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MOTION2

1.Motion
1. Differentiate distance, displacement and speed, velocity.
2. Calculate distance, displacement, speed and velocity from the given data.
3. Analyse the velocity - time graphs.
4. Interpret graphs and figures to compute distance, speed,  acceleration of the objects in motion.
5. Derive formula and equations of motion.

2. Matter in our surroundings
1. Classify the matter based on their states as solids, liquids and gases.
2. Conduct simple investigations to seek answers to queries like ,”what is the effect of temperature

on state of substances”?
3. Draw a flowchart of interconversion of the three States of matter.
4. Calculate using the given data such as conversion of Celsius scale to kelvin scale and vice versa.
5. Establish cause and effect relationship among evaporation with cooling effect.

3. Force and laws of motion
1. Calculate the force acting on object with the given data.
2. Explain the three laws of motion.
3. Understand the relation  between force and change in momentum.
4. Use scientific conventions and units to represent force and momentum.
5. Derive the formula f = ma from Newton’s second law of motion.

4.  Is matter around us pure?
1. Differentiate element, compound and mixtures based on their properties.
2. Effectively communicate the findings and conclusions on the concentration of mixtures.
3. Apply scientific principles in solving problems of day to day life like separation of mixers.
4. Classify solutions, suspensions and  colloids based on the properties.
5. Draw a flowchart on States of matter.

5. Gravitation
1. Measure weight of an object using spring balance.
2. Derive universal law of gravitation.
3. Calculate the value of acceleration due to gravity on the earth.
4. Differentiate mass and weight.
5. Prove Archimedes principle experimentally.

LEARNING OUTCOMES
Learners....
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Κσ[ο ↑ûΖÜΚρ

1. ΒΥχΚλ
1. ùΘôûΩÜ+ ΒΟκùΣΥνε′+ úΞΚλ Τσßλ ƒûΜúΞΚλ Α€ΥΞσû[ úΞßΣÓιÕΞν−
2. ùΚôÓχΚκΣγΟ ↑ΞςδΚ↓←ÚϕÕ ùΘôûΩÜ+ úΞΚλ Τσßλ ƒûΜúΞΚιûΘ ΚΠχ€ÓΞν−
3. ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟιûΘ ΣÏκΣôµÜ ùΜµΞν−
4. ùΘôûΩÜ+ úΞΚλ+ ΒΥχΚιƒο ∆ρΖ ùΣôÚγΚ↓τ ØÓχΚλ Α€ΥΞσû[ ΚΠχ€Ο

ΞûςΣΟδΚρ Τσßλ ×ρ↓↑ΞςδΚûΖ ↑ΖχÏΞν−
5. ΒΥχΚιƒτ ãιƒςλ Τσßλ ΜΤτΣôÓΚûΖ ΞÚ↑κΣν−

2.   ΡλûΤε Ñσ°ÙρΖ ΣÚκùΣôÚγΚρ
1. ƒΟùΣôÚγΚρ+ ƒςΞδΚρ Τσßλ ΞôÙχΚρ Φ∴ ≅Ξσ°τ ♣ûΩΚ↓τ ≅⁄κΣûΟ♠ο

ΣÚκùΣôÚγΚûΖ ΞûΚκΣÓιÕΞν−
2. »»ùΣôÚγΚ↓τ ♣ûΩ♠τ ÁÕ ùΞκΣ♣ûΩ♠τ ↑ûΖÜ Φτ∴?µµ úΣôτ[ úΚρ↑ΚÞχÏ

ΣƒοΚûΖ úΘΟ Φ↓Υ úΜôΘû∴ΚûΖ úΤσùΚôρΞν−
3. ùΣôÚγΚ↓τ êτß ♣ûΩΚ↓τ ↑ΖχΚκΣΟλ ΞûςΞν−
4. ùΚôÓχΚκΣγΟ ΘΚΞοΚûΖ ùΚôηÓ ùΜο′Υυ ≅ΖûΞ ùΚο↑±Ûλ Τσßλ ùΚο↑τ

≅ΖûΞ ùΜο′Υ″Ûλ ΤôσßΞν−
5. Ï↓ν↑ιΘο ↑ûΖÜΟτ á⁄Υ Α↑ΥôΘο ÁÕ ΚôςΠλ Τσßλ ↑ûΖÜ ùΘôΟνûΣ

♣ßÜΞν−−

3. ↑ûΜ Τσßλ ΒΥχΚ ↑ƒΚρ
1. ùΚôÓχΚκΣγΟ ΘΚΞοΚûΖ ùΚôηÓ ùΣôÚ↓τ ÁÕ ùΜΥοΣÓλ ↑ûΜûΥ ΚΠχ€ÓΞν−
2. ΒΥχΚιƒτ êτß ↑ƒΚûΖ ↑ΖχÏΞν−
3. ↑ûΜ Τσßλ ∆ϕΘ ΤôßΣôÓ ΒûΟúΥ ∆ρΖ ùΘôΟνûΣ ×↔ϕÕχ ùΚôρΞν−
4. ↑ûΜ Τσßλ ∆ϕΘιûΘ Ï°χΚ ≅°↑Υο Τς×Κρ Τσßλ ≅ΩÏΚûΖ ΣΥτΣÓιÕΞν−
5.  ♣ëγΟ±τ ΒςηΟôΞÕ ΒΥχΚ ↑ƒ♠←ÚϕÕ  f = ma Φàλ ãιƒςιûΘ ΞÚ↑κΣν−

4. ΡλûΤε ãθϕÕρΖ ΣÚκùΣôÚγΚρ çµûΤΥô∴ûΞΥô>
1. Θ±Τλ+ úΜνΤδΚρ Τσßλ ΚΩûΞΚρ ≅Ξσ°τ Ση×Κ↓τ ≅⁄κΣûΟ♠ο

úΞßκΣÓιÕΞν−
2. ΚΩûΞΚ↓τ ùΜ°Ü Σσ°Υ ΚηÓ♦⁄κ×Κρ Τσßλ Ø⁄ÜΚûΖ ƒ[λΣΟ ùΘôΟν×ΣÓιÕΞν−
3. ΚΩûΞΚûΖ ♦↔κΣÕ úΣôτß Ρλ ≅τ[ôΟ ΞôθχûΚ♠τ ′χΚοΚûΖ ¾νχΚ ≅°↑Υο

ùΚôρûΚΚûΖκ ΣΥτΣÓιÕΞν−
4. ΚûςΜοΚρ+ ùΘôδΚοΚρ Τσßλ áθΤδΚρ Α€ΥΞσû[ ≅Θτ Ση×Κ↓τ

≅⁄κΣûΟ♠ο ΞûΚκΣÓιÕΞν−
5. ùΣôÚ↓τ ♣ûΩΚÞχÏ ΙÚ ↑ΖχΚκΣΟλ ΞûςΞν−

5. Χνκ♦Υο
1. ÑÚρ↑ο Θςô′û∴κ ΣΥτΣÓιƒ ΙÚ ùΣôÚ↓τ ΦûΟûΥ ≅Ζ↑ÓΞν−
2. ùΣôÕ Χνκ♦Υο ↑ƒûΥ ΞÚ↑κΣν−
3. é♥♠τ Χνκ× ↑ûΜΥôο ΓσΣÓλ ØÓχΚιƒτ ΤƒκûΣ ΚΠχ€ÓΞν−
4. ♣û[ Τσßλ ΦûΟûΥ úΞßΣÓιÕΞν−
5. Ανχ€♥⁄υ ΘιÕΞιûΘ úΜôΘû∴ Øû[♠ο ♣ì♦κΣν−

ΚσúΣôν....



MOTION4

In everyday life, we see some objects at rest
and others in motion. Birds fly, fish swim,
blood flows through veins and arteries, and
cars move. Atoms, molecules, planets, stars
and galaxies are all in motion. We often
perceive an object to be in motion when its
position changes with time. However, there
are situations where the motion is inferred
through indirect evidences. For example, we
infer the motion of air by observing the
movement of dust and the movement of leaves
and branches of trees. What causes the
phenomena of sunrise, sunset and changing
of seasons? Is it due to the motion of the
earth? If it is true, why don’t we directly
perceive the motion of the earth?

An object may appear to be moving for
one person and stationary for some other. For
the passengers in a moving bus, the roadside
trees appear to be moving backwards. A
person standing on the road–side perceives
the bus alongwith the passengers as moving.
However, a passenger inside the bus sees his
fellow passengers to be at rest. What do these
observations indicate?

Most motions are complex. Some objects
may move in a straight line, others may take
a circular path. Some may rotate and a few
others may vibrate. There may be situations
involving a combination of these. In this
chapter, we shall first learn to describe the
motion of objects along a straight line. We
shall also learn to express such  motions
through simple equations and graphs. Later,
we shall discuss ways of describing
circular motion.

Activity ______________ 1.1
• Discuss whether the walls of your

classroom are at rest or in motion.

Activity ______________ 1.2
• Have you ever experienced that the

train in which you are sitting appears
to move while it is at rest?

• Discuss and share your experience.

Think and Act
We sometimes are endangered by the
motion of objects around us, especially
if that motion is erratic and
uncontrolled as observed in a flooded
river, a hurricane or a tsunami. On the
other hand, controlled motion can be a
service to human beings such as in the
generation of hydro-electric power. Do
you feel the necessity to study the
erratic motion of some objects and
learn to control them?

1.1 Describing Motion
We describe the location of an object by
specifying a reference point. L et us
understand this by an example. Let us
assume that a school in a village is 2 km north
of the railway station. We have specified the
position of the school with respect to the
railway station. In this example, the railway
station is the reference point. We could have
also chosen other reference points according
to our convenience. Therefore, to describe the
position of an object we need to specify a
reference point called the origin.

1
MOTION

Chapter
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Ρλ ≅τ[ôΟ Ξôθ↑ο ′Ω ùΣôÚγΚρ ϑµÜ
♣ûΩ♠Ûλ ′Ω ùΣôÚγΚρ ΒΥχΚ ♣ûΩ♠Ûλ
ΒÚκΣûΘ Ρôλ Σôνχ€ú[ôλ− Σ[ûΞΚρ
Σ[χ€τ[∴− ÁτΚρ ¿ϕÕ€τ[∴+ ΘΤ±Κρ
Τσßλ ′û[Κ↓ο ΒςιΘλ Σôµ€τ[Õ Τσßλ
ΚôνΚρ ΒΥδÏ€τ[∴− ≅ÔχΚρ+
êΩχáßΚρ+ úΚôρΚρ+ ↑ηÁτΚρ Τσßλ
ΞôτΚδûΚΚρ ≅û∴ιÕλ ΒΥχΚιƒο ∆ρΖ∴−
ΚôΩιûΘκ ùΣôÚιÕ ΙÚ ùΣôÚ↓τ ♣ûΩ♠ο
Τôσ[λ ΓσΣγΟôο ≅κùΣôÚρ ΒΥχΚιƒο
∆ρΖÕ Φτß ∆Πν€ú[ôλ− ′Ω ãθ♣ûΩΚ↓ο
ΒΥχΚλ Τû[ØΚ ΑΘôςδΚρ êΩλ
ùΘ↔↑χΚκΣÓ€[Õ− ΦÓιÕχΚôγΟôΚ Κôσ°τ
ΒΥχΚιûΘ ç′Κ↓τ ΒΥχΚλ+ ΒûΩΚ↓τ
ΒΥχΚλ Τσßλ Τςχ€ûΖΚ↓τ ΒΥχΚιƒτ
êΩλ Ρôλ ΣôνχΚΩôλ− ã↔Υ ∆ΘΥλ+ ã↔Υ
≅υΘΤ∴λ+ ΣÚΞΚôΩδΚ↓τ Τôσ[λ Α€Υ
♣ΚθÜΚÞχÏ ΚôςΠλ Φτ∴> ΒΘσÏ ΚôςΠλ
é♥♠τ ΒΥχΚΤô> ΒÕ ∆ηûΤùΥ±ο ΡλΤôο
Γτ é♥♠τ ΒΥχΚιûΘ ∆Πς Ø⁄Υ↑οûΩ>
 ΙÚ  ΡΣÚχÏ  ΙÚ  ùΣôÚρ  ΒΥχΚιƒο
ΒÚκΣûΘ úΣôο úΘôτ°∴ôο Τσù[ôÚ ΡΣÚχÏ
≅úΘ ùΣôÚρ ϑµÜ ♣ûΩ♠ο ΒÚκΣûΘκ úΣôο
úΘôτ[Ωôλ− ΒΥδÏλ úΣÚϕƒο ∆ρΖ
ΣΥ∞ΚÞχÏ ΜôûΩ ϑςιƒο ∆ρΖ ΤςδΚρ
♦τúΡôχ€ ΡΚνΞûΘκúΣôο úΘôτßλ− ΜôûΩ
ϑςιƒο ♣σÏλ ΡΣν úΣÚϕƒο ∆ρΖ ΣΥ∞Κρ
ΒΥδÏΞÕ úΣôο ∆Πν€τ[ôν− úΣÚϕƒο
∆ρΖ ΣΥ∞χÏ Θτ ΜΚ ΣΥ∞Κρ ϑµÜ
♣ûΩ♠ο ΒÚκΣûΘκ úΣôο úΘôτßλ+ ΒϕΘ
∆σß úΡôχΚοΚρ ΦûΘ ùΘ↔↑χ€τ[∴>
 ùΣôÕΞôΚ ΒΥχΚδΚρ ′χΚΩô∴ûΞ ′Ω
ùΣôÚγΚρ úΡνúΚôγ⁄ο ΒΥδÏλ− ′Ω ùΣôÚγΚρ
ΞγΟκΣôûΘ♠ο ΒΥδÏλ− ′Ω ùΣôÚγΚρ ãΨÛλ
Τσßλ ′Ω ùΣôÚγΚρ ≅ƒνÜßλ+ ′Ω
ãθ♣ûΩΚ↓ο ΒûΞ ≅û∴ιÕ ΒΥχΚδΚÞλ
úΜνϕÕ ΡûΟùΣßλ− ΒϕΘ ≅Ω€ο ØΘ←ο Ρôλ
úΡνúΚôγ⁄ο ΒΥδÏλ ùΣôÚγΚûΖκ Σσ° Κσßχ
ùΚôρúΞôλ− úΡνúΚôγÓ ΒΥχΚδΚûΖ Φ↓Υ
ΜΤτΣôÓΚρ Τσßλ ΞûςΣΟδΚρ êΩλ
ùΘ↔↑κΣûΘκ Σσ°χ ΚσßχùΚôρúΞôλ− ♦τ×
ΞγΟ ΒΥχΚιûΘ Σσ°ι ùΘ↔ϕÕχ ùΚôρúΞôλ−

ùΜΥο,,,,,,,,,,,,,,,,,,,1.1
• ∆δΚρ ΞÏκΣû[♠τ ÑΞνΚρ

ΒΥχΚιƒο ∆ρΖΘô ≅οΩÕ ϑµÜ
♣ûΩ♠ο ∆ρΖΘô ΦτΣûΘ
↑ΞôƒχΚÜλ−

ùΜΥο,,,,,,,,,,,,,,,,,,,1.2
• ϑµÜ ♣ûΩ♠ο ∆ρΖ ς♠←ο ¿δΚρ

≅ΤνϕƒÚχÏλ úΣôÕ ≅ϕΘ ς♠ο
ΡΚνΞûΘκ úΣôο ¿δΚρ ΦκúΣôΘôΞÕ
∆ΠνϕΘÕηΟô>

• ΒûΘχÏ°ιÕ ↑ΞôƒιÕ ∆δΚρ
≅àΣΞδΚûΖ Σ€ςÜλ−

′ϕƒ Τσßλ ùΜΥοΣÓ
ΡλûΤε Ñσ° ∆ρΖ ùΣôÚγΚ↓τ
ΒΥχΚιΘôο ′Ω ΜΤΥδΚ↓ο Ρôλ
ΑΣιÕχÏρΖô€ú[ôλ −  Ασ°ο
ùΞρΖλ+ ã[ôΞ↓ ∋≅( Ñ∴ô♥ úΣôτ[
♣ΚθÜΚ↓τ úΣôÕ ≅Ξσ°τ ΒΥχΚλ
ΙÝδΚσß Τσßλ ΚγÓΣôΟσß
ΚôΠκΣÓλ− Τσù[ôÚ ×[λ
ΚγÓκΣôγÓΟτ á⁄Υ ΒΥχΚιƒ∴ôο Ρôλ
¿ν ♥τΜôςιûΘ ΘΥô↔χΚ Ø⁄Ùλ− ΒÕ
Τ±Θ Β∴ιƒσÏ ♥ÏϕΘ ΣΥàρΖ
Ιτ[ôÏλ− ΚγÓκΣôΟσ[ ΒΥχΚιƒο
∆ρΖ ′Ω ùΣôÚγΚûΖ Ρôλ ΚγÓΣÓιΘ
ùΘ↔ϕÕχ ùΚôρΞÕ ≅Ξ′Υλ Φ∴
¿δΚρ ∆Πν€ÈνΚΖô>

1.1  ΒΥχΚιûΘ ↑Ξ↔ιΘο
ΙÚ ♣ûΩκ ×ρ↓ûΥ ΑΘôςΤôΚχ

ùΚôηÓ ΙÚ ùΣôÚ↓τ ΒΟιûΘ ΡλΤôο
↑Ξ↔χΚ  Ø⁄Ùλ−  ΙÚ  ΦÓιÕχΚôγ⁄τ  êΩλ
ΒûΘ Ρôλ ×↔ϕÕχ ùΚôρΖΩôλ− Βς♠ο
♣ûΩΥιƒτ ΞΟƒûΜ♠ο 1 €−Á ùΘôûΩ↑ο
ΙÚ Σρ↓ ΒÚκΣΘôΚ ♣û∴ιÕχ ùΚôρúΞôλ
∋≅( ΚÚÕúΞôλ− Βς♠ο ♣ûΩΥιûΘ ΑΘôςΤôΚχ
ùΚôηÓ ×ρ↓♠τ ♣ûΩûΥ Ρôλ
Ï°κ♦γÓρúΖôλ− ΒϕΘ ΦÓιÕχΚôγ⁄ο Βς♠ο
♣ûΩΥλ ♣ûΩκ×ρ↓ (reference point) ΑÏλ−
Ρôλ ΦûΘ úΞηÓΤô∴ôÛλ ♣ûΩ ×ρ↓ΥôΚ
ΦÓιÕχ ùΚôρΖΩôλ− ΙÚ ùΣôÚ↓τ ♣ûΩûΥ
↑Ξ↔χΚ Ρôλ ùΘôΟχΚλ Φàλ ♣ûΩ ×ρ↓ûΥ
ΚôγÓΞÕ ≅Ξ′Υλ−

ΒΥχΚλ

1≅ΩÏ



MOTION6

1.1.1 MOTION ALONG A STRAIGHT LINE

The simplest type of motion is the motion
along a straight line. We shall first learn to
describe this by an example. Consider the
motion of an object moving along a straight
path. The object starts its journey from O
which is treated as its reference point
(Fig.  1.1).  Let  A,  B  and  C  represent  the
position of the object at different instants. At
first, the object moves through C and B and
reaches A. Then it moves back along the same
path and reaches C through B.

are used to describe the overall motion of an
object and to locate its final position with
reference to its initial position at a given time.

Activity ______________ 1.3
• Take a metre scale and a long rope.
• Walk from one corner of a basket-ball

court to its oppposite corner along its
sides.

• Measure the distance covered by you
and magnitude of the displacement.

• What difference would you notice
between the two in this case?

Activity ______________ 1.4
• Automobiles are fitted with a device

that shows the distance travelled. Such
a device is known as an odometer. A
car is driven from Bhubaneshwar to
New Delhi. The difference between the
final reading and the initial reading of
the odometer is 1850 km.

• Find the magnitude of the displacement
between Bhubaneshwar and New Delhi
by using the Road Map of India.

The total path length covered by the object
is OA + AC, that is 60 km + 35 km = 95 km.
This is the distance covered by the object. To
describe distance we need to specify only the
numerical value and not the direction of
motion. There are certain quantities which
are described by specifying only their
numerical values. The numerical value of a
physical quantity is its magnitude. From this
example, can you find out the distance of the
final position C of the object from the initial
position O? This difference will give you the
numerical value of the displacement of the
object from O to C through A. The shortest
distance measured from the initial to the final
position of an object is known as
the displacement.

Can the magnitude of the displacement be
equal to the distance travelled by an object?
Consider the example given in (Fig. 1.1). For
motion of the object from O to A,  the distance
covered is 60 km  and the magnitude of
displacement is also 60 km. During its motion
from O to A and back to B, the distance covered
=  60  km  +  25  km  =  85  km  while  the

Fig. 1.1: Positions of an object on a straight line path

magnitude of displacement = 35 km. Thus, the
magnitude of displacement (35 km) is not
equal to the path length (85 km). Further, we
will notice that the magnitude of the
displacement for a course of motion may be
zero but the corresponding distance covered
is not zero. If we consider the object to travel
back to O, the final position coincides with
the  initial  position,  and  therefore,  the
displacement is zero. However, the distance
covered in this journey is OA + AO = 60 km +
60 km = 120 km. Thus, two different physical
quantities—the distance and the displacement,
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1.1.1 ΙÚ úΡνúΚôγ⁄τ ÁÕ ùΣôÚ↓τ
      ΒΥχΚλ
 úΡνúΚôγÓ ΒΥχΚλ ΦτΣÕ ΒΥχΚιƒτ ΙÚ
Φ↓Υ ΞûΚΥôÏλ− ΒûΘ Ρôλ ΙÚ
ΦÓιÕχΚôγ⁄τ êΩλ ↑ΞςΤôΚ ≅°ϕÕ
ùΚôρúΞôλ− ΙÚ ùΣôÚρ úΡνúΚôγÓ ΣôûΘ♠ο
ΒΥδÏΞΘôΚ ΦÓιÕχ ùΚôρúΞôλ− ùΣôÚ↓τ
ΒΥχΚλû O Φàλ Ï°κ× ♣ûΩκ ×ρ↓♠←ÚϕÕ
ùΘôΟδÏΞΘôΚ ΦÓιÕχ ùΚôρúΞôλ− A, B Τσßλ
C ×ρ↓Κρ ùΞπúΞß úΡςδΚ↓ο ùΣôÚ↓τ
♣ûΩûΥχ Ï°χ€[Õ− ØΘ←ο ùΣôÚρ C Τσßλ
B ×ρ↓Κρ Ξ→ΥôΚ ΡΚνϕÕ A ×ρ↓ûΥ
≅ûΟ€[Õ− ♦∴× ≅úΘ ΣôûΘ♠ο ♦τúΡôχ€
ΡΚνϕÕ B ×ρ↓ Ξ→ΥôΚ C ×ρ↓ûΥ
≅ûΟ€[Õ−

úΤÛλ ùΚôÓχΚκΣγΟ úΡςιƒο ΙÚ
ùΣôÚ↓τ Βßƒ ♣ûΩûΥ+ ùΘôΟχΚ ♣ûΩûΥ
ΑΘôςΤôΚ ùΚôηÓ ΚηΟ°Υ Βπ↑ςηÓ
ΒΥσ♦Υο ≅ΖÜΚρ ΣΥτΣÓ€τ[∴−

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,,,1.3
• ÁγΟν ≅ΖÜúΚôο Τσßλ ¿ΖΤô∴

Κ♠σû[ ΦÓιÕχ ùΚôρΖÜλ−
• áûΟΣϕÕ ûΤΘô∴ιƒτ ΙÚ

êûΩ♠←ÚϕÕ ≅Θτ ΦƒνΣχΚ
êûΩχÏ ΡΟϕÕ ùΜοΩÜλ−

• ¿δΚρ ΚΟϕΘ ùΘôûΩÜ Τσßλ
ΒΟκùΣΥνε′♠τ ≅ΖÜ Α€ΥΞσû[
≅ΖϕÕ ùΚôρΖÜλ−

• ¿δΚρ ΒϕΘ ãθ♣ûΩΚ↓ο
Βπ↑ςηÓ ≅ΖÜΚÞχÏ ΒûΟ♠ο
Φτ∴ úΞßΣôγûΟ ΚΞ±ι¾νΚρ>

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,1.4
• ΞôΚ∴δΚ↓ο  ≅ûΞ  ΣΥ∞ιΘ

ùΘôûΩûΞχ ΚôγÓλ ΚÚ↑ûΥ
ùΣôÚιÕΞν− ≅Θû∴ ϑúΟôÁγΟν
Φτ€ú[ôλ− ×úΞ∴υΞ↔←ÚϕÕ
⁄ο←χÏ ΙÚ Κôν ΣΥΠκΣγΟ úΣôÕ
≅Θτ ϑúΟ ô ÁγΟ↔τ Βßƒ
≅Ζ↑σÏλ ùΘôΟχΚ ≅Ζ↑σÏλ
ΒûΟ♠Ωô∴ úΞßΣôÓ 074/ €−Á−

• ΒϕƒΥ ΜôûΩ ΞûςΣΟιûΘκ
ΣΥτΣÓιƒ ×Ξú∴υΞν Τσßλ
⁄ο←χÏ ΒûΟ♠Ωô∴ ΒΟκùΣΥνε′
≅ΖûΞ ΚηΟ°ΥÜλ−

ùΣôÚ↓∴ôο ΚΟχΚκΣγΟ ùΤôιΘ ΣôûΘ♠τ
¿ΖλÚ OA + AC,  5/€−Á∗24€−Á<84€−Á− ΒÕúΞ
ùΣôÚ↓∴ôο ΚΟχΚκΣγΟ ùΘôûΩÜ− ΙÚ
ùΣôÚ↓τ ùΘôûΩûΞ ↑Ξ↔χΚ Ρôλ Φη
ΤƒκûΣ ΤγÓλ Ï°κ♦ΟúΞηÓλ− ƒûΜûΥ
Ï°κ♦Ο úΘûΞ♠οûΩ− ′Ω ΒΥσ♦Υο
≅ΖÜΚûΖ ↑Ξ↔χΚ ≅Ξσ°τ Φη Τƒκ×ΚûΖ
ΤγÓλ Ï°κ♦ÓΞν− ΒΥσ♦Υο ≅Ζ↑τ Φη
ΤƒκúΣ ≅Θτ ≅ΖΞôÏλ− ΒϕΘ ΦÓιÕχΚôγ⁄ο
∆δΚΖôο ùΣôÚ↓τ ùΘôΟχΚ ♣ûΩ O
↑←ÚϕÕ ùΣôÚ↓τ Βßƒ ♣ûΩ C Ξûς♠Ωô∴
ùΘôûΩûΞ ΚηΟ°Υ Ø⁄ÙΤô> ΒϕΘ úΞßΣôÓ
ùΣôÚρ O ↑←ÚϕÕ C χÏ A Ξ→ΥôΚ
ΒΟκùΣΥνε′♠τ ΦηΤƒκûΣ ùΘ↔↑χÏλ−

ΙÚ ùΣôÚ↓τ ùΘôΟχΚ ♣ûΩ♠←ÚϕÕ
Βßƒ ♣ûΩχÏ ≅ΖχΚκΣÓλ ♥ΚχÏû[ϕΘ
ùΘôûΩûΞ ΒΟκùΣΥνε′ Φτ€ú[ôλ− ΙÚ
ùΣôÚ↓∴ôο ΣΥΠκΣγΟ ùΘôûΩÜ ≅Θτ
ΒΟκùΣΥνε′ ≅Ζ↑σÏ ΜΤΤôÏΤô> ΣΟλ ∋0−0(ο
ùΚôÓχΚκΣγÓρΖ ΦÓιÕχΚôγûΟ ΦÓιÕχ
ùΚôρΖÜλ− O ×ρ↓♠←ÚϕÕ A ×ρ↓χÏ
ùΣôÚ↓τ ΒΥχΚιƒ∴ôο ΚΟϕΘ ùΘôûΩÜ 5/
€−Á Τσßλ ≅Θτ ΒΟκùΣΥνε′ ≅ΖÜλ 5/
€−Á ùΣôÚρ O ↑←ÚϕÕ A χÏ Τσßλ ƒÚλΣ
BχÏ ΒΥδ€ΥΘôο ΚΟϕΘ
ùΘôûΩÜ<5/€−Á∗14€−Á<74€−Á− Α∴ôο

ΒΟκùΣΥνε′♠τ ≅ΖÜ<24€−Á

ΑΘΩôο ΒΟκùΣΥνε′♠τ ≅ΖÜ ∋24€−Á(
ΣôûΘ♠τ ¿ΖιƒσÏ ∋74€−Á( ΜΤΤôΚôÕ− ΙÚ
ΒΥχΚιƒτ ΒΟκùΣΥνε′♠τ ≅ΖÜ
éϖ≥ΥΤôΚΩôλ− Α∴ôο ΚΟχΚκΣγΟ ùΘôûΩÜ
éϖ≥ΥΤôΚôÕ ΦτΣûΘ Ρôλ ΚΞ±ιƒÚκúΣôλ−
ùΣôÚρ ♦τú∴ôχ€ ×ρ↓χÏ ΣΥΠκΣÓλúΣôÕ
≅Θτ Βßƒ ♣ûΩ ùΘôΟχΚ ♣ûΩÙΟτ
Ιτ°κúΣôΞΘôο ≅Θτ ΒΟκùΣΥνε′ éϖ≥Υλ−
Α∴ôο ≅κùΣôÚ↓∴ôο ΚΟχΚκΣγΟ ùΘôûΩÜ
ΦτΣÕ OA+AO 5/€−Á∗5/€−Á<01/€−Á ΑÏλ−
ΙÚ ùΣôÚ↓τ ΙγÓùΤôιΘ ΒΥχΚιûΘ ↑Ξ↔χΚ
Ρôλ ùΘôûΩÜ Τσßλ ΒΟκùΣΥνε′ Φàλ
ΒςηÓ ùΞπúΞß ΒΥσ♦Υο ≅ΖÜΚûΖ Ρôλ
ΣΥτΣÓιÕ€ú[ôλ−

ΣΟλ 0−0 úΡνúΚôγÓ ΣôûΘ♠ο ùΣôÚ↓τ ùΞπúΞß ♣ûΩΚρ

€−Á−



MOTION8

uestions
1. An object has moved through a

distance. Can it have zero
displacement? If yes, support
your answer with an example.

2. A farmer moves along the
boundary of a square field of side
10 m in 40 s.  What will  be the
magnitude of displacement of the
farmer at the end of 2 minutes 20
seconds from his initial position?

3. Which of the following is true for
displacement?
(a) It cannot be zero.
(b) Its magnitude is greater than

the distance travelled by the
object.

1.1.2 UNIFORM MOTION  AND NON-
UNIFORM MOTION

Consider an object moving along a straight
line. Let it travel 5 m in the first second,
5 m more in the next second, 5 m in the
third second and 5 m in the fourth second.
In this case, the object covers 5 m in each
second. As the object covers equal distances
in equal intervals of time, it is said to be in
uniform motion. The time interval in this
motion should be small. In our day-to-day
life, we come across motions where objects
cover unequal distances in equal intervals
of time, for example, when a car is moving
on a crowded street or a person is jogging
in a park. These are some instances of
non-uniform motion.

Activity ______________ 1.5

• The data regarding the motion of two
different objects A and B are given in
Table 1.1.

• Examine them carefully and state
whether the motion of the objects is
uniform or non-uniform.

Q

(a)

(b)
Fig. 1.2

Table 1.1

Time Distance Distance
travelled by travelled by

object A in m object  B in m

9:30 am 10 12
9:45 am 20 19
10:00 am 30 23
10:15 am 40 35
10:30 am 50 37
10:45 am 60 41
11:00 am 70 44

1.2 Measuring the Rate of Motion
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1. ΙÚ ùΣôÚρ Ï°♦γΟ ùΘôûΩÜ
ΣΥ∞ιΘÕ− ≅Θτ ΒΟκùΣΥνε′
éϖ≥ΥΤôÏΤô> Αλ Φ±ο
∆δΚρ ↑ûΟχÏ ΙÚ
ΦÓιÕχΚôγÓ ùΚôÓχΚÜλ−

2. ΙÚ ↑ΞΜô♠ 3/ ↑∴ô⁄Κ↓ο 0/Á
ΣχΚ ≅ΖÜûΟΥ ΜÕς ΞΥ←τ
ϑςιƒο ΡΟϕÕ ùΜο€[ôν −
↑ΞΜô♠τ ùΘôΟχΚ
♣ûΩ♠←ÚϕÕ 1 ♣♥ΟδΚρ 1/
↑∴ô⁄Κ↓τ Ø⁄↑ο
ΒΟκùΣΥνε′♠τ ≅ΖÜ Φτ∴>

3. •θùΚ ô Óχ Κ κΣ γÓρΖΞσ°ο
ΒΟκùΣΥνε′χÏ ΦÕ Μ↔>
( a ) ΒΟκùΣΥνε′ éϖ≥ΥΤôΚôÕ−
( b )  ΒΟκùΣΥνε′♠τ ≅ΖÜ

ùΣôÚρ ΣΥ∞ιΘ ùΘôûΩûΞ
↑Ο ≅ƒΚλ−

1.1.2 ≠ςô∴ ΒΥχΚλ Τσßλ ≠ςσ[
    ΒΥχΚλ

úΡνúΚôγ⁄ο ΙÚ ùΣôÚρ ΣΥΠκΣÓΞΘôΚ
ΦÓιÕχ  ùΚôρúΞôλ−  ØΘο  ↑∴ô⁄♠ο  4  Á
ùΘôûΩÜλ+ ΒςηΟôλ ↑∴ô⁄♠ο úΤÛλ 4 Á
ùΘôûΩÜλ êτ[ôλ ↑∴ô⁄♠ο ≅ÓιΘ 4 Á
ùΘôûΩÜλ ΡôτΚôλ ↑∴ô⁄♠ο ≅ÓιΘ 4 Á
ùΘôûΩÜλ ΣΥ∞ιΘΘôΚ ΚÚÕúΞôλ− ΒϕΘ
♣Κθ↑ο ùΣôÚρ ΙπùΞôÚ ùΡô⁄Ùλ 4 Á
ùΘôûΩûΞ ΚΟϕΘÕ− ΜΤΤô∴ Κ ôΩ
ΒûΟùΞ↓♠ο ΜΤΤô∴ ùΘôûΩûΞ ΙÚ ùΣôÚρ
ΚΟϕΘôο ≅κùΣôÚρ ≠ςô∴ ΒΥχΚιƒο ∆ρΖÕ
Φ∴Ωôλ− ΒϕΘ ΒΥχΚιƒο ΚôΩ ΒûΟùΞ↓ ♥Κχ
Ïû[Ü− Ρλ ≅τ[ôΟ Ξôθ↑ο ′Ω ùΣôÚγΚρ
ΜΤΤσ[ ùΘôûΩÜΚûΖ ΜΤΤô∴ ΚôΩ
ΒûΟùΞ↓♠ο ΚΟκΣûΘ Ρôλ ΣôνιƒÚχ€ú[ôλ−
ΦÓιÕχΚôγΟôΚ+ ùΡ↔Μο ♣û[ϕΘ ùΘÚ↑ο ΙÚ
Κôν ΒΥδÏΞÕ ∋≅( éδΚô↑ο ΙÚΞν ΡûΟκ
Σ♠σ′ ùΜµΞÕ− ΒûΞ ≠ςσ[ ΒΥχΚιûΘ
Ï°χÏλ ′Ω ♣ΚθÜΚρ−

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,1.5
• ≅γΟΞûΠ 0−0 ο A  Τσßλ B  Φàλ

ΒςηÓ ùΞπúΞß ùΣôÚγΚ↓τ
ΒΥχΚιûΘκ Σσ°Υ ΘΚΞοΚρ
ùΚôÓχΚκΣγÓρΖ∴−

• ≅Ξσû[ ΚΞ∴ΤôΚ ΑµÜ ùΜµÕ
ùΣôÚγΚ↓τ ΒΥχΚλ ≠ςô∴
ΒΥχΚΤô  ≅οΩÕ  ≠ςσ[  ΒΥχΚΤô
ΦτΣûΘ ùΘ↔↑−

 ≅γΟΞûΠ 0−0

  úΡςλ       ùΣôÚρ  A        ùΣôÚρ B

           ΚΟϕΘ  ùΘôûΩÜ    ΚΟϕΘ  ùΘôûΩÜ
∋Á( ∋Á(

 9:30 am 10 12
9:45 am 20 19
10:00 am 30 23
10:15 am 40 35
10:30 am 50 37
10:45 am 60 41
11:00 am 70 44

1.2  ΒΥχΚιƒτ ÅΘιûΘ ≅ΖιΘο

Τ , ΣϕûΘ Å′Υ úΞΚλ

(b)

ΣΟλ 1.2

úΞΚΦοûΩ
€−Á−/Τ
€−Á−/

€−Á−/Τ , ΣϕûΘ Å′Υ úΞΚλ
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Look at the situations given in Fig. 1.2.
If the bowling speed is 143 km h–1 in Fig.
1.2(a) what does it mean? What do you
understand from the signboard in Fig. 1.2(b)?

Different objects may take different
amounts of time to cover a given distance.
Some of them move fast and some move
slowly. The rate at which objects move can
be different. Also, different objects can move
at the same rate. One of the ways of
measuring the rate of motion of an object is
to find out the distance travelled by the object
in unit time. This quantity is referred to as
speed. The SI unit of speed is metre per
second. This is represented by the symbol
m s–1 or m/s. The other units of speed include
centimetre per second (cm s–1) and kilometre
per hour (km h–1). To specify the speed of an
object, we require only its magnitude. The
speed of an object need not be constant. In
most cases, objects will be in non-uniform
motion. Therefore, we describe the rate of
motion of such objects in terms of their
average speed. The average speed of an object
is obtained by dividing the total distance
travelled by the total time taken. That is,

average speed = 
Total distance travelled

Total time taken

If an object travels a distance s in time t then
its speed v is,

v = 
s
t

(1.1)

Let us understand this by an example. A
car travels a distance of 100 km in 2 h. Its
average speed is 50 km h–1. The car might
not have travelled at 50 km h–1 all the time.
Sometimes it might have travelled faster and
sometimes slower than this.

Example 1.1 An object travels 16 m in 4
s and then another 16 m in 2 s. What
is the average speed of the object?

Solution:

Total distance travelled by the object =
16 m + 16 m = 32 m
Total time taken = 4 s + 2 s = 6 s

Average speed = 
Total distance travelled

Total time taken

= 
32 m
6 s = 5.33 m s–1

Therefore, the average speed of the object
is 5.33 m s–1.

1.2.1 SPEED WITH DIRECTION

The rate of motion of an object can be more
comprehensive if we specify its direction of
motion along with its speed. The quantity that
specifies both these aspects is called velocity.
Velocity is the speed of an object moving in a
definite direction. The velocity of an object
can be uniform or variable. It can be changed
by changing the object’s speed, direction of
motion or both. When an object is moving
along a straight line at a variable speed, we
can express the magnitude of its rate of
motion in terms of average velocity. It is
calculated in the same way as we calculate
average speed.

In case the velocity of the object is
changing at a uniform rate, then average
velocity is given by the arithmetic mean of
initial velocity and final velocity for a given
period of time. That is,

average velocity = 
initial velocity + final velocity

2

Mathematically, v av  = 
u + v

2
(1.2)

where v
av
 is the average velocity, u is the initial

velocity and v is the final velocity of the object.
Speed and velocity have the same units,

that is, m s–1 or m/s.

Activity ______________ 1.6
• Measure the time it takes you to walk

from your house to your bus stop or
the school. If you consider that your
average walking speed is 4 km h–1,
estimate the distance of the bus stop
or school from your house.
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ΣΟλ 0−1ο ùΚôÓχΚκΣγÓρΖ ãθ♣ûΩΚûΖ
ΣôνχΚÜλ− ΣΟλ 0−1 (a)ο ΣϕÕ Åε′τ úΞΚλ
032 €−Á/Τ∞ Φ±ο ΒÕ ΦûΘχ Ï°χÏλ>
ΣΟλ 0−1 ∋b(ο ∆ρΖ Ï°κ× ΣΩûΚ♠←ÚϕÕ ¿
Φτ∴ ×↔ϕÕ ùΚôηΟôµ>

ùΞπúΞß ùΣôÚγΚρ ùΚôÓχΚκΣγΟ
ùΘôûΩûΞ ΚΟκΣΘσÏ ùΞπúΞß ΚôΩ
≅ΖÜΚûΖ ΦÓιÕχ ùΚôρÞλ− ′Ω ùΣôÚγΚρ
úΞΚΤôΚÜλ ′Ω ùΣôÚγΚρ ùΤÕΞôΚÜλ ΡΚÚλ−
ùΣôÚγΚρ ΒΥδÏλ ÅΘλ ùΞπúΞ[ôΚ ΒÚχÏλ−
ùΞπúΞß ùΣôÚγΚρ ΜΤΤô∴ ÅΘιƒο ΒΥδÏλ−
ΙÚ ùΣôÚ↓τ ΒΥχΚιƒτ ÅΘιûΘ ≅ΖχΚ
≅κùΣôÚρ ϑςΩÏ ΚôΩιƒο ΣΥΠκΣγΟ
ùΘôûΩûΞ ΚηΟ°ΞÕ ΙÚ Øû[ΥôÏλ− ΒϕΘ
≅ΖûΞ Ρôλ úΞΚλ Φτ€ú[ôλ− úΞΚιƒτ SI
≅ΩÏ ÁγΟν / ↑∴ô⁄ ΑÏλ− ΒΘû∴ Ï°ÂγÓ
Ξ⁄↑ο Á ↑–1 ∋≅( Á/↑ Φ∴ Ï°κΣν− úΞΚιƒτ
Τσ[ ≅ΩÏΚρ ùΜτ⁄ÁγΟν/↑∴ô⁄ ∋ùΜÁ ↑–1(
Τσßλ €úΩôÁγΟν/Τ∞χÏ ∋€ Á Τ–1( ùΣôÚ↓τ
úΞΚιûΘι ùΘ↔↑χΚ ≅Θτ Φη Τƒκ× ΤγÓλ
úΘûΞ ùΣôÚ↓τ úΞΚλ ♣ûΩΥô∴ΘοΩ−
ùΣôÕΞôΚ ùΣôÚγΚρ ≠ςσ[ ΒΥχΚιƒο
ΒÚχÏλ− ΑΘΩôο ≠ςσ[ ΒΥχΚιƒο ∆ρΖ
ùΣôÚγΚ↓τ ΒΥχΚιƒτ ÅΘιûΘ ≅Ξσ°τ
ΜςôΜ↔ úΞΘΚιûΘχ ùΚôηÓ ↑Ξ↔κΣν− ΙÚ
ùΣôÚ↓τ ΜςôΜ↔ úΞΚλ ≅κùΣôÚρ ΚΟϕΘ
ùΤôιΘ ùΘôûΩûΞ ≅κùΣôÚρ ΚΟχΚ
ΦÓιÕχùΚôηΟ ùΤôιΘ úΡςιûΘχ ùΚôηÓ
ΞÏκΣƒ∴ôο €ûΟχÏλ ≅ΘôΞÕ

ΜςôΜ↔  úΞΚλ  <  ΣΥΠκΣγΟ  ùΤôιΘ  ùΘôûΩÜ

          ΦÓιÕχùΚôηΟ  ùΤôιΘ  ΚôΩλ

ΙÚ ùΣôÚρ s  ùΘôûΩûΞ t ΚôΩιƒο
ΚΟϕΘôο ≅Θτ úΞΚλ v ΦτΣÕ

               v = 
s
t

(1.1)

ϑν ΦÓιÕχΚôγ⁄τ êΩλ Ρôλ ΒûΘ
×↔ϕÕχ ùΚôρΖΩôλ− ΙÚ Κôν 0// €−Á
ùΘôûΩûΞ 1 Τ∞ úΡςιƒο ΚΟχ€[Õ− ≅Θτ
ΜςôΜ↔ úΞΚλ 4/€−Á/Τ−  Κôν ùΘôΟνϕÕ
4/€−Á/Τ úΞΚιƒο ΣΥ∞χΚ↑οûΩ− ′Ω
ΜΤΥδΚ↓ο ΒûΘ↑Ο úΞΚΤôÜλ ′Ω
ΜΤΥδΚ↓ο ΒûΘ↑Ο ùΤÕΞôΚÜλ ΣΥ∞χ€[Õ−

Φ−Κ−  0−0  ΙÚ  ùΣôÚρ  05  ÁγΟûς  3
↑∴ô⁄Κ↓ο ΣΥ∞χ€[Õ− úΤÛλ ≅ÓιΘ 05
ÁγΟûς 1 ↑∴ô⁄Κ↓ο ΣΥ∞χ€[Õ− ùΣôÚ↓τ
ΜςôΜ↔ úΞΚλ ΦπΞΖÜ>

¾νÜ 9 ùΣôÚρ ΣΥ∞ιΘ ùΤôιΘ ùΘôûΩÜ
         < 05Á ∗ 05Á < 21 Á
ΦÓιÕχùΚôηΟ ùΤôιΘ ΚôΩλ<3↑∗1↑<5↑

ΜςôΜ↔  úΞΚλ  <  ΣΥΠκΣγΟ  ùΤôιΘ  ùΘôûΩÜ

          ΦÓιÕχùΚôηΟ  ùΤôιΘ  ΚôΩλ

              = 
3 2
6 = 5.33 Á− ↑–1

ΑΘΩôο  ùΣôÚ↓τ  ΜςôΜ↔  úΞΚλ  4−22  Á−↑–1

1.2.1 ƒûΜÙΟτ á⁄Υ úΞΚλ

ΙÚ  ùΣôÚ↓τ  ΒΥχΚιƒτ  ÅΘλ  ≅ϕΘ
ùΣôÚ↓τ ΒΥχΚιƒτ úΞΚιûΘ ƒûΜÙΟτ
Ï°κ♦ÓΞΘτ êΩλ ↑ΞςΤôΚ ùΣ[Ωôλ− ƒûΜ
Τσßλ úΞΚλ ΒϕΘ ΒςηûΟÙλ Ï°χÏλ
≅ΖûΞ ƒûΜúΞΚλ Φτ€ú[ôλ− ƒûΜúΞΚλ
ΦτΣÕ Ï°κ♦γΟ ƒûΜ♠ο ΡΚÚλ ùΣôÚ↓τ
úΞΚλ ΑÏλ− ΙÚ ùΣôÚ↓τ ƒûΜúΞΚλ
≠ςô∴ΘôΚ ΒÚχΚΩôλ ≅οΩÕ ΤôßΣÓΞΘôΚ
ΒÚχΚΩôλ− ΙÚ ùΣôÚ↓τ ƒûΜúΞΚιûΘ
≅κùΣôÚ↓τ úΞΚλ+ ΣΥ∞χÏλ ƒûΜ ≅οΩÕ
ΒςηûΟÙλ ΤôσßΞΘτ êΩλ Τôσ[Ωôλ− ΙÚ
ùΣôÚρ úΡνúΚôγ⁄ο ♣ûΩΥσ[ úΞΚιƒο ΡΚÚλ
úΣôÕ ≅Θτ ΒΥχΚιƒτ Τôσ[ιƒτ ÅΘ ΤƒκûΣ
≅Θτ ΜςôΜ↔ ƒûΜúΞΚιƒο Ï°κΣν− ΜςôΜ↔
úΞΚιûΘχ ΚΠχ€ÓΞÕ úΣôΩúΞ ΜςôΜ↔
ƒûΜúΞΚιûΘÙλ ΚΠχ€ÓΞν−

ΙÚ ùΣôÚ↓τ ƒûΜúΞΚλ ≠ςô∴ ÅΘιƒο Τôσ[
ΤûΟϕΘôο ≅Θτ ΜςôΜ↔ ƒûΜúΞΚλ
ùΚôÓχΚκΣγΟ ΚôΩιƒο ≅κùΣôÚ↓τ ùΘôΟχΚ
Τσßλ Βßƒ ƒûΜúΞΚιƒτ áγÓ ΜςôΜ↔χÏ
ΜΤΤôÏλ−

ΜςôΜ↔ƒûΜúΞΚλ = 
initial velocity +finalvelocity

2

        v av   = 
u + v

2
(1.2)

Βƒο v
av
 ΜςôΜ↔ ΦτΣÕ ΜςôΜ↔ ƒûΜúΞΚλ+ u

ΦτΣÕ ùΣôÚ↓τ ùΘôΟχΚ ƒûΜúΞΚλ v ΦτΣÕ
ùΣôÚ↓τ Βßƒ ƒûΜúΞΚλ−

úΞΚλ Τσßλ ƒûΜúΞΚλ ΒςηÓλ Ιúς
≅ΩÏΚûΖκ ùΣσ°ÚχÏλ Á/↑ ∋≅( Á−↑−–1

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,1.6
• ∆δΚρ Åγ⁄←ÚϕÕ ∆δΚρ úΣÚϕÕ

♣ßιΘλ ≅οΩÕ ∆δΚρ Σρ↓χÏ
ΡΟϕÕ ùΜοΩ ΦÓιÕχùΚôρÞλ
úΡςιûΘ Ï°ιÕχùΚôρ− ∆δΚρ
ΜςôΜ↔  ΡûΟ♠τ  úΞΚλ  3  €−Á  40
Φ±ο  úΣÚϕÕ  ♣ßιΘλ  ∋≅ (
Σρ↓♠←ÚϕÕ ∆δΚρ Åγ⁄σΚô∴
ùΘôûΩûΞ ΚΠχ€Ó−

↑

ùΘôΟχΚƒûΜúΞΚλ∗ΒßƒƒûΜúΞΚλ

Á
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= ´ ´50
km 1000m 1h

h 1km 3600s

= 13.9 m s–1

The average speed of the car is
50 km h–1 or 13.9 m s–1.

Example 1.3 Usha swims in a 90 m long
pool. She covers 180 m in one minute
by swimming from one end to the other
and back along the same straight path.
Find the average speed and average
velocity of Usha.

Solution:
Total distance covered by Usha in 1 min
is 180 m.
Displacement of Usha in 1 min = 0 m

Average speed = 
Total distance covered

Totaltimetaken

= ´
180m 180 m 1 min

=
1min 1min 60s

= 3 m s-1

Average velocity = 
Displacement

Total timetaken

= 
0m

60 s

= 0 m s–1

The average speed of Usha is 3 m s–1

and her average velocity is 0 m s–1.

1.3 Rate of Change of Velocity
During uniform motion of an object along a
straight line,  the velocity remains constant
with time. In this case, the change in velocity
of the object for any time interval is zero.
However, in non-uniform motion, velocity
varies with time. It has different values at
different instants and at different points of
the path. Thus, the change in velocity of the
object during any time interval is not zero.
Can we now express the change in velocity of
an object?

Activity ______________ 1.7
• At a time when it is cloudy, there may

be frequent thunder and lightning. The
sound of thunder takes some time to
reach you after you see the lightning.

• Can you answer why this happens?
• Measure this time interval using a

digital wrist watch or a stop watch.
• Calculate the distance of the nearest

point of lightning. (Speed of sound in
air = 346 m s-1.)

uestions
1. Distinguish between speed and

velocity.
2. Under what condition(s) is the

magnitude of average velocity of
an object equal to its average
speed?

3. What  does  the  odometer  of  an
automobile measure?

4. What does the path of an object
look like when it is in uniform
motion?

5. During an experiment, a signal
from a spaceship reached the
ground station in five minutes.
What  was  the  distance  of  the
spaceship from the ground
station? The signal travels at the
speed of light, that is, 3 ´ 108

m s–1.

Example 1.2 The odometer of a car reads
2000 km at the start of a trip and
2400 km at the end of the trip. If the
trip took 8 h, calculate the average
speed of the car in km h–1 and m s–1.

Solution:

Distance covered by the car,
s = 2400 km – 2000 km = 400 km
Time elapsed, t = 8 h
Average speed of the car is,

vav =  
400 km

8 h
=

s

t

= 50 km h–1

Q



ΒΥχΚλ 13

= ´ ´5 0
10 00 1

1 36 00

= 13.9 Á− ↑–1

Κô↔τ ΜςôΜ↔ úΞΚλ

50 €−Á− Τ−–1 ≅οΩÕ 13.9 Á− ↑–1.

ΦÓιÕχΚôγÓ 0−2  9  ∆_ô  8/  Á−  ¿ΖØρΖ
¿εΜο ÏΖιƒο ¿ϕÕ€[ôρ− ∆_ô ¿εΜο
ÏΖιƒτ ΙÚ Øû∴♠←ÚϕÕ Τσù[ôÚ
Øû∴χÏ úΡνúΚôγ⁄ο ¿ϕƒ+ ƒÚλΣÜλ ≅úΘ
ΣôûΘ♠ο ¿ϕƒ ùΘôΟχΚ ×ρ↓ûΥ 0 ♣♥Οιƒο
07/ Á− ΚΟχ€[ôρ+ ∆_ô↑τ ΜςôΜ↔ úΞΚλ
Τσßλ ΜςôΜ↔ ƒûΜúΞΚιûΘ ΚΠχ€Ó−
¾νÜ:

 0 ♣♥Οιƒο ∆_ô ΚΟϕΘ ùΤôιΘ ùΘôûΩÜ

                             <07/ Á−

1 ♣♥Οιƒο ∆_ô↑τ ΒΟκùΣΥνε′</ Á−

ΜςôΜ↔ úΞΚλ = 
Total distance covered

Totaltimetaken

= ´
1 8 0 1 8 0 1

=
1 1 6 0

= 3 Á− ↑-1

ΜςôΜ↔ ƒûΜúΞΚλ = 
Displacement

Total timetaken

= 
0

60

= 0 Á− ↑–1

∆_ô↑τ ΜςôΜ↔ úΞΚλ− 3 Á− ↑–1

≅Ξ↓τ ΜςôΜ↔ ƒûΜúΞΚλ 0 Á− ↑–1.

0−2 ƒûΜúΞΚιƒτ Τôσ[ιƒτ ÅΘλ
ΙÚ ùΣôÚρ ≠ςô∴ ΒΥχΚιƒο úΡνúΚôγ⁄ο
ΒΥδÏλúΣôÕ ΚôΩιûΘκ ùΣôÚιÕ ≅Θτ
ƒûΜúΞΚλ ♣ûΩΥôΚ ΒÚχÏλ− ≠ςô∴
ΒΥχΚιƒο ùΣôÚ↓τ ƒûΜúΞΚιƒτ Τôσ[λ
éϖ≥Υλ− Α∴ôο ΚôΩιûΘ ùΣôÚιÕ ≠ςσ[
ΒΥχΚιƒο ƒûΜúΞΚλ Τôσ[ΤûΟÙλ− ΒÕ
ùΞπúΞß ΚôΩδΚ↓ο ΣôûΘ♠τ ùΞπúΞß
×ρ↓Κ↓ο ΤôßΣγΟ Τƒκ×ΚûΖκ ùΣσ°ÚχÏλ
ΑΘΩôο ùΣôÚ↓τ ƒûΜúΞΚιƒτ Τôσ[λ
éϖ≥ΥΤôΚôÕ− ΙÚ ùΣôÚ↓τ ƒûΜúΞΚιƒτ
Τôσ[ιûΘ ΡλΤôο ùΘ↔↑χΚ Ø⁄ÙΤô>

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,1.7
• Ξô∴λ úΤΚêγΟιÕΟτ ΚôΠκΣÓλ

úΣôÕ  ′Ω  ΜΤΥδΚ↓ο  Β⁄  Τσßλ
♥τ∴ο úΘôτß€[Õ− ¿δΚρ ♥τ∴ο
ΣôνιΘ ′°Õ úΡςιƒσÏ ♦[Ï
∆δΚΖôο Β⁄♠τ Ι←ûΥχ úΚγΚ
Ø⁄Ùλ−

• Γτ  ≅πΞôß  ΡûΟùΣß€[Õ  Φ∴
∆δΚΖôο ↑ûΟΥ↓χΚ Ø⁄ÙΤô>

• ûΚ Κ⁄Κ ôςλ ≅οΩÕ ♣ßιÕ
Κ⁄ΚôςιûΘκ ΣΥτΣÓιƒ ≅ϕΘ ΚôΩ
ΒûΟùΞ↓ûΥ ≅ΖϕÕ ùΚôρΖÜλ−

• ♥τ∴←τ Ïß€Υ ×ρ↓χΚô∴
ùΘôûΩûΞ ΚΠχ€Ó− Κôσ°ο
Ι←♠τ úΞΚλ<235 Á−↑–1

  0 − úΞΚλ Τσßλ ƒûΜúΞΚλ
Α€ΥΞσ°σÏ ΒûΟ♠Ωô∴
úΞßΣôÓΚûΖι ùΘ↔↑−

2. ΙÚ ùΣôÚ↓τ ΜςôΜ↔ ƒûΜ−
úΞΚιƒτ ≅ΖÜ ΦκúΣôÕ ≅Θτ ΜςôΜ↔
úΞΚιƒσÏ ΜΤΤôÏλ>

3. ΞôΚ∴ιƒο ùΣôÚιΘκΣγ⁄ÚχÏλ
ϑúΟôÁγΟν ΦûΘ ≅ΖχΚκ ΣΥτΣÓ€[Õ>

4. ΙÚ ùΣôÚρ ≠ςô∴ ΒΥχΚιƒο
∆ρΖúΣôÕ ≅Θτ ΣôûΘ ΦπΞôß
úΘôτßλ>

5. ΙÚ Σ↔úΜôΘû∴♠τ úΣôÕ
↑ηΚΩιƒ←ÚϕÕ ΞÚλ Μ♥χûΝΚρ
Θûς ♣ûΩΥιûΘ ≅ûΟΥ 4 ♣♥ΟδΚρ
ΦÓιÕχ ùΚôρ€[Õ− ↑ηùΞ↓ Θûς
♣ûΩΥιƒ←ÚϕÕ ↑η ΚΩιƒσÏ
ΒûΟ♠Ωô∴ ùΘôûΩÜ ΦπΞΖÜ>
Μ♥χûΝΚρ Ι↓♠τ úΞΚιƒο 3 ´ 108

Á−↑,0 ΣΥΠκΣÓ€[Õ−

Φ−Κô− 0−1 Κô↔ο ùΣôÚιΘκΣγ⁄ÚχÏλ ϑúΟôÁγΟν
ΣΥΠιƒτ ùΘôΟχΚιƒο 1/// €−Á ≅ΖûΞ
ΚôγÓ€[Õ− ΣΥΠιƒτ Ø⁄↑ο 13// €−Á
≅ΖûΞχ ΚôγÓ€[Õ − ΣΥΠλ Ø⁄Υ
ΦÓιÕχùΚôηΟ úΡςλ 7 Τ∞ Φ±ο Κô↔τ
ΜςôΜ↔ úΞΚιûΘ €−Á− Τ–1 Τσßλ Á−↑–1 , ο
ΚΠχ€Ó>

¾νÜ9 Κô↔∴ôο ΚΟχΚκΣγΟ ùΘôûΩÜ
s = 2400 €−Á,1/// €−Á < 3//€−Á

   ΦÓιÕχùΚôηΟΚôΩλ t = 8 Τ∞Κρ
   Κô↔τ ΜςôΜ↔ úΞΚλ

v 
ΜςôΜ↔

 =  =
400

8
s

t

¿ì.MT.

>+· .

             =  4/ €−Á− Τ−–1

↑∴ôχΚρ

  ΒΟκùΣΥνε′

  ùΤôιΘúΡςλ

 €−Á
  Τ

  Á−

 €−Á

  Τ

  ↑

ΚΟϕΘ ùΤôιΘ ùΘôûΩÜ
 ΦÓιÕχùΚôηΟ úΡςλ

 Á

 ♣
 ♣
 ↑

 Á
 ♣

 ♣

 ↑

 €−Á
Τ
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To answer such a question, we have to
introduce another physical quantity called
acceleration, which is a measure of the
change in the velocity of an object per unit
time. That is,

acceleration =
change in velocity

time taken

If the velocity of an object changes from
an initial value u to the final value v in time t,
the acceleration a is,

v – u
a =

t
(1.3)

This  kind  of  motion  is  known  as
accelerated motion. The acceleration is taken
to be positive if it is in the direction of velocity
and negative when it is opposite to the
direction of velocity. The SI unit of
acceleration is m s–2 .

If an object travels in a straight line and
its velocity increases or decreases by equal
amounts in equal intervals of time, then the
acceleration of the object is said to be
uniform. The motion of a freely falling body
is an example of uniformly accelerated
motion. On the other hand, an object can
travel with non-uniform acceleration if its
velocity changes at a non-uniform rate. For
example, if a car travelling along a straight
road increases its speed by unequal amounts
in equal intervals of time, then the car is said
to be moving with non-uniform acceleration.

Activity ______________ 1.8
· In your everyday life you come across

a range of motions in which
(a) acceleration is in the direction of

motion,
(b) acceleration  is  against  the

direction of motion,
(c) acceleration is uniform,
(d) acceleration is non-uniform.

· Can you identify one example each
for the above type of motion?

Example 1.4 Starting from a stationary
position, Rahul paddles his bicycle to

attain a velocity of 6 m s–1 in 30 s. Then
he applies brakes such that the velocity
of the bicycle comes down to 4 m s-1 in
the next 5 s. Calculate the acceleration
of the bicycle in both the cases.

Solution:

In the first case:
initial velocity, u = 0 ;
final velocity, v = 6 m s–1 ;
time, t = 30 s .
From Eq. (7.3), we have

v – u
a =

t

Substituting the given values of u,v and
t in the above equation, we get

( )–1 –16m s – 0m s
=

30 s
a

= 0.2 m s–2

In the second case:
initial velocity, u = 6 m s–1;
final velocity, v = 4 m s–1;
time, t = 5 s.

Then, 
( )–1 –14m s – 6m s

=
5 s

a

= –0.4 m s–2 .
The acceleration of the bicycle in the
first case is 0.2 m s–2 and in the second
case, it is –0.4 m s–2.

uestions
1. When will you say a body is in

(i) uniform acceleration?  (ii) non-
uniform acceleration?

2. A bus decreases its speed from
80 km h–1 to 60 km h–1 in 5 s.
Find the acceleration of the bus.

3. A train starting from a railway
station and moving with uniform
acceleration attains a speed
40 km h–1 in 10 minutes. Find its
acceleration.

Q
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ΒϕΘ úΚρ↑χΚô∴ ↑ûΟûΥ ΚηΟ°Υ Ρôλ
ØÓχΚλ Φàλ Τσù[ôÚ ΒΥσ♦Υο ≅ΖûΞ
≅°ØΚκΣÓιΘ úΞηÓλ− ØÓχΚλ ΦτΣÕ ϑν
≅ΩÏ ΚôΩιƒο ùΣôÚ↓τ ƒûΜúΞΚιƒτ
Τôσ[ιƒτ ≅ΖÜ ΑÏλ−

ØÓχΚλ =
change in velocity

time taken

ΙÚ ùΣôÚ↓τ ƒûΜúΞΚλ ≅Θτ ùΘôΟχΚ
Τƒκ× u  ↑←ÚϕÕ  Βßƒ  Τƒκ×  v χÏ
t  ΚôΩιƒο Τôσ[ΤûΟϕΘôο ≅Θτ ØÓχΚλ a
ΦτΣÕ

v – u
a =

t (1.3)
ΒπΞûΚ ΒΥχΚιûΘ Ρôλ ØÓχΚκΣγΟ

ΒΥχΚλ Φτ€ú[ôλ− ΙÚ ùΣôÚ↓τ ØÓχΚλ
ƒûΜúΞΚιƒτ ƒûΜ♠ο ≅ûΤϕΘôο ≅Θτ
Τƒκ× úΡν ΤƒκΣôΚÜλ+ ƒûΜúΞΚιƒτ ƒûΜχÏ
ΦƒνƒûΜ♠ο ≅ûΤϕΘôο Φƒν ΤƒκΣôΚÜλ
ΦÓιÕχùΚôρΖκΣÓλ−ØÓχΚιƒτ ≅ΩÏ Á−↑–2

ΙÚ ùΣôÚρ úΡνúΚôγ⁄ο ΣΥΠκΣÓλ úΣôÕ
≅Θτ ƒûΜúΞΚιƒο ΜΤΤô∴ Κ ôΩ
ΒûΟùΞ↓♠ο ΜΤΤô∴ ≅ΖÜ ≅ƒΚ↔ιΘôο ∋≅(
Ïû[ϕΘôο ≅ϕΘκ ùΣôÚρ ≠ςô∴ ØÓχΚιƒο
∆ρΖÕ Φ∴Ωôλ− Θτ±εûΜΥôΚ ↑Ýλ
ùΣôÚ↓τ ΒΥχΚλ ≠ςô∴ ØÓχΚιÕΟτ á⁄Υ
ΒΥχΚιƒσÏ ΙÚ ΦÓιÕχΚôγÓ− ΙÚ ùΣôÚ↓τ
ƒûΜúΞΚιƒτ Τôσ[λ ≠ςσß ΒÚϕΘôο ≅ϕΘ
ùΣôÚρ ≠ςσ[ ØÓχΚιƒο ΒΥδÏ€[Õ Φ∴Ωôλ−
ΙÚ Κôν úΡςô∴ ΣôûΘ♠ο ΣΥΠκΣÓλúΣôÕ
ΜΤΤô∴ ΚôΩ ΒûΟùΞ↓♠ο ≅Θτ úΞΚλ
ΜΤΤσ[ ≅ΖÜΚ↓ο ≅ƒΚ↔ιΘôο ≅ϕΘ Κôν
≠ςσ[ ØÓχΚιƒο ΒΥδÏ€[Õ Φ∴Ωôλ−

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,1.8
· ∆δΚρ ≅τ[ôΟ Ξôθ↑ο ¿δΚρ

ΣΩ↑ΘΤô∴ ΒΥχΚδΚûΖκ
ΣôνιƒÚκÀνΚρ ≅Ξσßρ ΦûΞ

  ∋≅(ØÓχΚλ ΒΥχΚιƒτ ƒûΜ♠ο
 ∆ρΖÕ−

  ∋Α( ØÓχΚλ ΒΥχΚιƒτ Φƒν ƒûΜ♠ο
  ∆ρΖÕ−

   ∋Β( ≠ςô∴ ØÓχΚλ
   ∋Χ( ≠ςσ[ ØÓχΚλ
· úΤοá°Υ ΒΥχΚιƒτ ΞûΚ♠ο

ΙπùΞôτßχÏλ ΙÚ ΦÓιÕχΚôγûΟ
∆δΚΖôο á[Ø⁄ÙΤô>

Φ−Κô 0−3 ςôÏο Θ∴Õ ♥ƒΞη⁄ûΥ ϑµÜ
♣ûΩ♠←ÚϕÕ ♥ƒχΚι ùΘôΟδ€ 2/
↑∴ô⁄Κ↓ο 5 Á−↑–1 úΞΚιûΘ ≅ûΟϕΘôτ−

♦[Ï ♦úςχÏΚûΖ ùΜÛιÕΞΘτ êΩλ
♥ƒΞη⁄♠τ ƒûΜúΞΚλ ≅ÓιΘ 4 ↑∴ô⁄Κ↓ο
3 Á−↑–1 Ïû[ιΘôτ− Βπ↑Ú ♣ΚθÜΚ↓Ûλ
♥ƒΞη⁄♠τ ØÓχΚιûΘ ΚΠχ€Ó−
¾νÜ 9
ØΘο ♣Κθ↑ο9
ùΘôΟχΚ ƒûΜúΞΚλ  = 0
Βßƒ ƒûΜúΞΚλ v = 6 Á−↑-1

ΚôΩλ t = 30 ↑

ΜΤτΣôÓ ∋0−2(ο 
v – u

a =
t

u + v  Τσßλ t  Τƒκ×ΚûΖ úΤσá°Υ
ΜΤτΣôγ⁄ο ♦ςƒ♠γΟôο

( )–1 –16m s – 0m s
=

30 s
a

                        = 0.2 Á−↑–2

ΒςηΟôλ ♣Κθ↑ο9
ùΘôΟχΚ ƒûΜúΞΚλ u = 6 Á−↑-1

Βßƒ ƒûΜúΞΚλ v = 4 Á−↑-1

ΚôΩλ t = 5 ↑− Φ±ο

             
( )–1 –14m s – 6m s

=
5 s

a

= –0.4 Á−↑–2 .

ØΘο♣Κθ↑ο ♥ƒΞη⁄♠τ ØÓχΚλ/−1Á−↑–2

ΒςηΟôλ ♣Κθ↑ο ♥ƒΞη⁄♠τ ØÓχΚλ
,/−3 Á−↑−–2

  1. ∋i( ΙÚ ùΣôÚρ ΦκúΣôÕ ≠ςô∴
ØÓχΚιƒο   ∋ii( ≠ςσ[ ØÓχΚιƒο ∆ρΖÕ
Φ∴ ∆δΚΖôο á[ Ø⁄Ùλ>
  2. ΙÚ úΣÚϕƒτ úΞΚλ 4 ↑∴ô⁄Κ↓ο 7/
€−Á .Τ∞←ÚϕÕ 5/ €−Á .Τ∞χÏ Ïû[€[Õ−
úΣÚϕÕ ≅ûΟϕΘ ØÓχΚιûΘ ΚηÓ♦⁄−
  3. Βς♠ο ♣ûΩΥιƒ←ÚϕÕ Βς♠ο Ξη⁄
≠ςô∴  ØÓχΚιƒο  ΡΚςι  ùΘôΟδ€  0/
♣♥ΟδΚ↓ο 3/ €−Á Τ∞,0 úΞΚιûΘ
≅ûΟ€[Õ Φ±ο ≅Θτ ØÓχΚιûΘχ
ΚηÓ♦⁄−

ƒûΜúΞΚιƒτ Τôσ[λ

ΦÓιÕχùΚôηΟ ΚôΩλ

↑∴ôχΚρ

Á−↑

Á−↑

Á−↑

Á−↑

↑

↑
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1.4 Graphical Representation of
Motion

Graphs provide a convenient method to
present basic information about a variety of
events. For example, in the telecast of a
one-day cricket match, vertical bar graphs
show the run rate of a team in each over. As
you have studied in mathematics, a straight
line graph helps in solving a linear equation
having two variables.

To describe the motion of an object, we
can use line graphs. In this case, line graphs
show dependence of one physical quantity,
such as distance or velocity, on another
quantity, such as time.

1.4.1 DISTANCE–TIME GRAPHS

The change in the position of an object with
time can be represented on the distance-time
graph adopting a convenient scale of choice.
In this graph, time is taken along the x–axis
and distance is taken along the y-axis.
Distance-time graphs can be employed under
various conditions where objects move with
uniform speed, non-uniform speed, remain
at rest etc.

Fig. 1.3: Distance-time graph of an object moving
with uniform speed

We know that when an object travels equal
distances in equal intervals of time, it moves
with  uniform speed.  This  shows  that  the

distance travelled by the object is directly
proportional to time taken. Thus, for uniform
speed, a graph of distance travelled against
time is a straight line, as shown in Fig. 1.3.
The portion OB of the graph shows that the
distance is increasing at a uniform rate. Note
that, you can also use the term uniform
velocity in place of uniform speed if you take
the magnitude of displacement equal to the
distance travelled by the object along the
y-axis.

We can use the distance-time graph to
determine the speed of an object. To do so,
consider a small part AB of the distance-time
graph shown in Fig 1.3. Draw a line parallel
to the x-axis from point A and another line
parallel to the y-axis from point B. These two
lines meet each other at point C to form a
triangle ABC. Now, on the graph, AC denotes
the time interval (t

2 
– t

1
) while BC corresponds

to the distance (s
2 
– s

1
). We can see from the

graph that as the object moves from the point
A to B, it covers a distance (s

2 
– s

1
) in time

(t
2 
– t

1
). The speed, v of the object, therefore

can be represented as

v = 
2 1

2 1

–

–

s s

t t
(1.4)

We can also plot the distance-time graph
for accelerated motion. Table 1.2 shows the
distance travelled by a car in a time interval
of two seconds.

Table 1.2: Distance travelled by a
car at regular time intervals

Time in seconds Distance in metres

0 0

2 1

4 4

6 9

8 16

10 25

12 36
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0−3 ΒΥχΚιƒτ ΞûςΣΟ ↑ΖχΚλ
ΣΩ ♣ΚθÜΚûΖκ Σσ°Υ ≅⁄κΣûΟ

ΚÚιÕχΚûΖ ùΘ↔↑χΚ ΣΥτΣÓλ Φ↓Υ Øû[
ΞûςΣΟδΚρ ΑÏλ− ΙÚ Ρôρ €↔χùΚγ
úΣôγ⁄♠τ úΡς⁄ Ι↓Σςκ♦ο ΙπùΞôÚ ϑΞ↔ο
ΒςηÓ ≅∞Κρ ΦÓιΘ ϑγΟδΚ↓τ ÅΘιûΘ
ùΜδÏιÕ Σôν ΞûςΣΟδΚ↓ο ΚôγΟκΣÓλ−
ΒςηÓ Τô°ΚûΖ ∆ûΟΥ ΙÚΣ⁄ε ΜΤτΣôγûΟ
¾νχΚ Ρôλ úΡνúΚô γÓ ΞûςΣΟιûΘ
ΣΥτΣÓιÕΞûΘκ Σσ° Κ∞Θιƒο
Σ⁄ιÕρúΖôλ− ùΣôÚ↓τ ΒΥχΚιûΘ ↑Ξ↔χΚ
Ρôλ úΡνúΚôγÓ ΞûςΣΟδΚûΖ ΣΥτΣÓιΘΩôλ−
ΒπΞûΚ úΡνúΚôγÓ ΞûςΣΟδΚρ ùΘôûΩÜ ∋≅(
ƒûΜúΞΚλ Φàλ ΙÚ ΒΥσ♦Υο ≅ΖÜ ΚôΩλ
Φàλ Τσù[ôÚ ΒΥσ♦Υο ≅Ζ↑τ ÁÕ
ΑΘôςκΣγ⁄ÚκΣûΘ ùΘ↔↑χ€[Õ−

0−3−0 ùΘôûΩÜ-ΚôΩλ ΞûςΣΟδΚρ

ΚôΩιûΘκ ùΣôÚιÕ ΙÚ ùΣôÚ↓τ
♣ûΩ♠ο ΓσΣÓλ Τôσ[ιûΘ ùΘôûΩÜ,ΚôΩλ
ΞûςΣΟιƒο ΡΤχÏ úΘûΞΥô∴ ≅ΖÜúΚôûΩ
ΣΥτΣÓιƒ Ï°ιÕχùΚôρΖΩôλ− ΒϕΘ
ΞûςΣΟιƒο ΚôΩιûΘ x - ≅ε′Ûλ+

ùΘôûΩûΞ y - ≅ε′Ûλ ΦÓιÕχ ùΚôρΖ
úΞηÓλ− ≠ςô∴ úΞΚλ+ ≠ςσ[ úΞΚλ+ ϑµÜ
♣ûΩ úΣôτ[ ùΞπúΞß ãθ♣ûΩΚ↓ο
ùΣôÚ↓τ ΡΚνûΞ ùΘ↔↑χΚ ùΘôûΩÜ , ΚôΩλ
ΞûςΣΟδΚûΖκ ΣΥτΣÓιƒχ ùΚôρΖΩôλ−

ΣΟλ 0−2 9 ≠ςô∴ úΞΚιƒο ΡΚÚλ ùΣôÚ↓τ
ùΘôûΩÜ,ΚôΩλ ΞûςΣΟλ−

ΙÚ ùΣôÚρ ΜΤΤô∴ ΚôΩ ΒûΟùΞ↓♠ο
ΜΤΤô∴ ùΘôûΩÜΚûΖ ΚΟϕΘôο ≅κùΣôÚρ
≠ςô∴ úΞΚιƒο ΡΚν€[Õ Φ∴Ωôλ−

ΙÚ ùΣôÚ↓∴ôο ΣΥΠκΣγΟ ùΘôûΩÜ
≅κùΣôÚρ ΣΥΠκΣΟ ΦÓιÕχ ùΚôηΟ
ΚôΩιƒσÏ úΡν ΘΚ↑ο ΒÚχÏλ ΦτΣûΘχ
ΚôγÓ€[Õ− ΣΟλ 0−2ο Κôγ⁄ΥΣ⁄ ≠ςô∴ úΞΚιƒο
ΣΥΠκΣγΟ ùΣôÚÞχÏ ΞûςΥΣγΟ ùΘôûΩÜ
ΚôΩ ΞûςΣΟλ ΙÚ úΡνúΚôΟôÏλ− ΞûςΣΟιƒτ
OB ΣÏƒ  ≠ςô∴  ÅΘιƒο  ùΘôûΩ↑ο  ΓσΣγΟ
≅ƒΚ↔κûΣχ ΚôγÓ€[Õ−   y - ≅ε′ο ùΣôÚρ
ΣΥ∞χΚ ùΘôûΩ↑σÏ ΜΤΤô∴ ≅ΖÜûΟΥ
ΒΟκùΣΥνε′ûΥ ΦÓιÕχ ùΚôηΟôο ≠ςô∴
úΞΚιƒσÏ ΣƒΩôΚ ≠ςô∴ ƒûΜúΞΚλ Φàλ
ùΜοûΩ Ρôλ ΣΥτΣÓιΘΩôλ−

ΙÚ ùΣôÚ↓τ úΞΚιûΘ ΚηΟ°Υ
ùΘôûΩÜ,ΚôΩ ΞûςΣΟιûΘ Ρôλ
ΣΥτΣÓιΘΩôλ− ≅πΞôß ΚηΟ°Υ ΣΟλ 0−2ο
Κôγ⁄ΥΣ⁄ ùΘôûΩÜ , ΚôΩ ΞûςΣΟιƒτ ′°Υ
ΣÏƒΥô∴ AB ûΥ ΦÓιÕχ ùΚôρΖÜλ− A
×ρ↓♠←ÚϕÕ x - ≅εÑχÏ ΒûΠΥôΚ ΙÚ
úΚôÓ ΞûςΥÜλ−  B ×ρ↓♠←ÚϕÕ  y - ≅εÑχÏ
ΒûΠΥôΚ Τσù[ôÚ úΚôÓ ΞûςΥÜλ− Βπ↑Ú
úΚôÓΚÞλ C ×ρ↓♠ο Ιτû[ Ιτß ΜϕƒιÕ
ØχúΚôΠλ  ABC ûΥ ∆ÚΞôχÏλ− ΞûςΣΟιƒο
AC ΚôΩ ΒûΟùΞ↓ (t2-  t1) ûΥ Ï°χÏλ+ BC
ùΘôûΩÜ (s2- s1) ûΥχ Ï°χÏλ− ΙÚ ùΣôÚρ
A  ×ρ↓♠←ÚϕÕ B  ×ρ↓χÏ ΡΚνΞûΘ
ΡλΤôο ΞûςΣΟιƒο ΚôΠ Ø⁄Ùλ− ≅κùΣôÚρ
(t2 - t1) ΚôΩιƒο (s2 - s1) ùΘôûΩûΞχ ΚΟχ€[Õ−
ùΣôÚ↓τ úΞΚιûΘ •θΚηΟΞôß Ï°κ♦ΟΩôλ−

v = 
2 1

2 1

–

–

s s

t t
(1.4)

ØÓχΚκΣγΟ ΒΥχΚιƒσÏλ ΡλΤôο
ùΘôûΩÜ,ΚôΩ ΞûςΣΟλ ΞûςΥ Ø⁄Ùλ− ΒςηÓ
↑∴ô⁄Κρ ΚôΩ ΒûΟùΞ↓♠ο ΙÚ Κôν
ΣΥ∞ιΘ ùΘôûΩûΞ ≅γΟΞûΠ 0 −1
ΚôγΟκΣγÓρΖÕ−

≅γΟΞûΠ 0−1 ΜΤΤô∴ ΚôΩ ΒûΟùΞ↓♠ο
Κôν ΣΥ∞ιΘ ùΘôûΩÜ

 ΚôΩλ ↑∴ô⁄Κ↓ο     ùΘôûΩÜ ÁγΟνΚ↓ο

0 0

2 1

4 4

6 9

8 16

10 25

12 36

ç
ςλ

 
(€
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)

ΚôΩλ (♣)
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The distance-time graph for the motion
of the car is shown in Fig. 1.4. Note that the
shape of this graph is different from the earlier
distance-time graph (Fig. 1.3) for uniform
motion. The nature of this graph shows non-
linear variation of the distance travelled by
the car with time. Thus, the graph shown in
Fig 1.4 represents motion with non-uniform
speed.

