = a
 (axy)z = a
axyz = a1

xyz = 1
x2y2z2 = 1

8. H.C.F. (28, 35, 91) = ........... [Gujarat NTSE Stage-1 2013]
(A) 1 (B) 5 (C) 7 (D) 14

9. Which of the following time expressions is right for the fraction 4
1

 ? [Gujarat NTSE Stage-1 2014]

(A) 15 minute (B) 30 minute (C) 45 minute (D) 10 minute
Sol. 15 Minutes
10. Which real number lies between 2 and 2.5      (Chandigarh NTSE Stage-1 2014)

(A) 11 (B) 8 (C) 3 7 (D) 3 9

Sol. 2 = 3 8

2.5 = 3 625.15

so the correct option is (D) 3 9

11. Of the following four numbers the largest is :        (Harayana NTSE Stage-1 2014)
(A) 3210 (B) 7140 (C) (17)105 (D) (31)84

Sol. (i) 3210 < 4210

3210 < 2420

(ii) 7140 < 8140

7140 < 2420

(iii) (17)105 > 16105

(17)105 > 2420

(iv) (31)84 < (32)84

(31)84 < 2420

 so (17)105 is largest

12. The rationalizing factor of n
b
a

 is      (Karnataka NTSE Stage-1 2014)

(A) n
b
aab (B) n

b
a

(C) n
1–n

1–n

b
a

(D) n
1n

1n

b
a




Sol. R.F.  of n
b
a

 is 
n/11

b
a 









as, 
n/1

b
a








. 
n/11

b
a 









 = 







b
a
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So, 
n/11

b
a 









 = 
n

1n

b
a











= 

n/11n

b
a






















= n
1n

b
a 









13. In a number is divided by 6, the remainder is 3 then what will be the remainder when the square
of the same number is divided by 6 again — [Uttar Pradesh NTSE Stage-1 2014]
(A) 0 (B) 1 (C) 2 (D) 3

14. If x = (  3 + 8 ) , then 






  2
2

x
1x will be- [Uttar Pradesh NTSE Stage-1 2014]

(A) 38 (B) 36 (C) 34 (D) 30

15. If 
1–x

b
a








= 
3–x

a
b








then the value of x will be- [Uttar Pradesh NTSE Stage-1 2014]

(A) –1 (B) 1 (C) 2 (D) 3

16. The simplest rationalizing factor of 3 72  is       [Madhya Pradesh NTSE Stage-1 2014]

(A) 3
1

2 (B) 3
1

3 (C) 2
1

3 (D) 2
1

2

Sol. 3 72

= 3 23 32 

3 72  = 3 232
= 2  32/3

rationalisation factor = 31/3

17. The value of 
bc
1

c

b

x
x










. 

ca
1

a

c

x
x










. 

ab
1

b

a

x
x










 on simplifying is :     (Rajasthan NTSE Stage-1 2015)

(A) x (B) 1/x (C) 1 (D) – 1

Sol.  bc
1

cbx    ca
1

acx   ab
1

bax 

= abc
)ba(c)ac(b)cb(a

x

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= abc
0

x  = x° = 1

18. If x = 2 + 3  and xy = 1 then x2
x
  + y2

y
   = ............  (Bihar NTSE Stage-1 2015)

(A*) 2 (B) 3 (C) 1 (D) None of these

19. Simple form of 
25
2–5


+ 

2–5
25 

is .............        [Madhya Pradesh NTSE Stage-1 2015]

(A) 9 + 5 (B) 18 (C) 18 + 5 (D) 9

Sol.
25
2–5


+ 

2–5
25 

4–5
544554–45 

 = 18

20. If the L.C.M. of two numbers is 2520 and H.C.F. is 12.Its one number is 504, then the other number will
be ........        [Madhya Pradesh NTSE Stage-1 2015]
(A) 50 (B) 65 (C) 40 (D) 60

Sol Let two number are N1 N2

N1 × N2 = LCM (N1 × N2) × HCF (N1, N2)
504 × N2 = 2520 × 12

N2 = 
504

122520
 = 60

N2 = 60

21. Which number is the inverse of the opposite of –
8
5

? [Gujarat NTSE Stage-1 2015]

(A) 
8
5

8 (B*) 1
5
3

(C) 2
5
2

(D) –
5
8

22. lf  x = 4 16  + 4 625  than what is x = ? [Gujarat NTSE Stage-1 2015]
(A*) 7 (B) 29 (C) 12 (D) 5

23. The simplified value of 
1

2 3 5   + 
1

2 3 5   is [Delhi NTSE Stage-1 2015]