1.4.2 VELOCITY-TIME GRAPHS

The variation in velocity with time for an object
moving in a straight line can be represented
by a velocity-time graph. In this graph, time is
represented along the x-axis and the velocity

is represented along the y-axis. If the object
moves at uniform velocity, the height of its
velocity-time graph will not change with time
(Fig. 1.5). It will be a straight line parallel to
the x-axis. Fig. 1.5 shows the velocity-time
graph for a car moving with uniform velocity
of 40 km h–1.

We know that the product of velocity and
time give displacement of an object moving
with uniform velocity. The area enclosed by
velocity-time graph and the time axis will be
equal to the magnitude of the displacement.

To know the distance moved by the car
between t ime t

1 and t
2 using Fig. 1.5, draw

perpendiculars from the points corresponding
to the time t

1
 and t2 on the graph. The velocity

of 40 km h–1 is represented by the height AC
or BD and the time (t

2 
– t

1
) is represented by

the length AB.
So, the distance s moved by the car in

time (t
2 
– t

1
) can be expressed as

s = AC × CD
= [(40 km h–1) × (t

2 
– t

1
) h]

= 40 (t
2
– t

1
) km

= area of the rectangle ABDC (shaded
in Fig. 1.5).

We can also study about uniformly
accelerated motion by plotting its velocity–
time graph. Consider a car being driven along
a straight road for testing its engine. Suppose
a person sitting next to the driver records its
velocity after every 5 seconds by noting the
reading of the speedometer of the car. The
velocity of the car, in km h–1 as  well  as  in
m s–1,  at different instants of time is shown
in table 1.3.

Table 1.3: Velocity of a car at
regular instants of time

Time Velocity of the car
  (s) (m s–1) (km h

–1
)

0 0 0
5 2.5 9
10 5.0 18
15 7.5 27
20 10.0 36
25 12.5 45
30 15.0 54

Fig. 1.4: Distance-time graph for a car moving with
non-uniform speed

Fig. 1.5: Velocity-time graph for uniform motion
of a car
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ΣΟλ 0−3ο Κô↔τ ΒΥχΚιƒσΚô∴ ùΘôûΩÜ,
ΚôΩλ ΞûςΣΟλ ΚôγΟκΣγÓρΖÕ− ≠ςô∴
ΒΥχΚιƒσÏ ΣΟλ 0−2ο ΚôγΟκΣγÓρΖ
ΞûςΣΟιƒ←ÚϕÕ ΒϕΘ ΞûςΣΟιƒτ Ξ⁄Ξλ
ΤôßΣγ⁄ÚκΣûΘ ΚΞ±ÙδΚρ− ΣΟλ 0−3ο ≠ςσ[
úΞΚιƒο ΒΥδÏλ ùΣôÚ↓τ ΞûςΣΟλ
ΚôγΟκΣγÓρΖÕ−
0−3−1− ƒûΜúΞΚλ , ΚôΩλ ΞûςΣΟδΚρ
úΡνúΚôγ⁄ο ΒΥδÏλ ùΣôÚ↓τ ƒûΜúΞΚλ
ΚôΩιûΘ ùΣôÚιÕ ΦπΞôß Τôσ[ΤûΟ€[Õ
ΦτΣûΘ ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟιƒο
Ï°χΚκΣÓ€[Õ− ΒπΞûςΣΟιƒο ΚôΩλ
x-≅ε′Ûλ+ ƒûΜúΞΚλ  y-≅ε′Ûλ
Ï°κ♦ΟκΣÓ€[Õ−

ΙÚ ùΣôÚρ ≠ςô∴ ƒûΜúΞΚιƒο ΒΥδÏλúΣôÕ
ΚôΩιûΘκ ùΣôÚιÕ ƒûΜúΞΚλ,ΚôΩλ
ΞûςΣΟιƒο ≅Θτ ∆Υςιƒο Φπ↑Θ Τôσ[Øλ
ΒÚχΚôÕ− ΒÕ x - ≅εÑχÏ ΒûΠΥô∴
úΡνúΚôΟôÏλ− 40 €−Á−Τ-1

 ≠ςô∴ ƒûΜúΞΚιƒο
ΒΥδÏλ Κô↔τ ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ
ΣΟλ 0−4ο ΚôγΟκΣγÓρΖÕ−
   ≠ςô∴ ƒûΜúΞΚιƒο ΒΥδÏλ ùΣôÚ↓τ
ΒΟκùΣΥνε′ ≅Θτ ƒûΜúΞΚλ Τσßλ ΚôΩιƒτ
ùΣÚχΚοΣΩàχÏ ΜΤλ ΦτΣûΘ Ρôλ
≅°úΞôλ− ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ Τσßλ
ΚôΩ ≅εÑ Α€ΥΞσ°∴ôο ≅ûΟΣÓλ ΣςκΣΖÜ
ΒΟκùΣΥνε′♠τ ΦηΤƒκ♦σÏ ΜΤΤôΚ
ΒÚχÏλ−

t
1
 Τσßλ t

2
 ΚôΩ ΒûΟùΞ↓♠ο Κôν ΡΚνϕΘ

ùΘôûΩûΞ ùΘ↔ϕÕχ ùΚôρΖ ΣΟλ 0−4
ΞûςΣΟιƒο t

1
 Τσ[λ t

2 
ΚôΩιƒσÏ ùΘôΟν×ûΟΥ

×ρ↓Κ↓←ÚϕÕ ùΜδÏιÕ úΚôÓΚûΖ
ΞûςΞΘτ êΩλ ùΘ↔ϕÕùΚôρΖΩôλ− 3/
€−Á−Τ,0 Κô↔τ ƒûΜúΞΚλ AC ∋≅(  BD
∆ΥςιΘôÛλ Τσßλ ΚôΩλ (t

2 
- t

1
), AB

¿ΖιΘôÛλ Ï°χΚκΣÓλ− ΑΘΩôο  (t
2 
- t

1
)

ΚôΩιƒο Κôν ΡΚνϕΘ ùΘôûΩÜ−
s = AC × CD

= [(40 €−Á− Τ–1) × (t
2 
– t

1
) Τ∞]

= 40 (t
2
– t

1
) €−Á−

   = ABDC ùΜπΞΚιƒτ ΣςκΣΖÜ ∋ΣΟλ 0−4ο
♣Ψ←ΟκΣγΟ ΣÏƒ(

ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟιûΘ ΞûςΞΘτ
êΩλ ≠ςô∴ ØÓχΚØûΟΥ ΒΥχΚιûΘκ
Σσ°Ùλ Ρôλ Κσßχ ùΚôρΖΩôλ− Κôν
Βτ≥û∴κ Σ↔úΜôƒχΚ úΡςô∴ ΜôûΩ♠ο
ΒΥχΚκΣÓ€[Õ− ϑγÓΡν ≅Ú€ο ∆γΚôνϕÕ
ΒÚχÏλ Τσù[ôÚ ΡΣν Κô↔ο ∆ρΖ
úΞΚΤô±ûΥκ ΣôνιÕ ΙπùΞôÚ
4 ↑∴ô⁄ΚÞχÏ ΙÚØû[ ≅Θτ ƒûΜúΞΚιûΘ
Ï°ιÕχ ùΚôρ€[ôν− ùΞπúΞß ΚôΩ úΡςδΚ↓ο
Κô↔τƒûΜúΞΚλ €−Á−Τ∞–1 Τσßλ Á−↑∴ô⁄–1

♠ο ≅γΟΞûΠ 0−2ο ΚôγΟκΣγÓρΖÕ−

≅γΟΞûΠ 0−2,ΜΤΤô∴ ΚôΩΒûΟùΞ↓Κ↓ο

Κô↔τ ƒûΜúΞΚλ

ΚôΩλ(s)         Κô↔τ ƒûΜúΞΚλ

         ∋Á−↑,0 (    ∋€−Á−Τ,0 (

0 0 0
5 2.5 9
10 5.0 18
15 7.5 27
20 10.0 36
25 12.5 45
30 15.0 54

ΣΟλ 0−3 ≠ςσ[ úΞΚιƒο ΒΥδÏλ Κô↔τ
ùΘôûΩÜ,ΚôΩ ΞûςΣΟλ−

ΣΟλ 0−4 ≠ςô∴ ΒΥχΚιƒÛρΖ Κô↔τ ƒûΜúΞΚλ
,ΚôΩλ ΞûςΣΟλ−

ΚôΩλ (Τ∞)
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In this case, the velocity-time graph for
the motion of the car is shown in Fig. 7.6.
The nature of the graph shows that velocity
changes by equal amounts in equal intervals
of time. Thus, for all uniformly accelerated
motion, the velocity-time graph is a
straight line.

Fig. 1.6: Velocity-time graph for a car moving with
uniform accelerations.

You can also determine the distance
moved by the car from its velocity-time graph.
The area under the velocity-time graph gives
the distance (magnitude of displacement)
moved by the car in a given interval of time.
If  the  car  would  have  been  moving  with
uniform velocity, the distance travelled by it
would be represented by the area ABCD
under the graph (Fig. 1.6). Since the
magnitude of the velocity of the car is
changing due to acceleration, the distance s
travelled by the car will be given by the area
ABCDE under the velocity-time graph
(Fig. 1.6).
That is,

s = area ABCDE
= area of the rectangle ABCD + area of

the triangle ADE

= AB × BC + 
1
2

(AD × DE)

In the case of non-uniformly accelerated
motion, velocity-time graphs can have any
shape.

Fig. 1.7: Velocity-time graphs of  an object in non-
uniformly accelerated motion.

Fig. 1.7(a) shows a velocity-time graph
that represents the motion of an object whose
velocity is decreasing with time while
Fig. 1.7 (b) shows the velocity-time graph
representing the non-uniform variation of
velocity of the object with time. Try to interpret
these graphs.

Activity ______________ 1.9
· The times of arrival and departure of

a train at three stations A, B and C
and the distance of stations B and C
from station A are given in Table 7.4.

Table 1.4: Distances of stations B
and C from A and times of arrival
and departure of the train

Station Distance Time of Time of
from A arrival departure
(km) (hours) (hours)

A 0 08:00 08:15
B 120 11:15 11:30
C 180 13:00 13:15

· Plot and interpret the distance-time
graph for the train assuming that its
motion between any two stations is
uniform.

V
el

oc
it

y
 (k

m
 h

–1
)
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ΣΟλ 0 − 5ο Κ ô↔τ ΒΥχΚιƒσΚ ô∴
ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ ΚôγΟκΣγÓρΖÕ−
ΜΤΤô∴ ΚôΩ ΒûΟùΞ↓Κ↓ο Κô↔τ ƒûΜúΞΚλ
ΜΤΤô∴ ≅ΖÜ Τôσ[ΤûΟΞûΘ ΞûςΣΟλ
ΚôγÓ€[Õ− ΑΘΩôο  ≠ςô∴ ØÓχΚκΣγΟ
ΒΥχΚδΚρ ≅û∴ιÕλ ƒûΜúΞΚλ,ΚôΩλ
ΞûςΣΟιƒο ΙÚ úΡνúΚôÓ ΑÏλ−

ΣΟλ 0−5 ≠ςô∴ ØÓχΚιƒο ΒΥδÏλ Κô↔τ
ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ−

ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟιƒ←ÚϕÕ Κôν
ΡΚνϕΘ ùΘôûΩûΞ ¿δΚρ ΚηΟ°ΥΩôλ−
≅πΞûςΣΟιƒο ∆ρΖ ΣςκΣΖÜ ùΚôÓχΚκΣγΟ
ΚôΩ ΒûΟùΞ↓♠ο Κôν ΡΚνϕΘ ùΘôûΩûΞ
∋ΒΟκùΣΥνε′♠τ Φη Τƒκ×( Ï°χ€[Õ− Κôν
≠ςô∴ ƒûΜúΞΚιƒο ΒΥδ€∴ôο ≅Õ
ΣΥΠκΣγΟ ùΘôûΩÜ ΞûςΣΟιƒο ∆ρΖ ABCD
ΣςκΣΖ↑∴ôο ùΘ↔↑χΚκΣÓ€[Õ ∋ΣΟλ 0−5(−
Κô↔τ ƒûΜúΞΚιƒτ Φη Τƒκ× ≅Θτ
ØÓχΚιƒ∴ôο Τôσ[ΤûΟΞΘôο Κôν ΣΥ∞ιΘ
ùΘôûΩΞô∴Õ ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟιƒο
∆ρΖ ΣςκΣΖÜ ABCDE êΩλ

ùΘ↔↑χΚκΣÓ€[Õ−

S =  ΣςκΣΖÜ  ABCDE

ùΜπΞΚιƒτ ΣςκΣΖÜ ABCD ∗
ØχúΚôΠιƒτ ΣςκΣΖÜ ADE

=  AB × BC + 
1
2

(AD × DE)

≠ςσ[ ØÓχΚ↑χΚκΣγΟ ΒΥχΚιƒο
ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟδΚρ ΦϕΘ ΙÚ
Ξ⁄ΞιûΘÙλ ùΚôη⁄ÚχÏλ−

ΣΟλ 0−6 ≠ςσ[ ØÓχÏ↑χΚκΣγΟ ΒΥχΚιƒο
∆ρΖ ùΣôÚ↓τ ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟδΚρ−

ΣΟλ 0−6 ∋≅( ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ
ΚôΩιûΘκ ùΣôÚιÕ ƒûΜúΞΚλ Ïû[Ùλ ΙÚ
ùΣôÚ↓τ ΒΥχΚιûΘχ ΚôγÓ€[Õ−

ΣΟλ 0−6 ∋Α( ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ
ΚôΩιûΘκ ùΣôÚιÕ ùΣôÚ↓τ ƒûΜúΞΚιƒο
ΓσΣÓλ ≠ςσ[ Τôσ[δΚûΖχ ΚôγÓ€[Õ−
ΒπΞûςΣΟδΚûΖ ↑ΖχΚ ØΥσ′χΚÜλ−

ùΜΥο,,,,,,,,,,,,,,,,,,,,,,1.9
· A, B Τσßλ C Φàλ êτß Βς♠ο

♣ûΩΥδΚ↓ο Βς♠←τ ΞÚûΚ
Τσßλ ×[κΣÓλ úΡςδΚρ Τσßλ  A
Βς♠ο ♣ûΩΥιƒ←ÚϕÕ B Τσßλ
C Βς♠ο ♣ûΩΥδΚ↓τ ùΘôûΩÜ
≅γΟΞûΠ 0 −3ο ùΚôÓχΚκ
ΣγÓρΖÕ−

≅γΟΞûΠ 0−3 A Φτ[ Βς♠ο ♣ûΩΥιƒ←ÚϕÕ
B Τσßλ C ♣ûΩΥδΚ↓τ ùΘôûΩÜ
Τσßλ Βς♠←τ ΞÚûΚ Τσßλ
×[κΣÓλ úΡςδΚρ−

Βς♠ο   A ↑←ÚϕÕ ΞÚûΚ       ×[κΣÓλ
♣ûΩΥλ ùΘôûΩÜ úΡςλ       úΡςλ

∋€−Á( ∋Τ∞Κρ( ∋Τ∞Κρ

   A 0 08:00 08:15
B 120 11:15 11:30
C 180 13:00 13:15

· ΓúΘàλ ΒςηÓ Βς♠ο ♣ûΩΥδΚÞχÏ
ΒûΟ♠Ωô∴ Βς♠←τ ΒΥχΚλ ≠ςô∴
ΒΥχΚλ Φ∴ Ε€ιÕχ ùΚôηÓ ùΘôûΩÜ,
ΚôΩλ ΞûςΣΟλ ΞûςϕÕ ↑ΖχΚÜλ−

ƒ
û
Μ
ú
Ξ
Κ
λ
Á
−↑

,0

ΚôΩλ

ƒ
û
Μ
ú
Ξ
Κ
λ

Á
−↑

,0

ΚôΩλ
(≅)

ΚôΩλ

ƒ
û

Μ
ú
Ξ

Κ
λ

€
−Á
−Τ
,0

(Α)

(S)

(S)

(S)
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4. What  is  the  quantity  which  is
measured by the area occupied
below the velocity-time graph?

1.5 Equations of Motion
When an object moves along a straight line
with uniform acceleration, it is possible to
relate its velocity, acceleration during motion
and the distance covered by it in a certain
time interval by a set of equations known as
the equations of motion. For convenience, a
set of three such equations are given below:

v = u + at (1.5)
s = ut + ½ at2 (1.6)
2  a s = v2 – u2 (1.7)

where u is the initial velocity of the object
which moves with uniform acceleration a for
time t, v is the final velocity, and s is the
distance travelled by the object in time t. Eq.
(1.5) describes the velocity-time relation and
Eq. (1.6) represents the position-time relation.
Eq. (1.7), which represents the relation
between the position and the velocity, can be
obtained from Eqs. (1.5) and (1.6) by
eliminating t. These three equations can be
derived by graphical method.

Example 1.5 A train starting from rest
attains a velocity of 72 km h–1 in  5
minutes. Assuming that the acceleration
is uniform, find (i) the acceleration and
(ii) the distance travelled by the train for
attaining this velocity.

Solution:

We have been given
u = 0 ; v = 72 km h–1 = 20 m s-1 and
t = 5 minutes = 300 s.
(i) From Eq. (7.5) we know that

( )v – u
a =

t

–1 –1

–2

20  m  s –  0 m s
=

300s

1
= m s

15

Activity _____________ 1.10
· Feroz and his sister Sania go to school

on their bicycles. Both of them start at
the same time from their home but take
different times to reach the school
although they follow the same route.
Table 7.5 shows the distance travelled
by them in different times

Table 1.5: Distance covered by Feroz
and Sania at different times on
their bicycles

Time Distance Distance
travelled travelled
by Feroz by Sania

(km) (km)

8:00 am 0 0

8:05 am 1.0 0.8

8:10 am 1.9 1.6

8:15 am 2.8 2.3

8:20 am 3.6 3.0

8:25 am – 3.6

Q
· Plot the distance-time graph for their

motions on the same scale and
interpret.

uestions
1. What is the nature of the

distance-time graphs for uniform
and non-uniform motion of an
object?

2. What can you say about the
motion of an object whose
distance-time graph is a straight
line parallel to the time axis?

3. What can you say about the
motion of an object if its speed-
time graph is a straight line
parallel to the time axis?
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4. ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟιƒο
ΚôγΟκΣγΟ •θΣÏƒ♠ο ∆ρΖ
ΣςκΣΖÜ ΦϕΘ ΒΥσ♦Υο ≅ΖûΞ
≅ΖχΚκ ΣΥτΣÓ€[Õ>

0−4 ΒΥχΚε ΜΤτΣôÓΚρ
≠ςô∴ ØÓχΚιÕΟτ úΡνúΚôγ⁄ο ΒΥδÏλ

ΙÚ ùΣôÚ↓τ ƒûΜúΞΚλ+ ØÓχΚλ+
ùΚôÓχΚκΣγΟ ΚôΩ ΒûΟùΞ↓♠ο ùΣôÚρ
ΣΥΠκΣγΟ ùΘôûΩÜ Α€Υ ≅û∴ιûΘÙλ
ùΘôΟν× ΣÓιΘχá⁄Υ ΜΤτΣôÓΚ↓τ
ùΘôÏƒûΥ ΒΥχΚε ΜΤτΣôÓΚρ Φτ€ú[ôλ−
êτß ΒΥχΚε ΜΤτΣôÓΚ↓τ ùΘôÏƒ •úΨ
ùΚôÓχΚκΣγÓρΖÕ−

v = u + at (1.5)
s = ut + ½ at2 (1.6)

2  a s = v2 – u2 (1.7)
 t ΚôΩιƒο a Φàλ ≠ςô∴ ØÓχΚιƒο

ΒΥδÏλ ùΣôÚ↓τ ùΘôΟχΚ ƒûΜúΞΚλ u + v
ΦτΣÕ Βßƒ ƒûΜúΞΚλ+ Τσßλ t ΚôΩιƒο
ùΣôÚρ ΣΥ∞ιΘ ùΘôûΩÜ s ΜΤτΣôÓ 0−4
ƒûΜúΞΚλ,ΚôΩλ Σσ°Υ ùΘôΟνûΣ ↑Ξ↔χ€[Õ−
ΜΤτΣôÓ 0−5 ùΣôÚ↓τ ♣ûΩ,ΚôΩλ Σσ°Υ
ùΘôΟνûΣ ùΘ↔↑χ€[Õ− úΤÛλ ΜΤτΣôÓ 0−4
Τσßλ 0−5ο t ûΥ  ¿χÏΞΘτ  êΩλ  Ρôλ
ΜΤτΣôÓ 0−6 ûΥ ùΣ[Ωôλ− Βλêτß
ΜΤτΣôÓΚûΖ ΞûςΣΟλ Øû[♠ο ùΣ[ Ø⁄Ùλ−

ΦÓιÕχΚôγÓ 0−4
ϑµÜ ♣ûΩ♠ο ΒÚχÏλ Βς♠ο Ξη⁄

×[κΣγÓ 4 ♣♥ΟδΚ↓ο 61 €−Á Τ∞-1

ƒûΜúΞΚιûΘ ≅ûΟ€[Õ− Βς♠ο Ξη⁄ ≠ςô∴
ØÓχΚιƒο ΒΥδÏ€τ[Õ Φ∴
ΦÓιÕχùΚôηΟôο  ∋≅( Βς♠ο Ξη⁄♠τ
ØÓχΚλ Τσßλ ∋Α( úΤσá°Υ ƒûΜúΞΚιûΘ
≅ûΟΥ Βς♠ο ΣΥ∞ιΘ ùΘôûΩÜ Α€Υ
ΒςηûΟÙλ ΚηÓ♦⁄−
¾νÜ 9 ΡΤχÏ ùΚôÓχΚκΣγÓρΖûΞ

u = 0, v = 72 €−Á Τ-1 20 Á−↑-1

Τσßλ  t =  5 ♣♥ΟδΚρ 300 ↑∴ô⁄
ΜΤτΣôÓ 0−4 ←ÚϕÕ+

( i )  
( )v – u

a =
t

 ΦτΣÕ ΡΤχÏι ùΘ↔Ùλ

20 0
300

 MT./�d. ` MT./�d.
R

�d.
.

21
15
 

R MT./�d.

ùΜΥο,,,,,,,,,,,,,,,,,,,,,1.10
· ùΣúςôυ Τσßλ ≅Ξτ ΘδûΚ Μô±Υô

ΒÚΞÚλ Σρ↓χÏ ≅ΞνΚρ ♥ƒΞη⁄♠ο
ùΜο€τ[∴ν− ΒÚΞÚλ ≅ΞνΚ↓τ
Åγ⁄←ÚϕÕ Ιúς úΡςιƒσÏ ×[κΣγÓ Ιúς
ΣôûΘ♠ο ùΜτ[ôÛλ Σρ↓χÏ ùΞπúΞß
úΡςδΚ↓ο ùΜτ[ûΟϕΘ∴ν− ùΞπúΞß
úΡςδΚ↓ο ≅ΞνΚρ ΣΥΠκΣγΟ ùΘôûΩÜ
≅γΟΞûΠ 0−4ο ΚôγΟκΣγÓρΖÕ−

· Ιúς ≅ΖÜúΚô←ο ≅ΞνΚ↓τ
ΒΥχΚδΚûΖ ùΘôûΩÜ,ΚôΩλ
ΞûςΣΟιƒο ΞûςϕÕ ↑ΖχΚÜλ−

1. ΙÚ ùΣôÚ↓τ ≠ςô∴ Τσßλ ≠ςσ[
ΒΥχΚιƒσΚô∴ ùΘôûΩÜ,ΚôΩλ
ΞûςΣΟδΚ↓τ ΘτûΤ Φτ∴>

2.   ùΘôûΩÜ,ΚôΩλ ΞûςΣΟιƒο ΙÚ
ùΣôÚ↓τ ΒΥχΚλ+ Κ ôΩλ
≅ε′σÏ ΒûΠΥôΚ úΡν úΚôΟôΚ
ΒÚϕΘôο ùΣôÚ↓τ ΒΥχΚιûΘκ
Σσ° Φτ∴ áßÅνΚρ>

3. úΞΚλ , ΚôΩλ ΞûςΣΟιƒο ΙÚ
ùΣôÚ↓τ ΒΥχΚλ ΚôΩλ ≅ε′σÏ
ΒûΠΥô∴ úΡν úΚôΟôΚ
ΒÚϕΘôο ΒκùΣôÚ↓τ
ΒΥχΚιûΘκ Σσ° ¿δΚρ Φτ∴
áßÅνΚρ>

≅γΟΞûΠ 0−4 9 ùΞπúΞß úΡςδΚ↓ο
ùΣúςôυ Τσßλ Μô±Υô ≅ΞνΚ↓τ
ΤƒΞη⁄Υôο ΚΟϕΘ ùΘôûΩÜ−

úΡςλ ùΣúςôυ ΣΥ∞ιΘ Μô±Υô

ùΘôûΩÜ ΣΥ∞ιΘ

∋€−Á( ùΘôûΩÜ ∋€−Á(

8:00 am 0 0

8:05 am 1.0 0.8

8:10 am 1.9 1.6

8:15 am 2.8 2.3

8:20 am 3.6 3.0

8:25 am – 3.6

↑∴ôχΚρ

 Á−  Á ↑ ↑
 ↑

 Á− ↑
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Example 1.7 The brakes applied to a car
produce an acceleration of 6 m s-2 in the
opposite direction to the motion. If the
car takes 2 s to stop after the application
of  brakes, calculate the distance it
travels during this time.

Solution:

We have been given
a = – 6 m s–2  ; t = 2 s and v = 0 m s–1.
From Eq. (1.5) we know that

v = u + at
0 = u + (– 6 m s–2) × 2 s

      or u = 12 m s–1 .
From Eq. (1.6) we get

s = u t + 
1
2

 a t 2

= (12 m s–1 ) ́  (2 s) + 
1
2

  (–6 m s–2 ) (2 s)2

= 24 m – 12 m
= 12 m

Thus, the car will move 12 m before it
stops after the application of brakes. Can
you now appreciate why drivers are
cautioned to maintain some distance
between vehicles while travelling on the
road?

uestions
1. A bus starting from rest moves

with  a  uniform  acceleration  of
0.1 m s-2  for 2 minutes. Find (a)
the speed acquired, (b) the
distance travelled.

2. A train is travelling at a speed
of 90 km h–1. Brakes are applied
so as to produce a uniform
acceleration of – 0.5 m s-2. Find
how far the train will go before it
is brought to rest.

3. A  trolley,  while  going  down an
inclined plane, has an
acceleration of 2 cm s-2. What will
be its velocity 3 s after the start?

(ii) From Eq. (1.7) we have
2 a s = v2 – u2 = v2 – 0
Thus,

2

–1 2

–2

=
2

(20 ms )
=

2×(1/15) ms

v
s

a

= 3000 m
= 3 km

The acceleration of the train is 
1

15
m s– 2

and the distance travelled is 3 km.

Example 1.6 A car accelerates uniformly
from 18 km h

–1
 to  36 km h

–1
 in  5  s.

Calculate (i) the acceleration and (ii) the
distance covered by the car in that time.

Solution:

We are given that
u = 18 km h–1  = 5 m s–1

v = 36 km h–1  = 10 m s–1 and
t = 5 s .

(i)   From Eq. (1.5) we have

v – u
a =

t

= 
-1 -110 m s – 5 m s
5s

= 1 m s–2

(ii) From Eq. (1.6) we have

s = u t + 
1
2

a t 2

= 5 m s–1 ´ 5 s + 
1
2

´ 1 m s–2 ´ (5 s)2

= 25 m + 12.5 m

= 37.5 m
The acceleration of the car is 1 m s

–2
 and

the distance covered is 37.5 m.

Q
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Φ−Κô− 0−6 Κô↔ο úΞΚιΘûΟûΥκ ΣΥτΣÓιÕλ
úΣôÕ  5  Á  ↑,1 ØÓχΚιûΘ  ≅Õ  ùΜοÛλ
ƒûΜχÏ ΦƒνƒûΜ♠ο ΓσΣÓιÕ€[Õ− ♣ßιΘχ
ΚÚ↑ (brake) ΣΥτΣÓιƒΥ ♦[Ï 1 ↑Ρô⁄
Κ→ιÕ Κôν ♣τ[Õ− ΒχΚôΩ ΒûΟùΞ↓♠ο
≅Õ ΚΟϕΘ ùΘôûΩûΞχ ΚΠχ€ÓΚ−

¾νÜ 9 ΡΤχÏ ùΚôÓχΚκΣγÓρΖûΞ ØÓχΚλ

  a =,6 Á−↑Ρô⁄2
Ñ t =2 ↑Ρô⁄ v = 0 Á−↑,0

   ΜΤτΣôÓ 0−4ο

     v = u + at

   0 < u + (– 6 Á.↑`2
 ) × 1 ↑

  ≅οΩÕ u = 12 Á− ↑–1

  ΜΤτΣôÓ 6−5 ←ÚϕÕ ΡΤχÏ €ûΟκΣÕ+

s = u t + 
1
2

 a t 2

< (12 Á−↑– 1) ´ (2 ↑)∗
1
2

(,6Á−↑– 2( ∋1 ↑ (2

< 24 Á - 12 Á
< 12 Á

 ♣ßιΘχ ΚÚ↑ûΥκ (brake)  ΣΥτΣÓιƒΥ
♦τ∴ν Κôν ♣σΣΘσÏρ 01 Á ùΘôûΩûΞχ
ΚΟϕƒÚχÏλ− ΜôûΩΚ↓ο ΞôΚ∴δΚρ
ΣΥΠκΣÓλúΣôÕ ϑγÓΡνΚρ Γτ
ΞôΚ∴δΚÞχ€ûΟúΥ Ï°κ♦γΟ ùΘôûΩûΞ
ΣςôΤ↔χ€τ[∴ν ΦτΣûΘ ΒκúΣôÕ ¿δΚρ
≅°ϕƒÚκÀνΚρ>

1. ϑµÜ ♣ûΩ♠←ÚϕÕ ΒΥδÏλ
úΣÚϕÕ 1 ♣♥ΟδΚ↓ο /−0Á−↑−-2
≠ςô∴ ØÓχΚιƒο ΒΥδ€∴ôο
∋≅(úΣÚϕÕ ùΣσ[ úΞΚλ ∋Α(
úΣÚϕÕ ΣΥ∞ιΘ ùΘôûΩÜ
Α€Υ ΒςηûΟÙλ ΚηÓ♦⁄−

2.  8/ €−Á− Τ--1úΞΚιƒο ΙÚ Βς♠ο
ΣΥ∞χ€[Õ− ,/−4Á ↑--2 ≠ςô∴
ØÓχΚιûΘ ∆ηΟôχΚ
♣ßιΘχΚÚ↑ ΣΥτΣÓιΘκΣÓ€[Õ−
ϑµÜ ♣ûΩûΥ ≅ûΟΞΘσÏ Øτ
Βς♠ο ΦπΞΖÜ ùΘôûΩÜ
ΣΥ∞χÏλ>

 3. ΜôµΘΖιƒτ ÁÕ •θúΡôχ€
ΒΥδÏλ ΙÚ γςô←♠τ (trolley)
ØÓχΚλ 1 ùΜ−Á ↑---2 Φ±ο ≅Õ
×[κΣγΟ 2 ↑Ρô⁄Κρ Κ→ιÕ ≅Θτ
ƒûΜúΞΚλ Φτ∴>

(ii) ΜΤτΣôÓ ∋0−6( ←ÚϕÕ
2 a s = v2 – u2 = v2 – 0
ΑΘΩôο+

=
2v

s
2a

2

2

(20 )
2(1/15)

 MT./�d.
R

MT./�d.

< 3000 Á−

< 2 €−Á

Βς♠ο Ξη⁄♠τ ØÓχΚλ 
1

15
Á−↑–  2

Τσßλ Βς♠ο ΣΥ∞ιΘ ùΘôûΩÜ < 2 €−Á

ΦÓιÕχΚôγÓ 0−5 9 ≠ςô∴ ØÓχΚιƒο ΒΥδÏλ
Κô↔τ ƒûΜúΞΚλ 4 ↑∴ô⁄Κ↓ο 07 €−Á Τ– 1

♠←ÚϕÕ 25 €−Á Τ– 1 χÏ Τôσ[ΤûΟ€[Õ−
(i) Κô↔τ ØÓχΚλ Τσßλ  (ii) ùΚôÓχΚκΣγΟ
ΚôΩιƒο Κôν ΚΟϕΘ ùΘôûΩÜ Α€Υ
ΒςηûΟÙλ ΚΠχ€Ó−

¾νÜ 9 ΡΤχÏ ùΚôÓχΚκΣγÓρΖÕ

u = 18 €−Á Τ– 1 < 4 Á− ↑– 1

v = 36 €−Á Τ– 1< 0/ Á−↑– 1 Τσßλ

t = 5 ↑∴ô⁄Κρ

(i) ΜΤτΣôÓ ∋0−4(ο

v – u
a =

t

  
10 5

5
 MT./�d. ` MT./�d.

R
�d.

.

      < 0 Á−↑–2

(ii) ΜΤτΣôÓ ∋6−5(ο

s = u t + 
1
2

a t 2

<∋4 Á−↑– 1 ´ 4 ↑(+(
1
2

´1Á−↑–2 ´(5↑)
2

 <  25 Á ∗ 12.5 Á

 <  37.5 Á

Κô↔τ ØÓχΚλ 0 Á−↑–2 Τσßλ Κôν
ΣΥ∞ιΘ ùΘôûΩÜ 26−4 Á−

↑∴ôχΚρ

 Á

 Á ↑

 ↑

 Á  ↑  Á  ↑
 ↑
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4. A  racing  car  has  a  uniform
acceleration of 4 m  s-2. What
distance will it cover in 10 s after
start?

5. A stone is thrown in a vertically
upward direction with a velocity
of 5 m s-1.  If  the acceleration of
the stone during its motion is 10
m s–2 in the downward direction,
what will be the height attained
by the stone and how much time
will it take to reach there?

1.6 Uniform Circular Motion
When the velocity of an object changes, we
say that the object is accelerating. The change
in the velocity could be due to change in its
magnitude or the direction of the motion or
both. Can you think of an example when an
object does not change its magnitude of
velocity but only its direction of motion?

In order to keep himself on track, he quickly
changes his speed at the corners. How many
times will the athlete have to change his
direction of motion, while he completes one
round? It is clear that to move in a rectangular
track once, he has to change his direction of
motion four times.

Now, suppose instead of a rectangular
track, the athlete is running along a
hexagonal shaped path ABCDEF, as shown
in Fig. 1.8(b). In this situation, the athlete
will have to change his direction six times
while he  completes one round. What if the
track  was  not  a  hexagon  but  a  regular
octagon, with eight equal sides as shown
by ABCDEFGH in Fig. 1.8(c)?  It is observed
that as the number of sides of the track
increases the athelete has to take turns more
and more often. What would happen to the
shape of the track as we go on increasing
the number of sides indefinitely? If you do
this you will  notice that the shape of the
track approaches the shape of a circle and
the length of each of the sides will decrease
to a point. If the athlete moves with a velocity
of constant magnitude along the circular
path, the only change in his velocity is due
to the change in the direction of motion.
The motion of the athlete moving along a
circular path is, therefore, an example of
an accelerated motion.

We know  that the circumference of a circle
of radius r is given by p2 r . If the athlete takes
t seconds to go once around the circular path
of radius r, the speed v is given by

p2 r
v =

t
(1.8)

When an object moves in a circular path
with uniform speed, its motion is called
uniform circular motion.

(a) Rectangular track (b) Hexagonal track

(d) A circular track(c) Octagonal shaped track

Fig. 1.8: The motion of an athlete along closed tracks
of different shapes.

Let us consider an example of the motion
of  a  body along a  closed path.  Fig  1.9  (a)
shows  the  path  of  an  athlete  along  a
rectangular track ABCD. Let us assume that
the athlete runs at a uniform speed on the
straight parts AB, BC, CD and DA of the track.
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 4. ΙÚ ΣϕΘΥ Κôν (racing car) 3
Á ↑∴ô⁄,1 ≠ςô∴  ØÓχΚιûΘ
ùΚôη⁄Úχ€[Õ− ≅Õ ×[κΣγΟ 0/
↑∴ô⁄Κρ Κ→ιÕ ≅Õ ΚΟϕΘ
ùΘôûΩÜ ΦπΞΖÜ>

5. ΙÚ Κο 4 Á ↑∴ô⁄,0 ƒûΜúΞΚιƒο
ùΜδÏιΘôΚ úΤοúΡôχ€
Φ↔ΥκΣγΟÕ Κο Θ∴Õ ΒΥχΚιƒτ
úΣôÕ •θúΡôχ€ι ƒûΜ♠ο ≅Θτ
ØÓχΚλ  0/  Á  ↑∴ô⁄,1 Φ±ο
≅χΚο ≅ûΟϕΘ ∆Υςλ ΦπΞΖÜ
Τσßλ ≅πÜΥςιûΘ ≅ûΟΥ
ΦπΞΖÜ úΡςλ ΦÓιÕχùΚôρÞλ>

0−5 ≠ςô∴ ΞγΟ ΒΥχΚλ
ΙÚ ùΣôÚ↓τ ƒûΜúΞΚλ Τôσ[ΤûΟϕΘôο
≅κùΣôÚρ ØÓχΚιƒο ∆ρΖÕ Φτ€ú[ôλ−
ƒûΜúΞΚιƒο ΓσΣÓλ Τôσ[λ ≅Θτ ΦηΤƒκ×
≅οΩÕ ΒΥχΚιƒτ ƒûΜ ≅οΩÕ Βςη⁄Ûλ
ΓσΣÓλ Τôσ[ιƒ∴ôο ∆ηΟôΚΩôλ− ΙÚ
ùΣôÚ↓τ ƒûΜúΞΚιƒτ ≅Ζ↑ο Τôσ[♥τ°
ΒΥχΚιƒτ ƒûΜ♠ο ΤγÓλ Τôσ[λ ∆ρΖΣ⁄
∆δΚΖôο ΙÚ ΦÓιÕχΚôγûΟ ′ϕƒχΚ Ø⁄ÙΤô>

↑ûΖΥôγÓ Åς ν Θτû∴κ ΣôûΘ♠ο
♣ûΩ♣ßιƒχ ùΚôρΖ êûΩΚ↓ο ϑÓλúΣôÕ
Θτ úΞΚιûΘ ∆Ο∴⁄ΥôΚ Τôσ°χ ùΚôρ€[ôν−
≅Ξν ΙÚ Ñσû[ Ø⁄χΚ ΦιΘû∴ Øû[ Θ∴Õ
ΒΥχΚ ƒûΜûΥ Τôσ°χ ùΚôρΖ úΞηÓλ>
≅Ξν ùΜπΞΚ Ξ⁄Ξ ΣôûΘ♠ο ϑÓλ úΣôÕ ΙÚ
Ñσû[  Ø⁄χΚ  Θτ  ΒΥχΚ  ƒûΜûΥ  ΡôτÏ
Øû[ Τôσ°χ ùΚôρΖ úΞηÓλ ΦτΣÕ
ùΘ↓ΞôΚ ùΘ↔€[Õ− ↑ûΖΥôγÓ Åςν ùΜπΞΚ
Ξ⁄Ξ  ΣôûΘχÏ  ΣƒΩôΚ  ΣΟλ  0−7  ∋Α(  ο

Κôγ⁄ΥΣ⁄ ≅ßδúΚôΠ Ξ⁄Ξ ΣôûΘ ABCDEF
ο ϑÓΞΘôΚ ΦÓιÕχ ùΚôρΖúΞôλ −
Βεãθ♣ûΩ♠ο ↑ûΖΥôγÓ Åςν ΙÚ Ñσû[
Ø⁄χΚ ΑßØû[ Θ∴Õ ƒûΜûΥ Τôσ°χ
ùΚôρΖ úΞηÓλ− ≅ßδúΚôΠ ΣôûΘχÏ

ΣƒΩôΚ ΣΟλ 0−7 ∋Β( ABCDEFGH  ο Κôγ⁄ΥΣ⁄
ΦγÓ ΜΤΣχΚδΚÞûΟΥ ΦηúΚôΠ Ξ⁄Ξ
ΣôûΘ♠ο Φτ∴ ♣ΚÝλ> ϑÓλ ΣôûΘ♠τ
ΣχΚδΚ↓τ Φη∞χûΚ ≅ƒΚ↔ιΘ ôο
↑ûΖΥôγÓ Åςν ≅⁄χΚ⁄ ≅ƒΚ Φη∞χûΚ♠ο
ƒûΜûΥ Τôσ[ úΞη⁄ΥΘô€[Õ− ϑÓλ
ΣôûΘ♠τ ΣχΚδΚûΖ Φη∞ΩΟδΚôΘΞôß
≅ƒΚ↔ιÕε ùΜτ[ôο ϑÓλ ΣôûΘ♠τ Ξ⁄Ξλ
Φτ∴ΞôÏλ> ΒπΞôß ϑÓλ ΣôûΘ♠τ
ΣχΚδΚûΖ ≅ƒΚ↔ιÕε ùΜτ[ôο ΣôûΘ♠τ
Ξ⁄Ξλ ΞγΟΞ⁄ΞΤôΚ ≅ûΤÙλ Τσßλ ΙπùΞôÚ
ΣχΚιƒτ ¿ΖØλ ΙÚ ×ρ↓ ≅ΖÜχÏ
Ïû[χΚκΣÓλ− ↑ûΖΥôγÓ Åςν ♣ûΩΥô∴
ΦηΤƒκ×ûΟΥ ƒûΜúΞΚιƒο ΞγΟκΣôûΘ♠ο
ϑÓλúΣôÕ ≅Ξ↔τ ƒûΜúΞΚιƒο ΓσΣÓλ
Τôσ[λ ΒΥχΚιƒτ ƒûΜ♠ο ΓσΣÓλ Τôσ[ιΘôο
ΤγÓúΤ ♣Κθ€τ[Õ− ΞγΟκΣôûΘ♠ο ΒΥδÏλ
↑ûΖΥôγÓ Åς↔τ ΒΥχΚλ ØÓχΚκΣγΟ

ΒΥχΚιƒσΚô∴ ΙÚ ΦÓιÕχΚôγΟôÏλ− r Αςλ

∆ûΟΥ ΙÚ ΞγΟιƒτ Ñσ[ΖÜ p2 r  ΦτΣûΘ

Ρôλ ≅°úΞôλ− r Αςλ ∆ûΟΥ ΞγΟκΣôûΘûΥ

ΙÚ ↑ûΖΥôγÓ Åςν ΙÚ Øû[ Ñσ° Ξς t
↑Ρô⁄Κρ ΦÓιÕχ ùΚôηΟôο ≅Ξ↔τ úΞΚλ
ΒπΞôß ΚΠχ€ΟκΣÓ€[Õ−

p2 r
v =

t
(1.8)

 ΙÚ ùΣôÚρ ≠ςô∴ úΞΚιƒο ΞγΟκΣôûΘ♠ο
ΒΥδ€∴ôο  ≅ϕΘ  ΒΥχΚιûΘ  ≠ςô∴  ΞγΟ
ΒΥχΚλ Φτ€ú[ôλ−

(a) ùΜπΞΚ Ξ⁄Ξ ΣôûΘ
∋≅( ΘΟλ (b) ≅ßδúΚôΠ Ξ⁄Ξ

ΣôûΘ

(d) ΞγΟ Ξ⁄Ξ ΣôûΘ(c) ΦηúΚôΠ Ξ⁄Ξ ΣôûΘ

ΣΟλ 0−7 ùΞπúΞß Ξ⁄ΞδΚ↓ο ê⁄Υ
ΣôûΘΚ↓τ  Ξ→ΥôΚ  ùΜοÛλ   ↑ûΖΥôγÓ
ÅςνΚ↓τ ΒΥχΚλ− ê⁄Υ ΣôûΘ♠τ Ξ→ΥôΚ
ΙÚ ùΣôÚ↓τ ΒΥχΚιûΘ ΦÓιÕχΚôγΟôΚ
ΚÚÕúΞôλ− ΣΟλ 0−8 ∋≅( ùΜπΞΚ Ξ⁄Ξ
ΣôûΘ♠τ Ξ→ΥôΚ ↑ûΖΥôγÓ Åς↔τ
ΒΥχΚιûΘχ ΚôγÓ€[Õ− ↑ûΖΥôγÓ Åςν AB,
BC,  CD Τσßλ DA úΡν ΣôûΘ♠ο ≠ςô∴
úΞΚιƒο ϑÓΞΘôΚ Φη∞χ ùΚôρúΞôλ−
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Activity _____________ 1.11
· Take a piece of thread and tie a small

piece of stone at one of its ends. Move
the stone to describe a circular path
with constant speed by holding the
thread at the other end, as shown in
Fig. 1.9.

If you carefully note, on being released
the stone moves along a straight line
tangential  to  the  circular  path.  This  is
because once the stone is released, it
continues to move along the direction it has
been moving at that instant. This shows that
the direction of motion changed at every point
when the stone was moving along the circular
path.

When an athlete throws a hammer or a
discus in a sports meet, he/she holds the
hammer or the discus in his/her hand and
gives it a circular motion by rotating his/
her own body. Once released in the desired
direction, the hammer or discus moves in
the direction in which it was moving at the
time it was released, just like the piece of
stone in the activity described above. There
are many more familiar examples of objects
moving under uniform circular motion,
such as the motion of the moon and the
earth, a satellite in a circular orbit around
the earth, a cyclist on a circular track at
constant speed and so on.

What
you have
learnt
· Motion is a change of position; it can be described in terms

of the distance moved or the displacement.
· The motion of an object could be uniform or non-uniform

depending on whether its velocity is constant or changing.
· The speed of an object is the distance covered per unit time,

and velocity is the displacement per unit time.
· The acceleration of an object is the change in velocity per

unit time.
· Uniform and non-uniform motions of objects can be shown

through graphs.
· The motion of an object moving at uniform acceleration can

be described with the help of the following equations, namely
v = u + at
s = ut + ½ at2

2as  =  v2 –  u2

Fig. 1.9: A stone describing a circular path with
a velocity of constant magnitude.

· Now, let the stone go by releasing the
thread.

· Can you tell the direction in which
the stone moves after it is released?

· By repeating the activity for a few
times and releasing the stone at
different positions of the circular
path, check whether the direction in
which the stone moves remains the
same or not.
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ùΜΥο,,,,,,,,,,,,,,,,,,,,,1.11
· ΙÚ èûΩ ΦÓιÕχùΚôηÓ ≅Θτ

ΙÚ Øû∴♠ο ′°Υ Κο Ιτû[χ
ΚγΟÜλ+ ΣΟλ 0−8ο Κôγ⁄ΥΣ⁄
≅χΚοΩô∴Õ ΞγΟκΣôûΘ♠ο Τô[ôΘ
úΞΚιƒο ÑσßΤôß Κ♠σ°τ
Τσù[ôÚ Øû∴ûΥχ ùΚôηÓ
Ñσ[Üλ−

 ¿δΚρ ∆τ±κΣôΚ úΡôχ€∴ôο Κ♠σû[
↑Ó↑χÏλ úΣôÕ ΚοΩô∴Õ ΞγΟκΣôûΘ♠τ
ùΘôÓ úΚ ôγ⁄τ Ξ→úΥ úΡνúΚô γ⁄ο
ΒΥδÏΞûΘχ ΚôΠΩôλ− Γù∴±ο ΚοûΩ
↑Ó↑χÏλ úΣôÕ ≅ûΘ ΦιƒûΜ♠ο
↑Ó↑ιúΘôúΤô ≅úΘ ƒûΜ♠ο ùΜτß
ùΚôη⁄ÚχÏλ− ΒÕ ΙÚ ùΣôÚρ ΞγΟκ
ΣôûΘ♠ο ùΜοÛλ úΣôÕ ≅Θτ ƒûΜ ΙπùΞôÚ
×ρ↓♠Ûλ Τô°χ ùΚôηúΟ ΒÚχÏλ
ΦτΣûΘχ ΚôγÓ€[Õ−

↑ûΖΥôγÓ Åςν ↑ûΖΥôγÓκ úΣôγ⁄♠ο
Ñιƒ ≅οΩÕ ΞγÓ Φ↔ÙλúΣôÕ ≅Ξτ /≅Ξρ
Θτ ûΚ♠ο Ñιƒ ≅οΩÕ ΞγûΟ Σσ°χ
ùΚôηÓ  Θτ  ØÝ  ∆ΟûΩÙλ  ÑΨσßΞƒτ
êΩλ ΞγΟ ΒΥχΚιûΘ ΓσΣÓιÕ€[ôν− ΙÚ
Øû[ ↑ÚκΣκΣγΟ ƒûΜ♠ο ↑Ó↑ιΘκ ♦τ∴ν
Ñιƒ ≅οΩÕ ΞγÓ úΤο ↑Ξ↔χΚκΣγΟ ùΜΥ←ο
Κο←τ ΒΥχΚιûΘκ úΣôΩúΞ ≅ûΞ
↑Ó↑χΚκΣγΟ úΡςιƒο ΦϕΘ ƒûΜ♠ο ΒΥδ€
ùΚôη⁄ÚϕΘ∴úΞô ≅úΘ ƒûΜ♠ο ΒΥδÏλ
Μϕƒςτ Τσßλ é♥♠τ ΒΥχΚλ+ é♥ûΥε Ñσ°
ΞγΟκΣôûΘ♠ο ùΜΥσûΚúΚô↓τ ΒΥχΚλ+ Τô[ô
úΞΚιƒο ΞγΟΣôûΘ♠ο ÑΨÛλ ♥ƒΞη⁄♠τ
ΒΥχΚλ úΣôτ[ ≅û∴ιÕλ ≠ςô∴
ΞγΟκΣôûΘ♠ο ΒΥδÏλ ùΣôÚγΚÞχΚô∴
ΦÓιÕχΚôγÓΚρ−

                   Ρôλ Κσ[ûΞ
· ùΣôÚ↓τ ♣ûΩ♠ο ΓσΣÓλ Τôσ[λ ΒΥχΚλ 9 ΒûΘ ùΣôÚρ ΡΚνϕΘ

ùΘôûΩÜ ≅οΩÕ ΒΟκùΣΥνε′♠∴ôο ↑Ξ↔χΚΩôλ−
· ƒûΜúΞΚιûΘκ ùΣôßιÕ ΙÚ ùΣôÚ↓τ ΒΥχΚλ ≠ςô∴ΘôΚúΞô

≅οΩÕ ≠ςσ[ΘôΚúΞô ΒÚχÏλ−
· ΙÚ ùΣôÚ↓τ úΞΚλ ΦτΣÕ ϑςΩÏ ΚôΩιƒο ΚΟχΚκΣγΟ ùΘôûΩÜ

ΑÏλ− ùΣôÚ↓τ ƒûΜúΞΚλ ΦτΣÕ ϑςΩÏ ΚôΩιƒο ΚΟχΚκΣγΟ
ΒΟκùΣΥνε′ ΑÏλ−

· ΙÚ ùΣôÚ↓τ ØÓχΚλ ΦτΣÕ ϑςΩÏ ΚôΩιƒο ♣ΚÝλ ƒûΞúΞΚιƒτ
ΤôßΣôÓ ΑÏλ−

· ùΣôÚγΚ↓τ ≠ςô∴ Τσßλ ≠ςσ[ ΒΥχΚδΚûΖ ΞûςΣΟιƒτ êΩλ
ΚôγΟΩôλ−

· ≠ςô∴ ØÓχΚιƒο ùΜοÛλ ΙÚ ùΣôÚ↓τ ΒΥχΚιûΘ •θΚηΟ
êτß ΜΤτΣôÓΚûΖχ ùΚôηÓ ↑ΖχΚΩôλ−
≅ûΞ

v = u + at
s  =  ut  +  ½ at2

2as  =  v2 –  u2

· ΙÚ ùΣôÚρ ≠ςô∴ úΞΚιƒο ΞγΟκΣôûΘ♠ο ΒΥδ€∴ôο ≅ϕΘ
ΒΥχΚιûΘ ≠ςô∴ ΞγΟ ΒΥχΚλ Φτ€ú[ôλ−

ΣΟλ0−8 ♣ûΩΥô∴ ΦηΤƒκ×ûΟΥ ƒûΜúΞΚιƒτ
ΞγΟκΣôûΘûΥ ↑Ξ↔χÏλ ΙÚ Κο−

· èûΩχ ûΚ♠←ÚϕÕ ↑Ó↑χÏλ
úΣôÕ ΚοΩô∴Õ ↑Ω€ε ùΜο€[Õ−

· Κ♠σû[ ↑Ó↑ιΘ ♦τ× ΚοΩô∴Õ
ΦϕΘι ƒûΜ♠ο ùΜοÛλ ΦτΣûΘ
∆δΚΖôο ùΜôοΩ Ø⁄ÙΤô>

· ΒϕΘ ùΜΥûΩ ′ΩØû[ ƒÚλΣε
ùΜµÕ ΞγΟκΣôûΘ♠τ ùΞπúΞß
♣ûΩΚ↓ο ΚοûΩ ↑Ó↑ιΘôο+ Κο
ΒΥδÏλ ƒûΜ Ιúς Τôƒ↔ΥôΚ
ΒÚχÏΤô ≅οΩÕ ΤôßΣÓΤô
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where u is initial velocity of the object, which moves with
uniform acceleration a for time t, v is its final velocity and s is
the distance it travelled in time t.

· If an object moves in a circular path with uniform speed, its
motion is called uniform circular motion.

Exercises
1. An athlete completes one round of a circular track of diameter

200 m in 40 s. What will be the distance covered and the
displacement at the end of 2 minutes 20 s?

2. What is the nature of the distance-time graphs for uniform
and non-uniform motion of an object?

3. Assertion (A): The area under a velocity-time graph represents
the displacement of the body.

Reason (R): Displacement is equal to velocity multiplied by
time.
Choose the correct option.

A) Both A and R are true and R is the correct explanation

           of A.

B) Both A and R are true but R is not the correct explanation
    of A.

C) A is true but R is false.

D) A is false but R is true.

4. Create a distance-time graph to represent the following
situation:

A person
1. Walks with uniform speed initially,

2. Stops for some time due to tiredness, and

3. Finally walks faster with increasing speed to reach
the destination quickly.

Explain how the graph represents each stage of motion.

5. A driver of a car travelling at 52 km h–1 applies the brakes.

(a) Shade the area on the graph that represents the distance
travelled by the car during the period.

(b) Which part of the graph represents uniform motion of the
car?

6. An artificial satellite is moving in a circular orbit of radius

         42250 km. Calculate its speed if it takes 24 hours to revolve
       around the earth.
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t ΚôΩιƒο a Φàλ ≠ςô∴ ØÓχΚιƒο ΒΥδÏλ ùΣôÚ↓τ
ùΘôΟχΚ ƒûΜúΞΚλ u, v   ΦτΣÕ Βßƒ ƒûΜúΞΚλ t ΚôΩιƒο
ùΣôÚρ ΣΥ∞ιΘ ùΘôûΩÜ s

· ΙÚ ùΣôÚρ ≠ςô∴ úΞΚιƒο ΞγΟκΣôûΘ♠ο ΒΥδ€∴ôο ≅ϕΘ
ΒΥχΚιûΘ ≠ςô∴ ΞγΟ ΒΥχΚλ Φτ€ú[ôλ−

            Σ«t£Κs
1. ΙÚ ↑ûΖΥôγÓ Åςν 1// ÁγΟν ↑γΟλ ∆ûΟΥ ΞγΟκ ΣôûΘûΥ 3/

↑∴ô⁄♠ο ΚΟχ€[ôν− 1 ♣♥Ολ 1/ ↑∴ô⁄χÏκ ♦[Ï ≅Ξν ΚΟϕΘ

ùΘôûΩÜ Τσßλ ΒΟκùΣΥνε′ ΦπΞΖÜ>

2. ΙÚ ùΣôÚ↓τ ≠ςô∴ Τσßλ ≠ςσ[ ΒΥχΚιƒσΚô∴ ùΘôûΩÜ,úΡς

ΞûςΣΟδΚ↓τ ΘτûΤ Φτ∴>

3. áσß (A):  ƒûΜúΞΚλ, úΡςλ ΞûςΣΟιƒτ •ÝρΖ ΣςκΣô∴Õ

ùΣôÚ↓τ ΒΟκùΣΥνε′ûΥχ Ï°χ€[Õ−

ΚôςΠλ (R) : ΒΟκùΣΥνÜ ΦτΣÕ ƒûúΞΚιƒτ ùΣÚχΚÛχÏ ΜΤλ

úΡςλ

A) A Τσßλ R ΒςηÓλ Μ↔− R ΦτΣÕ A χÏ Μ↔Υô∴ ↑ΖχΚλ−

B) A Τσßλ R ΒςηÓλ Μ↔− R ΦτΣÕ A χÏ Μ↔Υô∴ ↑ΖχΚΤοΩ−

C) A Μ↔+ Α∴ôο R ΘΞß−

D) A ΘΞß+ Α∴ôο R Μ↔

4. ♦τΞÚλ ãθ♣ûΩûΥ ↑ΖχÏλ ΞûΚ♠ο ΙÚ ùΘôûΩÜ,úΡς

ΞûςΣΟιûΘ ∆ÚΞôχΚÜλ−

ΙÚ ΡΣν

1. ΑςλΣιƒο ≠ςô∴ úΞΚιƒο ΡΟχ€[ôν−

2. úΜôν↑τ ΚôςΠΤôΚ ′°Õ úΡςλ ♣τß↑Ó€[Õ

3. ΒßƒΥôΚ+ ΒΩχûΚ ↑ûςΞôΚε ùΜτ[ûΟΞΘσΚô∴ô∴+ úΞΚιûΘ
≅ƒΚ↔ιÕ úΤÛλ úΞΚΤôΚ ΡΟχ€[ôν− ΒΥχΚιƒτ ΙπùΞôÚ

ΚγΟιûΘÙλ ΞûςΣΟλ ΦπΞôß Ï°χ€[Õ ΦτΣûΘ ↑ΖχÏδΚρ−

5. 41 €−Á Τ,0 úΞΚιƒο ΣΥΠκΣÓλ ΚôÚχÏ ≅Θτ ϑγÓΡν ♣ßιΘχ
ΚÚ↑ûΥ ùΜÛιƒ∴ôν−
(a) ΒϕΘ ΚôΩιƒο Κôν ΣΥ∞ιΘ ùΘôûΩûΞχ ΚôγÓλ ΞûςΣΟιƒο

≅Θτ ΣςκΣΖûΞ ♣Ψ←γÓ ΚôγΟÜλ−

(b) ΞûςΣΟιƒτ ΦϕΘ ΣÏƒ Κô↔τ ≠ςô∴ ΒΥχΚιûΘχ ΚôγÓ€[Õ−

6. ΙÚ ùΜΥσûΚ ÕûΠúΚôρ 3114/ €−Á ΑςØûΟΥ ΙÚ ΞγΟ ΣôûΘ♠ο
ΒΥδÏ€[Õ− ≅Õ é♥ûΥ ÑΨΩ 13 Τ∞ ΦÓιÕχùΚôηΟôο ≅Θτ
úΞΚιûΘ ΚΠχ€Ó−
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   7.    Fig 1.10 shows the distance-time graph of three objects A,B
and C. Study the graph and  answer the following questions:

(a) Which of the three is travelling the fastest?
(b) Are all three ever at the same point on the road?
(c) How far has C travelled when B passes A?
(d) How far has B travelled by the time it passes C?

8. A ball is gently dropped from a height of 20 m. If its velocity
increases uniformly at the rate of 10 m s-2, with what velocity
will it strike the ground? After what time will it strike the
ground?

9. The speed-time graph for a car is shown is Fig. 1.11.

(a) Find how far does the car travel in the first 4 seconds.
Shade the area on the graph that represents the distance
travelled by the car during the period.

(b) Which part of the graph represents uniform motion of  the
car?

   10.  State which of the following situations are possible and
  give an example for each of these:

     (a) an object with a constant acceleration but with zero velocity
(b) an object moving with an acceleration but with uniform

speed.
(c) an object moving in a certain direction with an acceleration

in the perpendicular direction.

Fig. 1.10

Fig. 1.11
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7. A, B Τσßλ C Φàλ êτß ùΣôÚγΚ↓τ ùΘôûΩÜ,ΚôΩλ ΞûςΣΟλ
ΣΟλ 0−0/ ΚôγÓ€[Õ− ΞûςΣΟιûΘ Σ↔≠←ιÕ •θùΚôÓχΚκΣγÓρΖ
↑∴ôχΚÞχÏ ↑ûΟΥ↓−

(a) êτ°ο ΦÕ úΞΚΤôΚ ΣΥ∞χ€[Õ>
(b) ΜôûΩ♠τ ÁÕ Ιúς ×ρ↓♠ο ΦκúΣôΘôΞÕ ΒϕΘ êτß

ùΣôÚγΚρ Ιτ[ôΚ ΒÚχÏΤô>
(c) B,A ûΞχ ΚΟχÏλúΣôÕ C ΦπΞΖÜ ùΘôûΩÜ ΣΥ∞ιΘÕ>
(d) B,C ûΥχ ΚΟχÏλ úΡςιƒο A ΦπΞΖÜ ùΘôûΩÜ

ΣΥ∞ιƒÚχÏλ−
8. ΙÚ ΣϕÕ 1/  ÁγΟν  ∆Υςιƒο  ΒÚϕÕ ùΤÕΞôΚ  •úΨ  ↑ΟκΣγΟÕ

≅Θτ ƒûΜúΞΚ ΤôßΣôγÓ ÅΘλ 0/ Á ↑∴ô⁄,1 ≠ςôΚ ≅ƒΚ↔χÏλúΣôÕ
≅Õ ΦϕΘ ƒûΜúΞΚιƒο ΘûςûΥι ùΘôÓλ> ΘûςûΥι ùΘôÓΞΘσÏ
ΑÏλ ΚôΩλ ΦπΞΖÜ>

9. ΙÚ Κô↔τ úΞΚλ,ΚôΩλ ΞûςΣΟλ ΣΟλ 0−00ο ΚôγΟκΣγÓρΖÕ−

(a)  ØΘο  3  ↑Ρô⁄Κ↓ο  Κôν  ΦπΞΖÜ  ùΘôûΩÜ  ΣΥ∞χ€[Õ
ΦτΣûΘ ΚηÓ♦⁄> ΒϕΘ ΚôΩιƒο Κôν ΣΥ∞ιΘ çςιûΘ

ΚôγÓλ ΣÏƒûΥ ΞûςΣΟιƒο ♣Ψ←ΟÜλ−

ΞûςΣΟιƒτ ΦϕΘ ΣÏƒ Κô↔τ ≠ςô∴ ΒΥχΚιûΘ Ï°χ€[Õ>

10. •θùΚôÓχΚκΣγÓρΖ ãθ♣ûΩΚ↓ο ΦûΞ ΜôιƒΥλ Φ∴χ áßΚ Τσßλ

ΙπùΞôτßχÏλ ΙÚ ΦÓιÕχΚôγÓ á[Üλ−

(a) éϖ≥Υ ƒûΜúΞΚλ Α∴ôο ≠ςô∴ ØÓχΚιƒο ∆ρΖ ùΣôÚρ−

(b)  ≠ςô∴ úΞΚλ Α∴ôο ØÓχΚιÕΟτ ΒΥδÏλ ùΣôÚρ

(c)  ùΣôÚρ ΡΚÚλ ƒûΜχÏ ùΜδÏιÕ ƒûΜ♠ο ØÓχΚλ ΓσΣÓλ−

ΣΟλ 0−0/
   ΚôΩλ ∋Τ∞(

ù
Θ
ôû

Ω
Ü
 
€
−Á
®

ΣΟλ 0−00
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As we look at our surroundings, we see a large
variety of things with different shapes, sizes
and textures. Everything in this universe is
made up of material which scientists have
named “matter”. The air we breathe, the food
we eat, stones, clouds, stars, plants and
animals, even a small drop of water or a particle
of sand — every thing is matter. We can also
see as we look around that all the  things
mentioned above occupy space and have
mass. In other words, they have both mass*
and volume**.

Since early times, human beings have been
trying to understand their surroundings. Early
Indian philosophers classified matter in the
form of five basic elements — the “Panch Tatva”
— air, earth, fire, sky and water. According to
them everything, living or non-living, was made
up of these five basic elements. Ancient Greek
philosophers had arrived at a similar
classification of matter.

Modern day scientists have evolved two
types of classification of matter based on their
physical properties and chemical nature.

In this chapter we shall learn about matter
based on its physical properties. Chemical
aspects  of  matter  will  be  taken  up  in
subsequent chapters.

2.1  Physical Nature of Matter
2.1.1 MATTER IS MADE UP OF PARTICLES

For a long time, two schools of thought prevailed
regarding the  nature  of  matter.  One school
believed matter to be continuous like a block of
wood, whereas, the other thought that matter
was made up of particles like sand. Let us
perform an activity to decide about the nature
of matter — is it continuous or particulate?

Activity ______________ 2.1
• Take a 100 mL beaker.
• Fill half the beaker with water and

mark the level of water.
• Dissolve some salt/ sugar with the

help of a glass rod.
• Observe any change in water level.
• What do you think has happened to

the salt?
• Where does it disappear?
• Does the level of water change?

In order to answer these questions we  need
to use the idea that matter is made up of
particles. What was there in the spoon,  salt or
sugar, has now spread throughout  water. This
is  illustrated in Fig. 2.1.

2.1.2 HOW SMALL ARE THESE PARTICLES

OF MATTER?

Activity ______________ 2.2
• Take 2–3 crystals of potassium

permanganate and dissolve them in
100 mL of water.

Fig. 2.1: When we dissolve salt in water, the
particles of salt get into the spaces
between particles of water.

* The SI unit of mass is kilogram (kg).
** The SI unit of volume is cubic metre (m3). The common unit of measuring volume is

litre (L) such that 1L = 1 dm3, 1L = 1000 mL, 1 mL = 1 cm3.

2
MATTER IN OUR SURROUNDINGS

Chapter
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Ρôλ+ ΡΤÕ Ñσßκ×[ιûΘ ΚôÔλúΣôÕ+
ùΞπúΞß Ξ⁄ΞδΚρ+ ≅ΖÜΚρ Τσßλ
≅ûΤκ×ΚÞûΟΥ ΤôßΣγΟ ùΣôÚγΚûΖ
Κôη€ú[ôλ− ΒϕΘ ∆Ω€ο ∆ρΖ ΙπùΞôÚ
ùΣôÚÞλ »»ΣÚκùΣôÚΖôοµµ ΑχΚκΣγÓρΖÕ Φ∴
≅°↑ΥΩôΖνΚρ áß€τ[∴ν− Ρôλ ÑΞô′χÏλ
Κôσß+ ∆ηÔλ ∆ΠÜ+ ΚσΚρ+ úΤΚδΚρ+
ΡγΜιƒςδΚρ+ ùΜ⁄Κρ+ ↑ΩδÏΚρ+ ΙÚ ′°Υ
¿νιÕ↓ ≅οΩÕ ΤΠο ÕΚρ áΟ ΣÚκùΣôÚúΖ
ΑÏλ− ΡΤÕ Ñσßκ×[ιûΘ ΚôÔλúΣôÕ+
úΤσΚηΟ ≅û∴ιÕ ùΣôÚγΚÞλ ΒΟιûΘ
Αχ€ς♥ιÕ ùΚôρÞλ Φ∴Üλ+ ♣û[ûΥ
ùΚôη⁄ÚχÏλ Φ∴Üλ ≅°úΞôλ− úΞß ΞûΚ♠ο
á[ úΞηÓùΤ±ο ≅ûΞ ♣û[* Τσßλ
Κ∴≅ΖÜ** Α€Υ ΒςηûΟÙλ ùΣσ°ÚχÏλ.

ΣΨδΚôΩιƒ←ÚϕúΘ+ Τ±ΘνΚρ Ñσßκ×[ιûΘ
×↔ϕÕùΚôρΖ ØΥσ′ ùΜµÕ ΞÚ€τ[∴ν−
ØτΚôΩιÕ ΒϕƒΥ ΘιÕΞ ≅°ΝνΚρ
ΣÚκùΣôÚγΚûΖ ΗϕÕ ≅⁄κΣûΟ ≅λΜδΚΖô∴
Κôσß+ ♣Ωλ+ ùΡÚκ×+ ΑΚôΥλ Τσßλ ¿ν Φàλ
ΗλéΘδΚΖôΚ ΞûΚκΣÓιƒ∴ν− ≅ΞνΚ↓τ
ΚÚιÕκΣ⁄+ ∆♠ςσ[ ≅οΩÕ ∆♠ÚρΖ
ΙπùΞôτßλ ΗϕÕ ≅⁄κΣûΟ ≅λΜδΚΖôο
∆ÚΞô∴Õ ΑÏλ− ΣΨδΚôΩ €úςχΚ ΘιÕΞ
úΤûΘΚÞλ ΣÚùΣôÚγΚûΖ ΒúΘ Øû[♠ο
ΞûΚκΣÓιƒ∴ν.

ΡÅ∴ ≅°↑ΥΩôΖνΚρ ΣÚκùΣôÚγΚûΖ
ΒΥσ♦Υο Τσßλ úΞƒ♠Υο Ση×Κ↓τ
≅⁄κΣûΟ♠ο ΒςηÓ ΞûΚΚΖôΚ ΞûΚκΣÓιƒ∴ν.

ΒϕΘ ≅Ω€ο ΒΥσ♦Υο Ση×Κ↓τ
≅⁄κΣûΟ♠ο ΣÚκùΣôÚγΚûΖκ Σσ° ùΘ↔ϕÕ
ùΚôρúΞôλ− ♦τ ≅ΩÏΚ↓ο ΣÚκùΣôÚγΚ↓τ
úΞƒ♠Υο Ση×ΚûΖ Σσ° ùΘ↔ϕÕ ùΚôρúΞôλ.

2.1 ΣÚκùΣôÚγΚ↓τ ΒΥσ♦Υο ΘτûΤ
2.1.1 ΣÚκùΣôÚγΚρ ÕΚρΚΖôο Α∴Õ.

¿ηΟ ΚôΩΤôΚ+ ΣÚκùΣôÚ↓τ ΘτûΤ
ùΘôΟνΣôΚ ΒςηÓ ΞûΚΥô∴ ΚÚιÕΚρ ΒÚϕΘ∴−
ΙÚ ΞûΚ♠∴ν ΣÚκùΣôÚγΚρ ΤςχΚγûΟ úΣôο
ùΘôΟνε′ΥôΚ ΒÚχÏλ Φ∴Üλ+ Τσù[ôÚ ΞûΚ♠∴ν
ΣÚκùΣôÚγΚρ ΤΠο úΣôτ[ ÕΚρΚΖôο Α∴Õ
Φ∴Üλ Ρλ♦∴ν− ΣÚκùΣôÚ↓τ ΘτûΤûΥ ≅°Υ
ΙÚ ùΜΥûΩ ùΜµúΞôλ− ΣÚκùΣôÚρ
ùΘôΟνε′Υô∴Θô ≅οΩÕ ÕΚρΚΖôο Α∴Θô>

ùΜΥο  `````````````````  2.1
• 100 ♥−←− Κ∴≅ΖÜ ùΚôηΟ ÀχΚûς

ΦÓιÕχ ùΚôρΖÜλ.
• ΣôƒΥΖÜ ¿ûς ♣ςκΣÜλ Τσßλ

¿↔τ ΤγΟιûΘ Ï°ιÕχ ùΚôρΖÜλ.
• ¿↔ο ′°ΘΖÜ ∆κ× / ΜνχΚûςûΥ

úΜνιÕ + ΚηΠô⁄ Θη⁄τ
∆Θ↑Υôο ΚûςχΚÜλ.

• ¿↔τ ΤγΟιƒο ΓúΘàλ Τôσ[λ
ΓσΣγΟΘô Φ∴ ΚΞ±.
ΚûςϕΘ ∆κ× Φτ∴Ξô∴Õ?

• ≅Õ ΦδÏ Τû[ϕΘÕ?
• ¿ν ΤγΟιƒο Τôσ[λ ΓσΣγΟΘô?
Βπ↑∴ôχΚÞχÏ ↑ûΟΥ↓χΚ+ ÕΚρΚρ

ΣÚκùΣôÚγΚΖôο Α∴Õ Φàλ ΚÚιûΘ
ΣΥτΣÓιΘ úΞη⁄Υ ≅Ξ′Υλ ∆ρΖÕ−
úΘχΚςη⁄♠ο ΒÚϕΘ ∆κ× ≅οΩÕ
ΜνχΚûς+  ¿ν  ØÝΞÕλ Σς↑ÙρΖÕ−  ΣΟλ
2.1 ο ↑ΖχΚκΣγÓρΖÕ.

2.1.2   ΣÚκùΣôÚγΚ↓τ ÕΚρΚρ ΦπΞΖÜ
      ′°ΥûΞ>

ùΜΥο  `````````````````  2.2

• 2 ≅οΩÕ  3 ùΣôγΟô′Υλ
ùΣνΤôδΚú∴γ Σ⁄ΚδΚûΖ ΦÓιÕχ
ùΚôηÓ+ 100 ♥−←− ¿↔ο ΚûςχΚÜλ.

ΣΟλ 2.1:  ¿↔ο ∆κûΣ ΚûςχÏλúΣôÕ+ ∆κ× ÕΚρΚρ+
¿ν ÕΚρΚÞχÏ ΒûΟúΥ ∆ρΖ
ΒûΟùΞ↓ûΥ Αχ€ς♥ιÕ ùΚôρ€τ[∴.

* ♣û[♠τ SI ≅ΩÏ €úΩô€ςôλ (€−€−).
** Κ∴≅Ζ↑τ SI ≅ΩÏ Κ∴ ÁγΟν (Á3). Κ∴ ≅ΖûΞ ≅ΖχΚ ΣΥτΣÓλ ùΣôÕΞô∴ ≅ΩÏ ←γΟν (←). ≅ΘôΞÕ

1 ←γΟν = 1 ùΟ′−Á−3, 1 ← = 1000 ♥−←−.R 1 ùΜ−Á.3.

ΡλûΤ Ñσ°ÙρΖ ΣÚκùΣôÚγΚρ

2≅ΩÏ

¿ν
∆κ×

¿ν

∆κ×

¿ν

ΣΩ♥ο←Υτ ΤΟδÏ
∆ÚκùΣÚχΚκΣγÓρΖ
¿↔τ ÕΚρΚρ

  ∆κûΣúΜνιΘο ΚΩχÏΘο
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• Take out approximately 10 mL of this
solution and put it into 90 mL of clear
water.

• Take out 10 mL of this solution and
put  it  into  another  90  mL  of  clear
water.

• Keep diluting the solution like this 5
to 8 times.

• Is the water still coloured ?

2.2.2 PARTICLES OF MATTER  ARE

CONTINUOUSLY MOVING

Activity ______________ 2.3

• Put an unlit incense stick in a corner
of your class. How close do you have
to go near it so as to get its smell?

• Now light the incense stick. What
happens? Do you get the smell sitting
at a distance?

• Record your observations.

Activity ______________ 2.4

• Take two glasses/beakers filled with
water.

• Put a drop of blue or red ink slowly
and carefully along the sides of the
first beaker and honey in the same
way in the second beaker.

• Leave them undisturbed in your
house or in a corner of the class.

• Record your observations.
• What do you observe immediately

after adding the ink drop?
• What do you observe immediately

after adding a drop of honey?
• How many hours or days does it take

for the colour of ink to spread evenly
throughout the water?

Activity ______________ 2.5

• Drop a crystal of copper sulphate or
potassium permanganate into a glass
of hot water and another containing
cold water. Do not stir the solution.
Allow the crystals to settle at the
bottom.

• What do you observe just above the
solid crystal in the glass?

• What happens as time passes?
• What does this suggest about the

particles of solid and liquid?
• Does the rate of mixing change with

temperature? Why and how?

From the above three activities (2.3, 2.4 and
2.5), we can conclude the following:

Fig. 2.2: Estimating how small are the particles of
matter. With every dilution, though the
colour becomes light, it is still visible.

This experiment shows that just a few
crystals of potassium permanganate can
colour a large volume of water (about         1000
L). So we conclude that there must be millions
of tiny particles in just one crystal of
potassium permanganate, which keep
on dividing themselves into smaller and
smaller particles.

The same activity can be done using 2 ml
of Dettol instead of potassium permanganate.
The smell can be detected even on
repeated dilution.

The particles of matter are very small –
they are small beyond our imagination!!!!

2.2 Characteristics of Particles of
Matter

2.2.1 PARTICLES OF MATTER HAVE SPACE

BETWEEN THEM

In activities 2.1 and 2.2 we saw that particles
of sugar, salt, Dettol, or potassium
permanganate got evenly distributed in water.
Similarly, when we make tea, coffee or
lemonade (nimbu paani ), particles of one type
of matter get into the spaces between particles
of the other. This shows that there is enough
space between particles of matter.
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• ΒχΚûςΜ←←ÚϕÕ 10 ♥−←− ΚûςΜûΩ
ΦÓιÕχ ùΚôηÓ+ Τσù[ôÚ ÀχΚ↔ο
∆ρΖ 90 ♥−←− ¿ÚΟτ ΚΩχΚÜλ.

• ΒχΚûςΜ←←ÚϕÕ  10 ♥−←−
ΚûςΜûΩ ΦÓιÕχ ùΚôηÓ+
Τσù[ôÚ ÀχΚ↔ο ∆ρΖ 90 ♥−←.
¿ÚΟτ ΚΩχΚÜλ.

• ΒÕúΣôτß ΚûςΜûΩ 5 ←ÚϕÕ 8
Øû[ ¿νχΚ ùΜµΥ úΞηÓλ.

2.2.2 ΣÚκùΣôÚ↓τ ÕΚρΚρ
ùΘôΟνε′ΥôΚ ΒΥδ€χ ùΚôηúΟ ΒÚχÏλ.

ùΜΥο  `````````````````  2.3
• ∆δΚρ ΞÏκΣû[♠ο

Σσ[ûΞχΚôΘ ΕÕΣιƒûΥ ΙÚ
êûΩ♠ο ûΞχΚÜλ− ΕÕΣιƒχÏ
ΦπΞΖÜ ≅Ú€ο ùΜοÛλ úΣôÕ+
ΤΠιûΘ ∆Πς Ø⁄€[Õ?

• ΒκúΣôÕ ΕÕΣιƒûΥ Σσ[
ûΞχΚÜλ− Φτ∴ ♣ΚθϕΘÕ?
çςιƒο ΒÚχÏλ úΣôÕλ
ΤΠιûΘ ∆Πς Ø⁄ϕΘΘô?

• ∆δΚρ ∆σßúΡôχΚûΩ ΣƒÜ ùΜµΥÜλ.

  ùΜΥο  ̀ ````````````````  2.4
• ΒςηÓ ÏΞûΖΚρ/ ÀχΚνΚûΖ

¿ςôο ♣ςκΣÜλ.
• ØΘο ÀχΚ↔ο ∋ØΚûΞ( ùΤÕΞôΚÜλ+

ΦεΜ↔χûΚÙΟàλ ÀχΚ↔τ ÑΞσ°τ
Ξ→úΥ ΙÚ Õ↓ ¿Ωλ ≅οΩÕ ′Ξκ×
ûΤûΥÙλ+ ΒςηΟôΞÕ ÀχΚ↔ο
úΘû∴Ùλ úΜνχΚÜλ.

• ΒΞσû[ Åγ⁄τ ≅οΩÕ
ΞÏκΣû[♠τ ΙÚ êûΩ♠ο
≅ûΜχΚôΤο ûΞχΚÜλ.

• ∆δΚρ ∆σßúΡôχΚοΚûΖ ΣƒÜ
ùΜµΥÜλ.

• ûΤιÕ↓ûΥ úΜνιΘ ∆Οú∴ Φτ∴
ΚΞ±ι¾νΚρ?

• úΘû∴ úΜνιΘ ∆Οú∴ Φτ∴
ΚΞ±ι¾νΚρ?

• ¿↔ο ûΤ♠τ ♣[λ ≠ςôΚ ΣςΞ
∋↑ςΞ( ΦιΘû∴ Τ∞úΡςλ ≅οΩÕ
ΦιΘû∴ ΡôγΚρ úΘûΞκΣγΟÕ ?

ùΜΥο  `````````````````  2.5
• ãΟô∴ Τσßλ Ï↓νϕΘ ¿ν ùΚôηΟ

ÏΞûΖΚ↓ο ΚôκΣν ΜοúΣγ ≅οΩÕ
ùΣôγΟô′Υλ ùΣνΤôδΚú∴γ
Σ⁄ΚιûΘ úΣôΟÜλ− ΚûςΜûΩ
≅ûΜχΚôΤο ûΞχΚÜλ−Σ⁄ΚδΚûΖ
ÏΞûΖ♠τ ≅⁄♠ο Σ⁄Υ ↑ΟÜλ.

•    ΚηΠô⁄ ÏΞûΖ♠ο Σ⁄ΚιƒσÏ
Μσß úΤο+ ¿δΚρ Φτ∴
ΚΞ±ι¾νΚρ?

• ′°Õ úΡςλ Κ→ιÕ Φτ∴ ♣ΚÝλ?
• ΒÕ ƒηΤ+ ƒςΞκ ùΣôÚγΚ↓τ

ÕΚρΚûΖ Σσ° ∆δΚÞχÏ ΦûΘ
ùΘ↔↑χ€[Õ?

• ùΞκΣ♣ûΩúΥôÓ+ ΚΩκ× ÅΘØλ
ΤôßΣÓ€[Θô ? Γτ ? ΦπΞôß ?

úΤσΚηΟ êτß ùΜΥοΚ↓←ÚϕÕ ( 2.3,
2.4 Τσßλ 2.5) ♦τΞÚΤôß ∆ßƒ ùΜµΥΩôλ.

• ΒκùΣôÝÕλ+ ¿ν ♣[ιÕΟτ
ΚôΠκΣÓ€[Θô ?

ΒεùΜΥ←ο+ ΙÚ′Ω ùΣôγΟô′Υλ
ùΣνΤôδΚú∴γ Σ⁄ΚδΚρ ≅ƒΚ Κ∴≅ΖÜρΖ
(1000 ←) ¿ÚχÏ ♣[ιûΘ ≅↓χ€τ[∴− ΑΚúΞ
ùΣôγΟô′Υλ ùΣνΤôδΚú∴γ⁄τ ΙÚ Σ⁄Κιƒο
♥ο←Υτ ΚΠχ€ο ÖηÕΚρΚρ ∆ρΖ∴ Φ∴
∆ßƒΥôΚ á[Ωôλ− ΒûΞ ΘΤχÏιΘôúΤ ′ß′ß
ÕΚρΚΖôΚ ♦↔ΞûΟϕÕ ùΚôηúΟ ΒÚχÏλ.

ùΣôγΟô′Υλ ùΣνΤôδΚú∴γÓχÏ Τôσ[ôΚ
2 ♥−←− ùΟγΟôûΩ ΣΥτΣÓιƒ úΤσΚηΟ
úΜôΘû∴ûΥ ùΜµΥÜλ− ÁηÓλ ÁηÓλ
¿νχΚ ùΜµΘôÛλ ΤΠιûΘ ∆ΠςΩôλ.
ΣÚκùΣôÚ↓τ ÕΚρΚρ ♥Κε′°ΥûΞ−
≅ûΞ ΡΤÕ ΚσΣû∴χÏ ΦγΟôΘ ≅Ζ↑σÏ
♥Κε′°ΥûΞ−

2.2  ΣÚκùΣôÚρ ÕΚρΚ↓τ Ση×Κρ
2.2.1  ΣÚκùΣôÚρ ÕΚρΚÞχ€ûΟúΥ
ΒûΟùΞ↓ ΒÚχÏλ

2.1  Τσßλ 2.2 ùΜΥοΚ↓ο ΜνχΚûς+ ∆κ×+
ùΟγΟôο ≅οΩÕ ùΣôγΟô′Υλ ùΣνΤôδΚú∴γ
¿↔ο ≠ςôΚ Σς↑♠ÚϕΘûΘ ΚηúΟôλ− Ρôλ
úΘ¿ν+ Κô♦ ≅οΩÕ ΦÛ♥εûΜ Μôß
ΘΥô↔χÏλ úΣôÕ+ ΙÚ ΣÚκùΣôÚ↓τ ÕΚρΚρ
Τσù[ôÚ ΣÚκùΣôÚ↓τ ÕΚρΚÞχÏ ΒûΟúΥ
∆ρΖ ΒûΟùΞ↓♠ο ÖûΨ€τ[∴− ΒÕ
ΣÚκùΣôÚ↓τ ÕΚρΚÞχÏ ΒûΟúΥ
ΒûΟùΞ↓ ΒÚκΣûΘ ΚôγÓ€[Õ.

ΣΟλ 2.2: ΣÚκùΣôÚ↓τ ÕΚρΚρ ΦπΞΖÜ
′°ΥΘôΚ ΒÚχÏλ ΦτΣûΘ Ε€ιΘο−
ΙπùΞôÚ Øû[ ¿νχÏλ úΣôÕλ ♣[ιƒτ

ùΜ°Ü Ïû[ϕΘôÛλ+ ♣[λ ΚôΠκΣÓ€[Õ.

100 ♥−←. 100 ♥−←. 100 ♥−←. 100 ♥−←. 100 ♥−←.

10 ♥−←. 10 ♥−←. 10 ♥−←.
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• If we consider each student as a
particle of matter, then in which group
the particles held each other with the
maximum force?

Activity ______________ 2.7
• Take an iron nail, a piece of chalk and

a rubber band.
• Try breaking them by hammering,

cutting or stretching.
• In which of the above three

substances do you think the particles
are held together with greater force?

Activity ______________ 2.8
• Take  some  water  in  a  container,  try

cutting the surface of water with your
fingers.

• Were you able to cut the surface of
water?

• What could be the reason behind the
surface of water remaining together?

The above three activities (2.6, 2.7 and
2.8) suggest that particles of matter have force
acting between them. This force keeps the
particles together. The strength of this force of
attraction varies from one kind of matter to
another.

uestions
1. Which of the following are

matter?
Chair, air, love, smell, hate,
almonds, thought, cold, lemon
water, smell of perfume.

2. Give reasons for the following
observation:
The smell of hot sizzling food
reaches you several metres away,
but to get the smell from cold food
you have to go close.

3. A diver is able to cut through
water in a swimming pool. Which
property of matter does this
observation show?

4. What are the characteristics of the
particles of matter?

Particles of matter are continuously
moving, that is, they possess what we call the
kinetic energy. As the temperature rises,
particles move faster. So, we can say that with
increase in temperature the kinetic energy of
the particles also increases.

In the above three activities we observe that
particles of matter intermix on their own with
each other. They do so by getting into the
spaces between the particles. This
intermixing of particles of two different
types of matter on their own is called
diffusion. We also observe that on heating,
diffusion becomes faster. Why does this
happen?

2.2.3 PARTICLES OF MATTER ATTRACT

EACH OTHER

Activity ______________ 2.6

• Play this  game in the field— make
four groups and form human chains
as suggested:

• The first group should hold each
other from the back and lock arms

like Idu-Mishmi dancers (Fig. 2.3).
Fig. 2.3

• The second group should hold hands
to form a human chain.

• The third group should form a chain
by touching each other with only
their finger tips.

• Now, the fourth group of students
should run around and try to break
the three human chains one by one
into as many small groups as
possible.

• Which group was the easiest to
break? Why?

Q
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• ΙπùΞôÚ ΤôΠΞû∴Ùλ ΙÚ
ÕΚΖôΚ ΚÚÕλ úΣôÕ ΦϕΘ ÏÝ↑ο
ÕΚρΚρ ≅ƒΚΣγΜ ↑ûΜÙΟτ
Ιτú[ôùΟôτß ΒûΠϕÕρΖ∴ ?

ùΜΥο  `````````````````  2.7
• ΒÚλ× Α∞+ ÑηΠχΚγ⁄ ÕηÓ

Τσßλ ΒςκΣν ΣγûΟûΥ ΦÓιÕχ
ùΚôρΖÜλ.

• ≅Ξσû[ ÑιƒΥôο ≅⁄ιúΘô
≅οΩÕ ΚιΘ↔ιúΘô ≅οΩÕ
¿γ′ιúΘô ∆ûΟχΚ ØΥΩÜλ.

• úΤσΚηΟ ùΣôÚγΚ↓ο+ ΦϕΘ
ùΣôÚ↓τ ÕΚρΚρ ≅ƒΚ
↑ûΜûΥ ùΚôηÓρΖ∴?

ùΜΥο  `````````````````  2.8

• ΙÚ  ùΚôρΚΩ±ο  ¿ûς
ΦÓιÕχùΚôηÓ+ ∆δΚρ ûΚ
↑ςοΚΖôο ¿↔τ ×[κΣςκûΣ
ùΞγΟÜλ.

• ¿↔τ ×[κΣςκûΣ ùΞγΟ Ø⁄ϕΘΘô?
• ¿↔τ ×[κΣςκ× ΒûΠϕúΘ

ΒÚκΣΘσÏ ΚôςΠλ Φτ∴?

úΤσΚηΟ êτß ùΜΥοΚρ (2.6, 2.7
Τσßλ 2.8) ùΣôÚγΚ↓τ ÕΚρΚÞχ€ûΟúΥ
↑ûΜ ΒÚχÏλ ΦτΣûΘ ΚôγÓ€[Õ− ΒϕΘ
↑ûΜ ÕΚρΚûΖ ΒûΠιÕ ûΞχ€τ[∴−
ΙÚ ΣÚκùΣôÚÞχÏλ Τσù[ôÚ ΞûΚ
ΣÚκùΣôÚÞχÏλ Χνκ× ↑ûΜ♠τ Ξ←ûΤ
ΤôßΣγÓ ΒÚχÏλ.

↑∴ôχΚρ
1. •θχΚηΟΞσ°ο ΣÚκùΣôÚρ ΦÕ?

  ΡôσΚô←+  Κôσß+  ≅τ×+  ΤΠλ+
ùΞßκ×+ ΚΞûΩ+ ′ϕΘû∴+ Ï↓νε′+
Ï↓νϕΘ ΦÛ♥εûΜ ΣΨςΜλ+ ΡßΤΠλ.

2. •θχΚηΟ ∆σßúΡôχΚοΚÞχÏ
ΚôςΠδΚûΖ ùΘ↔↑χΚÜλ−
ãΟô∴ ∆ΠÜ ùΣôÚγΚ↓τ
ΤΠιûΘ çςιƒ←ÚχÏλ úΣôÕλ
∆Πς Ø⁄Ùλ− Α∴ôο Ï↓νε′Υô∴
∆ΠÜ ùΣôÚγΚ↓τ ΤΠιûΘ ∆Πς
≅Ú€ο ùΜοΩ úΞηÓλ.

3. ΙÚ ¿εΜο Åςν+ ¿εΜο ÏΖιƒο
∆ρΖ ¿ûς ♦ΖχΚ Ø⁄Ùλ− ΒϕΘ
∆σßúΡôχΚο+ ΣÚκùΣôÚ↓τ ΦϕΘ
ΣηûΣ ùΘ↔↑χ€[Õ?

4. ΣÚκùΣôÚ↓τ ÕΚρΚ↓τ Ση×Κρ
ΥôûΞ?

ΣÚκùΣôÚ↓τ ÕΚρΚρ ùΘôΟνε′ΥôΚ
ΒΥδ€χ ùΚôηúΟ ΒÚχÏλ− Γù∴±ο ≅ûΞ
ΒΥχΚ Ασ[ûΩ ùΣσ°ÚχÏλ− ùΞκΣ♣ûΩ
≅ƒΚ↔χÏλúΣôÕ+ ÕΚρΚρ úΞΚΤôΚ ΒΥδÏλ−
ΑΚúΞ ùΞκΣ♣ûΩ ≅ƒΚ↔χÏλ úΣôÕ+
ÕΚρΚ↓τ ΒΥχΚ Ασ[Ûλ ≅ƒΚ↔χÏλ.
      úΤσΚηΟ êτß ùΜΥοΚ↓ο+ ΣÚκùΣôÚ↓τ
ÕΚρΚρ ΘΤχÏιΘôúΤ Ιτú[ôùΟôτß ΚΩκΣûΘ
Ρôλ ΚΞ±χΚΩôλ− ≅ûΞ ÕΚρΚÞχÏ ΒûΟúΥ
∆ρΖ ΒûΟùΞ↓♠ο ÖûΨΞΘôο ΒπΞôß
ΡûΟùΣß€[Õ− ùΞπúΞß ΞûΚΥô∴ ΣÚκùΣôÚρΚ↓τ
ÕΚρΚρ ΘΤχÏιΘôúΤ Ιτú[ôùΟôτß ΚΩκΣûΘ
↑ςÜΘο ΦτΣν− úΤÛλ+ ùΞκΣκΣÓιÕλúΣôÕ ↑ςÜΘο
úΞΚΤôΚ ΡûΟùΣßλ ΦτΣûΘÙλ ≅°ΥΩôλ− Γτ
ΒπΞôß ♣Κθ€[Õ ?

2.2.3  ΣÚκùΣôÚ↓τ ÕΚρΚρ
Ιτû[ùΥôτß Χνχ€τ[∴
ùΜΥο  `````````````````  2.6
• ΒϕΘ ↑ûΖΥôγûΟ ΞÏκΣû[χÏ

ùΞ↓úΥ ↑ûΖΥôΟÜλ−
ΤôΠΞνΚûΖ ΡôτÏ ÏÝχΚΖôΚ
♦↔χΚÜλ− •úΨ Ï°κ♦γΟΞôß
Τ±Θ Μδ€←ΥôΚ ΓσΣΟÜλ.

• ØΘο ÏÝ ΒÓ,♥υ♥ (Idu-Mishmi)
ΡΟ∴ ΚûΩΝνΚρ úΣôο
♦τ×[ιƒ←ÚϕÕ ûΚΚΖôο
ΙÚΞûςùΥôÚΞν Ρτ[ôΚ ♦⁄ιÕχ
ùΚôρΖ úΞηÓλ, (ΣΟλ 2.3 ).

ΣΟλ 2.3
• ΒςηΟôΞÕ ÏÝ Τ±Θ Μδ€←ûΥ

úΣôτß ûΚΚûΖ ♦⁄ιÕχ ùΚôρΖ
úΞηÓλ.

• êτ[ôΞÕ ÏÝ ΙÚΞÚχùΚôÚΞν
↑ςο Ö±ΚûΖ ùΘôγÓχ
ùΚôρΞΘτ êΩλ Τ±Θ
Μδ€←ΥôΚ ΓσΣΟ úΞηÓλ.

• ΒκúΣôÕ ΡôτΚôλ ÏÝ ΤôΠΞνΚρ
úΞΚΤôΚ ϑγΟλ ΦÓιÕ êτß
ÏÝχΚ↓τ Τ±Θ Μδ€←
≅ûΤκ×ΚûΖ ′ß′ß ÏÝχΚΖôΚ
♦↔χΚ Øσ′χΚ úΞηÓλ.

• ΦϕΘχ ÏÝûΞ ∆ÚχÏûΩÜ
ùΜµΞÕ Φ↓Õ? Γτ?
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2.3 States of Matter
Observe different types of matter around you.
What are its different states? We can see that
matter around us exists in three different
states– solid, liquid and gas. These states
of matter arise due to the variation in the
characteristics of the particles of matter.

Now, let us study about the properties of
these three states of matter in detail.

2.3.1 THE SOLID STATE

Activity _____________ 2.9
• Collect the following articles — a pen,

a book, a needle and a piece of wooden
stick.

• Sketch the shape of the above articles
in your notebook by moving a pencil
around them.

• Do all these have a definite shape,
distinct boundaries and a fixed volume?

• What happens if they are hammered,
pulled or dropped?

• Are these capable of diffusing into
each other?

• Try compressing them by applying
force. Are you able to compress them?

All the above are examples of solids. We
can observe that all these have a definite shape,
distinct boundaries and fixed volumes, that
is, have negligible compressibility. Solids have
a tendency to maintain their shape when
subjected to outside force. Solids may break
under force but it is difficult to change their
shape, so they are rigid.

Consider the following:

(a) What about a rubber band, can it
change its shape on stretching? Is it
a solid?

(b) What about sugar and salt? When
kept in different jars these take the
shape of the jar. Are they solid?

(c) What about a sponge? It is a solid yet
we are able to compress it. Why?

All the above are solids as:
• A rubber band changes shape under force

and regains the same shape when

the force is removed. If excessive force is
applied, it breaks.

• The shape of each individual sugar or
salt crystal remains fixed, whether we
take it in our hand, put it in a plate or in
a jar.

• A sponge has minute holes, in which  air
is  trapped,  when  we  press  it,  the  air
is expelled out and we are able to
compress it.

2.3.2 THE LIQUID STATE

Activity _____________ 2.10
• Collect the following:

(a) water, cooking oil, milk, juice, a
cold drink.

(b) containers of different shapes.
Put  a  50  mL  mark  on  these
containers using a measuring
cylinder from the laboratory.

• What will happen if these liquids are
spilt on the floor?

• Measure 50 mL of any one liquid and
transfer it into different containers
one by one. Does the volume remain
the same?

• Does the shape of the liquid remain
the same ?

• When  you  pour  the  liquid  from one
container into another, does it flow
easily?

We observe that liquids have no fixed
shape but have a fixed volume. They take up
the shape of the container in which they are
kept. Liquids flow and change shape, so they
are not rigid but can be called fluid.

Refer  to activities 2.4 and 2.5 where we
saw that solids and liquids can diffuse into
liquids. The gases from the atmosphere
diffuse and dissolve in water. These gases,
especially oxygen and carbon dioxide, are
essential for the survival of aquatic animals
and plants.

All living creatures need to breathe for
survival. The aquatic animals can breathe
under water due to the presence of dissolved
oxygen  in water. Thus, we may conclude that
solids, liquids and gases can diffuse into
liquids. The rate of diffusion of liquids is
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2.3 . ΣÚκùΣôÚ↓τ ♣ûΩΚρ

∆δΚûΖ Ñσ°ÙρΖ ùΞπúΞß
ΞûΚΥô∴ ΣÚκùΣôÚγΚûΖ ΚΞ±χΚÜλ−
ΣÚκùΣôÚγΚρ ƒηΤ ∋ƒΟ(+ ƒςΞ Τσßλ
ΞôÙ ♣ûΩΚ↓ο ΚôΠκΣÓ€τ[∴−
Βϕ♣ûΩΚρ+ ΣÚκùΣôÚρ ÕΚρΚ↓τ
Ση×Κ↓τ ΤôßΣôÓΚΖôο ΓσΣÓ€τ[∴.

ΒκúΣôÕ ΣÚκùΣôÚ↓τ êτß
♣ûΩΚ↓τ Ση×ΚûΖ Σσ° Σ⁄κúΣôλ.

2.3.1.  ƒηΤ ♣ûΩ ∋ƒΟ ♣ûΩ(

ùΜΥο  `````````````````  2.9
• ΦÝÕúΚôο+ ×ιΘΚλ+ Ε′ Τσßλ

ΤςχùΚôλ× úΣôτ[ ùΣôÚγΚûΖ
úΜΚ↔χΚÜλ−

• ùΣôÚγΚûΖ Ñσ° ùΣτ′Ωôο
úΚôÓ ΞûςϕÕ ùΣôÚγΚ↓τ
Ξ⁄ΞδΚûΖ ΞûςΥÜλ−

• ΒΞσ°σÏ ΞûςΥßχΚκΣγΟ Ξ⁄Ξλ+
ΦοûΩΚρ+ ♣ûΩΥô∴ Κ∴≅ΖÜ
∆ρΖ∴Ξô?

• ≅Ξσû[ ÑιƒΥôο ≅⁄ιΘôο+
ΒÝιΘôο ≅οΩÕ •úΨ ↑ÝϕΘôο
Φτ∴ΞôÏλ?

• ΒûΞ Ιτú[ôùΟôτß ↑ςÜΤô?
• ↑ûΜûΥ ùΜÛιƒ ΒßχΚÜλ ∋≅ÝιΘÜλ(−

∆δΚΖôο ΒßχΚ Ø⁄ϕΘΘô?
úΤσΚηΟ ≅û∴ιÕλ ƒηΤδΚÞχÏ

ΦÓιÕχΚôγÓΚΖôÏλ− ΒûΞ ΞûςΥßχΚκΣγΟ Ξ⁄Ξλ+
úΞßΣγΟ ΦοûΩΚρ Τσßλ ♣ûΩΥô∴ Κ∴≅ΖûΞ
ùΚôη⁄ÚχÏλ− ♥ΚÜλ Ïû[Ξô∴ ΒßÏλ ΘτûΤûΥ
ùΚôη⁄ÚχÏλ− ùΞ↓↑ûΜ ùΜΥοΣÓλúΣôÕ+ ΘδΚρ
Ξ⁄ΞιûΘ ♣ûΩ♣ßιƒχ ùΚôρÞλ ΣηûΣ
ùΣσ°ÚχÏλ−  ƒηΤδΚρ  ↑ûΜΚΖôο  ∆ûΟϕÕ
↑ΟΩôλ− Α∴ôο ≅Ξσ°τ Ξ⁄ΞδΚûΖ ΤôσßΞÕ
Κ⁄∴λ  ΑÏλ−  ΑΚúΞ  ƒηΤδΚρ  ↑û[κΣôΚ
ΒÚχÏλ− •θχΚηΟΞσû[ ΚΞ±χΚÜλ.
(a) ΒςκΣν ΣγûΟûΥ Σσ° ùΘ↔ϕÕχ

ùΚôρúΞôλ− ΒςκΣûς ¿γ′χÏλúΣôÕ+ ≅Θτ
Ξ⁄Ξλ Τôß€[Θô?≅Õ ΙÚ ƒηΤκ ùΣôÚΖô?

(b) ΜνχΚûς Τσßλ ∆κ× ƒηΤκ ùΣôÚΖô?
ΒûΘ ùΞπúΞß ΚΩτΚ↓ο úΜ♥ιÕ
ûΞχÏλ úΣôÕ+ ΚΩτΚ↓τ Ξ⁄ΞιûΘ
ùΣß€τ[∴− ΒûΞ ƒηΤδΚΖô?

(c) υΣôφε Ση× Φτ∴? ΒΞσû[ ΒßχΚ
Ø⁄ϕΘôÛλ ƒηΤδΚúΖ ΑÏλ− Γτ>

úΤσΚηΟ ≅û∴ιÕλ ƒηΤδΚρ ΑÏλ− Γù∴±ο+
• ΒςκΣ↔τ ÁÕ ↑ûΜ ùΜÛιÕλ úΣôÕ Ξ⁄Ξλ

Τôß€[Õ− ↑ûΜûΥ ¿χÏλ úΣôÕ ÁηÓλ
ΣûΨΥ Ξ⁄ΞιûΘ ùΣßλ− ≅ƒΚ ↑ûΜûΥ

ùΜÛιÕ λúΣôÕ+ ≅ßϕÕ ↑Ó€[Õ.
• ∆κ× ≅οΩÕ ΜνχΚûςûΥ ûΚ♠ο ≅οΩÕ

Θγ⁄ο ΦÓιÕχ ùΚôηΟôÛλ ΙπùΞôÚ Θ±
ΜνχΚûς ≅οΩÕ ∆κ× Σ⁄ΚØλ Ï°κ♦γΟ
Ξ⁄ΞιûΘ ùΚôη⁄ÚχÏλ.

• υΣôφε ′ßÕûΖΚûΖ ùΚôη⁄ÚχÏλ−
ΒιÕûΖΚ↓ο Κôσß ♣ςλ♦ ΒÚχÏλ− ≅ûΘ
ΒßχÏλ úΣôÕ+ Κôσß ùΞ↓úΥß€[Õ−
ΑΚúΞ ≅ûΘ ΒßχΚ Ø⁄€[Õ.

2.3.2  ƒςΞ ♣ûΩ
 ùΜΥο  `````````````````  2.10

• •θχΚηΟΞσû[ úΜΚ↔χΚÜλ.
(a)  ¿ν+ ΜûΤΥο ΦηùΠµ+ Σôο+

ΣΨςΜλ+ Ï↓νΣô∴λ.
(b) ùΞπúΞß Ξ⁄ΞδΚûΖ ∆ûΟΥ

ùΚôρΚΩτΚûΖ ΦÓιÕχ
ùΚôρΖÜλ− ≅û∴ιÕ
ùΚôρΚΩτΚ↓Ûλ+ ≅ΖûΞ
∆ÚûΖ ∆Θ↑ÙΟτ 50 ♥−←−
≅ΖûΞ Ï°ιÕ ùΚôρΖÜλ.

• ΒιƒςΞδΚρ Θûς♠τ ÁÕ
↑ÝϕΘôο Φτ∴Ξô€[Õ?

• ΓΘôΞÕ ΙÚ ƒςΞιûΘ 50 ♥−←− Ξûς
≅Ζ↑ΟÜλ− ≅ûΘ ΙπùΞôÚ
ùΚôρΚΩ±Ûλ Τôσ[Üλ− Ιúς ≅ΖΞôΚ
ƒςΞιƒτ Κ∴≅ΖÜ ΒÚϕΘΘô?

• ƒςΞδΚ↓τ Ξ⁄Ξλ Ιúς Τôƒ↔ΥôΚ
ΒÚϕΘΘô?

• ¿δΚρ ƒςΞιûΘ ΙÚ
ùΚôρΚΩ±←ÚϕÕ Τσù[ôÚ
ùΚôρΚΩ±σÏ ΤôσßλúΣôÕ
Φ↓ΘôΚ ΣôµϕΘΘô?

ƒςΞδΚÞχÏ ♣ûΩΥô∴ Ξ⁄Ξλ ΒÚχΚôÕ+
♣ûΩΥô∴ Κ∴≅ΖÜ ΒÚχÏλ ΦτΣûΘ
ΚΞ±χΚΩôλ− ≅ûΞ ùΚôρΚΩ±τ Ξ⁄ΞιûΘ
ùΣß€τ[∴− ƒςΞδΚρ ΣôÙλ: ≅ûΞ Ξ⁄ΞιûΘ
Τôσ°χ ùΚôρ€τ[∴− ΑΚúΞ ≅ûΞ
↑û[κ×ιΘτûΤûΥ ùΣσ°ÚχΚôÕ− Φ∴úΞ
≅Ξσû[ ΣôµΤδΚρ Φ∴ ≅ûΨχΚΩôλ.

ùΜΥο 2.4 Τσßλ 2.5 êΩλ ƒηΤκ
ùΣôÚγΚρ Τσßλ ƒςΞ ùΣôÚγΚρ ƒςΞδΚ↓ο
↑ςÜλ Φ∴ ΣôνιúΘôλ− Ξ↓ΤηΟΩιƒο ∆ρΖ
ΞôÙχΚρ ¿↔ο ↑ς↑ ΚûςϕÕ↑Ó€τ[∴−
Øχ€ΥΤôΚ Αχ′⊥τ Τσßλ ΚôνΣτ ûΟ
ΑχûΜÓ ¿νΞôθ ↑ΩδÏΚρ Τσßλ
ΘôΞςδΚÞχÏ ♥ΚÜλ ≅Ξ′Υλ−

ΦοΩô ∆♠↔ΚÞλ ∆♠νΞôΨ ÑΞô′χΚ
úΞηÓλ− ¿↔ο ΚûςϕÕρΖ Αχ′⊥û∴ ¿νΞôθ
∆♠↔Κρ  ÑΞô′χ€τ[∴−  Φ∴úΞ  ƒηΤ+  ƒςΞ
Τσßλ ΞôÙ ùΣôÚγΚρ ƒςΞδΚ↓ο ↑ςÜλ Φ∴
∆ßƒΥôΚ á[Ωôλ− ƒςΞδΚ↓τ ↑ςÜλ ÅΘλ
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higher than that of solids.  This is due to the
fact that in the liquid state, particles move
freely and have greater space between each
other as compared to particles in the solid
state.

2.3.3 THE GASEOUS STATE

Have you ever observed a balloon seller filling
a  large  number  of  balloons  from a  single
cylinder of gas? Enquire from him how many
balloons is he able to fill from one cylinder.  Ask
him which gas does he have in the cylinder.

Activity _____________ 2.11
• Take three 100 mL syringes and close

their nozzles by  rubber corks, as
shown in Fig.2.4.

• Remove the pistons from all the
syringes.

• Leaving one syringe untouched, fill
water in the second and pieces of
chalk  in the third.

• Insert the pistons back into the
syringes. You may apply some
vaseline on the pistons before
inserting them  into the syringes for
their smooth movement.

• Now, try to compress the content by
pushing the piston in each syringe.

We have observed that gases are highly
compressible as compared to solids and
liquids. The liquefied petroleum gas (LPG)
cylinder that we get in our home for cooking
or the oxygen supplied to hospitals in
cylinders is compressed gas. Compressed
natural gas (CNG) is used as fuel these days
in vehicles. Due to its high compressibility,
large volumes of a gas can be compressed
into a small cylinder and transported easily.

We  come to know of what is being cooked
in the kitchen without even entering there, by
the smell that reaches our nostrils. How does
this smell reach us? The particles of the aroma
of food mix with the particles of air spread from
the kitchen, reach us and even farther away.
The smell of hot cooked food reaches us in
seconds; compare this with the rate of diffusion
of solids and liquids. Due to high speed of
particles and large space between   them, gases
show the property of diffusing very fast into
other gases.

In the gaseous state, the particles move
about randomly at high speed. Due to this
random movement, the particles hit each other
and also the walls of the container. The
pressure exerted by the gas is because of this
force exerted by gas particles per unit area on
the walls of the container.

Fig. 2.4

• What do you observe? In which case
was the piston easily pushed in?

• What  do  you  infer  from  your
observations?

Fig.2.5: a, b and c show the magnified schematic
pictures of the three states of matter. The
motion of the particles can be seen and

compared in the three states of  matter.



ΡλûΤε Ñσ°ÙρΖ ΣÚκùΣôÚγΚρ 43

ƒηΤδΚûΖ ↑Ο ≅ƒΚλ− Γù∴±ο
ƒςΞδΚ↓ο ∆ρΖ ÕΚρΚρ+ ƒηΤδΚ↓ο
∆ρΖ ÕΚρΚûΖ ↑Ο Θτ±εûΜΥôΚ
ΒΥδÏλ Τσßλ ÕΚρΚÞχ€ûΟúΥ ≅ƒΚ
ΒûΟùΞ↓ ΚôΠκΣÓλ.

2.3.3  ΞôÙ ♣ûΩ
ΙÚ Σíτ ↑σΣΞν+ ΙÚ ′←ηΟ↔ο ∆ρΖ

Κôσû[+ ≅ƒΚ Φη∞χûΚ♠ο ΣíτΚ↓ο
♣ςκ×ΞûΘ ΚΞ±ι¾νΚΖô? ≅Ξν ΙÚ ′←ηΟν
êΩλ ΦιΘû∴ ΣíτΚûΖ ♣ςκ×Ξôν ΦτΣûΘ
ùΘ↔ϕÕ ùΚôρÞδΚρ− ′←ηΟ↔ο ∆ρΖ
ΞôÙ↑τ ùΣΥûς ùΘ↔ϕÕ ùΚôρÞδΚρ.

 ùΜΥο  `````````````````  2.11
• êτß 100 ♥−←− ÀεÑχÏΨοΚûΖ

ΦÓιÕχ ùΚôρΖÜλ− ΣΟλ 1.4 ο
Κôγ⁄ΥΣ⁄ ≅Ξσ°τ ØΚκ×χ
ÏΨôûΥ ΒςκΣν ΚôνχΚôο êΟÜλ.

• ΦοΩô ÀεÑχÏΨοΚ↓←ÚϕÕ ∆ϕÕ
ΘηûΟ ΦÓιÕ ↑ΟÜλ.

• ΙÚ ÀεÑχÏΨûΩ ≅κΣ⁄úΥ
↑γÓ↑ÓδΚρ− ΒςηΟôΞÕ
ÀεÑχÏΨ←ο ¿ûςÙλ+ êτ[ôΞÕ
ÀεÑχÏΨ←ο ÑηΠχΚγ⁄ΚûΖÙλ
♣ςκΣÜλ.

• ÀεÑχÏΨοΚ↓ο ÁηÓλ ∆ϕÕ
ΘηÓΚûΖ ÖûΨχΚÜλ−
ÖûΨχÏλ Øτ+ ∆ϕÕ ΘηÓ
Φ↓ΘôΚ ΒΥδΚ úΞΜ←τ éΜÜλ−

• ΒκúΣôÕ ΙπùΞôÚ ÀεÑχÏΨ←ο
∆ρΖ ùΣôÚγΚûΖ ΒßχΚ+ ∆ϕÕ
ΘηûΟ ∆ρúΡôχ€ ΘρΖÜλ.

ΒΘτ êΩλ ƒςΞδΚρ Τσßλ
ƒηΤδΚûΖ↑Ο ΞôÙχΚρ ≅ƒΚ ΒßÏλ ΘτûΤ
ùΚôηΟÕ Φ∴ ≅°ΥΩôλ− ΜûΤΥÛχΚôΚ Åγ⁄ο
ΣΥτΣÓιΘκΣÓλ ƒςΞΤôχΚκΣγΟ ùΣγúςô←Υ
ΞôÙ(LPG)′←ηΟν+ ΤÚιÕΞΤû∴ΚÞχÏ ≅↓χΚκΣÓλ
Αχ′⊥τ ′←ηΟνΚρ ΒßχΚκΣγΟ ΞôÙχΚûΖ
ùΚôη⁄ÚχÏλ− ΞôΚ∴δΚ↓ο ΒßχΚκΣγΟ ΒΥσûΚ
Φ↔ΞôÙ (CNG) Φ↔ùΣôÚΖôΚ ΣΥτΣÓ€[Õ− ΞôÙχΚ↓τ
≅ƒΚ ΒßÏλ ΘτûΤ♠∴ôο+ ≅ƒΚ Κ∴≅ΖÜ
ΞôÙχΚûΖ+ Ïû[ϕΘ Κ∴≅ΖÜ ùΚôηΟ
′←ηΟνΚ↓ο  ΒßχΚ  Ø⁄Ùλ  Τσßλ  Φ↓ΘôΚ
ΦÓιÕ ùΜοΩ Ø⁄Ùλ.

ΜûΤΥΩû[♠ο ΜûΤχÏλ ∆ΠûΞ+
ΜûΤΥΩû[χÏ ùΜοΩôΤúΩ êχ€τ êΩλ ΤΠιΘôο
ùΘ↔ϕÕ ùΚôρΖΩôλ− ΒϕΘ ΤΠλ ΡλûΤ ΦπΞôß
ΞϕΘûΟ€[Õ> ΜûΤΥΩû[♠ο Σς↑♠ÚχÏλ Κôσß
ÕΚρΚÞΟτ+ ∆Π↑τ ΤΠλ ΚΩϕÕ+
çςιƒ←ÚχÏλ ΡλûΤ ΞϕΘûΟ€[Õ− ãΟô∴ ∆Π↑τ
ΤΠλ ′Ω ùΡô⁄Κ↓ο ΡλûΤ ΞϕΘûΟÙλ− ƒηΤ+
ƒςΞ ùΣôÚγΚ↓τ ↑ςÜλ ÅΘλ ΞôÙ↑τ ↑ςÜλ
ÅΘιÕΟτ Ικ♦ΟÜλ− ΞôÙχΚ↓τ ÕΚρΚρ ≅ƒΚ
úΞΚλ Τσßλ ≅Ξσ°σ€ûΟúΥ ≅ƒΚ ΒûΟùΞ↓ûΥ
ùΚôη⁄ÚκΣΘôο+ ≅ûΞ Τσ[ ΞôÙχΚ↓ο úΞΚΤôΚ
↑ςÜλ ΣηûΣ ùΚôηÓρΖ∴.

ΞôÙ♣ûΩ♠ο+ ÕΚρΚρ ♥Κ úΞΚΤôΚ
≠ςσß ΒΥδÏλ− ΒϕΘ ≠ςσ[ ΒΥχΚιƒ∴ôο+
ÕΚρΚρ Ιτú[ôùΟôτßλ+ ùΚôρΚΩ±τ
ÑΞνΚρ ÁÕλ úΤôÕλ− ùΚôρΚΩτ ÑΞσ°τ
ΙÚ ≅ΩÏ ΣςκΣΖÜ ÁÕ+ ΞôÙχΚ↓τ ÕΚρΚρ
ùΜÛιÕλ ↑ûΜΥôο ≅ÝιΘλ ∆ηΟô€[Õ.

ΣΟλ 2.4

• ¿δΚρ ΚΞ±ιΘÕ Φτ∴? ΦϕΘ
♣Κθ↑ο ∆ϕÕ ΘηûΟ Φ↓ΘôΚ
∆ρúΖ ΘρΖ Ø⁄ϕΘÕ?

• ΒΘτ êΩλ ¿ ≅°ϕΘÕ Φτ∴?

ƒηΤλ

ƒςΞλ

ΞôÙ

(a)

(b)

(c)

∆ϕÕ ΘηÓ

Κôσß

ΒςκΣν Κôνχ

ΣΟλ 2.5: ΣΟδΚρ a, b Τσßλ c ΦτΣûΞ ΣÚκùΣôÚ↓τ
êτß ♣ûΩΚ↓τ ∆ÚκùΣÚχΚκΣγΟ Τôƒ↔ΚûΖ
ΚôγÓ€[Õ− êτß ♣ûΩΚ↓Ûλ ÕΚρΚ↓τ ΒΥχΚιûΘ
ΚôΠΩôλ Τσßλ Ικ♦ΟΩôλ.
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2.4.1 EFFECT OF CHANGE OF TEMPERATURE

Activity _____________ 2.12
• Take about 150 g of ice in a beaker

and suspend a laboratory thermometer
so that its bulb is in contact with
the ice, as in Fig. 1.6.

uestions
1. The mass per unit volume of a

substance is called density.
(density = mass/volume).
Arrange the following in order of
increasing density – air, exhaust
from chimneys, honey, water,
chalk, cotton and iron.

2. (a) Tabulate the differences in
the characterisitcs of states of
matter.

(b) Comment upon the
following: rigidity,
compressibility, fluidity,
filling a gas container, shape,
kinetic energy and density.

3. Give reasons
(a) A gas fills completely the

vessel in which it is kept.
(b) A gas exerts pressure on the

walls of the container.
(c) A wooden table should be

called a solid.
(d) We can easily move our hand

in  air  but  to  do  the  same
through a solid block of
wood we need a karate
expert.

4. Liquids generally have lower
density as compared to solids.
But you must have observed that
ice floats on water. Find out why.

2.4 Can Matter Change its State?
We all know from our observation that water
can exist in three states of matter–

• solid, as ice,
• liquid, as the familiar water, and
• gas, as water vapour.
What happens inside the matter during

this change of state? What happens to the
particles of matter during the change of
states? How does this change of state take
place? We need answers to these questions,
isn’t it?

Q

(a)

(b)

Fig. 2.6: (a) Conversion of ice to water,
(b) conversion of water to water vapour
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2.4.1 ùΞκΣ Τôσ[ιƒτ ↑ûΖÜΚρ

 ùΜΥο  `````````````````  2.12

• ΙÚ ÀχΚ↔ο 150 €− Σ±χΚγ⁄ûΥ
ΦÓιÕχ ùΚôρΖÜλ− ΙÚ ΑµΞΚ
ùΞκΣ♣ûΩΤô±ûΥ ΦÓιÕχ
ùΚôηÓ+ ≅Θτ ΚηΠô⁄ Ï♥θ
Σ±χΚγ⁄ûΥ ùΘôÓΤôß ΣΟλ 1.6

ο Κôγ⁄ΥΣ⁄ ≅ûΤχΚÜλ.

↑∴ôχΚρ
1. ΙÚ ≅ΩÏ Κ∴≅ΖÜ ∆ûΟΥ ùΣôÚ↓τ

♣û[ûΥ ≅Ονιƒ ΦτΣν. (≅Ονιƒ R
♣û[ /Κ∴≅ΖÜ)

 •θχΚηΟΞσû[ ≅Ονιƒ♠τ
≅⁄κΣûΟ♠ο ΓßΞ↔ûΜ♠ο
≅ûΤχΚÜλ− Κôσß+
×ûΚúΣôχ€♠←ÚϕÕ ùΞ↓úΥßΣûΞ+
úΘτ+ ¿ν+ ÑηΠôλ×+ ΣÚιƒ Τσßλ
ΒÚλ×.

2.  (a) ΣÚκùΣôÚ↓τ ♣ûΩΚ↓τ
Ση×Κ↓ο ∆ρΖ úΞσßûΤΚûΖ
≅γΟΞûΠκΣÓιÕΚ.

(b) •θχΚηΟΞσ°τ ÁÕ ΚÚιÕ
á[Üλ: ↑û[κ× ΘτûΤ+ ΒßÏλ
ΘτûΤ+ ΣôµΤιΘτûΤ+ ΞôÙ
ùΚôρΚΩû∴ ♣ςκ×Θο+ Ξ⁄Ξλ+ ΒΥχΚ
Ασ[ο Τσßλ ≅Ονιƒ.

3. ΚôςΠδΚûΖ áßΚ−
    a) ΙÚ ΞôÙ+ ≅Õ ≅ûΟχΚκΣγÓρΖ

ùΚôρΚΩû∴ ØÝûΤΥôΚ ♣ςκ×λ.
    b) ΙÚ ΞôÙ ùΚôρΚΩτ ÑΞνΚ↓τ

ÁÕ ≅ÝιΘιûΘ ùΜÛιÕλ.
    c) ΙÚ Τς úΤûΜûΥ ƒηΤλ Φ∴χ

á[Ωôλ.
   d) ΡΤÕ ûΚΚûΖ Κôσ°ο Φ↓ΘôΚ

≅ûΜχΚ Ø⁄Ùλ Α∴ôο ΒúΘ
úΣôτß+ ƒηΤ ΤςχΚγûΟ♠ο
ùΜµΞΘσÏ ΚςôιúΘ ♣×Π↔τ ∆Θ↑
≅Ξ′Υλ úΘûΞ.

4. ƒηΤκùΣôÚγΚÞΟτ Ικ♦ÓλúΣôÕ+
ùΣôÕΞôΚ ƒςΞδΚρ Ïû[ϕΘ
≅ΟνιƒûΥ ùΚôη⁄ÚχÏλ− Α∴ôο
Σ±χΚγ⁄ ¿↔ο ♥ΘκΣûΘ ¿δΚρ
ΣôνιƒÚκÀνΚρ− Γτ Φ∴ ùΘ↔ϕÕ
ùΚôρÞδΚρ.

2.4 ΣÚκùΣôÚγΚρ ♣ûΩûΥ Τôσ°χ
ùΚôρÞΤô?

¿ν êτß ♣ûΩΚ↓Ûλ ΒÚχÏλ ΦτΣûΘ
≅°úΞôλ.

• Σ±χΚγ⁄ ƒηΤ ♣ûΩ
• Ρôλ ≅°ϕΘ ¿ν ƒςΞ♣ûΩ Τσßλ
• ¿ςô↑ ΞôÙ ♣ûΩ

♣ûΩΤôσ[ιƒτ úΣôÕ ΣÚκùΣôÚ↓àρ
Φτ∴ ♣Κθ€[Õ? ♣ûΩ Τôσ[ιƒτúΣôÕ+
ΣÚκùΣôÚ↓τ ÕΚρΚρ Φτ∴Ξô€[Õ? ΒϕΘ
♣ûΩΤôσ[λ ΦπΞôß ΡûΟùΣß€[Õ?

Βπ↑∴ôχΚÞχΚô∴ ↑ûΟΚûΖ ΚôηúΣôλ.

ΣΟλ 2.6 (a) Σ±χΚγ⁄ûΥ ¿ςôΚ ΤôσßΘο
(b) ¿ûς ¿ςô↑ΥôΚ ΤôσßΘο

(b)

ùΞκΣ♣ûΩΤô±

Κ η Π ô ⁄
ΚΩκΣôτ

ÀχΚν

¿ν

ΘΚ↓

ΒÚλ×
Θôδ€

(a)

ùΞκΣ♣ûΩΤô±

Κ η Π ô ⁄
ΚΩκΣôτ

ÀχΚν

Σ±χΚγ⁄

ΘΚ↓ ∋≅Óκ×(

ΒÚλ×
Θôδ€
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• Start heating the beaker on a low flame.
• Note the temperature when the ice

starts melting.
• Note the temperature when all the ice

has converted into water.
• Record your observations for this

conversion of solid to liquid state.
• Now, put a glass rod in the beaker

and heat while stirring till the water
starts boiling.

• Keep a careful eye on the
thermometer reading till most of the
water has vaporised.

• Record your observations for the
conversion of water in the liquid state
to the gaseous state.

On increasing the temperature of solids,
the kinetic energy of the particles increases.
Due to the increase in kinetic energy, the
particles start vibrating with greater speed. The
energy supplied by heat overcomes the forces
of attraction between the particles. The
particles leave their fixed positions and start
moving more freely. A stage is reached when
the solid melts and is converted to a liquid.
The minimum temperature at which a solid
melts to become a liquid at the atmospheric
pressure is called its melting point.

The melting point of a solid is an indication
of the strength of the force of attraction
between its particles.

The melting point of ice is 273.15 K*. The
process of melting, that is, change of solid state
into liquid state is also known as fusion.
When a solid melts, its temperature
remains the same, so where does the heat
energy go?

You must have observed, during the
experiment of melting, that the temperature
of the system does not change after the melting
point is reached, till all the ice melts. This
happens even though we continue to heat the
beaker, that is, we continue to supply heat.
This heat gets used up in changing the state

by overcoming the forces of attraction between
the particles. As this heat energy is absorbed
by  ice  without  showing  any  rise  in
temperature, it is considered that it gets
hidden into the contents of the beaker and is
known as the latent heat. The word latent
means hidden. The amount of heat energy
that is required to change 1 kg of a solid
into liquid at atmospheric pressure at its
melting point is known as the latent heat
of fusion. So, particles in water at 0oC (273
K) have more energy as compared to particles
in ice at the same temperature.

When we supply heat energy to water,
particles start moving even faster.  At a certain
temperature, a point is reached when the
particles have enough energy to break free
from the forces of attraction of each other. At
this temperature the liquid starts changing
into gas. The temperature at which a liquid
starts boiling at the atmospheric pressure
is known as its boiling point. Boiling is a
bulk phenomenon. Particles from the bulk
of the liquid gain enough energy to change
into the vapour state.

For water this temperature is 373 K
(100oC = 273 + 100 = 373 K).

Can you define the latent heat of
vaporisation? Do it in the same way as we have
defined the latent heat of fusion. Particles in
steam, that is, water vapour at 373 K (1000 C)
have more energy than water at the same
temperature. This is because particles in steam
have absorbed extra energy in the form of latent
heat of vaporisation.

*Note: Kelvin is the SI unit of temperature, 0o C =273.15 K. For convenience, we take 0o C = 273 K after
rounding off the decimal. To change a temperature on the Kelvin scale to the Celsius scale you
have to subtract 273 from the given temperature, and to convert a temperature on the Celsius
scale to the Kelvin scale you have to add 273 to the given temperature.

So, we infer that the state of matter can be
changed into another state by changing the
temperature.

We have learnt that substances around us
change state from solid to liquid and from
liquid to gas on application of heat. But there
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• Ïû[ϕΘ ¾♠ο ÀχΚûς
ùΞκΣκΣÓιΘÜλ.

• Σ±χΚγ⁄ ∆ÚΚι ùΘôΟδÏλúΣôÕ
ùΞκΣ♣ûΩûΥ ΣƒÜ ùΜµÕχ ùΚôρΖÜλ.

• ≅û∴ιÕ Σ±χΚγ⁄ΚÞλ ¿ςôΚ
ΤôßλúΣôÕ ùΞκΣ♣ûΩûΥ ΣƒÜ
ùΜµÕχ ùΚôρΖÜλ.

• ΒϕΘ ƒηΤ ♣ûΩ♠←ÚϕÕ+ ƒςΞ
♣ûΩχΚô∴ Τôσ[ιƒτ úΣôÕ+ ∆δΚρ
∆σßúΡôχΚοΚûΖ ΣƒÜ ùΜµΥÜλ.

• ΒκúΣôÕ ΚηΠô⁄ ΘηûΟ ÀχΚ↔ο
ûΞιÕ+ ¿ν ùΚôƒχÏλ Ξûς ùΘôΟνϕÕ
ΚΩχ€ ùΚôηúΟ ΒÚχΚÜλ.

• ÀχΚ↔ο ∆ρΖ ¿ν ØÝΞÕλ
Α↑ΥôÏλ Ξûς+ ùΞκΣ♣ûΩ Τô±♠ο
ΚôγÓλ ùΞκΣ♣ûΩûΥ ΚΞ±χΚÜλ.

• ƒςΞ ♣ûΩ♠ÛρΖ ¿ν+ ΞôÙ
♣ûΩχÏ Τôßλ Ξûς ∆σß
úΡôχΚοΚûΖ ΣƒÜ ùΜµÕ
ùΚôηúΟ ΒÚχΚÜλ.

ƒηΤκùΣôÚγΚ↓τ ùΞκΣ♣ûΩûΥ ∆ΥνιÕλ
úΣôÕ+ ÕΚρΚ↓τ ΒΥχΚ Ασ[ο ≅ƒΚ↔χ€[Õ− ΒΥχΚ
Ασ[ο ≅ƒΚ↔κΣΘôο+ ÕΚρΚρ ≅ƒúΞΚιƒο
≅ƒνÜß€τ[∴− ùΞκΣιƒτ êΩλ ≅↓χΚκΣγΟ
Ασ[ο+ ÕΚρΚÞχÏ ΒûΟúΥ ∆ρΖ Χνκ× ↑ûΜûΥ
Ø°ιÕ↑Óλ−  ÕΚρΚρ  ΘδΚ↓τ  ♣ûΩΥô∴
ΒΟιûΘ↑γÓ Θτ±εûΜΥôΚ ΒΥδΚ ùΘôΟδÏ€τ[∴−
ƒΟκùΣôÚρ ∆Ú€+ ƒςΞ ♣ûΩûΥ ≅ûΟ€τ[∴−
Ξ↓ΤηΟΩ ≅ÝιΘιƒο+ ΦϕΘ ùΞκΣ♣ûΩ♠ο ΙÚ
ƒΟκùΣôÚρ ƒςΞκùΣôÚΖôΚ Τôß€[úΘô ≅ϕΘ
ùΞκΣ♣ûΩûΥ »∆ÚÏ♣ûΩκ ×ρ↓µ ΦτΣν.

Σ±χΚγ⁄♠τ ∆ÚÏ♣ûΩκ ×ρ↓ 273.15
ùΚο↑τ*. ΙÚ ùΣôÚρ ƒΟ ♣ûΩ♠←ÚϕÕ
ƒςΞ ♣ûΩχÏ Τôßλ ♣ΚθÜ ∆ÚÏΘο
ΑÏλ− ƒΟκùΣôÚρ ∆ÚÏλúΣôÕ+ ≅Θτ
ùΞκΣ♣ûΩ ♣ûΩΥôΚ ΒÚκΣÕ Γτ>
≅↓χΚκΣγΟ ùΞκΣ Ασ[ο Φτ∴Ξô∴Õ?

∆ÚÏΘο úΜôΘû∴♠τ úΣôÕ +
∆ÚÏ♣ûΩκ ×ρ↓ûΥ ≅ûΟϕΘ ♦[Ï+
Σ±χΚγ⁄Κρ ≅û∴ιÕλ ∆ÚÏλ Ξûς
≅ûΤκ♦τ ùΞκΣ♣ûΩ Τô[ôÕ ΦτΣûΘ
¿δΚρ ΚΞ±ιƒÚκÀνΚρ− ÀχΚûς ùΘôΟνϕÕ
ùΞκΣκΣÓιƒ∴ôÛλ+ ùΞκΣ♣ûΩ Τô[ôÕ−

ÕΚρΚÞχÏ  ΒûΟúΥ  ∆ρΖ  Χνκ×  ↑ûΜûΥ
Ø°ιÕ ♣ûΩûΥ Τôσ[ ΒπΞôσ[ο ΣΥτΣÓ€[Õ−
ùΞκΣ♣ûΩ♠ο ΦϕΘ ∆ΥνûΞÙλ Κôη♦χΚôΤο
Σ±χΚγ⁄Κρ ùΞκΣιûΘ ∆γΚΞν€τ[∴− ΒϕΘ
ùΞκΣ Ασ[ο ÀχΚ↔ÛρΖ ùΣôÚγΚ↓ο Τû[ϕÕ
ΒÚχÏλ− ΑΚúΞ ΒûΘ »»∆ρÞû[ ùΞκΣλµµ (La-
tent Heat) ΦτΣν− ∆ρÞû[ ùΞκΣλ Φ±ο
Τû[ϕƒÚκΣÕ Φ∴ ùΣôÚρΣÓλ− Ξ↓ΤηΟΩ
≅ÝιΘλ Τσßλ ∆ÚÏ♣ûΩ ×ρ↓♠ο+ 0 €−€−
ƒΟκùΣôÚûΖ ØÝûΤΥôΚ ƒςΞκùΣôÚΖôΚ
Τôσ[ úΘûΞκΣÓλ ùΞκΣ Ασ[ûΩ
∆ÚÏΘ←τ ∆ρÞû[ ùΞκΣλ ΦτΣν− ΑΚúΞ
0oC (273 K) ùΞκΣ♣ûΩ♠ο ¿↔ÛρΖ ÕΚρΚ↓τ
Ασ[Ωô∴Õ+ ≅úΘ ùΞκΣ♣ûΩ♠ο Σ±χΚγ⁄
ÕΚρΚ↓ο ∆ρΖ Ασ[ûΩ↑Ο ≅ƒΚλ.

¿ÚχÏ ùΞκΣ Ασ[ûΩ ≅↓χÏλúΣôÕ+
ÕΚρΚρ úΞΚΤôΚ ΒΥχΚλ ≅ûΟ€τ[∴− Ï°κ♦γΟ
ùΞκΣ♣ûΩ♠ο+ ÕΚρΚρ ≅Ξσ°σ€ûΟúΥ ∆ρΖ
Χνκ× ↑ûΜûΥ Ø°χΚ úΘûΞΥô∴ Ασ[ûΩ
ùΣσß Θτ±εûΜΥôΚ ♦↔ϕÕ ↑Ó€τ[∴− ΒϕΘ
ùΞκΣ♣ûΩ♠ο ƒςΞλ ΞôÙΞôΚ Τô[ι
ùΘôΟδÏ€τ[∴− ΜôΘôςΠ Ξ↓ΤηΟΩ
≅ÝιΘιƒο  ƒςΞλ  ΞôÙΞôΚ  Τôßλ
ùΞκΣ♣ûΩûΥ ùΚôƒ♣ûΩ ×ρ↓ ΦτΣν−
ùΚôƒιΘο ΦτΣÕ ΙÚ ΣÚΤ ♣ΚθΞôÏλ− ùΤôιΘ
ƒςΞιƒο ∆ρΖ ÕΚρΚρ úΣôÕΤô∴ Ασ[ûΩ
ùΣσß ΞôÙ♣ûΩχÏ Τôß€τ[∴−

¿↔τ ùΚôƒ♣ûΩκ×ρ↓ 373 K ( 100oC = 273
G 100 R 373 K)

¿δΚρ Α↑ΥôΘ←τ ∆ρÞû[ ùΞκΣιûΘ
ΞûςΥßχΚ Ø⁄ÙΤô? ΒûΘ ¿δΚρ ∆ÚÏΘ←τ
∆ρÞû[ ùΞκΣιûΘ ΞûςΥßιΘÕ úΣôτú[
ΒûΘÙλ ΞûςΥßχΚÜλ . 373 K (100 oC )
ùΞκΣ♣ûΩ♠ο+ ¿ςô↑♠ο ∆ρΖ ÕΚρΚρ ¿↔ο
∆ρΖ ÕΚρΚûΖ↑Ο ≅ƒΚ Ασ[ûΩ
ùΣσ°ÚχÏλ− ΒΘσÏ ΚôςΠλ ¿ςô↑ ÕΚρΚρ+
Α↑ΥôΘ←τ ∆ρÞû[ ùΞκΣιƒτ Ξ⁄↑ο
áÓΘο Ασ[ûΩ ùΣßΞúΘ ΑÏλ.

ΑΚúΞ ùΞκΣ♣ûΩûΥ ΤôσßΞΘôο +
ùΣôÚγΚρ ΙÚ ♣ûΩ♠←ÚϕÕ Τσù[ôÚ ♣ûΩχÏ
Τôß€[Õ Φ∴ Ø⁄Ü ùΜµΥΩôλ.

ΡλûΤ Ñσ°ÙρΖ ùΣôÚγΚρ+ ùΞκΣ Ασ[ûΩ
∆γΚΞνϕÕ ƒηΤδΚρ ƒςΞδΚΖôΚÜλ Τσßλ
ƒςΞδΚρ ΞôÙχΚΖôΚÜλ Τôß€τ[∴−

*Ï°κ×: ùΞκΣ♣ûΩ♠τ SI ≅ΩÏ ùΚο↑τ, 0o C =273.15 K. ùΣôÕΞôΚ+ ƒÚιΘκΣγΟ ≅ΖΞôΚ ΘΜΤ ΒΩχΚδΚûΖ
¿χ€ 0o C = 273 K Φ∴ ΦÓιÕχ ùΚôρ€ú[ôλ− ùΚο↑τ ≅Ω€←ÚϕÕ+ ùΜο′Υυ ≅Ω€σÏ ùΞκΣ♣ûΩûΥ
Τôσ[+ ùΚôÓχΚκΣγΟ ùΞκΣ♣ûΩ♠←ÚϕÕ 273 Η Κ→χΚ úΞηÓλ− ùΜο′Υυ ≅Ω€←ÚϕÕ ùΚο↑τ
≅Ω€σÏ Τôσ[ ùΚôÓχΚκΣγΟ ùΞκΣ♣ûΩÙΟτ 273 Η áγΟ úΞηÓλ.

ΙÚ ƒΟκùΣôÚ↓τ ∆ÚÏ♣ûΩ
×ρ↓+ ≅κùΣôÚ↓τ ÕΚρΚÞχÏ
ΒûΟúΥ ∆ρΖ Χνκ× ↑ûΜ♠τ
Ξ←ûΤûΥ ùΘ↔↑χ€[Õ−

ƒηΤ♣ûΩ ƒςΞ ♣ûΩ ΞôÙ ♣ûΩ
ùΞκΣλ

Ï↓νε′

ùΞκΣλ

Ï↓νε′
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enclosed in a cylinder? Will the particles come
closer? Do you think that increasing or
decreasing the pressure can change the state
of matter?

are some that change directly from solid state
to gaseous state and vice versa without
changing into the liquid state.

Activity _____________ 2.13
• Take some camphor or ammonium

chloride. Crush it and put it in a
china dish.

• Put an inverted funnel over the china
dish.

• Put a cotton plug on the stem of the
funnel, as shown in Fig. 2.7.

* atmosphere (atm) is a unit of measuring pressure exerted by a gas. The unit of pressure is Pascal (Pa):
1 atmosphere = 1.01 ´ 105 Pa. The pressure of air in atmosphere is called atmospheric pressure. The
atmospheric pressure at sea level is 1 atmosphere, and is taken as the normal atmospheric pressure.

Fig. 2.7: Sublimation of ammonium chloride

Fig. 2.8: By applying pressure, particles of matter
can be brought close together

Applying pressure and reducing
temperature can liquefy gases.

Have you heard of solid carbon dioxide
(CO2)? It is stored  under high pressure. Solid
CO2 gets converted directly into gaseous state
on decrease of pressure to 1 atmosphere*
without coming into liquid state. This is the
reason that solid carbon dioxide is also known
as dry ice.

Thus, we can say that pressure and
temperature determine the state of a
substance, whether it will be solid, liquid
or gas.

• Now, heat slowly and observe.
• What do you infer from the above

activity?

A change of state directly from solid
to gas without changing into liquid state
is called sublimation and the direct
change of gas to solid without changing
into liquid is called deposition.

2.4.2 EFFECT OF CHANGE OF PRESSURE

We have already learnt that the difference in
various states of matter is due to the
difference in the distances between the
constituent particles. What will happen when
we start putting pressure and compress a gas

Deposition

Fig. 2.9: Interconversion of the three states of matter

Cotton Plug

Inverted funnel

Solidified
ammonium
choloride

China dish

Burner

ammonium
choloride
vapours
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′←ηΟ↔ο ∆ρΖ ÕΚρΚρ ≅ÚΚÚúΚ
ΞÚΤô? ≅ÝιΘιûΘ ∆ΥνιÕΞΘôο ≅οΩÕ
Ïû[κΣΘôο+ ùΣôÚ↓τ ♣ûΩ♠ο Τôσ[λ
ΓσΣÓλ Φ∴ ¿δΚρ ♣û∴χ€ÈνΚΖô?

Α∴ôο+ ′Ω ùΣôÚγΚρ ƒΟ ♣ûΩ♠←ÚϕÕ
úΡς⁄ΥôΚ ΞôÙ ♣ûΩχÏλ+ ΞôÙ
♣ûΩ♠←ÚϕÕ ƒΟ ♣ûΩχÏλ Τôßλ−

 ùΜΥο  `````````````````  2.13
• ′°Õ Κσéςλ ≅οΩÕ

≅λúΤô±Υλ ÏúΖôûςÓ ΦÓιÕχ
ùΚôρΖÜλ− ΒûΘ çΖôχ€
ÀδΚôτ €ηΠιƒο ûΞχΚÜλ.

• ÀδΚôτ €ηΠιƒτ úΤο
×∴ûΩ ΘûΩ•ΨôΚ Κ↑θχΚÜλ.

• ΣΟλ 2.7 ο ΚηΟΞôß ΣφûΜ ×∴ο
Θη⁄τ úΤσΣÏƒ♠ο ûΞχΚÜλ.

* ΞôÙ ùΜÛιÕλ ≅ÝιΘιûΘ ≅ΖχΚ ΣΥτΣÓλ ≅ΩÏ Ξ↓ΤηΟΩ ≅ÝιΘλ ∋≅γΤôυ♦Υν( ΑÏλ−
≅ÝιΘιƒτ ≅ΩÏ ΣôυΚο (Pa) ΑÏλ. 1 Ξ↓ΤηΟΩ ≅ÝιΘλ R 1.01 ́  105 ΣôυΚο− Ξ↓ΤηΟΩιƒο
∆ρΖ Κôσ°τ ≅ÝιΘιûΘ Ξ↓ΤηΟΩ ≅ÝιΘλ ΦτΣν− ΚΟοΤγΟιƒο Ξ↓ΤηΟΩιƒτ ≅ÝιΘλ
0 Ξ↓ΤηΟΩ ≅ÝιΘΤôΚ ∋ 0 ≅γΤôυ♦Υν( ΦÓιÕχùΚôρΖκΣÓλ− Τσßλ ΒûΘ ΜôΘôςΠ ≅ÝιΘΤôΚ
ΦÓιÕχ ùΚôρΞν.

≅ÝιΘιûΘ ≅ƒΚ↔ιΘο Τσßλ
ùΞκΣ♣ûΩûΥ Ïû[ιΘο êΩλ ΞôÙχΚûΖ
ƒςΞ ♣ûΩχÏ Τôσ[ Ø⁄Ùλ.

ƒηΤ ΚôνΣτ ûΟ ΑχûΜÓ Σσ°
¿δΚρ úΚρ↑κΣγ⁄Úχ€ÈνΚΖô? ΒÕ ≅ƒΚ
≅ÝιΘιƒο úΜ♥ιÕ ûΞχΚκΣÓ€τ[∴−
≅ÝιΘιûΘ ΙÚ Ξ↓ΤηΟΩ ≅ÝιΘιƒσÏ*
Ïû[ιΘôο+ ƒΟ ♣ûΩ♠ÛρΖ ΚôνΣτ ûΟ
ΑχûΜÓ ƒςΞ ♣ûΩχÏ Τô[ôΤο úΡς⁄ΥôΚ
ΞôÙ ♣ûΩχÏ Τô°↑Óλ− ΑΚúΞ ƒΟ ΚôνΣτ
ûΟ ΑχûΜûΟ »»∆Ων Σ±χΚγ⁄µµ (Dry Ice)
ΦτΣν.
  ΣÚκùΣôÚγΚρ ƒΟ+ ƒςΞ ≅οΩÕ ΞôÙ
♣ûΩΚ↓ο ΒÚκ♦àλ+ ΣÚκùΣôÚγΚ↓τ
♣ûΩûΥ ♣νΠ♠κΣûΞ ≅ÝιΘλ Τσßλ
ùΞκΣ♣ûΩ ΑÏλ.

• ΒκúΣôÕ ùΤÕΞôΚ ùΞκΣκΣÓιΘÜλ
Τσßλ ΚΞ±χΚÜλ.

• úΤσΚηΟ ùΜΥο êΩλ ¿δΚρ
ΚηΟ°ϕΘÕ Φτ∴?

ƒςΞ♣ûΩχÏ Τô[ôΤο+ ƒΟ ♣ûΩ♠←ÚϕÕ
úΡς⁄ΥôΚ ΞôÙ ♣ûΩχÏ ΤôßΞûΘ
»»ΣΘδΚΤôΘοµµ ΦτΣν− ƒςΞ ♣ûΩχÏ Τô[ôΤο+
ΞôÙ ♣ûΩ♠←ÚϕÕ úΡς⁄ΥôΚ ƒΟ ♣ûΩχÏ
ΤôßΞûΘ »»Σ⁄Θοµµ ΦτΣν−
 2.4.2    ≅ÝιΘ Τôσ[ιƒτ ↑ûΖÜ

ΣÚκùΣôÚγΚ↓ο ÕΚρΚÞχÏ ΒûΟúΥ
∆ρΖ ΒûΟùΞ↓ úΞßΣôÓΚρ ΚôςΠΤôΚ+
ùΞπúΞß ♣ûΩΚρ ΓσΣÓλ Φ∴ Ρôλ
≅°ϕúΘôλ− ΙÚ ′←ηΟ↔ο ∆ρΖ ΞôÙ↑τ
ÁÕ ≅ÝιΘιûΘ ùΜÛιƒ ΒßχÏλúΣôÕ
Φτ∴ ♣Κθ€[Õ?

ΣΟλ  2.8 ≅ÝιΘιûΘ ùΜÛιÕΞΘôο
ΣÚκùΣôÚ↓τ ÕΚρΚûΖ ≅ÚúΚ ùΚôηÓ ΞςΩôλ

∆ϕÕιΘηÓ
′←ηΟν

∆ϕÕιΘηÓ
′←ηΟν

∆ϕÕιΘηÓ
′←ηΟν

ΣΟλ 2.9: ΣÚκùΣôÚ↓τ êτß ♣ûΩΚ↓τ
ΙτßχùΚôτß Τôσ[λ

ƒςΞ ♣ûΩ

ΞôÙ ♣ûΩ ƒΟ ♣ûΩ
ΣΘδΚΤôΘο

Σ⁄Θο

∆
Ú
ÏΘ
ο

∆
û
[Θ
ο

Α
↑
ΥôΘοÏ↓

νΘο

 ΣΟλ 2.7 ≅λúΤô±Υλ ÏúΖôûςÓ ΣΘδΚΤôΘο

ΣφÑ
ΘûΩ• Ψ ô Κ
Κ↑θχΚκΣγΟ
×∴ο
∆ û [ ϕ Θ
≅λúΤô±Υλ
ÏúΖôûςÓ

À δ Κ ô τ
€ηΠλ

≅ Ó κ ×
∋ΘΚ↓(

≅λúΤô±Υλ
Ï ú Ζ ô û ς Ó
Α↑Κρ
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dish and keep it inside a cupboard or
on a shelf in your class.

• Record the room temperature.
• Record the time or days taken for the

evaporation process in the above
cases.

• Repeat the above three steps of
activity on a rainy day and record your
observations.

• What do you infer about the effect of
temperature, surface area and wind
velocity (speed) on evaporation?

You must have observed that the rate of
evaporation increases with–
• an increase of surface area:

We know that evaporation is a surface
phenomenon. If the surface area is
increased, the rate of evaporation
increases. For example, while putting
clothes for drying up we spread them out.

• an increase of temperature:
With the increase of temperature, more
number of particles get enough kinetic
energy to go into the vapour state.

• a decrease in humidity:
Humidity is the amount of water vapour
present in air. The air around us cannot
hold more than a definite amount of water
vapour at a given temperature. If the
amount of water in air is already high, the
rate of evaporation decreases.

• an increase in wind speed:
It is a common observation that clothes
dry faster on a windy day. With the
increase in wind speed, the particles of
water vapour move away with the wind,
decreasing the amount of water vapour
in the surrounding.

2.5.2 HOW DOES EVAPORATION CAUSE

COOLING?
In an open vessel, the liquid keeps on
evaporating. The particles of liquid absorb
energy from the surrounding to regain the
energy lost during evaporation. This
absorption of energy from the surroundings
make the surroundings cold.

uestions
1. Convert the following temperature

to celsius scale:
a.  300 K b.   573 K

2. What is the physical state of
water at:
a.  250oC b.   100oC ?

3. For any substance, why does the
temperature remain constant
during the change of state?

4. Suggest a method to liquefy
atmospheric gases.

2.5 Evaporation
Do we always need to heat or change pressure
for changing the state of matter? Can you
quote some examples from everyday life where
change of state from liquid to vapour takes
place without the liquid reaching the boiling
point? Water, when left uncovered, slowly
changes into vapour. Wet clothes dry up. What
happens to water in the above two examples?

We know that 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 amounts of kinetic
energy. In the case of liquids, a small fraction
of particles at the surface, having higher
kinetic energy, is able to break away from the
forces of attraction of other particles and gets
converted into vapour. This phenomenon of
change of  liquid into vapours at any
temperature below its boiling point is
called evaporation.

2.5.1 FACTORS AFFECTING EVAPORATION

Let us understand this with an activity.

Activity _____________ 2.14

• Take 5 mL of water in a test tube and
keep it near a window or under a fan.

• Take 5 mL of water in an open china
dish  and  keep  it  near  a  window  or
under a fan.

• Take 5 mL of water in an open china

Q
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ΦÓιÕχùΚôηÓ+ ΞÏκΣû[♠ο
∆ρΖ ≅ΩΤô↔♠àρ ûΞχΚÜλ.

• ΞÏκΣû[ ùΞκΣ♣ûΩûΥ
≅Ζ↑γÓ+ ΣƒÜ ùΜµΥÜλ−

• úΤσΚηΟΞσ°ο Α↑ΥôΘÛχÏ
ΦÓιÕχ ùΚôρΖκΣγΟ úΡςλ ≅οΩÕ
ΡôγΚûΖ Ï°ιÕχ ùΚôρΖÜλ.

• ΤûΨ ùΣô→Ùλ ΡôγΚ↓ο+ úΤúΩ
Ï°κ♦γΟ êτß ♣ûΩΚûΖ
ÁηÓλ ùΜµÕ ∆σßúΡôχΚûΩ
ΣƒÜ ùΜµΥÜλ.

• Α↑ΥôΘο ÁÕ ùΞκΣ♣ûΩ+
×[κΣςκ× Τσßλ Κôσ°τ úΞΚλ
Α€ΥΞσ°τ ↑ûΖûΞκ Σσ°
¿δΚρ Φτ∴ ♣û∴ι¾νΚρ?

Α↑ΥôΘ←τ ÅΘιƒτ ∆Υν↑û∴
¿δΚρ •θΚηΟΞôß ΚΞ±ιƒÚκÀνΚρ.

• ×[κΣςκ× ≅ƒΚ↔ιΘο :
Α↑ΥôΘο ΦτΣÕ ΙÚ ×[κΣςκ× ♣ΚθÜ
Φ∴ ≅°úΞôλ− ×[κΣςκ× ≅ƒΚ↔χÏλ
úΣôÕ+ Α↑ΥôΘ←τ ÅΘλ ≅ƒΚ↔χÏλ−
ΦÓιÕχΚôγΟôΚ Õ∞ΚûΖ ∆ΩνιÕλ
úΣôÕ+ ≅Ξσû[ ♦↔ιÕ ∆ΩνιÕúΞôλ.

• ùΞκΣ♣ûΩ ≅ƒΚ↔ιΘο :
ùΞκΣ♣ûΩ ≅ƒΚ↔χÏλ úΣôÕ+ ≅ƒΚ
Φη∞χûΚ♠ο êΩχáßΚρ
úΘûΞΥô∴ Ασ[ûΩ ùΣσß ΞôÙ
♣ûΩχÏ Τôß€τ[∴.

• ΧςκΣΘλ Ïû[Θο :
Κôσ°ο ∆ρΖ ¿ςô↑♠τ ≅ΖûΞ
ΧςκΣΘλ ΦτΣν− ΡλûΤε Ñσ°ÙρΖ
Κôσß Ï°κ♦γΟ ùΞκΣ♣ûΩ♠ο+
Ï°κ♦γΟ ≅ΖûΞ ↑Ο ≅ƒΚ ¿ςô↑ûΥ
♣ûΩ♣ßιƒχ ùΚôρΖôÕ− Κôσ°ο
¿ςô↑♠τ ≅ΖÜ ≅ƒΚΤôΚ ΒÚχÏλ
úΣôÕ+ Α↑ΥôΘ←τ ÅΘλ Ïû[€[Õ.

• Κôσ°τ úΞΚλ ≅ƒΚ↔ιΘο :
ùΣôÕΞôΚ Κôσ°τ úΞΚλ ≅ƒΚΤôΚ
ΒÚχÏλ úΣôÕ+ Õ∞Κρ ↑ûςΞôΚ
∆ΩνϕÕ ↑Óλ− Κôσ°τ úΞΚλ ≅ƒΚ↔χÏλ
úΣôÕ+ ¿ςô↑ ÕΚρΚρ ΚôσßΟτ çςΤôΚ
ùΜτß↑Óλ− ≅κúΣôÕ Ñσßκ×[ιƒο
¿ςô↑♠τ ≅ΖÜ Ïû[€[Õ.

2.5.2  Α↑ΥôΘο Ï↓ν↑ιΘÛχÏ
ΦπΞôß ΚôςΠΤô€τ[Õ?

ƒ[ϕΘ €ηΠιƒο ∆ρΖ ƒςΞλ ùΘôΟνϕÕ
Α↑Υô€τ[Õ− Α↑ΥôÏλ úΣôÕ ƒςΞι ÕΚρΚρ
ΒΨϕΘ Ασ[ûΩ ÁηÓλ ùΣ[+ Ñσ°Ûλ
∆ρΖΞσ°Ο♥ÚϕÕ Ασ[ûΩ ∆γΚΞν€τ[∴−
ΒπΞôß Ñσßκ×[ιƒ←ÚϕÕ ùΞκΣιûΘ ∆γΚΞνϕÕ
ùΚôρΞΘôο+ Ñσßκ×[λ Ï↓νε′ΥôΚ Τôß€[Õ.