(A)  1 (B)  0 (C)  2 (D) 2
1

24. Raj wanted to type the first 200 natural numbers, how many times does he have to press the keys
[Delhi NTSE Stage-1 2015]

(A)  489 (B)  492 (C)  400 (D)  365

25. Which is the greatest among 6 100 , 3 12 and 3 [Delhi NTSE Stage-1 2015]

(A) 3 (B)  6 100 (C) 3 12           (D)  cannot be determined
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26. Among the numbers 2250, 3200, 4150 and 5100, the greatest is    (West Bengal NTSE Stage-1 2016)
(A) 2250 (B) 3200 (C) 4150 (D) 5100

Sol. 2250 3200 4150 5100

= (25)50 (34)50 (43)50 (52)50

= (32)50 (81)50 (64)50 (25)50

27. The simplified value of 532
1
  + 532

1
  is           (Delhi NTSE Stage-1 2016)

(A)  1 (B)  0 (C)  2 (D) 2
1

Sol. 532
1
  + 5–3–2

1

   )35–2
1
  +   )3–5–2

1

Let a = 5–2 b = 3
(a + b) (a – b) = a2 – b2

    22
3–5–2

35–23–5–2 
=

 
3–102–52

5–22


 = 
 
 10–22

5–22
= 

 
 5–22

5–2
 = 2

1

28. 3
343
1271  is equal to (Bihar NTSE Stage-1 2016)

(A) 
9
5

(B*) 
7
11 (C) 

7
4

(D) 
7
21

29. What is the value of 6.2  – 9.1  ? (Bihar NTSE Stage-1 2016)

(A*) 6.0 (B) 9.0 (C) 7.0 (D) 0.7

30. An equivalent expression of 
5

7 4 5
  after rationalizing the denominator is

[Gujarat NTSE Stage-1 2016]

(A) 
20 5 35

31


(B) 
20 5 35

129


(C) 
35 20 5

31


(D) 
35 20 5

121


Sol. (A) 
5 7 4 5 35 20 5

49 807 4 5 7 4 5
 

 
 

=
35 20 5 20 5 35

31 31
 




31. Four positive integers sum to 125. If the first of these numbers is increased by 4, the second is
decreased by 4. the third is multiplied by 4 and the fourth is divided by 4 we find four equal numbers
then four original integers are [Delhi NTSE Stage-1 2016]
(A) 16, 24, 5, 80 (B) 8, 22, 38, 57 (C) 7, 19, 46, 53 (D) 12, 28, 40, 45
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32. If a 6 5;   b 6 5  , the find the value of 2 22a 5ab 2b   [Maharashtra NTSE Stage-1 2016]
(A) 36 (B) 37 (C) 39 (D) 41

Sol. (3)
2 22a 5ab 2b 

     2 11 2 30 5 1 2 11 2 30     39

33.  k4 4 2 2 2 26 3m n m n m n mn   , then find the value of k. [Maharashtra NTSE Stage-1 2017]

(A) 6 (B) 3 (C) 2 (D) 1
Sol. (B)

 k6 34 4 2 2 2 2m n m n m n mn  

     
1 2 k2 2 3 3m n mn mn mn  

   
1 22 k
3 3mn mn  

   3 kmn mn

k 3

VALUE BASED / PRACTICAL BASED QUESTIONS

MARKED QUESTIONS MAY HAVE FOR REVISION QUESTIONS.

This Section is not meant for classroom discussion. It is being given to promote self-study and
self testing amongst the Resonance students.
VALUE BASED QUESTIONS

1. In a school, 5 out of every 7 children participated in ‘SAVE WILDLIFE’ campaign organised by the
school authorities.
(i)  What fraction of the students participated in the campaign?
(ii)  Find what kind of decimal expansion it has?
(iii) What value do the participating students possess ?

Sol. (i) fraction of students partipated in compaign are  = 
7
5

(ii)
7
5

 = 0.714285714285.......

so it is non terminating repeating decimal
(iii)  caring, social, helpful and environmenal concern.

2. While discussing rationalizing factor, teacher asked the students to find reciprocal of 56  .

Deepanshi answered 56 
(i) Is she correct? Justify your answer.
(ii) Which values are depicted in this question ?
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Sol. 6  + 5

reciprocal of 6  + 5  = 56
1
  ´ 56

56



= 22 )5()6(
56




 = 
1

56 

(i) yes, depanshi is in correct
(ii) knowledge and curiosity.

EXERCISE - 1

EXERCISE - 2

EXERCISE - 3
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