↑∴ôχΚρ
1. •θχΚηΟ ùΞκΣ♣ûΩΚûΖ

ùΜο′Υυ ≅ΖÅγ⁄ο Τôσ[Üλ.
a) 300 K b) 573 K

2. •θχΚηΟ ùΞκΣ♣ûΩΚ↓ο
¿↔τ ΒΥσ♦Υο ♣ûΩ Φτ∴?

     a) 250 oC b) 100 oC
3. ΙÚ ΣÚκùΣôÚ↓τ ♣ûΩ

ΤôßλúΣôÕ + ùΞκΣ♣ûΩ
♣ûΩΥôΚ ΒÚκΣÕ Γτ?

4. Ξ↓ΤηΟΩ ΞôÙχΚûΖ
ƒςΞΤôχΚ ΙÚ Øû[ûΥ
Ï°κ♦ΟÜλ?

2.5 Α↑ΥôΘο

Ρôλ ΣÚκùΣôÚ↓τ ♣ûΩûΥ Τôσ[
ùΞκΣ♣ûΩûΥ ≅οΩÕ ≅ÝιΘιûΘ Τôσ[
úΞηÓΤô ? ùΚôƒ♣ûΩκ ×ρ↓ûΥ
≅ûΟΥôΤúΩúΥ+ ƒςΞ ♣ûΩ♠←ÚϕÕ ΞôÙ
♣ûΩχÏ Τôßλ ≅τ[ôΟ ♣ΚθÜΚρ
′ΩΞσû[ á[ Ø⁄ÙΤô? ê⁄♠οΩôΘ úΣôÕ+
¿ν ùΤÕΞôΚ Α↑ΥôΚ Τôß€[Õ−
ΧςιÕ∞Κρ ∆Ων€τ[∴− úΤσΚηΟ
ΦÓιÕχΚôγÓΚ↓ο ¿ÚχÏ Φτ∴ úΡνϕΘÕ?

ΣÚκùΣôÚ↓τ ÕΚρΚρ ΦκúΣôÕλ
ΒΥδ€χ ùΚôηúΟ ΒÚχÏλ Φτßλ+ ϑµÜ
♣ûΩ♠ο ΒÚχΚôÕ Φτßλ ≅°úΞôλ−
ùΚôÓχΚκΣγΟ ùΞκΣ♣ûΩ♠ο ΞôÙ+ ƒςΞλ
≅οΩÕ ƒηΤκùΣôÚ↓ο ∆ρΖ ÕΚρΚρ
ùΞπúΞß ΒΥχΚ Ασ[ûΩ ùΣσ°ÚχÏλ−
ƒςΞιƒτ úΤσΣςκ♦ο ∆ρΖ ′Ω ÕΚρΚρ
≅ƒΚ ΒΥχΚ Ασ[ûΩ ùΣσ°ÚχÏλ− ΒûΞ
♦[ ÕΚρΚ↓τ Χνκ× ↑ûΜ♠←ÚϕÕ
↑ÓΣγÓ Α↑ΥôΚ Τôß€τ[∴− ùΚôƒ♣ûΩκ
×ρ↓ûΥ ↑Ο Ïû[ϕΘ ùΞκΣ♣ûΩ♠ο+
ƒςΞδΚρ ΞôÙΞôΚ Τôßλ ♣ΚθûΞ
»»Α↑ΥôΘο»» ΦτΣν−

2.5.1 Α↑ΥôΘûΩ ΣôƒχÏλ Κôς∞Κρ

ΙÚ ùΜΥο êΩλ ×↔ϕÕχùΚôρúΞôλ−
 ùΜΥο  `````````````````  2.14
• ΙÚ úΜôΘû∴χ ÏΨô♠ο 5 ♥−←−

¿ûς  ΦÓιÕχ  ùΚôηÓ  Μτ∴ο
≅ÚúΚ ≅οΩÕ ♥τ↑′° •úΨ
ûΞχΚÜλ.

• ÀδΚôτ €ηΠιƒο 5 ♥−←− ¿ûς
ΦÓιÕχ ùΚôηÓ+ Μτ∴ο ≅ÚúΚ
≅οΩÕ ♥τ↑′° •úΨ ûΞχΚÜλ.

• ÀδΚôτ €ηΠιƒο 5 ♥−←− ¿ûς
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Why do we see water droplets on the outer
surface of a glass containing ice-cold
water?

Let us take some ice-cold water in a
tumbler. Soon we will see water droplets on
the outer surface of the tumbler. The water
vapour present in air, on coming in contact
with the cold glass of water, loses energy and
gets converted to liquid state, which we see as
water droplets.

uestions
1. Why does a desert cooler cool

better on a hot dry day?
2. How does the water kept in an

earthen pot (matka) become cool
during summer?

3. Why does our palm feel cold
when we put some acetone or petrol

or perfume on it?
4. Why are we able to sip hot tea or

milk faster from a saucer rather
than a cup?

5. What type of clothes should we
wear in summer?

What happens when you pour some
acetone (nail polish remover) on your palm?
The particles gain energy from your palm or
surroundings and evaporate causing the palm
to feel cool.

After a hot sunny day, people sprinkle
water on the roof or open ground because the
large latent heat of vaporisation of water helps
to cool the hot surface.

Can you cite some more examples from
daily life where we can feel the effect of cooling
due to evaporation?
Why should we wear cotton clothes in
summer?

During summer, we perspire more because
of the mechanism of our body which keeps us
cool. We know that during evaporation, the
particles at the surface of the liquid gain energy
from the surroundings or body surface and
change into vapour. The heat energy equal to
the latent heat of vaporisation is absorbed from
the body leaving the body cool. Cotton, being
a good absorber of water helps in absorbing
the sweat and exposing it to the atmosphere
for easy evaporation.

Q
What
you have
learnt

• Matter is made up of small particles.

• The matter around us exists in three states—solid, liquid
and gas.

• The forces of attraction between the particles are maximum
in solids, intermediate in liquids and minimum in gases.

• The spaces in between the constituent particles and kinetic
energy of the particles are minimum in the case of solids,
intermediate in liquids and maximum in gases.
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Ï↓νϕΘ ¿ûς ùΚôηΟ ΚηΠô⁄
ÏΞûΖ♠τ+ ùΞ↓κΣςκ♦τ ÁÕ
¿νιÕ↓ΚûΖ Κôη€ú[ôλ− Γτ>

ΙÚ ΚηΠô⁄ ÏΞûΖ♠ο ΡτÏ Ï↓νϕΘ
¿ûς ΦÓιÕχ ùΚôρúΞôλ − ′°Õ
úΡςιƒúΩúΥ+ ΚηΠô⁄ ÏΞûΖ♠τ
ùΞ↓κΣςκ♦τ ÁÕ ¿νιÕ↓ΚûΖ ΣôνκúΣôλ−
Κôσ°ο ∆ρΖ ¿ςô↑+ Ï↓νϕΘ ÏΞûΖ♠τ
×[κΣςκûΣ ùΘôÓλ úΣôÕ Ασ[ûΩ ΒΨϕÕ
ƒςΞ ♣ûΩχÏ Τôß€τ[∴− ΒûΘ ¿ν
Õ↓ΚΖôΚ Κôη€ú[ôλ.

↑∴ôχΚρ
1. ùΞλûΤΥô∴ ∆Ων ΡôγΚ↓ο+

Ï↓ν↑κΣôτΚρ ΡτÏ
Ï↓ν↑χ€τ[∴− Γτ ?

2. úΚôûΟ ΚôΩιƒο+ Τη
Σôû∴♠ο ∆ρΖ ¿ν ΦπΞôß
Ï↓νε′ ≅ûΟ€[Õ?

3. ΡΤÕ ∆ρΖδûΚ♠ο ′°Õ
≅′úΟôτ ≅οΩÕ ùΣγúςôο
≅οΩÕ ΞôΜû∴ ƒς↑Υλ
ΦÓιÕχ ùΚôρÞλ úΣôÕ+
∆ρΖδûΚ Ï↓νε′ ≅ûΟΞûΘ
∆Πν€ú[ôλ− Γτ?

4. Ρôλ ãΟô∴ Σôο ≅οΩÕ
úΘ¿ûς úΚôκûΣûΥ↑Ο Θγ⁄ο
úΞΚΤôΚ Ï⁄χΚ Ø⁄€[Õ− Γτ?

5. úΚôûΟ ΚôΩιƒο ΦπΞûΚΥô∴
ΑûΟΚûΖ ≅∞Υ úΞηÓλ?

∆δΚρ ∆ρΖδûΚ♠ο ≅′úΟôτ  (ΡΚκ
éεÑ ¿χ€) Εσßλ úΣôÕ Φτ∴ ♣Κθ€[Õ?
ÕΚρΚΖô∴Õ+ ∆δΚρ ∆ρΖδûΚ ≅οΩÕ
Ñσßκ×[ιƒ←ÚϕÕ Ασ[ûΩ ùΣσß
Α↑ΥôΞΘôο ∆ρΖδûΚûΥ Ï↓νε′ΥôΚ
∆Πν€ú[ôλ.

ùΞκΣΤô∴ ΡôγΚ↓ο+ ΤχΚρ Åγ⁄τ
úΤσáûς ≅οΩÕ ûΤΘô∴δΚ↓ο ¿ûς
ùΘ↓κΣν −  Γù∴±ο ¿↔τ ≅ƒΚ
Α↑ΥôΘ←τ ∆ρÞû[ ùΞκΣλ +
ùΞλûΤΥôΚ ∆ρΖ ×[κΣςκûΣ Ï↓ν↑χΚ
ΣΥτΣÓ€[Õ.

≅τ[ôΟ Ξôθ↑ο Α↑ΥôΘ←τ
ΚôςΠΤôΚ+ Ï↓νε′ûΥ ∆ΠÚλ ′Ω
ΦÓιÕχΚôγÓΚûΖ á[ Ø⁄ÙΤô?
úΚôûΟ ΚôΩιƒο ΣÚιƒ ΑûΟΚûΖ
≅∞€ú[ôλ− Γτ>

úΚôûΟ ΚôΩιƒο+ ΡλûΤ Ï↓ν↑χΚ
∆Οο ≅ƒΚ ↑ΥνûΞûΥ ùΞ↓úΥσß€[Õ−
Α↑ΥôΘ←τ úΣôÕ ƒςΞιƒτ ×[κΣςκ♦ο
∆ρΖ ÕΚρΚρ+ Ñσßκ×[ιƒο ΒÚϕÕ
≅οΩÕ ∆Ο←τ ×[κΣςκ♦←ÚϕÕ Ασ[ûΩ
∆γΚΞνϕÕ ¿ςô↑ΥôΚ Τôß€[Õ ΦτΣûΘ
≅°úΞôλ − Α↑ΥôΘ←τ ∆ρÞû[
ùΞκΣιƒσÏ ΜΤΤô∴ Ασ[ûΩ ∆γΚΞνϕÕ
ùΚôηÓ ∆ΟûΩ Ï↓ν↑χ€[Õ− ΣÚιƒχÏ
¿ûς ∆γΚΞνϕÕ ùΚôρÞλ Ση×
ΒÚκΣΘôο+ ↑ΥνûΞûΥ ∆γΚΞνϕÕ
Ξ↓ΤηΟΩιƒο Φ↓ΘôΚ Α↑ΥôΚ
∆ΘÜ€[Õ−

Ρôλ Κσ[ûΞ

• ΣÚκùΣôÚγΚρ ′°Υ ÕΚρΚΖôο Α∴ûΞ.

• ΡλûΤ Ñσ°ÙρΖ ΣÚκùΣôÚγΚρ ƒΟ+ ƒςΞ Τσßλ ΞôÙ Α€Υ
êτß ♣ûΩΚ↓ο ∆ρΖ∴.

• ÕΚρΚÞχ€ûΟúΥ ∆ρΖ Χνκ× ↑ûΜ ƒΟκùΣôÚγΚ↓ο
≅ƒΚΣγΜΤôΚÜλ+ ƒςΞδΚ↓ο ΒûΟκΣγΟ ♣ûΩ♠Ûλ∋≅(
ΒûΟ♣ûΩ♠Ûλ+ ΞôÙχΚ↓ο Ïû[ϕΘΣγΜΤôΚÜλ ∆ρΖ∴.

• ÕΚρΚÞχ€ûΟúΥ ΒûΟùΞ↓ Τσßλ ÕΚρΚ↓τ ΒΥχΚ Ασ[ο
ƒΟκùΣôÚγΚ↓ο Ïû[ΞôΚÜλ+ ƒςΞδΚ↓ο ΒûΟ ♣ûΩ♠Ûλ+
ΞôÙχΚ↓ο ≅ƒΚΤôΚÜλ ΒÚχÏλ.



MATTER IN OUR SURROUNDINGS54

• The arrangement of particles is most ordered in the case of
solids, in the case of liquids layers of particles can slip and
slide over each other while for gases, there is no order,
particles just move about randomly.

• The states of matter are inter-convertible. The state of matter
can be changed by changing temperature or pressure.

• Sublimation is the change of solid state directly to gaseous
state without going through liquid state.

• Deposition is the change of gaseous state directly to solid
state without going through liquid state.

• Boiling is a bulk phenomenon. Particles from the bulk (whole)
of the liquid change into vapour state.

• Evaporation is a surface phenomenon. Particles from the
surface gain enough energy to overcome the forces of
attraction present in the liquid and change into the vapour
state.

• The rate of evaporation depends upon the surface area
exposed to the atmosphere, the temperature, the humidity
and the    wind speed.

• Evaporation causes cooling.

• Latent heat of vaporisation is the heat energy required to
change 1 kg of a liquid to gas at atmospheric pressure at its
boiling point.

• Latent heat of fusion is the amount of heat energy required
to change 1 kg of solid into liquid at its melting point.

• Some measurable quantities and their units to remember:

Quantity Unit Symbol

Temperature kelvin K
Length metre m
Mass kilogram kg
Weight newton N
Volume cubic metre m3

Density kilogram per cubic metre kg m–3

Pressure pascal Pa
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• ƒΟκùΣôÚγΚ↓ο ÕΚρ ≠ςô∴ Ξ↔ûΜ♠ο ≅ûΤϕƒÚχÏλ−
ƒςΞδΚ↓ο ÕΚρΚ↓τ ≅ÓχÏΚρ Ιτ°τ ÁÕ Ιτß ΡÝ↑χ
ùΚôη⁄ÚχÏλ− ΞôÙχΚ↓ο ÕΚρΚρ ≠↔τ° ≅ûΤϕƒÚχÏλ−
úΤÛλ Θτ±εûΜΥôΚ ΒΥδ€χ ùΚôη⁄ÚχÏλ.

• ΣÚκùΣôÚ↓τ ♣ûΩΚρ ΙτßχùΚôτß ΤôßΣûΞ− ùΞκΣ♣ûΩ
≅οΩÕ ≅ÝιΘιûΘ ΤôσßΞƒ∴ôο+ ùΣôÚ↓τ ♣ûΩΚûΖ
Τôσ[Ωôλ.

• ƒςΞ ♣ûΩχÏ Τô[ôΤο+ ƒΟ ♣ûΩ♠←ÚϕÕ úΡς⁄ΥôΚ ΞôÙ
♣ûΩχÏ Τôßλ ♣ΚθûΞ ΣΘδΚΤôΘο ΦτΣν.

• ƒςΞ ♣ûΩχÏ Τô[ôΤο+ ΞôÙ ♣ûΩ♠←ÚϕÕ úΡς⁄ΥôΚ ƒΟ
♣ûΩχÏ Τôßλ ♣ΚθûΞ Σ⁄Θο ΦτΣν.

• ùΚôƒιΘο ΦτΣÕ ΙÚ ΣÚΤ ♣ΚθÜ ΑÏλ− ƒςΞιƒτ ≅û∴ιÕ
ΣÏƒΚ↓←ÚϕÕλ ÕΚρΚρ ΞôÙ ♣ûΩχÏ Τôß€τ[∴.

• Α↑ΥôΘο ΙÚ ×[κΣςκ× ♣ΚθΞôÏλ− ƒςΞιƒτ ×[κΣςκ♦ο
∆ρΖ ÕΚρΚρ ƒςΞιƒÛρΖ Χνκ× ↑ûΜûΥ Ø°ιÕχ ùΚôρΖ
úΣôÕΤô∴ Ασ[ûΩ ùΣσß+ ΞôÙ ♣ûΩχÏ Τôß€τ[∴.

• Α↑ΥôΘ←τ ÅΘλ ×[κΣςκ×+ ùΞκΣ♣ûΩ+ ΧςκΣΘλ Τσßλ
Κôσ°τ úΞΚλ Α€ΥΞσ°τ ÁÕ ΑΘôςκΣγÓρΖÕ.

• Α↑ΥôΘο Ï↓ν↑χ€[Õ.

• Ξ↓ΤηΟΩ ≅ÝιΘλ Τσßλ ùΚôƒ♣ûΩκ ×ρ↓♠ο+ 0 €−€−
ƒςΞιûΘ ΞôÙΞôΚ Τôσ[ úΘûΞκΣÓλ ùΞκΣ Ασ[ûΩ
Α↑ΥôΘ←τ ∆ρÞû[ ùΞκΣλ ΦτΣν.

• ∆ÚÏ♣ûΩκ ×ρ↓♠ο+ 0 €−€− ƒΟκùΣôÚûΖ ƒςΞΤôΚ Τôσ[
úΘûΞκΣÓλ ùΞκΣ Ασ[ûΩ ∆ÚÏΘ←τ ∆ρÞû[ ùΞκΣλ

ΦτΣν.

• ≅ΖûΞΚρ Τσßλ ≅Ξσ°τ ≅ΩÏΚρ

≅ΖûΞΚρ        ≅ΩÏ Ï°ÂÓ

ùΞκΣ♣ûΩ ùΚο↑τ K
¿Ζλ ÁγΟν m
♣û[ €úΩô€ςôλ kg
ΦûΟ ♣ëγΟτ N
Κ∴≅ΖÜ Κ∴ ÁγΟν m3.

≅Ονιƒ €úΩô€ςôλ / Κ∴ ÁγΟν kg m–3

≅ÝιΘλ ΣôυΚο Pa
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Exercises
1. Convert the following temperatures to the celsius scale.

(a) 293 K (b) 470 K

2. Convert the following temperatures to the kelvin scale.

(a) 25oC (b) 373oC

3. Give reason for the following observations.

(a) Naphthalene balls disappear with time without leaving any
solid.

(b) We can get the smell of perfume sitting several metres
away.

4. Arrange the following substances in increasing order of  forces
of attraction between the particles— water, sugar, oxygen.

5. What is the physical state of water at—

(a) 25o°C (b) 0o°C (c) 100oC ?

6. Give two reasons to justify—

(a) water at room temperature is a liquid.

(b) an iron almirah is a solid at room temperature.

7. Why is ice at 273 K more ef fective in cooling than water at the
same temperature?

8. What produces more severe burns, boiling water or steam?

9. Imagine you are a tiny particle inside a block of ice. Now imagine

the ice melts into water. Explain what changes happen in your

movement and arrangement in the liquid state.

10. Statement : "I am the reverse process of sublimation."

    Which of the following situations best represents me?

A) Ice changing into water on heating

B) Water vapour changing directly into ice crystals on a cold

    surface

C) Solid camphor changing directly into vapour.

D) Water changing into steam on boiling rate.
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Σ♠σ′Κρ

1. •θχΚηΟ ùΞκΣ♣ûΩΚûΖ ùΜο′Υυ ≅ΖÅγ⁄ο ΤôσßΚ−

a) 293  K                        b) 470  K

2. •θχΚηΟ ùΞκΣ♣ûΩΚûΖ ùΚο↑τ ≅ΖÅγ⁄ο ΤôσßΚ.

a) 25oC                           b) 373oC

3. •θχΚηΟ ∆σßúΡôχΚοΚÞχÏ ΚôςΠδΚûΖ ùΚôÓχΚÜλ−

a) ΡôκΘÄτ ∆ÚηûΟΚρ ΡôγΚρ ùΜοΩ ùΜοΩ ƒΟ

Ξ⁄Ξιƒο ÁΘ♥οΩôΤο Τû[ϕÕ ↑Ó€τ[∴.

b) ΣΩ ÁγΟνΚρ çςιƒο ≅ΤνϕƒÚϕΘôÛλ+ ΡßΤΠ

ùΣôÚγΚ↓τ ΤΠιûΘ ÖΚς Ø⁄Ùλ.

4. •θχΚηΟΞσû[ ÕΚρΚÞχ€ûΟúΥ ∆ρΖ Χνκ× ↑ûΜ♠τ

≅⁄κΣûΟ♠ο ΓßΞ↔ûΜ♠ο ≅ûΤχΚÜλ. `  ¿ν +  ΜνχΚûς +

Αχ′⊥τ

5. •θχΚηΟ ùΞκΣ♣ûΩΚ↓ο ¿↔τ ΒΥσ♦Υο ♣ûΩ Φτ∴?

a) 25oC                   b)  0oC               c)   100oC

6. ΒςηÓ ΚôςΠδΚûΖ áßΚ.

a) ≅û[ ùΞκΣ♣ûΩ♠ο+ ¿ν ΙÚ ƒςΞλ ΑÏλ−

b) ≅û[ ùΞκΣ♣ûΩ♠ο ΒÚλ× ≅ΩΤô↔ ΙÚ ƒΟκùΣôÚρ

ΑÏλ.

7. 273 K ùΞκΣ♣ûΩ♠ο ∆ρΖ Σ±χΚγ⁄+ ≅úΘ ùΞκΣ♣ûΩ♠ο

∆ρΖ ¿ûς↑Ο ≅ƒΚΤôΚ Ï↓ν↑χÏλ− Γτ?

8.  ùΚôƒχÏλ ¿ν+ ¿ςô↑ Α€ΥΞσ°ο ≅ƒΚ χΚôΥδΚûΖ

ΓσΣÓιÕΞÕ ΦÕ?

9. ¿δΚρ ΙÚ Σ±χΚγ⁄ι ùΘôÏƒχÏρ ΒÚχÏλ ΙÚ ♥Κε′°Υ

ÕΚρ Φτß ΚσΣû∴ ùΜµÕ ùΚôρÞδΚρ− ΒκúΣôÕ ≅ϕΘ

Σ±χΚγ⁄ ∆Ú€ ¿ςôΚ ΤôßΞΘσÏχ ΚσΣû∴ ùΜµÙδΚρ− ƒςΞ

♣ûΩ♠ο ∆δΚρ ΒΥχΚιƒÛλ+ ≅ûΤκ♦Ûλ Φτù∴τ∴

Τôσ[δΚρ ♣Κθ€τ[∴ ΦτΣûΘ ↑ΖχÏδΚρ−

10.áσß : "Ρôτ ΣΘδΚΤôΘ←τ ΘûΩ•θ ùΜΥοØû["

    ♦τΞÚλ ãθ♣ûΩΚ↓ο ΦÕ Φτû∴ ♥ΚεΜ↔ΥôΚκ ♦ςƒΣ←χ€[Õ>

A) ùΞκΣκΣÓιÕλúΣôÕ Σ±χΚγ⁄ ¿ςôΚ ΤôßΘο

B) Ï↓νϕΘ úΤσΣςκ♦ο ¿ςô↑ úΡς⁄ΥôΚ Σ±χΚγ⁄ΚΖôΚ ΤôßΘο

C) ƒΟ Κσéςλ úΡς⁄ΥôΚ Α↑ΥôΚ ΤôßΘο

D) ùΚôƒ♣ûΩ♠τ úΣôÕ ¿ν ¿ςô↑ΥôΚ ΤôßΘο
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Group Activity
Prepare a model to demonstrate movement of particles in solids,
liquids and gases.
For making this model you will need
• A transparent jar
• A big rubber balloon or piece of stretchable rubber sheet
• A string
• Few chickpeas or black gram or dry green peas.
How to make?
• Put the seeds in the jar.
• Sew the string to the centre of the rubber sheet and put

some tape to keep it tied securely.
• Stretch and tie the rubber sheet on the mouth of the jar.
• Your model is ready. Now run your fingers up and down the

string by first tugging at it slowly and then rapidly.

Fig. 2.10: A model for converting of solid to liquid  and liquid to gas.
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  ÏÝ ùΜΥο

ƒΟ+ ƒςΞ Τσßλ ΞôÙκ ùΣôÚγΚ↓ο ÕΚρΚ↓τ ΒΥχΚιûΘ
Κôγ′κΣÓιΘ ΙÚ Τôƒ↔ûΥ ΘΥôν ùΜµΥÜλ.

Τôƒ↔ûΥ ΘΥôν ùΜµΥ úΘûΞΥô∴ ùΣôÚγΚρ
• Ι↓ ΕÓÚÜλ ⊥ô⁄
• ΒςκΣν Σíτ ≅οΩÕ ¿γ′χΚχá⁄Υ ΒςκΣν ΘΚÓ Θôρ
• Κ♠ß
• ′Ω ùΚôηûΟχΚΟûΩ ≅οΩÕ ∆ÞϕÕ ΣÚκ× ≅οΩÕ ∆ΩνϕΘ

ΣεûΜκ ΣγΟô∞−
ΦπΞôß ΘΥôν ùΜµΞÕ?

• ↑ûΘΚûΖ ⊥ô⁄♠ο ûΞχΚÜλ.

• Κ♠σû[ ΒςκΣν Θô↓τ ûΤΥιƒο ûΘχΚÜλ− Κ♠ß ΒßχΚΤôΚ
ΒÚχΚ+ ≅ûΘ úΟκ♦∴ôο ΙγΟÜλ.

• ΒςκΣν ΘôûΖ ΒÝιÕ ⊥ô⁄♠τ ΞôµκΣÏƒχÏ ΚγΟÜλ.

• ∆δΚρ Τôƒ↔ ΘΥôςô€ ↑γΟÕ− ΒκúΣôÕ ∆δΚρ ûΚΚΖôο
Κ♠σû[ ♦⁄ιÕχ ùΚôηÓ+ ØΘ←ο ùΤÕΞôΚÜλ+ ♦τ
úΞΚΤôΚÜλ úΤÛλ •ÝΤôΚ ΒÝχΚÜλ.

ΣΟλ 2.10     ƒΟùΣôÚρΚρ ƒςΞΤôΚÜλ+ ƒςΞδΚρ ΞôÙΞôΚÜλ ΤôßΞûΘ ΚôγÓλ Τôƒ↔

ùΣ↔Υ ΒςκΣν

Σíτ ≅οΩÕ

ΒςκΣν Θôρ

ƒΟ+ ƒςΞ+ ΞôÙ
ùΣôÚγΚ↓ο+
ÕΚρΚ↓τ

ΒΥχΚδΚûΖ
Κôη♦χΚ ØΘ←ο

ùΤÕΞôΚÜλ+
♦τ× úΞΚΤôΚÜλ
Κ♠σû[ ΒÝιΘο

Ι↓ ΕÓßÜλ ⊥ô⁄

∆ΩνϕΘ

Θô±ΥδΚρ
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In the previous chapter, we described the
motion of an object along a straight line in
terms of its position, velocity and acceleration.
We saw that such a motion can be uniform or
non-uniform. We have not yet discovered what
causes the motion. Why does the speed of an
object  change  with  time?  Do  all  motions
require a cause? If so, what is the nature of
this cause? In this chapter we shall make an
attempt to quench all such curiosities.

For many centuries, the problem of motion
and its causes had puzzled scientists and
philosophers. A ball on the ground, when given
a small hit, does not move forever. Such
observations suggest that rest is the “natural
state” of an object. This remained the belief
until Galileo Galilei and Isaac Newton
developed an entirely different approach to
understand motion.

In our everyday life we observe that some
effort is required to put a stationary object into
motion or to stop a moving object. We
ordinarily experience this as a muscular effort
and say that we must push or hit or pull on
an object to change its state of motion. The
concept of force is based on this push, hit or
pull. Let us now ponder about a ‘force’. What
is it? In fact, no one has seen, tasted or felt a
force. However, we always see or feel the effect
of  a  force.  It  can  only  be  explained  by
describing what happens when a force is
applied to an object. Pushing, hitting and
pulling of objects are all ways of bringing
objects  in  motion  (Fig.  3.1).  They  move
because we make a force act on them.

From your studies in earlier classes, you
are also familiar with the fact that a force can
be used to change the magnitude of velocity of
an object (that is, to make the object move
faster or slower) or to change its direction of
motion. We also know that a force can change
the shape and size of objects (Fig. 3.2).

(a) The trolley moves along the
direction we push it.

(c) The hockey stick hits the ball forward

(b) The drawer is pulled.

Fig. 3.1:    Pushing, pulling, or hitting objects change
their state of motion.

(a)

(b)

Fig. 3.2: (a) A spring expands on application of force;
(b) A spherical rubber ball becomes oblong
    as we apply force on it.

3
FORCE AND LAWS OF MOTION

Chapter



61↑ûΜ Τσßλ ΒΥχΚ ↑ƒΚρ

úΡνúΚôγ⁄ο ΒΥδÏλ ùΣôÚ↓τ
ΒΥχΚιûΘ ≅Θτ ♣ûΩ+ ƒûΜúΞΚλ Τσßλ
ØÓχΚιûΘ ùΚôηÓ Ρôλ ØϕûΘΥ ≅Ω€ο
Κσú[ôλ− ΒπΞûΚ ΒΥχΚλ ≠ςô∴ ΒΥχΚλ
≅οΩÕ ≠ςσ[ ΒΥχΚΤôΚ ΒÚκΣûΘ Ρôλ
ΣôνιúΘôλ+ ΒΥχΚλ Γτ ΦΘ∴ôο ∆ηΟô€[Õ
ΦτΣûΘ Ρôλ Βτß Ξûς ΚηΟ°Υ ↑οûΩ−
ΚôΩιûΘκ  ùΣôÚιÕ  ùΣôÚ↓τ  úΞΚλ  Γτ
ΤôßΣÓ€[Õ> ≅û∴ιÕ ΒΥχΚδΚÞλ ∆ηΟôΚ
ΚôςΠλ úΘûΞΥô> ≅πΞôß Φ±ο ΚôςΠιƒτ
ΘτûΤΦτ∴> ΒϕΘ ≅Ω€ο ΒχúΚρ↑
ΚÞχΚô∴ ↑ûΟΚûΖ ΚηΟ°Υ ØΥσ′κúΣôλ−

ΣΩ èσ[ôηÓΚΖôΚ ΒΥχΚλ Τσßλ ≅Õ
∆ηΟôΞΘσΚô∴ ΚôςΠδΚûΖκ Σσ°Υ
♦ςεΜû∴ ≅°↑ΥΩ°ΝνΚρ Τσßλ ΘιÕΞ
úΤûΘΚÞχÏ ΙÚ ×ƒςôΚúΞ ∆ρΖÕ−
↑ûΖΥôγÓ ûΤΘô∴ιƒο ∆ρΖ ΣϕûΘ
∆ûΘχÏλ úΣôÕ ≅Õ ùΘôΟνϕÕ ΒΥδÏΞ
ƒοûΩ− ΒκΣ↔≠Ωû∴Κρ ùΣôÚ↓τ ΒΥσûΚ
♣ûΩ ϑµÜ ♣ûΩ ΦτΣûΘ Σ↔ϕÕûςχ€[Õ−
Κ←←úΥô Κ←← Τσßλ ΗΜχ ♣ëγΟτ
ΒΥχΚιûΘ ×↔ϕÕùΚôρΖ Øσ°Ûλ úΞßΣγΟ
ΙÚ ΚÚιûΘ ∆ÚΞôχÏλ Ξûς ΒÕ ΙÚ
Ρλ♦χûΚΥôΚ ΒÚϕÕ ↑γΟÕ−

Ρλ ≅τ[ôΟ Ξôθ↑ο ϑµÜ ♣ûΩ♠ο ∆ρΖ
ΙÚ ùΣôÚûΖ ΒΥχÏΞΘσÏ ≅οΩÕ ΒΥχΚ
♣ûΩ♠ο ∆ρΖ ΙÚ ùΣôÚûΖ ♣ßιΘ ′°Õ
ØΥσ′ úΘûΞκΣÓΞûΘ Ρôλ ΣôνιƒÚχ€ú[ôλ−
ùΣôÕΞôΚ ΒûΘ Ρôλ ΘûΜ♠ΥχΚ ↑ûΜ
Φτ€ú[ôλ− ΙÚ ùΣôÚ↓τ ΒΥχΚ ♣ûΩ♠ο
Τôσ[ιûΘ ΓσΣÓιΘ ≅κùΣôÚûΖ Ρôλ ΘρΖúΞô
≅οΩÕ ΒÝχΚúΞô ≅οΩÕ ΘôχΚúΞô úΞηÓλ−
ΒπΞûΚ ΘρÞΘο ∋≅( ΒÝιΘο ∋≅(ΘôχÏΘ←τ
ÁÕ ↑ûΜ ΦτΣΘτ ΚÚιÕ ΑΘôςκΣγÓρΖÕ−
ΒκúΣôÕ Ρôλ ↑ûΜûΥκ Σσ° ùΘ↔ϕÕ
ùΚôρúΞôλ− ↑ûΜûΥ ΥôÚλ ΣôνιΘƒοûΩ−
ÑûΞιΘƒοûΩ ∋≅( ∆ΠνϕΘƒοûΩ− Α∴ôο
↑ûΜ♠∴ôο ΓσΣÓλ ↑ûΖûΞ Ρôλ
ΣôνιƒÚχ€ú[ôλ ∋≅( ∆ΠνϕƒÚχ€ú[ôλ−
ùΣôÚγΚûΖ ΘρÞΘο+ ΘôχÏΘο Τσßλ
ΒÝιΘο Α€Υ ≅û∴ιÕλ ùΣôÚγΚûΖ
ΒΥχΚιƒσÏ ùΚôηÓ ΞÚΞΘσΚô∴
Ξ→ΚΖôÏλ−∋ΣΟλ 2−0( ↑ûΜûΥ Ρôλ ≅Ξσ°τ
ÁÕ ùΜΥοΣΟε ùΜµΞΘôο ≅ûΞ ΒΥδÏ€τ[∴−

Øτ ΞÏκ×Κ↓ο ¿δΚρ  Σ⁄ιΘΘƒ←ÚϕÕ+
ΙÚ ùΣôÚ↓τ úΞΚιƒτ ≅ΖûΞ
ΤôσßΞΘσÏ∋≅ΘôΞÕ+ ΙÚ ùΣôÚûΖ úΞΚΤôΚ
≅οΩÕ ùΤÕΞôΚ ΡΚνιÕΞΘσÏ( ≅οΩÕ ≅Θτ
ΒΥχΚιƒτ ƒûΜûΥ ΤôσßΞΘσÏ ΙÚ ↑ûΜûΥ
ΣΥτΣÓιΘΩôλ ΦτΣûΘ ¿δΚρ ΡτÏ
≅°ϕƒÚχ€ÈνΚρ− ΙÚ ↑ûΜΥô∴Õ
ùΣôÚγΚ↓τ Ξ⁄ΞιûΘÙλ ≅ΖûΞÙλ Τôσ[
Ø⁄Ùλ ΦτΣûΘÙλ Ρôλ ≅°úΞôλ− ∋ΣΟλ 2−1(

(a) Ρôλ ΘρÞλ
ƒûΜ♠ο γςô←

(c) ôχ€ΤγûΟΥôο ΣϕûΘ ØτúΡôχ€ ≅⁄χÏλúΣôÕ

(b) ôχ€ ΤγûΟ

ΣΟλ 9 2−0 ΘρÞΘο+ ΒÝιΘο ≅οΩÕ ùΣôÚγΚûΖ
ΘôχÏΞƒτ êΩλ ≅Ξσ°τ ΒΥχΚ ♣ûΩ♠ο

Τôσ[ιûΘ ΓσΣÓιÕΘο−

↑ûΜ Τσßλ ΒΥχΚ ↑ƒΚρ

3≅ΩÏ

(a)

(b)

ΣΟλ 2−1 (a) ↑ûΜûΥ ùΜÛιÕΞΘτ êΩλ
ÑÚρ ↑↔ΞûΟ€[Õ−

(b) ςκΣν Σϕƒτ ÁÕ Ρôλ ↑ûΜûΥ
ùΜÛιÕλúΣôÕ ΣϕÕ ¿ρΞγΟΤôΚ
Τôß€[Õ−
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box with a small force, the box does not move
because of friction acting in a direction
opposite to the push [Fig. 3.4(a)]. This friction
force arises between two surfaces in contact;
in this case, between the bottom of the box and
floor’s rough surface. It balances the pushing
force and therefore the box does not move. In
Fig. 3.4(b), the children push the box harder
but the box still does not move. This is
because the friction force still balances the
pushing force. If the children push the box
harder still, the pushing force becomes bigger
than the friction force [Fig. 3.4(c)].
There is an unbalanced force. So the box
starts moving.

What happens when we ride a bicycle?
When we stop pedalling, the bicycle begins to
slow down. This is again because of the friction
forces acting opposite to the direction of
motion. In order to keep the bicycle moving,
we have to start pedalling again. It thus
appears that an  object maintains its motion
under the continuous application of an
unbalanced force. However, it is quite
incorrect. An object moves with a uniform
velocity when the forces (pushing force and
frictional force) acting on the object are
balanced and there is no net external force on
it. If an unbalanced force is applied on the
object, there will be a change either in its speed
or  in  the  direction  of  its  motion.  Thus,  to
accelerate the motion of an object, an
unbalanced force is required. And the change
in its speed (or in the direction of motion) would
continue as long as this unbalanced force is
applied. However, if this force is removed

3.1 Balanced and Unbalanced
Forces

Fig. 3.3 shows a wooden block on a horizontal
table. Two strings X and Y are tied to the two
opposite faces of the block as shown. If we
apply a force by pulling the string X, the block
begins to move to the right. Similarly, if we pull
the string Y, the block moves to the left. But, if
the block is pulled from both the sides with
equal forces, the block will not move. Such
forces are called balanced forces and do not
change the state of rest or of motion of an
object. Now, let us consider a situation in
which two opposite forces of different
magnitudes pull the block. In this case, the
block would begin to move in the direction of
the greater force. Thus, the two forces are not
balanced and the unbalanced force acts in the
direction the block moves. This suggests that
an unbalanced force acting on an object brings
it in motion.

Fig. 3.3: Two forces acting on a wooden block

What happens when some children try to
push a box on a rough floor? If they push the

(a) (b) (c)

Fig. 3.4
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ΜΤτ ùΜµΥκΣγΟ Τσßλ
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜΚρ 9

úΤûΜ♠τ ÁÕ ΙÚ ΤςιÕηÓ
ûΞχΚκΣγ⁄ÚκΣûΘ ΣΟλ 2−2 ΚôγÓ€[Õ−
ΤςιÕη⁄τ ΒÚ Φƒν Øû∴ΚÞχÏ X Τσßλ

Y Φàλ ΒςηÓ Κ♠ßΚρ ΚγΟκΣγ⁄ÚκΣûΘ Ρôλ

ΣΟιƒο ΚôΠΩôλ− Κ♠ß X τ ÁÕ ↑ûΜûΥε
ùΜÛιƒ ΒÝχÏλ úΣôÕ ΤςιÕηÓ ΞΩÕ ΣχΚλ
ΡΚςι ùΘôΟδÏ€[Õ− ≅πΞôß Y  Κ♠σû[
ΒÝχÏλúΣôÕ ΤςιÕηÓ ΒΟÕ ΣχΚλ
ΡΚςιùΘôΟδÏ€[Õ− ΤςιÕη⁄τ ΒÚ ΣχΚØλ
ΜΤΤô∴ ↑ûΜΚûΖ ùΜÛιÕλ úΣôÕ ΤςιÕηÓ
ΡΚÚΞƒοûΩ− Βπ↑ûΜΚûΖ Ρôλ
ΜΤτΣÓιΘκΣγΟ ↑ûΜΚρ Φτ€ú[ôλ− ΒûΞ
ùΣôÚ↓τ ΒΥχΚ ♣ûΩûΥúΥô ≅οΩÕ ϑµÜ
♣ûΩûΥúΥô Τôσ[ ôÕ − ùΞπúΞß
≅ΖÜΚÞûΟΥ ΒςηÓ Φƒùςƒν ↑ûΜΚρ
ΤςιÕηûΟ ΒÝκΣΘôΚ ΚÚÕúΞôλ− Βϕ♣Κθ↑ο
≅ƒΚ ↑ûΜ ùΜΥοΣÓλ ƒûΜ♠ο ΤςιÕηÓ
ΡΚν€[Õ − Βπ↑ςηÓ ↑ûΜΚρ

ΜΤτΣÓιΘ↑οûΩ Τσßλ ΤςιÕηÓ ΒΥδÏλ
ƒûΜ♠ο ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ ùΜΥοΣÓ€[Õ−
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ ùΣôÚ↓τ ÁÕ
ùΜΥοΣÓλ úΣôÕ ≅κùΣôÚρ ΒΥδÏ€[Õ− ′Ω
ÏΨϕûΘΚρ ΚςÓØςΟô∴  Θûς♠τ ÁÕ
ùΣγ⁄ûΥ ΡΚνιΘ  ØΥσ′ιΘôο Φτ∴ ♣ΚÝλ>

≅κùΣγ⁄ûΥ Ïû[ϕΘ ≅ΖÜ ↑ûΜûΥχ
ùΚôηÓ Θρ↓∴ôο+ ΘρÞΞΘσÏ ΦƒνƒûΜ♠ο
∆ςôµÜ ↑ûΜ ùΜΥοΣÓΞΘôο ≅κùΣγ⁄ ΡΚςôÕ−
[ΣΟλ 3.4(a)] ΒςηÓ ùΘôÓλ Σςκ×ΚÞχ€ûΟúΥ
∆ςôµÜ ↑ûΜ ΓσΣÓ€[Õ− ΒϕΘ♣Κθ↑ο ∆ςôµÜ
↑ûΜ ùΣγ⁄♠τ ≅⁄κΣχΚιƒσÏλ Θûς♠τ
Κ⁄∴ Σςκ♦σÏλ ΒûΟ♠ο ΓσΣÓ€[Õ− ΘρÞλ
↑ûΜûΥ ∆ςôµÜ ↑ûΜ ΜΤτΣÓιÕΞΘôο ùΣγ⁄
ΡΚÚΞƒοûΩ− ΣΟλ 3.4(b) ÏΨϕûΘΚρ ùΣγ⁄ûΥ
≅ƒΚ ↑ûΜ ùΚôηÓ ΘρÞ€[ôνΚρ ΒÚκ♦àλ
ùΣγ⁄ ΡΚς↑οûΩ− Γù∴±ο ∆ςôµÜ ↑ûΜ
ΘρÞλ ↑ûΜûΥ ΜΤτùΜµ€[Õ− [ΣΟλ 3.4(c)
∆ςôµÜ ↑ûΜûΥ ↑Ο ≅ƒΚ ≅ΖÜ ΘρÞλ
↑ûΜûΥ  ÏΨϕûΘΚρ  ùΣγ⁄♠τ  ÁÕ
ùΜÛιƒ∴ôο ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ
∆ÚΞô€[Õ−

Ρôλ ♥ƒΞη⁄ûΥ ϑγÓλúΣôÕ Φτ∴
♣Κθ€[Õ> ♥ƒΞη⁄ ♥ƒκΣûΘ ♣ßιƒ↑γΟôο
♥ƒΞη⁄♠τ úΞΚλ Ïû[ϕÕ ↑Ó€[Õ− ΒΥχΚ
ƒûΜχÏ ΦƒνƒûΜ♠ο ∆ςôµÜ ↑ûΜ
ùΜΥοΣÓΞƒ∴ôο ≅Θτ úΞΚλ Ïû[ϕÕ
↑Ó€[Õ− ♥ƒΞη⁄ûΥ ΡΚνιÕΞΘσÏ Ρôλ
ƒÚλΣÜλ ♥ƒχΚ úΞηÓλ− ΜΤτΣÓιΘκΣΟôΘ
↑ûΜ♠τ ΣΥτΣôγ⁄τ •θ ùΣôÚ↓τ ΒΥχΚλ
ùΘôΟνϕÕ ùΜΥοΣγÓ ùΚôη⁄ÚχÏλ− Α∴ôο
ΒÕ Μ↔ΥοΩ− ΙÚ ùΣôÚρ ≠ςô∴ ƒûΜúΞΚιƒο
ΒΥδÏλúΣôÕ ≅Θτ ÁÕ ùΜΥοΣÓλ ↑ûΜΚρ
∋ΘρÞλ ↑ûΜ Τσ[λ ∆ςôµÜ ↑ûΜ(
ΜΤτΣÓιΘκΣγ⁄ÚχÏλ Τσßλ  ≅Θτ ÁÕ
Φπ↑Θ ùΞ↓κ×[↑ûΜÙλ ùΜΥοΣÓΞƒοûΩ−

ΙÚ ùΣôÚ↓τ ÁÕ ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ
ùΜÛιÕλúΣôÕ ≅Θτ úΞΚλ ≅οΩÕ
ΒΥχΚιƒτ ƒûΜ♠ο Τôσ[λ ΓσΣÓ€[Õ− ΙÚ
ùΣôÚ↓τ ΒΥχΚιûΘ ØÓχÏ↑χΚ
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ úΘûΞκΣÓ€[Õ−
ùΣôÚ↓τ úΞΚιƒο ≅οΩÕ ùΣôÚ↓τ
ƒûΜ♠ο ΓσΣÓλ Τôσ[λ ≅ϕΘ ùΣôÚ↓τ ÁÕ
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ ùΜΥοΣÓλ Ξûς
ùΘôΟνϕÕ ΒÚχÏλ−

    ΣΟλ 2−2 ΤςιÕη⁄τ ÁÕ ùΜΥοΣÓλ

ΣΟλ 2−3

(a) (b) (c(
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completely, the object would continue to move
with the velocity it has acquired till then.

3.2 First Law of Motion
By observing the motion of objects on an
inclined plane Galileo deduced that objects
move with a constant speed when no force acts
on them. He observed that when a marble rolls
down an inclined plane, its velocity increases
[Fig. 8.5(a)]. In the next chapter, you will learn
that the marble falls under the unbalanced
force of gravity as it rolls down and attains a
definite velocity by the time it reaches the
bottom. Its velocity decreases when it climbs
up as shown in Fig. 3.5(b).  Fig. 3.5(c) shows
a marble resting on an ideal frictionless plane
inclined on both sides. Galileo argued that
when the marble is released from left, it would
roll down the slope and go up on the opposite
side to the same height from which it was
released. If the inclinations of the planes on
both sides are equal then the marble will climb
the same distance that it covered while rolling
down. If the angle of inclination of the right-
side plane were gradually decreased, then the
marble would travel further distances till it
reaches the original height. If the right-side
plane were ultimately made horizontal (that
is, the slope is reduced to zero), the marble
would continue to travel forever trying to reach
the same height that it was released from. The
unbalanced forces on the marble in this case
are zero. It thus suggests that an unbalanced
(external) force is required to change the motion
of the marble but no net force is needed to
sustain the uniform motion of the marble.  In
practical situations it is difficult to achieve a
zero unbalanced force. This is because of the
presence of the frictional force acting opposite
to the direction of motion. Thus, in practice
the marble stops after travelling some distance.
The effect of the frictional force may be
minimised by using a smooth marble and a
smooth plane and providing a lubricant on top
of the planes.

Fig. 3.5: (a)  the downward motion; (b)  the upward
motion of a marble on an inclined plane;
and (c) on a double inclined plane.

Newton further studied Galileo’s ideas on
force and motion and presented three
fundamental laws that govern the motion of
objects. These three laws are known as
Newton’s laws of motion. The first law of motion
is stated as:

An object remains in a state of rest or of
uniform motion in a straight line unless
compelled to change that state by an applied
force.

In other words, all objects resist a change
in their state of motion. In a qualitative way,
the tendency of undisturbed objects to stay at
rest or to keep moving with the same velocity
is called inertia. This is why, the first law of
motion is also known as the law
of inertia.

Certain experiences that we come across
while travelling in a motorcar can be explained
on the basis of the law of inertia. We tend to
remain at rest with respect to the seat until
the driver applies a braking force to stop the
motorcar. With the application of brakes, the
car slows down but our body tends to continue
in the same state of motion because of its
inertia. A sudden application of brakes may
thus cause injury to us by impact or collision
with the panels in front. Safety belts are worn
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Βπ↑ûΜûΥ ØÝΞÕΤôΚ ¿χ€∴ôÛλ
ùΣôÚρ Θôτ ùΣσ[ ƒûΜúΞΚιƒτ ΚôςΠΤôΚ
ùΘôΟνϕÕ ΒΥδÏλ−

3.2 ΒΥχΚιƒτ ØΘο ↑ƒ 9
ΜôµΘΖιƒτ ÁÕ ùΣôÚγΚ↓τ ΒΥχΚιûΘ
Σ↔≠←ιΘ Κ←←úΥô ΒΥχΚιƒο ∆ρΖ ΙÚ
ùΣôÚ↓τ ÁÕ ×[↑ûΜ ùΜΥοΣΟôΘΞûς ≅Õ
ùΘôΟνϕÕ ΒΥχΚ♣ûΩ♠úΩúΥ ΒÚχÏλ Φ∴
ΚηΟ°ϕΘôν− ΜôµΘΖιƒτ úΤ←ÚϕÕ úΚô←ûΥ
∆ÚγÓλ úΣôÕΘôτ ƒûΜúΞΚλ ≅ƒΚ↔κΣûΘ
ΚΞ±ιΘôν[ΣΟλ 3.5(a)]. úΚô← ΜôµΘΖιƒτ
úΤ←ÚϕÕ •θ ∆ÚÞλúΣôÕ ΜΤτΣÓιΘκΣΟôΘ
×↑Âνκ× ↑ûΜ♠τ ΚôςΠΤôΚ ≅⁄κΣχΚιûΘ
≅ûΟÙλúΣôÕ ΙÚ Ï°κ♦γΟ ƒûΜúΞΚιûΘ
ùΣßλ ΣΟλ 3.5(b) ο Κôγ⁄ΥΣ⁄ úΚô← •θ
ΒÚϕÕ  úΤο  úΡôχ€  ΡΚÚλ  úΣôÕ  ≅Θτ
ƒûΜúΞΚλ Ïû[€[Õ− ΣΟλ 3.5(c) ΙÚ
∆ςôµΞσ[ ΒςηÓ ΣχΚλ ΜôµÜûΟΥ Σςκ♦τ
ÁÕ ϑµÜ ♣ûΩ♠ο ∆ρΖ úΚô←ûΥ ΚôγÓ€[Õ−
Κ←←úΥô ΒΟÕ ΣχΚλ ↑Ó↑χΚκΣγΟ úΚô←
Μôµ↑τ •θ úΡôχ€ ∆ÚηΟ ♦[Ï Μôµ↑τ
Φƒν ΣχΚιƒο ≅Θτ ↑Ó↑χΚκΣγΟ ≅úΘ
∆ΥςιûΘ ≅ûΟÙλ Ξûς ΡΚÚλ úΣôÕ ≅Θτ
ƒûΜúΞΚλ Ïû[€[Õ− ΣΟλ 3.5(c) ΙÚ∆ςôµΞσ[
ΒςηÓ ΣχΚλ ΜôµÜûΟΥκ Σςκ♦τ ÁÕ ϑµÜ
♣ûΩ♠ο ∆ρΖ úΚô←ûΥ ΚôγÓ€[Õ− Κ←←úΥô
ΒΟÕ ΣχΚλ ↑Ó↑χΚκΣγΟ úΚô← Μôµ↑τ •θ
úΡôχ€ ∆ÚηÓ ♦[Ï Μôµ↑τ Φƒν ΣχΚιƒο
≅Θτ ↑Ó↑χΚκΣγΟ ≅úΘ ∆ΥςιûΘ ≅ûΟÙλ
Ξûς ΡΚÚλ Φ∴ ΞôƒγΟôν− ΒςηÓ ΣχΚλ
∆ρΖ Σςκ♦τ ΜôµÜ ΜΤλ Φ±ο úΚô← •θ
úΡôχ€ ΒΥδÏΞΘσÏ ΦπΞΖÜ ùΘôûΩÜ
ΣΥ∞ιΘúΘô úΤο úΡôχ€ ΒΥδÏΞΘσÏλ ≅úΘ
ùΘôûΩÜ ΣΥ∞χÏλ−

ΞΩÕ ΣχΚ ΜôµΘΖιƒτ úΚôΠιûΘ
Σ⁄κΣ⁄ΥôΚ Ïû[ιΘôο+ úΚô← ≅Θτ ùΘôΟχΚ
∆ΥςιûΘ ≅ûΟΥ ≅ƒΚ ùΘôûΩÜ ΣΥ∞χΚ
úΞηÓλ− ΞΩÕ ΣχΚ ΜôµΘΖιûΘ €ûΟΤγΟΤôΚ
Τôσ°∴ôο ∋ΜôµΘΖ úΚôΠλ éϖ≥ΥΤôΚ
Ïû[ιΘôο( úΚô←Υô∴Õ ≅Õ ↑Ó↑χΚκΣγΟ
∆ΥςιûΘ ≅ûΟΥ ùΘôΟνϕÕ ΣΥΠκΣγÓ
ùΚôη⁄ÚχÏλ− Βϕ♣Κθ↑ο úΚô←♠τ ÁÕ
ùΜΥοΣÓλ ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ
úΘûΞκΣÓ€[Õ− Α∴ôο ≅Θτ ≠ςô∴
ΒΥχΚιûΘ ùΘôΟς Φπ↑Θ ↑ûΜÙλ
úΘûΞ♠οûΩ ΡûΟØû[♠ο éϖ≥Υ
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜûΥ ≅ûΟΞÕ
♥ΚχΚ⁄∴λ−

Γù∴±ο ΒΥχΚιƒûΜ♠τ ΦƒνƒûΜ♠ο
∆ςôµÜ ↑ûΜ ùΜΥοΣÓ€[Õ− ΡûΟØû[♠ο
úΚô← ′°Õ ùΘôûΩÜ ΣΥ∞ιΘ ♦τ
♣τß↑Óλ− ∆ςôµÜ ↑ûΜ♠τ ↑ûΖûΞ
Ïû[χΚ ùΤτûΤΥô∴ úΚô← ùΤτûΤΥô∴
Σςκ×  Τσßλ  ΜΤΘΖδΚ↓τ  ÁÕ  ∆ΥÜ
ùΣôÚγΚûΖ ΣΥτΣÓιΘΩôλ−

 Κ←←úΥô↑τ ΚÚιÕχΚûΖ ≅⁄κΣûΟΥôΚ
ùΚôηÓ ♣ëγΟτ ↑ûΜ Τσßλ ΒΥχΚιƒτ
ùΘôΟνûΣ ùΘ↔↑χÏλ êτß ≅⁄κΣûΟ
↑ƒΚûΖ ùΘ↔↑ιΘôν− Βλêτß ↑ƒΚûΖÙλ
♣ëγΟ±τ ΒΥχΚ ↑ƒΚρ Φτ€ú[ôλ−
♣ëγΟ±τ ΒΥχΚ ↑ƒΚρ

   ØΘο ΒΥχΚ ↑ƒκΣ⁄+ ùΤôιΘ ↑ûΜùΥôτß
ùΜΥοΣγÓ ≅Θτ ♣ûΩûΥ Τôσßλ Ξûς Θ∴Õ
ϑµÜ ♣ûΩ ≅οΩÕ ≠ςô∴ ΒΥχΚιƒο ∆ρΖ ΙÚ
ùΣôÚρ ùΘôΟνϕÕ ≅úΘ ♣ûΩ♠ο ΒÚχÏλ−
≅û∴ιÕ ùΣôÚγΚÞλ ≅Ξσ°τ ΒΥχΚ
♣ûΩ♠ο ΓσΣÓλ Τôσ[ιûΘ ΦƒνχÏλ− ϑµÜ
♣ûΩ♠úΩô+ ≠ςô∴ ΒΥχΚ ♣ûΩ♠úΩô ∆ρΖ
ΙÚ ùΣôÚρ ≅Θτ ♣ûΩ♠ο Τôσ[ιûΘ
≅àΤƒχΚôΘ ∋≅( ΦƒνχÏλ ΣηûΣ ♣ûΩΤλ
Φτ€ú[ôλ− ΑΘΩôο ♣ëγΟτ ØΘο ΒΥχΚ
↑ƒûΥ ♣ûΩΤ ↑ƒ Φ∴Üλ ≅ûΨχ€ú[ôλ−

   ♣ûΩΤ ↑ƒûΥ ≅⁄κΣûΟΥôΚχ ùΚôηÓ Ρôλ
Κô↔ο ΣΥ∞χÏλúΣôÕ ΦƒνùΚôρÞλ ′Ω
≅àΣΞδΚûΖ ↑Ξ↔χΚΩôλ− Κôûς+ ϑγÓΡν
úΞΚιΘûΟûΥ ΣΥτΣÓιƒ ♣ßιÕλ Ξûς Ρôλ
∆γΚôνϕƒÚχÏλ ΒÚχûΚûΥκ ùΣôÚιÕ Ρôλ
ϑµÜ ♣ûΩ♠ο ∆ρúΖôλ− úΞΚιΘûΟûΥ
ΣΥτΣÓιƒΥΘôο Κô↔τ úΞΚλ Ïû[€[Õ−
Α∴ôο Ρôλ ΒΥχΚιƒτ ≅úΘ ♣ûΩ♠ο
♣ûΩΤιƒτ ΚôςΠΤôΚ ùΘôΟν€ú[ôλ−

ƒ≈ùς∴ úΞΚιΘûΟûΥκ (break)
ΣΥτΣÓιÕλúΣôÕ ΡλØτ ∆ρΖ ùΣôÚγΚ↓τ
ÁÕ úΤôÕ€ú[ôλ − ΒΘ∴ôο ΚôΥδΚρ
ΓσΣΟχáÓλ−

ΣΟλ 2−49(a) ΜôµΘΖιƒτ ÁÕ úΚô←♠τ
           •θúΡôχÏ ΒΥχΚλ

(b) úΤο úΡôχÏ ΒΥχΚλ Τσßλ
   (c) ΒÚΣχΚ ΜôµΘΖλ−

(a) (b)

(c)
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to prevent such accidents. Safety belts exert
a  force  on  our  body  to  make  the  forward
motion slower. An opposite experience is
encountered when we are standing in a bus
and the bus begins to move suddenly. Now
we tend to fall backwards. This is because
the sudden start of the bus brings motion to
the bus as well as to our feet in contact with
the floor of the bus. But the rest of our body
opposes this motion because of its inertia.

When a motorcar makes a sharp turn at a
high speed, we tend to get thrown to one side.
This can again be explained on the basis of
the law of inertia. We tend to continue in our
straight-line motion. When an unbalanced
force is applied by the engine to change the
direction of motion of the motorcar, we slip to
one side of the seat due to the inertia of
our body.

The fact that a body will remain at rest
unless acted upon by an unbalanced force can
be illustrated through the
following activities:

Activity ______________ 3.1
· Make a pile of similar carom coins on

a table, as shown in Fig. 8.6.
· Attempt  a sharp horizontal hit at the

bottom of the pile using another
carom coin or the striker. If the hit is
strong enough, the bottom coin moves
out quickly. Once the lowest coin is
removed, the inertia of the other coins
makes them ‘fall’ vertically on the
table.

Galileo Galilei was born
on 15 February 1564 in
Pisa, Italy. Galileo, right
from his childhood, had
interest in mathematics
and natural philosophy.
But his father       Vincenzo
Galilei wanted him to
become a medical doctor.
Accordingly, Galileo
enrolled himself for a
medical degree at the
University of Pisa in 1581 which he never
completed because of his real interest in
mathematics. In 1586, he wrote his first
scientific book ‘The Little Balance [La
Balancitta] ’, in which he described
Archimedes’ method of finding the relative
densities (or specific gravities) of substances
using a balance. In 1589, in his series of
essays – De Motu, he presented his theories
about falling objects using an inclined plane
to slow down the rate of descent.

In 1592, he was appointed professor of
mathematics at the University of Padua in the
Republic of Venice. Here he continued his
observations on the theory of motion and
through his study of inclined planes and the
pendulum, formulated the correct law for
uniformly accelerated objects that the
distance the object moves is proportional to
the square of the time taken.

Galileo was also a remarkable craftsman.
He developed a series of telescopes whose
optical performance was much better than
that of other telescopes available during those
days. Around 1640, he designed the first
pendulum clock. In his book ‘Starry
Messenger’ on his astronomical discoveries,
Galileo claimed to have seen mountains on
the moon, the milky way made up of tiny stars,
and four small bodies orbiting Jupiter. In his
books ‘Discourse on Floating Bodies’ and
‘Letters on the Sunspots’, he disclosed his
observations of sunspots.

Using his own telescopes and through his
observations on Saturn and Venus, Galileo
argued that all the planets must orbit the Sun
and not the earth, contrary to what was
believed at that time.

Galileo Galilei
(1564 – 1642)

Fig. 3.6: Only the carom coin at the bottom of a
pile is removed when a fast moving
carom coin (or striker) hits it.
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Κ←←úΥô Κ←←
(1564 – 1642)

ΒπΞûΚ ↑ΣιÕχΚûΖι ΘÓχΚ Ρôλ ΣôÕΚôκ×
ùΣοûΟ (Safety belt) ≅∞Υ úΞηÓλ− ΣôÕΚôκ×
ùΣογ Ρλ ∆Ο←τ ÁÕ ↑ûΜûΥ ùΜÛιƒ
ΡλØûΟΥ Øτú∴ôχÏ ΒΥχΚιûΘ Ïû[χ€[Õ−
Ρôλ úΣÚϕƒο ♣τß  ùΚôη⁄ÚχÏλúΣôÕ
ƒ≈ùς∴ úΣÚϕÕ ΡΚνϕΘôο Ρôλ ♦τúΡôχ€
↑Ý€ú[ôλ− Γù∴±ο   úΣÚϕÕ ΒΥδÏλúΣôÕ+
úΣÚϕƒτ ΘûςûΥ ùΘôγÓ ùΚôη⁄ÚχÏλ Ρλ
ΣôΘδΚÞλ+ ΡΤÕ ∆Ο←τ Τσ[ ΣôΚδΚÞλ
≅ϕΘ ΒΥχΚιûΘ Φƒνχ€[Õ−

≅ƒΚ úΞΚιƒο ΙÚ Κôν Ïß€Υ ΞûΖ↑ο
ƒÚλ×λ úΣôÕ ≅ƒο ΣΥ∞χÏλ Ρôλ ΙÚ
ΣχΚιƒσÏ ΘρΖΣÓ€ú[ôλ− ♣ûΩΤ ↑ƒûΥ
≅⁄κΣûΟΥôΚ ùΚôηÓ ΒΘû∴ ↑ΖχΚΩôλ−
Ρôλ úΡνúΚôγÓ ΣôûΘ♠ο ΒΥδΚ Øû∴€ú[ôλ−
Κô↔τ ΒΥχΚ ƒûΜûΥ Τôσ[ Κô↔τ Φφ′τ
≅Θτ ÁÕ ΜΤτΣÓιΘκΣΟôΘ ↑ûΜûΥ
ùΜÛιÕ€[Õ− Ρλ ∆Ο←τ ♣ûΩΤιΘôο
ΒÚχûΚ♠τ  ΙÚ  ΣχΚιƒσÏ   Ρôλ
ΘρΖκΣÓ€ú[ôλ−

ùΜΥο -------------------------- 3.1
    · ΣΟλ 7−5ο Κôγ⁄ΥΣ⁄ úΚςλ ΣΩûΚ♠τ
    ÁÕ ′Ω úΚςλ ΚôµΚûΖ ≅ÓχΚÜλ−
   · ≅ÓχΚκΣγÓρΖ ΚôµΚ↓τ ≅⁄κΣÏƒ♠ο

≅⁄κΣôû∴χ ùΚôηÓ €ûΟΤγΟΤôΚ
≅⁄χΚÜλ− Ρôλ ΣΩΤôΚ ≅⁄ιΘôο
≅⁄♠ο ∆ρΖ úΚςλ Κôµ ΤγÓλ
úΞΚΤôΚ ΡΚÚλ− Τσ[ ΚôµΚρ
♣ûΩΤιƒτ ΚôςΠΤôΚ ùΜδÏιΘôΚ
ΣΩûΚ♠τ ÁÕ ↑ΨôΤο ♣σÏλ−

Κ←←úΥô Κ←← ΒιΘô←
Ρôγ⁄ο ∆ρΖ ûΣΜô
ΡΚςιƒο 0453Αλ
ΑηÓ ♦κςΞ↔ 04Αλ
Ρôρ ♦[ϕΘôν− ′ßΞΥƒ
←ÚϕúΘ Κ∞Θλ Τσßλ
ΘιÕΞιƒο ♥ÏϕΘ ΑνΞλ
∆ûΟΥΞςôΚ ΒÚϕΘôν−
Α∴ôο ΘϕûΘ
↑τùΜτú⊥ô Κ←←
≅Ξûς ΤÚιÕΞςôχΚ
↑Úλ♦∴ôν − 0470Αλ
ΑηÓ ûΣΜô ΤÚιÕΞ
ΣοΚûΩΚΨΚιƒο úΜνϕÕ
ΤÚιÕΞλ Σ⁄ιΘ ôν −
Α∴ôο Κ∞Θιƒτ ÁÕ ∆ρΖ ΑνΞιƒ∴ôο
≅Ξςôο ΤÚιÕΞλ Σ⁄χΚ Ø⁄Υ↑οûΩ−

0475Αλ Αη⁄ο ≅Ξν Θ∴Õ ØΘο
×ιΘΚλ ƒ ←γ⁄ο úΣΩτυ (The Little Balance)
ΦÝƒ∴ôν+ ≅ƒο ≅Ξν ΘςôûΜκ ΣΥτΣÓιƒ
ùΣôÚγΚ↓τ ΙκΣΟνιƒûΥ ΚηΟ°Ùλ
Αν€♥⁄υ Øû[ûΥ Σσ° ↑Ξ↔ιÕρΖôν+
0478ο  ≅Ξ↔τ  ùΘôΟν  ΚγÓûςΚΖô∴  ⁄
úΤôγÓ ↑ο •úΨ ↑Ýλ ùΣôÚγΚûΖκ
Σσ°Ùλ Μôµ ΘΖιûΘκ ΣΥτΣÓιƒ ≅Ξσ°τ
úΞΚιûΘχ Ïû[κΣûΘκ Σσ°Ùλ
↑Ξ↔ιƒÚϕΘôν−

ùΞ±υ Ï⁄Υς′ο ∆ρΖ ΣÕΞô
ΣοΚûΩΚΨΚιƒο 0481ο Κ∞Θ úΣςô′↔ΥςôΚ
Σ∞  ≅ΤνιΘκΣγΟô ν −  ΒδÏ  ≅Ξν
ΒΥχΚιûΘκ Σσ°Υ úΚôγΣôÓΚûΖ
Σ↔≠←ιΘôν− úΤÛλ ≅Ξν ΜôµΘΖδΚρ Τσßλ
ΕΜο ÏηÓ Σσ°Υ Θ∴Õ Αςôµε′♠ο
≠ςô∴ ØÓχΚØûΟΥ ùΣôÚγΚÞχÏ Μ↔Υô∴
↑ƒûΥ ∆ÚΞôχ€ ≠ςô∴ ØÓχΚιƒο ΒΥδÏλ
ùΣôÚγΚ↓τ ùΘôûΩÜ ≅ûΞ ΣΥ∞χΚ
ΦÓιÕχ ùΚôρÞλ úΡςιƒτ ΒÚΤ⁄χÏ úΡν
↑€Θιƒο ΒÚχÏλ Φτ[ôν− Κ←←úΥô ′[ϕΘ
ùΜΥοƒ[∴ô↓− ≅χΚôΩιƒο ΒÚϕΘ
ùΘôûΩúΡôχ€ΚûΖ ≅Ξν ùΘôΟνϕÕ
úΤλΣÓιƒ∴ôν−ΒΞν ΘΥô↔ιΘ ùΘôûΩ
úΡôχ€Κρ ΣôνûΞιƒ[τ ♥χΚûΞΥôΚ
ΒÚϕΘ∴−

ÑΤôν 053/Αλ ΑηÓ ≅Ξν ØΘο
ΕΜο Κ⁄ΚôςιûΘ ΘΥô↔ιΘôν− Θ∴Õ υúΟô↔
ùΤùΜτ⊥ν (Story Messenger) Φàλ ×ιΘΚιƒο
Ξô∴↑Υο ΚηÓ♦⁄κ×Κρ Σσ°Υ  Μϕƒς±ο
ΚôΠκΣÓλ ΤûΩΚρ+ ′ß ↑ηÁτΚΖôο
∆ÚΞô∴ ΣôοΘΟ ΞôτΚδûΚ Τσßλ
↑ΥôΨû∴ Ñσßλ ΡôτÏ ′ßùΣôÚρΚρ
úΣôτ[Ξσû[κ Σσ°χ Ï°κ♦γÓρΖôν−
≅Ξ↔τ ùΩγΟνυ Ατ ƒ ΜτυΣôγυ (Letters
on the sunsport) Τσßλ  ⁄υúΚôνυ  Ατ
×úΖô⁄δ Σô≈υ (Discourse on heating bodies)
úΣôτ[Ξσ°ο ã↔Υτ ÁÕ ΚôΠκΣÓλ
×ρ↓ΚûΖκ Σσ°Υ ΑµûΞ ùΞ↓♠γÓρΖôν−
ΘτàûΟΥ ùΘôûΩúΡôχ€ΚûΖκ ΣΥτΣÓιƒ
Μ± Τσßλ ùΞρ↓ úΚôρΚ↓τ úΤο ΡΟιƒΥ
Αµ↑τ êΩλ ≅χΚôΩιƒο ♣Ω↑♠ÚϕΘ
ΚÚιƒσÏ Τô[ôΚ ΦοΩô úΚôρΚÞλ
ã↔Υû∴ε Ñσ° ΞÚ€τ[∴ é♥ûΥ ≅οΩ
Φ∴ Κ←←úΥô ↑Ξ↔ιΘôν−

ΣΟλ   2−5  9  ≅⁄κΣôû∴χ ùΚôηÓ ≅⁄χÏλ
úΣôÕ ≅⁄κΣÏƒ♠ο ∆ρΖ úΚςλ Κôµ ΤγÓλ
ΡΚÚ€[Õ−
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we use a one-rupee coin, we find that a lesser
force is required to perform the activity. A force
that is just enough to cause a small cart to
pick up a large velocity will produce a
negligible change in the motion of a train.
This is because, in comparison to the cart
the train has a much lesser tendency to
change its state of motion. Accordingly, we
say that the train has more inertia than the
cart. Clearly, heavier or more massive objects
offer larger inertia. Quantitatively, the inertia
of an object is measured by its mass. We
may thus relate inertia and mass as follows:
Inertia is the natural tendency of an object to
resist a change in its state of motion or of rest.
The mass of an object is a measure of its inertia.

uestions
1. Which of the following has more

inertia: (a) a rubber ball and a
stone of the same size? (b) a
bicycle and a train? (c) a five-
rupees coin and a one-rupee
coin?

2. In the following example, try to
identify the number of times the
velocity of the ball changes:
“A football player kicks a football
to another player of his team who
kicks  the  football  towards  the
goal. The goalkeeper of the
opposite team collects the football
and kicks it towards a player of
his own team”.
Also identify the agent supplying
the force in each case.

3. Explain why some of the leaves
may get detached from a tree if
we vigorously shake its branch.

4. Why do you fall in the forward
direction when a moving bus
brakes  to  a  stop  and  fall
backwards when it accelerates
from rest?

3.4 Second Law of Motion
The first law of motion indicates that when
an unbalanced external force acts on an

Activity ______________ 3.2
· Set a five-rupee coin on a stiff card

covering an empty glass tumbler
standing on a table as shown in
Fig. 3.7.

· Give the card a sharp horizontal flick
with a finger. If we do it fast then the
card shoots away, allowing the coin
to fall vertically into the glass tumbler
due to its inertia.

· The inertia of the coin tries to
maintain its state of rest even when
the card flows off.

Fig. 3.7:  When  the  card  is  flicked  with  the
finger the coin placed over it falls in the
tumbler.

Activity ______________ 3.3
· Place a water-filled tumbler on a tray.
· Hold the tray and turn around as fast

as you can.
· We observe that the water spills. Why?

Observe that a groove is provided in a
saucer for placing the tea cup. It prevents the
cup from toppling over in case of
sudden jerks.

3.3 Inertia and Mass
All the examples and activities given so far
illustrate that there is a resistance offered by
an object to change its state of motion. If it is
at rest it tends to remain at rest; if it is moving
it tends to keep moving. This property of an
object is called its inertia. Do all bodies have
the same inertia? We know that it is easier to
push an empty box than a box full of books.
Similarly, if we kick a football it flies away. But
if we kick a stone of the same size with equal
force, it hardly moves. We may, in fact, get an
injury in our foot while doing so! Similarly, in
activity 3.2, instead of a five-rupees coin if

Q
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ΡôΠΥιƒσÏ ΣƒΩôΚ ΙÚ ÚΣôµ ΡôΠΥιûΘ
ÑηÓΞΘσÏ Ïû[ϕΘ ≅ΖÜ ↑ûΜûΥ
ùΜÛιƒ∴ôο úΣôÕΤô∴ΘôÏλ− ′°Υ Ξη⁄ûΥ
ΡΚνιΘ Ïû[ϕΘ ≅ΖÜ ↑ûΜ ùΜÛιΘκΣÓ€[Õ

≅úΘ ≅ΖÜ ↑ûΜ♠∴ôο ς♠ο
Ξη⁄♠τ ΒΥχΚιƒο Φπ↑Θ Τôσ[Øλ
ΓσΣÓιΘ Ø⁄ΥôÕ− Γù∴±ο ′°Υ Ξη⁄ÙΟτ
Ικ♦ÓλúΣôÕ ς♠ο Ξη⁄ Θτ ΒΥχΚ ♣ûΩûΥ
Τôσ°χ ùΚôρΞΘσÏ ØσΣΟôÕ− ς♠ο Ξη⁄♠τ
♣ûΩΤλ Ξη⁄♠τ ♣ûΩΤιûΘ ↑Ο ≅ƒΚλ−
Κ∴Τô∴ ≅οΩÕ ♣û[ ≅ƒΚλ ∆ρΖ ùΣôÚγΚρ
≅ƒΚ ♣ûΩΤιûΘ ùΣσ°ÚχÏλ− ΙÚ ùΣôÚ↓τ
♣ûΩΤλ ≅Θτ ♣û[Υôο ≅ΖχΚκΣÓλ−

♣ûΩΤιûΘÙλ+ ♣û[ûΥÙλ
•θΚηΟΞôß ùΘôΟν×ΣÓιΘΩôλ− ♣ûΩΤλ
ΦτΣÕ ΙÚ ùΣôÚ↓τ ΒΥχΚ ♣ûΩ ≅οΩÕ
ϑµÜ ♣ûΩ♠τ Τôσ[δΚûΖ ΦƒνχÏλ Ση×−

ΙÚ ùΣôÚ↓τ ♣û[ûΥκ ùΣôÚιÕ
♣ûΩΤλ ≅ûΤÙλ−

     ↑∴ôχΚρ
1. •θùΚôÓχΚκΣγÓρΖΞσ°ο ΦÕ ≅ƒΚ

♣ûΩΤιûΘκ ùΣσ°Úχ€[Õ−
≅( ΜΤ ≅ΖÜûΟΥ ςκΣν ΣϕÕ Τσßλ Κο−
Α( ♥ƒΞη⁄ Τσßλ ς♠οΞη⁄
Β( ΗϕÕ ìΣôµ ΡôΠΥλ Τσßλ ΙÚ ìΣôµ
ΡôΠΥλ−

2. •θùΚôÓχΚκΣγÓρΖ ΦÓιÕχΚôγ⁄ο Σϕƒτ
ƒûΜúΞΚλ ΦιΘû∴ Øû[  Τôσ[ΤûΟ€[Õ
ΦτΣûΘ ΚΠχ€ΟÜλ− ΙÚ ΚôοΣϕÕ Åςν
Θ∴Õ ≅∞♠τ Τσù[ôÚ ÅςÚχÏ ΣϕûΘ
∆ûΘιΘôν− ≅Ξν ΚôοΣϕûΘ ΒΩχûΚ
úΡôχ€ ∆ûΘιΘôν−

3. Φƒν ≅∞♠τ úΚôο•κΣν ΣϕûΘ ♦⁄ιÕ+
Θ∴Õ ≅∞♠τ ↑ûΖΥôγÓ Åςûς úΡôχ€
∆ûΘιΘôν− ΙπùΞôÚ ♣Κθ↑Ûλ ↑ûΜûΥ
ùΜÛιÕΞÕ Υôν ΦτΣûΘ ΚηΟ°ΥÜλ−

4. ΒΥδ€χùΚôη⁄ÚχÏλ úΣÚϕÕ úΞΚιΘûΟ
ùΜÛιƒ+ ♣ßιÕλ úΣôÕ Ρôλ Γτ
ØτúΡôχ€ Μôµ€ú[ôλ> Τσßλ ϑµÜ
♣ûΩ♠←ÚϕÕ úΣÚϕÕ ØÓχΚλ ùΚôρÞλ
úΣôÕ Ρôλ Γτ ♦τúΡôχ€ Μôµ€ú[ôλ>

3.4 ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ
ΜΤτΣÓιΘκΣΟôΘ ×[↑ûΜ Ιτß ùΣôÚ↓τ ÁÕ
ùΜΥοΣÓλ úΣôÕ ≅Θτ ƒûΜúΞΚλ
Τôσ[ΤûΟϕΘÕ− ùΣôÚρ ØÓχΚΤûΟ€[Õ
ΦτΣûΘ ΒΥχΚιƒτ ØΘο ↑ƒ Ï°κ♦Ó€[Õ−

ùΜΥο -------------------------- 3.2
· ΣΟλ 2−6ο Κôγ⁄ΥΣ⁄ úΤûΜ♠τ ÁÕ

Κô←Υô∴ ΚηΠô⁄ ΟλΣΖûς
ûΞχΚÜλ− ≅Θτ ÁÕ Θ⁄Τ∴ô∴
≅γûΟûΥχ ùΚôηÓ ê⁄ ≅Θτ ÁÕ
ΗϕÕ ìΣôµ ΡôΠΥιûΘ ûΞχΚÜλ−

· ∆δΚρ ↑ςΩôο ≅γûΟûΥ Ñη⁄
↑ΟÜλ− ¿δΚρ úΞΚΤôΚ
Ñη⁄♠ÚϕΘôο ΡôΠΥλ ΚηΠô⁄
ΟλΣΖ↔ο ùΜδÏιΘôΚ+ ♣ûΩΤιƒτ
ΚôςΠΤôΚ ∆ρúΖ ↑Ýλ−

· ≅γûΟ ΡΚνϕΘ ♦τ×λ ΡôΠΥλ
♣ûΩΤιƒτ Κô ςΠΤôΚ ϑµÜ
♣ûΩ♠ο ΒÚχΚ ØΥσ′χÏλ−

ΣΟλ 2−6 9 ≅γûΟûΥ Ñη⁄↑Óλ úΣôúΘ
ΟλΣΖ↔τ ÁÕ ∆ρΖ ΡôΠΥλ
∆ρúΖ ↑Ýλ−

ùΜΥο ---------------------- 3.3
· ΙÚ Θγ⁄ο ¿ςôο ♣ςκΣκΣγΟ ΟλΣΖûς

ûΞχΚÜλ
· ΘγûΟ ûΚ♠ο ♦⁄ιÕχùΚôηÓ

∆δΚΖôο Ø⁄ϕΘΞûς úΞΚΤôΚ
Ñσ[Üλ−

· ¿ν ΟλΣΖ↔←ÚϕÕ •úΨ ′ϕÕΞûΘ
¿δΚρ ΚΞ±ιƒÚκÀνΚρ Γτ>
úΘ¿ν úΚôκûΣûΥ ûΞχΚ ≅Θτ
Θγ⁄ο (Saucer) ΣρΖλ (Grove) Ιτß
≅ûΤχΚκΣγ⁄ÚκΣûΘ ΚΞ±ÙδΚρ−
ƒ≈ùς∴ ΓσΣÓλ ÏÛδΚ↓τ (Jerk)
úΣôÕ úΚôκûΣ Κ↑θϕÕ ↑ΟôΤο
ΒϕΘ ΣρΖλ ΘÓχ€[Õ−

3.3 ♣ûΩΤλ Τσßλ ♣û[ 9
úΤσá°Υ ≅û∴ιÕ ΦÓιÕχΚôγÓΚÞλ
ùΜΥοΚÞλ ΙÚ ùΣôÚ↓τ ΒΥχΚ ♣ûΩ♠ο
ΓσΣÓλ Τôσ[ιûΘ ≅κùΣôÚρ Φƒνχ€[Õ
ΦτΣûΘ ΚôγÓ€[Õ− ΙÚ ùΣôÚρ ϑµÜ ♣ûΩ♠ο
ΒÚϕΘôο ùΘôΟνϕÕ ϑµÜ ♣ûΩ♠ο ΒÚχÏλ+
ΙÚ ùΣôÚρ ΒΥδ€χ ùΚôη⁄ÚϕΘôο ùΘôΟνϕÕ
ΒΥδ€χùΚôη⁄ÚχÏλ ùΣôÚ↓τ ΒϕΘ ΣηûΣ
♣ûΩΤλ Φτ€ú[ôλ−

≅û∴ιÕ ùΣôÚγΚÞλ ΜΤΤô∴
♣ûΩΤιûΘ ùΣσ°ÚχÏΤô> ×ιΘΚδΚΖôο
♣ςκΣκΣγΟ ΙÚ ùΣγ⁄ûΥ ΡΚνιÕΞûΘ ↑Ο
Κô←Υô∴ ΙÚ ùΣγ⁄ûΥ ΡΚνιÕΞÕ Φ↓Õ− Ρôλ
ΚôοΣϕûΘ ∆ûΘχÏλúΣôÕ ≅Õ ùΘôûΩΞôΚ
Σ[ϕÕ ùΜοÛλ− Α∴ôο ≅úΘ ≅ΖÜûΟΥ ΙÚ
ΚοûΩ ≅úΘ ↑ûΜÙΟτ ∆ûΘιΘôο ≅Õ
ΡΚςôÕ− ≅πΞôß ∆ûΘιΘôο Ρλ Κôο
ΚôΥΤûΟÙλ ùΜΥο 2−1ο ΗϕÕ ìΣôµ
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object, its velocity changes, that is, the object
gets an acceleration. We would now like to
study how the acceleration of an object
depends on the force applied to it and how
we measure a force. Let us recount some
observations from our everyday life. During
the  game  of  table  tennis  if  the  ball  hits  a
player  it  does  not  hurt  him.  On the  other
hand, when a fast moving cricket ball hits a
spectator, it may hurt him. A truck at rest
does not require any attention when parked
along a roadside. But a moving truck, even
at speeds as low as 5 m s–1, may kill a person
standing in its path. A small mass, such as
a bullet may kill a person when fired from a
gun. These observations suggest that the
impact produced by the objects depends on
their mass and velocity. Similarly, if an object
is to be accelerated, we know that a greater
force is required to give a greater velocity. In
other words, there appears to exist some
quantity of importance that combines the
object’s mass and its velocity. One such
property called momentum was introduced
by Newton. The momentum, p of an object
is defined as the product of its mass, m and
velocity, v. That is,

p = mv (3.1)

Momentum  has  both  direction  and
magnitude. Its direction is the same as that of
velocity, v.  The  SI  unit  of  momentum  is
kilogram-metre per second (kg m s-1). Since
the application of an unbalanced force brings
a change in the velocity of the object, it is
therefore clear that a force also produces a
change of momentum.

Let us consider a situation in which a car
with a dead battery is to be pushed along a
straight road to give it a speed of 1 m s-1, which
is sufficient to start its engine. If one or two
persons give a sudden push (unbalanced force)
to it, it hardly starts. But a continuous push
over some time results in a gradual acceleration
of the car to this speed. It means that the change
of momentum of the car is not only determined
by the magnitude of the force but also by the
time during which the force is exerted. It may
then also be concluded that the force necessary

to change the momentum of an object depends
on the time rate at which the momentum is
changed.

The second law of motion states that
the rate of change of momentum of an
object is proportional to the applied
unbalanced force in the direction of force.

3.4.1 MATHEMATICAL FORMULATION OF

SECOND LAW OF MOTION

Suppose an object of mass, m is moving along
a straight line with an initial velocity, u. It is
uniformly accelerated to velocity, v in time, t
by the application of a constant force,  F
throughout the time, t. The initial and final
momentum of the object will be, p

1
 = mu and

p
2
 = mv respectively.

The change in momentum µ p2 – p1

µ mv – mu
µ m ´ (v – u).

The rate of change of momentum µ ( )´ -m v u

t
Or, the applied force,

F µ 
( )´ -m v u

t

( )´ -
=

km v u

t
F (3.2)

=  k m a  (3.3)

Here a [ = (v – u)/t ] is the acceleration,
which is the rate of change of velocity. The
quantity, k is a constant of proportionality. The
SI units of mass and acceleration are kg and
m s-2 respectively. The unit of force is so chosen
that the value of the constant, k becomes one.
For this, one unit of force is defined as the
amount that produces an acceleration of
1 ms-2 in an object of 1 kg mass. That is,

1 unit of force = k ́  (1 kg) ´ (1 m s-2).

Thus, the value of k becomes 1. From Eq.(3.3)

F = ma (3.4)

The unit of force is kg m s-2 or newton,
which has the symbol N. The second law of
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ùΣôÚ↓τ ØÓχΚλ ≅Θτ ÁÕ ùΜÛιΘκΣÓλ
↑ûΜ  ÁÕ  ΦπΞôß  ΜôνϕÕρΖÕ>  ↑ûΜûΥ
ΦπΞôß ≅Ζ↑Ο Ø⁄Ùλ ΦτΣûΘκ Σσ° Ρôλ
Κσ[°úΞôλ− úΟ♦ο ùΟτ±υ ↑ûΖΥôÓλ úΣôÕ
↑ûΖΥôÓΣΞûς ≅ϕΘ ΣϕÕ Θôχ€∴ôο ΚôΥλ
ΦÕÜλ ΦσΣΟôÕ− Α∴ôο €↔ùΚγ ↑ûΖΥôγ⁄τ
úΣôÕ úΞΚΤôΚ ΒΥδÏλ €↔χùΚγ ΣϕÕ
ΣôνûΞΥôΖûςι Θôχ€∴ôο ≅Õ ≅Ξûς
ΚôΥκΣÓιÕλ ΜôûΩ ϑςλ ♣ßιΘκΣγ⁄ÚχΚλ ΙÚ
Ξη⁄ ΥôÚûΟΥ ΚΞ∴ιûΘÙλ ΧνχΚôÕ−
Α∴ôο ΙÚ Ξη⁄ 4 Á− ↑–1 Ïû[ϕΘ úΞΚιƒο
ΒΥδ€∴ôÛλ ≅Θτ ΣôûΘ♠ο ♣τß
ùΚôη⁄ÚχÏλ ΡΣûςχ ùΚôτß↑ΟΩôλ−
ÕκΣôχ€♠←ÚϕÕ ÑΟκΣγΟ ′°Υ ♣û[ÙûΟΥ
úΘôγΟô ΙÚ ΡΣûςχ ùΚôτß↑ΟΩôλ−
ΒπΞû∴ιÕ Σ↔≠Ωû∴ΚÞλ ùΣôÚγΚ↓∴ôο
ΓσΣÓιΘκΣÓλ ΘôχΚλ ≅Θτ ♣û[ Τσßλ ƒûΜ
úΞΚιƒτ ÁÕ ΑΘôςκΣγ⁄ÚχÏλ ΦτΣûΘ
Σ↔ϕÕûςχ€[Õ− ΙÚ ùΣôÚρ ØÓχΚΤûΟΥ
úΞηÓùΤ±ο ≅ƒΚ ƒûΜúΞΚιûΘχ ùΚôÓχΚ
≅ƒΚ ↑ûΜ úΘûΞκΣÓ€[Õ− ΙÚ ùΣôÚ↓τ
♣û[ Τσßλ ≅Θτ ƒûΜ úΞΚιûΘ ΒûΠχÏλ
ΙÚ Øχ€Υ ≅ΖÜ Ιτß ∆ρΖÕ ≅ϕΘ ΣηúΣ
∆ϕΘλ Φ∴ ♣ëγΟ∴ôο ≅°ØΚκΣÓιΘκΣγΟÕ−
ΙÚ ùΣôÚ↓τ ∆ϕΘλ (P) ΦτΣÕ ≅κùΣôÚ↓τ
♣û[ (m) Τσßλ ƒûΜúΞΚλ Α€ΥΞσ°τ
ùΣÚχΚσΣΩàχÏ ΜΤλ− ≅ΘôΞÕ+
               p = mv                               (3.1)
∆ϕΘλ ƒûΜ Τσßλ Φη Τƒκ× ΒςηûΟÙλ
ùΣσ°ÚχÏλ ∆ϕΘιƒτ ΘûΜ ƒûΜúΞΚιƒτ v
ƒûΜ♠ο ≅ûΤÙλ− ∆ϕΘιƒτ S.I. ≅ΩÏ
€úΩô€ςôλ−ÁγΟν.↑∴ô⁄ ∋€−€−Á.↑( (Kgms`1)
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ ùΣôÚ↓τ ƒûΜ
úΞΚιƒο Τôσ[ιûΘ ΓσΣÓιÕΞΘôο +
↑ûΜΥô∴Õ ∆ϕΘιûΘÙλ Τôσßλ ΦτΣÕ
ùΘ↓Ξô€[Õ−

ùΜΥ←ΨϕΘ úΣγΟ↔ ∆ûΟΥ Κôν úΡνúΚôγÓ
ΣôûΘ♠ο 0 Á ↑-1 úΞΚιƒο ΡΚÚΞΘσÏ ≅ûΘ
ΘρÞλ ãθ♣ûΩ Ιτû[ ΦÓιÕχ ùΚôρúΞôλ−
ΒπúΞΚλ+ Κô↔τ Φφ′τ úΞûΩ ùΜµΥ
úΣôÕΤô∴ΘôÏλ− ΙÚΞν ≅οΩÕ ΒÚΞν ƒ≈ùς∴
Κôûς Θρ↓∴ôο ∋ΜΤτΣÓιΘκΣΟôΘ ↑ûΜ( ≅Õ
úΞûΩ ùΜµΞÕ Κ⁄∴λ− Α∴ôο ùΘôΟνϕÕ
′°Õ úΡςλ Θρ↓∴ôο ΒϕΘ úΞΚιƒσÏ
Σ⁄κΣ⁄ΥôΚ Κôν ØÓχΚλ ≅ûΟÙλ− Κô↔τ ∆ϕΘ
ΤôßΣôÓ ≅Θτ ÁÕ ùΜÛιΘκΣÓλ ↑ûΜ♠τ
≅ΖΞôο ΤγÓλ ¾νΤô±χΚκΣÓΞƒοûΩ− ↑ûΜ
ùΜÛιΘκΣÓλ ΚôΩιƒτ ÁÕλ ¾νΤô±χΚκΣÓλ−
ΙÚ ùΣôÚ↓τ ∆ϕΘ ΤôßΣôγ⁄σÏ úΘûΞΥô∴
↑ûΜ ≅ϕΘ ùΣôÚρ ≅ûΟÙλ ∆ϕΘ ΤôßΣôÓ
ΚôΩιƒτ ÅΘιƒτ ÁÕ ΑΘôςκΣγ⁄ÚχÏλ−

ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ♠τ Σ⁄+ ΙÚ ùΣôÚ↓τ
∆ϕΘ ΤôßΣôγÓ ÅΘλ ≅κùΣôÚ↓τ ÁÕ
ùΜÛιΘκΣÓλ ùΤôιΘ ↑ûΜχÏ ∋≅(
ΜΤτΣÓιΘκΣΟôΘ ↑ûΜχÏ úΡν↑€Θιƒο
≅π↑ûΜ♠τ ƒûΜ♠úΩúΥ ≅ûΤÙλ−

3.4.1 ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ♠τ Κ∞Θ
∆ÚΞôχΚλ

    m ♣ûÙûΟΥ ΙÚ ùΣôÚρ u ùΘôΟχΚ
ƒûΜúΞΚιƒο úΡνúΚôγ⁄ο ΒΥδÏΞΘôΚχ
ùΚôρúΞôλ− t ΚôΩιƒο ♣ûΩΥô∴ ↑ûΜûΥ
ùΜÛιÕΞΘτ êΩλ ≅Θτ ƒûΜúΞΚλ v χÏ
ØÓχΚΤûΟ€[Õ−
ùΣôÚ↓τ ùΘôΟχΚ ∆ϕΘλ p1 = mu Τσßλ
ùΣôÚ↓τ Βßƒ ∆ϕΘλ  p2 = mv.

     ∆ϕΘ ΤôßΣôÓ         µ p2 – p1

µ mv – mu
µ m ´ (v – u).

            ∆ϕΘ ΤôßΣôÓ ÅΘλ µ ( )´ -m v u

t

≅οΩÕ ùΜÛιƒΥ ↑ûΜ

F µ 
( )´ -m v u

t

( )´ -
=

km v u

t
F (3.2)

= kma  (3.3)

a [=  (v  –  u)/t ] ΦτΣÕ  ØÓχΚλ−  ΒÕ
ƒûΜúΞΚιƒτ ΤôßΣôγ⁄τ ÅΘλ Φ∴κΣÓλ−
ΒδÏ k ↑€Θ Τô°←− ♣û[ Τσßλ ØÓχΚιƒτ
S.I. ≅ΩÏΚρ Øû[úΥ €−€− (kg) Τσßλ
Á.↑∴ô⁄`2

 K Τƒκ×  0  ∆ρΖΞôß  ↑ûΜ♠τ
≅ΩûΚι úΘνϕùΘÓιÕχ ùΚôρΖ úΞηÓλ−

↑ûΜ♠τ 0 ≅ΩÏ = k x1€−€−x1Á−↑-2)
    K=1 ΜΤτΣôÓ 7−2ο

F = ma (3.4)

↑ûΜ♠τ ≅ΩÏ €−€−Á↑ -2 (Kgms-2
)

≅οΩÕ ♣ëγΟτ ≅Θτ Ï°ÂÓ N
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motion gives us a method to measure the
force acting on an object as a product of its
mass and acceleration.

The second law of motion is often seen in
action in our everyday life. Have you noticed
that while catching a fast moving cricket ball,
a fielder in the ground gradually pulls his
hands backwards with the moving ball? In
doing so, the fielder increases the time during
which the high velocity of the moving ball
decreases to zero. Thus, the acceleration of the
ball is decreased and therefore the impact of
catching the fast moving ball (Fig. 3.8) is also
reduced. If the ball is stopped suddenly then
its high velocity decreases to zero in a very
short interval of time. Thus, the rate of change
of  momentum  of  the  ball  will  be  large.
Therefore, a large force would have to be
applied for holding the catch that may hurt
the palm of the fielder. In a high jump athletic
event, the athletes are made to fall either on a
cushioned bed or on a sand bed. This is to
increase the time of the athlete’s fall to stop
after making the jump. This decreases the rate
of change of momentum and hence the force.
Try to ponder how a karate player breaks a
slab of ice with a single blow.

The  first  law  of  motion  can  be
mathematically stated from the mathematical
expression for the second law of motion. Eq.
(3.4) is

F = ma

or F
( )-

=
m v u

t
(3.5)

or Ft = mv – mu

That is, when F = 0, v = u for whatever time,
t is taken. This means that the object will
continue moving with uniform velocity, u
throughout the time, t. If u is zero then v will
also be zero. That is, the object will remain   at
rest.

Example 3.1 A constant force acts on an
object of mass 5 kg for a duration of     2
s. It increases the object’s velocity from
3 m s–1 to  7 m s-1. Find the magnitude
of the applied force. Now, if the force was
applied for a duration of 5 s, what would
be the final velocity of the object?

Solution:

We have been given that u = 3 m s–1 and
v = 7 m s-1, t = 2 s and m  = 5 kg. From
Eq. (3.5) we have,

F 
( )-

=
m v u

t

Substitution of values in this relation
gives

F = 5 kg (7 m s-1 – 3 m s-1)/2 s = 10 N.

Now, if this force is applied for a duration
of 5 s (t = 5 s), then the final velocity can
be calculated by rewriting Eq. (8.5) as

= +
Ft

v u
m

On substituting the values of u, F, m
and t, we get the final velocity,

v = 13 m s-1.

Example 3.2 Which would require a
greater force –– accelerating a 2 kg mass
at 5 m s–2 or a 4 kg mass at 2 m s-2 ?

Fig. 3.8: A fielder pulls his hands gradually with the
moving ball while holding a catch.
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ΣΟλ 2−7 ΒΥδÏλ ΣϕûΘ ♦⁄χÏλúΣôÕ ÀοΟν
Θτ ûΚΚûΖ ΣϕÕΟτ úΜνιÕ Σ⁄κΣ⁄ΥôΚ ≠ςôΚ
•θúΡôχ€ ΒÝιÕχ ùΚôρÞΘο−

ΒΥχΚιƒτ ΒςηΟôλ ↑ƒχΚô∴ Κ∞Θ
∆ÚΞôχΚιƒ←ÚϕÕ ØΘο ΒΥχΚ ↑ƒ
á[κΣÓ€[Õ− ΜΤτΣôÓ 2−3ο

F = ma

≅οΩÕ F
( )-

=
m v u

t
(3.5)

≅οΩÕ Ft = mv – mu
F = 0 Φ±ο t τ Τƒκ× ΦÕΞô♠àλ v=u ΦτΣÕ
ùΣôÚρ− ≅ΘôΞÕ u ≠ςô∴ ƒûΜúΞΚιƒο t
ΚôΩλ ØÝΞÕλ ùΣôÚρ ùΘôΟςϕÕ ΒΥδ€
ùΚôη⁄Úχ€[Õ− "u" τ Τƒκ×+   v τ Τƒκ×
éϖ≥ΥΤô∴ôο éϖ≥ΥΤôÏλ− ≅ΘôΞÕ ùΣôÚρ

ϑµÜ ♣ûΩ♠ο ΒÚχÏλ−
ΦÓιÕχΚôγÓ 3.1 4 €−€− ♣û[ ∆ûΟΥ

ùΣôÚ↓τ ÁÕ 1 ↑Ρô⁄Κρ ♣ûΩΥô∴
↑ûΜ Ιτß ùΜΥοΣÓ€[Õ− Βπ↑ûΜ
ùΣôÚ↓τ ƒûΜúΞΚιûΘ 2Á↑`2 ←ÚϕÕ
6Á↑ `2 χÏ  ≅ƒΚ↔χ€[Õ  Φ±ο
ùΜÛιΘκΣγΟ ↑ûΜ♠τ ≅ΖûΞ
ΚηÓ♦⁄− ΒκúΣôÕ 4 ↑Ρô⁄ΚÞχÏ
↑ûΜ ùΜÛιΘκΣγΟôο ≅κùΣôÚ↓τ
Βßƒ ƒûΜúΞΚλ ΦπΞΖÜ>

¾νÜ :  ùΚôÓχΚκΣγÓρΖûΞ+
U=3  Á−↑`2 Τσßλ U=7  Á−↑`2

t=2 ↑Ρô⁄Κρ Τσßλ m=5  €−€−
ΜΤτΣôÓ 2−4 ←ÚϕÕ+

                F 
( )-

=
m v u

t

Τƒκ×ΚûΖ ΒεΜΤτΣôγ⁄ο ♦ςƒ♠ΟÜλ−
   F = 5  €−€− ∋6Á ↑-1 – 3 Á ↑-1) /2 ↑ = 10 N.

4 ↑∴ô⁄ΚÞχÏ 10N ↑ûΜ ùΜÛιΘκ
ΣγΟôο + ΜΤτΣôÓ 7 −4ûΥ Τôσ°
≅ûΤκΣΘτ êΩλ Βßƒ ƒûΜúΞΚιûΘ
ΚΠχ€ΟΩôλ−

                     = +
Ft

v u
m

u, F, m Τσßλ t, Τƒκ×ΚûΖ ♦ςƒ♠ÓλúΣôÕ+

Βßƒ ƒûΜúΞΚλ

v = 13 Á− ↑-1.

ΦÓιÕχΚôγÓ 3.2: 5Á −↑ –2ο 2€ −€ −
♣û[ÙûΟΥ ùΣôÚûΖ ØÓχΚλ ≅ûΟΥε
ùΜµΘο ≅οΩÕ 2Á−↑–2ο4€−€− ♣û[ÙûΟΥ
ùΣôÚûΖ  ØÓχΚλ  ≅ûΟΥε  ùΜµΘο  ,
ΒΞσ°ο ΦΘσÏ ≅ƒΚ ↑ûΜ
úΘûΞκΣÓ€[Õ>

ùΣôÚ↓τ ÁÕ ùΜΥοΣÓλ ↑ûΜΥô∴Õ+ ≅Θτ
♣û[ Τσßλ ØÓχΚιƒτ ùΣÚχΚο ΣΩ±σÏ
ΜΤλ ΦτΣûΘ ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ
↑ΖχÏ€[Õ−
   ΡΤÕ ≅τ[ôΟ Ξôθ↑τ ΣΩ ùΜΥοΚ↓ο Ρôλ
ΒΥχΚιƒτ ΒςηΟôλ ↑ƒûΥκ Σôνχ€ú[ôλ−
úΞΚΤôΚ ΒΥδÏλ €↔χùΚγ ΣϕûΘ ♦⁄χÏλ
úΣôÕ ≅ûΘ ♦⁄κΣΞν Θτ ûΚΚûΖ ♦τúΡôχ€
ΡΚνιÕΞûΘ ¿δΚρ ΣôνιΘÕηΟô> ≅πΞôß
ùΜµΞΘτ êΩλ ≅ϕΘ Åςν ΚôΩιûΘ ≅ƒΚ↔ιÕ
≅ƒΚ ƒûΜúΞΚιÕΟτ ΣΥ∞χÏλ ΣϕûΘ
éϖ≥ΥιƒσÏ Ïû[χ€[ôν− ΒπΞôß Σϕƒτ
ØÓχΚλ Ïû[€[Õ− úΤÛλ úΞΚΤôΚ ΒΥδÏλ
ΣϕûΘ ♦⁄κΣƒ∴ôο ΓσΣÓλ ΘôχΚλ Ïû[€[Õ−
ΣΟλ 2−7 ≅ƒΚ ƒûΜúΞΚιƒο ΒΥδÏλ Σϕƒû∴
Ïû[ϕΘ ΚôΩ ΒûΟùΞ↓♠ο éϖ≥ΥιƒσÏ
Ïû[ιÕ+ ΣϕûΘ ♣ßιΘΩôλ− ≅Θ∴ôο Σϕƒτ
∆ϕΘΤôßΣôÓ ÅΘλ ♥Κ ≅ƒΚΤôΚ ΒÚχÏλ−
≅κúΣôÕ ΣϕûΘ ♦⁄κΣΘσÏ ≅ƒΚ ↑ûΜûΥ
ùΜÛιΘ úΞηÓλ− ≅πΞôß ♦⁄χÏλ úΣôÕ
Åς↔τ ûΚ ΚôΥΤûΟΥΩôλ−

∆Υςλ ΘôηÓΘο úΣôγ⁄♠ο ∆Υςλ
ΘôηÓΣΞûς ΤΠο ΣÓχûΚ ≅οΩÕ
ùΤτûΤΥô∴ ùΤιûΘ♠τ ÁÕ ↑ΨεùΜµΞν−
∆Υςλ Θôη⁄Υ ♦τ ΒπΞôß ùΜµΞΘτ êΩλ
≅Ξν •úΨ ↑Ýλ ΚôΩλ ≅ƒΚ↔χΚκΣÓ€[Õ−
ΒΘτ ΚôςΠΤôΚ ∆ϕΘ ΤôßΣôÓ ÅΘλ Τσßλ
↑ûΜ ΒςηÓλ Ïû[€[Õ− ΚςôιúΘ Åςν Ιúς
≅⁄♠ο ΦκΣ⁄ Σ±Κγ⁄ ΣΩûΚûΥ ∆ûΟχ€[ôν
ΦτΣûΘ ΚηÓ♦⁄ÙδΚρ−
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Solution:

From Eq. (3.4), we have F = ma.
Here we have m

1
 = 2 kg; a

1
 = 5 m s-2

and m
2
 = 4 kg; a

2
 = 2 m s-2.

Thus, F
1
 = m

1
a

1
 = 2 kg ́  5 m s-2 = 10N;

and F
2
  =  m

2
a

2
  = 4 kg ´ 2 m s-2 = 8 N.

Þ F
1
 > F

2
.

Thus, accelerating a 2 kg mass at 5 m
s-2 would require a greater force.

Example 3.3 A motorcar is moving with a
velocity of 108 km/h and it takes 4 s
to stop after the brakes are applied.
Calculate the force exerted by the
brakes on the motorcar if its mass along
with the passengers is 1000 kg.

Solution:

The initial velocity of the motorcar
u = 108 km/h

= 108 ´ 1000 m/(60 ´ 60 s)
= 30 m s-1

and the final velocity of the motorcar
v = 0 m s-1.
The total mass of the motorcar along
with its passengers = 1000 kg and the
time taken to stop the motorcar, t = 4 s.
From Eq. (3.5) we have the magnitude
of the force (F) applied by the brakes
as m(v – u)/t.
On substituting the values, we get
F = 1000 kg ´ (0 – 30) m s-1/4 s

= – 7500 kg m s-2 or – 7500 N.
The negative sign tells us that the force
exerted by the brakes is opposite to
the direction of motion of the motorcar.

Example 3.4 A force of 5 N gives a mass
m

1
, an acceleration of 10 m s–2 and a

mass m2,
 an acceleration of 20 m s-2.

What acceleration would it give if both
the masses were tied together?

Solution:

From Eq. (3.4) we have m
1
 = F/a

1
; and

m
2
 = F/a

2
. Here, a

1
 = 10 m s-2;

a2 = 20 m s-2 and F = 5 N.
Thus,  m

1
 = 5 N/10 m s-2 = 0.50 kg;

and
m

2
 = 5 N/20 m s-2 = 0.25 kg.

If the two masses were tied together,
the total mass, m would be
m = 0.50 kg + 0.25 kg = 0.75 kg.
The acceleration, a produced in the
combined mass by the 5 N force would
be, a = F/m = 5 N/0.75 kg = 6.67 m s-2.

Example 3.5 The velocity-time graph of a
ball  of  mass  20  g  moving  along  a
straight line on a long table is given in
Fig. 3.9.

Fig. 3.9

How much force does the table exert
on the ball to bring it to rest?

Solution:

The initial velocity of the ball is 20 cm s-1.
Due to the frictional force exerted by the
table, the velocity of the ball decreases
down to zero in 10 s. Thus, u = 20 cm s–

1; v = 0 cm s-1 and t = 10 s. Since the
velocity-time graph is a straight line, it is
clear that the ball moves with a constant
acceleration. The acceleration a is

-
=

v u
a

t
= (0 cm s-1 – 20 cm s-1)/10 s
= –2 cm s-2 = –0.02 m s-2.

The force exerted on the ball F  is,
F = ma

 
= (20/1000) kg ´ (– 0.02 m s-2)
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¾νÜ :  ΜΤτΣôÓ 3.4ο F=ma

m1 = 2 €−€− ; a1 = 5 Á−↑-2  Τσßλ

m2 = 4 €−€−; a2 =  2  Á↑-2.

F1 = m1a1 = 2 €−€− ´ 5 Á−↑-2 = 10 N;
F2  =  m2a2  = 4 €−€− ´ 2 Á−↑-2 = 8 N.
 F1 > F2.
4Á−↑ -2 1 €−€− ♣û[ÙûΟΥ ùΣôÚρ

ØÓχΚΤûΟΥ ≅ƒΚ ↑ûΜ úΘûΞκΣÓ€[Õ−

ΦÓιÕχΚôγÓ 3.3

0/7 €−Á.Τ ƒûΜúΞΚιƒο ΒΥδÏλ ΙÚ Κô↔τ
ÁÕ úΞΚιΘûΟ ùΜÛιƒ∴ôο ≅Õ ♣σΣΘσÏ
3 ↑Ρô⁄Κρ ΦÓιÕχ ùΚôρ€[Õ− Κôν Τσßλ
≅ƒο ∆ρΖ ΣΥ∞Κ↓τ ♣û[ 0///€−€−
Φ±ο úΞΚιΘûΟ♠∴ôο Κô↔τ ÁÕ
ùΜÛιΘκΣγΟ ↑ûΜûΥ ΚΠχ€Ó−

¾νÜ :  Κô↔τ ùΘôΟχΚ ƒûΜúΞΚλ

   u = 108 €−Á.Τ
= 108 ´ 1000 Á/(60 x 60↑)
= 30Á−↑``1

Κô↔τ Βßƒ ƒûΜúΞΚλ V =0 Á−↑`1

Κôν Τσßλ ≅ƒÛρΖ ΣΥ∞Κρ =1000 ¿ì.ç>±.
Κôûς ♣σΚ ΦÓιÕχ ùΚôηΟ ΚôΩλ
t = 4↑− ΜΤτΣôÓ 8.5 ο úΞΚιΘûΟ♠∴ôο
ùΜÛιΘκΣγΟ ↑ûΜ♠τ ≅ΖÜ F=m (v – u)/t.
ΒεΜΤτΣôγ⁄ο Τƒκ×ΚûΖ ♦ςƒ♠γΟôο
F = 1000 €−€− (0-30Á−↑)`1/4 ↑
   = -7500 €−€−Á↑`2

 ≅οΩÕ -7500 N
úΞΚιΘûΟ♠∴ôο Κô↔τ ÁÕ ùΜÛιΘκΣÓλ
↑ûΜ+ Κô↔τ ΒΥχΚ ƒûΜχÏ Φƒν ƒûΜ♠ο
ΒÚχÏλ ΦτΣûΘ Φƒν Ï° ΡΤχÏ
ùΘ↔↑χ€[Õ−

ΦÓιÕχΚôγÓ 3.4

5N ↑ûΜ m1 ♣û[ÙûΟΥ ùΣôÚ↓τ
10Á −↑ `2

 ØÓχΚιûΘÙλ Τσßλ m2

♣û[ÙûΟΥ ùΣôÚ↓τ  20  Á −↑ `2

ØÓχΚιûΘÙλ ∆ηΟôχÏ€[Õ− Βπ↑ςηÓ
♣û[ΚÞλ ΒûΠϕÕ ≅ûΤκ♦τ ÁÕ
ΓσΣÓιÕλ ØÓχΚλ ΦπΞΖÜ>

¾νÜ 9
ΜΤτΣôÓ 3.4 ο, m1 = F/a1 m2 = F/a2 Τσßλ
a1 = 10 Á−↑`2 ;  a2 =  20 Τσßλ F =  5  N.
ΑΘΩôο m1 = 5 N/10 Á↑`2 = 0.50 €−€−

m2 = 5 N/20 Á−↑`2  = 0.25 €−€−
ΒςηÓ ♣û[ΚûΖÙλ Ιτ[ôΚ ΒûΠιΘôο
ùΤôιΘ ♣û[ m =  0.5 €−€− + 0.25 €−€− = 0.75
€−€− 5 N ↑ûΜ♠∴ôο ΒûΠχΚκΣγΟ ♣û[♠ο
∆ηΟôχΚκΣÓλ ØÓχΚλ
 a = F/m = 5 N/0.75 €−€− = 6.67 Á−↑`2.

ΦÓιÕχΚôγÓ 3.5

1/€ ♣û[ÙûΟΥ ΙÚ ΣϕÕ ¿ΖΤô∴
úΤûΜ♠τ ÁÕ úΡνúΚôγ⁄ο ΒΥδÏΞûΘ
ƒûΜúΞΚλ ΚôΩλ ΞûςΣΟιƒο ΣΟλ 7−8ο
ΚôγΟκΣγÓρΖÕ−

ΣϕûΘ ϑµÜ ♣ûΩχÏ ùΚôηÓ ΞÚΞΘσÏ
úΤûΜ Σϕƒτ ÁÕ ΦπΞΖÜ ↑ûΜûΥ
ùΜÛιÕ€[Õ>

¾νÜ 9
Σϕƒτ ùΘôΟχΚ ƒûΜúΞΚλ 1/ ùΜ−Á↑`1

úΤûΜ♠∴ôο ùΜÛιΘκΣÓλ ∆ςôµÜ
↑ûΜ♠∴ôο Σϕƒτ úΞΚλ 0/ ↑∴ô⁄Κ↓ο
éϖ≥ΥΤôΚ Ïû[ϕÕ ↑Ó€[Õ−
u R 20ùΜ−Á−↑`1  v R 0 ùΜ−Á−↑`1 Τσßλ
t R 10 ↑− ƒûΜúΞΚλ,ΚôΩλ ΞûςΣΟλ ΙÚ
úΡνúΚôÓ ΦτΣÕ ΣϕÕ ♣ûΩΥô∴ ØÓχΚιƒο
ΒΥδÏ€[Õ ΦτΣÕ ùΘ↓Ξô€[Õ−

ØÓχΚλ 
-

=
v u

a
t

R (0 ùΜ−Á ↑`1 –20 ùΜ−Á−↑`1
)/10↑

R`2 ùΜ−Á ↑`2 R `0.02 Á−↑`2.

Σϕƒτ ÁÕ ùΜÛιΘκΣÓλ ↑ûΜ F  Φ±ο,

F =ma
 
=(20/1000) €−€−´(– 0.02 Á ↑-2)

ΚôΩλ (↑.) 
 
 
ú
Ξ
Κ
λ
 (
ù
Μ−
Á
−./
↑

)
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   = – 0.0004 N.
The negative sign implies that the
frictional force exerted by the table is
opposite to the direction of motion of the
ball.

3.5 Third Law of Motion
The first two laws of motion tell us how an
applied force changes the motion and provide
us with a method of determining the force.  The
third law of motion states that when one object
exerts a force on another object, the second
object instantaneously exerts a force back on
the first. These two forces are always equal
in magnitude but opposite in direction.
These forces act on different objects and
never on the same object. In the game of
football sometimes we, while looking at the
football and trying to kick it with a greater
force, collide with a player of the opposite
team. Both feel hurt because each applies a
force to the other. In other words, there is a
pair of forces and not just one force. The
two opposing forces are also known as
action and reaction forces.

Let us consider two spring balances
connected together as shown in Fig. 3.10.
The fixed end of balance B is attached with a
rigid support, like a wall. When a force is
applied through the free end of spring balance
A, it is observed that both the spring balances
show the same readings on their scales. It
means that the force exerted by spring balance
A on balance B is equal but opposite in
direction to the force exerted by the balance
B on balance A. Any of these two forces can
be called as action and the other as reaction.
This gives us an alternative statement of the
third law of motion i.e., to every action there
is an equal and opposite reaction. However,
it must be remembered that the action and
reaction always act on two different objects,
simultaneously.

Fig. 3.10: Action and reaction forces are equal and
opposite.

Suppose you are standing at rest and
intend to start walking on a road. You must
accelerate, and this requires a force in
accordance with the second law of motion.
Which is this force? Is it the muscular effort
you exert on the road? Is it in the direction we
intend to move? No, you push the road below
backwards. The road exerts an equal and
opposite force on your feet to make you move
forward.

It is important to note that even though
the action and reaction forces are always equal
in magnitude, these forces may not produce
accelerations of equal magnitudes. This is
because each force acts on a different object
that may have a different mass.

When a gun is fired, it exerts a forward force
on the bullet. The bullet exerts an equal and
opposite force on the gun. This results in the
recoil of the gun (Fig. 3.11). Since the gun
has a much greater mass than the bullet,
the acceleration of the gun is much less than
the acceleration of the bullet. The third law
of motion can also be illustrated when a sailor
jumps  out  of  a  rowing  boat.  As  the  sailor
jumps forward, the force on the boat moves it
backwards (Fig. 3.12).

Fig. 3.11: A forward force on the bullet and recoil
of the gun.
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    = – 0.0004 N
úΤûΜ♠∴ôο ùΜÛιΘκΣÓλ ∆ςôµÜ
↑ûΜ ΣϕÕ ΒΥδÏλ ƒûΜχÏ Φƒν
ƒûΜ♠ο ΒÚχÏλ ΦτΣûΘ ΦƒνÏ°
ùΘ↔↑χ€[Õ−

3.5 ΒΥχΚιƒτ êτ[ôλ ↑ƒ 9
ΒΥχΚιƒτ ØΘο ΒςηÓ ↑ƒΚρ Ρôλ
ùΜÛιÕλ ↑ûΜ ΒΥχΚιûΘ ΦπΞôß
Τôσß€[Õ  ΦτΣûΘÙλ   ↑ûΜûΥ
ΚηΟ°Ùλ Øû[ûΥÙλ ΡΤχÏ
ùΘ↔↑χ€[Õ− ΙÚ ùΣôÚρ Τσù[ôÚ
ùΣôÚ↓τ ÁÕ ≅úΘ ≅ΖÜ ↑ûΜûΥ Φƒν
ƒûΜ♠ο ùΜÛιÕλ ΦτΣÕ ΒΥχΚιƒτ
êτ[ôλ ↑ƒ− Βπ↑Ú ↑ûΜΚ↓τ Φη
Τƒκ× ΜΤλ− Α∴ôο Φƒùςƒν ƒûΜ♠ο
ùΜΥοΣÓλ− Βπ↑ûΜΚρ ΒςηÓ ùΞπúΞß
ùΣôÚγΚ↓τ ÁÕ ùΜΥοΣÓλ− Α∴ôο Ιúς
ùΣôÚ↓τ ÁÕ ùΜΥοΣΟôÕ− ΚôοΣϕÕ
↑ûΖΥôγ⁄ο ′Ω ΜΤΥλ Ρôλ ΚôοΣϕûΘ
≅ƒΚ úΞΚιÕΟτ ∆ûΘχΚ ØΥσ′κúΣôλ−
Α∴ôο ΦƒνΣôςôΘ↑ΘΤôΚ Φƒς∞ Åςûςε
ùΜτß úΤôƒχùΚôρúΞôλ− ΒÚΞÚλ
ΚôΥΤûΟΞν− Γù∴±ο ΙÚΞ↔τ ÁÕ ΙÚΞν
↑ûΜûΥ ùΜÛιƒχ ùΚôρ€τ[∴ν− ΒδÏ
ΒÚ ↑ûΜΚρ ùΜΥοΣÓ€τ[∴+ ΙÚ ↑ûΜ
≅οΩ+ Ιτû[ Ιτß ΦƒνχÏλ ΒϕΘ
ΒςηÓ ↑ûΜΚÞλ ↑û∴ Τσßλ
Φƒν↑û∴ Φ∴κΣÓλ−

   ΣΟλ 2−0/ο Κôγ⁄ΥΣ⁄ ΒςηÓ ÑÚρ ↑ο
ΘςôÑΚûΖ ΙτßΟτ Ιτß ΒûΠχΚÜλ− B
Θςô′τ ΙÚ Øû∴ûΥ ÑΞσßΟτ
ΒûΠχΚÜλ− ÑÚρ↑ο ΘςôÑΚÞλ
≅Ξσ°τ ≅ΖÜúΚôρΚÞλ Ιúς
≅ΖÜΚûΖ ΚôγÓ€[Õ− ÑÚρ ↑ο A ΦτΣÕ
B τ ÁÕ ùΜÛιÕλ ↑ûΜ ÑÚρ↑ο B ΦτΣÕ
A τ ÁÕ ùΜÛιÕλ ↑ûΜχÏ ΜΤΤôΚÜλ
Φƒν ƒûΜ♠Ûλ ≅ûΤÙλ− Βπ↑Ú
↑ûΜΚûΖ ↑û∴ Τσßλ Φƒν↑û∴
Φτ€ú[ôλ− ΒΥχΚιƒτ êτ[ôλ ↑ƒ♠τ
Σ⁄+ ΙπùΞôÚ ↑û∴χÏλ ΜΤΤô∴ Φƒν↑û∴
Ιτß ùΜΥοΣÓλ− ↑û∴ Τσßλ Φƒν↑û∴
Α€Υ  ΒςηÓλ  ΒÚ  ùΞπúΞß
ùΣôÚγΚ↓τ ÁÕ ùΜΥοΣÓλ−

ΣΟλ 2−0/ ↑û∴ Τσßλ Φƒν↑û∴ ↑ûΜΚρ
ΙτßχùΚôτß ΜΤλ Τσßλ Φƒςô∴Õ−

   ¿δΚρ ΜôûΩ♠τ ÁÕ ϑµÜ ♣ûΩ♠ο
♣τßχ ùΚôη⁄ÚϕÕ+ ΡΟχΚ ùΘôΟδÏ€ÈνΚρ
Φ∴ Φη∞χ ùΚôρúΞôλ− ΒΥχΚιƒτ
ΒςηΟôλ ↑ƒκΣ⁄ ¿δΚρ úΞΚιûΘ
≅ƒΚ↔χΚ ↑ûΜ úΘûΞκΣÓ€[Õ− ΒÕ ΦϕΘ
↑ûΜ> ΜôûΩ♠τ ÁÕ ¿δΚρ ùΜÛιÕΞÕ
ΘûΜ♠ΥχΚ ↑ûΜΥô> ¿δΚρ ΒΥδÏλ
ƒûΜ♠ο Βπ↑ûΜ ùΜΥοΣÓ€[Θô> ΒοûΩ+
¿δΚρ ΡΟχÏλúΣôÕ ΜôûΩûΥ •θúΡôχ€Ùλ
♦τ×[λ ΘρÞ€ú[ôλ− ΜôûΩÙλ ∆δΚρ
ΣôΘιƒτ ÁÕ ΜΤΤô∴ Τσßλ Φƒν ↑ûΜûΥ
ùΜÛιƒ ∆δΚûΖ Øτú∴ôχ€ ΡΚςε
ùΜµ€[Õ− ↑û∴ Τσßλ Φƒν↑û∴
↑ûΜΚρ ΜΤΤô∴ Φη ΤƒκûΣ
ùΣσ°ÚϕΘôÛλ+ ≅Ξσ°∴ôο ∆ÚΞôÏλ
ØÓχΚδΚρ ΜΤΤô∴ Φη ΤƒκûΣ
ùΣσ°ÚχΚôÕ− Γù∴±ο ΙπùΞôÚ ↑ûΜÙλ
ΒÚ úΞß ùΣôÚγΚ↓τ ÁÕ ùΜΥοΣÓΞΘôο
≅Ξσ°τ ♣û[Κρ ùΞπúΞ[ôΚ ΒÚχÏλ−
   ÕκΣôχ€ ÑÓλúΣôÕ+ ÕκΣôχ€ Ïη⁄τ ÁÕ
Øτú∴ôχ€ ↑ûΜûΥ ùΜÛιÕ€[Õ− ÏηÓλ
ÕκΣôχ€♠τ ÁÕ ΜΤΤô∴ Φƒν↑ûΜûΥ
ùΜÛιÕχ€[Õ− ΒΘ∴ôο ÕκΣôχ€ ♦τúΡôχ€
ùΜοΩ ØσΣÓ€[Õ− ∋ΣΟλ 2−00( Ïη⁄τ
♣û[ûΥ ↑Ο ÕκΣôχ€♠τ ♣û[ ≅ƒΚλ
ΑΘΩôο ÏηÓ ≅ûΟϕΘ ØÓχΚιûΘ↑Ο
ÕκΣôχ€ ≅ûΟϕΘ ØÓχΚλ ♥Κχ Ïû[Ü−
ΣΟÏ ϑγÓΣΞν ΣΟ€←ÚϕÕ ÏƒκΣƒτ
êΩΤôΚÜλ Ρôλ ΒΥχΚιƒτ êτ[ôλ ↑ƒ
↑ΖχΚΩôλ− ΣΟÏ ϑγÓΣΞν Øτú∴ôχ€
ÏƒιΘôο+ ΣΟÏ ♦τú∴ôχ€ ΡΚÚλ ∋ΣΟλ 2−01(−

ΣΟλ 2−00  Ïη⁄τ ÁÕ ùΜΥοΣÓλ Øτú∴ôχÏ
↑ûΜ Τσßλ ÕκΣôχ€♠τ ♦τú∴ôχÏ ↑ûΜ−

Ïη⁄τ ÁÕ ùΜΥοΣÓλ
ØÓχΚκΣγΟ ↑ûΜ ÕκΣôχ€♠τ ÁÕ

ù Μ Υ ο Σ Ó λ
♦τú∴ôχÏ ↑ûΜ
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What
you have
learnt
· First law of motion: An object continues to be in a state of

rest or of uniform motion along a straight line unless acted
upon by an unbalanced force.

· The natural tendency of objects to resist a change in their
state of rest or of uniform motion is called inertia.

· The mass of an object is a measure of its inertia. Its SI unit
is kilogram (kg).

· Force of friction always opposes motion of objects.
· Second law of motion: The rate of change of momentum of

an object is proportional to the applied unbalanced force in
the direction of the force.

Activity ______________ 3.4
· Request two children to stand on two

separate carts as shown in Fig. 3.13.
· Give them a bag full of sand or some

other heavy object. Ask them to play
a game of catch with the bag.

· Does each of them experience an
instantaneous force as a result of
throwing the sand bag?

· You can paint a white line on
cartwheels to observe the motion of
the two carts when the children throw
the bag towards each other.

Fig. 3.12: As the sailor jumps in forward direction,
the boat moves backwards.

Fig. 3.13

Now, place two children on one cart and
one on another cart. The second law of motion
can be seen, as this arrangement would show
different accelerations for the same force.

The cart shown in this activity can be
constructed by using a 12 mm or 18 mm thick
plywood board of about 50 cm ́  100 cm with
two pairs of hard ball-bearing wheels (skate
wheels are good to use). Skateboards are not
as effective because it is difficult to maintain
straight-line motion.
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ùΜΥο ----------------------- 3.4
· ΣΟλ 2−02ο Κôγ⁄ΥΣ⁄ ΒςηÓ

ùΞπúΞß Ξη⁄Κ↓τ ÁÕ
ΒςηÓ ′ßΞνΚûΖ ♣σΚ
ûΞχΚÜλ−

· ≅ΞνΚ↓Ολ ΤΠΩôο ♣ςκΣκΣγΟ
≅οΩÕ ≅ƒΚ ΦûΟÙρΖ
ùΣôÚûΖχ ùΚôηΟ ûΣûΥχ
ùΚôÓχΚÜλ− ≅Θû∴ çχ€úΣôγÓ
♦⁄χÏλ ↑ûΖΥôγûΟ ↑ûΖΥôΟε
ùΜôοΩÜλ−

· ΤΠο ûΣûΥ çχ€ Φ↔ÙλúΣôÕ
≅ΞνΚΖôο ∆Ο∴⁄ ↑ûΜûΥ
∆Πς Ø⁄€[Θô>

· ′ßΞνΚρ ΙÚΞÚχùΚôÚΞν
ûΣûΥ Å′Φ°ϕÕ ↑ûΖΥôÓλ
úΣôÕ ΒÚΞη⁄Κ↓τ ΒΥχΚιûΘ
Σ↔≠←χΚ Ξη⁄ ΜχΚςδΚÞχÏ
ùΞρûΖ ΞηΠλ ¾γΟΩôλ−

ΣΟλ 9 2−01 ΣΟúΚôγ⁄ Øτú∴ôχ€ ÏƒιΘôο ΣΟÏ
♦τú∴ôχ€ ΡΚν€[Õ−

ΣΟλ 3.13

    ΘσúΣôÕ ΒÚΞûςÙλ ΙπùΞôÚ Ξη⁄♠τ
ÁÕ ♣σΚ ûΞÙδΚρ− ΒϕΘ ≅ûΤκ× Ιúς
↑ûΜ ùΞπúΞß ØÓχΚδΚûΖ
∆ηΟôχÏ€[Õ− ΒδÏ ΒΥχΚιƒτ ΒςηΟôλ

↑ƒûΥ Ρôλ ΚôΠΩôλ−
ΒεùΜΥ←ο ΚôγΟκΣγÓρΖ Ξη⁄ûΥ 01♥−Á

≅οΩÕ 07♥−Á Θ⁄Ττ+ 50 ùΜ−Á.´ 100 ùΜ−Á−
≅ΖÜΚÞûΟΥ κûΖÜγ ΤςκΣΩûΚχÏ
ΒςηÓ ú⊥ô⁄ Κ⁄∴Τô∴ ΣϕÕ Θôδ€ΚÞûΟΥ
ΜχΚςδΚûΖ ∋ΜßχÏ ↑ûΖΥôγ⁄σÏ
ΣΥτΣÓιΘΩôλ( ùΣôÚιƒ ùΜµΥΩôλ− ΜßχÏ
ΣΩûΚΚûΖ ΣΥτΣÓιÕΞÕ ∆ΚϕΘΘοΩ−
Γù∴±ο ≅ƒο úΡν,úΚôγÓ ΒΥχΚιûΘκ
ùΣßΞÕ Κ⁄∴λ−

Ρôλ Κσ[ûΞ
· ΒΥχΚιƒτ ØΘο ↑ƒ 9 ΙπùΞôÚ ùΣôÚÞλ ΜΤτùΜµΥκΣΟôΘ

↑ûΜ ùΜΥοΣΟôΘ Ξûς♠ο+ ΘΤÕ ϑµÜ ♣ûΩ♠úΩô ≅οΩÕ
≠ςôΚ ΒΥδ€χ ùΚôη⁄ÚχÏλ úΡνúΚôγÓ ♣ûΩ♠úΩô ùΘôΟνϕÕ
ΒÚχÏλ−

· ϑµÜ ♣ûΩ♠úΩô+ ≠ςô∴ ΒΥχΚ ♣ûΩ♠úΩô ∆ρΖ ùΣôÚρ
≅Θτ ΒΥχΚ ♣ûΩ♠ο Τôσ[ιûΘ ΦƒνχÏλ ΒΥσûΚΥô∴
ΣηûΣ ♣ûΩΤλ ΦτΣν−

· ùΣôÚ↓τ ♣û[ ♣ûΩΤιƒτ ≅ΖÅÓ Φ∴κΣÓ€[Õ− ♣û[♠τ
S.I.≅ΩÏ €úΩô€ςôλ−

· ∆ςôµÜ ↑ûΜ ΦκúΣôÕλ ùΣôÚγΚ↓τ ΒΥχΚιûΘ ΦƒνχÏλ−
· ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ 9 ΙÚ ùΣôÚ↓τ ∆ϕΘ ΤôßΣôγÓ

ÅΘλ ≅κùΣôÚ↓τ ÁÕ ùΜÛιΘκΣÓλ ΜΤτùΜµΥκΣΟôΘ
↑ûΜχÏ úΡν↑€Θιƒο ↑ûΜ♠τ ƒûΜ♠úΩúΥ ≅ûΤÙλ−
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· The  SI  unit  of  force  is  kg  m  s–2.  This  is  also  known  as
newton and represented by the symbol N. A force of one
newton produces an acceleration of 1 m s–2 on an object of
mass 1 kg.

· The momentum of an object is the product of its mass and
velocity and has the same direction as that of the velocity.
Its SI unit is kg m s–1.

· Third law of motion: To every action, there is an equal and
opposite reaction and they act on two different bodies.

Exercises
1. An object experiences a net zero external unbalanced force.

Is it possible for the object to be travelling with a non-zero
velocity? If yes, state the conditions that must be placed on

  2. When a carpet is beaten with a stick, dust comes out of it,
Explain.

3. Why is it advised to tie any luggage kept on the roof of a bus
with a rope?

4. A batsman hits a cricket ball which then rolls on a level
ground. After covering a short distance, the ball comes to
rest. The ball slows to a stop because
(a) the batsman did not hit the ball hard enough.
(b) velocity is proportional to the force exerted on the ball.
(c) there is a force on the ball opposing the motion.
(d) there is no unbalanced force on the ball, so the ball would

want to come to rest.
5. A truck starts from rest and rolls down a hill with a constant

acceleration. It travels a distance of 400 m in 20 s. Find its
acceleration. Find the force acting on it if its mass is
7 tonnes (Hint: 1 tonne = 1000 kg.)

6. A stone of 1 kg is thrown with a velocity of 20 m s–1 across
the frozen surface of a lake and comes to rest after travelling
a distance of 50 m. What is the force of friction between the
stone and the ice?

7. A 8000 kg engine pulls a train of 5 wagons, each of 2000 kg,
along a horizontal track. If the engine exerts a force of 40000 N
and the track offers a friction force of 5000 N, then calculate:
(a) the net accelerating force and
(b) the acceleration of the train.

8. An automobile vehicle has a mass of 1500 kg. What must be
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· ↑ûΜ♠τ S.I. ≅ΩÏ €−€− Á−↑`2
. ΒΘû∴ ♣ëγΟτ Φ∴Üλ áßΞν

ΒûΘ N Φàλ Ï°ÂγΟôο Ï°κΣν− 0 €úΩô €ςôλ ♣û[ÙûΟΥ
ùΣôÚ↓ο 0Á.↑`2

 ØÓχΚιûΘ úΘôσß↑χÏλ ↑ûΜûΥ ♣ëγΟτ
ΦτΣν−

· ΙÚ ùΣôÚ↓τ ∆ϕΘλ ΦτΣÕ ≅Θτ ♣û[ Τσßλ ƒûΜ úΞΚιƒτ
ùΣÚχΚοΣΩàχÏ ΜΤλ úΤÛλ ƒûΜúΞΚιƒτ ≅úΘ ƒûΜ♠ο
≅Õ ≅ûΤÙλ− ∆ϕΘιƒτ S.I. ≅ΩÏ €−€−Á−↑`1

.

· ΒΥχΚιƒτ êτ[ôλ ↑ƒ 9 ΙπùΞôÚ ↑û∴χÏλ ΜΤΤô∴
Φƒν↑û∴ Ιτß ùΜΥοΣÓλ− ΒςηÓ ùΞπúΞß ùΣôÚγΚ↓τ
ÁÕ Βπ↑ûΜΚρ ùΜΥοΣÓλ−

Σ♠σ′Κρ
1. ΙÚ ùΣôÚ↓τ ÁÕ éϖ≥Υ ΜΤτ ùΜµΥκΣΟôΘ ×[↑ûΜ Ιτß

ùΜΥοΣÓ€[Õ− ≅κùΣôÚρ éϖ≥ΥΤσ[ ƒûΜúΞΚιƒο ΣΥ∞κΣÕ
ΜôιƒΥΤô> Αλ Φ±ο ΒÕ úΣôτ[ ΙÚ ãθ♣ûΩûΥ áß−

2. ΙÚ Θûς↑↔κûΣ Κ→Υôο ≅⁄χÏλ úΣôÕ ≅ƒ←ÚϕÕ ç′
ùΞ↓úΥß€[Õ− ↑Ξ↔−

3. úΣÚϕƒτ ÁÕ ûΞχΚκΣγΟ ùΣôÚγΚûΖ Κ♠σ[ôο ΚγÓλΣ⁄
≅°ÜßιΘκΣÓ€[Õ− Γτ>

4. ΙÚ €↔χùΚγ Åςν ΣϕûΘ ≅⁄χÏλúΣôÕ ΜΤΤô∴ ûΤΘô∴ιƒο
∆ÚηÓ ϑÓ€[Õ− Α∴ôο ′°Õ ùΘôûΩÜ ùΜτ[ÜΟτ ♣τß
↑Ó€[Õ− ΣϕÕ ♣σΣΘσΚô∴ ΚôςΠλ−
(≅) €↔χùΚγ Åςν ΣϕûΘ úΞΚΤôΚ ≅⁄χΚ↑οûΩ−
(Α) Σϕƒτ ÁÕ ùΜÛιΘκΣÓλ ↑ûΜ ≅Θτ ƒûΜúΞΚιƒσÏ úΡν

↑€Θιƒο ΒÚχÏλ−
(Β) Σϕƒτ ΒΥχΚιûΘ ΦƒνχÏλ ↑ûΜ Ιτß ∆ρΖÕ−
(Χ) Σϕƒτ ÁÕ ΜΤτùΜµΥκΣΟôΘ ↑ûΜ ΒοûΩ− ΑΘΩôο ΣϕÕ

ϑµÜ ♣ûΩûΥ ≅ûΟ€[Õ−
5. ΙÚ ΜςχÏ Ξη⁄ ϑµÜ ♣ûΩ♠←ÚϕÕ ♣ûΩΥô∴ ØÓχΚιƒο

ΤûΩ♠←ÚϕÕ •θúΡôχ€ ΒΥδÏ€[Õ− 1/ ↑∴ô⁄Κ↓ο 3// Á
ùΘôûΩûΞ ΚΟχ€[Õ− ≅Θτ ØÓχΚιûΘ ΚηÓ♦⁄− ΜςχÏ
Ξη⁄♠τ ♣û[ 6 ΟτΚρ Φ±ο ≅Θτ ÁÕ ùΜΥοΣÓλ ↑ûΜûΥ
ΚΠχ€Ó−   (Ï°κ× 0 Οτ =1000 €−€−)

6. 0 €−€− ♣û[ÙûΟΥ ΙÚ ΚοûΩ 1/Á−↑ ƒûΜúΞΚιƒο ∆û[ϕΘ
Σ±Κγ⁄ Γ↔♠τ Σςκ♦τ ÁÕ ÅΜκΣÓ€[Õ− 4/Á ùΘôûΩÜ ΣΥ∞ιΘ
♦[Ï ≅χΚοΩô∴Õ ϑµÜ ♣ûΩûΥ ≅ûΟ€[Õ− Κο Τσßλ
Σ±Κγ⁄χÏ ΒûΟ♠Ωô∴ ∆ςôµÜ ↑ûΜ ΦπΞΖÜ>

7. 7///€−€− ♣û[ÙρΖ ς♠οΦφ′τ 4 ùΣγ⁄ΚûΖ ΘηΟΞôΖιƒτ
ÁÕ ΒÝιÕε ùΜο€[Õ− ς♠ο Φφ′τ ΘηΟΞôΖιƒτ ÁÕ 40000N
↑ûΜûΥ ùΜÛιƒ∴ôο ΘηΟΞôΖλ ς♠←τ ÁÕ 5000N ∆ςôµÜ
↑ûΜûΥ ùΜÛιÕ€[Õ Φ±ο ΒΞσû[ ΚΠχ€Ó−
(a) ùΤôιΘ ØÓχΚ ↑ûΜ
(b) ς♠ο Ξη⁄♠τ ØÓχΚλ

8. ΙÚ ΞôΚ∴ιƒτ ♣û[ 1500 €−€− ΞôΚ∴λ 0−6 Á−↑`2  Φƒν ØÓχΚιƒο
♣ßιΘκΣÓ€[Õ− ΞôΚ∴ιƒσÏλ ΜôûΩχÏλ ΒûΟ♠Ωô∴ ↑ûΜ
Φτ∴ΞôΚ ΒÚχÏλ>
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the force between the vehicle and road if the vehicle is to
be stopped with a negative acceleration of 1.7 m s–2?

9. What is the momentum of an object of mass m, moving
with a velocity v?
(a)  (mv)2 (b) mv2 (c) ½ mv2 (d) mv

10. Using a horizontal force of 200 N, we intend to move a
wooden cabinet across a floor at  a constant velocity. What
is the friction force that will be exerted on the cabinet?

11. According to the third law of motion when we push on an
object, the object pushes back on us with an equal and
opposite force. If the object is a massive truck parked along
the roadside, it will probably not move. A student justifies
this by answering that the two opposite and equal forces
cancel each other. Comment on this logic and explain why
the truck does not move.

12. A hockey ball of mass 200 g travelling at 10 m s–1 is struck
by a hockey stick so as to return it  along its original path
with a velocity at 5 m s–1. Calculate the magnitude of change
of momentum occurred in the motion of the hockey ball by
the force applied by the hockey stick.

13. A bullet of mass 10 g travelling horizontally with a velocity
of 150 m s–1 strikes a stationary wooden block and comes
to rest in 0.03 s. Calculate the distance of penetration of
the bullet into the block. Also calculate the magnitude of
the force exerted by the wooden block on the bullet.

14. An object of mass 1 kg travelling in a straight line with a
velocity of 10 m s–1 collides with, and sticks to, a stationary
wooden block of mass 5 kg. Then they both move off together
in the same straight line. Calculate the total momentum
just before the impact and just after the impact. Also,
calculate the velocity of the combined object.

15. An object of mass 100 kg is accelerated uniformly from a
velocity of 5 m s–1 to 8 m s–1 in 6 s. Calculate the initial and
final momentum of the object. Also, find the magnitude of
the force exerted on the object.

16. Akhtar, Kiran and Rahul were riding in a motorcar that
was moving with a high velocity on an expressway when an
insect hit the windshield and got stuck on the windscreen.
Akhtar and Kiran started pondering over the situation. Kiran
suggested that the insect suffered a greater change in
momentum as compared to the change in momentum of
the motorcar (because the change in the velocity of the
insect was much more than that of the motorcar). Akhtar
said  that  since  the  motorcar  was  moving  with  a  larger
velocity, it exerted a larger force on the insect. And as a
result the insect died. Rahul while putting an entirely new
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9. m ♣û[ÙûΟΥ ΙÚ ùΣôÚρ  v ƒûΜúΞΚιƒο ΒΥδ€∴ôο
≅κùΣôÚ↓τ ∆ϕΘλ Φτ∴>
(a) (mv)2            (b) mv2             (c) ½ mv2    (d) mv

10. 200N €ûΟΤγΟ ↑ûΜûΥκ ΣΥτΣÓιƒ ≠ςô∴ ƒûΜúΞΚιƒο Θûς♠τ
ÁÕ ΤςκùΣγ⁄ Ιτß ΡΚνιΘκΣÓ€[Õ− ΤςκùΣγ⁄♠τ ÁÕ
ΘûςùΜÛιÕλ ∆ςôµÜ ↑ûΜûΥ ΚηÓ♦⁄>

11. ΒΥχΚιƒτ êτ[ôλ ↑ƒκΣ⁄ ΙÚ ùΣôÚûΖ Ρôλ Θρ↓∴ôο
≅κùΣôÚρ ƒÚλΣ Ρλ ÁÕ ≅úΘ ≅ΖÜ ↑ûΜûΥ ùΜÛιƒ
ΦƒνƒûΜ♠ο ΘρÞλ− ΙÚ Κ∴ςΚ ΞôΚ∴λ ΜôûΩúΥôςλ
♣ßιΘκΣγ⁄ÚϕΘôο ≅Õ ΡΚςôÕ− ΒςηÓ ΜΤΤô∴ Τσßλ Φƒν
↑ûΜΚρ Ιτû[ Ιτß ςιÕ ùΜµÕ ùΚôρÞλ Φ∴ ΤôΠΞτ
↑ûΟΥ↓ιΘôτ− ΒϕΘ ΘνχΚιƒτ ÁÕ ∆δΚρ ΚÚιûΘ á°+ Κ∴ςΚ
ΞôΚ∴λ Γτ ΡΚς↑οûΩ ΦτΣûΘ ↑Ξ↔

12. 10 Á−↑`1úΞΚιƒο 200 € ♣ûÙûΟΥ ΙÚ ôχ€ ΣϕÕ 0/Á↑`1

úΞΚιƒο ΣΥΠκΣÓλ− ≅κúΣôÕ ≅ûΘ ôχ€ ΤγûΟûΥ ûΞιÕ
≅⁄ιΘôο ≅Õ Θτ ΣôûΘ♠ο 4Á↑`1 ƒûΜúΞΚιƒο ƒÚλ♦ε
ùΜο€[Õ− ôχ€ ΤγûΟ♠∴ôο ùΜÛιΘκΣγΟ ↑ûΜ ΚôςΠΤôΚ
ôχ€ Σϕƒτ ΒΥχΚιƒο ΓσΣÓλ ∆ϕΘ ΤôßΣôγ⁄τ ≅ΖûΞχ
ΚΠχ€Ó

13. 10 €− ♣û[ÙûΟΥ ×οΩγ ∋≅( úΘôγΟô 04/ Á−↑`1
  ƒûΜúΞΚιƒο

€ûΟΤγΟΤôΚ ΣΥΠκΣγÓ ♣ûΩΥô∴ ΤςιÕηÓ Ιτû[ úΤôƒ+
/−/2 ↑Ρô⁄Κ↓ο ϑµÜ ♣ûΩûΥ ≅ûΟϕΘÕ− ×οΩγ ΤςιÕàρ
ΕÓÚ↑Υ ùΘôûΩûΞ ΚΠχ€Ó− ×οΩγ⁄τ ÁÕ ΤςιÕηÓ ùΜÛιƒΥ
↑ûΜ♠τ ≅ΖûΞ ΚΠχ€Ó−

14. 0 €−€ ♣û[ÙûΟΥ ΙÚ ùΣôÚρ 0/ Á ↑`1
 ƒûΜúΞΚιƒο úΡνúΚôγ⁄ο

ΣΥ∞χÏλúΣôÕ 4€−€− ♣û[ÙûΟΥ ♣ûΩΥô∴ ΤςιÕηûΟ úΤôƒ
≅ΘσÏ Ιγ⁄χùΚôρ€[Õ− ♦τ∴ν ≅ûΞ ΒςηÓλ ΒûΠϕÕ ≅úΘ
úΡνχúΚôγ⁄ο ΒΥδÏ€[Õ− ΘôχΚιƒσÏ Μσß Øτ×λ+ ΘôχΚιƒσÏ
Μσß ♦τ×λ ∆ρΖ ùΤôιΘ ∆ϕΘιûΘ ΚΠχ€Ó− úΤÛλ Βπ↑Ú
ùΣôÚγΚ↓τ ƒûΜúΞΚιûΘ ΚΠχ€Ó−

15. 100 €−€− ♣û[ÙûΟΥ ΙÚ ùΣôÚρ 5 ↑Ρô⁄Κ↓ο 4 Á ↑`1
 ←ÚϕÕ

7 Á ↑`1
 ƒûΜúΞΚιƒσÏ ≠ςôΚ ØÓχΚΤûΟ€[Õ− ùΣôÚ↓τ ùΘôΟχΚ

Τσßλ Βßƒ ∆ϕΘιûΘ ΚΠχ€Ó− ùΣôÚ↓τ ÁÕ ùΜÛιΘκΣÓλ
↑ûΜ♠τ ≅ΖûΞ ΚΠχ€Ó−

16. ≅χΘν+ €ςη Τσßλ ςôÏο ùΡÓφΜôûΩ ÁÕ ≅ƒΚ ƒûΜúΞΚιƒο
ΙÚ Κôûς ϑγ⁄εùΜτ[úΣôÕ Κôσß ΚΞΜιûΘ ΙÚ éε′ úΤôƒ
Κôσßƒûς♠ο ′χ€χùΚôηΟÕ− ≅χΘÚλ €ςàλ Βεãθ♣ûΩûΥκ
Σσ° ′ϕƒιΘ∴ν− Κô↔τ ∆ϕΘΤôßΣôγûΟ Ικ♦ÓλúΣôÕ éε′♠τ
≅ƒΚ ∆ϕΘΤôßΣôÓ ΚôςΠΤôΚ éε′ Σôƒκ× ≅ûΟϕΘÕ  Φ∴ €ςη
ΚÚƒ∴ôτ− ∋Κô↔τ ƒûΜúΞΚιƒο ΓσΣÓλ Τôσ[ιûΘ ↑Ο éε′♠τ
ƒûΜúΞΚιƒο ΓσΣÓλ Τôσ[λ ♥Κ ≅ƒΚλ( Κôν ≅ƒΚ ƒûΜúΞΚιƒο
ΒΥδ€ΥΘôο éε′♠τ ÁÕ Κôν ≅ƒΚ ↑ûΜûΥ ùΜÛιƒΥÕ Φ∴
≅χΘν á°∴ôτ− ΒΘτ ↑ûΖΞôΚ éε′ Β[ϕÕ↑γΟÕ− Κôν Τσßλ
éε′ ΒςηÓλ ΜΤΤô∴ ↑ûΜ Τσßλ ∆ϕΘΤôßΣôγûΟ Ιτ°τ ÁÕ
Ιτß ùΜÛιÕλ Φ∴ ςôÏο Øσ°Ûλ ΙÚ ×ƒΥ ↑ΖχΚιûΘ
á°∴ôτ− ΒκΣ↔ϕÕûςΚ↓τ ÁÕ ∆δΚρ ΚÚιûΘχ á[Üλ−
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explanation said that both the motorcar and the insect
experienced the same force and a change in their
momentum. Comment on these suggestions.

17. How much momentum will a dumb-bell of mass 10 kg
transfer to the floor if it falls from a height of 80 cm? Take
its downward acceleration to be 10 m s–2.

Additional
Exercises
A1. The following is the distance-time table of an object in motion:

Time in seconds Distance in metres
0 0
1 1
2 8
3 27
4 64
5 125
6 216
7 343

(a) What conclusion can you draw about the acceleration?
Is it constant, increasing, decreasing, or zero?

(b) What do you infer about the forces acting on the object?
A2. Two persons manage to push a motorcar of mass 1200 kg at

a uniform velocity along a level road. The same motorcar
can be pushed by three persons to produce an acceleration
of  0.2  m  s-2. With what force does each person push the
motorcar? (Assume that all persons push the motorcar with
the same muscular effort.)

A3. A hammer of mass 500 g, moving at 50 m s-1, strikes a nail.
The nail stops the hammer in a very short time of 0.01 s.
What is the force of the nail on the hammer?

A4. A motorcar of mass 1200 kg is moving along a straight line
with a uniform velocity of 90 km/h. Its velocity is slowed
down to 18 km/h in 4 s by an unbalanced external force.
Calculate the acceleration and change in momentum. Also
calculate the magnitude of the force required.
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17. 0/ €−€− ♣û[ÙûΟΥ ΙÚ ΟλΣο 7/ ùΜ−Á− ∆Υςιƒ←ÚϕÕ Θûς♠ο
↑ÝϕΘôο+ ΟλΣο ΘûςχÏ ΦπΞΖÜ ∆ϕΘιûΘ ΓσΣÓιƒ♠ÚχÏλ−>

ΟλΣο←τ •θúΡôχÏ ØÓχΚλ− 0/Á↑`2
 Φ∴ ΦÓιΘχùΚôρΖÜλ−

úΤÛλ ′Ω Σ♠σ′Κρ

A1. ΙÚ ùΣôÚ↓τ ΒΥχΚιƒσΚô∴ ùΘôûΩÜ,ΚôΩλ ≅γΟΞûΠ •úΨ

ùΚôÓχΚκΣγÓρΖÕ−

ΚôΩλ , ↑Ρô⁄Κ↓ο        ùΘôûΩÜ , ÁγΟ↔ο

 0 0

 1 1

 2 8

 3 27

 4 64

 5 125

 6 216

 7 343

ΒϕΘ ≅γΟΞûΠ♠←ÚϕÕ ØÓχΚιûΘκ Σσ° ¿δΚρ ΦϕΘ
Ø⁄ûΞ ùΣßÅνΚρ> ØÓχΚλ ≅ƒΚ↔χÏΤô> Ïû[ÙΤô ∋≅(

éϖ≥ΥΤôÏΤô>

ùΣôÚγΚ↓τ ÁÕ ùΜΥοΣÓλ ↑ûΜûΥκ Σσ° ¿δΚρ Φτ∴

ùΘ↔ϕÕχ ùΚôρÅνΚρ>

A2. 01//€−€− ♣û[ÙûΟΥ ΙÚ Κôûς ΜΤΤô∴ ΜôûΩ♠ο ≠ςô∴

ƒûΜúΞΚιƒο ΒςηÓ ΡΣνΚρ Θρ↓∴ν− ≅úΘ Κôûς /−1 Á−↑`2
.

ØÓχΚιÕΟτ êτß ΡΣνΚρ Θρ↓∴ν− ΙπùΞôÚ ΡΣÚλ ≅ϕΘ
Κô↔τ ÁÕ ΦπΞΖÜ ↑ûΜûΥ ùΜÛιƒ ΡΚνιƒ∴ν− ∋≅û∴ΞÚλ
ΜΤΤô∴ ≅ΖÜ ΘûΜ♠ΥχΚ ↑ûΜûΥ ùΜÛιƒ Θρ↓ΥΘôΚ

♣û∴ιÕχùΚôρΖÜλ(

A3. 4// € ♣û[ÙûΟΥ ΙÚ Ñιƒ 4/♥↑−`1, úΞΚιƒο ΒΥδ€ ΙÚ
Α∞ûΥ ≅⁄ιΘÕ− Α∞ ÑιƒûΥ /−/0 ↑ ♥Κχ Ïû[ϕΘ ΚôΩιƒο

♣ßιƒΥÕ− Ñιƒ♠τ ÁÕ Α∞ ΦπΞΖÜ ↑ûΜûΥ ùΜÛιƒΥÕ>

A4. 01// €−€− ♣û[ÙûΟΥ ΙÚ Κôν 8/€−Á.Τ ≠ςô∴ ƒûΜúΞΚιƒο
úΡνúΚôγ⁄ο ΒΥδÏ€[Õ− ΜΤτ ùΜµΥκΣΟôΘ ×[↑ûΜ♠∴ôο
3 ↑Ρô⁄Κ↓ο ≅Θτ ƒûΜúΞΚλ 07€−Á.Τ Ïû[χΚκΣÓ€[Õ− ∆ϕΘ
ΤôßΣôÓ Τσßλ ØÓχΚιûΘ ΚΠχ€Ó− ƒûΜúΞΚιûΘ Ïû[χΚ
úΘûΞΥô∴ ↑ûΜ♠τ ≅ΖûΞÙλ ΚΠχ€Ó−

(a)

(b)



Fig. 4.1: Some consumable items

Have you ever noticed the word ‘pure’
written on the packs of these consumables?
For a common person pure means having no
adulteration. But, for a scientist all these
things are actually mixtures of different
substances and hence not pure. For example,
milk is actually a mixture of water, fat,
proteins, etc. When a scientist says that
something is pure, it means that all the
constituent particles of that substance are
the same in their chemical nature. A pure
substance consists of a single type of particle.
In other words, a substance is a pure single
form of matter.

As we look around, we can see that most
of the matter around us exists as mixtures of
two or more pure components, for example,
sea water, minerals, soil, etc., are all mixtures.

4.1 What is a Mixture?
Mixtures  are constituted by more than one
kind of pure form of matter. We know that
dissolved sodium chloride can be separated
from water by the physical process of
evaporation. However, sodium chloride is

itself a pure substance and cannot be
separated  by  physical  process  into  its
chemical constituents. Similarly, sugar is a
substance which contains only one kind of
pure matter and its composition is the same
throughout.

Soft drink and soil are not single pure
substances. Whatever the source of a
pure substance may be, it will always have
the same characteristic properties.

Therefore, we can say that a mixture
contains more than one pure substance.

4.1.1 TYPES OF MIXTURES

Depending upon the nature of the
components that form a mixture, we can have
different types of mixtures.

Activity ______________ 4.1
· Let us divide the class into groups A,

B, C and D.
· Group A takes a beaker containing

50 mL of water and one spatula full of
copper sulphate powder. Group B takes
50 mL of water and two spatula full of
copper sulphate powder in a beaker.

· Groups C and D can take different
amounts of copper sulphate and
potassium permanganate or common
salt (sodium chloride) and mix the given
components to form a mixture.

· Report the observations on the
uniformity in colour and texture.

· Groups  A  and  B  have  obtained  a
mixture which has a uniform
composition throughout. Such
mixtures are called homogeneous
mixtures or solutions. Some other
examples of such mixtures are: (i) salt
dissolved in water and (ii) sugar
dissolved in water. Compare the

How do we judge whether milk, ghee, butter,
salt, spices, mineral water or juice that we
buy from the market are pure?

4
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ΣΟλ 4.1: ′Ω ÖΚνκùΣôÚγΚρ
ΒϕΘ ÖΚνκùΣôÚγΚ↓τ ÁÕ

çµûΤΥô∴ûΞ Φàλ ùΜôοûΩ
ΚΞ±ιÕρÇνΚΖô? ùΣôÕΤχΚρ çΥκùΣôÚγΚρ
ΦτΣÕ ΚΩκΣΟΤσ[ ùΣôÚγΚρ Φ∴κ ùΣôÚρ
ùΚôρ€τ[∴ν− Α∴ôο+ ΒûΞ ΣΩ ùΣôÚγΚ↓τ
ΚΩûΞ Τσßλ çΥ ùΣôÚγΚρ ≅οΩ Φ∴
≅°↑ΥΩôΖνΚρ ≅°Ξν− ΦÓιÕχΚôγΟôΚ+ Σôο
ΦτΣÕ ¿ν+ ùΚôÝκ×+ ×ςΘδΚρ úΣôτ[Ξσ°τ
ΚΩûΞΥôÏλ− ≅°↑ΥΩôΖνΚ↓τ úΡôχ€ο+
ΙÚ ùΣôÚρ çµûΤΥô∴Õ Φ±ο+
≅κùΣôÚγΚ↓τ ΑχΚχáß ÕΚρΚρ
≅û∴ιÕλ Ιúς úΞƒ♠Υο ΘτûΤûΥ
ùΚôη⁄ÚχÏλ− çΥ ùΣôÚρ Ιúς ΞûΚΥô∴
ÕΚρΚΖôο Α∴Õ− ≅ΘôΞÕ ΙÚ çΥ ùΣôÚρ+
Ιúς ΞûΚΥô∴ ΣÚκùΣôÚΖôο Α∴Õ.

ΡλûΤ Ñσ°ÙρΖ ùΣÚλΣôΩô∴
ΣÚκùΣôÚγΚρ ΒςηÓ ≅οΩÕ ≅ΘσÏ
úΤσΣγΟ çΥ ΣÏƒκùΣôÚγΚΖôο Α∴
ΚΩûΞΥôΚ ΚôΠκΣÓ€τ[∴− ΦÓιÕχΚôγΟôΚ
ΚΟο ¿ν+ ΘôÕκùΣôÚγΚρ+ Τη úΣôτ[ûΞ
ΚΩûΞΚρ ΑÏλ.

4.1 ΚΩûΞ Φτ[ôο Φτ∴?
ΚΩûΞΚρ ΦτΣûΞ ΙτßχÏ úΤσΣγΟ çΥκ
ΣÚκùΣôÚγΚΖôο Α∴ûΞ−¿↔ο ΚûςϕÕρΖ
úΜô⁄Υλ ÏúΖôûςûΟ Α↑ΥôΘο Φàλ
ΒΥσ♦Υο Øû[ êΩλ ♦↔ιùΘÓχΚΩôλ
ΦτΣûΘ ≅°úΞôλ− Φ±àλ úΜô⁄Υλ
ÏúΖôûςÓ ΦτΣÕ çΥ ùΣôÚρ ΑÏλ−

úΤÛλ ΒûΘ ΒΥσ♦Υο Øû[ êΩλ+
≅ΘàûΟΥ úΞƒ ΑχΚχ áßΚΖôΚ ♦↔χΚ
Ø⁄ΥôÕ− ΒúΘúΣôο+ ΜνχΚûς Ιúς ΞûΚΥô∴
çΥ ΣÚκùΣôÚΖôο Α∴Õ− úΤÛλ ΜνχΚûς
ØÝÕλ Ιúς ΒûΥ× ΒÚχÏλ.
  ùΤτΣô∴δΚρ Τσßλ Τη Α€ΥûΞ Ιúς
ΞûΚΥô∴ çΥ ùΣôÚγΚûΖ ùΚôη⁄ÚκΣûΞ
≅οΩ− ΙÚ çΥ ùΣôÚ↓τ êΩλ ∋ΞΖλ(
ΦÕùΞ±àλ+ ≅Õ Ιúς Τôƒ↔Υô∴ ∋ΘτûΤΥô∴(
Ση×ΚûΖ ùΚôη⁄ÚχÏλ.
  ΑΚúΞ+ ΚΩûΞ ΦτΣÕ ΙτßχÏ úΤσΣγΟ
çΥ ùΣôÚγΚûΖ ùΚôη⁄ÚχÏλ Φ∴ á[Ωôλ.

4.1.1 ΚΩûΞΚ↓τ ΞûΚΚρ
ΚΩûΞ♠ο ∆ρΖ ùΣôÚγΚ↓τ ΘτûΤûΥ
ΑΘôςΤôΚ ùΚôηÓ ΣΩ ΞûΚΥô∴
ΚΩûΞΚρ ∆ρΖ∴.

  ùΜΥο -------------------------- 4.1
· ΞÏκ× ΤôΠΞνΚûΖ A, B, C Τσßλ

D ÏÝχΚΖôΚ ♦↔χΚÜλ−
· ÏÝ A, 50 ♥−←− ¿ν ∆ρΖ ÀχΚν

Τσßλ ΙÚ ÕÓκ× Κςη⁄ ≅ΖÜ
ΚôκΣν ΜοúΣγ çûΖ ΦÓιÕχ
ùΚôρΖÜλ− ÏÝ B, 50 ♥−←− ¿ν
Τσßλ ΒςηÓ ÕÓκ× Κςη⁄
ΚôκΣν ΜοúΣγ çûΖ ΦÓιÕχ
ùΚôρΖÜλ.

· ÏÝ C, D ùΞπúΞß ≅Ζ↑ο ΚôκΣν
ΜοúΣγ Τσßλ ùΣôγΟô′Υλ
ùΣνΤôδΚú∴γ ≅οΩÕ ΜôΘôςΠ
∆κûΣ ∋úΜô⁄Υλ ÏúΖôûςÓ(
ΦÓιÕχ ùΚôρΖÜλ− ùΚôÓχΚκΣγΟ
ΣÏƒκùΣôÚγΚûΖ ΚΩϕÕ
ΚΩûΞΥôΚ ùΜµÕχ ùΚôρΖÜλ.

· ΚΩûΞ♠τ ≅ûΤκ× Τσßλ ♣[ιƒτ
≠νûΤûΥ Σσ° ΚΞ±ιΘûΘ á[Üλ.

· ÏÝ A,  B ΚΩûΞ ØÝΞÕλ ≠ςô∴
ΒûΥ× ∋ΚΩκΣΖÜ( ùΣσ°ÚχÏλ−
ΒχΚΩûΞΚûΖ ΙÚΣ⁄ιΘô∴
ΚΩûΞΚρ ≅οΩÕ ΚûςΜοΚρ ΦτΣν−
ΒÕúΣôτ[ ΚΩûΞΚÞχÏ úΤÛλ
′Ω ΦÓιÕχΚôγÓΚρ  i) ¿↔ο ΚûςϕΘ
∆κ× ii) ¿↔ο ΚûςϕΘ ΜνχΚûς−

Ρôλ  ΜϕûΘ♠ο  ΞôδÏλ  Σôο+  ùΡµ+
ùΞηùΠµ+ ∆κ×+ ΡßΤΠκ ùΣôÚγΚρ+
¿ν  ≅οΩÕ  ΣΨεΜôß  Α€ΥûΞ  çΥκ
ùΣôÚγΚρ Φ∴ ΦπΞôß ♣νΠ♠χΚ Ø⁄Ùλ?

ΡλûΤε ãθϕÕρΖ ΣÚκùΣôÚγΚρ
    çµûΤΥô∴ûΞΥô>
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colour of the solutions of the two
groups. Though both the groups have
obtained copper sulphate solution but
the intensity of colour of the solutions
is dif ferent. This shows that a
homogeneous mixture can have a
variable composition.

· Groups C and D have obtained mixtures,
which contain physically distinct parts
and have non-uniform compositions.
Such mixtures are called heterogeneous
mixtures. Mixtures of sodium chloride
and iron filings, salt and sulphur, and
oil and water are examples of
heterogeneous mixtures.

Activity ______________ 4.2
· Let us again divide the class into four

groups— A, B, C and D.
· Distribute the following samples to

each group:
- Few crystals of copper sulphate to

group A.
- One spatula full of copper

sulphate to group B.
- Chalk powder or wheat flour to

group C.
- Few drops of milk or ink to

group D.
· Each group should add the given

sample in water and stir properly using
a glass rod. Are the particles in the
mixture visible?

· Direct a beam of light from a torch
through the beaker containing the
mixture and observe from the front. Was
the path of the beam of light visible?

· Leave the mixtures undisturbed for a
few minutes (and set up the filtration
apparatus in the meantime). Is the
mixture stable or do the particles begin
to settle after some time?

· Filter the mixture. Is there any residue
on the filter paper?

· Discuss the results and form an
opinion.
Groups A and B have got a solution.
Group C has got a suspension.
Group D has got a colloidal solution.

Now, we shall learn about solutions,
suspensions and colloidal solutions in the
following sections.

uestions
1. What is meant by a substance?
2. List the points of differences

between homogeneous and
heterogeneous mixtures.

4.2 What is a Solution?
A solution is a homogeneous mixture of two
or more substances. You come across various
types of solutions in your daily life. Lemonade,
soda water, etc., are all examples of solutions.
Usually we think of a solution as a liquid that
contains either a solid, liquid or a gas
dissolved in it. But, we can also have solid
solutions (alloys) and gaseous solutions (air).
In  a  solution  there  is  homogeneity  at  the
particle level. For example, lemonade tastes
the same throughout. This shows that
particles of sugar or salt are evenly distributed
in the solution.

Q
Fig. 4.2: Filtration

Alloys: Alloys are mixtures of two or
more metals or a metal and a non-metal
and cannot be separated into their
components by physical methods. But
still, an alloy is considered as a mixture
because it shows the properties of its
constituents and can have variable
composition. For example, brass is a
mixture of approximately 30% zinc and
70% copper.
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 ùΜΥο -------------------------- 4.2
 · ÁηÓλ ΤôΠΞνΚûΖ A, B, C Τσßλ

D Φàλ ΡôτÏ ÏÝχΚΖôΚ ♦↔χΚÜλ.
 · ΙπùΞôÚ ÏÝ↑σÏλ •θχΚηΟ

Τôƒ↔ΚûΖ ≅↓χΚÜλ−
- A ÏÝ↑σÏ ′Ω ΚôκΣν ΜοúΣγ
  Σ⁄ΚδΚρ
- B ÏÝ↑σÏ ΙÚ ÕÓκ× Κςη⁄
  ♣û[Υ ΚôκΣν ΜοúΣγ
- C ÏÝ↑σÏ ÑηΠôλ× çρ
  ≅οΩÕ úΚôÕûΤ ΤôÜ
- D ÏÝ↑σÏ ′Ω Õ↓Κρ Σôο
  ≅οΩÕ ûΤ

 · ΙπùΞôÚ ÏÝÜλ ùΚôÓιΘ Τôƒ↔ΚûΖ
¿↔ο úΜνιÕ+ ΚηΠô⁄ Θη⁄∴ôο
Ρτ[ôΚ ΚΩχΚÜλ− ΚΩûΞ♠ο ∆ρΖ
ÕΚρΚûΖ ∆δΚΖôο ΚôΠ Ø⁄€[Θô?

 · ÀχΚ↔ο ∆ρΖ ΚΩûΞ♠τ Ξ→úΥ
Ι↓χΚσû[ûΥ ùΜÛιΘÜλ− ÀχΚ↔τ
ØτΣχΚιƒ←ÚϕÕ ΚΞ±χΚÜλ−
Ι↓χΚσû[♠τ ΣôûΘûΥ ΚôΠ
Ø⁄€[Θô?

 · ΚΩûΞûΥ ′°ÕúΡςλ ≅ûΜχΚôΤο
ûΞχΚÜλ− (ΒϕúΡςιƒο Ξ⁄ΚγÓΘο
≅ûΤκûΣ ùΣôÚιƒ ùΚôρΖÜλ). ΚΩûΞ
♣ûΩΥôΚ ∆ρΖΘô? ≅οΩÕ ′°ÕúΡςλ
Κ→ιÕ+ ÕΚρΚρ Σ⁄ϕÕ ↑Ó€τ[∴Ξô?

 · ΚΩûΞûΥ Ξ⁄ΚγΟÜλ− Ξ⁄Θôρ ÁÕ
ΓúΘàλ ΚΜÓ ΒÚϕΘΘô?

 · ↑ûΖÜΚûΖ Σσ° ΚΩϕÕûςΥô⁄+
ΚÚιûΘ ∆ÚΞôχΚÜλ.

      A Τσßλ B ÏÝχΚρ ΚûςΜûΩκ ùΣσ[∴.

   C ÏÝ ùΘôδΚûΩκ ùΣσ[Õ.

   D ÏÝ áθΤ ΚûςΜûΩκ ùΣσ[Õ.

ΒςηÓ ÏÝχΚ↓τ ΚûςΜοΚ↓τ
♣[δΚûΖ Ικ♦ΟÜλ− ΒςηÓ
ÏÝχΚÞλ ΚôκΣν ΜοúΣγ ΚûςΜûΩ
ùΣσ[ôÛλ+ ΚûςΜοΚ↓τ ♣[εùΜ°Ü
ΤôßΣγ⁄ÚχÏλ− ΒÕ ΙÚΣ⁄ιΘô∴
ΚΩûΞΚρ+  ΤôßΣγΟ  ΒûΥ×
ùΣσ°ÚχÏλ ΦτΣûΘ ΚôγÓ€[Õ.

· ÏÝ C Τσßλ D úΞßΣγΟ ΒΥο ΣÏƒΚρ
Τσßλ ≠ςσ[ ΒûΥ× ùΚôη⁄ÚχÏλ
ΚΩûΞΚûΖ ùΣßλ− ΒχΚΩûΞΚûΖ
ΣΩΣ⁄ιΘô∴ ΚΩûΞΚρ Φ∴Ωôλ−
úΜô⁄Υλ ÏúΖôûςÓ Τσßλ ΒÚλ×
ÕÚΞοΚρ ΚΩûΞ+ ∆κ× Τσßλ ΜοΣν+
ΦηùΠµ Τσßλ ¿ν úΣôτ[ûΞ
ΣΩΣ⁄ιΘô∴ ΚΩûΞΚÞχÏ
ΦÓιÕχΚôγÓΚρ ΑÏλ

ΒςηÓ ≅οΩÕ ≅ΘσÏ úΤσΣγΟ
ùΣôÚρΚûΖ ùΚôηΟ ΙÚΣ⁄ιΘô∴
ΚΩûΞûΥ ΚûςΜο ΦτΣν− ≅τ[ôΟ
Ξôθ↑ο ΣοúΞß ΞûΚΥô∴ ΚûςΜοΚûΖ
ΣΥτΣÓιÕ€ú[ôλ− ΦÛ♥εûΜ ΣΨεΜôß+
úΜôΟô ¿ν úΣôτ[ûΞ ΚûςΜοΚÞχÏ
ΦÓιÕχΚôγÓΚρ ΑÏλ− ùΣôÕΞôΚ ΚûςΜο
ΦτΣÕ ƒΟκùΣôÚρ+ ƒςΞκùΣôÚρ ≅οΩÕ
ΞôÙκùΣôÚγΚρ úΣôτ[ûΞ ΚûςϕƒÚχÏλ
ƒςΞιûΘ ΚûςΜο ΦτúΣôλ− Α∴ôο
ƒΟχΚûςΜοΚρ (∆úΩôΚχ ΚΩûΞΚρ) Τσßλ
ΞôÙχΚûςΜοΚρ çΚôσß) úΣôτ[ûΞΚÞλ
∆ρΖ∴− ΚûςΜοΚρ ÕΚρ ≅Ζ↑úΩúΥ
ΙÚΣ⁄ιΘô∴ûΞΥôΚ ΒÚχÏλ−
ΦÓιÕχΚôγΟôΚ+ ΦÛ♥εûΜ Μô°τ ØÝΞÕλ
Ιúς ÑûΞ ΒÚχÏλ− ΒÕ ΜνχΚûς ≅οΩÕ
∆κ× ÕΚρΚρ ΚûςΜο ØÝΞÕλ ≠ςôΚ
Σς↑ÙρΖ∴ ΦτΣûΘ ΚôγÓ€[Õ

∆úΩôΚχ ΚΩûΞΚρ : ∆úΩôΚχ ΚΩûΞΚρ
ΒςηÓ ≅οΩÕ Βςη⁄σÏ úΤσΣγΟ ∆úΩôΚδΚρ
≅οΩÕ ∆úΩôΚλ Τσßλ ≅úΩôΚδΚ↓τ
ΚΩûΞΥôÏλ− ∆úΩôΚχ ΚΩûΞΚ↓τ ΣÏƒκ
ùΣôÚγΚûΖ ΒΥσ♦Υο Øû[Κρ êΩλ ♦↔ιùΘÓχΚ
Ø⁄ΥôÕ− ΒÚκ♦àλ ∆úΩôΚχ ΚΩûΞûΥ ΚΩûΞ
Φτ€ú[ôλ− Γù∴±ο ΒûΞ+ ≅Ξσ°τ ΑχΚχ
áßΚ↓τ ∋ΣÏƒκ ùΣôÚγΚ↓τ( Ση×ΚûΖ
ùΣσ°ÚχÏλ− úΤÛλ ΑχΚχáßΚρ ΤôßΣγΟ
ΒûΥ♦ο ∋ΚΩκΣΖÜ( ΚôΠκΣÓλ− ΦÓιÕχΚôγΟôΚ
♦ιΘûΖ ΦτΣÕ 30% ≥δχ Τσßλ 70% ΚôκΣν
ΚΩûΞΥôÏλ.

ΣΟλ 4.2.: Ξ⁄ΚγÓΘο

Ξ⁄Θôρ

ΚηΠô⁄ ΘηÓ

×∴ο

×∴←ο ùΣôÚιΘκΣγÓρΖ
Ξ⁄Θôρ êΩλ ƒςΞιûΘ

ΒßιΘο

úΜôΘû∴χÏΨôµ

Ξ⁄¿νΤλ
áλ× Ξ⁄Ξ
Ξ⁄Θôρ

Ξ⁄Θôρ
(Τ⁄κ×

∆ûΟΥÕ)

(a)

(b) (c)

ΒκúΣôÕ ΚûςΜοΚρ+ ùΘôδΚοΚρ
Τσßλ áθΤδΚρ Σσ° ΚσúΣôλ.

↑∴ôχΚρ
1. ùΣôÚρ Φτ[ôο Φτ∴?

2. ΙÚΣ⁄ιΘô∴ Τσßλ ΣΩΣ⁄ιΘô∴
  ΚΩûΞΚÞχÏ ΒûΟúΥ

       úΞßΣôÓΚûΖ áßΚ.

4.2 ΚûςΜο Φτ[ôο Φτ∴?
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A solution has a solvent and a solute as
its components. The component of the
solution that dissolves the other component
in it (usually the component present in larger
amount) is called the solvent. The component
of the solution that is dissolved in the solvent
(usually present in lesser quantity) is called
the solute.

Examples:

(i) A solution of sugar in water is a solid
in liquid solution. In this solution,
sugar  is  the  solute  and  water  is
the solvent.

(ii) A solution of iodine in alcohol known
as ‘tincture of iodine’, has iodine (solid)
as the solute and alcohol (liquid) as
the solvent.

(iii) Aerated drinks like soda water, etc.,
are gas in liquid solutions. These
contain carbon dioxide (gas) as solute
and water (liquid) as solvent.

(iv) Air is a mixture of gas in gas. Air is a
homogeneous mixture of a number of
gases. Its two main constituents are:
oxygen (21%) and nitrogen (78%). The
other gases are present in very
small quantities.

Properties of a Solution

• A solution is a homogeneous mixture.
• The particles of a solution are smaller

than 1 nm (10-9 metre) in diameter. So,
they cannot be seen by naked eyes.

• Because of very small particle size, they
do not scatter a beam of light passing
through the solution. So, the path of
light is not visible in a solution.

• The solute particles cannot be
separated from the mixture by the
process of filtration. The solute particles
do not settle down when left
undisturbed, that is, a solution is
stable.

4.2.1 CONCENTRATION OF A SOLUTION

In activity 4.2, we observed that groups A
and B obtained different shades of solutions.
So, we understand that in a solution the

relative proportion of the solute and solvent
can be varied. Depending upon the amount
of  solute  present  in  a  solution,  it  can  be
called  dilute, concentrated or  saturated
solution. Dilute and concentrated are
comparative terms. In activity 4.2, the
solution obtained by group A is dilute as
compared to that obtained by group B.

Activity ______________ 4.3
• Take approximately 50 mL of water

each in two separate beakers.
• Add salt in one beaker and sugar or

barium chloride in the second beaker
with continuous stirring.

• When no more solute can be dissolved,
heat the contents of the beaker to raise
the temperature by about 5oC.°

• Start adding the solute again.

Is the amount of salt and sugar or barium
chloride, that can be dissolved in water at a
given temperature, the same?

At any particular temperature, a solution
that has dissolved as much solute as it is
capable of dissolving, is said to be a saturated
solution. In other words, when no more solute
can  be  dissolved  in  a  solution  at  a  given
temperature, it is called a saturated solution.
The amount of the solute present in the
saturated solution at this temperature is
called its solubility.

If the amount of solute contained in a
solution is less than the saturation level, it is
called an unsaturated solution.

What would happen if you were to take a
saturated solution at a certain temperature
and cool it slowly.

We can infer from the above activity that
different substances in a given solvent have
different solubilities at the same temperature.

The  concentration  of  a  solution  is  the
amount (mass or volume) of solute present in
a given amount (mass or volume) of solution.

There are various ways of expressing the
concentration of a solution, but here we will
learn only three methods.

(i) Mass by mass percentage of a solution

´
Mass of solute

= 100
Mass of solution
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ΚûςΜ←τ ΣÏƒκùΣôÚγΚρ ΚûςùΣôÚρ
Τσßλ ΚûςκΣôτ ΑÏλ− ΙÚ
ΣÏƒκùΣôÚûΖ Θτàρ ΚûςιÕχ ùΚôρÞλ
Τσù[ôÚ ΣÏƒκùΣôÚûΖ ΚûςκΣôτ
(ùΣôÕΞôΚ ≅ƒΚΖ↑ο ΚôΠκΣÓλ) ΦτΣν−
ΚûςκΣô±ο ΚûςÙλ ΚûςΜ←τ
ΣÏƒκùΣôÚûΖ ΚûςùΣôÚρ (ùΣôÕΞôΚ
Ïû[ϕΘΖ↑ο ΚôΠκΣÓλ) ΦτΣν.
ΦÓιÕχΚôγÓΚρ:

(i) ΜνχΚûς ¿ν ΚûςΜΩô∴Õ ƒςΞιƒο
ƒΟκùΣôÚρ ΚûςΜο ΑÏλ−
ΒχΚûςΜ←ο ΜνχΚûς ΚûςùΣôÚρ
Τσßλ ¿ν ΚûςκΣôτ ΑÏλ.

(ii) ΑοΚôο ΗúΥô⁄τ ΚûςΜ←ο
(ΗúΥô⁄τ ⁄τΜν) ΗúΥô⁄τ (ƒΟκùΣôÚρ)
ΚûςùΣôÚρ Τσßλ ΑοΚôο
(ƒςΞκùΣôÚρ) ΚûςκΣôτ ΑÏλ.

(iii) úΜôΟô¿ν úΣôτ[ ΚôσñγΟκΣγΟ
Σô∴δΚρ ƒςΞιƒο ΞôÙ ΚûςΜο
ΑÏλ− Βƒο ΚôνΣτûΟΑχûΜ]Ó
(ΞôÙ) ΚûςùΣôÚΖôΚÜλ+ ¿ν (ƒςΞλ)
ΚûςκΣô∴ôΚÜλ ∆ρΖÕ.

(iv) Κôσß ΦτΣÕ ΞôÙ↑ο ΞôÙ ΞûΚ
ΚΩûΞΥôÏλ−  Κôσß  ΦτΣÕ  ΣΩ
ΞôÙχΚ↓τ ΙÚΣ⁄ιΘô∴ ΚΩûΞΥôÏλ−
ΒΞσ°τ ΒςηÓ Øχ€Υ
ΑχΚχáßΚρ Αχ′⊥τ (21%) Τσßλ
ûΡγς⊥τ (78%) ΑÏλ− ♦[ ΞôÙχΚρ
♥Κ Ïû[ϕΘΖ↑ο ∆ρΖ∴.

ΚûςΜ←τ Ση×Κρ
• ΚûςΜο ΦτΣÕ ΙÚΣ⁄ιΘô∴

ΚΩûΞΥôÏλ.
• ΚûςΜ←ο  ÕΚρΚ↓τ  ≅ΖÜ  0nm

(10
-9ÁγΟν ) ↑γΟιûΘ↑Ο Ïû[Ü−

ΑΚúΞ ΒιÕΚρΚûΖ úΡς⁄ΥôΚ ùΞßλ
ΚηΚΖôο ΣôνχΚ Ø⁄ΥôÕ.

• ÕΚ↓τ ≅ΖÜ ♥Κε′°ΥΘôΚ
ΒÚκΣΘôο + ΚûςΜ←τ Ξ→úΥ
ùΜÛιΘκΣÓλ Ι↓χΚσû[ ′Θ[ο
≅ûΟΥôÕ− ΑΚúΞ Ι↓ ΣΥΠλ
ùΜµÙλ ΣôûΘ ΚηΚÞχÏ ×ΩκΣΟôÕ.

• Ξ⁄ΚγÓΘ←τ êΩλ ΚΩûΞ♠ο ∆ρΖ
ΚûςùΣôÚρ ÕΚρΚûΖ ♦↔ιùΘÓχΚ
Ø⁄ΥôÕ− ΚûςΜûΩ ≅ûΜχΚôΤο
ûΞχÏλúΣôÕ ΚûςùΣôÚρ ÕΚρΚρ
≅⁄♠ο Σ⁄ΥôÕ.

4.2.1 ΚûςΜ←τ ùΜ°Ü
ùΜΥο 4.2 ο+ ÏÝ A, B ùΞπúΞß ♣[ε
ùΜ°ÜûΟΥ ΚûςΜοΚρ ùΣσ[ûΘ
ΚΞ±ιúΘôλ− ΑΚúΞ+ ΙÚ ΚûςΜ←ο
ΚûςùΣôÚρ Τσßλ ΚûςκΣô±τ Μôν× ↑€Θλ

úΞßΣγÓ ΒÚχÏλ ΦτΣûΘ ×↔ϕÕχ
ùΚôρΖΩôλ− ΚûςΜ←ο ∆ρΖ ΚûςùΣôÚ↓τ
≅ΖûΞ ùΣôÚιÕ+ ΚûςΜûΩ ¿νιΘ ΚûςΜο
Τσßλ ≅Ον ΚûςΜο ≅οΩÕ ♣û[Üσ[
ΚûςΜο Φ∴ ≅ûΨχΚΩôλ.¿νιΘ Τσßλ ≅Ον
Α€ΥûΞ Ικ♦Ο ΣΥτΣÓλ ùΜôσΚρ ΑÏλ−
ùΜΥο 4.2 ο+ ÏÝ A ùΣσ[ ΚûςΜο+ ÏÝ B
ùΣσ[ ΚûςΜûΩ ↑Ο ¿νιΘ ΚûςΜο ΑÏλ.
ùΜΥο -------------------------- 4.3
• ΒςηÓ ùΞπúΞß ÀχΚνΚ↓ο 50 ♥−←−

¿ûς ΦÓιÕχ ùΚôρΖÜλ.

• ØΘο  ÀχΚ↔ο  ∆κ×  Τσßλ
ΒςηΟôΞÕ ÀχΚ↔ο ΜνχΚûς ≅οΩÕ
úΣ↔Υλ ÏúΖôûςÓ ΦÓιÕχ ùΚôηÓ
Ρτ[ôΚ ΚΩχΚÜλ.

• ΚûςùΣôÚρ Ρτ[ôΚ ΚûςΥôΘ úΣôÕ+
ÀχΚ↔ο ∆ρΖûΘ  5 o C ùΞκΣλ
∆ΥÚΤôß ùΞκΣκΣÓιΘÜλ.

• ΚûςùΣôÚûΖ ÁηÓλ úΜνχΚÜλ.

ùΚôÓχΚκΣγÓρΖ ùΞκΣ♣ûΩ♠ο+ ¿↔ο
ΚûςϕΘ ∆κ× Τσßλ ΜνχΚûς ≅οΩÕ úΣ↔Υλ
ÏúΖôûςÓ ≅ΖÜ ΜΤΤôΚ ΒÚϕΘ∴Ξô?
  ΙÚ Ï°κ♦γΟ ùΞκΣ♣ûΩ♠ο+ ΙÚ ΚûςΜο
ΦπΞΖÜ ΚûςùΣôÚûΖ ΚûςιÕχ ùΚôρÞúΤô+
≅úΘ ≅ΖÜ ΚûςùΣôÚρ ΚûςϕÕ ΒÚϕΘôο
≅χΚûςΜûΩ ♣û[Üσ[ ΚûςΜο ΦτΣν− ≅ΘôΞÕ
ΙÚ Ï°κ♦γΟ ùΞκΣ♣ûΩ♠ο+ ΚûςΜ←ο úΤÛλ
ΚûςùΣôÚρ ΚûςΥôΤο ΒÚϕΘôο+ ≅χΚûςΜο
♣û[Üσ[ ΚûςΜο ΦτΣν− ΙÚ Ï°κ♦γΟ
ùΞκΣ♣ûΩ♠ο ♣û[Üσ[ ΚûςΜ←ο ΚûςϕÕρΖ
ΚûςùΣôÚ↓τ ≅ΖÜ ≅χΚûςΜ←τ Κûςƒ[τ
ΦτΣν.
   ΚûςΜ←ο ∆ρΖ ΚûςùΣôÚ↓τ ≅ΖÜ+
♣û[Üσ[ ♣ûΩûΥ ↑Ο Ïû[ΞôΚ ΒÚϕΘôο+
≅χΚûςΜο ♣û[Ü[ô ΚûςΜο ΦτΣν.
    ΒκùΣôÝÕ+ Ï°κ♦γΟ ùΞκΣ♣ûΩ♠ο
∆ρΖ ♣û[Üσ[ ΚûςΜûΩ+ ùΤÕΞôΚ Ï↓ςε
ùΜµΘôο Φτ∴ ♣ΚÝλ?

   úΤσΚηΟ ùΜΥο êΩλ Ιúς ùΞκΣ♣ûΩ♠ο+
ùΚôÓχΚκΣγΟ ΚûςκΣô±ο ùΞπúΞß
ùΣôÚγΚρ ùΞπúΞß Κûςƒ[û∴
ùΚôηÓρΖ∴ ΦτΣûΘ ≅°ΥΩôλ.

    ΚûςΜ←τ ùΜ°Ü ΦτΣÕ ùΚôÓχΚκΣγΟ
≅ΖÜρΖ  (♣û[ ≅οΩÕ Κ∴≅ΖÜ )
ΚûςΜ←ο ∆ρΖ ΚûςùΣôÚ↓τ ≅ΖÜ
ΑÏλ− ΚûςΜ←τ ùΜ°ûΞ ùΘ↔↑χΚ ΣΩ
Ξ→Κρ ∆ρΖ∴− ΒδÏ Ρôλ êτß
Øû[ΚûΖ ΤγÓλ ΚσúΣôλ−
♣û[,♣û[
ΚûςΜ←τ ΜΘÅΘλ

´
Mass of solute

= 100
Mass of solution

 
ΚûςùΣôÚ↓τ ♣û[

 ΚûςΜ←τ ♣û[
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(ii) Mass by volume percentage of a solution

´
Mass of solute

= 00
Volume of solution

  1

(iii) Volume by volume percentage of a
solution

´
Volume of solute

= 100
Volume of solution

  

Example 4.1 A solution contains 40 g of
common salt in 320 g of water.
Calculate the concentration in terms of
mass by mass percentage of the
solution.

Solution:

Mass of solute (salt) = 40 g
Mass of solvent (water) = 320 g

We know,
Mass of solution = Mass of solute +

Mass of solvent
= 40 g + 320 g
= 360 g

Mass percentage of solution

´
Mass of solute

= 100
Massof solution

                 ´
40

= 100 =11.1%
360

4.2.2 WHAT IS A SUSPENSION?
Non-homogeneous systems, like those
obtained by group C in activity 4.2, in which
solids are dispersed in liquids, are called
suspensions. A suspension is a heterogeneous
mixture in which the solute particles do not
dissolve but remain suspended throughout
the  bulk  of  the  medium.  Particles  of  a
suspension are visible to the naked eye.

Properties of a Suspension

• Suspension is a heterogeneous
mixture.

• The particles of a suspension can be
seen by the naked eye.

• The particles of a suspension scatter a
beam of light passing through it and
make its path visible.

• The solute particles settle down when
a suspension is left undisturbed, that
is, a suspension is unstable. They can
be separated from the mixture by the
process of filtration. When the particles
settle down, the suspension breaks and
it does not scatter light any more.

4.2.3 WHAT IS A COLLOIDAL SOLUTION?
The mixture obtained by group D in activity
4.2 is called a colloid or a colloidal solution.
The particles of a colloid are uniformly spread
throughout the solution. Due to the relatively
smaller size of particles, as compared to that
of a suspension, the mixture appears to be
homogeneous. But actually, a colloidal
solution is a heterogeneous mixture, for
example, milk.

Because of the small size of colloidal
particles, we cannot see them with naked
eyes. But, these particles can easily scatter a
beam of visible light as observed in activity
4.2. This scattering of a beam of light is called
the Tyndall effect after the name of the
scientist who discovered this effect.

Tyndall effect can also be observed when
a fine beam of light enters a room through a
small hole. This happens due to the scattering
of light by the particles of dust and smoke in
the air.

Fig. 4.3: (a) Solution of copper sulphate does not
show Tyndall effect, (b) mixture of water

and milk shows Tyndall effect.

(a) (b)
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(ii) ΚûςΜ←τ ♣û[-Κ∴≅ΖÜ  ΜΘÅΘλ
          ΚûςùΣôÚ↓τ ♣û[
         ΚûςΜ←τ Κ∴≅ΖÜ

(iii) ΚûςΜ←τΚ∴≅ΖÜ,Κ∴≅ΖÜ  ΜΘÅΘλ
       ΚûςùΣôÚ↓τ Κ∴≅ΖÜ
         ΚûςΜ←τ Κ∴≅ΖÜ

ΦÓιÕχΚôγÓ 4.1  ΙÚ ΚûςΜο 40 €ςôλ
∆κûΣ 320 €ςôλ ¿↔ο ùΚôηÓρΖÕ−
ΚûςΜ←τ ùΜ°ûΞ ♣û[,♣û[
ΜΘÅΘιƒο ΚΠχ€ΟÜλ.

¾νÜ:

ΚûςùΣôÚ↓τ ♣û[(∆κ×) R 40 €ςôλ

ΚûςκΣô±τ ♣û[ (¿ν) R 320 €ςôλ

Ρôλ ≅°ϕΘÕ+ ΚûςΜ←τ ♣û[  R

ΚûςùΣôÚ↓τ ♣û[ + ΚûςκΣô±τ ♣û[

   R 40 €ςôλ + 320 €ςôλ

   R 360 €ςôλ

ΚûςΜ←τ ♣û[ ΜΘÅΘλ

      (ΚûςùΣôÚ↓τ ♣û[)

        (ΚûςΜ←τ ♣û[)

     40
                360

4.2.2 ùΘôδΚοΚρ Φτ[ôο Φτ∴?

  ùΜΥο 4.2 ο+ ÏÝ C ùΣσ[ ƒςΞδΚ↓ο
ƒΟκùΣôÚγΚρ Σς↑ÙρΖ ∋↑ς↑ÙρΖ(
ΣΩΣ⁄ιΘô∴ ≅ûΤκûΣ ùΘôδΚοΚρ ΦτΣν−
ùΘôδΚο Φàλ ΣΩΣ⁄ιΘô∴ ΚΩûΞ♠ο
ΚûςùΣôÚγΚρ ΚûςΥôÕ− Α∴ôο ΕΟΚλ
ØÝΞÕλ ΚûςùΣôÚρ ♥ΘϕÕ ∋ùΘôδÏλ(
ùΚôη⁄ÚχÏλ− ùΘôδΚ←ο ∆ρΖ
ÕΚρΚûΖ ΚηΚΖôο ΚôΠ Ø⁄Ùλ.

ùΘôδΚ←τ Ση×Κρ
• ùΘôδΚοΚρ ΦτΣÕ ΣΩΣ⁄ιΘô∴

ΚΩûΞΥôÏλ.

• ùΘôδΚ←ο ∆ρΖ ÕΚρΚûΖ ùΞßλ
ΚηΚΖôο ΚôΠ Ø⁄Ùλ.

• ùΘôδ←τ ÕΚρΚρ+ Θτàρ
ùΜÛιΘκΣÓλ Ι↓χΚσû[ûΥ ′Θ[ΩûΟΥ
ùΜµÕ+ Ι↓χΚσû[♠τ ΣôûΘûΥ ×ΩκΣΟ
ùΜµÙλ.

• ùΘôδΚûΩ ≅ûΜχΚôΤο ûΞχÏλúΣôÕ+
ΚûςùΣôÚ↓τ ÕΚρΚρ ≅⁄♠ο
Σ⁄ϕÕ↑Óλ− ΑΚúΞ ùΘôδΚο
♣ûΩΥσ[Õ− Ξ⁄ΚγÓΘο êΩλ ÕΚρΚûΖ
ΚΩûΞ♠←ÚϕÕ ♦↔ιùΘÓχΚΩôλ−
ÕΚρΚρ Σ⁄ÙλúΣôÕ+ ùΘôδΚο ′ûΘϕÕ
úΣôΞΘôο+ Ι↓ûΥ ′Θ[ο ≅ûΟΥε
ùΜµΥôÕ.

4.2.3 áθΤχ ΚûςΜο Φτ[ôο Φτ∴?

ùΜΥο 4.2 ο+ ÏÝ D ùΣσ[ ΚΩûΞûΥ
áθΤδΚρ ≅οΩÕ áθΤχ ΚûςΜο ΦτΣν−
áθΤδΚ↓ο ÕΚρΚρ ØÝΞÕλ ≠ςôΚ
Σς↑♠ÚχÏλ− ùΘôδΚÛΟτ Ικ♦ÓλúΣôÕ+
áθΤιƒτ ÕΚρΚρ ′°ΥΘôΚ ΒÚκΣΘôο
ΙÚΣ⁄ιΘô∴ ΚΩûΞΥôΚ úΘôτßλ− Α∴ôο
ΒûΞ ΣΩΣ⁄ιΘô∴ ΚΩûΞΥôÏλ−
ΦÓιÕχΚôγΟôΚ Σôο úΣôτ[ûΞ.

áθΤιƒτ ÕΚρΚρ ′°ΥΘôΚ
ΒÚκΣΘôο ≅Ξσû[ ùΞßλ ΚηΚΖôο
ΣôνχΚ Ø⁄ΥôÕ− Α∴ôο+ ΒûΞ ùΜΥο 2.2ο
ΚΞ±ιΘûΞ úΣôο ΚηÔß Ι↓ûΥ
Φ↓ΘôΚ ′Θ[ΩûΟΥε ùΜµÙλ −
Ι↓χΚσû[ûΥ ′Θ[ΩûΟΥε ùΜµÙλ
♣ΚθûΞ ΚηΟ°ϕΘ ⁄τΟôο Φτ[
↑φΝô±♠τ ùΣΥςôο »⁄τΟôο ↑ûΖÜµ

Φ∴ ≅ûΨχΚκΣÓ€[Õ.

úΤÛλ ′ßÕûΖ Ξ→ΥôΚ
≅û[♠àρ Ι↓χΚƒν ÖûΨÙλúΣôÕ
⁄τΟôο ↑ûΖûΞ ΚôΠΩôλ− Κôσ°ο ∆ρΖ
×ûΚ Τσßλ çÑχΚΖôο Ι↓ε′Θ[ο
ΡûΟùΣß€[Õ.

         (a)                 (b)

ΣΟλ 4.3.: (a) ΚôκΣν ΜοúΣγ ΚûςΜ←ο
⁄τΟôο ↑ûΖÜ ∆ηΟôΞƒοûΩ
(b) Σôο Τσßλ ¿ν ΚΩûΞ♠ο
⁄τΟôο ↑ûΖÜ ∆ηΟô€[Õ.

× 100R

 × 100R

× 100R

×  100 = 11.1%R

ÅεÑ ↑ΖχÏ
Ι↓♠τ
Σ ô û Θ
× Ω κ
ΣÓ€[Õ
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Q

• Colloids  are  big  enough  to  scatter  a
beam of light passing through it and
make its path visible.

• They do not settle down when left
undisturbed, that is, a colloid is quite
stable.

• They cannot be separated from the
mixture by the process of filtration. But,
a special technique of separation known
as centrifugation (perform activity 2.5),
can be used to separate the colloidal
particles.

The components of a colloidal solution
are the dispersed phase and the dispersion
medium. The solute-like component or the
dispersed particles in a colloid form the
dispersed phase, and the component in which
the dispersed phase is suspended is known
as  the  dispersing  medium.  Colloids  are
classified according to the state (solid, liquid
or gas) of the dispersing medium and  the
dispersed phase. A few common examples are
given in Table 4.1. From this table you can
see that they are very common everyday life.

Tyndall effect can be observed when
sunlight passes through the canopy of a
dense forest. In the forest, mist contains tiny
droplets of water, which act as particles of
colloid dispersed in air.

Fig. 4.4: The Tyndall effect

uestions
1. Differentiate between homogen- eous and heterogeneous mixtures with examples.
2. How are sol, solution and suspension different from each other?
3. To make a saturated solution,  36 g of sodium chloride is dissolved in 100 g of water

at 293 K. Find its concentration at this temperature.

Properties of a Colloid

• A colloid is a heterogeneous mixture.
• The size of particles of a colloid is too

small  to  be  individually  seen  with
naked eyes.

Table 4.1:  Common examples of colloids

Dispersed Dispersing Type Example
phase Medium

Liquid Gas Aerosol Fog, clouds, mist

Solid Gas Aerosol Smoke, automobile exhaust

Gas Liquid Foam Shaving cream

Liquid Liquid Emulsion Milk, face cream

Solid Liquid Sol Milk of magnesia, mud

Gas Solid Foam Foam, rubber, sponge, pumice

Liquid Solid Gel Jelly, cheese, butter

Solid Solid Solid Sol Coloured gemstone, milky glass
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    ↑∴ôχΚρ
1. ΙÚΣ⁄ιΘô∴ Τσßλ ΣΩΣ⁄ιΘô∴ ΚΩûΞΚÞχÏ ΒûΟúΥ ∆ρΖ úΞßΣôÓΚûΖ

ΦÓιÕχΚôγÓΚÞΟτ ΦÝÕΚ.

2. áθΤδΚρ+ ΚûςΜοΚρ Τσßλ ùΘôδΚοΚρ ΙτßχùΚôτß ΦπΞôß
úΞßΣγÓρΖ∴?

3. 293K ùΞκΣ♣ûΩ♠ο, ♣û[Üσ[ ΚûςΜûΩ ΘΥôν ùΜµΥ 36 €− úΜô⁄Υλ ÏúΖôûςÓ
100 € ¿↔ο ΚûςχΚκΣÓ€[Õ− ΒϕΘ ùΞκΣ♣ûΩ♠ο ΚûςΜ←τ ùΜ°ûΞ
ΚηÓ♦⁄χΚÜλ,

≅ΟνϕΘ ΚôÓΚ↓τ Ξ→ΥôΚ ã↔Υ Ι↓
ùΜοÛλúΣôÕ+ ΚôÓΚ↓ο êÓΣ± ′°Υ ¿νι
ÕΚρΚûΖχ ùΚôηÓρΖ∴− ΒûΞ Κôσ°ο
♦↔ûΚΥûΟΥε ùΜµΥκΣγÓρΖ áθΤιƒτ
ÕΚρΚΖôΚ ùΜΥοΣÓ€τ[∴−

         ΣΟλ 4.4.: ⁄τΟôο ↑ûΖÜ

áθΤδΚ↓τ Ση×Κρ
• áθΤδΚρ ΦτΣûΞ ΣΩΣ⁄ιΘô∴

ΚΩûΞΚρ ΑÏλ.

• áθΤδΚ↓τ ÕΚρΚρ ♥Κε′°ΥΘôΚ
ΒÚκΣΘôο+ ≅Ξσû[ ùΞßλ ΚηΚΖôο
ΚôΠ Ø⁄ΥôÕ−

• áθΤδΚ↓τ Ξ→úΥ ùΜÛιΘκΣγΟ
Ι↓χΚσû[ ′Θ[ο ≅ûΟÙλ− úΤÛλ ≅Õ
ΣΥ∞χÏλ ΣôûΘ ùΘ↓ΞôΚ ×ΩκΣÓλ.

• áθΤδΚûΖ ≅ûΜχΚôΤο ûΞχÏλ
úΣôÕ+ ÕΚρΚρ ≅⁄♠ο Σ⁄ΥôÕ− ΑΚúΞ+
ΒÕ ♣ûΩΥôΚ ΒÚχÏλ.

• Ξ⁄ΚγÓΘο êΩλ áθΤδΚ↓ο ∆ρΖ
ÕΚρΚûΖ ♦↔ιùΘÓχΚ Ø⁄ΥôÕ−
≅ιÕΚρΚûΖ Θ±ΥôΚ ♦↔ιùΘÓχΚ
ûΤΥ ↑ΩχÏ Øû[ (ùΜΥο 2.5) Φàλ
′[κ× Øû[ ΣΥτΣÓ€[Õ.

áθΤχ ΚûςΜοΚ↓τ ΣÏƒκùΣôÚγΚρ
♦↔ûΚ ♣ûΩûΤ Τ[ßλ ♦↔ûΚ ΕΟΚλ
ΑÏλ− áθΤιƒο ΚûςùΣôÚρ úΣôτ[ ΣÏƒκ
ùΣôÚγΚρ ≅οΩÕ ♦↔ûΚΥûΟϕΘ
ÕΚρΚûΖ ♦↔ûΚ ♣ûΩûΤ ΦτΣν− ♦↔ûΚ
♣ûΩûΤ ♦↔ûΚΥûΟϕƒÚχÏλ ΣÏƒκ
ùΣôÚûΖ ♦↔ûΚ ΕΟΚλ ΦτΣν− ♦↔ûΚ
ΕΟΚλ Τσßλ ♦↔ûΚ ♣ûΩûΤ♠τ
♣ûΩΚûΖ (ƒΟ+ ƒςΞ+ ΞôÙ) ≅⁄κΣûΟΥôΚχ
ùΚôηÓ+ áθΤδΚûΖ ΞûΚκΣÓιÕΞν− •úΨ
≅γΟΞûΠ 4.1 ο ′Ω ΦÓιÕχΚôγÓΚρ
ùΚôÓχΚκΣγÓρΖ∴− ≅τ[ôΟ Ξôθ↑ο
¿δΚρ ΣΥτΣÓιÕλ áθΤδΚûΖ Σγ⁄Υ←ο
ΚôΠΩôλ.

ƒςΞλ         ΞôÙ        Κôσßχ ΚûςΜο êÓΣ±+ úΤΚδΚρ+ ∆û[Σ±
ƒηΤλ       ΞôÙ       Κôσßχ ΚûςΜο     ×ûΚ+úΤôγΟôνΞôΚ∴δΚ↓←ÚϕÕ ùΞ↓úΥßλ ×ûΚ
ΞôÙ           ƒςΞλ            Öûς              ØΚεΜΞς Κ↓λ×Κρ
ƒςΞλ         ƒςΞλ           ΣôοΤλ Σôο+ ØΚχ Κ↓λ×Κρ
ƒηΤλ       ƒςΞλ      áθΤχΚûςΜοΚρ úΜß+ ùΤχÉ′Υ Σôο
ΞôÙ          ƒηΤλ          Öûς              Öûς+ ΒςκΣν+ ∆°φÑ ùΣôÚρ+ ùΤÚúΚσßλ Κο
ƒςΞλ        ƒηΤλ   ΣôÏ úΣôτ[ ùΣôÚρ     ù⊥ο←Κρ+ ΣôΩôûΟχΚγ⁄+ ùΞηùΠµ
ƒηΤλ     ƒηΤλ    ƒηΤχ ΚûςΜοΚρ     ♣[êγΟκΣγΟ Βςιƒ∴ Κο+ Σôο ΚηΠô⁄

≅γΟΞûΠ 4.1 : áθΤδΚ↓τ ùΣôÕΞô∴ ΦÓιÕχΚôγÓΚρ

♦ ↔ û Κ
♣ûΩûΤ

♦↔ûΚ
ΕΟΚλ    ΞûΚ       ΦÓιÕχΚôγÓ
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4.3 Physical and Chemical
Changes

In the previous chapter, we have learnt about
a few physical properties of matter. The
properties that can be observed and specified
like colour, hardness, rigidity, fluidity,
density, melting point, boiling point etc. are
the physical properites.

The interconversion of states is a physical
change because these changes occur without
a change in composition and no change in
the chemical nature of the substance.
Although ice, water and water vapour all look
different and display different physical
properties, they are chemically the same.

Both water and cooking oil  are liquid but
their chemical characteristics are different.
They differ in odour and inflammability. We
know that oil burns in air whereas water
extinguishes fire. It is this chemical property
of oil that makes it different from water.
Burning is a chemical change. During this
process one substance reacts with another
to undergo a change in chemical composition.
Chemical change brings change in the
chemical properties of matter and we get new
substances. A chemical change is also called
a chemical reaction.

During burning of a candle, both physical
and chemical changes take place. Can you
distinguish these?

uestions
1. Classify the following as chemical

or physical changes:
• cutting of trees,
• melting of butter in a pan,
• rusting of almirah,
• boiling of water to form steam,
• passing of electric current,

through water and the water
breaking down into hydrogen
and oxygen gases,

• dissolving common salt in
water,

• making a fruit salad with raw
fruits, and

• burning of paper and wood.

Q

2. Try segregating the things
around you as pure substances
or mixtures.

4.4 What are the Types of Pure
Substances?

On the basis of their chemical composition,
substances can be classified either as
elements or compounds.

4.4.1 ELEMENTS

Robert Boyle was the first scientist to use
the term element in 1661. Antoine Laurent
Lavoisier (1743–94), a French chemist, was
the first to establish an experimentally useful
definition of an element. He defined an
element as a basic form of matter that cannot
be broken down into simpler substances by
chemical reactions.

Elements can be normally divided into
metals, non-metals and metalloids.

Metals usually show some or all of the
following properties:

• They have a lustre (shine).
• They have silvery-grey or golden-yellow

colour.
• They conduct heat and electricity.
• They are ductile (can be drawn into

wires).
• They are malleable (can be hammered

into thin sheets).
• They are sonorous (make a ringing

sound when hit).
Examples of metals are gold, silver,

copper, iron, sodium, potassium etc.
Mercury is the only metal that is liquid at
room temperature.

Non-metals usually show some or all of
the following properties:

• They display a variety of colours.
• They are poor conductors of heat and

electricity.
• They are not lustrous, sonorous

or malleable.
Examples of non-metals are hydrogen,

oxygen, iodine, carbon (coal, coke), bromine,
chlorine etc. Some elements have intermediate
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4.3 ΒΥσ♦Υο Τσßλ úΞƒ♠Υο Τôσ[δΚρ

Øτ ≅Ω€ο ΣÚκùΣôÚγΚ↓τ ΒΥο
Ση×ΚûΖ Σσ° Κσú[ôλ − ♣[λ +
Κ⁄∴ιΘτûΤ+ ↑ûςκ×ιΘτûΤ+
ΣôÏιΘτûΤ+ ≅Ονιƒ+ ∆ÚÏ♣ûΩκ ×ρ↓+
ùΚôƒ♣ûΩκ ×ρ↓ úΣôτ[ûΞ ΒΥσ♦Υο
Ση×ΚΖôÏλ.

   ♣ûΩΤôσ[λ ΙÚ ΒΥσ♦Υο Τôσ[ΤôÏλ−
Γù∴±ο ΒλΤôσ[ιƒο ùΣôÚγΚ↓τ
ΒûΥ× ∋ΚΩκΣΖÜ( ≅οΩÕ ùΣôÚγΚ↓τ
úΞƒιΘτûΤ♠ο ΦϕΘ Τôσ[Øλ
♣ΚθΞƒοûΩ− Σ±χΚγ⁄+ ¿ν Τσßλ ¿ςô↑
Α€ΥûΞ úΞßΣγΟûΞΥôΚ ΒÚϕΘôÛλ+
ùΞπúΞß ΒΥσ♦Υο Ση×ΚûΖ
ùΚôη⁄ÚϕΘôÛλ ≅ûΞ Ιúς
úΞƒιΘτûΤûΥ ùΚôηÓρΖ∴.

   ¿ν Τσßλ ΜûΤΥο ΦηùΠµ ƒςΞδΚΖôΚ
ΒÚκ♦àλ+ ≅Ξσ°τ úΞƒκ Ση×Κρ
ùΞπúΞ[ôΚ ΒÚχÏλ− ≅Ξσ°τ ΤΠλ
Τσßλ Φ↔ƒ[τ úΞßΣγ⁄ÚχÏλ− ΦηùΠµ
Κôσ°ο Φ↔Ùλ Φτßλ+ ¿ν ¾ΥûΠκΣôτ
Φτßλ Ρôλ ≅°úΞôλ− ΒÕ ΦηùΠµ
Τσßλ ¿↔τ úΞƒκ Ση×Κρ úΞßΣγ⁄ÚχÏλ
ΦτΣûΘ ΚôγÓ€[Õ− Φ↔Θο ΙÚ úΞƒ
Τôσ[ΤôÏλ− Βƒο ΙÚ ùΣôÚρ Τσù[ôÚ
ùΣôÚÞΟτ ↑û∴×↔ϕÕ úΞƒ ΒûΥ♦ο
Τôσ[λ ΓσΣÓ€[Õ− úΞƒ Τôσ[λ
ΣÚκùΣôÚγΚ↓τ úΞƒκ Ση×Κ↓ο
Τôσ[ιûΘ ΓσΣÓιƒ+ ×ƒΥ ùΣôÚγΚûΖ
∆ηΟôχÏ€[Õ− úΞƒ Τôσ[ιûΘ úΞƒ ↑û∴
Φ∴Üλ á[Ωôλ.

   ùΤÝÏΞνιƒ Φ↔Ùλ úΣôÕ ΒΥσ♦Υο
Τσßλ úΞƒΤôσ[δΚρ ♣Κθ€τ[∴− ΒûΘ
∆δΚΖôο úΞßΣÓιΘ Ø⁄ÙΤô?

 ↑∴ôχΚρ
1. •θχΚηΟΞσû[ úΞƒ Τσßλ ΒΥσ♦Υο

Τôσ[δΚΖôΚ ΞûΚκΣÓιΘÜλ.

  •   ΤςδΚûΖ ùΞγÓΘο
  •  Ξô∴←♠ο ùΞηùΠµûΥ ∆ÚχÏΘο
  •  ≅ΩΤô↔Κρ ÕÚκ♦⁄ιΘο
  •  ¿ûς ¿ςô↑ΥôχΚ ùΚôƒχΚ ûΞιΘο
  •  ¿↔ο ♥τΜôςιûΘ ùΜÛιÕΘο Τσßλ

¿ûς ûγς⊥τ Τσßλ Αχ′⊥τ
ΞôÙχΚΖôΚ ΣÏιΘο

  •  ¿↔ο ∆κûΣχ ΚûςιΘο
  •   ΣΨδΚûΖ ΣΥτΣÓιƒ ΣΨχΚΩûΞ ΘΥôν

ùΜµΘο

  •  Κô€Θλ Τσßλ ΤςχΚγûΟûΥ Φ↔ιΘο
2.  ∆δΚûΖ ãθϕÕρΖ ùΣôÚγΚûΖ

çµûΤΥô∴ ùΣôÚγΚρ ≅οΩÕ
ΚΩûΞΚΖôΚ ΞûΚκΣÓιΘ ØΥσ′ ùΜµΥÜλ−

4.4 çΥùΣôÚγΚ↓τ ΞûΚΚρ ΥôûΞ?
çΥ ùΣôÚγΚ↓τ úΞƒ ΚγΟûΤÜ

∋ΣÏƒκ ùΣôÚγΚρ( ≅⁄κΣûΟΥôΚχ ùΚôηÓ+
ùΣôÚγΚûΖ Θ±ΤδΚρ ≅οΩÕ
úΜνΤδΚΖôΚ ΞûΚκΣÓιΘΩôλ.

4.4.1 Θ±ΤδΚρ
ØΘτ ØΘ←ο  1661 λ ΑηÓ

ΒςôΣνγ Σô♠ο Φàλ ↑φΝô± (1743-94)
Θ±Τλ Φàλ ùΜôοûΩ ΣΥτΣÓιƒ∴ôν−
≅τúΟô± Ωôςτγ ΩΞôµ′Υν Φàλ ♦ςôτÑ
úΞƒ♠ΥΩôΖν ØΘτ ØΘ←ο Θ±Τιƒτ
Σ↔úΜôΘû∴κ ΣΥτΣôÓûΟΥ ΙÚ ΞûςΥû[
≅↓ιΘôν− úΞƒ ↑û∴Κρ êΩλ úΤÛλ
Φ↓Υ ùΣôÚγΚΖôΚ ΣÏχΚ Ø⁄ΥôΘ
ΣÚκùΣôÚγΚ↓τ ≅⁄κΣûΟ Ξ⁄ΞúΤ
Θ±ΤδΚρ Φ∴ ΞûςΥßιΘôν.

ùΣôÕΞôΚ Θ±ΤδΚûΖ ∆úΩôΚδΚρ+
≅úΩôΚδΚρ Τσßλ ∆úΩôΚκ úΣô←Κρ Φ∴
ΞûΚκΣÓιΘΩôλ.

•θχΚηΟ Ση×Κ↓ο ′ΩΞσû[
≅οΩÕ ≅û∴ιûΘÙλ ∆úΩôΚδΚρ
ùΣσ°ÚχÏλ−

• ΒûΞ ΣΖΣΖκΣô∴ûΞ
• ΒûΞ ′οΞν,ΜôλΣο ≅οΩÕ ΘδΚ

ΤφΜρ ♣[ιƒο ΚôΠκΣÓλ
• ♥τΜôςλ Τσßλ ùΞκΣιûΘ ΚΟιÕλ
• Κλ♦ΥôΘο ∋Κλ♦ΥôΚ ¿γΟΩôλ ∋¿ÞûΤ((

ΣηûΣ ùΣσ°ÚχÏλ
• ΘΚΟôΘο ∋ùΤο←Υ ΘΚΟôΚ Τôσ[Ωôλ(

ΣηûΣ ùΣσ°ÚχÏλ
• Ι←ûΥ ∋Κ½ν Φàλ Ι←ûΥ( ΓσΣÓιÕλ−

ΘδΚλ+ ùΞρ↓+ ΚôκΣν+ ΒÚλ×+ úΜô⁄Υλ+
ùΣôγΟô′Υλ úΣôτ[ûΞ ∆úΩôΚδΚΖôÏλ−
≅û[ ùΞκΣ♣ûΩ♠ο ƒςΞ ♣ûΩ♠ο
ΚôΠκΣÓλ Ιúς ∆úΩôΚλ ΣôΘςΜλ ΑÏλ.

•θχΚηΟ Ση×Κ↓ο ′ΩΞσû[
≅οΩÕ ≅û∴ιûΘÙλ ≅úΩôΚδΚρ
ùΣσ°ÚχÏλ−

• ΒûΞ ùΞπúΞß ♣[δΚûΖ
ùΞ↓κΣÓιÕλ.

• ΒûΞ ♥τΜôςλ Τσßλ ùΞκΣιƒτ
≅↔ƒο ΚΟιƒΚρ ΑÏλ−

• ΒûΞ ΣΖΣΖκΣσ[ûΞ+ Ι←ûΥ
ΓσΣÓιΘôÕ+ ΘΚΟôΘο+ Κλ♦ΥôΘο
Ση× ΒοûΩ−

  ûγς⊥τ+ Αχ′⊥τ+ ≅úΥô⁄τ+ ΚôνΣτ
(♣ΩχΚ↔+ ΚοΚ↔), ×úςô♥τ+ ÏúΖô↔τ úΣôτ[ûΞ
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properties between those of metals and non-
metals, they are  called metalloids; examples
are boron, silicon, germanium, etc.

M
or

e 
to

  k
no

w

4.4.2 COMPOUNDS

A compound is a substance composed of two
or more elements, chemically combined with
one another in a fixed proportion.
What do we get when two or more elements
are combined?

Activity ______________ 4.4
• Divide the class into two groups. Give

5 g of iron filings and 3 g of sulphur
powder in a china dish to both
the groups.

Group I
• Mix and crush iron filings and sulphur

powder.

Group II
• Mix and crush iron filings and sulphur

powder. Heat this mixture strongly till
red hot. Remove from flame and let the
mixture cool.

Groups I and II
• Check for magnetism in the material

obtained. Bring a magnet near the
material and check if the material is
attracted towards the magnet.

• Compare the texture and colour of the
material obtained by the groups.

• Add carbon disulphide to one part of
the  material obtained. Stir well
and filter.

• Add dilute sulphuric acid or dilute
hydrochloric acid to the other part of
the material obtained.(Note: teacher
supervision is necessary for
this activity).

• Perform all the above steps with both
the elements (iron and sulphur)
separately.

Now answer
• Did the material obtained by the two

groups look the same?

• Which group has obtained a material
with magnetic properties?

• Can we separate the components of
the material obtained?

• On  adding  dilute  sulphuric  acid  or
dilute hydrochloric acid, did both the
groups obtain a gas? Did the gas in
both the cases smell the same
or different?

The gas obtained by Group I is hydrogen,
it is colourless, odourless and combustible–
it is not advised to do the combustion test for
hydrogen in the class. The gas obtained by
Group  II  is  hydrogen  sulphide.  It  is  a
colourless gas with the smell of rotten eggs.

You must have observed that the products
obtained by both the groups show different
properties, though the starting materials were
the same. Group I has carried out the activity
involving a physical change whereas in case
of Group II, a chemical change (a chemical
reaction) has taken place.

• The material obtained by group I is a
mixture  of  the  two  substances.  The
substances given are the elements—
iron and sulphur.

• The properties of the mixture are the
same as that of its constituents.

• The number of elements known
at present are more than 100.
Ninety-two elements are
naturally occurring and the
rest are man-made.

• Majority of the elements are
solid.

• Eleven elements are in gaseous
state at room temperature.

• Two elements are liquid at room
temperature—mercury and
bromine.

• Elements, gallium and cesium
become liquid at a temperature
slightly above room
temperature (303 K).
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≅úΩôΚδΚΖôÏλ− ′Ω Θ±ΤδΚρ ∆úΩôΚ
Τσßλ ≅úΩôΚδΚÞχÏ ΒûΟκΣγΟ Ση×ΚûΖ
ùΣσ°ÚχÏλ− ΒΞσû[ ∆úΩôΚκ úΣô←Κρ
ΦτΣν− úΣôςôτ+ ′←Κôτ+ ù⊥νΤô±Υλ
úΣôτ[ûΞ ∆úΩôΚκ úΣô←Κρ ΑÏλ−

úΤ
Û
λ
 ù

Θ
↔
ϕ
Õ
χ
 ù

Κ
ôρ

úΞ
ôλ

• ΘσúΣôÕ 100 χÏλ úΤσΣγΟ
Θ±ΤδΚρ ΚηΟ°ΥκΣγÓρΖ∴−
92 Θ±ΤδΚρ ΒΥσûΚ♠ο
€ûΟχ€τ[∴− ♦[ Θ±ΤδΚρ
Τ±Θ∴ôο ∆ÚΞôχΚκΣγΟûΞ−

• ùΣÚλΣôΩô∴ Θ±ΤδΚρ
ƒηΤδΚρ ΑÏλ.

• 11 Θ±ΤδΚρ ≅û[ ùΞκΣ♣ûΩ♠ο
ΞôÙ ♣ûΩ♠ο ∆ρΖ∴.

• ≅û[ ùΞκΣ♣ûΩ♠ο ΣôΘςΜλ
Τσßλ ×úςô♥τ Α€Υ ΒςηÓ
Θ±ΤδΚρ ƒςΞ ♣ûΩ♠ο ∆ρΖ∴−

• ≅û[ ùΞκΣ♣ûΩûΥ ↑Ο Μσß
∆Υν ùΞκΣ♣ûΩ♠ο (303K) úΚ←Υλ
Τσßλ ≠′Υλ Α€Υ Θ±ΤδΚρ
ƒςΞ ♣ûΩ♠ο ∆ρΖ∴−

4.4.2 úΜνΤδΚρ
úΜνΤλ ΦτΣÕ ΒςηÓ ≅οΩÕ ≅ΘσÏ úΤσΣγΟ
Θ±ΤδΚρ Ï°κ♦γΟ ↑€Θιƒο úΞƒ♠Υο
úΜνχûΚ êΩλ ∆ÚΞôΚχá⁄Υ ΙÚ ùΣôÚΖôÏλ−
ΒςηÓ ≅οΩÕ ≅ΘσÏ úΤσΣγΟ
Θ±ΤδΚρ ΒûΠϕΘôο Φτ∴ ∆ÚΞôÏλ?

ùΜΥο -------------------------- 4.4
 • ΤôΠΞνΚûΖ ΒςηÓ ÏÝχΚΖΚ

♦↔χΚÜλ− ΙπùΞôÚ ÏÝ↑σÏλ 50
€ ΒÚλ× ÕÚΞοΚρ Τσßλ 3 €
ΜοΣν çρ ∆ρΖ ≠∴ôχ
€ηΠδΚûΖ ùΚôÓχΚÜλ.
ÏÝ I

 • ΜοΣν çρ Τσßλ ΒÚλ× ÕÚΞοΚûΖ
ΡÑχ€ Ρτ[ôΚ ΚΩχΚÜλ.
ÏÝ II

 • ΒÚλ× ÕÚΞοΚρ Τσßλ ΜοΣν
çûΖ ΡÑχ€ ΚΩχΚÜλ− ΒϕΘ
ΚΩûΞûΥ ′Ξκ× ♣[ΤôÏλ Ξûς
ΡτÏ ùΞκΣκΣÓιΘÜλ− ¾♠←ÚϕÕ
¿χ€ Ρτ[ôΚ Ï↓ς ùΜµΥÜλ.
ÏÝ I ÏÝ II

 • ∆ÚΞô∴ ùΣôÚ↓τ ΚôϕΘκ ΣηûΣ
úΜôΘû∴ ùΜµΥÜλ− ΒϕΘ ùΣôÚ↓τ
≅ÚúΚ ΙÚ ΚôϕΘιûΘ ΦÓιÕε
ùΜτß+ ùΣôÚρ ΚôϕΘιΘôο
ΚΞςκΣÓ€[Θô Φ∴ úΜôΘû∴
ùΜµΥÜλ.

• ÏÝχΚρ ùΣσ[ ùΣôÚ↓τ ≅ûΤκ×
Τσßλ ♣[ιûΘ Ικ♦ΟÜλ.

• ùΣôÚ↓τ ΙÚ ΣôΚιÕΟτ ΚôνΣτ
ûΟ ΜοûΣÓ úΜνιÕ ΚΩχΚÜλ− ♦τ×
Ξ⁄ΚγΟÜλ.

• Τσù[ôÚ ΣôΚιÕΟτ ¿νιΘ Μο♦ë↔χ
≅♥Ωλ ≅οΩÕ ¿νιΘ
ûγúςôÏúΖô↔χ ≅♥Ωλ
úΜνχΚÜλ. (Ï°κ×: ΒεùΜΥ←τ úΣôÕ
Α′↔Υ↔τ úΤσΣôνûΞ ≅Ξ′Υλ)

• úΤσΚηΟ ùΜΥûΩ ΙπùΞôÚ
Θ±ΤιÕΟàλ (ΒÚλ× Τσßλ ΜοΣν)
Θ±ιΘ±ΥôΚ ùΜµΥÜλ.

↑ûΟΥ↓
• ΒςηÓ ÏÝχΚÞλ ùΣσ[

ùΣôÚρΚρ Ιúς Τôƒ↔ΥôΚ
∆ρΖ∴Ξô?

• ΦϕΘχ ÏÝ ùΣσ[ ùΣôÚρ ΚôϕΘκ
Ση×Οτ ΚôΠκΣγΟÕ?

• ∆ÚΞô∴ ùΣôÚ↓τ ΣÏƒκ
ùΣôÚγΚûΖ ♦↔χΚ Ø⁄ÙΤô?

• ΒςηÓ ÏÝχΚ↓τ ùΣôÚÞΟτ
¿νιΘ Μο♦ë↔χ ≅♥Ωλ ≅οΩÕ
¿νιΘ ûγúςôÏúΖô↔χ ≅♥ΩιûΘ
úΜνχÏλ úΣôÕ ΓΘôΞÕ ΞôÙ
ùΞ↓úΥ°ΥΘô ? ùΞ↓úΥ°Υ
ΞôÙ↑τ ΤΠλ Ιúς Τôƒ↔ΥôΚ
ΒÚϕΘΘô ≅οΩÕ ùΞπúΞ[ôΚ
ΒÚϕΘΘô?

   ØΘο ÏÝ úΜôΘû∴♠ο ûγς⊥τ ΞôÙ
ùΞ↓úΥ°ΥÕ− ΒÕ ♣[Τσ[+ ΤΠΤσ[
Φ↔Υχá⁄Υ ΞôÙ ΑÏλ− ûγς⊥τ ΞôÙ↑τ
Φ↔ úΜôΘû∴ûΥ ΞÏκΣû[♠ο ùΜµΥχáΟôÕ−
ΒςηΟôΞÕ ÏÝ úΜôΘû∴♠ο ûγς⊥τ
ΜοûΣÓ ΞôÙ ΓσΣγΟÕ− ΒÕ ♣[Τσ[+ ≅Ý€Υ
ØγûΟ ΤΠØûΟΥ ΞôÙ ΑÏλ.

   ΒςηÓ ÏÝχΚ↓Ûλ ùΘôΟχΚιƒο ΦÓιÕχ
ùΚôηΟ ùΣôÚγΚρ Ιτú[ Φ±àλ
∆ÚΞô∴ ùΣôÚγΚρ ùΞπúΞß Ση×ΚûΖ
ùΚôη⁄Úχ€τ[∴− ØΘο ÏÝ↑ο
ΒΥσ♦Υο Τôσ[λ ΡûΟùΣσ[Õ− ΒςηΟôΞÕ
ÏÝ↑ο úΞƒ♠Υο Τôσ[λ ∋úΞƒ ↑û∴(
ΡûΟùΣσ[Õ.

 • ØΘο ÏÝ ùΣσ[ ùΣôÚΖô∴Õ+
ΒςηÓ  çΥ  ùΣôÚγΚ↓τ
ΚΩûΞΥôÏλ− Βƒο ΜοΣν Τσßλ
ΒÚλ× Θ±ΤδΚρ ∆ρΖ∴.

 • ΚΩûΞ♠τ Ση×Κρ ≅ƒÛρΖ
ΑχΚχáßΚ↓τ Ση×Κρ Ιúς
Τôƒ↔ΥôΚ ΒÚχÏλ.
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• The material obtained by group II is a
compound.

• On heating the two elements strongly
we get a compound, which has totally
different properties compared to the
combining elements.

• The composition of a compound is the
same throughout. We can also observe
that the texture and the colour of the
compound are the same throughout.
Thus, we can summarise the physical
and chemical nature of matter in the
following graphical organiser:

Table 4.2: Mixtures and Compounds

Mixtures Compounds

1. Elements or compounds just mix 1. Elements react to form new compounds.
together to form a mixture and no
new compound is formed.

2. A mixture has a variable composition. 2. The composition of each new substance
is always fixed.

3, A mixture shows the properties of the 3. The new substance has totally different
constituent substances. properties.

4. The constituents can be seperated 4. The constituents can be separated only
fairly easily by physical methods. by chemical or electrochemical

reactions.

What
you have
learnt
• A mixture contains more than one substance (element and/or

compound) mixed in any proportion.

Matter
(Soild, Liquid or Gas)

Pure Substances
Mixtures

(No fixed composition)

Elements Compounds Hemogeneous Heterogeneous
Cannot be broken
down to simpler

substances

Have fixed composition
can be broken down into
elements by chemical or
electrochemical reactions

Uniform composition Non-uniform
composition

for example, copper,
oxygen, iron, hydrogen,

mercury etc.
for example water,

methane, sugar, salt
etc.

for example, sugar in
water, salt in water,
sulphur in carbon

disulphide, water in
alcohol etc.

for example, sand and
salt, sugar and salt,

water in oil etc.
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≅γΟΞûΠ 4.2 ΚΩûΞΚρ Τσßλ úΜνΤδΚρ

ΚΩûΞΚρ úΜνΤδΚρ

1. Θ±ΤδΚρ ≅οΩÕ úΜνΤδΚûΖ
ΚΩκΣΘôο ΚΩûΞΚρ ∆ÚΞô€τ[∴−
Βƒο ×ƒΥ úΜνΤδΚρ ∆ÚΞôΞƒοûΩ.

2. ΚΩûΞΚρ ùΞπúΞß ΒûΥ×ΚûΖ
∋ΚΩκΣΖÜ( ùΚôη⁄ÚχÏλ.

3. ΚΩûΞΚρ+ ΣÏƒκùΣôÚγΚ↓τ
Ση×ΚûΖ ùΚôη⁄ÚχÏλ.

4. ΚΩûΞΚ↓ο ∆ρΖ ΑχΚχáßΚûΖ
ΒΥσ♦Υο Øû[Κρ êΩλ Φ↓ΘôΚ
♦↔ιùΘÓχΚΩôλ.

1. Θ±ΤδΚρ ↑û∴×↔ΞΘôο ×ƒΥ
úΜνΤδΚρ ∆ÚΞô€τ[∴.

2. ΙπùΞôÚ ×ƒΥ ùΣôÚ↓τ ΒûΥ×
♣ûΩΥôΚ ΒÚχÏλ.

3. ×ƒΥ ùΣôÚ↓τ Ση×Κρ Øσ°Ûλ
úΞßΣγÓ ΒÚχÏλ.

4. ΑχΚχáßΚûΖ úΞƒ ≅οΩÕ
♥τ∴ôσΣÏκ× êΩλ ΣÏχΚ Ø⁄Ùλ.

• ΒςηΟôΞÕ ÏÝ ùΣσ[ ùΣôÚρ úΜνΤλ
ΑÏλ.

• ΒςηÓ Θ±ΤδΚûΖ ΡτÏ
ùΞκΣκΣÓιÕλ úΣôÕ+ úΜνΤδΚρ
∆ÚΞô€τ[∴− ΒûΞ Θ±ΤδΚ↓τ
Ση×Κ↓←ÚϕÕ Øσ°Ûλ úΞßΣγÓ
ΒÚχÏλ.

• úΜνΤδΚ↓τ ΒûΥ×+ ØÝΞÕλ Ιúς
Τôƒ↔ΥôΚ ΒÚχÏλ− úΤÛλ úΜνΤιƒτ
≅ûΤκ× Τσßλ ♣[λ úΜνΤλ ØÝΞÕλ
Ιúς Τôƒ↔ΥôΚ ΒÚχÏλ− ΣÚκùΣôÚ↓τ
ΒΥσ♦Υο Τσßλ úΞƒ♠Υο ΘτûΤΚûΖ
•θχΚηΟ ΣςΞο ΞûςΣΟιƒο
ùΘôÏχΚΩôλ.

Ρôλ Κσ[ûΞ

• ΚΩûΞΚ↓ο ΙτßχÏ úΤσΣγΟ ùΣôÚγΚρ (Θ±Τλ Τσßλ ≅οΩÕ
úΜνΤλ) ΦϕΘ ↑€ΘιƒÛλ ΚΩϕƒÚχÏλ.

ΣÚκùΣôÚρ (ƒηΤλ+
ƒςΞλ ≅οΩÕ ΞôÙ)

çΥ ùΣôÚγΚρ ΚΩûΞΚρ

Θ±ΤδΚρ úΜνΤδΚρ ΙÚΣ⁄ιΘô∴ûΞ ΣΩΣ⁄ιΘô∴ûΞ

Φ↓Υ ùΣôÚγΚΖôΚ
ΣÏχΚ Ø⁄ΥôÕ

ΦÓιÕχΚôγÓΚρ
ΚôκΣν+ Αχ′⊥τ+
ΒÚλ×+ ûγς⊥τ+
ΣôΘςΜλ úΣôτ[ûΞ

♣ûΩΥô∴ ΒûΥ♦ο
ΚôΠκΣÓλ− úΞƒ♠Υο
≅οΩÕ ♥τúΞƒ♠Υο
↑û∴Κρ êΩλ Φ↓Υ
Θ±ΤδΚΖôΚ ΣÏχΚ
Ø⁄Ùλ−

≠ςô∴ ΒûΥ× ≠ςσ[ ΒûΥ×

ΦÓιÕχΚôγÓΚρ ¿ν+
ÁιúΘτ+ ΜνχΚûς+
∆κ× úΣôτ[ûΞ

ΦÓιÕχΚôγÓΚρ ¿↔ο
ΚûςϕΘ ΜνχΚûς+ ¿↔ο
ΚûςϕΘ ∆κ×+ ΚôνΣτ
ûΟ ΜοûΣ⁄ο ΚûςϕΘ
ΜοΣν+ ΑοΚô←ο
ΚΩϕΘ ¿ν úΣôτ[ûΞ

ΦÓιÕχΚ ô γÓΚρ
ΤΠο Τσßλ ∆κ×+
ΜνχΚûς Τσßλ ∆κ×+
¿↔ο ΦηùΠµ
úΣôτ[ûΞ

(♣ûΩΥô∴↑€ΘιûΘùΚôη⁄ÚκΣƒοûΩ)
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Exercises
1. Which separation techniques will you apply for the

separation of the following?
(a) Sodium chloride from its solution in water
(b) Ammonium chloride from a mixture containing sodium

chloride and ammonium chloride
(c) Small pieces of metal in the engine oil of a car
(d) Different pigments from an extract of flower petals
(e) Butter from curd
(f) Oil from water
(g) Tea leaves from tea
(h) Iron pins from sand
(i) Wheat grains from husk
(j) Fine mud particles suspended in water

• Mixtures can be separated into pure substances using
appropriate separation techniques.

• A solution is a homogeneous mixture of two or more
substances. The major component of a solution is called the
solvent, and the minor, the solute.

• The concentration of a solution is the amount of solute present
per unit volume or per unit mass of the solution.

• Materials that are insoluble in a solvent and have particles
that are visible to naked eyes, form a suspension.
A suspension is a heterogeneous mixture.

• Colloids are heterogeneous mixtures in which the particle size
is too small to be seen with the naked eye, but is big enough to
scatter light. Colloids are useful in industry and daily life. The
particles are called the dispersed phase and the medium in
which they are distributed is called the dispersion medium.

• Pure substances can be elements or compounds. An element
is a form of matter that cannot be broken down by chemical
reactions into simpler substances. A compound is a substance
composed of two or more different types of elements, chemically
combined in a fixed proportion.

• Properties of a compound are different from its constituent
elements, whereas a mixture shows the properties of its
constituting elements or compounds.
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• ΘÏϕΘ ♦↔ιùΘÓχÏλ Øû[ΚûΖ ΣΥτΣÓιƒ+ ΚΩûΞΚûΖ
çΥ ùΣôÚγΚΖôΚ ♦↔ιùΘÓχΚΩôλ.

• ΚûςΜο ΦτΣÕ ΒςηÓ ≅οΩÕ Βςη⁄σÏ úΤσΣγΟ
ùΣôÚγΚûΖ ùΚôηΟ ΙÚΣ⁄ιΘô∴ ΚΩûΞΥôÏλ− ΚûςΜ←ο
≅ƒΚΖ↑ο ∆ρΖ ΣÏƒκùΣôÚûΖ ΚûςκΣôτ Φτßλ+
Ïû[ΞôΚ ∆ρΖ ΣÏƒκùΣôÚûΖ ΚûςùΣôÚρ Φτßλ áßΞν.

• ΙÚ ΚûςΜ←τ ùΜ°Ü ΦτΣÕ ΙÚ ≅ΩÏ Κ∴ ≅Ζ↑ο
≅οΩÕ ϑςΩÏ ♣û[♠ο ∆ρΖ ΚûςùΣôÚ↓τ ≅ΖÜ ΑÏλ.

• ΙÚ ΚûςκΣô±ο ΚûςΥôΘ Τσßλ ùΞßλ ΚηΚΖôο ΣôνχΚ
Ø⁄Ùλ ÕΚρΚΖôο ùΘôδΚοΚρ ΓσΣÓ€τ[∴− ΒûΞ
ΣΩΣ⁄ιΘô∴ûΞ.

• áθΤδΚρ ΣΩΣ⁄ιΘô∴ ΚΩûΞΚρ ΑÏλ− ΒΞσ°τ ÕΚρΚρ
ΣôνκΣΘσÏ ′°ΥΘôΚ ΒÚκ♦àλ+ Ι↓χΚσû[ûΥ ′Θ[ΩûΟΥε
ùΜµÙλ ≅Ζ↑σÏ ùΣ↔ΥΘôΚ ΒÚχÏλ− áθΤδΚρ ≅τ[ôΟ
ΞôθχûΚ♠ο Τσßλ ùΘô→σΜôûΩΚ↓ο ♥ΚÜλ
ΣΥτΣÓ€τ[∴− ÕΚρΚûΖ ♦↔ûΚ ♣ûΩûΤ Φτßλ+ ≅ûΞ
♦↔ϕƒÚχÏλ ΣÏƒκùΣôÚûΖ ♦↔ûΚ ΕΟΚλ Φτßλ áßΞν.

• çΥκ ùΣôÚγΚρ ΦτΣûΞ Θ±ΤδΚρ ≅οΩÕ úΜνΤδΚΖôΚ
ΒÚχΚΩôλ− úΞƒ↑û∴Κρ êΩλ úΤÛλ Φ↓Υ ùΣôÚγΚΖôΚ
ΣÏχΚ Ø⁄ΥôΘ ΣÚκùΣôÚγΚ↓τ ≅⁄κΣûΟ Ξ⁄ΞúΤ Θ±ΤδΚρ
ΑÏλ− ΒςηÓ ≅οΩÕ ≅ΘσÏ úΤσΣγΟ ùΞπúΞß Θ±ΤδΚρ
Ï°κ♦γΟ ↑€Θιƒο úΞƒ♠Υο úΜνχûΚ êΩλ ∆ÚΞôÏλ
ùΣôÚûΖ úΜνΤλ ΦτΣν.

• úΜνΤιƒτ Ση×Κρ+ ≅Ξσ°τ ΑχΚχáßΚ↓τ
Ση×Κ↓←ÚϕÕ úΞßΣγ⁄ÚχÏλ− Α∴ôο ΚΩûΞ+ ≅Ξσ°τ
ΑχΚχáßΚûΖ Θ±ΤδΚρ ≅οΩÕ úΜνΤδΚ↓τ Ση×ΚûΖ
ùΞ↓κΣÓιÕλ.

1. •θχΚηΟΞσû[ ♦↔ιùΘÓχΚ ΣΥτΣÓλ Øû[ΚûΖ ΦÝÕΚ?

(a) úΜô⁄Υλ ÏúΖôûςÓ ¿ν ΚûςΜ←←ÚϕÕ úΜô⁄Υλ ÏúΖôûςÓ.

(b) ≅λúΤô±Υλ ÏúΖôûςÓ Τσßλ úΜô⁄Υλ ÏúΖôûςÓ

ΚΩûΞ♠←ÚϕÕ ≅λúΤô±Υλ ÏúΖôûςÓ.

(c) Κô↔τ ΒΥϕƒς ΦηùΠµ♠←ÚϕÕ ′°Υ ∆úΩôΚι ÕΚρΚûΖ

♦↔ιùΘÓιΘο.

(d) éχΚ↓τ ΒΘθΚ↓←ÚϕÕ ùΞπúΞß ♣[♥ΚûΖ

♦↔ιùΘÓιΘο.

(e) Θ♠↔←ÚϕÕ ùΞηùΠµ ♦↔ιùΘÓιΘο.

(f) ¿↔←ÚϕÕ ΦηùΠµ ♦↔ιùΘÓιΘο.

(g) úΘ¿↔←ÚϕÕ úΘ♠ûΩûΥ ♦↔ιùΘÓιΘο.

(h) ΤΠ←←ÚϕÕ ΒÚλ× Ε′ΚûΖ ♦↔ιùΘÓιΘο.

(i) ∆♥♠←ÚϕÕ úΚôÕûΤûΥ ♦↔ιùΘÓιΘο.

(j) ¿↔ο ↑ς↑ÙρΖ Öη ΤηÕΚρΚûΖ ♦↔ιùΘÓιΘο.

Σ♠σ′Κρ



104 Is Matter Around Us Pure?

(a) What mass of potassium nitrate would be needed to
produce a saturated solution of potassium nitrate in
50 grams of water at 313 K?

(b) Pragya makes a saturated solution of potassium chloride
in water at 353 K and leaves the solution to cool at room
temperature. What would she observe as the solution
cools? Explain.

(c) Find the solubility of each salt at 293 K. Which salt has
the highest solubility at this temperature?

(d) What is the effect of change of temperature on the
solubility of a salt?

4. Explain the following giving examples.
(a) Saturated solution
(b) Pure substance
(c) Colloid
(d) Suspension

5. Classify each of the following as a homogeneous or
heterogeneous mixture.
soda water, wood, air, soil, vinegar,  filtered tea.

6. How would you confirm that a colourless liquid given to you is
pure water?

2. Write the steps you would use for making tea. Use the
words solution, solvent, solute, dissolve, soluble, insoluble,
filtrate and residue.

3. Pragya tested the solubility of three different substances at
different temperatures and collected the data as given below
(results are given in the following table, as grams of substance
dissolved in 100 grams of water to form a saturated solution).

Substance Dissolved         Temperature in K
283 293 313 333 353

                                      Solubility

Potassium nitrate 21 32 62 106 167

Sodium chloride 36 36 36 37 37

Potassium chloride 35 35 40 46 54

Ammonium chloride 24 37 41 55 66
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2. úΘ¿ûς ΘΥô↔χΚ ¿δΚρ ♦τΣσßλ Σ⁄♣ûΩΚûΖ ΦÝÕΚ− ΚûςΜο+
ΚûςκΣôτ+ ΚûςùΣôÚρ+ ΚûςΘο+ ΚûςÙλ+ ΚûςΥôÕ+ Ξ⁄¿ν
Τσßλ ΚΜÓ.

3. κςχΥô ùΞπúΞß ùΞκΣ♣ûΩΚ↓ο ùΞπúΞß ùΣôÚγΚ↓τ
Κûςƒ[û∴ úΜôΘû∴ ùΜµÕ+ •θχΚηΟ ≅γΟΞûΠ♠ο
ΘΚΞοΚûΖ ΣƒÜ ùΜµΘôρ− ∋ùΚôÓχΚκΣγΟ ≅γΟΞûΠ♠ο ∆ρΖ
Ø⁄ÜΚρ+ ♣û[Üσ[ ΚûςΜûΩ ΘΥô↔χΚ 100 €ςôλ ¿↔ο
ΚûςχΚκΣγΟ ùΣôÚ↓τ ♣û[ €ςôλΚ↓ο ùΚôÓχΚκΣγÓρΖÕ).

(a) 313 K ùΞκΣ♣ûΩ♠ο+ ùΣôγΟô′Υλ ûΡγúςγ ♣û[Üσ[
ΚûςΜûΩ ΘΥô↔χΚ 50 €ςôλ ¿↔ο ΚûςχΚ úΞη⁄Υ
ùΣôγΟô′Υλ ûΡγúςγ ♣û[ ΦπΞΖÜ?

(b) κςχΥô 353 K ùΞκΣ♣ûΩ♠ο+ ùΣôγΟô′Υλ ÏúΖôûςÓ
♣û[Üσ[ ΚûςΜûΩ ΘΥô↔ιÕ+ ≅ûΘ ≅û[ ùΞκΣ♣ûΩ♠ο
Ï↓ν↑ιΘôρ− ΚûςΜο Α°Υ ♦[Ï ≅Ξρ ΚΞ±ιΘÕ Φτ∴?

↑ΖχÏΚ.

(c) 293 K ùΞκΣ♣ûΩ♠ο ΙπùΞôÚ ∆κ♦τ Κûςƒ[û∴
ΚΠχ€ÓΚ− ΒϕΘ ùΞκΣ♣ûΩ♠ο ≅ƒΚ Κûςƒ[τ ùΚôηΟ
∆κ× ΦÕ?

(d) "ùΞκΣ♣ûΩ♠ο Τôσ[λ" ∆κ♦τ Κûςƒ[τ ÁÕ ΓσΣÓιÕλ
ΘôχΚλ Φτ∴?

4. •θχΚηΟΞσû[ ΦÓιÕχΚôγÓΟτ ↑ΖχÏΚ.

(a) ♣û[Üσ[ ΚûςΜο
(b) çΥ ùΣôÚρ
(c) áθΤλ
(d) ùΘôδΚο

5. •θχΚηΟΞσû[ ΙÚΣ⁄ιΘô∴ ≅οΩÕ ΣΩΣ⁄ιΘô∴ ΚΩûΞΚΖôΚ
ΞûΚκΣÓιÕΚ.

úΜôΟô ¿ν+ ΤςχΚγûΟ+ Κôσß+ Τη+ ↑±Κν+ Ξ⁄ΚγΟκΣγΟ úΘ¿ν

6. ∆δΚÞχÏ ΙÚ ♣[Τσ[ ΚûςΜûΩ ùΚôÓχΚκΣÓλ úΣôÕ+ ≅Õ
çΥ ¿ν Φτß ΦπΞôß ♣νΠ♠κΣôµ?

ΚûςχΚκΣγΟ ùΣôÚρ        ùΞκΣ♣ûΩ ùΚο↑τ ≅Ω€ο
283 293 313 333 353

             Κûςƒ[τ
ùΣôγΟô′Υλ ûΡγúςγ 21 32 62 106 167

úΜô⁄Υλ ÏúΖôûςÓ 36 36 36 37 37

ùΣôγΟô′Υλ ÏúΖôûςÓ 35 35 40 46 54

≅λúΤô±Υλ ÏúΖôûςÓ 24 37 41 55 66
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7. Which of the following materials fall in the category of a
“pure substance”?
(a) Ice
(b) Milk
(c) Iron
(d) Hydrochloric acid
(e) Calcium oxide
(f) Mercury
(g) Brick
(h) Wood
(i) Air

8. Identify the solutions among the following mixtures.
(a) Soil
(b) Sea water
(c) Air
(d) Coal
(e) Soda water

9. Which of the following will show “Tyndall effect”?
(a) Salt solution
(b) Milk
(c) Copper sulphate solution
(d) Starch solution

10. Classify the following into elements, compounds and
mixtures.
(a) Sodium
(b) Soil
(c) Sugar solution
(d) Silver
(e) Calcium carbonate
(f) Tin
(g) Silicon
(h) Coal
(i) Air
(j) Soap
(k) Methane
(l) Carbon dioxide
(m) Blood

11. Which of the following are chemical changes?
(a) Growth of a plant
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7. •θχΚηΟΞσ°ο »»çΥ ùΣôÚρµµ ΞûΚûΥ ΜôνϕΘûΞ ΦûΞ?

(a) Σ±χΚγ⁄
(b) Σôο
(c) ΒÚλ×
(d) ûγúςôÏúΖô↔χ ≅♥Ωλ
(e) Κôο′Υλ ΑχûΜÓ
(f) ΣôΘςΜλ
(g) ùΜδΚο
(h) ΤςχΚγûΟ
(i) Κôσß

8. •θχΚηΟ ΚΩûΞΚ↓ο ΚûςΜοΚûΖ ≅ûΟΥôΖλ ΚôηΚ.

(a) Τη
(b) ΚΟο ¿ν
(c) Κôσß
(d) ♣ΩχΚ↔
(e) úΜôΟô ¿ν

9. •θχΚηΟΞσ°ο »»⁄τΟôο ↑ûΖûΞµµ ΓσΣÓιÕΣûΞ ΦûΞ?

(a) ∆κ×χ ΚûςΜο
(b) Σôο
(c) ΚôκΣν ΜοúΣγ ΚûςΜο−
(d) υΟôνε (ΤôÜκùΣôÚρ) ΚûςΜο

10. •θχΚηΟΞσû[ Θ±ΤδΚρ+ úΜνΤδΚρ Τσßλ ΚΩûΞΚΖôΚ
ΞûΚκΣÓιΘÜλ.

(a) úΜô⁄Υλ
(b) Τη
(c) ΜνχΚûς ΚûςΜο
(d) ùΞρ↓
(e) Κôο′Υλ ΚôνΣú∴γ
(f) ΘΚςλ
(g) ′←Κôτ
(h) ♣ΩχΚ↔
(i) Κôσß
(j) úΜôκ×
(k) ÁιúΘτ
(l) ΚôνΣτ ûΟ ΑχûΜÓ
(m) ΒςιΘλ

11. •θχΚηΟΞσ°ο úΞƒ Τôσ[δΚρ ΦûΞ?

(a) ùΜ⁄♠τ ΞΖνε′
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(b) Rusting of iron

(c) Mixing of iron filings and sand

(d) Cooking of food

(e) Digestion of food
(f) Freezing of water

(g) Burning of a candle

12. A startup company launches three new products:

1. A room freshener spray

2. A medicinal antacid suspension (like milk of magnesia)

3.A coloured decorative glass panel

Which of the following correctly identifies the type of colloid in

each product?
A) Spray - Foam; Antacid - Emulsion; Glass - Gel

B) Spray - Aerosol; Antacid - Sol; Glass - Solid sol

C) Spray - Emulsion; Antacid - Gel; Glass - Aerosol

D) Spray - Sol; Antacid - Foam; Glass - Emulsion

Group Activity
Take an earthen pot (mutka), some pebbles and sand. Design a
small-scale filtration plant that you could use to clean
muddy water.

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

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

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

.........................................................................................................................................
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........................................................................................................................................
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(b) ΒÚλ× ÕÚκ♦⁄ιΘο
(c) ΒÚλ× ÕÚΞοΚρ Τσßλ Τη ΚΩιΘο
(d) ∆ΠûΞ ΜûΤιΘο
(e) ∆ΠÜ ùΜ↔ιΘο
(f) ¿ν ∆û[Θο
(g) ùΤÝÏΞνιƒ Φ↔Θο

12. ΙÚ ùΘôΟχΚ♣ûΩ ♣ßΞ∴λ êτß ΘΥô↔κ×ΚûΖ ≅°ØΚκΣÓιƒΥÕ−
1. ΙÚ ≅û[ ×ιÕΠνε′ ùΘ↓κΣôτ
2. ΙÚ ΤÚιÕΞ ≅♥Ω Φƒνκ× ƒςΞχΚΩûΞ (ΤχÉ′Υô Σôο

úΣôτ[Õ)
3. ΙÚ ΞηΠ ≅ΩδΚôς ΚηΠô⁄κ ΣΩûΚ

                  ♦τΞÚΞ∴Ξσ°ο ΦÕ ΙπùΞôÚ ΘΥô↔κ♦Ûλ ∆ρΖ áθΤιƒτ
                  ΞûΚûΥε Μ↔ΥôΚ ≅ûΟΥôΖλ ΚôγÓ€[Õ>

A) ùΘ↓κΣôτ,Öûς: ≅♥Ω ¿χ€,ΣôοΤλ : ΚηΠô⁄,Κ↓Τλ
B) ùΘ↓κΣôτ- Ξ↓Τχ ΚûςΜο: ≅♥Ω ¿χ€ , áθΤχ ΚûςΜο:
  ΚηΠô⁄ , ƒΟχ ΚûςΜο
C) ùΘ↓κΣôτ- ΣôοΤλ: ≅♥Ω ¿χ€ , Κ↓Τλ: ΚηΠô⁄ ,

ΓúςôùΜο
D) ùΘ↓κΣôτ- áθΤχ ΚûςΜο: ≅♥Ω ¿χ€ , Öûς; ΚηΠô⁄

, ΣôοΤλ

ÏÝ ùΜΥο

Τη  Σôû∴+  ′Ω  áΨôδΚσΚρ  Τσßλ  ΤΠûΩ  ΦÓιÕχ
ùΚôρΖÜλ− úΜσß ¿ûς Ξ⁄χΚγΟ ΣΥτΣÓλ ′°Υ Ξ⁄ΚγÓλ
ΚÚ↑ûΥ ΘΥôν ùΜµΥÜλ−

.
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We have learnt about the motion of objects and
force as the cause of motion. We have learnt
that a force is needed to change the speed or
the direction of motion of an object. We always
observe that an object dropped from a height
falls towards the earth. We know that all the
planets go around the Sun. The moon goes
around the earth. In all these cases, there must
be some force acting on the objects, the planets
and on the moon. Isaac Newton could grasp
that the same force is responsible for all these.
This force is called the gravitational force.

In this chapter we shall learn about
gravitation and the universal law of
gravitation. We shall discuss the motion of
objects under the influence of gravitational
force on the earth. We shall study how the
weight of a body varies from place to place.
We shall also discuss the conditions for
objects to float in liquids.

5.1 Gravitation
We know that the moon goes around the
earth. An object when thrown upwards,
reaches  a  certain  height  and  then  falls
downwards. It is said that when Newton was
sitting under a tree, an apple fell on him.
The fall of the apple made Newton start
thinking. He thought that: if the earth can
attract an apple, can it not attract the moon?
Is the force the same in both cases? He
conjectured  that the same type of force is
responsible in both the cases. He argued that
at each point of its orbit, the moon falls
towards the earth, instead of going off in a
straight line. So, it must be attracted by the
earth.  But  we  do  not  really  see  the  moon
falling towards the earth.

Let us try to understand the motion of
the moon by recalling activity 5.11.

Activity ______________ 5.1
· Take a piece of thread.
· Tie a small stone at one end. Hold the

other  end of  the thread and whirl  it
round, as shown in Fig. 5.1.

· Note the motion of the stone.
· Release the thread.
· Again, note the direction of motion of

the stone.

Fig. 5.1: A stone describing a circular path with a
velocity of constant magnitude.

Before the thread is released, the stone
moves in a circular path with a certain speed
and changes direction at every point.
The change in direction involves change in
velocity or acceleration. The force that causes
this acceleration and keeps the body moving
along the circular path is acting towards
the centre. This force is called the
centripetal (meaning ‘centre-seeking’) force.

5
GRAVITATION

Chapter
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ùΣôÚγΚ↓τ  ΒΥχΚιûΘχ  Ï°ιÕλ+  ≅Ξσ°τ
ΒΥχΚιƒσÏχ ΚôςΠΤôΚ ≅ûΤÙλ ↑ûΜûΥχ
Ï°ιÕλ Ρôλ ØϕûΘΥ ΞÏκ×Κ↓ο Κσ°Úχ€τú[ôλ−
ΙÚ ùΣôÚ↓τ ΒΥχΚιƒτ úΞΚιûΘúΥô ≅οΩÕ
≅Θτ ΒΥχΚ ƒûΜûΥúΥô Τôσ°ΥûΤχΚ ↑ûΜ
≅Ξ′Υλ ΦτΣûΘÙλ Ρôλ ΚσßρúΖôλ− ΙÚ Ï°κ♦γΟ
∆Υςιƒο ΒÚϕÕ ↑Ó↑χΚκΣÓλ ΙÚ ùΣôÚρ
ΦκùΣôÝÕλ •θúΡôχ€ ↑ÝΞûΘúΥ Ρôλ ΦκùΣôÝÕλ
ΚΞ±ιÕρúΖôλ− ≅û∴ιÕ úΚôρΚÞλ ã↔Υû∴εÑσ°
ΞÚ€τ[∴ ΦτΣûΘ Ρôλ ≅°úΞôλ− Μϕƒςτ é♥ûΥε
Ñσ° ΞÚ€τ[Õ− úΤσΚηΟ ≅û∴ιÕ ♣ΚθÜΚ↓Ûλ
ùΣôÚγΚ↓τ ÁÕλ úΚôρΚρ Τσßλ Μϕƒς±τ ÁÕ
ΓúΘàλ ΙÚ ↑ûΜ ùΜΥοΣγúΟΥôΚ úΞηÓλ−
úΤσΚηΟ ≅û∴ιƒσÏλ ΚôςΠΤôΚ ≅ûΤÙλ ↑ûΜ
Ιτú[ΥôÏλ ΦτΣûΘ ΗΜχ ♣ëγΟτ ∆ΠνϕΘôν−
Βπ↑ûΜúΥ !Χνκ♦Υο ↑ûΜ& Φ∴κΣÓ€[Õ−

ΒϕΘ ≅Ω€ο Ρôλ Χνκ♦Υο ↑ûΜûΥχ Ï°ιÕλ
ùΣôÕ Χνκ♦Υο ↑ƒûΥχ Ï°ιÕλ ≅°úΞôλ− é♥♠τ
Χνκ♦Υο ↑ûΜ♠τ ΘôχΚιƒσÏ ∆γΣγÓ ùΣôÚγΚ↓τ
ΒΥχΚιûΘ Ï°ιÕλ ↑ΞôƒκúΣôλ−

ΙÚ ùΣôÚ↓τ ΦûΟ ΒΟιƒσÏ ΒΟλ ΦπΞôß
ΤôßΣÓ€τ[Õ  ΦτΣûΘÙλ Κσ[°úΞôλ− ùΣôÚγΚρ
¿νΤδΚ↓τ ÁÕ ♥ΘχΚι úΘûΞΥô∴ ♣ΣϕΘû∴ΚûΖχ
Ï°ιÕλ Ρôλ ↑ΞôƒκúΣôλ−

4−0 Χνκ♦Υο ↑ûΜ

Μϕƒςτ é♥ûΥε Ñσ° ΞÚΞûΘ Ρôλ ≅°úΞôλ− ΙÚ
ùΣôÚρ úΤο úΡôχ€ Φ°ΥκΣÓλ úΣôÕ ≅Õ ΙÚ
Ï°κ♦γΟ ∆ΥςιûΘΥûΟϕÕ ÁηÓλ •θúΡôχ€ ↑Ýλ−
♣ëγΟτ ΙÚ Τςιƒτ ≅⁄♠ο ≅ΤνϕƒÚϕΘúΣôÕ ≅Ξν
ÁÕ ΙÚ Ακ♦ο ↑ÝϕΘΘôΚ á[κΣÓ€τ[Õ− Ακ♦ρ
↑ÝϕΘ ♣ΚθÜ ≅Ξûς ′ϕƒχΚι çη⁄ΥÕ− Ακ♦ûΖ
é♥ ΧνχÏλ úΣôÕ Μϕƒςû∴ ≅Θ∴ôο ΧνχΚ Ø⁄ΥôΘô>
Βπ↑ςηÓ ♣ΚθÜΚ↓Ûλ ↑ûΜΚρ ΜΤΤô> Φàλ
↑∴ôχΚρ ≅Ξν Τ∴ƒο úΘôτ°∴− Βπ↑ςηÓ
♣ΚθÜΚÞχÏλ Ιúς ΞûΚΥô∴ ↑ûΜúΥ ΚôςΠλ Φ∴
≅Ξν Ε€ιΘôν− Μϕƒςτ Θ∴Õ ÑσßΞγΟκΣôûΘ♠ο
ΙπùΞôÚ ×ρ↓♠Ûλ ΙÚ úΡνχúΚôγ⁄ο ùΜοΩôΤο
é♥ûΥ úΡôχ€ ↑Ýλ Φ∴ ≅Ξν ΞôƒγΟôν− Φ∴úΞ
≅Õ é♥♠∴ôο ΧνχΚκΣΟ úΞηÓλ− Α∴ôο
∆ηûΤ♠ο Μϕƒςτ é♥♠τ ÁÕ ↑ÝΞûΘ Ρôλ
ΚôηΣƒοûΩ−

ùΜΥο 0−00 Η ♣û∴Üχ áνΞΘτ êΩλ Μϕƒς±τ
ΒΥχΚιûΘκ ×↔ϕÕχ ùΚôρΖ ØΥÛúΞôλ−

ùΜΥο  ````````````````` 4−0

· ΙÚ ′°Υ Κ♠σû[ ΦÓιÕχ ùΚôρΖÜλ−
· ≅Θτ ΙÚ Øû∴♠ο ΙÚ ′°Υ ΚοûΩχ

ΚγΟÜλ− ΣΟλ 8−0ο Κôγ⁄ΥΞôß Κ♠σ°τ
ΤßØû∴ûΥ ♦⁄ιÕχ ùΚôηÓ ≅Θû∴
ΞγΟΞ⁄↑ο ÑΨσ[Üλ−

· Κο←τ ΒΥχΚιûΘ ΚΞ±χΚÜλ−
· Κ♠σû[ ↑Ó↑χΚÜλ−
· ÁηÓλ Κο←τ ΒΥχΚιƒτ ƒûΜûΥ

ΚΞ±χΚÜλ−

Κ♠σû[ ↑Ó↑κΣΘσÏ Øτ∴ν Κο ΙÚ Ï°κ♦γΟ
úΞΚιƒο ΒΥδ€χ ùΚôηúΟ+ ΙπùΞôÚ ×ρ↓♠Ûλ
Θ∴Õ ƒûΜûΥ Τôσ°χ ùΚôρ€τ[Õ− ƒûΜûΥ Τôσ°χ
ùΚôρΞΘτ êΩλ ƒûΜúΞΚ ΤôßΣôÓ ≅οΩÕ ØÓχΚλ
ΓσΣÓ€τ[Õ− ΒιΘûΚΥ ØÓχΚιƒσÏ ΚôςΠΤôΚ
≅ûΤϕΘ ùΣôÚûΖ ùΘôΟνϕÕ ΞγΟκΣôûΘ♠ο ΒΥδΚε
ùΜµÙλ ↑ûΜ ûΤΥιûΘ úΡôχ€ ùΜΥοΣÓ€τ[Õ−
Βπ↑ûΜ ûΤΥúΡôχÏ ↑ûΜ ∋ûΤΥιûΘ úΡôχ€
ùΜΥοΣÓλ  ΦτΣÕ  ΒΘτ  ùΣôÚρ(  Φ∴
≅ûΨχΚκΣÓ€[Õ−

ΣΟλ  4−0 9  ΙÚ  Κο+  Τô[ôΘ  ΦηΤƒκ×ûΟΥ
ƒûΜúΞΚιûΘχ ùΚôηΟ ΞγΟκΣôûΘûΥ ↑Ξ↔ιΘο−

Χνκ♦Υο

5≅ΩÏ
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5.1.1 UNIVERSAL LAW OF GRAVITATION

Every object in the universe attracts every
other object with a force which is proportional
to the product of their masses and inversely
proportional to the square of the distance
between them. The force is along the line
joining the centres of two objects.

In the absence of this force, the stone flies
off along a straight line. This straight line will
be a tangent to the circular path.

M
or

e 
to

  
kn

ow

Tangent to a circle

A straight line that meets the circle at
one  and  only  one  point  is  called  a
tangent to the circle. Straight line
ABC is a tangent to the circle at
point B.

The motion of the moon around the earth
is due to the centripetal force. The centripetal
force is provided by the force of attraction of
the earth. If there were no such force, the
moon would pursue a uniform straight line
motion.

It is seen that a falling apple is attracted
towards the earth. Does the apple attract the
earth? If so, we do not see the earth moving
towards an apple. Why?

According to the third law of motion, the
apple does attract the earth. But according
to the second law of motion, for a given force,
acceleration is inversely proportional to the
mass of an object [Eq. (5.4)]. The mass of an
apple is negligibly small compared to that of
the earth. So, we do not see the earth moving
towards the apple. Extend the same argument
for why the earth does not move towards the
moon.

In our solar system, all the planets go
around the Sun. By arguing the same way,
we can say that there exists a force between
the Sun and the planets. From the above facts
Newton concluded that not only does the
earth attract an apple and the moon, but all
objects in the universe attract each other. This
force of attraction between objects is called
the gravitational force.

G
2

Mm
F =

d

Fig. 5.2: The gravitational force between two
uniform objects is directed along the line
joining their centres.

Let two objects A and B of masses M and
m lie at a distance d from each other as shown
in Fig. 5.2. Let the force of attraction between
two objects be F. According to the universal
law of gravitation, The force between two
objects is directly proportional to the
product of their masses. That is,

F µM ́  m (5.1)
And the force between two objects is
inversely proportional to the square of
the distance between them, that is,

µ
2

1
F

d
(5.2)

Combining Eqs. (5.1) and (5.2), we get

F µ  2

´M m

d
(5.3)

or,  
´

G
2

M m
F =

d
(5.4)

where G is the constant of proportionality
and is called the universal gravitation
constant.
By multiplying crosswise, Eq. (5.4) gives

 F ´ d 2 = G M ´ m
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 4−00 ùΣôÕ Χνκ♦Υο ↑ƒ9
ΡΤÕ úΣςηΟιƒο ∆ρΖ ≅û∴ιÕ ùΣôÚγΚÞλ

Τσ[ ≅û∴ιÕ ùΣôÚγΚûΖÙλ ΙÚ ↑ûΜ♠∴ôο
Χνχ€τ[∴− Βπ↑ûΜΥô∴Õ ≅Ξσ°τ ♣û[Κ↓τ
ùΣÚχΚσΣΩàχÏ úΡνιΘΚ↑Ûλ+ ≅Ξσ°σÏ
ΒûΟúΥÙρΖ çςιƒτ ΒÚΤ⁄χÏ ΦƒνιΘΚ↑Ûλ
ΒÚχÏλ−

Βπ↑ûΜ ΒοûΩΥô♠τ Κο úΡνχúΚôγÓκΣôûΘ♠ο
Σ[ϕÕ ùΜοÛλ− ΒϕΘ úΡνχúΚôγÓκΣôûΘ
ΞγΟκΣôûΘ♠τ ùΘôÓúΚôγ⁄ο ≅ûΤÙλ−

úΤ
Û
λ
 ≅

°
úΞ

ôλ

ΙÚ ΞγΟιƒτ ùΘôÓúΚôÓ

ΙÚ ΞγΟιûΘ Ιúς ΙÚ ×ρ↓♠ο ΤγÓúΤ
ΜϕƒχÏλ ΙÚ úΡνχúΚôγûΟ ≅πΞγΟιƒτ
ùΘôÓúΚôÓ Φτ€ú[ôλ− ABC  úΡνχúΚôÓ B
×ρ↓♠ο ΞγΟιƒτ ùΘôÓúΚôΟôÏλ−

é♥ûΥε Ñσ° Μϕƒς±τ ΒΥχΚιƒσÏ ΚôςΠΤôΚ
≅ûΤΞÕ ûΤΥ úΡôχÏ ↑ûΜΥôÏλ− é♥♠τ Χνκ×
↑ûΜ♠∴ôο ΒϕΘ ûΤΥ úΡôχÏ ↑ûΜ ΞΨδΚκ
ΣÓ€τ[Õ− Βπ↑ûΜ ΒοûΩùΥ±ο Μϕƒςτ ≠ςô∴
úΡνχúΚôγÓ ΒΥχΚιûΘι ùΘôΟÚλ−

•θúΡôχ€  ↑Ýλ  Ακ♦ρ  é♥ûΥ  úΡôχ€
ΧνχΚκΣÓΞûΘ Ρôλ Κôη€τú[ôλ− Ακ♦ρ é♥ûΥ
ΧνχÏΤô> ≅πΞôß ♣ΚÝùΤ±ο Ακ♦ûΖ úΡôχ€
é♥ ΒΥδÏΞûΘ ΡλΤôο ΚôΠØ⁄ΞƒοûΩ Γτ>

ΒΥχΚιƒτ êτ[ôλ ↑ƒ♠τΣ⁄ Ακ♦Þλ é♥ûΥ
Χνχ€τ[Õ− Α∴ôο ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ♠τΣ⁄+
ΙÚ Ï°κ♦γΟ ↑ûΜχÏ ØÓχΚΤô∴Õ+ ≅κùΣôÚ↓τ
♣û[χÏ ΦƒνιΘΚ↑ο ΒÚχÏλ ∋ΜΤτΣôÓ ∋4−3((− é♥♠τ
♣û[ûΥ Ικ♦Óλ úΣôÕ Ακ♦↓τ ♣û[Υô∴Õ
×[χΚ∞χΚιΘχΚ ≅ΖÜ ′°ΥΘôÏλ− Φ∴úΞ é♥
Ακ♦ûΖ úΡôχ€ε ùΜοΞûΘ Ρôλ ΚôηΣƒοûΩ−
Μϕƒςû∴ úΡôχ€ é♥ Γτ ΒΥδÏΞƒοûΩ ΦτΣΘσÏλ
ΒúΘ ↑ΞôΘιûΘ Ρôλ ¿γ⁄χΚΩôλ−

ΡΤÕ ã↔Υχ ÏÓλΣιƒο ≅û∴ιÕ úΚôρΚÞλ
ã↔Υû∴ úΡôχ€ ΒΥδÏ€τ[∴− úΤσΚηΟ
↑ΞôΘιƒο ΒÚϕÕ ã↔Υτ Τσßλ úΚôρΚÞχÏ
ΒûΟ♠ο ΙÚ ↑ûΜ ΒÚϕúΘΥôΚ úΞηÓλ Φ∴
Ρôλ á[Ωôλ− úΤσΚηΟ ∆ηûΤΚûΖ
≅⁄κΣûΟΥôΚχ ùΚôηÓ Μϕƒςτ Τσßλ Ακ♦ûΖ
ΤγÓλ é♥ ΧνκΣƒοûΩ− ♦ςΣφΜιƒο ∆ρΖ
≅û∴ιÕ ùΣôÚγΚÞλ Ιτû[ùΥôτß ΧνχÏλ Φ∴
♣ëγΟτ ¾νΤô±ιΘôν− ùΣôÚγΚ↓ûΟúΥ ùΜΥοΣÓλ
ΒϕΘ Χνκ× ↑ûΜûΥúΥ Ρôλ !Χνκ♦Υο ↑ûΜ& Φ∴
≅ûΨχ€τú[ôλ−

Βπ↑ςηÓ ùΣôÚγΚ↓τ ûΤΥκ×ρ↓ΚûΖ
ΒûΠχÏλ úΚôγ⁄τ Ξ→ΥôΚ Βπ↑ûΜ ùΜΥοΣÓλ−

G
2

Mm
F =

d

ΣΟλ 4−1 ΒςηÓ ≠ςô∴ ùΣôÚγΚÞχÏ ΒûΟúΥΥô∴
Χνκ♦Υο ↑ûΜ ≅Ξσ°τ ûΤΥκ×ρ↓ΚûΖ
ΒûΠχÏλ úΚôγ⁄τ Ξ→ΥôΚ ùΜΥοΣÓΘο−

ΣΟλ 4−1 ο Κôγ⁄ΥΞôß M  Τσßλ m  ♣û[ûΥÙûΟΥ
ΒςηÓ ùΣôÚγΚρ A Τσßλ  B Α€ΥûΞ ‘d’
ΒûΟùΞ↓♠ο ≅ûΤϕƒÚκΣΘôΚχ ùΚôρúΞôλ−
Βπ↑ςηÓ ùΣôÚγΚÞχÏ ΒûΟúΥÙρΖ Χνκ× ↑ûΜûΥ
‘F’  Φ∴χ ùΚôρúΞôλ− ùΣôÕ Χνκ♦Υο ↑ƒ♠τΣ⁄
ΒςηÓ ùΣôÚγΚÞχÏ ΒûΟúΥÙρΖ ↑ûΜ
≅Ξσ°τ ♣û[Κ↓τ ùΣÚχΚσ ΣΩàχÏ
úΡνιΘΚ↑ο ΒÚχÏλ+ ≅ΘôΞÕ+

F µM ́  m (5.1)
úΤÛλ+ ΒςηÓ ùΣôÚγΚÞχÏ ΒûΟúΥΥô∴ ↑ûΜ
≅Ξσ°σÏ ΒûΟúΥÙρΖ çςιƒτ ΒÚΤ⁄χÏ
ΦƒνιΘΚ↑ο ΒÚχÏλ− ≅ΘôΞÕ+

µ
2

1
F

d
     (5.2)

ΜΤτΣôÓΚρ ∋4−0( Τσßλ ∋4−1(Η Ιτ°ûΠχÏλ úΣôÕ

F µ  2

´M m

d
(5.3)

   
´

G
2

M m
F =

d
(5.4)

ΒδÏ G ΦτΣÕ ↑€Θ Τô°←ΥôÏλ− ΒÕ !ùΣôÕ
Χνκ♦Υο Τô°←& Φ∴ ≅ûΨχΚκΣÓ€τ[Õ− ΜΤτΣôÓ
∋4−3(Η ÏßχÏκ ùΣÚχΚο ùΜµÙλ úΣôÕ+

 F ´ d 2 = G M ´ m
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From Eq. (9.4), the force exerted by the
earth on the moon is

´
G 2

M m
F =

d

11 2 -2 24 22

8 2

6.7 10 N m kg 6 10 kg 7.4 10 kg

(3.84 10 m)

-´ ´ ´ ´ ´
=

´

= 2.02 ́  1020 N.

Thus, the force exerted by the earth on
the moon is 2.02 ́  1020 N.

uestions
1. State the universal law of

gravitation.
2. Write the formula to find the

magnitude of the gravitational
force between the earth and an
object on the surface of the earth.

5.1.2 IMPORTANCE OF THE UNIVERSAL

LAW OF GRAVITATION

The universal law of gravitation successfully
explained several phenomena which were
believed to be unconnected:

(i) the force that binds us to the earth;
(ii) the motion of the moon around the

earth;
(iii) the motion of planets around the Sun;

and
(iv) the  tides  due  to  the  moon  and  the

Sun.

5.2 Free Fall
Let us try to understand the meaning of free
fall by performing this activity.

Activity ______________ 5.2
· Take a stone.
· Throw it upwards.
· It reaches a certain height and then it

starts falling down.

We have learnt that the earth attracts
objects  towards  it.  This  is  due  to  the
gravitational force. Whenever objects fall
towards the earth under this force alone, we
say that the objects are in free fall. Is there any

or
2

G =
´

F d

M m
(5.5)

The SI unit of G can be obtained by
substituting the units of force, distance and
mass in Eq. (5.5) as N m2 kg–2.

The  value  of  G  was  found  out  by
Henry Cavendish (1731 – 1810) by using a
sensitive balance. The accepted value of G is
6.673 ´ 10–11 N m2 kg–2.

We know that there exists a force of
attraction between any two objects. Compute
the value of this force between you and your
friend sitting closeby. Conclude how you do
not experience this force!

The law is universal in the sense that
it is applicable to all bodies, whether
the bodies are big or small, whether
they are celestial or terrestrial.

Inverse-square

Saying that F is inversely
proportional  to  the  square  of  d
means, for example, that if d gets
bigger by a factor of 6, F becomes

1
36

times smaller..

Example 5.1 The mass of the earth is
6 ´ 1024 kg  and  that  of  the  moon  is
7.4  ́  1022 kg. If the distance between the
earth and the moon is 3.84 ´ 105 km,
calculate the force exerted by the earth on
the moon. (Take G = 6.7  ́  10–11 N m2 kg-2)

Solution:

The mass of the earth, M = 6 ́ 1024 kg
The mass of the moon,

m = 7.4´1022 kg
The distance between the earth and the
moon,

d = 3.84 ́ 105 km
= 3.84 ́ 105 ´1000 m
= 3.84 ́ 108 m

G = 6.7 ́ 10–11 N m2 kg–2

M
or

e 
to

  
kn

ow

Q
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ΜΤτΣôÓ ∋4−3(ο ΒÚϕÕ+ Μϕƒς±τ ÁÕ é♥
ùΜΥοΣÓιÕλ ↑ûΜ+

´
G 2

M m
F =

d

11 2 -2 24 22

8 2

6.7 10 N m kg 6 10 kg 7.4 10 kg

(3.84 10 m)

-´ ´ ´ ´ ´
=

´

= 2.02 ´ 10 20 N.

Φ∴úΞ+ é♥ Μϕƒς±τ ÁÕ ùΜΥοΣÓιÕλ

↑ûΜ♠τ Τƒκ×  2.02 ´ 10 20 N.

1. ùΣôÕ Χνκ♦Υο ↑ƒûΥχ áßΚ−
2. é♥ Τσßλ é♥♠τ ×[κΣςκ♦τ

ÁÕρΖ ΓúΘàλ ΙÚ ùΣôÚÞχÏ ΒûΟúΥ
ùΜΥοΣÓλ Χνκ♦Υο ↑ûΜ♠τ ΦηΤƒκûΣχ
ΚΠχ€Óλ ãιƒςιûΘ ΦÝÕΚ−

4−0−1ùΣôÕ Χνκ♦Υο ↑ƒ♠τ Øχ€ΥιÕΞλ

ùΘôΟν♦οΩôΤο ΒÚϕΘΞûΚΥôΚ ΡλΣκΣγΟ ΣοúΞß
♣ΚθÜΚûΖ ùΣôÕ Χνκ♦Υο ↑ƒ ùΞσ°ΚςΤôΚ
↑Ζχ€ΥÕ−

(1) ΡλûΤ é♥ÙΟτ ΒûΠιƒÚχÏλ ↑ûΜ9

(2) é♥ûΥε Ñσ° Μϕƒς±τ ΒΥχΚλ :

(3) ã↔Υû∴ε Ñσ° úΚôρΚ↓τ ΒΥχΚλ :

  (4) Μϕƒςτ Τσßλ ã↔Υ∴ôο ΓσΣÓλ ≅ûΩΚρ

4−1 Θτ±εûΜΥôΚ ↑ÝΘο
ΙÚ ùΜΥûΩ ♣ΚθιÕΞΘτ êΩλ Θτ±εûΜΥôΚ

↑ÝΘûΩ ×↔ϕÕχ ùΚôρΖ ØΥÛúΞôλ−

 ùΜΥο  ̀ ````````````---------````    4−1
 · ΙÚ ΚοûΩ ΦÓιÕχ ùΚôρΖÜλ−

 · ≅ûΘ úΤοúΡôχ€ΥΞôß Φ°ΥÜλ−

 · ≅Õ ΙÚ Ï°κ♦γΟ ∆ΥςιûΘ ≅ûΟϕΘÜΟτ

ÁηÓλ •θúΡôχ€ ↑ÝϕÕ ↑Óλ−

      é♥ ùΣôÚγΚûΖ Θτû∴ úΡôχ€ ΒÝχÏλ
ΦτΣûΘ Ρôλ ΚσßρúΖôλ− ΒΘσÏχ ΚôςΠλ Χνκ♦Υο
↑ûΜΥôÏλ− ùΣôÚγΚρ ΦκùΣôÝùΘοΩôλ Βπ↑ûΜΥôο
ΤγÓúΤ é♥ûΥ úΡôχ€ ↑Ý€τ[úΘô+ ≅ιΘûΚΥ
ùΣôÚγΚûΖ Ρôλ Θτ±εûΜΥôΚ ↑Ýλ ♣ûΩ♠ο
∆ρΖ∴ Φ∴χ áß€τú[ôλ−

≅οΩÕ
2

G =
´

F d

M m
      (5.5)

↑ûΜ+ çςλ Τσßλ ♣û[ Α€ΥΞσ°τ ≅ΩÏΚûΖ
ΜΤτΣôÓ 4−4ο ♦ςƒ♠ÓΘο êΩλ G τ  SI ≅ΩÏ

N Á−2 €−€–2 Φ∴ ùΣ[κΣÓ€τ[Õ−

ΦϕΘ ΒςηÓ ùΣôÚγΚÞχÏ ΒûΟúΥÙλ Χνκ×

↑ûΜΥô∴Õ ≅ûΤϕƒÚχÏλ ΦτΣûΘ Ρôλ≅°úΞôλ−

∆δΚÞχÏλ ∆δΚρ ≅Ú€ο ≅ΤνϕÕρΖ ∆δΚρ

ΡηΣàχÏλ ΒûΟúΥÙρΖ Βπ↑ûΜûΥ ΚΠχ€ÓΚ−

¿δΚρ Βπ↑ûΜûΥ ΚΠχ€ÓΚ− ¿δΚρ Βπ↑ûΜûΥ

Γτ ∆ΠÚΞƒοûΩ ΦτΣûΘ Ø⁄Ü ùΜµÙδΚρ−

Βπ↑ƒ ≅û∴ιƒσÏλ ùΣôÕΞô∴Õ
Γù∴±ο ΒÕ ≅û∴ιÕ ùΣôÚγΚÞχÏλ
ùΣôÚϕÕλ ≅ûΞ ùΣ↔ΥΘôΚ ΒÚχΚΩôλ−
′°ΥΘôΚ ΒÚχΚΩôλ ≅ûΞ ↑τàΩûΚε
ΜôνϕΘΘôΚ ΒÚχΚΩôλ ≅οΩÕ ×↑κΣςκûΣε
ΜôνϕΘΘôΚ ΒÚχΚΩôλ−

ΦƒνιΘΚÜ , ΒÚΤ⁄
 F ΦτΣÕ d  τ ΒÚΤ⁄χÏ ΦƒνιΘΚ↑ο
ΒÚχÏλ− ΒΘτ ùΣôÚρ ΥôùΘ±ο+ ∆ΘôςΠΤôΚ

d ΤΟδÏ ≅ƒΚ↔χÏΤô∴ôο F ΦτΣÕ 
1
36

 ΤΟδÏ

Ïû[Ùλ−

ΦÓιÕχΚôγÓ 4−0

é♥♠τ ♣û[ 6 ´ 1024 €−€ Μϕƒς±τ ♣û[
7.4  ´ 1022 €−€ é♥χÏλ ΜϕƒςàχÏλ ΒûΟκΣγΟ
çςλ 3.84 ́  105  Μϕƒς±τ ÁÕ é♥ ùΜΥοΣÓιÕλ
↑ûΜûΥ ΚΠχ€ÓΚ (G=6.7 ´10–11 N Á−2 €−€--2

Φ∴χ ùΚôρΚ(

¾νÜ 9

é♥♠τ ♣û[ M < 6 ´ 1024 €−€

Μϕƒς±τ ♣û[ m < 7.4  ´ 1022 €−€
é♥ Τσßλ ΜϕƒςàχÏ
ΒûΟκΣγΟ çςλ d = 3.84 ́ 105 €−Á−

= 3.84 ́ 105 ´1000 Á−
= 3.84 ́ 108 Á−

G = 6.7 ´10–11 N m2 €−€ –2

úΤ
Û
λ
 ≅

°
úΞ

ôλ

↑∴ôχΚρ
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calculations, we can take g to be more or
less constant on or near the earth. But for
objects far from the earth, the acceleration
due to gravitational force of earth is given by
Eq. (5.7).

5.2.1 TO CALCULATE THE VALUE OF g
To calculate the value of g, we should put
the values of G, M and R in Eq. (9.9), namely,
universal gravitational constant, G = 6.7 ́  10–11

N m2 kg-2, mass of the earth, M = 6 ´ 1024 kg,
and radius of the earth,  R = 6.4 ́  106 m.

G
2

M
g =

R

-11 2 -2 24

6 2

6.7 10 N m kg 6 10 kg
=

(6.4 10 m)
´ ´ ´

´

      = 9.8 m s–2.

Thus, the value of acceleration due to gravity
of the earth, g = 9.8 m s–2.

5.2.2 MOTION OF OBJECTS UNDER THE

INFLUENCE OF GRAVITATIONAL

FORCE OF THE EARTH

Let us do an activity to understand whether
all objects hollow or solid, big or small, will
fall from a height at the same rate.

Activity ______________ 5.3
· Take a sheet of paper and a stone.

Drop them simultaneously from the
first floor of a building. Observe
whether both of them reach the
ground simultaneously.

· We see that paper reaches the ground
little later than the stone. This happens
because of air resistance. The air offers
resistance due to friction to the motion
of the falling objects. The resistance
offered by air to the paper is more than
the resistance offered to the stone. If
we  do  the  experiment  in  a  glass  jar
from which air has been sucked out,
the paper and the stone would fall at
the same rate.

change in the velocity of falling objects? While
falling, there is no change in the direction of
motion of the objects. But due to the earth’s
attraction, there will be a change in the
magnitude of the velocity. Any change in
velocity involves acceleration. Whenever an
object falls towards the earth, an acceleration
is involved. This acceleration is due to the
earth’s gravitational force. Therefore, this
acceleration is called the acceleration due to
the gravitational force of the earth (or
acceleration due to gravity). It is denoted by g.
The unit of g is the same as that of acceleration,
that is, m s–2.

We know from the second law of motion
that force is the product of mass and
acceleration. Let the mass of the stone in
activity 5.2 be m. We already know that there
is acceleration involved in falling objects due
to the gravitational force and is denoted by g.
Therefore the magnitude of the
gravitational force F will be equal to the
product of mass and acceleration due to
the gravitational force, that is,

F = m g (5.6)

From Eqs. (5.4) and (5.6) we have

2
= G

´M m
m g

d

or G
2

M
g =

d
(5.7)

where M is the mass of the earth, and d is
the distance between the object and the earth.

Let an object be on or near the surface of
the earth. The distance d in Eq. (5.7) will be
equal to R, the radius of the earth. Thus, for
objects on or near the surface of the earth,

´
G

2

M m
mg =

R
(5.8)

  G
2

M
g =

R
(5.9)

The earth is not a perfect sphere. As the
radius of the earth increases from the poles to
the equator, the value of g becomes greater at
the poles than at the equator. For most
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 ≅ƒΚκΣ⁄Υô∴ ΚΠχ•ÓΚ↓ο é♥♠τ ÁÕ ≅οΩÕ
é♥χÏ ≅Ú€ο Ρôλ ‘g’τ ΤƒκûΣ Γ[χÏû[Υ
Τô°←ΥôΚúΞ ΦÓιÕχ ùΚôρ€τú[ôλ− Α∴ôο
é♥♠←ÚϕÕ ùΘôûΩ↑ο ∆ρΖ ùΣôÚγΚÞχÏ+
é♥♠τ Χνκ♦Υο ↑ûΜ♠∴ôο ΓσΣÓλ ØÓχΚιƒτ
ΤƒκûΣ ΜΤτΣôÓ ∋4−6( ΞΨδÏ€τ[Õ−

4−1−0 gτ ΤƒκûΣχ ΚΠχ€ÓΘο

gτ  ΤƒκûΣχ  ΚΠχ€Ο  Ρôλ  G, M Τσßλ R
Α€ΥΞσû[  ΜΤτΣôÓ  ∋4−8(ο  ♦ςƒ♠Ο  úΞηÓλ
≅ΘôΞÕ+ ùΣôÕ Χνκ♦Υο Τô°← G = 6.7 ´ 10–11

N m2 kg-2 é♥♠τ ♣û[ M = 6 ´ 1024 kg Τσßλ
é♥♠τ Αςλ R = 6.4 ´ 106 m

G
2

M
g =

R

-11 2 -2 24

6 2

6.7 10 N m kg 6 10 kg
=

(6.4 10 m)

´ ´ ´
´

      =  9.8  m  s–2

Φ∴úΞ  é♥♠τ  ×↑Âνκ×  ØÓχΚιƒτ  Τƒκ×
 g = 9.8 m s–2

4−1−1 é♥♠τ Χνκ♦Υο ↑ûΜ♠τ
ΘôχΚιƒο ùΣôÚγΚ↓τ ΒΥχΚλ

ƒΟΤô∴ ≅οΩÕ ∆ρÇΟσ[+ ùΣ↔ΥΘôΚ ≅οΩÕ
′°ΥΘôΚ ∆ρΖ ≅û∴ιÕ ùΣôÚγΚÞλ ΙÚ Ï°κ♦γΟ
∆Υςιƒο ΒÚϕÕ Ιúς ÅΘιƒο ↑Ýλ ΦτΣûΘ ×↔ϕÕ
ùΚôρΖ ΙÚ ùΜΥûΩ ùΜµúΞôλ−

ùΜΥο ````````````````4−2
 · ΙÚ Κô€Θλ Τσßλ ΙÚ Κο Α€ΥΞσû[

ΦÓιÕχ  ùΚôρΖÜλ−  ≅Ξσû[  ΙÚ
Κγ⁄Οιƒτ ØΘο ΘΖιƒο ΒÚϕÕ Ιúς
úΡςιƒο ↑Ó↑χΚÜλ− ≅ûΞ ΒςηÓλ
Ιúς úΡςιƒο ΘûςûΥ ≅ûΟÙΤô ΦτΣûΘ
∆σßúΡôχΚÜλ−

  · ΚοûΩ ↑Ο Κô€Θλ ′°Õ ΘôΤΘΤôΚ
ΘûςûΥ ≅ûΟΞûΘ Ρôλ ΚôΠΩôλ−
ΒπΞôß ♣ΚΨχ ΚôςΠλ Κôσßι
ΘûΟΥôÏλ− ΘûΟ♠τ° Θτ±εûΜΥôΚ
↑Ýλ ùΣôÚγΚ↓τ ΒΥχΚιƒσÏ
∆ςôµ↑τ ΚôςΠΤôΚ Κôσß ΘûΟûΥ
≅↓χ€τ[Õ− Κôσ°∴ôο Κô€ΘιƒσÏ
ΞΨδΚκΣÓλ ΘûΟΥô∴Õ Κο←σÏ
ΞΨδΚκΣÓλ ΘûΟûΥ ↑Ο ≅ƒΚΤôÏλ−
Ρôλ ΒúΘ ùΜΥûΩ Κôσß ≅û∴ιûΘÙλ
ùΞ↓úΥσ[κΣγΟ ΙÚ ΚηΠô⁄ ⊥ô⁄♠ο
♣ΚθιÕúΞôΤô∴ôο Κô€Θλ Τσßλ Κο
ΒςηÓλ Ιúς ÅΘιƒο •úΨ ↑Ýλ−

Θτ±εûΜΥôΚ ↑Ýλ ùΣôÚγΚ↓τ ƒûΜúΞΚιƒο
Τôσ[λ ΒÚχÏΤô> Θτ±εûΜΥôΚ ↑ÝλúΣôÕ
≅κùΣôÚγΚ↓τ ΒΥχΚιƒτ ƒûΜ♠ο Φπ↑Θ Τôσ[Øλ
ΒÚκΣƒοûΩ− Α∴ôο é♥♠τ Χνκ♦τ ΚôςΠΤôΚ
ƒûΜúΞΚιƒτ ΦηΤƒκ♦ο Τôσ[λ ΓσΣÓ€τ[Õ−
ƒûΜúΞΚιƒο úΘôτßλ Φπ↑Θ Τôσ[Øλ ØÓχΚιûΘι
úΘôσß↑χÏλ− ùΣôÚγΚρ é♥ûΥ úΡôχ€
↑ÝλúΣôùΘοΩôλ  ΙÚ  ØÓχΚλ  ≅Ξσ°τ  ÁÕ
ùΜΥοΣÓ€τ[Õ− é♥♠τ ×↑Âνκ× ↑ûΜ♠∴ôο
ΒλØÓχΚλ ∆ÚΞô€τ[Õ− Φ∴úΞ ΒλØÓχΚιûΘ
é♥♠τ Χνκ♦Υο ↑ûΜ♠∴ôο úΘôτßλ ØÓχΚλ
∋≅οΩÕ ×↑Âνκ× ØÓχΚλ( Φ∴ ≅ûΨχ€τú[ôλ− ΒÕ
‘g’ Φàλ ΦÝιƒ∴ôο Ï°κ♦ΟκΣÓ€τ[Õ− g  τ ≅ΩÏλ
ØÓχΚιƒτ ≅ΩúΚΥôÏλ− ≅ΘôΞÕ m s–2.  .

 ΒΥχΚιƒτ ΒςηΟôλ ↑ƒ♠ο ΒÚϕÕ ↑ûΜ ΦτΣÕ
♣û[ Τσßλ ØÓχΚιƒτ ùΣÚχΚσΣΩτ ΦτΣûΘ Ρôλ
≅°úΞôλ− ùΜΥο 4−1ο Ï°κ♦ΟκΣγΟ Κο←τ ♣û[
M Φ∴χ ùΚôρúΞôλ− Θτ±εûΜΥôΚ ↑Ýλ
ùΣôÚγΚ↓τ ÁÕ ùΜΥοΣÓλ ØÓχΚλ Χνκ♦Υο
↑ûΜ♠∴ôο úΘôτß€τ[Õ− úΤÛλ ΒÕ g Φ∴
Ï°κ♦ΟκΣÓ€τ[Õ ΦτΣûΘ Ρôλ ≅°úΞôλ− ΑΚúΞ+
Χνκ♦Υο ↑ûΜ♠τ (F) Φη ΤƒκΣô∴Õ+ ♣û[
Τσßλ ×↑Âνκ× ØÓχΚιƒτ ùΣÚχΚο ΣΩ±σÏ
ΜΤλ ΑÏλ− ΒΞσ°←ÚϕÕ+

F = m g (5.6)
ΜΤτΣôÓΚρ 8−3 Τσßλ 8−5ο ΒÚϕÕ+

2
= G

´M m
m g

d

≅οΩÕ G
2

M
g =

d
(5.7)

ΒδÏ M  ΦτΣÕ é♥♠τ ♣û[ Τσßλ d  ΦτΣÕ
ùΣôÚρ Τσßλ é♥ Α€ΥΞσ°σÏ ΒûΟúΥÙρΖ çςλ−

ΙÚ ùΣôÚρ é♥♠τ úΤσΣςκ♦σÏ ≅Ú€ο ∆ρΖΘôΚχ
ùΚôρúΞôλ − ΜΤτΣôÓ ∋4 + 6 ( çςλ  d,
ΦτΣÕ é♥♠τ Αςλ R χÏ ΜΤΤôΚ ΒÚχÏλ− Φ∴úΞ
é♥♠τ úΤσΣςκ♦τ ÁÕ ≅οΩÕ úΤσΣςκ×χÏ ≅Ú€ο
ΒÚχÏλ ùΣôÚγΚÞχÏ

´
G

2

M m
mg =

R
(5.8)

  G
2

M
g =

R
(5.9)

é♥ ΙÚ ≠ςô∴ úΚôΖ Ξ⁄↑ο ΒÚκΣƒοûΩ−
é♥♠τ Αςλ ÕÚΞδΚ↓ο ΒÚϕÕ éΤιƒΥ úςûΚ
Ξûς ≅ƒΚ↔κΣΘ∴ôο gτ Τƒκ× éΤιƒΥ úςûΚκ
ΣÏƒûΥ ↑Ο ÕÚΞδΚ↓ο ≅ƒΚΤôΚ ΒÚχÏλ−
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We know that an object experiences
acceleration during free fall. From Eq. (5.9),
this acceleration experienced by an object is
independent of its mass. This means that all
objects hollow or solid, big or small, should
fall at the same rate. According to a story,
Galileo dropped different objects from the top
of the Leaning Tower of Pisa in Italy to prove
the same.

As g is constant near the earth, all the
equations for the uniformly accelerated
motion of objects become valid with
acceleration a  replaced by g.
The equations are:

v = u + at (5.10)

s = ut + 
1
2

 at2 (5.11)

v2 = u2 + 2as (5.12)

where u and v are the initial and final
velocities and s is the distance covered in
time, t.

In applying these equations, we will take
acceleration, a to be positive when it is in the
direction of the velocity, that is, in the
direction of motion. The acceleration, a will
be taken as negative when it opposes the
motion.

Example 5.2 A car falls off a ledge and
drops to the ground in 0.5 s. Let
g =  10  m  s–2 (for simplifying the
calculations).
(i) What is its speed on striking the

ground?
(ii) What is its average speed during the

0.5 s?
(iii) How  high  is  the  ledge  from  the

ground?

Solution:

     Time, t = ½ second
Initial velocity, u = 0 m s–1

Acceleration due to gravity, g = 10 m s–2

Acceleration of the car, a = + 10 m s–2

   (downward)
(i) speed        v = a t

                 v = 10 m s–2 ´ 0.5 s

= 5 m s–1

(ii) average speed=
2

u +v

= (0 m s–1+ 5 m s–1)/2
= 2.5 m s–1

(iii) distance travelled, s = ½ a t2

=  ½ ´ 10 m s–2 ´ (0.5 s)2

=  ½ ´ 10 m s–2 ´ 0.25 s2

=  1.25 m
Thus,
(i) its speed on striking the ground

= 5 m s–1

(ii) its average speed during the 0.5 s
= 2.5 m s–1

(iii) height of  the ledge from the ground
= 1.25 m.

Example 5.3 An object is thrown vertically
upwards and rises to a height of 10 m.
Calculate (i) the velocity with which the
object was thrown upwards and (ii) the
time taken by the object to reach the
highest point.

Solution:

Distance travelled, s = 10 m
Final velocity, v = 0 m s–1

Acceleration due to gravity, g = 9.8 m s–2

Acceleration of the object, a = –9.8 m s–2

(upward motion)
(i) v 2 = u2 + 2a s

0 =  u 2 + 2 ´ (–9.8 m s–2) ´ 10 m
–u 2 = –2 ´  9.8 ´ 10  m2 s–2

u =  196  m s-1

             u = 14 m s-1

(ii) v = u + a t
0 = 14 m s–1 – 9.8 m s–2 ´ t
t = 1.43 s.

Thus,
(i) Initial velocity, u = 14 m s–1, and
(ii) Time taken, t = 1.43 s.

uestions
1. What do you mean by free fall?
2. What do you mean by acceleration

due to gravity?
Q
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Θτ±εûΜΥôΚ ΙÚ ùΣôÚρ •úΨ ↑ÝλúΣôÕ ≅Õ
ØÓχΚιûΘ  ∆ΠÚλ  ΦτΣûΘ  Ρôλ  ≅°úΞôλ−
ΜΤτΣôÓ ∋4−8(ο ΒÚϕÕ ΙÚ ùΣôÚ↓∴ôο ∆ΠςκΣÓλ
ΒιΘûΚΥ ØÓχΚλ ≅Θτ ♣û[♠τ ÁÕ ΑΘôςκΣÓΞÕ
ΒοûΩ− ΒΘτ ùΣôÚρ ΥôùΘ±ο ∆ρÇΟσ[+ ƒΟΤô∴
ùΣ↔ΥΘôΚ ∆ρΖ Τσßλ ′°ΥΘôΚ ∆ρΖ ≅û∴ιÕ
ùΣôÚγΚÞλ Ιúς ÅΘιƒο •úΨ ↑Ý€τ[∴− ΒûΘ
♣ì♦χΚ ΒιΘô←♠ο ∆ρΖ ♦Μô ΡΚ↔τ ΜôµϕΘ
úΚô×ςιƒτ ÁƒÚϕÕ ùΞπúΞß ùΣôÚγΚûΖ ΚÄ←úΥô
Θτ±εûΜΥôΚ  ↑Ψε  ùΜµΘôν  Φ∴  ΙÚ  ΚûΘÙλ
∆ρΖÕ−  é♥χÏ ≅Ú€ο gτ Τƒκ× Τô°←ΥôÏλ−
Φ∴úΞ ØÓχΚλ a Η g ♠∴ôο Τôσ°ΥûΤιΘôÛλ
ùΣôÚγΚ↓τ ≠ςô∴ ØÓχΚØûΟΥ ΒΥχΚιƒσΚô∴
≅û∴ιÕ ΜΤτΣôÓΚÞλ ùΤµΥôÏλ−

≅εΜΤτΣôÓΚΖôΞ∴ 9

v = u + at (5.10)

s = ut + 
1
2

 at2 (5.11)

v2 = u2 + 2as (5.12)

ΒδÏ u Τσßλ v Α€ΥûΞ ùΘôΟχΚ Τσßλ Βßƒ
ƒûΜúΞΚδΚρ Τσßλ S ΦτΣÕ+ ΚôΩλ ‘t’ ο ΚΟχΚκΣγΟ
çςΤôÏλ−
 ΒεΜΤτΣôÓΚûΖ ΣΥτΣÓιÕλ úΣôÕ ƒûΜúΞΚιƒτ
ƒûΜ ≅ΘôΞÕ ΒΥχΚιƒτ ƒûΜ♠ο ØÓχΚλ a
ΒÚχÏλ úΣôÕ ≅ûΘ úΡνχÏ°ÙΟτ ΦÓιÕχùΚôρΖ
úΞηÓλ− ΒΥχΚιƒσÏ ΦƒςôΚ ΒÚχÏλ úΣôÕ ØÓχΚλ
a ûΞ ΦƒνχÏ°ÙΟτ ΦÓιÕχ ùΚôρΖ úΞηÓλ−≅Õ

ΘûςûΥ ≅ûΟÙλ úΣôÕ ≅Θτ úΞΚλ Φτ∴>

ΦÓιÕχΚôγÓ 4−1
 ΙÚ Κôν ΜôûΩ♠τ ↑↓λ♦ο ΒÚϕÕ •úΨ ↑ÝϕÕ
/−4 ↑∴ô⁄♠ο ΘûςûΥ ≅ûΟϕΘÕ−

 g =  10  m  s–2 ∋•θΚηΟ ΚΠχÏΚûΖ ¾νχΚ
ΒλΤƒκûΣ ΣΥτΣÓιÕΚ(

(1) ≅Õ ΘûςûΥ ≅ûΟÙλ úΣôÕ ≅Θτ úΞΚλ
Φτ∴>

(2) /−4 ↑∴ô⁄ úΡςιƒο ≅Θτ ΜςôΜ↔ úΞΚλ
Φτ∴>

(3) Θûς♠←ÚϕÕ ΜôûΩ♠τ ↑↓λ× ΦπΞΖÜ
∆Υςιƒο ∆ρΖÕ>

¾νÜ 9
 ΚôΩλ t = ½ ↑∴ô⁄
 ùΘôΟχΚ ƒûΜúΞΚλ u =  0  m s–1

 ×↑Âνκ× ØÓχΚλ g =  10 m s–1

 Κô↔τ ØÓχΚλ a =  +  10  m s–2 ∋•θúΡôχ€(

   (1)   úΞΚλ v = a  t

v = 10  m  s–2 ´ 0.5  s

= 5 m s–1

(2) ΜςôΜ↔ úΞΚλ =
2

u +v

= (0 m s–1+ 5 m s–1)/2
 = 2.5 m s–1

(3) ΚΟϕΘ çςλ s = ½ a t2

=  ½ ´ 10 m  s –2 ´ (0.5 s)2

=   ½ ´ 10 m  s–2 ´ 0.25  s2

=   1.25  m
Φ∴úΞ+

(1) ≅Õ ΘûςûΥ ≅ûΟÙλ úΣôÕ
≅Θτ úΞΚλ = 5 m s–1

(2) /−4 s  úΡςιƒο ≅Θτ
ΜςôΜ↔ úΞΚλ = 2.5 m s–1

(3) Θûς♠ο ΒÚϕÕ ΜôûΩ♠τ ↑↓λ×
≅ûΤϕÕρΖ ∆Υςλ

= 1.25 m.

ΦÓιÕχΚôγÓ 4−2
ΙÚ ùΣôÚρ ùΜδÏιΘôΚ úΤο úΡôχ€ Φ°ΥκΣγÓ

0/m ∆Υςλ Ξûς úΤο úΡôχ€ε ùΜο€τ[Õ−
(1) ≅κùΣôÚρ úΤοúΡôχ€ Φ°ΥκΣγΟ

ƒûΜúΞΚλ Τσßλ
(2) ùΣÚΤ ∆ΥςιûΘ ≅κùΣôÚρ ≅ûΟΥ ΦÓιÕχ

ùΚôηΟ ΚôΩλ Α€ΥΞσû[χ ΚΠχ€ÓΚ−
¾νÜ 9
   ΚΟϕΘ ùΘôûΩÜ  s = 10 m
   Βßƒ ƒûΜúΞΚλ v = 0 m s–1

    ×↑Âνκ× ØÓχΚλ  g = 9.8 m s–2

     ùΣôÚ↓τ ØÓχΚλ  a = –9.8 m s–2

             ∋úΤοúΡôχ€Υ ΒΥχΚλ(

i ) v 2 =  u2 +  2a  s
0  =   u  2 +  2  ´ (–9.8  m  s–2)  ´ 10
m
–u 2 = –2 ´  9.8 ´ 10   m2 s–2

u =   196  m  s-1

             u =  14  m  s-1

( i i ) v = u + a  t
0  =  14  m  s–1 –  9.8  m  s–2 ´ t
t = 1.43 s.

Φ∴úΞ+
(1) ùΘôΟχΚ ƒûΜúΞΚλ u = 14 m s–1

         (2)  ΦÓιÕχùΚôηΟ ΚôΩλ t = 1.43 s.

1. Θτ±εûΜΥôΚ ↑ÝΘο Φτ[ôο Φτ∴>
          2.×↑Âνκ× ØÓχΚλ Φτ[ôο Φτ∴>

↑∴ôχΚρ
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5.3 Mass
We have learnt in the previous chapter that
the mass of an object is the measure of its
inertia . We have also learnt that greater the
mass, the greater is the inertia. It remains
the same whether the object is on the earth,
the moon or even in outer space. Thus, the
mass of an object is constant and does not
change from place to place.

5.4 Weight
We know that the earth attracts every object
with a certain force and this force depends on
the mass (m) of the object and the acceleration
due to the gravity (g). The weight of an object
is the force with which it is attracted towards
the earth.
We know that

F = m ´ a, (5.13)
that is,

F = m ´ g. (5.14)
The force of attraction of the earth on an

object is known as the weight of the object. It
is denoted by W. Substituting the same in Eq.
(9.14), we have

W = m ´ g (5.15)
As the weight of an object is the force

with which it is attracted towards the earth,
the SI unit of weight is the same as that of
force, that is, newton (N). The weight is a
force acting vertically downwards; it has both
magnitude and direction.

We have learnt that the value of g is
constant at a given place. Therefore at a given
place, the weight of an object is directly
proportional to the mass, say m, of the object,
that is, W µ m. It is due to this reason that at
a given place, we can use the weight of an
object as a measure of its mass. The mass of
an object remains the same everywhere, that
is, on the earth and on any planet whereas its
weight depends on its location because g
depends on location.

5.4.1 WEIGHT OF AN  OBJECT ON

THE MOON
We have learnt that the weight of an object on
the earth is the force with which the earth

attracts the object. In the same way, the
weight of an object on the moon is the force
with which the moon attracts that object. The
mass of the moon is less than that of the
earth. Due to this the moon exerts lesser force
of attraction on objects.

Let the mass of an object be m. Let its
weight on the moon be W

m
. Let the mass of

the moon be M
m
 and its radius be R

m
.

By applying the universal law of
gravitation, the weight of the object on the
moon will be

2
G

´
= m

m
m

M m
W

R (5.16)

Let the weight of the same object on the
earth be W

e
. The mass of the earth is M and its

radius is R.

Table 5.1

Celestial Mass (kg) Radius (m)
body

Earth 5.98 ´ 1024 6.37 ´ 106

Moon 7.36 ́ ×1022 1.74 ´ 106

From Eqs. (5.9) and (5.15) we have,

´
= 2Ge

M m
W

R  (5.17)

Substituting the values from Table 5.1 in Eqs.
(5.16) and (5.17), we get

( )
22

26

7.36 10 kg
G

1.74 10 m

´ ´
=

´
m

m
W

 102.431 10 G × = ´mW m (5.18a)

and 111.474 10 G × = ´eW m (5.18b)

Dividing Eq. (5.18a) by Eq. (5.18b), we get
10

11

2.431 10

1.474 10

´
=

´
m

e

W

W

or  
1

0.165
6

m

e

W
W

= » (5.19)

Weight of theobject on themoon 1
=

Weight of theobject on theearth 6

Weight of the object on the moon
= (1/6) ́  its weight on the earth.
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4−2 ♣û[ (Mass)
ΙÚ ùΣôÚ↓τ ♣û[ ≅Θτ ♣ûΩΤιƒτ ≅ΖÅÓ Φ∴
Øτ ≅ΩÏΚ↓ο Ρôλ ΚσßρúΖôλ− ♣û[ ≅ƒΚΤôΚ
ΒÚχÏλ úΣôÕ ♣ûΩΤØλ ≅ƒΚΤôΚ ΒÚχÏλ Φ∴Üλ
Ρôλ ΚσßρúΖôλ− ΙÚ ùΣôÚρ é♥♠τ ÁÕ ΒÚχÏλ
úΣôÕλ  Μϕƒς±τ  ÁÕ  ≅οΩÕ  ↑η  ùΞ↓♠ο
ΒÚχÏλ úΣôÕλ ΒΘτ Τƒκ× Τô[ôΤο ΒÚχ€τ[Õ−
Φ∴úΞ ΙÚ ùΣôÚ↓τ ♣û[ Τô°←ΥôÏλ− úΤÛλ ΒÕ
ΒΟιƒσÏ ΒΟλ ΤôßΣÓΞÕ ΒοûΩ

4−3 ΦûΟ (Weight)
é♥ ≅û∴ιÕ ùΣôÚγΚûΖÙλ ΙÚ Ï°κ♦ΟΟ
↑ûΜÙΟτ Χνχ€τ[Õ− úΤÛλ Βπ↑ûΜ ùΣôÚ↓τ
♣û[♠τ (m)  ÁÕλ+ ×↑Âνκ× ØÓχΚιƒτ (g)
ÁÕλ ΑΘôςκΣγÓρΖÕ ΦτΣûΘ Ρôλ ≅°úΞôλ−

 ΙÚ ùΣôÚ↓τ ΦûΟ ΦτΣÕ é♥ûΥ úΡôχ€ ≅Õ
ΧνχΚκΣÓλ ↑ûΜúΥΥôÏλ−

 Ρôλ ≅°ϕΘÕ+

F = m ´ a,     (5.13)

 ≅ΘôΞÕ+

F = m ´ g. (5.14)
ΙÚ  ùΣôÚ↓τ  ÁÕ  ùΜΥοΣÓλ  é♥♠τ

Χνκ×↑ûΜúΥ ≅Θτ ΦûΟ Φ∴κΣÓ€τ[Õ− ΒÕ W Φ∴
Ï°κ♦ΟκΣÓ€τ[Õ− ΒûΘ ΜΤτΣôÓ (5.14) ο ♦ςƒ♠Ο
Ρôλ ùΣßΞÕ

W = m ´ g (5.15)

ΙÚ ùΣôÚ↓τ ΦûΟ ΦτΣÕ é♥ûΥ úΡôχ€
ΧνχΚκΣÓλ ↑ûΜΥôΘΩôο ΦûΟ♠τ SI ≅ΩÏλ

↑ûΜ♠τ ≅ΩúΚΥôÏλ− ≅ΘôΞÕ ♣ëγΟτ (N) ΦûΟ
ΦτΣÕ •θúΡôχ€ΥΞôß ùΜΥοΣÓλ ΙÚ ↑ûΜΥôÏλ−
ΒΘσÏ  ΦηΤƒκ×  Τσßλ  ƒûΜ  Α€Υ  ΒςηÓλ
∆ρΖ∴− ΙÚ ΒΟιƒο g τ Τƒκ× Τô°← ΦτΣûΘ
Ρôλ Κσú[ôλ− Φ∴úΞ ΙÚ Ï°κ♦γΟ ΒΟιƒο ΙÚ
ùΣôÚ↓τ  ΦûΟ  ≅Θτ  ♣û[  mχÏ úΡνιΘΚ↑ο
ΒÚχÏλ− ≅ΘôΞÕ W µ  m. ΒχΚôςΠιƒ∴ôúΩúΥ
ΙÚ Ï°κ♦γΟ ΒΟιƒο ΙÚ ùΣôÚ↓τ ΦûΟûΥ Ρôλ
≅Θτ ♣û[♠τ ≅ΖÅΟôΚ ΣΥτΣÓιƒχ ùΚôρΖΩôλ−

ΙÚ ùΣôÚ↓τ ♣û[ ΦϕΘ ΒΟιƒÛλ ≅ΘôΞÕ
é♥♠τ ÁÕλ Τσ[ úΚôρΚ↓τ ÁÕλ Ιúς ≅ΖΞôΚ
ΒÚχÏλ− Α∴ôο ≅Θτ ΦûΟ ΒΟιûΘε ΜôνϕΘÕ−
Γù∴±ο g  ΒΟιûΘε ΜôνιÕ ≅ûΤÙλ−

4−3−0 Μϕƒς±τ ÁÕ ΙÚ ùΣôÚ↓τ ΦûΟ

é♥♠τ  ÁÕ  ΙÚ  ùΣôÚ↓τ  ΦûΟ  ΦτΣÕ  é♥
≅κùΣôÚûΖ ΧνχÏλ ↑ûΜúΥΥôÏλ ΦτΣûΘ Ρôλ
≅°ϕúΘôλ−

 ,

ΒûΘκúΣôτú[ Μϕƒς±τ ÁÕ ≅κùΣôÚ↓τ ΦûΟ
ΦτΣÕ  Μϕƒςτ  ≅κùΣôÚûΖ  ΧνχÏλ  ↑ûΜχÏ
ΜΤΤôÏλ−  é♥♠τ  ♣û[ûΥ↑Ο  Μϕƒς±τ  ♣û[
Ïû[ΞôÏλ− ΒΘτ ΚôςΠΤôΚ ùΣôÚγΚ↓τ ÁÕ
Μϕƒςτ Ïû[Ξô∴ Χνκ× ↑ûΜûΥúΥ ùΜÛιÕ€τ[Õ−

 ΙÚ  ùΣôÚ↓τ  ♣û[ûΥ  m Φ∴χ ùΚôρúΞôλ−
Μϕƒς±τ ÁÕ ≅Θτ ΦûΟ W

m 
ΦτúΣôλ− Ρôλ

Μϕƒς±τ ♣û[ M
m
  Τσßλ ≅Θτ Αςλ R

m
 ΦτΚ−

 ùΣôÕ Χνκ♦Υο ↑ƒûΥ ΣΥτΣÓιÕλúΣôÕ+ Μϕƒς±τ
ÁÕ ΙÚ ùΣôÚ↓τ ΦûΟ+

2
G

´
= m

m
m

M m
W

R (5.16)

 é♥♠τ ÁÕ ≅úΘ ùΣôÚ↓τ ΦûΟûΥ W
e
.  ΦτΚ−

é♥♠τ ♣û[ M  Τσßλ ≅Θτ Αςλ R

     ≅γΟΞûΠ 4−0

↑η      ♣û[      Αςλ

ùΣôÚρ      (Kg)       (m)

  é♥ 5.98 ´ 1024    6.37 ´ 106

  Μϕƒςτ 7.36 ´×1022    1.74 ´ 106

   ΜΤτΣôÓ ∋4−8( Τσßλ ∋4−04( Α€ΥΞσ°←ÚϕÕ

2
G

´
= m

m
m

M m
W

R       (5.17)

       ≅γΟΞûΠ 4−0ο ∆ρΖ Τƒκ×ΚûΖ ΜΤτΣôÓ
∋4−05( Τσßλ ∋4−06( Α€ΥΞσ°ο ♦ςƒ♠Óλ úΣôÕ Ρôλ
ùΣßΞÕ+

( )
22

26

7.36 10 kg
G

1.74 10 m

´ ´
=

´
m

m
W

 102.431 10 G × = ´mW m (5.18a)

Τσßλ 111.474 10 G × = ´eW m (5.18b)

ΜΤτΣôÓ (5.18a) Η (5.18b)Αο ΞÏχÏλ úΣôÕ
Ρôλ ùΣßΞÕ+

10

11

2.431 10
1.474 10

´
=

´
m

e

W

W

≅οΩÕ  
1

0.165
6

m

e

W
W

= » (5.19)

Μϕƒς±τ ÁÕ ùΣôÚ↓τ ΦûΟ

é♥♠τ ÁÕ ùΣôÚ↓τ ΦûΟ

Μϕƒς±τ ÁÕ ùΣôÚ↓τ ΦûΟ
= (1/6) ´ é♥♠τ ÁÕ ≅Θτ ΦûΟ

�{ ì ¼ ¿ £  9.1

K > Ã Þ ø ç< �e«s�¥(¿ ì . ç>±)
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Example 5.4 Mass of an object is 10 kg.
What is its weight on the earth?

Solution:

Mass, m = 10 kg
Acceleration due to gravity, g = 9.8 m s–2

W = m ´ g
W = 10 kg ́  9.8 m s-2 = 98 N

Thus, the weight of the object is 98 N.

Example 5.5 An object weighs 10 N when
measured on the surface of the earth.
What  would  be  its  weight  when
measured on the surface of the moon?

Solution:

We know,
Weight of object on the moon

= (1/6) ́  its weight on the earth.
That is,

10
6 6

e
m

W
W = =  N.

= 1.67 N.
Thus, the weight of object on the surface
of the moon would be 1.67 N.

uestions
1. What are the differences between

the  mass  of  an  object  and  its
weight?

2. Why is the weight of an object on

the moon 
1
6

th its weight on the

earth?

5.5 Thrust and Pressure
Have you ever wondered why a camel can run
in a desert easily? Why an army tank weighing
more than a thousand tonne rests upon a
continuous chain? Why a truck or a motorbus
has much wider tyres? Why cutting tools have
sharp edges? In order to address these
questions and understand the

phenomena involved, it helps to introduce
the concepts of the net force in a particular
direction (thrust) and the force per unit area
(pressure) acting on the object concerned.

Let us try to understand the meanings of
thrust and pressure by considering the
following situations:
Situation 1: You wish to fix a poster on a
bulletin board, as shown in Fig 5.3. To do
this task you will have to press drawing pins
with your thumb. You apply a force on the
surface area of the head of the pin. This force
is directed perpendicular to the surface area
of the board. This force acts on a smaller
area at the tip of the pin.

Q
Fig. 5.3: To fix a poster, drawing pins are pressed

with  the  thumb  perpendicular  to  the
board.

Situation 2: You stand on loose sand. Your
feet go deep into the sand. Now, lie down on
the sand. You will find that your body will not
go that deep in the sand. In both cases the
force exerted on the sand is the weight of your
body.
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ΦÓιÕχΚôγÓ 4−3

ΙÚ ùΣôÚ↓τ ♣û[ 0/kg é♥♠τ ÁÕ ≅Θτ
ΦûΟ Φτ∴>

¾νÜ 9

♣û[ m = 10 kg

×↑Âνκ× ØÓχΚλ g = 9.8 m s–2

W = m ´ g
W =  10  kg  ´ 9.8  m  s-2

Φ∴úΞ+ ùΣôÚ↓τ ΦûΟ = 98 N

ΦÓιÕχΚôγÓ 4−4

é♥♠τ úΤσΣςκ♦τ ÁÕ ≅Ζ↑Óλ úΣôÕ ΙÚ
ùΣôÚρ 10N ΦûΟûΥχ ùΚôη⁄ÚϕΘÕ− Μϕƒς±τ
úΤσΣςκ♦ο ≅Ζ↑Óλ úΣôÕ ≅Θτ ΦûΟ♠τ Τƒκ×
Φτ∴ΞôΚ ΒÚχÏλ>

¾νÜ 9

    Ρôλ ≅°ϕΘÕ+
Μϕƒς±τ ÁÕ
ùΣôÚ↓τ ΦûΟ = (1/6) ́  é♥♠τ ÁÕ ùΣôÚ↓τ

     ΦûΟ
≅ΘôΞÕ+

10
6 6

e
m

W
W = =  N

           = 1.67 N.

  Φ∴úΞ+ Μϕƒς±τ úΤσΣςκ♦τ ÁÕ ùΣôÚ↓τ ΦûΟ

1.67N ΑÏλ−

1. ΙÚ ùΣôÚ↓τ ♣û[χÏλ ≅Θτ
ΦûΟχÏλ ΒûΟúΥÙρΖ úΞßΣôÓΚρ
ΥôûΞ>

2. Μϕƒς±τ ÁÕ ΙÚ ùΣôÚ↓τ
ΦûΟ♠τ Τƒκ× é♥♠τ ÁÕ ≅Θτ
ΦûΟ♠τ Τƒκ♦ο 

1
6

 ΣôΚΤôΚ
ΒÚκΣΘτ ΚôςΠλ ΥôÕ>

4−4 ∆ϕÕ↑ûΜ Τσßλ ≅ÝιΘλ 9
ΙÚ ΣôûΩΞ∴ιƒο ΙÚ ΙγΟΚιƒ∴ôο ΦπΞôß

Φ↓ΘôΚ ϑΟ Ø⁄€τ[Õ ΦτΣûΘχ ΚηÓ ¿δΚρ
↑ΥϕΘÕηΟô> Α♠ςιƒσÏλ úΤσΣγΟ ΟτΚρ
ΦûΟûΥÙûΟΥ  ΙÚ  ΒςôÔΞ  Οôδ€   ùΘôΟν
Μδ€←♠τ ÁÕ ♣ßιΘκΣγ⁄ÚκΣúΘτ>

ΜςχÏΞη⁄Κρ ≅οΩÕ úΤôγΟôν úΣÚϕÕΚρ Γτ
≅ΚΩΤô∴ ΟΥνΚûΖχ ùΚôη⁄Úχ€τ[∴>

ùΞγÓλ ΚÚ↑Κρ Γτ áνûΤΥô∴ Øû∴ΚûΖχ
ùΚôηÓρΖ∴> ΒιΘûΚΥ ↑∴ôχΚÞχÏ
↑ûΟΥ↓ιΘôÛλ Βƒο ∆ρΖ ♣ΚθûΞ ×↔ϕÕ

ùΚôρÞΘÛλ ΙÚ ùΣôÚ↓τ ÁÕ ΙÚ ƒûΜ♠ο
ùΜΥοΣÓλ ùΤôιΘ↑ûΜ ∋∆ϕÕ ↑ûΜ( Τσßλ ϑςΩÏ
Σςκ♦ο ùΜΥοΣÓλ ↑ûΜ ∋≅ÝιΘλ( Α€Υ ΚÚιÕΚûΖ
≅°ØΚλ ùΜµΥ ÕûΠ×↔€τ[∴−

•θχΚηΟ ♣ΚθÜΚûΖ ΚÚιƒο ùΚôηÓ ≅ÝιΘλ
Τσßλ ∆ϕÕ↑ûΜ Α€ΥΞσ°τ ùΣôÚûΖ ×↔ϕÕ
ùΚôρΖ ØΥÛúΞôλ−

♣ΚθÜ,0 9

    ΣΟλ 4−2ο Κôγ⁄ΥΞôß ΙÚ ÑΞùςôγ⁄ûΥ ≅°↑κ×κ
ΣΩûΚ♠ο ùΣôÚιΘ ¿δΚρ Φη∞ÉνΚρ−
ΒεùΜΥûΩε ùΜµΥ ΞûςΕ′ΚûΖ ¿δΚρ
∆δΚÞûΟΥ ΚγûΟ ↑ςοΚΖôο ≅ÝιΘ úΞηÓλ−
Ξûς Ε′♠τ ΘûΩκΣÏƒ♠τ ×[κΣςκ♦τ ÁÕ ¿δΚρ
ΙÚ ↑ûΜûΥ ùΜÛιÕ€τÈνΚρ− Βπ↑ûΜ ΣΩûΚ♠τ
×[κΣςκ♦σÏ ùΜδÏιΘô∴ ƒûΜ♠ο ùΜΥοΣÓ€τ[Õ−
Βπ↑ûΜ Ε′♠τ Øû∴♠ο ∆ρΖ ♥Κε′°Υ Σςκ♦τ
ÁÕ ùΜΥοΣÓ€τ[Õ−

  ΣΟλ 4−2 9 ΙÚ ÑΞùςôγ⁄ûΥκ ùΣôÚιΘ+ ΣΩûΚχÏ
ùΜδÏιΘôΚ ΞûςÜ Ε′Κρ ΚγûΟ↑ςΩôο
≅ÝιΘκΣÓΘο−

♣ΚθÜ ,1 9

ΘΖνΞô∴ ΤΠσΣςκ♦τ ÁÕ ¿δΚρ ♣σ€τÈνΚρ−
∆δΚρ ΣôΘδΚρ ΤΠ←σÏρ ΑΨΤôΚε ùΜο€τ[∴−
Α∴ôο ∆δΚρ ∆Οο ≅πΞΖÜ ΑΨΤôΚ ùΜοΩôΤο
ΒÚκΣûΘ ¿δΚρ ΚηΟ°ΥΩôλ− úΤσΚηΟ ΒςηÓ
♣ΚθÜΚ↓Ûλ ΤΠ←τ ÁÕ ùΜΥοΣÓλ ↑ûΜ ∆δΚρ
∆Ο←τ ΦûΟχÏ ΜΤΤôÏλ−

↑∴ôχΚρ
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You have learnt that weight is the force
acting vertically downwards. Here the force
is acting perpendicular to the surface of the
sand. The force acting on an object perpendicular
to the surface is called thrust.

When you stand on loose sand, the force,
that is, the weight of your body is acting on
an area equal to area of your feet. When you
lie down, the same force acts on an area equal
to the contact area of your whole body, which
is larger than the area of your feet. Thus, the
effects of forces of the same magnitude on
different areas are different. In the above
cases, thrust is the same. But effects are
different. Therefore the effect of thrust
depends on the area on which it acts.

The effect of thrust on sand is larger while
standing than while lying. The thrust on unit
area is called pressure. Thus,

thrust
Pressure=

area
(5.20)

Substituting the SI unit of thrust and area
in Eq. (5.20), we get the SI unit of pressure
as N/m2 or N m–2.

In honour of scientist Blaise Pascal, the
SI unit of pressure is called pascal, denoted
as Pa.

Let us consider a numerical example to
understand the effects of thrust acting on
different areas.

Example 5.6 A block of wood is kept on a
tabletop. The mass of wooden block
is 5 kg and its dimensions are 40
cm ́  20 cm ́  10 cm. Find the pressure

exerted by the wooden block on the table
top if it is made to lie on the table top
with its sides of dimensions (a) 20 cm
´ 10 cm and (b) 40 cm ´ 20 cm.

Solution:

The mass of the wooden block = 5 kg
The dimensions

= 40 cm ´ 20 cm ´ 10 cm
Here, the weight of the wooden block
applies a thrust on the table top.
That is,
  Thrust = F = m ´ g

= 5 kg ´ 9.8 m s–2

= 49 N
Area of a side = length ´ breadth

= 20 cm ´ 10 cm
= 200 cm2 = 0.02 m2

From Eq. (5.20),

Pressure = 2

49N

0.02m

= 2450 N m-2.
When the block lies on its side of
dimensions 40 cm ´ 20 cm, it exerts
the same thrust.
Area= length ́  breadth

= 40 cm ´ 20 cm
= 800 cm2 = 0.08 m2

From Eq. (9.20),

Pressure = 2

49 N

0.08m

= 612.5 N m–2

The pressure exerted by the side 20 cm
´ 10 cm is 2450 N m–2 and by the side
40 cm ´ 20 cm is 612.5 N m–2.

Thus, the same force acting on a smaller
area exerts a larger pressure, and a smaller
pressure on a larger area. This is the reason
why a nail has a pointed tip, knives have sharp
edges and buildings have wide foundations.

5.5.1 PRESSURE IN FLUIDS

All liquids and gases are fluids. A solid exerts
pressure on a surface due to its weight.
Similarly, fluids have weight, and they also

Fig. 5.4
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ΦûΟ  ΦτΣÕ  ùΜδÏιΘôΚ  •θúΡôχ€ΥΞôß
ùΜΥοΣÓλ ↑ûΜ ΦτΣûΘ ¿δΚρ ΚσÈνΚρ− ΒδÏ
ΤΠο Σςκ♦σÏ ùΜδÏιΘôΚ ↑ûΜΥô∴Õ
ùΜΥοΣÓ€τ[Õ− ΙÚ ùΣôÚ↓τ ÁÕ ×[κΣςκ♦σÏ
ùΜδÏιΘôΚ ùΜΥοΣÓλ ↑ûΜûΥúΥ ∆ϕÕ↑ûΜ
Φτ€ú[ôλ−

ΘΖνΞôΚ ∆ρΖ ΤΠ←τ ÁÕ ¿δΚρ ♣σÏλ úΣôÕ+
↑ûΜΥô∴Õ ≅ΘôΞÕ ∆δΚρ ∆Ο←τ ΦûΟΥô∴Õ
∆δΚρ ΣôΘιƒτ ΣςκΣΖ↑σÏ ΜΤΤô∴ ΣςκΣΖ↑τ
ÁÕ ùΜΥοΣÓ€τ[Õ− ¿δΚρ ΤΠ←τ ÁÕ ΣÓιƒÚχÏλ
úΣôÕ ≅úΘ≅ΖÜ ↑ûΜ ∆δΚρ ùΤôιΘ ∆Ο←τ
ùΘôÓλ Σ ςκΣΖ↑σÏ ΜΤΤô∴ Σςκ♦τÁÕ
ùΜΥοΣÓ€τ[Õ− ΒκΣςκ× ∆δΚρ ΣôΘιƒτ
ΣςκΣΖûΞ↑Ο  ≅ƒΚΤôÏλ−  Φ∴úΞ  Ιúς  ≅ΖÜ
ΦηΤƒκûΣχ ùΚôηÓ ùΞπúΞß ΣςκΣΖÜΚ↓τ ÁÕ
ùΜΥοΣÓλ ↑ûΜΚ↓τ ↑ûΖÜΚρ ùΞπúΞ[ôΚ
ΒÚχÏλ− úΤσΚηΟ ΒςηÓ ♣ΚθÜΚ↓Ûλ ∆ϕÕ↑ûΜ
ΜΤΤôÏλ− Α∴ôο ≅Θτ ↑ûΖÜΚρ ΤôßΣγΟûΞ−
Φ∴úΞ ∆ϕÕ↑ûΜ♠τ ↑ûΖÜΚρ ≅Õ ùΜΥοΣÓλ
Σςκ♦τ ≅Ζ↑τÁÕ ΑΘôςκΣγÓρΖÕ−

ΤΠ←τ ÁÕ ùΜΥοΣÓλ ∆ϕÕ ↑ûΜ♠τ ↑ûΖÜ
ΣÓιƒÚχÏλ ♣ûΩûΥ↑Ο ♣τß ùΚôη⁄ÚχÏλ úΣôÕ
≅ƒΚΤôÏλ− ϑςΩÏ Σςκ♦τ ÁÕ ùΜΥοΣÓλ
∆ϕÕ↑ûΜûΥúΥ Ρôλ ≅ÝιΘλ Φτ€ú[ôλ− Φ∴úΞ+

          ∆ϕÕ ↑ûΜ

ΣςκΣΖÜ                ∋4−1/(

∆ϕÕ↑ûΜ  Τσßλ  ΣςκΣΖÜ  Α€ΥΞσ°τ  SI
≅ΩÏΚûΖ ΜΤτΣôÓ ∋8−1/(ο ♦ςƒ♠Óλ úΣôÕ Ρôλ
≅ÝιΘιƒτ SI ≅ΩûΚ N/m2 ≅οΩÕ N m–2. Φ∴
ùΣß€τú[ôλ−

≅°↑ΥΩ°Νν ♦ùΖµυ ΣôυΚο ≅ΞνΚûΖ
ùΚΖςΞκΣÓιÕλ ↑ΘΤôΚ ≅ÝιΘιƒτ SI ≅ΩÏ
ΣôυΚο Φ∴ ΞΨδΚκΣÓ€τ[Õ− ΒÕ Pa Φ∴
Ï°κ♦ΟκΣÓ€τ[Õ− ùΞπúΞß ΣςκΣΖÜΚ↓τ ÁÕ
ùΜΥοΣÓλ ∆ϕÕ↑ûΜ♠τ ↑ûΖÜΚûΖ ×↔ϕÕχ
ùΚôρΖ ΙÚ Φη∞Υο ∆ΘôςΠιûΘχ ΚôηúΣôλ−
ΦÓιÕχΚôγÓ 4−5 9

ΙÚ ΤςιÕηÓ ΙÚ úΤû⊥♠τ ÁÕ
ûΞχΚκΣÓ€τ[Õ− ≅λΤςιÕη⁄τ ♣û[ 5 kg
Τσßλ ≅Θτ ≅ΖÜΚρ 40cm ´ 20cm ´10cm
•θχΚηΟ ≅ΖÜΚûΖÙûΟΥ ΤςιÕηÓΚρ

úΤû⊥♠τ ÁÕ ≅ûΤϕƒÚχÏλ úΣôÕ úΤû⊥♠τ
ÁÕ ≅λΤςιÕη⁄∴ôο ùΜΥοΣÓιΘκΣÓλ ↑ûΜûΥχ
ΚΠχ€ÓΚ−

 (a) 20 cm ´ 10 cm  (b) 40 cm ´ 20 cm.
¾νÜ 9

ΤςιÕη⁄τ ♣û[ = 5 kg
ΤςιÕη⁄τ ≅ΖÅÓΚρ

= 40 cm ́  20 cm ´ 10 cm
ΒδÏ ΤςιÕη⁄τ ΦûΟ
úΤû⊥♠τ ÁÕ ΙÚ ∆ϕÕ↑ûΜûΥ ùΜÛιÕ€τ[Õ−
≅ΘôΞÕ+
∆ϕÕ↑ûΜ F= m ´ g

= 5 kg ´ 9.8 m s–2

= 49 N
ΙÚ ΣχΚιƒτ ΣςκΣΖÜ < ¿Ζλ ́  ≅ΚΩλ

    = 20 cm ´ 10 cm
= 200 cm2 = 0.02 m2

ΜΤτΣôÓ ∋4−1/(ο ΒÚϕÕ+

≅ÝιΘλ =  2

49N

0.02m

   = 2450 N m-2.

ΤςιÕηÓ ≅ΖÜûΟΥ ΣχΚιƒο ûΞχΚκΣÓλúΣôÕ
≅úΘ ≅ΖÜ ∆ϕÕ ↑ûΜ ùΜΥοΣÓ€τ[Õ−

ΣςκΣΖÜ  < ¿Ζλ ́  ≅ΚΩλ
= 40 cm ´ 20 cm
= 800 cm2 = 0.08 m2

ΜΤτΣôÓ ∋4−1/(ο ΒÚϕÕ

≅ÝιΘλ < 2

49 N

0.08m

= 612.5 N m–2

20cm´10cm ≅ΖÜûΟΥ ΣχΚιƒ∴ôο
ùΜΥοΣÓιΘκΣÓλ ≅ÝιΘλ = 2450 N m-2

40cm´20cm ≅ΖÜûΟΥ ΣχΚιƒ∴ôο
ùΜΥοΣÓιΘκΣÓλ ≅ÝιΘλ 612.5 N m–2

Φ∴úΞ ΜΤΤô∴ ↑ûΜ ′°Υ Σςκ♦τÁÕ ùΜΥοΣÓλ
úΣôÕ ≅ƒΚ ≅ÝιΘιûΘÙλ ùΣ↔Υ Σςκ♦τ ÁÕ
ùΜΥοΣÓλúΣôÕ Ïû[ϕΘ ≅ÝιΘιûΘÙλ
ùΜÛιÕ€τ[Õ ΙÚ Α∞ áνûΤΥô∴ Øû∴ûΥχ
ùΚôη⁄ÚκΣΘσÏλ ΚιƒΚρ áνûΤΥô∴ ↑↓λûΣχ
ùΚôη⁄ÚκΣΘσÏλ Τσßλ Κγ⁄ΟδΚρ ≅ΚΩΤô∴
≅⁄ιΘΖιûΘχ ùΚôη⁄ÚκΣΘσÏλ ΒÕ Øχ€Υ
ΚôςΠΤôÏλ−
4−4−0− ΣôµΤδΚ↓ο ≅ÝιΘλ 9

≅û∴ιÕ ƒςΞδΚÞλ ΞôÙχΚÞλ ΣôµΤδΚΖôÏλ−
ΙÚ ƒΟκùΣôÚρ ΙÚ ×[κΣςκ♦τ ÁÕ ≅Θτ ΦûΟ♠τ
ΚôςΠΤôΚ ≅ÝιΘιûΘ ùΜÛιÕ€τ[Õ− ΒûΘκúΣôτú[
ΣôµΤδΚÞλ ΦûΟûΥχ ùΚôη⁄Úχ€τ[∴− úΤÛλΣΟλ−  5.4(a) (b)

20 ùΜ−Á− 40 ùΜ−Á−

4
0
 ù
Μ−
Á
−

1
0
 ù
Μ−
Á
−

10
 ùΜ

−Á−

2
0 ùΜ−Á−

≅ÝιΘλ <
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bottle is greater than its weight. Therefore it
rises up when released.

To keep the bottle completely immersed,
the upward force on the bottle due to water
must be balanced. This can be achieved by
an externally applied force acting downwards.
This force must at least be equal to the
difference between the upward force and the
weight of the bottle.

The upward force exerted by the water
on the bottle is known as upthrust or
buoyant force. In fact, all objects experience
a force of buoyancy when they are immersed
in a fluid. The magnitude of this buoyant
force depends on the density of the fluid.

5.5.3 WHY OBJECTS FLOAT OR SINK WHEN

PLACED ON  THE SURFACE OF

WATER?
Let us do the following activities to arrive at an
answer for the above question.

Activity ______________ 5.5
· Take a beaker filled with water.
· Take an iron nail and place it on the

surface of the water.
· Observe what happens.

The  nail  sinks.  The  force  due  to  the
gravitational attraction of the earth on the
iron nail pulls it downwards. There is an
upthrust of water on the nail, which pushes
it upwards. But the downward force acting
on the nail is greater than the upthrust of
water on the nail. So it sinks (Fig. 5.5).

exert pressure on the base and walls of the
container in which they are enclosed. Pressure
exerted  in  any  confined  mass  of  fluid  is
transmitted undiminished in all directions.

5.5.2 BUOYANCY

Have you ever had a swim in a pool and felt
lighter? Have you ever drawn water from a
well and felt that the bucket of water is heavier
when it is out of the water? Have you ever
wondered why a ship made of iron and steel
does not sink in sea water, but while the same
amount of iron and steel in the form of a sheet
would sink? These questions can be answered
by taking buoyancy in consideration. Let us
understand the meaning of buoyancy by
doing an activity.

Activity ______________ 5.4
· Take an empty plastic bottle. Close the

mouth of the bottle with an airtight
stopper. Put it in a bucket filled with
water. You see that the bottle floats.

· Push the bottle into the water. You feel
an upward push. Try to push it further
down. You will find it difficult to push
deeper and deeper. This indicates that
water exerts a force on the bottle in the
upward direction. The upward force
exerted by the water goes on
increasing as the bottle is pushed
deeper  till it is completely immersed.

· Now, release the  bottle. It bounces
back to the surface.

· Does the force due to the gravitational
attraction of the earth act on this
bottle? If so, why doesn’t the bottle stay
immersed in water after it is released?
How can you immerse the bottle in
water?

The force due to the gravitational attraction
of the earth acts on the bottle in the downward
direction. So the bottle is pulled downwards.
But the water exerts an upward force on the
bottle. Thus, the bottle is pushed upwards.
We have learnt that weight of an object is
the force due to gravitational attraction
of the earth. When the bottle is immersed,
the upward force exerted by the water on the

Fig. 5.5: An iron nail sinks and a cork floats when
placed on the surface of water.
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ΣôµΤδΚρ ≅ûΞ ûΞχΚκΣγÓρΖ ùΚôρΚΩ±τ
≅⁄κ×[ιƒτ  ÁÕλ  ÑΞνΚ↓τ  ÁÕλ  ↑ûΜûΥ
ùΜÛιÕ€τ[∴− ΞûςΥßχΚκΣγΟ ♣û[ûΥÙûΟΥ ΙÚ
ΣôµΤςιƒσÏ ≅↓χΚκΣÓλ ≅ÝιΘλ ≅û∴ιÕ
ƒûΜΚ↓Ûλ Ïû[ΞûΟΥôΤο ΣςΞε ùΜµΥκΣÓ€τ[Õ−
4−4−1− ♥Θκ×ιΘτûΤ

¿δΚρ  ÏΖιƒο  ¿ϕÕλ  úΣôÕ  ∆δΚρ  ΦûΟ
Ïû[ΞûΘ ∆ΠνϕÕρÇνΚΖô> ¿δΚρ €Πσ°ÛρΖ
¿ûς Βû[ιΘÕηΟô+ ≅κúΣôÕ ¿ûς↑γÓ ùΞ↓úΥ
ΦÓχÏλ úΣôÕ Ξô↓♠ο ∆ρΖ ¿ν ΦûΟ ♥ÏϕΘΘôΚι
úΘôτßΞûΘ ∆ΠνϕÕρÇνΚΖô>

ΒÚλ× Τσßλ Φ?€∴ôο ΘΥô↔χΚκΣγΟ ΚκΣοΚρ
¿↔ο êθÏΞƒοûΩ Α∴ôο ≅úΘ≅ΖÜ ΒÚλ×
Τσßλ Φ?Ï Α↑ΥûΞ ΘΚÓ Ξ⁄↑ο ΒÚχÏλ úΣôÕ
êθÏ€τ[∴−  Γτ  ΦτΣûΘχ  ΚηÓ  ¿δΚρ
↑ΥϕΘÕηΟô> Βπ↑∴ôχΚÞχÏ ↑ûΟΥ↓χΚ Ρôλ
♥Θκ×ιΘτûΤûΥ ΚÚιƒο ùΚôρΖ úΞηÓλ− ΙÚ
ùΜΥûΩε ùΜµΞΘτ êΩλ ♥Θκ×ιΘτûΤ♠τ
ùΣôÚûΖ ×↔ϕÕχ ùΚôρúΞôλ−
ùΜΥο ````````````````` 4−3
· ΙÚ Κô←Υô∴ ♦Ζôυ⁄χ Σôγ⁄ûΩ ΦÓιÕχ

ùΚôρΖÜλ− ΙÚ Κôσßκ×Κô ≅ûΟκΣôû∴χ
ùΚôηÓ Σôγ⁄←τ ΞôµκΣÏƒûΥ êΟÜλ−
ΒûΘ ΙÚ ¿ν ♣ςλ♦Υ Ξô↓♠ο ûΞχΚÜλ−
Σôγ⁄ο ♥ΘκΣûΘ ¿δΚρ ΚôΠΩôλ−

·   Σôγ⁄ûΩ ¿↔àρ ≅ÝιΘÜλ− ¿δΚρ
úΤοúΡôχ€Υ ΙÚ ≅ÝιΘιûΘ ∆Πς
Ø⁄Ùλ− Σôγ⁄ûΩ úΤÛλ •θúΡôχ€
≅ÝιΘÜλ− ≅ûΘ úΤÛλ úΤÛλ ΑΨΤôΚ
≅ÝιÕΞÕ Κ⁄∴ΤôΚ ΒÚκΣûΘ ¿δΚρ
∆ΠÚÅνΚρ−

· ¿ςô∴Õ Σôγ⁄←τ ÁÕ ΙÚ ↑ûΜûΥ
úΤοúΡôχ€Υ ƒûΜ♠ο ùΜÛιÕΞûΘ ΒÕ
ΡΤχÏ ùΘ↔↑χ€τ[Õ− Σôγ⁄ο ØÝΞÕΤôΚ
êθÏλ  Ξûς  ≅ûΘ  ΑΨΤôΚ  ≅ÝιΘ
≅ÝιΘ  ¿↔∴ôο  ùΜÛιΘκΣÓλ  ΒϕΘ
úΤοúΡôχÏ ↑ûΜ ≅ƒΚ↔ιÕχùΚôηúΟ
ùΜο€τ[Õ− Σôγ⁄ûΩ ΒκúΣôÕ
↑Ó↑χΚÜλ− ≅Õ ¿↔τ úΤσΣςκ♦σÏ
ÏƒιÕ ΦÝλ−

· ΒϕΘ Σôγ⁄←τ ÁÕ é♥♠τ Χνκ♦∴ôο
úΘôτßλ Χνκ♦Υο ↑ûΜ ùΜΥοΣÓ€τ[Θô>
≅πΞôß ùΜΥοΣÓùΤ±ο Γτ Σôγ⁄ο
↑Ó↑χΚκΣγΟ ♦τ∴Úλ ¿↔ο êθ€Υ
♣ûΩ♠úΩúΥ ΒÚκΣƒοûΩ> Σôγ⁄ûΩ
¿↔àρ ¿δΚρ ΦπΞôß êθΚε
ùΜµÅνΚρ>

é♥♠τ Χςκ♦∴ôο ΓσΣÓλ Χνκ♦Υο ↑ûΜ
Σôγ⁄←τ ÁÕ •θúΡôχ€Υ ƒûΜ♠ο ùΜΥοΣÓ€τ[Õ+
Φ∴úΞ Σôγ⁄ο •θúΡôχ€ ΒÝχΚκΣÓ€τ[Õ− Α∴ôο
Σôγ⁄←τ  ÁÕ  ¿ν  ΙÚ  úΤοúΡôχ€Υ  ↑ûΜûΥ
ùΜÛιÕ€τ[Õ− Φ∴úΞ Σôγ⁄ο úΤοúΡôχ€
ΘρΖκΣÓ€τ[Õ−

é♥♠τ Χνκ♦∴ôο ΓσΣÓλ Χνκ♦Υο ↑ûΜúΥ
ΙÚ ùΣôÚ↓τ ΦûΟ Φ∴κΣÓ€τ[Õ ΦτΣûΘ
Ρôλ≅°úΞôλ− Σôγ⁄ο êθΚε ùΜµΥκΣÓλ úΣôÕ
Σôγ⁄←τ ÁÕ ¿↔∴ôο ùΜÛιΘκΣÓλ úΤοúΡôχ€Υ
↑ûΜ

 ΣΟλ 9 4−49 ¿↔τ ×[κΣςκ♦τ ÁÕ ûΞχΚκΣÓλ úΣôÕ ΙÚ
ΒÚλ× Α∞ êθÏ€τ[Õ Τσßλ ΙÚ ΘχûΚ ♥Θχ€τ[Õ−

     ≅Θτ ΦûΟûΥχ Κôγ⁄Ûλ ≅ƒΚΤôÏλ− Φ∴úΞ
≅ûΘ ↑Ó↑χÏλ úΣôÕ ≅Õ úΤο ΦÝλ×€τ[Õ−

Σôγ⁄ûΩ ØÝΞÕΤôΚ êθΚε ùΜµΥ úΞηÓΤô∴ôο+
¿↔∴ôο ≅ΘτÁÕ ùΜÛιΘκΣÓλ úΤοúΡôχ€Υ ↑ûΜ
ΜΤτ ùΜµΥκΣΟ úΞηÓλ− •θúΡôχ€ ùΜΥοΣÓλ ΙÚ
ùΞ↓κ×[ ↑ûΜûΥ ùΜΥοΣÓιÕΞΘτ êΩλ ΒûΘ
ΜΤτΣÓιΘΩôλ− Βπ↑ûΜΥô∴Õ Ïû[ϕΘΣγΜλ
úΤοúΡôχ€Υ↑ûΜ Τσßλ Σôγ⁄←τ ΦûΟ
Α€ΥΞσ°σÏ ΒûΟúΥÙρΖ úΞßΣôγ⁄σÏ ΜΤΤôΚ
ΒÚχΚ úΞηÓλ−

Σôγ⁄←τ ÁÕ ¿↔∴ôο ùΜÛιΘκΣÓλ
úΤοúΡôχ€Υ ↑ûΜûΥ úΤοúΡôχÏ ∆ϕÕ↑ûΜ
(upthrust) ≅οΩÕ ♥Θκ×↑ûΜ (buoyant) Φ∴
≅ûΨχ€τú[ôλ− ΙÚ ΣôµΤιƒο ùΣôÚγΚΖô∴Õ êθΚ
ùΜµΥκΣÓλ úΣôÕ+ ∆ηûΤ♠ο ≅û∴ιÕ ùΣôÚγΚÞλ
ΙÚ ♥Θκ× ↑ûΜûΥ ∆Πν€τ[∴− ΒϕΘ ♥Θκ×
↑ûΜ♠τ ΦηΤƒκ× ΣôµΤιƒτ ≅Ονιƒ♠τ ÁÕ
ΑΘôςκΣγ⁄ÚχÏλ−
4 −4 −2 − ¿↔τ ×[κΣςκ♦τ ÁÕ
ûΞχΚκΣÓλúΣôÕ ùΣôÚγΚρ Γτ
♥Θχ€τ[∴ ≅οΩÕ êθÏ€τ[∴>

úΤσΚηΟ ↑∴ô↑σÏ ↑ûΟûΥχΚôΠ •θχΚηΟ
ùΜΥοΚûΖ Ρôλ ùΜµúΞôλ−
ùΜΥο ````````````````` 4−4
·   ¿ν ♣ςλ♦Υ ΙÚ ÀχΚûς ΦÓιÕχ ùΚôρΖÜλ−
·  ΙÚ ΒÚλ× Α∞ûΥ ΦÓιÕχùΚôηÓ ≅ûΘ
  ¿↔τ ×[κΣςκ♦τ ÁÕ ûΞχΚÜλ−
·  ♣ΚθΞûΘ ∆σßúΡôχΚÜλ+ ΒÚλ× Α∞

êθÏ€τ[Õ−  ΒÚλ×  Α∞♠τ  ÁÕ
ùΜΥοΣÓλ é♥♠τ Χνκ♦Υο ↑ûΜ ≅ûΘ
•θúΡôχ€ ΒÝχ€τ[Õ−

     Α∞♠τ ÁÕ ¿↔∴ôο ΙÚ úΤοúΡôχÏ
∆ϕÕ↑ûΜÙλ ùΜÛιΘκΣÓ€τ[Õ− ΒÕ
Α∞ûΥ úΤοúΡôχ€ ΘρÞ€τ[Õ
Α∴ôο Α∞♠τ ÁÕ ùΜΥοΣÓλ
•θúΡôχ€Υ↑ûΜ+ ¿↔∴ôο Α∞♠τ ÁÕ
ùΜÛιΘκΣÓλ úΤοúΡôχÏ ∆ϕÕ↑ûΜûΥ
↑Ο ≅ƒΚΤôΚ ΒÚχ€τ[Õ+ Φ∴úΞ ≅Õ
êθÏ€τ[Õ ∋ΣΟλ 4−4(
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· Observe what happens to  elongation
of the string or the reading on the
balance.

You will find that the elongation of the string
or the reading of the balance decreases as the
stone is gradually lowered in the water. However,
no further change is observed once the stone
gets fully immersed in the water. What do you
infer from the decrease in the extension of the
string or the reading of the spring balance?

We know that the elongation produced in
the string or the spring balance is due to the
weight of the stone. Since the extension
decreases once the stone is lowered in water,
it means that some force acts on the stone in
upward direction. As a result, the net force on
the string decreases and hence the elongation
also decreases. As discussed earlier, this
upward force exerted by water is known as
the force of buoyancy.

What is the magnitude of the buoyant
force experienced by a body? Is it the same
in all fluids for a given body? Do all bodies
in a given fluid experience the same buoyant
force? The answer to these questions is
contained in Archimedes’ principle, stated as
follows:

Activity ______________ 5.6
· Take a beaker filled with water.
· Take a piece of cork and an iron nail of

equal mass.
· Place them on the surface of water.
· Observe what happens.

The cork floats while the nail sinks. This
happens because of the difference in their
densities. The density of a substance is
defined as the mass per unit volume. The
density of cork is less than the density of
water. This means that the upthrust of water
on the cork is greater than the weight of the
cork. So it floats (Fig. 5.5).

The density of an iron nail is more than
the density of water. This means that the
upthrust of water on the iron nail is less than
the weight of the nail. So it sinks.

Therefore objects of density less than that
of a liquid float on the liquid. The objects of
density greater than that of a liquid sink in
the liquid.

uestions
1. Why is it difficult to hold a school

bag having a strap made of a thin
and strong string?

2. What do you mean by buoyancy?
3. Why does an object float or sink

when placed on the surface of
water?

5.6 Archimedes’ Principle

Activity ______________ 5.7
· Take a piece of stone and tie it to one

end of a rubber string or a spring
balance.

· Suspend the stone by holding the
balance or the string as shown in
Fig. 5.6 (a).

·  Note the elongation of the string or
the reading on the spring balance due
to the weight of the stone.

· Now, slowly dip the stone in the water
in a container as shown in
Fig. 5.6 (b).

Fig. 5.6: (a) Observe the elongation of the rubber
string due to the weight of a piece of stone
suspended from it in air. (b) The elongation
decreases as the stone is immersed
in water.

(a)

(b)

Q
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·   ΒςκΣ↔τ ¿γ′ ≅οΩÕ υ♦↔δ Θςô′τ ≅ΖÅÓ
Α€ΥΞσ°ο ♣ΚÝλ Τôσ[δΚûΖ

∆σßúΡôχÏΚ−
ΚοûΩ ùΤÕΞôΚ ¿↔àρ êθΚε ùΜµÙλ úΣôÕ

ΒςκΣ↔τ ¿γ′ ≅οΩÕ υ♦↔δ Θςô′τ ≅ΖÅÓ
Ïû[ΞûΘ ¿δΚρ ΚôΠΩôλ− Α∴ôÛλ ΚοΩô∴Õ
ØÝΞÕΤôΚ êθΚε ùΜµΥκΣγΟ ♦τ∴ν úΤÛλ Φπ↑Θ
Τôσ[ιûΘÙλ ∆δΚΖôο ΚôΠ ΒΥΩôÕ− ΒςκΣ↔τ
¿γ′ ≅οΩÕ υ♦↔δ Θςô′τ ≅ΖÅÓ Α€ΥûΞ
Ïû[Ξƒο ΒÚϕÕ ¿δΚρ Ε€ιΘÕ Φτ∴>

ΒςκΣν ≅οΩÕ υ♦↔δ Θςô′ο ΓσΣÓιΘκΣγΟ
¿γ′χÏχ  ΚôςΠλ  Κο←τ  ΦûΟ  ΦτΣûΘ  Ρôλ
≅°úΞôλ− ¿↔àρ ΚοûΩ êθΚε ùΜµÙλ úΣôÕ
¿γ′ Ïû[Ξƒο ΒÚϕÕ ΓúΘô ΙÚ ↑ûΜ Κο←τ ÁÕ
úΤοúΡôχ€ΥΞôß ùΜΥοΣÓ€τ[Õ Φ∴
ùΣôÚρΣÓ€τ[Õ+ ΒΘτ ↑ûΖΞôΚ ΒςκΣ↔τ ÁÕ
ùΤôιΘ ↑ûΜ Ïû[χΚκΣÓ€τ[Õ− ΒΘ∴ôο ≅Θτ
¿γ′Ùλ Ïû[χΚκΣÓ€τ[Õ+ Øτ∴úς ↑ΞôƒχΚκΣγΟ
Σ⁄ ¿↔∴ôο ΞΨδΚκΣÓλ ΒϕΘ úΤοúΡôχ€Υ ↑ûΜúΥ
♥Θκ× ↑ûΜ Φ∴ ≅°ΥκΣÓ€τ[Õ−

ΙÚ ùΣôÚ↓∴ôο ∆ΠςκΣÓλ ♥Θκ× ↑ûΜ♠τ
ΦηΤƒκ× ΥôÕ> ΙÚ Ï°κ♦γΟ ùΣôÚÞχÏ ≅û∴ιÕ
ΣôµΤδΚ↓Ûλ ΒΘτ Τƒκ× ΜΤΤôΚ ΒÚχÏΤô>

ΙÚ Ï°κ♦γΟ ΣôµΤιƒο ≅û∴ιÕ ùΣôÚγΚÞλ
ΜΤΤô∴ ≅Ζ↑ο ♥Θκ× ↑ûΜûΥ ∆ΠÚΤô>
Βπ↑∴ôχΚÞχΚô∴ ↑ûΟΚρ •úΨ ùΘ↔↑χΚκΣγÓρΖ
Ανχ€♥⁄υ ΘιÕΞιƒο ∆ρΖΟδ€ÙρΖ∴−

ùΜΥο ````````````````` 4−5

·    ¿ν ♣ςλ♦Υ ΙÚ ÀχΚûς ΦÓιÕχ ùΚôρΖÜλ−
·   Ιúς ♣û[ûΥÙûΟΥ ΙÚ ΘχûΚι

ÕηûΟÙλ+ΙÚ ΒÚλ× Α∞ûΥÙλ
ΦÓιÕχùΚôρΖÜλ−

· ≅Ξσû[ ¿↔τ ×[κΣςκ♦τ ÁÕ ûΞχΚÜλ−
· ♣ΚθΞûΘ ∆σßúΡôχΚÜλ−

      ΘχûΚ ♥Θχ€τ[Õ− Α∴ôο ΒÚλ× Α∞
êθÏ€τ[Õ− ≅Ξσ°τ ≅ΟνιƒΚ↓ο ∆ρΖ
úΞßΣôÓΚúΖ ΒπΞôß ♣ΚΨ ΚôςΠΤôÏλ− ΙÚ
ùΣôÚ↓τ ≅Ονιƒ ΦτΣÕ ϑςΩÏ Κ∴ ≅Ζ↑σΚô∴
♣û[ΥôΚ ΞûςΥßχΚκΣÓ€τ[Õ− ΘχûΚ♠τ ≅Ονιƒ
¿↔τ  ≅ΟνιƒûΥ  ↑Οχ  Ïû[Ü−  ΒΘτ  ùΣôÚρ
ΥôùΘ±ο+ ΘχûΚ♠τ ÁÕ ¿↔∴ôο ΞΨδΚκΣÓλ úΤο
úΡôχÏ ∆ϕÕ ↑ûΜΥô∴Õ ΘχûΚ♠τ ΦûΟûΥ ↑Ο
≅ƒΚΤôÏλ− Φ∴úΞ ΒÕ ♥Θχ€τ[Õ− ∋ΣΟλ 4−4(

ΒÚλ× Α∞♠τ ≅Ονιƒ ¿↔τ ≅ΟνιƒûΥ ↑Ο
≅ƒΚλ− ΒΘτ ùΣôÚρ ΥôùΘ±ο ΒÚλ× Α∞♠τ
ÁÕ ¿↔∴ôο ΞΨδΚκΣÓλ úΤοúΡôχÏ ∆ϕÕ↑ûΜ♠τ
Τƒκ× ΒÚλ× Α∞♠τ ΦûΟûΥχ Κôγ⁄Ûλ
Ïû[Ξô∴ΘôÏλ− Φ∴úΞ ΒÕ êθÏ€τ[Õ−

Φ∴úΞ ΙÚ ƒςΞιƒτ ≅ΟνιƒûΥ ↑Ο Ïû[Ξô∴
≅ΟνιƒûΥÙûΟΥ ùΣôÚγΚρ ƒςΞιƒο ♥Θχ€τ[∴−
ΙÚ ƒςΞιƒτ ≅ΟνιƒûΥ ↑Ο ≅ƒΚ ≅ΟνιƒûΥ
∆ûΟΥ ùΣôÚγΚρ ƒςΞιƒο êθÏ€τ[∴−

1. ùΤο←Υ Τσßλ ∆ßƒΥô∴ Κ♠σ°∴ôο
ΘΥô↔χΚκΣγΟ ΣγûΟΚûΖχ ùΚôηΟ
×ιΘΚκûΣΚûΖ ♦⁄ιÕχ ùΚôρΞÕ Γτ
Κ⁄∴ΤôΚ ∆ρΖÕ−

1− ♥Θκ×ιΘτûΤ Φτ[ôο Φτ∴>

2+ ¿↔τ ×[κΣςκ♦τ ÁÕ ûΞχΚκΣÓλ úΣôÕ
ΙÚ ùΣôÚρ Γτ ♥Θχ€τ[Õ ≅οΩÕ êθÏ€τ[Õ>

4−5 Ανχ€♥⁄υ ΘιÕΞλ 9

ùΜΥο ````````````````` 4−7

· ΙÚ ΚοûΩ ΦÓιÕχ ùΚôηÓ ≅ûΘ ΙÚ
ΒςκΣν Κ♠σ°τ ΙÚ Øû∴♠ο ≅οΩÕ
ΙÚ υ♦↔δ Θςô′ο ΚγΟÜλ−

· ΣΟλ 4−5 (a) ο Κôγ⁄ΥΣ⁄ ΘςôÑ ≅οΩÕ
ΒςκΣν Κ♠σû[ ♦⁄ιÕχ ùΚôηÓ ΚοûΩι
ùΘôδΚ ↑ΟÜλ−

· Κο←τ ΦûΟ♠τ ΚôΠςΤôΚ ΓσΣÓλ
ΒςκΣ↔τ ¿γ′ ≅οΩÕ υ♦↔δ Θςô′τ
≅ΖÅγûΟχ Ï°ιÕχ ùΚôρΖÜλ−

· ♦τ∴ν ΣΟλ 4−5(b) ο  Κôγ⁄ΥΣ⁄  ΙÚ
ùΚôρΚΩ±ο ∆ρΖ ¿↔àρ ΚοûΩ
ùΤÕΞôΚ êθΚε ùΜµΥÜλ−

ΣΟλ 4−5 (a)  Κôσ°ο ùΘôδΚ↑ΟκΣÓλúΣôÕ Κο←τ
ΦûΟ♠τ ΚôςΠΤôΚ ΒςκΣν ÕηÓ ¿γ′ΥûΟΞûΘ
∆σß úΡôχÏΘο (b)  ΚοûΩ ¿↔àρ êθΚε
ùΜµΥκΣÓλ úΣôÕ ¿γ′ Ïû[Θο−

(a)

(b)

↑∴ôχΚρ
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What
you have
learnt
· The law of gravitation states that the force of attraction

between any two objects is proportional to the product of
their masses and inversely proportional to the square of
the distance between them.  The law applies to objects
anywhere in the universe.  Such a law is said to be universal.

· Gravitation is a weak force unless large masses are involved.
· The force of gravity decreases with altitude. It also varies

on the surface of the earth, decreasing from poles to the
equator.

· The weight of a body is the force with which the earth
attracts it.

· The weight is equal to the product of mass and acceleration
due to gravity.

· The weight may vary from place to place but the mass stays
constant.

When a body is immersed fully or partially
in a fluid, it experiences an upward force that
is equal to the weight of the fluid displaced
by it.

Now,  can  you  explain  why  a  further
decrease in the elongation of the string was
not observed in activity 5.7, as the stone was
fully immersed in water?

Archimedes was a Greek scientist. He
discovered the principle, subsequently named

after him, after noticing that
the water in a bathtub
overflowed when he stepped
into it. He ran through the
streets shouting “Eureka!”,
which means “I have got it”.
This knowledge helped him to
determine the purity of the
gold in the crown made for

the king.
His work in the field of Geometry and

Mechanics made him famous. His
understanding of levers, pulleys, wheels-
and-axle helped the Greek army in its war
with Roman army.

Archimedes

Q
Archimedes’ principle has many

applications. It is used in designing ships and
submarines. Lactometers, which are used to
determine the purity of a sample of milk and
hydrometers used for determining density of
liquids, are based on this principle.

uestions
1. You find your mass to be 42 kg

on a weighing machine. Is your
mass more or less than 42 kg?

2. You have a bag of cotton and an
iron bar, each indicating a mass
of 100 kg when measured on a
weighing machine. In reality,
one is heavier than other. Can
you say which one is heavier
and why?
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ΙÚ  ùΣôÚρ  ØÝΞÕΤôΚ  ≅οΩÕ
ΣÏƒΥΖ↑ο ΙÚ ΣôµΤιƒο êθ€♠ÚχÏλ
úΣôÕ+ ≅Θτ êΩλ ΒΟκùΣΥνε′ ùΜµΥκΣγΟ
ΣôµΤιƒτ ΦûΟχÏ ΜΤΤô∴ ≅Ζ↑ο ΙÚ
úΤο úΡôχ€Υ ↑ûΜûΥ ≅Õ ∆ΠÚλ−
 ùΜΥο 4−6ο Κο ØÝΞÕΤôΚ ¿↔àρ
êθΚε ùΜµΥκΣγΟ ♦τ∴ν ΒςκΣ↔τ ¿γ′
úΤÛλ Ïû[ΞûΘχ ΚôΠ ΒΥΩôΘÕ Γτ
Φ∴ ΒκùΣôÝÕ ∆δΚΖôο ↑ΖχΚ Ø⁄ÙΤô>

Ανχ€♥⁄υ ΙÚ €úςχΚ ↑φΝô±ΥôΞôν−
≅Ξν Ï↓Υο ùΘôγ⁄♠ο Β[δ€Υ úΣôÕ
≅ƒ←ÚϕÕ Ξ→ϕúΘô⁄+ ùΞ↓úΥ°Υ ¿ûς

ΚΞ±ιΘ ♦τ∴ν ≅Ξ↔τ
ùΣΥςôúΩúΥ ≅ûΨχΚκΣÓλ
ΒιΘιÕΞιûΘ ≅Ξν
ΚηΟ°ϕΘôν− ≅Ξν !Ρôτ
ΚηÓ♦⁄ιÕ↑γúΟτ& Φτß
ùΣôÚρΣÓλ+ !ÙúςΚô& Φτß
áχÏς←γΟΞôúς ùΘÚχΚ↓ο
ϑ⁄∴ôν − ≅ςΜÚχΚ ôΚ
ΘΥô↔χΚκΣγΟ €ÃΟιƒο ∆ρΖ
ΘδΚιƒτ çµûΤι

ΘτûΤûΥ ♣νΠ♠χΚ ΒϕΘ ≅°Ü ≅ΞÚχÏ
ΣΥτΣγΟÕ− Ξ⁄↑Υο Τσßλ ΒΥχΚ↑Υο Α€Υ
Õû[Κ↓ο ≅Ξν Ασ°Υ ≅ÚλΣ∞ ≅Ξûς
♦ς′ιƒ ùΣσ[Ξςôχ€ΥÕ− ùΡλ×úΚôοΚρ+
Κκ♦Κρ+ ΜχΚςδΚρ Τσßλ ≅εÑΚρ Α€ΥûΞ
Ï°ιΘ ≅ΞÚûΟΥ ×↔ϕÕΠνÜ úςôΤô±Υκ
ΣûΟΚÞΟτ úΣôν ×↔Υ €úςχΚκ ΣûΟΚÞχÏ
ùΣ↔Õλ ÕûΠ×↔ϕΘÕ−

Ανχ€♥⁄υ

· ΦϕΘ ΒςηÓ ùΣôÚγΚÞχÏλ ΒûΟ♠ο ùΜΥοΣÓλ Χνκ×↑ûΜ
≅Ξσ°τ ♣û[Κ↓τ ùΣÚχΚσΣΩàχÏ úΡνιΘΚ↑Ûλ
≅Ξσ°σÏ ΒûΟκΣγΟ çςιƒτ ΒÚΤ⁄χÏ ΦƒνΘΚ↑Ûλ ΒÚχÏλ
Φ∴ Χνκ♦Υο ↑ƒ áß€τ[Õ−

· ùΣ↔Υ ♣û[ûΥÙûΟΥ ùΣôÚγΚ↓τ ΘûΩÂÓ ΒοΩôΘúΣôÕ
Χνκ♦Υο ↑ûΜ ΦτΣÕ ΙÚ ΞÛΞσ[ ↑ûΜΥôÏλ−

· ∆Υςλ ≅ƒΚ↔χÏλ úΣôÕ ×↑Âνκ× ↑ûΜ Ïû[€τ[Õ− é♥♠τ
×[κΣςκ♦τ ÁÕλ ΒÕ ΤôßΣÓ€τ[Õ− ÕÚΞδΚ↓ο ÕΞδ€
éΤιƒΥ úςûΚ Ξûς ΒÕ ùΘôΟνϕÕ Ïû[€τ[Õ−

· ΙÚ ùΣôÚûΖ é♥ ΧνχÏλ ↑ûΜûΥúΥ ≅Θτ ΦûΟ Φτ€ú[ôλ−

· ΦûΟ  ΦτΣÕ  ♣û[  Τσßλ  ×↑Âνκ×  ØÓχΚλ  Α€ΥΞσ°τ
ùΣÚχΚσΣΩàχÏ ΜΤλ−

· ΦûΟ ΦτΣÕ ΒΟιƒσÏ ΒΟλ ΤôßΣΟΩôλ Α∴ôο+ ♣û[ ΦτΣÕ
Τô[ôΤο ♣ûΩΥôΚ ΒÚχÏλ−

Ανχ€♥⁄υ ΘιÕΞλ ΣοúΞß
ΣΥτΣôÓΚûΖχ ùΚôηÓρΖÕ− ΚκΣοΚρ
Τσßλ ¿ν êθ€χ ΚκΣοΚûΖ
Ξ⁄ΞûΤκΣƒο ΒÕ ΣΥτΣÓ€τ[Õ− Σô←τ
Τôƒ↔Κ↓τ çµûΤι ΘτûΤûΥ ≅Ζ↑Οκ
ΣΥτΣÓλ ΣôοΤô±Κρ ≅οΩÕ úΩχúΟô
ÁγΟνΚρ Τσßλ ¿νΤδΚ↓τ ≅ΟνιƒûΥ
♣νΠ♠χΚκ ΣΥτΣÓλ ûγúςô ÁγΟνΚρ
Α€ΥûΞ ΒιΘιÕΞιƒτ
≅⁄κΣûΟ♠úΩúΥ ùΜΥΩôσß€τ[∴−

1. ΙÚ ΦûΟ♠Óλ ΒΥϕƒςιƒτ ÁÕ
∆δΚ↓τ ♣û[ 31 €€
ΒÚκΣûΘ ¿δΚρ Κη≈νΚρ−
∆δΚ↓τ ♣û[ 31 €€ Η ↑Ο
≅ƒΚΤôΚ ΒÚχÏΤô> ≅οΩÕ
Ïû[ΞôΚ ΒÚχÏΤô>

2. ∆δΚ↓Ολ ΙÚ ΣφÑ ♣ςλ♦Υ
ûΣÙλ ΙÚ ΒÚλ×χΚγ⁄Κρ
♣û[ϕΘ ûΣÙλ ∆ρΖ∴−
≅Ξσû[ ΙÚ ΦûΟ♠Óλ ΚÚ↑♠ο
≅Ζ↑γΟúΣôÕ ΒςηÓλ 0// €€
♣û[ÙûΟΥΘôΚχ Κôγ⁄ΥÕ−
∆ηûΤ♠ο Ιτß
Τσù[ôτû[↑Ο Κ∴Τô∴Õ−
≅Ξσßρ ΦÕ Κ∴Τô∴Õ Φ∴
∆δΚΖôο á[Ø⁄ÙΤô> Γτ>

¿δΚρ Κσ[ûΞ

↑∴ôχΚρ
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· All objects experience a force of buoyancy when they are
immersed in a fluid.

· Objects having density less than that of the liquid in which
they are immersed, float on the surface of the liquid. If the
density of the object is more than the density of the liquid in
which it is immersed then it sinks in the liquid.

Exercises
1. How does the force of gravitation between two objects change

when the distance between them is reduced to half ?
2. Gravitational force acts on all objects in proportion to their

masses. Why then, a heavy object does not fall faster than
a light object?

3. What is the magnitude of the gravitational force between the
earth and a 1 kg object on its surface? (Mass of the earth is
6 ´ 1024 kg and radius of the earth is 6.4 ´ 106 m.)

4. The earth and the moon are attracted to each other by
gravitational force. Does the earth attract the moon with a
force that is greater or smaller or the same as the force
with which the moon attracts the earth?  Why?

5. If the moon attracts the earth, why does the earth not move
towards the moon?

6. What happens to the force between two objects, if
(i) the mass of one object is doubled?

(ii) the distance between the objects is doubled and tripled?
(iii) the masses of both objects are doubled?

7. What is the importance of universal law of gravitation?
8. What is the acceleration of free fall?
9. What do we call the gravitational force between the earth and

an object?
10. Amit buys few grams of gold at the poles as per the instruction

of one of his friends. He hands over the same when he meets
him at the equator. Will the friend agree with the weight of gold
bought? If not, why? [Hint: The value of g is greater at the
poles than at the equator.]

11. Why will a sheet of paper fall slower than one that is crumpled
into a ball?

12. Gravitational force on the surface of the moon is only 
1
6

 as

strong as gravitational force on the earth. What is the weight
in newtons of a 10 kg object on the moon and on the earth?
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· ΙÚ ΣôµΤιƒο êθΚε ùΜµΥκΣÓλ úΣôÕ ≅û∴ιÕ ùΣôÚγΚÞλ
ΙÚ ♥Θκ× ↑ûΜûΥ ∆ΠÚ€τ[∴−

· ΙÚ ƒςΞιƒο ûΞχΚκΣÓλ ùΣôÚγΚ↓τ ≅Ονιƒ ƒςΞιƒτ ≅ΟνιƒûΥ
↑Οχ Ïû[ΞôΚ ΒÚχÏλúΣôÕ ≅ûΞ ƒςΞιƒτ ×[κΣςκ♦τ ÁÕ
♥Θχ€τ[∴− ΙÚ ƒςΞιƒο ûΞχΚκΣÓλ ùΣôÚγΚ↓τ ≅Ονιƒ
ƒςΞιƒτ ≅ΟνιƒûΥ↑Ο ≅ƒΚΤôΚ ΒÚχÏλúΣôÕ ≅ûΞ ƒςΞιƒàρ
êθÏ€τ[∴−

Σ♠σ′Κρ
1. ΒςηÓ ùΣôÚγΚÞχÏ ΒûΟúΥÙρΖ çςλ ΣôƒΥôΚχ Ïû[χΚκΣÓλ

úΣôÕ ≅Ξσ°σÏ ΒûΟúΥÙρΖ Χνκ♦Υο↑ûΜ ΦπΞôß Τôσ[ΤûΟÙλ>
2. Χνκ♦Υο ↑ûΜ ≅û∴ιÕ ùΣôÚγΚ↓τ ÁÕλ ≅Ξσ°τ ♣û[ΚÞχÏ

úΡνιΘΚ↑ο ùΜΥοΣÓλ− ≅πΞôßρΖúΣôÕ ΙÚ ΦûΟ ♥ÏϕΘ ùΣôÚρ
ΙÚ ΦûΟÏû[ϕΘ ùΣôÚûΖ↑Ο Γτ úΞΚΤôΚ •θúΡôχ€ ↑ÝΞƒοûΩ>

3. é♥ Τσßλ ≅Θτ ×[κΣςκ♦τ ÁÕρΖ ΙÚ 0 €−€ ΦûΟÙρΖ ùΣôÚρ
Α€ΥΞσ°σÏ ΒûΟúΥ ùΜΥοΣÓλ Χςκ♦Υο ↑ûΜ♠τ ΦηΤƒκ×
ΥôÕ>∋é♥♠τ ♣û[ 6´1024 kg Τσßλ é♥♠τ Αςλ 6.4´106m.(

4. é♥ Τσßλ Μϕƒςτ Α€ΥûΞ Χνκ♦Υο ↑ûΜ♠∴ôο Ιτû[ùΥôτß
ΧνιÕχ ùΚôρ€τ[∴− é♥ Μϕƒςû∴ ΧνχÏλ ↑ûΜ+ Μϕƒςτ é♥ûΥ
ΧνχÏλ ↑ûΜûΥ ↑Ο ≅ƒΚΤôΚ ≅οΩÕ Ïû[Ξô ≅οΩÕ ΜΤΤô∴Θô>
Γτ>

5. Μϕƒςτ é♥ûΥ ΧνχÏΤô∴ôο+ é♥ Μϕƒςû∴ úΡôχ€ Γτ
ΒΥδÏΞƒοûΩ>

6. ΒςηÓ ùΣôÚγΚÞχÏ ΒûΟ♠ο ∆ρΖ ↑ûΜ •θΚηΟ ♣ΚθÜΚ↓ο
Φτ∴ΞôÏλ>
(i)   ΙÚ ùΣôÚ↓τ ♣û[ Βςγ⁄κΣôχΚκΣÓλ úΣôÕ
(ii)  ùΣôÚγΚÞχÏ ΒûΟúΥÙρΖ ↑ûΜ Βςγ⁄κΣôχΚκΣγΟôο ≅οΩÕ

         ØλΤΟδΚôχΚκΣγΟôο>
(iii) ΒςηÓ ùΣôÚγΚ↓τ ♣û[ΚÞλ Βςγ⁄κΣôχΚκΣγΟôο>

7. ùΣôÕ Χνκ♦Υο ↑ƒ♠τ Øχ€ΥιÕΞλ ΥôÕ>
8. Θτ±εûΜΥôΚ ↑ÝΘ←τ ØÓχΚλ ΥôÕ>
9. é♥ Τσßλ ΙÚ ùΣôÚÞχÏ ΒûΟúΥ ùΜΥοΣÓλ Χςκ♦Υο ↑ûΜûΥ

Ρôλ ΦπΞôß ≅ûΨχ€τú[ôλ>
10. ≅♥ι ≅ΞÚûΟΥ ΡηΣνΚÞρ ΙÚΞν úΚγÓχùΚôηΟΘτ úΣ↔ο

ÕÚΞκΣÏƒ♠ο ′Ω €ςôΤδΚ↓ο ΘδΚιûΘ Ξôδ€∴ôν− ≅ûΘ éΤιƒΥ
úςûΚκΣÏƒ♠ο ≅Ξν ΡηΣûς ΜϕƒιΘ úΣôÕ ≅Ξ↔Ολ ΙκΣûΟιΘôν−
ΞôδΚκΣγΟ ΘδΚιƒτ ΦûΟÙΟτ ≅Ξν ΡηΣν ∆ΟτΣÓΞôςô>
≅πΞô°οûΩ Φ±ο Γτ> ∋Ï°κ×9 g τ Τƒκ× éΤιƒΥ úςûΚκ
ΣÏƒûΥ ↑Ο ÕÚΞκΣÏƒΚ↓ο ≅ƒΚλ(

11. ΚΜχΚκΣγÓ ∆ÚηûΟΥôχΚκΣΟΟ ΙÚ Κô€ΘιûΘ ↑Ο ΙÚ Κô€ΘιΘôρ
ùΤÕΞôΚ •úΨ ↑Ý€τ[Õ Γτ>

12. é♥♠τ ÁÕ ∆ρΖ Χνκ♦Υο ↑ûΜûΥ↑Ο Μϕƒς±τ ×[κΣςκ♦τ

ÁÕ ∆ρΖ Χςκ♦Υο ↑ûΜ 
1
6

  ΣδÏ ΤγÓúΤ ΞÛΞô∴Õ− Μϕƒςτ
Τσßλ é♥♠τ ÁÕ ΙÚ 10 €úΩô ùΣôÚ↓τ ΦûΟûΥ ♣ëγΟτΚ↓ο
ΚΠχ€ÓΚ>
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13. A ball is thrown vertically upwards with a velocity of 49 m/s.
Calculate

(i) the maximum height to which it rises,

(ii) the total time it  takes to return to the surface of the earth.

14. A stone is released from the top of a tower of height 19.6 m.
Calculate its final velocity just before touching the ground.

15. A stone is thrown vertically upward with an initial velocity
of 40 m/s. Taking g = 10 m/s2, find the maximum height
reached by the stone. What is the net displacement and the
total distance covered by the stone?

16. Calculate the force of gravitation between the earth and the
Sun, given that the mass of the earth = 6 ´ 1024 kg and of the
Sun = 2 ´ 1030 kg. The average distance between the two is
1.5 ´ 1011 m.

17. A stone is allowed to fall from the top of a tower 100 m high
and at the same time another stone is projected vertically
upwards from the ground with a velocity of 25 m/s. Calculate
when and where the two stones will meet.

18. A ball thrown up vertically returns to the thrower after 6 s.
Find

(a) the velocity with which it was thrown up,

(b) the maximum height it reaches, and

(c) its position after 4 s.

19. In what direction does the buoyant force on an object
immersed in a liquid act?

20. Why does a block of plastic released under water come up
to the surface of water?

21. The volume of 50 g of a substance is 20 cm3. If the density of
water  is  1  g  cm–3, will the substance float or sink?

22. The volume of a 500 g sealed packet is 350 cm3. Will the
packet float or sink in water if the density of water is 1 g
cm–3? What will be the mass of the water displaced by this
packet?

23. An astronaut carries a toolbox of mass 10 kg from Earth
to the Moon.
On Earth, its weight is approximately 100 N. The
gravitational force on the Moon is about one-sixth of that
on Earth.
After reaching the Moon, which of the following statements
could be correct?
A) The mass becomes 1.67 kg and the weight becomes 100 N.
B) The mass remains 10 kg and the weight becomes 16.7 N.
C) The mass becomes 60 kg and the weight remains 100 N.
D) Both mass and weight become one-sixth of their values.
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13. 49 Á−/↑ ƒûΜúΞΚιÕΟτ ΙÚ ΣϕÕ ùΜδÏιΘôΚ úΤοúΡôχ€ Φ°ΥκΣÓ€τ[Õ
Φ±ο •θχΚηΟΞσû[ ΚΠχ€ÓΚ>
(i) ≅Õ ΦÝλ×λ ùΣÚΤ ∆Υςλ

(ii) é♥♠τ ×[κΣςκûΣ ƒÚλΣ ≅ûΟΥ ≅Õ ΦÓιÕχùΚôρÞλ ùΤôιΘ
ΚôΩλ−

14.   19.6 Á− ∆ΥςØûΟΥ ΙÚ úΚô×ςιƒτ ÁƒÚϕÕ ΙÚ Κο ↑Ó↑χΚκΣÓ€τ[Õ−

ΘûςûΥι ùΘôÓλ Μσß Øτ∴ν ≅Θτ Βßƒ ƒûΜúΞΚιûΘχ ΚΠχ€ÓΚ−
15. 40 Á−/↑ ùΘôΟχΚ ƒûΜúΞΚιÕΟτ ΙÚ Κο ùΜδÏιΘôΚ úΤοúΡôχ€

Φ°ΥκΣÓ€τ[Õ− g = 10 Á−/↑ 2 Φ∴χùΚôηÓ Κο ≅ûΟÙλ ùΣÚΤ ∆ΥςιûΘχ

ΚηΟ°ΥÜλ− ùΤôιΘ ΒΟκùΣΥνε′ Τσßλ Κο←∴ôο ΚΟχΚκΣγΟ ùΤôιΘ
ùΘôûΩÜ Α€ΥΞσû[ ΚΠχ€ÓΚ−

16.  ã↔Υτ Τσßλ é♥ Α€ΥΞσ°σÏ ΒûΟúΥ ùΜΥοΣÓλ Χνκ♦Υο ↑ûΜ♠τ

ΤƒκûΣχ ΚΠχ€ÓΚ− é♥♠τ ♣û[ = 6 ́  10 24 €−€− Τσßλ ã↔Υ±τ ♣û[
2 ´ 1030

 €−€− ΒûΞ Βςη⁄σÏλ ΒûΟ♠Ωô∴ ΜςôΜ↔ çςλ 1.5 ´ 1011
 Á−

17. 100 Á− ∆ΥςØûΟΥ ΙÚ úΚô×ςιƒτ ÁƒÚϕÕ ΙÚ Κο Θτ±εûΜΥôΚ ↑Ψε

ùΜµΥκΣγΟÕ+ ≅úΘ úΡςιƒο Τσù[ôÚ Κο 25 Á−/↑ Φàλ ùΘôΟχΚ
ƒûΜúΞΚιÕΟτ Θûς♠ο ΒÚϕÕ ùΜδÏιΘôΚ úΤοúΡôχ€ Φ°ΥκΣγΟÕ−
≅π↑ςηÓ ΚσΚÞλ ΦδÏ Τσßλ ΦκùΣôÝÕ Ιτû[ùΥôτß ΜϕƒχÏλ−

18. ΙÚ ΣϕÕ ùΜδÏιΘôΚ úΤοúΡôχ€ Φ°ΥκΣγÓ 6 ↑∴ô⁄ Κ→ιÕ ùΣÚΤ ∆ΥςιûΘ
≅ûΟ€τ[Õ− Φ±ο •θχΚηΟΞσû[χ ΚΠχ€ÓΚ−
(i) ≅Õ úΤοúΡôχ€ Φ°ΥκΣγΟ ƒûΜúΞΚλ−

(ii) ≅Õ ≅ûΟÙλ ùΣÚΤ ∆Υςλ Τσßλ
(iii) 4 ↑∴ô⁄Κρ Κ→ιÕ ≅Θτ ♣ûΩ−

19.  ΙÚ ƒςΞιƒο êθΚε ùΜµΥκΣγΟ ΙÚ ùΣôÚ↓τ ÁÕ ùΜΥοΣÓλ ♥Θκ×

↑ûΜ♠τ ƒûΜ ΥôÕ>
20.  ¿ÚχÏ ≅⁄♠ο ↑Ó↑χΚκΣÓλ ΙÚ ♦Ζôυ⁄χ ΚΩλ ¿↔τ ×[κΣςκ♦τÁÕ Γτ

ΞÚ€τ[Õ>

21. 50 €ςôλ ∆ûΟΥ ΙÚ ùΣôÚ↓τ Κ∴ ≅ΖÜ 20 ùΜ−Á−3 ¿↔τ Κ∴≅ΖÜ
1 €ςôλ ùΜ−Á–3Φ±ο ≅κùΣôÚρ ¿↔ο ♥ΘχÏΤô ≅οΩÕ êθÏΤô>

22. 500 €ςôλ ♣û[ÙûΟΥ ΙÚ ≠←ΟκΣγΟ ùΣôγΟΩιƒτ Κ∴ ≅ΖÜ 350 ùΜ−Á3

¿↔τ ≅Ονιƒ 1 €ςôλ ùΜ−Á–3 Φ±ο ≅κùΣôγΟΩλ ¿↔ο ♥ΘχÏΤô ≅οΩÕ
êθÏΤô> ΒκùΣôγΟΩιƒ∴ôο ΒΟκùΣΥνε′ ùΜµΥκΣÓλ ¿↔τ ♣û[ ΦπΞΖÜ>

23. ΙÚ ↑ηùΞ↓ Åςν 10 €−€− ♣û[ÙρΖ ΙÚ ΚÚ↑κ ùΣγ⁄ûΥ é♥♠←ÚϕÕ

♣ΩÜχÏ ΦÓιÕε ùΜο€[ôν− é♥♠ο ≅Θτ ΦûΟ úΘôςôΥΤôΚ 100 N ΑÏλ−

Μϕƒς±τ ÁΘô∴ Χνκ× ↑ûΜ+ é♥♠τ ÁΘô∴ Χνκ× ↑ûΜ♠ο Α°ο ΙÚ

ΣδΚôÏλ− ♣ΩûΞ ≅ûΟϕΘ ♦[Ï+ ♦τΞÚλ áσßΚ↓ο ΦÕ Μ↔ΥôΚ ΒÚχÏλ>

A) ♣û[ 1.67 €−€− ΑΚÜλ+ ΦûΟ 100 N ΑΚÜλ Τôß€[Õ−

B) ♣û[ 10 €−€− ΑΚÜλ+ ΦûΟ 16.7 N Α€[Õ−

C)) ♣û[ 60 €−€− Α€[Õ Τσßλ ΦûΟ 100 N Φ∴ Τô[ôΤο ΒÚχ€[Õ−

D) ♣û[Ùλ ΦûΟÙλ ≅Ξσ°τ Τƒκ×Κ↓ο Α°ο ΙÚ ΣδΚôΚ Τôßλ−
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Answers
Chapter 1

1. (a) distance = 2200 m; displacement = 200 m.

6. speed = 3.07 km s
–1

Chapter 3

4. c

5. 2 m s
–2

, 14000 N

6. –  4 N

7. (a) 35000 N

(b) 1.944 m s
–2

8. 2550 N in a direction opposite to the motion of the vehicle

9. d

10. 200 N

13. 3 kg m s
–1

14. 2.25 m; 50 N

15. 10 kg m s
–1

; 10 kg m s
–1

; 5/3 m s
–1

16. 500 kg m s
–1

; 800 kg m s
–1

; 50 N

18. 40 kg m s
–1

A2. 240 N

A3. 2500 N

A4. 5 m s
–2

; 24000 kg m s
–1

; 6000 N

    8.    velocity = 20 m s
–1

; time = 2 s
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↑ûΟΚρ

≅ΩÏ , 0

1. (a) ùΘôûΩÜ = 2200 Á : ΒΟκùΣΥνε′ < 1// Á

  6. úΞΚλ = 3.07 €−Á ↑
–1

8. ƒûΜúΞΚλ = 20 m s
–1

; ΚôΩλ = 2 ↑Ρô⁄Κρ

≅ΩÏ , 3

4. c

5. 2 Á.↑.
–2, 14000 N

6. –  4 N
7. (a) 35000 N

(b) 1.944 Á.↑.
–2

8. ΞôΚ∴ιƒτ ΒΥχΚ ƒûΜχÏ ΦƒνƒûΜ♠ο 2550 N
9. d

10. 200 N

13. 3 €. €. Á−↑.`1

14. 2.25 m; 50 N

15. 10 €−€−Á−↑.
–1; 10 €. €. Á.↑.`1; 5/3 Á.↑.

–1

16. 500 €. €. Á.↑.
–1; 800 €. €. Á.↑.

–1; 50 N

18. 40 €. €. Á.↑.
–1

A2. 240 N
A3. 2500 N

A4. 5 Á.↑.
–2; 24000 €. €. Á.↑.

–1; 6000 N
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Chapter 5

3. 9.8 N

12. Weight on earth is 98 N and on moon is 16.3 N.

13. Maximum height is 122.5 m and total time is 5 s + 5 s = 10 s.

14. 19.6 m/s

15. Maximum height = 80 m, Net displacement = 0, Total distance covered = 160 m.

16. Gravitational force = 3.56 ´ 1022 N.

17. 4 s, 80 m from the top.

18. Initial velocity = 29.4 m s–1, height = 44.1 m. After 4 s the ball will be at a
distance of 4.9 m from the top or 39.2 m from the bottom.

21. The substance will sink.

22. The packet will sink. The mass of water displaced is 350 g.

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________



139Χνκ♦Υο

 ≅ΩÏ  5

3. 9.8 N

12. é♥♠τ ÁÕ ΦûΟ 98 ♣ëγΟτΚρ Τσßλ Μϕƒς±τ ÁÕ ΦûΟ 16.3 ♣ëγΟτΚρ

13. ùΣÚΤ ∆Υςλ 122.5 Á. Τσßλ ùΤôιΘ ΚôΩλ 5 ↑ + 5 ↑ = 10 ↑.

14. 19.6 Á/↑

15. ùΣÚΤ ∆Υςλ = 80 Á. ùΤôιΘ ΒΟκùΣΥνε′ = 0, ΚΟχΚκΣÓλ ùΤôιΘ çςλ = 160 Á.

16. ×↑Âνκ× ↑ûΜ = 3.56 ´ 1022 N.

17. 4 ↑∴ô⁄, úΤ←ÚϕÕ 80 Á.

18. ùΘôΟχΚ ƒûΜúΞΚλ = 29.4 Á.↑.`1, ∆Υςλ = 44.1 Á. 4 ↑∴ô⁄χÏκ ♦[Ï ΣϕÕ

úΤ←ÚϕÕ 4.9 Á. çςιƒο ∆ρΖÕ− ≅οΩÕ •→ÚϕÕ 39.2 Á.

21. ùΣôÚρ êθÏλ.

22. ùΣôγΟΩλ êθÏ€τ[Õ− ΒΟκùΣΥνε′ ùΜµΥκΣγΟ ¿↔τ ♣û[ 350 €.

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________
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A .P.J. A bdul Kalam (Avul Pakir
Jainulabdeen Abdul Kalam) was an
Indian aerospace scientist, educator,
and the 11th President of India (2002–
2007). Born on October 15, 1931, in
Rameswaram, Tamil Nadu, he is
renowned for his contributions to
India's defense and space programs,
though his work primarily focused on
applied science rather than pure physics
or chemistry.

A.P.J. Abdul Kalam

1. Rocketry and Space Science: Kalam played a crucial role in advancing India's
space technology. He was the project director of India's first satellite launch vehicle
(SLV-3), which successfully deployed the Rohini satellite into orbit in 1980. His
work in propulsion systems involved significant applications of physics principles,
such as thermodynamics and fluid dynamics.

2. Missile Development: As the chief architect of India’s missile programs,
including the Agni and Prithvi missiles, he contributed to the application of physics
(aerodynamics and materials science) in defense technology.

3. Energy and Materials: His contributions extended to using advanced materials
and chemical formulations in rocket fuels and composite materials, reflecting his
indirect impact on chemistry.

Though A.P.J. Kalam’s primary expertise lay in engineering and technology,
his application of principles from physics and chemistry in practical innovations
significantly advanced India’s capabilities in defense and space exploration. He
remains a symbol of scientific innovation and national pride.

Contributions to Physics and Chemistry:


