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Topic 1 I SPEED AND VELOCITY 

CLASSROOM LEARNING MATERIAL (CLM)
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Topic 1 SPEED & VELOCITY (CLM)

Learntog^lilGrarch^
The following are the 1'earning objectives in the 

learning hierarchy shown in ligoHod «2o _

When the topic is completed the students should 
be able to :

I<, Aa define rest and give examples 0
B» recognize that rest is not absolute 

but only relabive0

II* A„ define motion and give exampleso
B* recognize that motion is not an absolute 

event but relative0
Go appreciate the fact that the bodies can be 

said to be in motion as well as at rest 
at the same time0

I* define uniform motion and non-uniform motion 
and give exampleso

III» A. define scalar quantities and give examples,,

IV* Ac define vector quantities and give examples„
Bo differentiate between vector and scalar 

quantities.,
Co state and illustrate triangle law of velocities 
Bo state and illustrate parallelogram law of 

velocities
Bo state and illustrate polygon law of velocitieso 
fa determine graphically the resultant of two 

velocities..

Vo Ac measure time and give its unito

VI» A„ define distance and give its unito 
Bo measure distance0

VIIo Ac define displacement and give its unito 
Bo give the limitation of the concept0 
Co differentiate between distance and displacement

VIII* Ac define angular displacement and give its units0

IXo Ac define speed0
Bo derive an expression for speedo 
Co derive the unit for speed0 
Do calculate the speed of a body from chs- 

given data0
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Fig, 1*2 Learning hierarjtf-jf

’peed and velocity



X0 A0 define velocity0B» derive an expression for velocity0 
Co derive the unit for measuring velocity« 

derive an expression for average velocityQ 
I,, distinguish between speea and velocityc 
Pa define uniform velocityQ
Go calculate the value of velocity and average 

velb city from a given dataQ

XIo A„ define angular velocitycB« derive an expression for angular velocityo 
Co state the unit in which angular velocity 

is measuredo
XII* A. derive the . . relation between

displacement velocity and time0
XIIIo Ao derive the relation between linear velocity 

and angular velocityc

XIVo Aa solve problems on speed and velocityc

lo Rest
When a body does not change its position with 

the lapse of time with respect to its axis or some other 
object, the body is considered to be fixed, is called at 
rest o

A body, say a book, kept on the table remains there at the same position even after some time, we may 
say the book has not changed its posi ion not only with 
respect to time but also with respect to the table in 
this case0 She book is at rests fixed at its position0

There is no body in this universe which can be 
considered to be fixed in absolute termso The idea of 
absolute rest is futileQ Since the earth is rotating about 
its axis and also revolving round the sun, we cannot 
have reference points as trees, houses etc0; to be bodies 
at absolute resto Our reference points themselves are 
nob at resto

However, we define the bodies at rest on the 
surface of earth taking stationary objects such as trees, 
houses etc© assuming the earth itself to be at resto

Thus, we must be clear of the fact that rest is 
not an absolute term, but relative0 With reference bo
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one object, a body can be at rest but with respect 
to asecond one, it need not bec

Evaluation

1 oWhat do you mean by absolute rest?
2oCan any body be at absolute rest? If not, why? 
5oIs it possible to have bodies at absolute, 

rest at any other part of the universe?
4©Define rest©

II. Motion -
When a body changes its position with the passage 

of time with respect to its axis or some other object taken 
as fixed, then the body is said to be in motion©

The idea of absolute motion is also futile similar 
to that of absolute rest© Assuming the earth as stationary, 
we define all motions of the surface of earth©

Motion can either be uniform or non-uniform© Any 
object that moves through equal distances in equal 
interval of time, however small the time may be, is said 
to be in uniform motion© Any body that moves through unequal 
distances in any equal intervals of time, it is said to be 
in non-uniform motion© Motion can be linear, angular or 
circular depending upon the path it describes0

Two physical quantities have to be specified to 
completely describe motion© ■

io The change in the position in space, with 
respect to a reference-point©

ii© The period of time over which, the change of 
position occurs©

Evaluation
i© Define motion, uniform motion, non-uniform motion© 

ii© Why we cannot speak of absolute motion? 
iii© Give examples for- (1) le^ear motion,

(2) circular motion© 
ivo Give an example for uniform motion©



III. Scalar Quantities

Scalar- A quantity that has only magnitude©

Examples- Mass, time, density, temperature, 
elect'ric charge, distance0

Written Hepresentation- A single magnitude
'written as either?

(i) a real-number multiple of a standard or 
well-defined unit (e0go 6 ©5 kg©, 9so 
136 g cm~D, 275 K, 2°0)l _
OE

(ii) A diagrammatic representation of an
absolute or a relative magnitude (Fig© 1o3 
and 1 o4-)o

it'wt
§ f* Vjtf

ffigol o5i Diagrammatic representation of absolute value 
The'"sorter line is 1 cm long and represents an absolute 
length of 1 cm. The longer line is similarly 4 eras long

* Mercury Saturn

Yenus

Earth
Uranus

Mars

Jupiter

Neptune

Pluto

Eig01 o4i Pictorial representation of the relative 
size of the planetso Size of the planet is proportional 
to the area of the circle0

Evaluation

1 .What are the conditions for a quantity to be 
scalar?

2©List a few examples for scalar quantitieso



IV• Vector Quantities

Vector- A quantity that has m gnitude as well as 
direction

Examples- linear displacement, linear velocity,
force, linear momentum, electric current 0

Written Representation- One of the followings

io a single letter of the alphabet printed in 
italic with an arrow over ito

(e0g0 r v, F, P, I)
o

OR
iic a single letter of the alphabet printed 

in boldo (e0go V, V, F, P, I)
OR

iiio a pair'of capital letters of the alphabet, 
printed in italic with an arrow over it„ '

(e0go ~QA, ~m)

Snecifica tion

(i) Magnitude: Numerically specified by
a scalar quantity (e0go, the magnitude of the force 
P is 2o5 N)o Algebraically, the magnitude ^f a vector M 
is denoted by the same symbol in italico m (e0go 
the magnitude of the displacement r is r')°

((ii) Directions Specified verbally mathematically
or pictorially with reference to a known reference- 
direction or co-ordinate system (eog0, the velocity of 
this car is directed due north).

Pictorial Representation

A straight line with an arrow head (Figo1c5)o

(i) Magnitudes Pictorially represented by the 
length of the straight line from base to tip of arrows- 
head drawn to scale (Pig, 1,5)o

(ii) Directions Pictorially represented by the 
arrowhead with reference to a marked reference-direction 
or coordinate-system (Pig0105)o
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I /v, lu.cig,(

Il^o1_o5: Arrow representing vector quantity,, Length
of arrow is proportional to the magnitude of the vector 
quantity; arrowhead points in the direction of the 
vector quantity,, To specify magnitude, a scale is 
necessary; for direction, a reference direction is 
necessary o

If we analyse some of the quantities known, like 
temperature or time we see that they are represented o$r 
by magnitude i0e0, expressed by degree celsius or 
seconds, and as such they are scalar quantities« But in 
the case of force not only its magnitude but also its 
direction must be known to get a sensible ideac This 
makes force a vector quantity0

Scalar quantities like 5 gms and 2 gms can be 
added up easily to give 5+2=7gms vector quantities, 
however, cannot be added up like that since both direct, on 
as well as magnitude are involved0 This can be done 
only in accordance with certain well formulated laws, 
called the laws of vector addition, and their addition 
is referred to as the composition of vectors or the 
composition of vector quantities, the sum of a number of 
vector quantities being spoken of as their resultant0

•Thus, the resultant of a number of vector 
quantities is a quantity which, taken alone, will produce 
the same effect as is done by all those quantities taken 
togethero

There are three laws of vector addition, viz«,
(i) the parallelogram law of vectors, (ii) the triangle 
law of vectors, and (iii) the polygon law of vectorso

f.i) The Parallelogram Law of Vectors; If there be two 
vectors impressed simultaneously on a particle, such that 
they can be represented in magnitude as well as direction 
by the two adjacent sides of a parallelogram, their 
resultant is represented, both in magnitude and direction, 
by the diagonal of the parallelogram, passing through 
their point of interaction,,

Thus, if u and ve be the two vectors, impressed 
simultaneously on a particle 0, (Figo1«>6(a), such that

Fig01o5s
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they can be represented in magnitude as well as 
direction by the two adjacent sides AB and AD of the 
parallelogram ABCD (Fig0106(b), their resultant R is 
represented, both in magnitude and direction, by the

diagonal AC of the "parallelogram, passing through their 
point of intersection Ao

(ii) The Triangle Law of Yectorss If there be two 
vectors impressed simultaneously on a particle, such that 
they can be represented in magnitude as well as direction 
by the two sides of a triangle, taken in order, their 
resultant is represented fully by the third side of the 
triangle taken in the opposite ordero

Thus, if u and v be the two vectors impressed 
simultaneously on a particle 0, (Fig<>1 o6(~ )), such that 
they can be represented in magnitude as well as direction . 
by the two sides AB and BC of the triangle ABC (Fig0106( b)), 
taken in order, their resultant is represented completely 
by the third side AC of the triangle, taken b in the 
opposite order, (i0e0, in the direction A to C)a

(iii) The Polygon Law of Vectors* If there- be a number 
of vectors impressed simultaneously on a particle, such 
that they can be represented in magnitude as well as 
direction by the sides of a polygon, taken in order, 
their resultant is represented completely by the closing 
side of the polygon, taken in the opposite order0
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Figo 1o7

If we have four-vectors u, v, x and y, acting 
simultaneously on the object 0, then this can be 
represented by ABODE in magnitude and direction taken in 
ordero Then their resultant is given by E (AB) in magnitude 
and directiono
MOTE; If two vectors are acting in the same direction 
then resultant is given by their sum (magnitude) and 
direction being the same as the components0
Evaluation

1oWhat are the requirements to make a quantity 
vector?

2oIn what way vector quantities differ from scalars? 3oClassify the following as scalar/vector quantity?
i<.Speed__ _ __ __ i i oY el o cityj“_~,

iiio Ac cele ration 
ivo Force_____v oWork_”_~_~_~
vioEnergy~ __ _ [

4oIf two vectors A and B (both acting southwards) 
are applied to a body what will be their resultant0 

5oWhat will be the resultant of two vectors
A southwards and B northwards acting on a body?

vii0Distance__ __ 
viii displacement

ixolime_______x oDeBnity__"”_~__ 
xioT emperaFure”

xiioMomentum___~
xiiioMass



Y0 Time

The measure of an action, event or process that 
enables us to estimate the change0

Type of quantity* Scalar

Written representation* t

Specification* Magnitudes It is measured in 
secondso Bigger-units like minute (60 seconds) and 
hour (3600 seconds) are also usedo

Dimensional representations T

Demonstration of stopwatch to measure time0 

Evaluation

1 oName some of units (other than the ones 
mentioned above)* used to measure time* 

2oHow many seconds make one day?
3oWhat is one year?

YI» Distance A
\

&
It is a measure of length between two points0 The 

distance between two points may be different depending 
upon the path taken0 Distance between A & B can be ACB 
or iDB<,

Limitations The distance need not be measured 
along a straight line and as such may not represent the 
shortest distance between two points,

Specifications 1, Being measured only by its 
magnitude") 'It' is "a"scalar quant ity<> 2o Unit metre, 
kilometre, etcQ

Dimensional representations L 

Evaluation

ioHame some of the units by which distances 
are measured 0

iioWhat makes distance a scalar quantity?
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VIIa Displacement

linear Displacement (or, simply, Displacement); The 
change in the position of a physical body in a particular 
directiono

Type of Quantity; Vector

Written Representation: d

Dimensional Representation: 1

Specifications (i) Magnitude; Straight line 
distance between initial and the final position; measured 
in metre (m)0 (ii) Directions is that wh sn moving 
from the initial to the final position, along a straight 
line o

Pictorial Representation: A straight line joining
the initial to the final position with arrowhead at the 
final posit ion o (See Pig„

limitation of the Concepts The displacement 
vector gives no indication of the actual path of motion 
of the body0 (See Pig0 1oS)0

Pig0108s Displacement (a) for a body moving in 
a straight line, (b) for a body moving in a curved path 
d1 is the displacement of the body at position A with respect 
to the reference point 0 and d„ is the displacement of 
the body at position B with d respect to the reference 
point 0»

Evaluation

1 oHow does displacement differ from distance? 
2oWhat are the units by which we can measure 

displacement?
3oWby the units of displacement and distance are 

the same?
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VIII o -Angular Displacement

We have seen earlier linear displacement 0 Bub 
for a body describing ciruclar motion the displacement 
will be angular or angular displacement , which is ^ 
measured in terms of angle„

If a body moves from -A to B ' 
then its angular displacement 
is equal to 9„

Writ ben representations 0

Type of quantity; Vector

Specification; -Angular displacement is measured 
in degrees or radices,

onIt may be noted that 180° = radi. -s 

Dimensional representation = /° (or dimensionless) 

Bvaluat ion

ioCan the angular displacement be same with 
varying linear displacement?

iiolf so, under what conditions?

iiiolhat is the advantage of using radian as the 
unit of angular displacement?

IX, Sneed

Average speed (or simply, speed) - A measure of 
how fast a body is moving.

Type of Quantity; Scalar

Written Representation; u, v, ut, Uf

Specification
Speed = actual distance travelled 

time" elapsed’

OR u s,
t
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Magnitudes The scalar ratio (s/t), measured 
in metre per second (ms~1 ).

Notes If the speed of a body changes, its initial spes d 
is denoted by ui and its final speed by uf«

-1Dimensional equations LT
A demonstration of the movement with the help of 

marbles of different sizes will clearly show the 
difference speed of the marbles due to the varying time 
taken by them to cover the same distance0 One another unit 
of speed is km/hr usually used by automobiltso

1 km/hr = 1000 m 
60 x 60 sec

Evaluation

10
36

m/s ee

1oName few units by which speed can be expressedo 
2oWhafc type of quantity is speed?
3oWhen a body covers 10 metres in 2 seconds, what 

is its speed?
4oConvert 36 km/hr to m/seco

X* Velocity

Now let us'again look at the movement of marbleso
A* 3?

Bet the two points be marked on the table 0 Unless the 
marble is pushed in a particular direction it will not 
reach Bo Thus to describe the motion of a bcdy the 
direction is also important,.

Average linear Velocity - (or, simply, velocity)o 
The rate of displacement of a, body from an initial to 
a final position0

Type of Quantity* Vector
Written Representations v, Vi, vf , u

Specifications
Veloci ty Displacement 

Time Elapsed OR v d
t
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Figo1o10s Por a displacement d taking place 
in time t the velocity v = d/t

(i) Magnitudes 'The scalar ratio fd/t) measured 
in metre per second (ms-1)«

(ii) Directions Same as that of the displacement 
vector..

Dimensional equations IT

Notes: (i) If the velocity of a body changes, its initial
velocity is denoted by u and its final velocity by v<>
(ii) In the case of changing velocity, the average 
velocity is given by

V
av

v + u 
2

Calculation s

io If a body covers 100 m in 5 seconds then 
its velocity will be

= 20 m/s
iio Tf the body changes its initial velocity from 

m/s to 20 m/s * then

Y
av

»5+2Q

' a,
= I5 m/s

Uniform Velocity: If a body covers equal distances in
equal intervals of time in a particular direction then 
the bodfer is said to be moving with uniform velocity«

Evaluation:

1oDistinguish between speed and velocity0 
2oV»/hat are the units of velocity?
3«Why dees the unit of velocity is the same as that 

of speed?
4<>Why velocity is a s vector quantity?
5oCan two velocities be added up as that of speed? 
60If a body covers 100 m in the- first 10 sec and 

50m in the next 8 sec, what will be its average 
velocity?
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II* Angular Velocity

If a body moves from A to B 
in time t then its angular 
displacement is equal to 90 Angular 
displacement per unit time is - 
known as angular velocity0

Written representations w 
Type of quantity; Vector

Specification:
Angular Velocity w = -iBg^r^ipBlaeement «

OR w = -r- radians/sec

Dimensional equation = </°

Evaluation

1oCan the linear velocity have different values 
for the same angular velocityo 

2oIs the angular velocity same for a body 
moving with constant speed?

3oCalculate the angular velocity in radians/s 
for a body describing 60° angular displacement 
in 5s timee

Ilia Relation Between Displacement and Velocity

We have seen that the average velocity is the 
distance travelled in unit time0 We can represent the same

OR s = VQ„ x t
civ

where s = displacement

Vay = average velocity 

t = time

i o£ O J
v+u

2s t OR simply s = V x t
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Evaluation

1oWhat are the factors on which the distance 
travelled depends? ' - . -

2 oWhat is average velocity?
3oWhy do'we take average velocity instead of actual 

velocity in the above equation?

XIIIo Relation Between -Angular Velocity and Lenear Velocity

We know that the angular velocity w = ..9..
t

Here, we can draw out a relation between linear velocity 
and angular velocity,.

We know that
©

OR AB = r©

■Arc
radius

AB
r

When a body moves from A to B in time t then linear 
velocity or simply velocity is -

Velocity = Displacement
"lime

AB ©
v = __ = r __ = roW

i a e o v = rw

Evaluation

ioUnder what conditions the linear velocity and 
angular velocity be same0 

iioCan the unit of angular velocity be

w = - = Bh. =5-19 
r m



XIY* Problem Solving 372
(a) A car covers a 150 kras with a speed at the 

rate of 50 kms/hr and another 80 kms at the rate of 
40 kms/h”"1 o Calculate the average speed for the whcle 
journey o „

(i) S1 =150 km 

‘ V1 = 50 km h -1
Sg = 80 km 

V2 = 40'km h -1

(ii) .Average speed?

(iii) Average speed =

S =

(iv) S1 = 150

V1 = 50 km h"

Total Distance Covered 
Total Time Taken

t = vv

t„ =1 “ *Y~

t2 "*

1 - 110
50

80
40

5 hrs

= 2 hrs

S1+S2 150 + 80 = 250 kms

t = t^+tg=3+2 = 5 hrs

(v) -Average speed JL = = 46 km/h

(b) A man is walking on fcot0 He covers 5 kms in 
an hour*. We sav that he is moving at a speed of 5 kms per 
hour ( 5 kms ; o This speed can be expressed in 

h
several wayso In one minute- this man moves a distance 
given by s

5 kms _ 5 kms _ (5 )100Q m _ 85 o3 m 
1 h 60 min 60 min Min

We can still express this rate of change of 
distance (speed) as the distance the man moves in the 
seconds



5 ktrs _
1 b ~

5 x 1000 m _ 1 ,
TTTxTtox6o)s ° m

s
or 1 ©4 ns

-1

(c) A merry-go-round of 10 m radius with children sitting 
on it, is revolving at the rate of 1 rev© per minuteo 
Calculate the speed of children sitting on it0 
(ill India Secondaiy Examination, 1979)©

(1 ) radius = 10 m

rate = 1 rev0 per minute

(2) Speed of the children?

(3) lo determine the speed of the children we must 
know the distance travelled by them0

v _ Distance 
lime

_ 2 T r 
t

t . \ ,r ... 2x22x10
(4) v - —Tin0—■

(5) v = 1 o047 ms"1

Evaluation

1©4 car travels a certain dista- ce with a speed 
of 50 km h and returns with a speed of 40 km h 
Calculate the average speed for the whole 
jcurneyo

(Delhi Secondary Examination, 1°79)

2©If a body covers 25 kms with a speed of 5 km/h and 
next 30 km at the rate of 6 km/h calculate the 
average speed©



374Topic 1; STEED & VELOCITY 
Self Learning Material 

(SDM)

We come across a large number of thing around usQ 
Of these some move and others do not move 0 A body is said 
to be moving when its position keeps changing with 
respect to a fixed body taken as reference0 The passengers 
sittings in a moving bus are moving as their position keeps 
changing with respect to the objects on the road0 The 
tree, electric poles and several other bodies, by the side 
of the road, don't change their position and therefore are 
at resto

When a body changes its position with the passage of 
time with respect to its axis of some other tody taken as 
fixed, is said to be in0oooo0 on 0D 00 0 0 oo»(1 )

When a body does not change its position with the 
lapse of time with respect to its axis or some other, body 
considered to be fixed, then the body is said to be
at nonoooonoooooo o o o o ( 2 )

In our daily life, we come across with the 
measurements of various physical quantitie-So We measure 
mass in kilograms, length in metres, volume in litre, time 
in second and speed in metre/second0 The measurement of 
these quantities oiiLy involve magnitude0

Such- quantities which are repi sented by magnitude 
only are calledoooooooooo ' a o o o (3 )

In order to get complete idea aboufe the motion of 
a body, we must know besides its speed (magnitude), the 
direction in which it moves » The measurement of velocity 
of a body involve magnitude (as in SPEED) and the 
direction of mot ion 0 Similarly measurement of displacement 
of a moving body involve, magnitude (as in distance moved 
by the body) and the direction in which the distance is 
moved o

If a pilot is to cake off an aeroplane from Delhi 
for Madras, he is to be told the distance and direction of 
destinationo Similarly, there are other quantities as well 
which need both magnitude and direction0



All such quantities which are represented by 
magnitude and direction are called o o o o0 oooo(4)

The distance between two give’'- points tray be 
different or same along different paths takeno It has 
only magnitudeo

It is known as a <,,, 0 0 o <>,quantity,, 0 o o o <5)

The displacement between two given points will 
always be same and minimum because it is the distance in
one direction.,

It is known as a<,coooo00o0 0quantity0 o o o o (6)

Now let us look at the 
figure„ A body travels through 
the path ABCD to reach D from Aa

Displacement between the points A & D 
isoooooooo 1 AD/ABCD)

Distance covered between the points
A & D is OOGOOrvD-iOOOO

a o o o (1)

o o -> e ^ 3 )

The distance travelled by a body in a unit time is 
called speedo

»

The speed does not refer to any dirent ion0 The 
distance travelled by a body may be along a straight path 
or a curved patho The speed is a scalar quantity*

— ______ O') jOOGOGOPOO

Speed----- ^ { Q )
OOt>!iOO»iOOOOO O 9 O v ) )

If a body moves with non-uniform speeds its speed 
cannot be easily determined at every moment, so it is 
convenient to know its average speed ' -• ’ ~

If a non-uniform motion, the average speed of a 
bMy is determined as the total distance travelled by she 
body divided by the total time taken by it0

Average Speed =
<30000000 o o o o (10)
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Many objects move with different speed and some 
examples are given belows

Object Sneed

Man walking on foot 1o5 m/s (Approx)

Mail Train 30 m/s »

Aero plane - 220 m/s it

Sound in air at 0®D „ 332 m/s it

Bullet from a rifle 860 m/s «
Sound in water 1500 m/s n

Moon round the earth 1 km/s tt

Barth round the sun 29o9 km/s tt

Light and radio waves 3 x 105 km/s »

Do these values represent actual speed or average 
speed? © o (11 )

The terms speed and velocity are often used 
synonymouslyo However, speed gives an idea of the slow 
or fast motion of a body, but it does not tell about the 
direction of motion,, Many problems in astronomy, 
transportations, artillary, navigation and other fields of 
science and engineering are solved more conveniently when 
some specific direction i'-' assigned to speedo Thus, 
a specific direction assigned to speed gives a new 
physical quantity known as velocity which is a vector 
quantity«

Velocity may be defined as the distance travelled 
by a body in unit time in some specific direct ion0 
OH

Rate of change in position with time in a particular 
direction is called velocityo 
OR

Rate of change of displacement is called velocity,,

Velocity = OOOOQQpO 0,0 OOP 

O0OOOGOOOOQ0O O 0 O O (12)

The unit of velocity isoaomo,,,, o o o o (13)
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Next, let us consider a body 

moving with a constant speed along 
a circular pafcho Its direction 
will keep on changing continuously.

Direction of a body 
moving along a 
circle changes 
continuouslyo

The body is said to be moving with 
ocooooooo- velocity o ' cons bant/varying ) »ooJu)

From the above example, we can say that even when 
the speed is same the velocity can be0.-.o»0 oooo(15)
(same/different)

is the velocity is a measure,of displacement in 
unit time the displacement can be written as 
displacement is oo^oooooX oooooono 0000M6)

The same can also be written as
r« „ o o 0 00X00 00 0000(17 )

let us take the case of uniform circtilar 
motion of a particle„ Suppose it moves from A to 
(distance s apart) in time t (ligo)o Its 
speed will be s/t0 We can si so express its 
motion in another form0 It 
has moved an angle subtanded 
at the centre 0 of the circle0 
It has described an angle 0 
radius in a time to When the 
displacement is measured in 
terms of angles the velocity 
can be termed as angular velocity0

Ingle in"radians-Angular velocity
OOuOOGO OOOOO ...(18)

This can be represented by- 
0w = where 0 is angle in radians t in

seconds and w angular velocity0

The unit of angular velocity is000000 0000(13)
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T7hen we consider the total an&Le around appoint
it is equal to 360° which is equal to 2lX radios0 Then

A
One degree = radiuso oooo(20)

---------------------- -------------------------------------------------^---------------------------------------- --
f/e know that

-Angular velocity w =

By the knowledge of geometry we can write 
-Angle substended by the -Arc -AB at the centre of circle0

OR
© = -Arc f-AB)/radius of the circle (r)

Q - * - JL
y TT" r

(o o -AB=S and 
° 0i=r)

w 9
t

S
r

1 ¥
r

It is interesting to know that all the particles 
on a rotating disc will have the same angular velocity 
but their linear velocity will differ as M the distance 
moved by different particles will differ for the same 
interval of time0 This is evident if we look at te 
the equation v = rw0

Bven when w is constant v change as the 
value of r changes 0

A body placed on a rotating disc is allowed to 
go to its centre and it rotateso Then its linear
velocity goes on_ __ ____ _ __

~ ~ Tincreasing/decreasing) UOoo(21 )

A motor car is moving with a uniform speed 
of 40 km/ho Calculate its distance travelled in 
6 hourso

Solutions Here, v = 40 km/h, t=6h s=?

v=s/t s=vt

at
O o a o (22)
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in aeroplane is flying at a uniform speed- It 
travels a distance of 200 km in 1 o25 hour*-, calculate 
its speed in km/h and m/'so

Solutions s = 200 km,, t=1 c25 h, v=?
„ _ s _ 200 km _ 
v “ t “ T725~h “ 0 0 0 0 0 0 0

Speed in m/s?
_ 160 km _ 160 x 1000m 

1 h 60 minutes

o o o o 23)

160 x 1000m
}xf '

— o a o O r> , O o o n o (24)



f o-pic U SPEED gc VELOCITY 
Self E’valuation Material (Sx>M)

I» Complete the following statements*
ac Speed is a0o oo 0Oquantity since it has 

magnitude only0
bo Velocity is a vector quantity since it 

indicateso o -0 0as well as magnitude0
Co A physical quantity is termed asoooooooif 

magnitude and direction are indicatedo
do Average speed = ooooooou > r> o p oTotal time taken
eD ^ toy can starts from a point in a circle of 

5 metres and comes back to the same point0 
Then

Distance covered = ,„-,ooo " 
Displacement oooooooo

IIo Encircle the most suitable word which join the 
statement given0
aQ In order to detect motion you neer> 

io a change in speed
iio to be isolated from al1 other objects 

iiio to be within a vehicle 
ivo a point of reference0

b0 The rate ac which the object moves in a given 
direction is called-

i0 speed iiio magnitude
iio motion ivovelocity

III. -An object is moving with a constant velocity of 50 m/sec0 How far will it travel in 20 seconds?



IYo Classify the following into scalar and 
vectorss

10 kms, speed, velocity, 20 kins towards sky,
10 kgs, 1 hour, 15 

Scalar

o o o o o o 
0 O O O P o 
0 o o o o o

Vo Which of the following

aolemperature 
boMass 
c oVolume 
doSpeed 
e ..Displacement

VIo Calculate the angular 
of the eartho

sqocra, 10 cuometreso 
Vector

O O 0 o o o 
o o o o o o 

O O O O 0 o
is a vector?

velocity of the rotation

VIIo Explain whether a fly which is riding round on 
the edge of a playing record is moving with 
constant speed or constant velocity*

VIIIo A certain space satellite always move at 3000 
metres per second0 Explain this is its constant 
speed or its constant vclocity0
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1o Motion •'2) rest 

20 Rest 
3o Scalar
4° Vector quantities 
5o Scalar 
60 Vector 

7 o 4D 
8o -4BCD

9o Distance travelled 
Time Taken

100 Total Distance Travelled 
Total Time Taken

11 o .Average speed

12o Displacement 
Time

13o m/s

14o Varying
15o Different 
16c Velocity x Time 
17o S = v x t 
180 Time taken 
19o Radians/sec
20o // /180
21o Decreasing 
22o 240 kms 
23o 160 km/h 
24o 14o44 m/s

KEY TO SEM
Ioa0Scalar IV0 Vectors Velocity

20 kms--------■)- SkyboDirection 
c oVector 
d0Total distance 
eo10m, 0

VI, _2J__________
24' x 60 x 60

V0 Displacement

IIoa0 iv 
bo iv

VIIo Constant speed 
VIIIa Constant speed

IIIo 100 a



Topic 1s SPEED & VELOCITY 
Assessment Material (AM)

Section A

loMateh the expressions in B by selecting the MOST 
closely related express one from A0

A
a®Rate of displacement 
boConlinuous change of location 
CoRate of motion 
doSum of component velocities 
e®Quantities with magnitude 

and direction
foMotion in a straight line 
gcRate of angular displacement 
ho10 metres 
ioAngular displacement 
j0A measure of length between 

two points
II®In the blank space at the right of each statement 

write the word on expression which BIST completes 
the meaning®

B (R)
Speed (i) 
Displacement ( ) 
Linear motion ( ) 
Velocity ( ) Scalar ( ) 
Angular Velocity( ) 
Vectors ( ) 
Motion ( ) 
Radians ( ) 
Distance f } 
Radians ( )

1®If the velocity of an object 
is constant the motion is saidt 0 be ooloo OO 100 0 0000^1 )

2®Since the velocity has both oooooo®ooo'2a)
magnitude ando®2ao® it is oooooooooo(2b)
a002b®0quantity

3oA physical quantity is termed 
as oo3oo if it has only
magnitude® ® ®® ® ®® ® ® ® ,.(3 )

4®Temperature is a 0®4o® 
quantity® oooooooooo (4)

383
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iii.

IV.

v.

VI,

Section-B

Y rite the answers in the blanks pro' idedo

1oKeepkng the time constant if the 
velocity of -a moving body is doubled 
what happens to the displacement0 oooo<hm>oo«/1 ,

2olf the velocity and time are doubled
what happens to the displacement0 0000000000(2}

3olf the displacement is expressed in 
terms of kilometres and time in 
hours what will be the unit of
measurement of velocity0 000000000(3’’

4olf the angular velocity of a
rotating body increases what happens
to its linear velocity0 0000000000(4'

5oA fly which is riding round on the 
edge near centre of a playing record 
moves towards its edgec ?*rhat happens 
to its linear velocity? oooooooooo(5

(inefeases/deereasr )

Section C

Convert 3 km/per to m/seco

If a body is moving with a velocity of 3 m/sec 
for 30 minutes, what will be the displacement?

A truck moved 10 km at the rate of 50 km/hr-and 
then 20 km at the rate of 40 km/ho Calculate the 
average velocityc



Topic 2 y ACCELERATED MOTION

EMSSROOM LEARNING MATERIAL (CUM) 

TASK ANALYSIS

Fig. 2.1 Task analysis map - accelerated motion



Topic 2s -Accelerated Motion -

The following are the learning objectives in the 
learning hierarchy shown in I,ig0No02o2o

fthen the topic is completed the student should 
be able to*

Io recall the concept displacemento
II. recall the concept time.

III. recall the concept velocity.,
IV.-A. define acceleration,,

B„ derive an expression for acceleration,,
C. derive the unit for expressing acceleration 
Do recognize retardation as negative accelera:

Yo-A. plot a graph between velocity and time0 
B» interpret the graph with respect to- 

io uniform; motion, 
iio uniformly accelerated motion 

iiio uniformly decelerated motion 
and iv« irregular motion 

VI.define f»©e fall
Bo define acceleration due to gravity

YIIo-A. derive v = u+at algebraically-,Bo derive s - ut +& at2 algebraically
Co derive „2 2 ,Y = u +2 as algebraically
D. derive v = u+at graphicallyBo derive v = ut + i at2 graphically
I'o state the equations for vertical motion

VIII.-A. calculate velocity, acceleration and dist- 
from velocity time graphs 

Bo solve the problems involving equations 
of motion,.

Concept Revision 
I.Displacement -

IIoTime 
III.Velocity



Learning hierarchy

Fig. 2.-2 earning map accelerated motion
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Evaluation

1 differentiate between distance and displacement? 
2„Vhat .are the units ift. which time is measured? 
3oHow does the velocity differ from speed?
4oCan the velocity of a body change when the 

body is moving with constant speed?
5oWhen does the velocity change?

IV. Acceleration

She rate of change of velocity of a body in motion,,

Type of Quantity* Vector
Written Representations a
Specifications

Acceleration = td
Time elapsed

If uis the initial velocity and v the final 
velocity and t the time taken,

~ _ v - ua-------- -

The change mentioned in the above definition can 
either increase or decrease depending upon the value of 
v & u,

second
(i) Magnitudes Measured in metre per second per 
(ms-2) acceleration =

■ m/s
s
m

s
2 ms

*-2

(ii) Directions Same as that of the velocity and 
the displacement vectors of the body,,

— O
Dimensional Equations DI

Deceleration (or Retardation)

The inverse acceleration acting on a body, the rate 
of decrease of the velocity of a body in linear motion,,

Ixampless (i) When the brakes are applied on a moving car, 
the vehicle decelerates.,,

(ii) When a ball is thrown upwards, it decelerate:
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Type of Quantity! Vector 
Written Representation: a
Specification: In the case of deceleration u

so a is negativeo
(i) Magnitude: Measured in metre per second

mmO Oper second (ms ) or (m/s )a
(ii) Direction: Opposite to that of the velocity

and the displacement vectorso
Note: Retardation is actually negative acceleration
Evaluation

1oWhat is the acceleration of a body moving with constant velocity? (D»S*B» 1980)»
2o-A body goes round the sun with constant speed 

in a circular orbitc Is the motion uniform or accelerated? (Delhi Secondary Examination, 1978) 
3oDoes the earth move round the sun with a uniform velocity? (Delhi Secondary Examination, 1979) 
4-oDefine a uniformly accelerated motion and give one 

example of itc (Delhi Secondary Examination, 1077) 
5o Define the term 'acceleration*0

VBVelocit.v-Time Graph
¥e can plot a graph between the velocity (on Y-axis) 

and time (on X-axis) for the 
motion and obtain a velocity
time grapho

1o lor Uniform Motion: Suppose, the velocity is 10 metres/ 
sec which remains unchanged 
throughouta Initially the velocity 
is 10 metres/sec, at the end of 
1 second again the velocity is 10 mdtres/sec, at the end of 2 sec 
also the velocity is 10 metres/sec 
and so onQ Thus, we get a graph 
as shown in Eigdo If the body 
was in motion for 6 seconds then 
the graph will be the straight 
line 4B parallel to the X-axiso

1©

i

-3

------ 1----- v----- 1------
t J- 3
“-“Hime

Elg.l uniform motion" 
-moving v.'ith consta*. 
nt velocity
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2 o For Uniformly Accelerated 
Motions Suppose the body starts from 
rest and the acceleration is 3 
metres/sed2 throughout the motion0 
We can plot a graph between its 
velocity and time for the first 
6 seconds of its motion*

Plotting the graph between 
the two quantities, we get the 
straight line OP which is inclined 
to the X-axiso

Fig02o Graph Between 
Telocity and Time 
(Motion with a Uniform 
•Acceleration)*

3o-For Uniformly 
Decelerated Motion; Suppose 
the driver of a train applies 
to bring it to a stop* If we 
plot a graph between velocity 
and time we get a graph as 
shown in Plgo3o

Figo3s The graph of the velocity 
versus time of a bodv subjected to 
uniform retardation* The velocity 
of the body is not zero when 
retardation starts*

-id
C
>

t
t C Si

4o When the velocity 
of the moving body varies 
in an irregular way, the 
graph is like the curve as 
shown in,Fig*4*

Figo4s Velocity-time graph 
when acceleration is not 
constant*

NOI1: 1 oSpeed is the magnitp.de of velocity for uniform 
linear motion* You can as well plot the speed vs time* 

2*The area under the velocity time graph, which 
is in fact is the product of velocity and time, is 
a measurement of the distance travelled byvthe body*

3*fhe slppe of the velocity time graph at any 
instant gives the value of acceleration*

nc



Evaluation
1 oVvhat does the slope of a velocity-timegraph indicate? (Delhi Secondary Examination, '1980l
2oWhen the velocity-time graph is a straight line 
with a +ve slop, what can you about its acce
leration?

3oHow will you find out the distance travelled 
by a body from the velocity time graph?

4oWhat type of motiom is represented in the 
following graphss

YIaicceleration Due to Gravity 
Free Pall

411 bodies, large or small, on the surface of 
the earth, if lifted to a certain height and then 
released, are found to fall on the earth's surface„ But 
we usually find that heavier bodies like steel ball, stone, brick etc0 fall faster than fche ligher bodies 
like a piece of paper, feather etc0

lake a piece of paper and a one rupee coin0 Drop 
the two from a certain height and observe the fall0 You 
will find that the coin falls faster than the piece of 

\ paper and also reaches the ground earlier., Bow fold the 
paper so that its area may be minimum and drop the 
folded piece of paper and the coin from fct" same 
height o 'what do you find now? Ibis time you will find that 
the coin falls slightly faster than ^he folded piece 
of paper, but the difference in the rate of falling is 
very small0 This simple experiment illus traces that it is 
not the mass of the bodies on which rate of fall depends, 
but the resistance caused by the air decreases the rate 
of fall of lighter bodies having greater surface areaQ

■Aristotle, a Greek philosopher had also the false 
concept about the falling bodies„ But Galileo for the 
first time said that all bodies, large or small, would 
fall at the same rate if there is no air resistances 
later on Newton verified Galileo’s idea by an 
experiment known as Feather and Guinea Experiments ,

4 long glass tube Feather Coincontaining a feather and 
a silver coin was takenD 
When the tube was turned 
upside down, the
feather and the coin were 
found bo fall but with
different rates of falls Figo Feather and Guinea 

Experiment



When tihe experiment was repeated after 
evacuation, it was found that both thr feather and the 
coin fell at the same rate and strike the bottom 
togethero

All bodies, large or small fall with the same 
acceleration, if there is no air resistance0 This is 
known as free fallD

ORFree fall is the motion of bodies subjected only 
by the force of gravity.,

Acceleration Due to Gravity (g)
Bodies falling freely are accelerated uniformly 

due to the gravitational attraction of the earth0 The 
acceleration is same at a place for all falling bodieso

The acceleration due to gravity is defined as the 
acceleration produced in a body during free fall due to 
attraction of the eartho

The acceleration due to gravity is not the same 
at all placeso It varies from place to place0 It has 
maximum value at sea level0 The value of g decreases as 
we go up the mountain etc0 Therefore the value of 'g! 
will be minimum on the top of Everest0
Evaluation

1 oDefine acceleration due to gravity,,
2oWhat is the unit of 'g'?
3oWhat do you think, the value of g in space?
4<>Do you think the value of g will be same as
on the surface of different planets?

YIIttEquations of Motion
Equations of linear Motion: The linear motion of aa uniformly.accelerated of uniformly decelerated
body can be described quantitatively„ This quantitative 
description is given the form of three equations, which 
relate velocity, acceleration, displacement and time,,

In the case of a non-uniform motion, let us 
consider a body travelling along a straight line0 The body starts with an initial velocity fu) and attains 
a velocity (v) in a time (t), the uniform acceleration^ ) 
will be given by -
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a v - u t

or
at = v - u 

or v = u + at
By now, we have already got a relation between initial velocity (u), final velocity (v), time (t) and 

the uniform acceleration ^a) of a moving body s
v = u + at ooooo(A)

Let us find out the average velocity of such a body0 As the average velocity (Jay) of a body is the average 
of its velocities in this case the initial and final 
velocities*,

-rr U + VV aV ~ ..  g o o n o o

Thus, distance (s) travelled by this body in the 
time (t) will be given by the relation

s = V x t

(3)

s 00000 (C)

Combining, the relations (A) & (0), 
we get -

( u + u + at )t s ~ 2
= ut + 1/2 at^ oooofD)

Some time another relation between u, v, s and 
a is helpfulo We can write the relation (A) as v -u = at 
and the relation (G) as „ O,o,oo(l)

v + u = /p \
Multiplying the relation (1) and (2), we get

(v-u)(v+u) = at—l/„2 .2v -u 2a s OOOOO (5)
Equations A, D and E are known as 

q equations of motion*.



Equations of Motion by Graphical Method

(a) v = u + at

'u'

M

Let a body start with an initial velocity 
represented by UP in figure 2o51o Suppose the body is 
moving with uniform acceleration 'a®, then the velocity 
time graph is a straight 
line PQ0 Suppose the point 
Q on the graph ' PQ, gives 
the velocity 'y® and time 
’fc'o Draw a perpendicular QA 
from Q at X-axiso Then QA = t 
and QA = Vo

The slope of the 
velocity-time graph PQ 
gives acceleration *a'0
Then a = tan oC

OH QB = a i IB

= a x t

But QA = AB + BQ

QB
PB

c
t

p
*>■

*4.

jA

Pigo2o51s Velocity-time Graph 
of Motion of a Body

Therefore v = u + at ,(1)

(b) ut + l/2at2

Suppose distance travelled by the body in time 't® 
is * s’o Then

s = area of OPQA
s = Area of rectangle OABP + Area of triangle 

PBQ
s = (OA x AB) + (1/2PB x QB) 
s = t x u + 1/2 x at

Therefore s = ut + l/2at2 0 0 0 0-0(2 )
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(c ) v2-u2 = 2as

Prom (1 ) b = ~ . . . . . . . . . . . . . .

Substituting the value of t in (2)

uv-U2 + v2-2^2 

a 2 a

s = 2uv-2u2+v2-2uv+u2
2 a

OE

2 22as = v -u 
2 2v -u = 2 as o o o o o (3)

NOTES
(i) The three equations of motion involve 

only scalar quant ities0

(ii) The equations can be applied only to a body 
moving with uniform acceleration or deceleration along
a straight-line patho Por deceleration, replace a by -a0

(iii) Since the equations are applicable only to 
uniformly accelerated or decelerated inear motion, the 
magnitude of velocity can be replaced by the speed of 
the body, and the displacement can be replaced by the 
actual distance covered by the laody in mobion0

Equations for Vertical Motion

Obviously the equations of motion i0e0; &, J) & E 
(Section ) about the accelerated motion are all 
applicable in the case of a body falling freely under 
the action of gravityc Por this we hare to replace !a' 
by 'g* and height (h)for the distance (s), the value 
of 'g' and 'h' are taken positive in the downward 
direction,, Thus, for the motion of freely falling body, 
the equations (A), (D) and (E) can be re-written by 
making the required changeso
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V = u + gt
h = ut + l/2gt£ 

2gh2 2 v -u

ooo o o f )

o o o o o ( D * ) 

o o o o o ( E * )

NOIEs If the body is dropped from test its initial
velocity u=0 and the equations (-A)»(ID) and (B) 
take new forms

v = gfc
h = l/2gt2 

?v = 2gh

o o o o o

O 0 o o o

o o o o o

U”) 

(D») 
(B’n )

Evaluation

1oBewrite the equations of motion for a body 
moving upwards freely0

2o-Are these equations of motion valid if the body 
is moving with constant velocity?

3oWrite the equation for a body thrown up
vertically, for the maximum height it reached-.

4oIf a body is thrown up vertically with a 
velocity v; what will be its velocity when it 
is about bo touch the ground on its return?

yillgProblem Solving

1oA scooter acquires a velocity of 36 km h in 5s 
just after starfco Calculate the acceleration of the 
scooter0 (ill India Secondary Examination, 1l79)o

u = 0
v = 36 km/h

= 56
=10 m/sec 

t = 5 sec

a = y-u 
t

- 10-0
5

2= 2 m/sec



2mA bus starting from rest moves with a uniform acceleration 
of 0o1 m/s2 for 2 minutes0 Find (a) the speed acquire- , 
(b) the distance travelledo

(a) u = 0
v = ? p 
a = 0o1 m/s 

t = 2mt(Minutes) 
= 120s

(b) V;e knov^ ? 
s = ut+iac

= O+Bs x 77^-x 120x120

v = u+at
= 0+0o1x120

or v = 12m/s

= 720m

s = 720m

3oA train is travelling at a speed of 90 km per hour0 ih3 
brakes are applied so as to produce a uniform acceleration 
of -0o5m/s o Find how far the train goes before it is 
brought to rest0

u = 90 km/hr = 25 m/s

v = 0

a = -0o5m/s2

s = ?

Y = u +2 as 

0 = (25x25)-1xs 

OR s = 25x25

OR s = 625 m

Ll. In the figure is shown the position of a bodv at
different timeso Calculate the speed of the body as it 
moves from A to B, B to C and C to Do

What is the distance travelled by the body in the 
last four secondso (Delhi Secondary ^Examination, 1977)
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A ball thrown vertically upwards is caugh li 
the thrower in 5 secondso Calculate the highest poll, 
reached and also its initial velocity0 You maj, , ap. ? - 
of acceleration due to gravity to be 1 Qj|2 0

Here magnitude of the initial velocity n 
v=0 at the highest point where the ball reaches ,'.n

t = |s h = ?

and g = 10^2
s

By using the relation -A” i0e, v=u-gt, m gi.

' 0 = u - Cogl
s

OR
u = 25m 

s

Next we can use the 

ihuss h = 25§ x ~ s -i
S c.

= 125m 125 _
4

& s 
2

relation h= ub-l/2g:

10m
s

125
4

( 5s }

2

m = 31o25m

Hence the highest point reached by the tall x 
31 o25m and the initial velocity is 25m vertically up.
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Evaluation

— 11 0A bus was moving with a spee^1 of 54 km h On 
applying brakes it stopped in 8s0 Calculate 
the acceleration0 (Delhi Secondary Examination,1081 )

2o-A body starts to slide over a horizontalsurface with an initial velocity of 0o5 ms-1a 
Due bo friction ibsvelocifcy decreases at the rate of 0o05 ms 2C

— O(Hint-Acceleration = -0o05 ms )

■ How much time will it take for the body to 
stop? (Delhi Secondary Examination, H78)0

3oA ball thrown vertically upwards is caught 
back by the thrower after 4 seconds0 Find 
the velocity with which the ball was thrown 
up a



Topic 2s Accelerated lotion 

Self Learning Material (SLM) -

400

To Students?
In the previous topic we have discussed speed and 

velocityo We often hear of an accelerator in a car or 
even accelerating motion,, Acceleration tells us how 
quickly the velocity is changing„ Without the knowledge 
of acceleration we cannot describe the motion of a body 
completely0 We have studied in the class all about 
acceleration,, Here let us look at it little more minutely0 
While trying to answer the exercises given, you may refer 
back the classroom teaching/learning material supplied to 
supplement your knowledge of a particular concept as and 
when required or when any difficulty ariseso
---- S    .......................... .......——- .  ——-------------‘-‘Wf  ...... .. ..... . —~

Most of the motions we come across in our daily 
life situations are non-uniform motion,, A car starting 
from rest constantly increases its speed till' it acquires 
the required speed0

Vihen brakes are applied by the driver of a bus, 
the magnitude of the velocity of bus decreases with timeD 
Similarly while taking a turn, driver decreases the 
speed of the bus„ In this case, magnitude of the 
velocity (Speed) and also the direction of the velocity 
changes with timeD ,

To represent the changing velocity we make use of 
an important physical quantity called acceleration,, It is 
defined as the rate^ of change of velocity with time or 
in simple words change of velocity in unit time0

i0e acceleration = C n O o <■»'>'» o n o
Time taken o o o o (1)

If 'v* represents final velocity, !u‘ initial 
velocity and ’t’ the time taken and ’a* the acceleration 
then acceleration can be represented as

O O 0 o o o o

by
as

Velocity is represented by metre/sec while time 
secondso Therefore the unit of acceleration will be 
follows!

a o o u o > o o
O O O ) -) o o

O O T O O O O / n o o c» o o o (3)



In she definition of acceleration, the word 
change, implies an alteration in magnitude or in 
direction or in magnitude as well as in direction,, After 
all change in velocity is also velocity as change in 
rupees is also rupeeso

therefore acceleration is a 0 „ 
o o ~ n i ,0 0 0quantityo 0000(4)

As we have seen earlier in the case of the bus 
when the brakes are applied the velocity of the, bus 
goes down to zero; meaning thereby the change is negative,. 
Therefore acceleration can be negative 
known as re tardabion0

Retardation = 0 o,,o„ 0 ^acceleration 00 0 0 ( 5 )

Unit of retardation = 00000000000 0000(6)

Positive Acceleration? If the velocity increases 
with time, the acceleration is said t-o be +ve 
acceleration,,

Negative Acceleration? If the velocity 
decreases with time, the acceleration is said to be 
-ve acceleration

Zero Acceleration? If a body is at rest or 
moving with uniform velocity, the body is said to have 
zero acceleration or no acceleration'

Sometimes it is possible that the change in 
velocity remains the same throughout0 That is, if a 
car changes its velocity from 5 m/sec to 10 m/sec in 
first second and then from 10 m/sec to 15 m/sec in 
the 2nd second the change in first as well as in the 
second is 5 m/sec eacho That is, the change is same0 
In that case we may say that the body is moving with 
unil'v*m acceleration

ihen a body moves with non-uniform velocity 
such that there is equal change in velocity in 
equal intervals of time, however small the time 
interval may be, the body is said to be moving with 
uniform acceleration

Now let us take the case of a train It 
starts slowly from rest from a railway station and



bakes some time to catch speedo After some time 
it moves with a uniform speed say on a straight tracko

FI'^- l —5> itcy*\c
Again this train starts loosing speed soon before 
reaching another station0 This time a negative 
acceleration acts and finally the train stops0 We can 
plot a graph (Figd ) between velocity and time for 
this complete motion as described here0 ihree distinct 
stages (i), (ii) and (iii) of motion can be viewed at 
a glance from the graph0

In the first stage velocity k increases, inthe 
second stage, it remains constant and in the third 
stage, velocity goes on decreasingo

lor stage I acceleration = ____ (+ve/0/-ve) oooo(l)

For "II " = ___ ( " ) 0000(8)

For " III « = _("■) oooo(9)

Ihese type of graphs are called velocity time 
graphso She velocity time graph of a uniform motion 
is a straight line parallel to the time axiso

Velocity
1

—S’l'ime

Figo2

fhe velocity time graphs hare a very important 
application We have already learned In the first topic 
that the distance travelled = velocity x time taken



If we now look ab the graph ^^r«oAiLly, we ^ee that 
the product of velocity and time is actually equal bo 
the area under the graphD i'hat is, v?£ come to conclusion 
that distance travelled is equal to area under the 
velocity time graph„

In the graph shown here the distance covered is equal 
to the area of the trapesium 1 OABCo

distance travelled = A3 + OC AS,

0 ,, X o o o o o

o o o o o

o o o o o
oooo(lO)

I5igo4s

0 l
Yelocity-lime Graph

3 H

In the graph given above the distance travelled



in the first second
= irea of iriangle ABB 
= i base x height
"o.oooooo 0000(11 )

The distance travelled in
the 2nd and 3rd second =0000000 0000(12)

From the velocity time graph, we can also 
determine the acceleration of the body0 It is given by 
the slope (gradient) of the graph lineD Scope of a 
straight line graph is given by

02 "..x
i0e0, the value along y axis divided by 
corresponding value along x axiso

In the graph above for the 1st stage
Acceleration =• ......?= 5 m/sec2 Oooo(l3)

o o n o o

It is our common experience that when a body 
let free in the air falls to the ground0 It is due to 
the force of attraction exerted by the earth un that 
body0 Ihe acceleration thus gaine'd by the body is 
known as acceleration due to gravity0 (Refer to 2o4 of 
Classroom Materials).,

.Therefore we can define acceleration due to
gravity USoo,;,:,:),-, jjaiaaQaitja

>(14)

Ihe unit of acceleration due co
gravi ty is -,0 ,00 iooooooo oooo(15)

i/hen a body is thrown up vertically its velocity 
goes on decreasing giving rise to uniform retardation 
while the descending bodies gain velocity gradually., 

'.Therefore ascending bodies have or,,,', , „n„o 
acceleration0 „o«o(16)

Descending bodies have o„ „ „ •, r, „
acceleration, OOO o(17)

o n fi o 1 o n



The motion of a body can be thoroughly studied 
using the following equations of motion<> Refer to 2o5 
classroom materials for direction0

v = u + at
1 2s = u + i at 

2 2v = u +2as

v = u + gt 
s = U +!- gt2

2 2v = u + 2 gh

.The first set describes linear motion along a horizontal plane while second^ set describes the 
motionof bodies under acceleration due to gravity in a 
•vertical planeD

Rewrite the second set of equations for body 
moving upwardso

V —' o o o o o 
S = O O 0 O o
v2=V — o 0 o o o o o o o (18)

Which equation can be used to determine the 
value of a where initial velocity, final velocity 
and time are given0

( i oOOOOO^OOO O © G O V, 1 ;?

Rewrite the equations of motion for a body in 
motion, starting from rest0

V — OODOOO ,

S ^ OOODOO 

2_* V — OOOOOO

The final velocity of an object starting from 
rest is equal to a/b/c/d a a o o

.oo(20)

ac product of acceleration and time 
b0 division of distance by time 
Co division of acceleration by time 
do none of these0 0000^21 )
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A car travelling at 80 km/h is slowed down 

to 44 km/h in 15 seconds? calciTlate the accelerationo
Given Final velocity v = 44 Lm/h

Initial velocity u = 80 km/h 
Time taken t = 15 seconds

To find a = ?
Solutions ,

a = Change of velocity
Tims taken for change

_ Final velocity - Initial Velocity 
lime Taken

(44-80) km/h
...... . ■ nji:ii«"iiiw<—».t miiiri w»15 seconds o o o o (22)

The velocity of a body undergoing uniform acceleration increases from 20 m/s to 40 m/s while it 
travels 100 metres0 Work out its acceleration and the 
time taken to travel l00mo

Given u = 20 m/s 
v = 40 m/s 
s = 100 m

To find a = ?
t = ?

Solutions

o
o o

As v = u + at 
or

_ O O Q O O

O O O 0 o

2 2v - u = 2as 
2 2

a = =2s
o o o o o
o o o o o ooooo o(23)

c • » •
0000(24)
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By the application of brakes a car running at 54 km/h is brought to rest, in 10 seconds0 kind the 

acceleration produced and t-he distance covered 
after the applies ion of brakeso

Given u = 54 km/h
5400 m 3600 ~

= 15 m/s

v = 0
t = 10 seconds

I'o find a = ?
s — ?

o o o o oa
s O O O 0 o OO 000\26



Topic 2s Accelerated Motion 

Self Evaluation Material (SEM)

I® Directions* In the blank sp ce at the right 
of each statement, write the word-or expression which 
BIST completes the meaningo

1o The rate of change of velocity 
is cal led o ® ® ® o ® «1

2o If the velocity of a body is
constant, its acceleration is®®® ooooo2

3® When the velocity of a body 
increases or decreases the same 
amount in successive units of 
time, the acceleration is0n0 ® ® ® ® ® ® ®3

4® Motion of this kind is described
asocoooaccelerated motion® oo®o®oo4

5® -An object which moves linearly 
2o0 m during the-first second,
6o0 m during the second second, 
and 10o0 m during the third
second has an acceleration ofooo® ® ® ® ® 5

So In terms of a s and t, 
acceleration is expressed
Q-Sooo oooo<ooo

7® The acceleration due to gravity 
(is constant, varies)®o®®®.over 
the earth's surface® ® ® ® ® ® ® ® 7

8o In air, der. objects fall 
(slower than, at the same 
speed as, faster than)®®®®®
objects of lower density® ®®oo®oo8

II® Directions? Write the answers to the following 
in the spaces provided® Where appropriate, make 
complete statements®

9® What algebraic relationship 
expresses the displacement of 
a.n object in terms of its 
average velocity and elapsed 
time of travel? 9o o
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1Oo In cases of uniformity
accelerated motion, how may 
the final velocity be 
expressed, in terms of initial 
velocity, acceleration, and,
elapsed time*? oor oooolO

11o During any interval of time in 
which the initial and final 
velocities are known, how is 
the average velocity expressed
algebraically? 0000 ooo11

12o A car accelerates uniformly from a speed of 36 km/hr to 72 km/hr 
in 30 minuteso

aD What is its acceleration? o 0 <■> <■> 0 o o 12a
b„ How much distance will it cover? o o 00 12b

13o A proton travelling at 5 x lO^m/sec is 
retarded bv an electric field at the rate of 1C$m/sec a

ae What time is required to bring
the proton to rest? oo000oo13a

b0 How far does the proton travel? „ „ 0 13b

14o A stone is dropped from the top of a house 
and is found to reach the ground in one 
secondo How high is the house?

o o n 14
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Topic 2s Accelerated Motion 
Key co S<.L»Ma

1 o Change in yelocity 15* m/s2

2 o v-u
t 16 o -ve

3o 2 = m/s2 17 o +ve
18* v = u-gt

4* o Vector . .2
5o Negative s = U+ lagt

6o m/s2 2 2v = U -2gh
7 o +ve
8o 2,ero 1 #0 v = u + at
9o -ve 20o v = at

10o 10+17 x 25 25 _ -gat
11 o i x 1 x 5 = 2o5 2v = 2as
1 2 o 2x5=10 21 o a
13* 5^0 = 5

1 5 22 o -0o67 m/s2

14* Acceleration due to 23 o 6 m/s2

the gravitational 24o 3o33s
attraction 2i? o -1*5 m/sd

26 o 75 u

Key to SBM

1 o Acceleration 11* V - u+v
2 o btro av 2
3o Uniform 12* 72 km/hr , 27
4oUniformly -p5o 4m/g2 13* 5 x 1 0 sec,
60 s/t
7o Varies 14-o 4o9 m
80 Pascer than
9o d = V„ x t av

10o v = u +at
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Topic 2s Acceleration Motion

Assessment

Section A
1oSelect the most appropriate from the choices 

given (A/B/g/D) fl

at, Acceleration is the rate of change ofoo^-.
' Aodirection Qovelocity 
BflSpeed Dcnone of theseo

b0A body moving with uniform speed along 
a circular pat ho o o o o 

Aflhas' no acceleration 
B«has a variable velocity 
Cflhas some acceleration 
Danone of these

CoYtJhen a body is thrown up its velocity goes on 
A,increasing C„remains constant
Bodecreasing D0none of these

doThe graph represents the motion of a car0

CoThe car is moving for a total time of 12 
DflThe car decelerates at ,12 m/s^ for 4 sec

2oFill in the blanks-,

a0Iegative acceleration is calledooon0n 
boWhen a body is thrown up vertically 

« velocity at the highest points is,«»o«-,ooo 
Colhat is the acceleration of a body 

moving with uniform velocity?0 oo o -> oo 
doOan the direction of velocity change when 

the acceleration! is constant?0 ot>oo oo-.o«o->o 0

he (s)

seconds
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e0What is the SoIoUnit of acceleration? ,o 
f0What is the standard value of g?«. oo00 
gowhen a body is descending is the value of g 

negative or positive?0oooooo 
hoTwo bodies of different masses and m2

(m-j m2) dropped from the same height in
vacuum which one will strike the ground 
earlie rooooooo

i0YJhat is the SoIoUnit of g?ooooo'>o 

3o3)efine the followings 

a o-Acceleration 2

b0-Acceleration due to gravity (g)s 

CoUniform accelerations

Section B

4-oSelect the most suitable statement A/B/c/D,

adhe distance travelled by a body starting 
from rest and moving with uniform acceleration
lSooooooo

JUdirectly proportional to the jquare of time 
Bo' inversely proportional to square of time 
Oodirectly proportional t time 
Do inversely proportional to timec

boFinal velocity of a body starting from rest is 
equal tOooooooo

Aoproducb of acceleration and time 
Bodivision of distance by the time 
Codivision of acceleration by the Mme 
Donone of these

CoYou observe an object covering distances in 
direct proportion to the squafe of time elapsedo 
What conclusion might you draw about its 
acceleration?,00,000 

A, Increasing 
BoDecreasing 
CoZero 
DoConstant
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5oDerive the following relationss
a0 v = u +at (analytical method.)

b0 S ut (graphical method.

Co +2as (analytical method)

Section 0

6aA car starting from rest covers a distance of 
100 km in 2 hours with a uniform acceleration 
Calculate its acceleration

7o-An electron moving with a velocity of 5 x 10^m/s 
enters an electric field and atta ns an acceleration 

15 m/s2
of 10 m the direction of its original motion
In how much time will the velocity of the electron 
become twice its original velocity?
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8oI'he graph represents ! h 
of the motion of a car0

Calculates
^acceleration in 

the first second,,

iiodistance travelled 
in the first two 
seconds

9oA ball thrown up is caught by the thrower 
after 6 seconds,.

Calculates

iowith what velocity was it thrown ar 

iiohow high did it go?
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Topic 3 * NEWTON'S J.AWS I & II 

CLA5SR09M LEARNING MATERIAL (CLM)

Task analysis

Problem solving

fig, 3*1 Task analysis map.- Neujton’s laws I & II



.Topic 3i „ Newton's Laws I & II

Learning hierarchy
She following are the learning objectives in the 

learning hierarchy shown in i’igo%2o
When the topic is completed the student should be 

able -tos
I. recall the measurement of time 

II# recall displacement 
III# recall velocity 
IV. recall acceleration 
V# A. define inertia

B. recognize the difference in the inertia 
experienced by different bodies

C. define inertia of rest and give examples 
I), define inertia of motion and give examples

VI. A. define mass and give its unit
B. recognize the fact that mass remain; constant 

for a body at different places.
VII. A. define momentum

B. express momentum as the product of mass 
and -velocit y

C. derive the unit of momentum
D. give the conditions under which the momentum 

of a body change0
E. recognize the applications for the

change in momentum
VIII. A. define force and give its unit

B. explain the relation between Newton and Dyne. 
Co describe the various types of forces vizD

muscular force, gravitational force, magnetic 
' force and electrostatic force0

IX. A. state Newtons first law
Bo give examples to explain Newton’s first law0
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Fig. 3.2 Learning hierarchy map - Newton’s

I & II lau/



X»A<,state Newton’s second law 
B»derive the expression f = ma 
C»give examples to explain the application of 

Newton’s 2nd law

XI«solve problems based on Newton’s first and 
second laws.

Concent Revisi on 

I* lime
II» Displacement 

III, Velocity 
IV» .Acceleration

Evaluation

ioWill the direction of velocity be the same 
as that of displacement?

iioDefine acceleration
iiioYou observe an object covering distances in 

direct proportion to the square of the time 
elapsedo What conclusion can be drawn about its 
acceleration?

iVoWhat is the expression for acceleration? 
vdf the velocity decreases?what happens to 

acceleration?
vio-A cyclist moves along a circular path and

covers 15 metres in every secondo Is it moving 
with constant velocity?

Vo Inertia

Although two objects can look the same, it might 
be more difficult to move one than the othero A 
fullbox is much more difficult to move than an empty 
boxo Ibis is becase of a property known as Inertia?

The property of all material bodies due to which 
they naturally bend to continue in a state of rest or 
of uniform linear motion is known as inertia,,

As is seen above heavier bodies possess more 
inertia compared to lighter bodieso

Depending on whether the body is at rest or in 
motion the inertia can be of t?/o fcypes0



(a) Inertia of Rest
If the body is at rest, its inertia is called 

the inertia of resfco
e og o > /

1o A bullet fired on a window glass pc.no makes a clear hole without breaking the remaining part of the 
glasso The greater inertia of motion of the bullet 
takes out the part of the glass and the remaining part 
tends to remain at rest due to its inertia of resto

2o A coin placed on a post-card which rests on a tumbler, falls into the tumbler, when the post-eard 
is suddenly knocked with the fingero The coin tends 
to remain at rest due to inertia of resto Thus, due to 
this unbalanced motion the person tends to fall backwardo

(I) Inertia of lotion
Inertia of a moving body is called the inertia 

of motion0
e og o»

1 o A running person does not stop instantaneouslyo It is due to the inertia of motion0
2o A person in getting down from a moving bus tends to fall forwardo When the bus is in motion, the 

person in the bus is also in motion0 As he gets down,, his feet come to rest almost immediately due to 
friction between the feet and the ground, while x his 
upper portion tends to move in the direction of the 
motion of the bus0 Thus, due to this unbalanced motion, 
the person tends to fall forwardo

3o A cricket bowler runs for some distance i before bowling0 By doing so he tends to increase the 
inertia of motion of the ball0

4o -An athletete' can take a longer jump after 
running as compared to the jump that he takes after 
standingo
NOTBs If a body has large inertia, it will resist 
a change in its state of rest or of uniform motion to 
a much greater extent than will a body with a small 
inertia0



Evaluation

1oDefine inertia0
2o&ive examples for inertia from daily lifeQ 
3oDiffereritiate between inertia of rest and 

inertia of motion0 
4-oExplain why

io a man situing in a moving car leans forward 
when the cari suddenly comes to rest; 

iio a person alighting from a moving t,rain 
should keep running on the platform for 
some distance before stopping; 

iiio a bullet pierces through a windowpane and 
makes a small hole, while a stone hitting 
it into small pieces;

iv0 a man riding a galloping horse keeps his 
thighs pressed hard against the belly of th 
horseo

VToMass
It is a measure of the quantity of inertia of 

a body or its resistance to acceleration0

lype of quantity: Scalar
Written Representations m
Specification Magnitude: Measured in kilogram (kg,)

The mass of a body can be considered to be an 
intrinsic property of the body0 Its resistance to 
acceleration would be same at the surface of earth, at 
the surface of Mars, or at the surface of Jupitero

Dimensional Representations M

NOlEs Under ordinary circumstances the mass of the body 
is unchangedo At- very high speeds comparable to that of 
the speed off light mass changes o

Evaluation
1oWhat is the smaller unit of mass?'
2oWill the mass of a person change as he 
moves from earth to space and then to moon0 

3®What are the bigger units of mass? How 
are they related to kg?
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VII»Momentum (Linear Momentum)

It is a measure of the linear motion possessed 
by a body and is measured as the product of mass and 
velocity of the moving body«

Type of Quantity; Vector
¥/ritten Representation; P
Specification; Obtained as the product of the 

mass of the body and its linear velocity0
P = mv

(i) Magnitude; Measured in kilogram-metre per 
second (kg m s"1)a

(ii) Direction; Same as that of the linear 
velocity of the bodyQ

Dimensional Equation; MLT“1

HOTBs 1olf the momentum changes, its initial value 
is denoted by P-j. and final momentum by Pfo

2o-A heavier moving body possesses a greater 
quantity of motion (or momentum) than a lighter 
moving body0

3oMomentum changes wich the change in mass or 
velocity or bobho

Change in Momentum = mv - mu
V.hdre m = mass of the body 

v = final velocity 
u = initial velocity

e„go, (Application)

1o It is difficult to catch a cricket ball as 
compared to a tennis ball moving with the srjacc velocity,. 
The mass of tennis ball is less than that of a cricket 
ballo Therefore, the change in momentum is less in the 
case of tennis ball than that of cricket ball0 
Consequently less force is needed to catch tennis ball 
and more force is required to catch the cricket ball0
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Evaluation

1oDefine momentum,,
2»When the measurements are taken in gms, cms, 

and seconds what will be the unit of momentum?
3oWhat type of quantity is momentum?
4-oIf the velocity of a body is doubled what 

happens to its momentum?
5oIf the velocity and mass are doubled what 

happens bo momentum?

Yllloforce

Any action which alters or tends to alter the 
state of rest dr of uniform linear 'mbbion of a body is 
called forceo

Type of Quantity* Yector 
Written Representations F

The cause or agency which produces a change in 
the state of motion or change in the shape of a body is 
usually a push or pull which can generally be called 
a forceo

Magnitude;

Force = Mass x Acceleration 
or f = ma

-2Dimensional Equations ML!

Units Newtonf* l

One Newton is that much- force which when acting 
on a body of mass one leg produces in it an acceleration
of 1 os o

-2Thus, 1 Newton = 1 kg x 1 ms 

Written Representations N
pNOTE; ' Force (Dynes) = lass (Grams) x Acceleration(cm/sec ) 

1 Newton (I) = J kg x 1 m/sec2

= 1000 gm x 100 cm/sec2

5=10 dyneso
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g Q g Q y 10Ve can se■„ a hand cart in motisbn by merely pushing 

it o
2oWe can change direction of mooionof a tennis 

ball by pushing it0
3oWe can change the shape of a plastic mug by simply 

pressing ifco
4obe can elongate a rubber band by pulling itQ 
5©We can stop the motion of a cricket ball with 

our handso
2'here are various types of forces of which we / 

can discuss n few0
Muscular Force? The push and pull that we exert 

on a body can be termed as muscular forces©

e0goS 1©Pushing the door open
2©Throwing a cricket ball 
,3oPulling the chain 
4oLifting the box

Gravitational forces? A body released from a height i 
falls to the ground; the earth seems to exert a force on 
the body© This happens because of some constant force 
exerted by the earth on the body© These forces are called 
gravitational forces0

e©g0, 10A mango released from the tree falls down©
2©Similar falling bodies©

Magnetic Forces; Two magnets placed at a 
distance interact’with' each other0 Similar poles repel each 
other while disimilar poles attract each other©

e©g©, 1©North pole "of one magnet repels the north 
pole of another magnet©

2©North and south poles attract each other©
Blectrftstatic Forces? Two electrified bodies 

placed at a distance, interact with each other, Similar 
changes rp repel each other while disimilar charges 
attract each other©

e©g©, 10If you rub a plastic comb on your‘sleeve and
hold it near to water trickling from a tap, the 
water under the influenze of a force, will 
bend towards the comb©

2©The same comb if brought near pieces of 
small paper it will pick up a few©-
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Evaluation

1 oVhafc is force?
2oHow is force related to motion?
3o3)oes the .motion of a body depend on force?
4-oGive examples for different types of forceso
5o?i/hen the acceleration is doubled what happens 

to the force?
60What is the unit of force? Define0 

IXaDewion’s First -Law (law of Inertia)
Every body continues in its state of rest or 

of uniform linear motion unless an external force acts 
upon it0
Exampless

Ui duster lying on the table will not move 
unless we apply force0

2olhe table remains at rest in the absence of any 
force acting on it0

3oi ball moving straight keeps on its direction 
unless we apply some force to change its 
direction, by kicking itc

4o-4 marble moves straight, it changes the
direction only when we apply some force on itQ

of motion0 '(a) Since the bullockis not applying a force on 
the cart,, it will not move0

(b) 3?he bullock bends its leg and applies a force 
on the carto This force changes the state of 
motion,. i0e0 from rest to'movingo
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Evaluation

1oBefine Newton*s first lawQ
20How does the first law help us to define force? 
3oCan the law be called ’law of inertia’? If so, why?

XoNewton’s 2nd Law

The rate of change of momentum with time is directly 
proportional to the applied force and takes place in the 
direction in which the force acts0

Suppose a body of mass m is moving with velocity u 
and a force f acts on it for t seconds and the 
velocity becomes v0 Then change of momentum produced in 
t seconds

= mv - mu
Rate of change of momentum 

_ mv - mu 
t

According to the second law 
„ mv - mu

Or f n. m

But -—r-- = acceleration (a)

o o f c fGcl
or f = kma 0 o»o (i )

?here k is a constant of proportionality0 
The units of F, m and a are so chosen that

k = 1
Suppose f = 1, when m = 1 and a = 1, then from 
equation (i), we have

1 = k x 1 x 1 
or k = 1

Thus, by putting k =1 in equation (i), we get

f = ma
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NOTls The main points in this are %

(i) The external force acting on a body, its mass 
and acceleration are interrelabeda

(ii) The acceleration of a body is directly
propoitional to the unbalanced external force 
acting on itc

(iii) The acceleration of a body is inversely 
proportional to its mass0

e0go,
10-A cricket player while catching a ball moves his 

hands backwards with the ball0 -A retarding force is needed 
to stop the ballo Since f = ma and a = XlE,,'therefore, 
he tends to increq.se the time interval to stop the ball 
and thus succeeds in reducing the retarding force0 ,
Otherwise he gets hurto

2oA person falling on a cemented floor gets hurto 
The person has some initial momentum mu which becomes 
zero when he comes to halt„ Since Lhe mass comes to 
rest within very short time, a very large force is called 
into action in order bo produce a definite change of 
momentum (from mu to zero )o

Evaluation

1oHow does the 2nd law defined force quantitatively? 
2oState Newton's 2nd Law0 
3oCan you derive the unit of force from 
Newton's 2nd Law?

XI o Problem

1oPind the momentum of a mass of 10 kg moving 
with a velocity of 5 m/sec0

He re m = 1 0 kg
v = 5 m/sec

Momentum P = mv
= 10x5 
= 50 kg m/sec

2o i mass of 1 kg which can slide on a frictionless surface is to be imparted an acceleration of 10 cm/sec20 
L'hat. is the magnitude bf,the force required?



427

Formula f = m x a 

Now tn = 1 kg
o 2a = 10 cm/sec = 0o1 m/sec

-po°o f = 1 kg x 0o1 m sec

= 0„1 Newton

3<J/'hat force must, be applied on a motorcycle of 
mass 100 kg so that, starring from rest, it covers a 
distance of 1000 m in 60o0 s?

Solution Uj_ = 0, t = 60 s , and s 1000

From the second equation of motion 

s = Uj_£ +t at2

a
or 2s. 2 x 1000 m

(60 s)\2

f = ma
= 100 kg x 5/9 ms ^ 

= 55o6 N

5 ms

Evaluation

1oPind the momentum of a cycle rider of mass 
150 kg moving at 6 ms”1 due easto

2olThat force is required to give a car of mass 
1225 kg an acceleration of 2 m s”1 ?

3oA motor car of mass 2000 kg is moving with 
a velocity of 36 km per hour0 By the 
application of brakes it is brought to rest 
in a distance of 40 metres0 Find the 
average force resisting the mot ion0
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Topic 3- Newton's Laws (I & II) 

Self Learning Material (SLM)

So
Students:

History of Newton's laws^ is a long one0 The world 
created by his 'Principia* were inhabited mentally by 
philosophers and scientists alike0

In the absence of forces? Galileo and Descartes had 
proposed that a particle continues in uniform motion or 
remains at rest? this was incorporated by Newton as the 
first law of motion0 In the presence of forces, Newton, 
generalising the suggestion of Galileo, proposed 2nd law: 
the force is equal to mass times acceleration

These are the raw materials of the Newtonian worldo 
Is it really possible to construct from these few stones 
a building diverse enough to encompass the marvellous 
variety of our experience?____________ ______

It is our everyday experience that objects left 
alone will continue stay in the position of resto They 
can't move on their own0 This is due to a property known 
as Inertia0 The same thing is right in the case of moving 
bodieso They keep on moving in a straight line unless 
some force disturbs chem to change the direction of 
motion0

Thus, the property of all material bodies due to 
which they naturally tend to continue in a state of rest 
or of uniform linear motion, is calledo,oo <, ooooo(l)

4s we have seen above the property of inertia is 
associated with bodies at rest as well as in motion0 The 
inertia involved when the bodies are in motion are 
called Inertia of motion whereas the bodies are at rest 
it is called inertia of resto Inertia will be more in 
the case of heavier bodies0

Suppose a coin is put on a card which is placed 
over a glass tumblero If now the card is flipped quickly 
then the coin falls into the tumbler* This due to the 
inertia of rest of the coin0 ' x
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Standing passengers ' jerk toward when a bus 

stops suddenly0 This is because the upper portion of 
the body tends to remain in motion cven though the 
lower portion in contact with the floor of the bus has 
come to rest as the bus comes to a halto This is due 
to inertia of motion of the upper portion of the bodyD

We run a short distance with a moving bus before 
getting into ib0

This is'to provide the body withooooo-ooso 
that when we get into the bus we may not fall down0 o»oo(2)

A passenger jumping out of a rapidly moving 
train falls forward with his face downwards if he does 
nob run forwardG This is due to the fact that his feet 
on touching the ground are brought to rest whereas the 
upper part of his body tends to move forward due to00oo

(3)
We have already seen that it will be difficult 

bo move a heavier body compared to a lighter onec 
Conversely we can think that the body having more 
inertia will be a heavy body0 Thus the measure of inertia 
becomes important and is known as mass© Mass of a body 
can also be thought of as its resistance to acceleration,, 
Mass is a quantity expressed in magnitude onlyQ

So we can say that mass is ~ 0 0 0 0 0quantity0 0000(4)

Mass is measured in ki-logramso Mass of a body 
does not change0

Therefore, mass remainsooooooothroughoub and 
it does noto00oooofrom place to place0 0700(5}

Let us imagine that, a tennis ball and a cricket 
ball are falling from the same heighto Common experience 
tells us that it is easier to catch the tennis ball 
than the cricket ball0 Why? The balls are falling from 
the same height and as such have the same velocity on 
reaching the hando But the cricket ball is heavier than 
the tennis ballG Thus, the quantity of motion contained 
in a body depends upon its masso
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Again consider two cricket balls, one falling from 
a height of 100 m and the other from 25 ma On reaching 
the hand the velocity of the first ball will be

2gh = 2 x 9o8 x 100 = 43°4- m/sec and that of
the second ball will be 2 x 9<>8 x 25 = 23o3 m/secD It 
will be difficult to catch the former as it has greater 
velocity than the latter,.

Thus the motion contained in a body depends upon 
its mass and velocity0 The quantity of motion contained 
in a body can be termed as the momentum0

o
o

o

o

Thus the momentum of a body is defined asoooooooo
o o f» r* o o o 

o o n o -> > o

n o^oooo »oo 
OOOOOOOOO '/

o o o o o
o o o o (6)

Momentum is measured by the product of mass and 
velocity,.

The unit of momentum, then, can be„ a 0 „ oooo(7)

If we push a ball it starts rollingo If we leave 
it without disturbing it will remain at the same place,, 
It is a matter of common experience that an object like 
a book once placed on a table remains on 'he table for 
ever,, This means that to make any body move certain 
action must take place0

The external agency which make a body move can 
be calledooooooo 0000^8j

We know that if we throw a cricket ball it will 
move in a straight direction0 If we apply a force using 
a bat we can make it move in a different path altogether,.

Force not, only makes a body move but it may also 
change its,, „„ 0 „ o„of motion,, 0,00(9)

Any body in motion can be brought to rest by 
applying a force in the reverse direct,ion0
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Thus, anything which causes a body to. start 
moving when it is at rest, or stop* it when-it is moving, 
or deflect it once it is moving can be calledoooo ocooMO)

Ve have already learned about mass and 
acceleration,, Force is measured as the product of 
mass and acceleration0

Therefore, Force = ooo00 x o-.-,„oo

The unit of force is Iewton0 The unit of mass 
is kg and that of acceleration is m/s2„ I

Therefore Newton = ooooo x ooooo : ooo->(12)

Force has magnitude as well as direction,,

Thus, force is a 0 „ „ o 0quantity0 oooo(13)
OO OOOOOOC5 oooooo oooooooooooooon

bhen we think about forces, we probably think 
first of all of the forces we can exert wi,th our own 
bodies-by our muscles„

Such forces are calledoo ■ 0000(14)

Perhaps the most familiar force ofi.all is that 
of gravity - the force which pulls things Itowards the sarth0 
It certainly is a-force, because if you let something go, 
it starts to move to fall«

This force is calledooooo ‘ o„oo(15)

Have you ever handled a magnet? If you have, 
then you must have noticed that the north''and north poles 
repel and north and south poles at tact 0

The forces involved are calledoooo^ 000o(16)
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It is to our common experience that,a 
plastic comb after combing the hair is brought near 
small pieces of paper it picks them upD This can 
happen only if a force is exerted ' j the comb on the 
pieces of paper, It is evident that while combing, 
it got charged up0

These forces are called,,,,, ■ oooo(17)

For a body which is under fo ice of gravity the 
acceleration will be acceleration due to gravity go

i

So far we have been discussing about & bodies 
at rest and bodies in mot ion, We have seen clearly 
that the bodies will not move unless a force is 
applied on it, or we can say that "ivery body continues 
in its state of rest- or of uniform linear'motion 
unless an external force acts upon it," !,

This is known as Newton's First law (law of 
Inertia), , {

This law can be restated as "Every,body 
preserves its velocity unless acted upon by an 
external force,” Since velocity is constant either 
when the body is at rest or when it is moving 
uniformly in a straight line, this law implies that 
both these states are preserved due to inertia.

The importance of First law lies in the 
fact that -

io it definesoooooiualitatively, 
iio it explains the property of,,,,, oo„o(18)

The first law tells us that, a force is 
required to move a body. How much the body will move? 
In what direction it will move; all depend on the 
force. This can be seen in Newton’s 2nd'law which 
states that the rate of change of momentum of a body 
is directly proportional to the force acting on the 
body and is in the same direction, ?

Thus, we find that the first law gives us 
the qualitative definition of force while1 the second
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law gives us the quantitative definition of force0

i0e0 ? f = ma0 •

Ihe first law also can be said oo be a special 
case of 2nd lawD

A car of mass 500 kg accelerates from 10 metres 
per second to 20 metres per second in 20 secondso 
Calculate the force making it accelerate0

Ve know that f = ma
but, a = or f = m ^ '

Substitute the values and calculate forceD 
• 6

o a o a n o oouotvoooooooooo

oooonaooooooooooooooooooo
O OOOOOfi > o r> fITOO OOOQ 00 0;'’000 OOd{

A bullet of mass 0o005 kg, travelling at 
a speed of 40 m s”1 , penetrates 0o2 m of wood0 bhat 
is the resistive force offered by the wood, if 
the retardation is uniform?

be know resistive force f = ma in the 
opposite direction.-, The, velocity will reduce from 
40 m/sec to zero when it stopso

or

f = ma 

f = m

but a = (y2 = u? + 2as) 

substitute and calculate0

oor)oof>oooooonoGno‘oo oo 

OOOOOO'JOOOOOOOOOOOOOO 

OOOOOOOOOODOOOOOGOGOO 00^20)

1'he momentum of a particle moving, at a 
speed of 45 km h"1 is 100 kg m s~1 0 V.'hafc is the 
mass of the particle?

be know chav, momentum p = mv >,
or we can write mass m = il,

t :Substitute the values and calculateeQ
OOCIO » O ') *) o o ^ G o o o O ^ G o O
OOOononOOC'ODr'OOOOOOOD O O \ 2.
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Topic 3» Newton's Laws X & II 

Self Evaluation Mate-rial (SBl)

In the blank space provided write th-e wo id or 
expression which BIST completes the meaning^

1 o-A body continues in its state of» »(ia)0o 
orod b)0ounless aQO( 1 c )o0acfcs on it0

2oThe state of a body in which there is no,; 
change in its position is called.o 0(2 )oo '■

%Newton's firsc law of motion describes 
the requirement for the motion of 
a body in00(3)oo •

4oThe property of matter that is responsible 
for the first law of motion iso->(4)oo

5oMass is a measure ofOo(5)oo

6oThe objects with equal inertias must 
have equal0o(6)oo

o n o o o 1 a
o o o o o 1 b

«*o o o a o lo

o o o o

oo^o

o2

o3

O O O D O 4*
o o o o a 3

O O O n r> 6

7oIf an object is stationary, its inertia 3 
tends to keep it afc00(7 )<,« 1

8oIf an object is in motion its inertia ■! 
tends to keep it00(8)oo ,

07

08

9oWhat is meant by force? How is i t related to other 
physical quantities? Name and define the absolute 
unit of force in the Sal* system0 ,

lOoThat will be the acceleration of a car of mass
1 ,000kg if an unbalanced force of 800 N‘ is applied 
to it?

.,..10



11o-An unbalanced force of 150N is applied to a boat 
which is accelerated at 0„50 m/s2o Wha: is the mass 
of the boat?

12oState Newton’s first law of mobion0 What do you 
mean by inertia? Why is the first law also named 
as the law of inertia?

Key to SL1

1 olnertia 2oInertia of motion 3oInertia of motion 
4oScalar 5oConsbant, change 60Ihe quantity of motion 
contained in a body0 7okg m/s 8nPorce 9oDirection 
10oPoice 110Mass x Accele'ration = In a0 12okg x m/sec2 
13oVector HoMuscular forces 15oGravitational force 
iSoMagnetic forces I7oklectrostabic forces 180Porce, 
inertia 19c 250N 20o 20 U 21 o 8 kg

Key bo SMS •

ia0Rest iboMotion lc0Porce 2oRest 3oRest 
4oInertia 5oInertia 6„Mass 7oRest 80In motion 
10. 8 m/s2 11o 300 kgs
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'.Topic 3s Newton*a laws I & II 
•Assessment;

Section -A

I« In the blank space provided write the;word 
si which BBSI completes the meaning s'

1oThe product of mass and 
velocity is calledoo(l)c o o o o o

2oIf the acceleration is doubled [ 
the force becomes0o(2)ootimes,> i

5oWhen a moving bus suddenly stops" 
the passengers are jerked forward 
due to00(3 )00

*
4o^ person sitting on a trolley fails 

backward when it is being pushed 
forward by some one because of00(4)o

5oNewton is the unit ofoo(5)oo
6ooo(6)00is defined as the r

resistance to acceleration j,
7oHeavy bodies posses00(7 )oo 

amount inertia„
II® Define the following %

a0 Inertia % ''

00 00 o o2

0000 o3

o o 0 o 4
o o o n o5 

000 00b

000 o o7

b0 Force t

Co Newton s
t

III8 Explain why a bullet moving fast pierces through
a windowpane making a small hole without shattering 
it o
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Section B

I, In the blank space provided write the word which 
BEST completes the meaning,,
1 oShe property bit-mat ter that is responsible for the 1st law of motion is calledoo(l )„<> 0 «
20Newtonfe 1st law of motion describes 

the requirement for the motion of a ' body inQo(2)oo o „ 0
3ol'orce is directly proportional to,,o(3a)oo o 0 

in momentum and Inversely proportion to
no(3b)oo , 000

o o 1

o o3a

o o3b
II, State lewton’s 2nd lawe How can this be,used to 

measure force? Explain,, >

Section C
I, lind the momentum of a cycle rider of mass 150 kg moving at 6 ms"'1 due easto

II, The momentum of a particle moving at f ispeed of 45 km h ^ 
is 100 kg ffis'l o Uhao _s uae mass of the particle?

Ill, A force 2N aces on a body of mas^ 2 kg ;'at rest for 6 secondso Calculate the velocity acquired by it0

IV» A cyclist moves with a velocity 4 m/s0 'The mass of
the cyclist including his bicycle is 128 kg0 lind the 
force needed to stop his bicycle in 10;so
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'Topic 4 s Newton's III lam ef motion 

CLASSROOM LEARNING MATERIAL (CLM)

Task analysis

fig 4.1 Task analysis map - Newton's third law



Topic 4i Newton's Illrd law of lotion 
Learning Hierarchy

The following are the learning objectives in the 
learning hierarchy shown in Fig04o2o

When the topic is completed the students should 
be able bo s

I. recall displacement
II. recall time

III. recall velocity
IVa recall acceleration
V. recall mass

VI, recall force
VII, define reaction
IX.iUstaoe the Newton’s Illrd law

Bodifferentiate between action and reaction 
with respept to Illrd law,

C.givc ill as trail one for Newton's Illrd lav?

Concept Revision
I, Displace m ent

II.lime
III.Velocity 
IV,Acceleration 
V.Mass 

VI,Force

Evaluation
ioWhab happens to the force if the mass of 

the moving body doubled„
iioDefine mags in terms of force and acceleratlon0



Learning hierarchy

Fi-g. 4.2 Learning hierarchy map - Newton's third law



liioWhafc will happen to the velocity of a body 
if the force applied, is doubledo

ivoBring out a relation between displacement 
and forceo ;

Actions -'Suppose we bake objects a A and ;B and
let 'A exert a forc'e on B; then the force that the first
object (A) exerts on the second is known as action0

Reaction? The force that the second object exerts on 
the first is known as reaction0 Of course lone may note 
that any object can be taken as the first“object0

Evaluation

1oWhab is force?
2oWhat are Action and Reaction? Define0 
3oDo action and reaction act on tne'same body?

lewton's Illrd law

To every action there is always an equal and 
opposite reaction0

Here* action = o o(Reactim)«,

The negative sign shows that the reaction is in 
the opposite direction0 '

ROTEs
ioThe action and reaction are force'so 

iioThe action and reaction always act along the 
same straight line' but in opposite direction? 

iiioThe action and reaction never act on the .same 
body but always act on different ;bodiesD 

iVo'The action and reaction are always equal in 
magnitude o. . •'

VoThe forces always exist in action reaction pairs0

It is a common experience that if si person hits 
another person with his palm, the former ialso experiences 
a pain0 Harder the hit, greater is the painQ

Here hitting the person is action while the pain 
is experienced due to reaction0 ;
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It should be borne in mind that there is no 
formal proof of Newton'^ law of mo Aono Through
discussions it could be easily concluded that existence 
of an isolated force is not possit s as for every 
action (i0eo force)0 There is always an equal and 
opposite reaction (i0e0 force )0 Hence forices always 
exist in action reaction pairs„ >

However with the help of spring balance 
experiment it can be established that action and 
reaction are always equal in magnitude0

let us consider a spring balance abeing pulled 
by another spring balance B as shown in the Bigo4o1o 
Both the spring balances read equally0 This shows that, 
when the balance B pulls the balance A, the balance A 
also pulls balance B in the opposite direction,, The

Pigo 4o1

force with which balance B pulls balanc-1 A is equal 
and opposite to the force with which balance A pulls 
balance B» The force exerted by balance rB on balance A 
on balance B may be termed as 1 re^ct ion''o Thus we see 
that "for every action there is equal and opposes 
reaction,."

Illustrations

1 o Y/henever a person steps out from a rowing 4«ajr, 
he pushes backwards on the boat (the action) which 
moves accordingly whilst the boat pushes the person 
forward (the reaction) the forces are equal in size, 
opposite in direction and act simultaneously on the 
person and the boato :

2o While s?>?imming, a swimmer throws water in 
a backward direction (action) where as the reaction 
of the water moves the swimmer in the forward 
direction,,
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3o The birds while flying, push the air downwards with their wings (action),, The air exerts an equal and 

opposite force on the birds in the upward direction 
(reaction)#

4o In rotating fountain, a central pipe is 
fitted with four small pipes having fine nozzles at the 
ends (Pigo4o2)o Y/aser rushes out of the nozzles at (action)# The pipes move in the opposite direction 
(reaction)o This principle is used in the 'fountain 
to sprinkle water around0 I;

5o When a bullet is fired from a rifle with a certain force (action), there is an equal and 
opposite force exerted on the rifle in the backward direction (reaction)#

60 When we walk on the ground, our'feet press the 
ground backward (action) and the reaction of the ground
on our feet moves us in the forward direction,,

1 |!

7o 4 boatman in order to go away from bank, pushes the bank with a pole (action)# The bank pushes the boat 
away as result of reaction0 ‘

Evaluation
10If action, and reaction are equal ['then how 
does a body move0

2oExplain with the help of 3rd law the action 
during the lift off of a rocket# '

f

3#Explain what happens when air from a ballon 
is allowed bo rush out quickly# ■
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Topic 4? Newton’s Illrd Law of Motion 

Sell Learning Material (SLM) ,

To Studentss ' :

What happens when two bodies collide.-is a very 
old problem,, In 1668, the Royal Society of/London 
proposed an investigation of the question of collisions? 
the solutions were produced by the mathematician John 
Wallis; the architect of StoPaul’s, Sir Christopher Wren; 
and the Dutch physicist Christian Hugenso Some of their 
conclusions and experiments are discussed by Newton in 
Principia0 ind Newton also provides the solution - the 
same solution as proposed by the others 0 7/hat he achieved 
was to unite what seemed like a separate problem with the 
other problems of motion, and he was able to solve all 
using the three postulates of motion,, ■

Prior to this significant contributions were made 
by Descartes proposing the principle of inertia and 
Galileo who contributed extensively to the,; study of 
forceSo

Those of us who had the experience of rowing by 
boat know that to get out from the row-boat to the deck 
one needs a force to accelerate hxmself„ Ror this he 
pushes the boat pushes the man in burn ir it he opposite 
direction with the help of which he reaches the rock 
and this force is reaction0

So we can say that action and reaction 
are n o n o o ooo c o oobut they act inD „o00 oodirectiono ,„0(1)

While talking about action and reaction, we 
should realise that they act along the same straight 
line0

7/e have discussed in the class about Newton’s 
third law, which says that action and reaction are equal 
but act in the opposite direction,,

Here, we are confronted with a problem,, Taking 
that action and reaction are two forces and for every 
action there is an equal and opposite reaction,, I am 
inclined to think them, why should the body move? Don!n 
they cancel each other?
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Here, we are confused because we have not yet 
fully understood the nature of these forceso Action and 
reaction act on different bodies giving no change to 
cancel each othero

If A hits B than action acts on0 0 o <. 0 0and reaction acts onnoon00 0 n00(§)

To increase reaction, we shouldincrease ooooooo o q o(3)

Key to SIM

1o Equal, Opposite 

2o B, A 
3o Action
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Hewton’s Illrd Law of Motion

Assessment

1o Newton's third law of motion deals with

ao one object and two forces0 
b0 two objects and two forces »
Co action and reaction^ nnooooooooonoo

2o When an automobile is accelerated forward
1

a0 the tires exert a forward action0force on the road0 
b0 the road exerts a forward reaction force 

on the tireSo
Co the tires exert a rearward 

action on the road0
do the road exerts a rearward reaction

force on the tire So oooooooooooooo

3o Can action-reaction be produced on a single body?

oooo'j >00000000000000

OOOOOOOOOOOOOOOOOO0O

4o Can you set a steel toy car in motion with the help 
of a magnet suspended through a support attached to 
the car itself?

ooooonooooooooo no ooo
OOO OOQOOOOOOOOOJOOOO 

ooooo oooooooooooooo o

5o Explain the action and reaction in case of the 
following s

a0 While swimming„

ooo oooooooooooooooo 

oo onooo oooo nooooooo

b0 'Jhe birds while flyingo

ooooooooooooo 

0000 DOOOG oooo
o

o



Topic 5 s CONSERVATION OF MOMENTUM
t r

CLASSROOM LEARNING MATERIAL (CLM) 

Task analysis

Fig, 5.1 Task analysis map - Conservation of momentum
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lopic 5s Conservation of Momentum 

Learning Hierarchy 
Classroom Learning Material (CLl)

The following are the learning objectives in the 
learning hierarchy shown in Pig05o2o

it the end of the topic the students should be 
able to ;

I. recall scalar quantities
IIo recall vector quantities

III. recall mass
IVa recall time
V» recall displacement

Via recall velocity
Vila recall momentum

Villa recall acceleration
IXa recall force
Xaia.define impulse 

Baexpress it as
I = f x t 

Cagive its unitso
D®calculace impulse from the given dataQ

XI»i»stat,e the law of conservation of mementutn0 
Bade rive the expression

m-jUi + ^2^2 = m1vi + ra2v2 
C»explain the significance of the law0

XIIa A.solve problems



Fig. 5.2 Learning hierarchy map Conservation 
nf momentum
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Reviewing Concepts

I.Scalar quantities 
Ilav'cct'„quantities 

III.Mass 
IV.Time

V.Displacement 
VI.Velocity 

VII.Moment um 
VIII.Acceleration 

IX.Force .

Evaluation

1 define force quantitatively0
2.Define momentum0 ,!
3oHow force and momentum are related,?
4oWhafc happens to the momentum of a- body if 

the force is increased?
5.Select the scalar quantities and vector

quantities from those concepts mentioned above?
6oWhat happens to the momentum if fchje mass 

and velocity are doubled?

X. Impulse

The motion of ’a body on the application of a force 
will depend upon two factors i

(f) Magnitude of force, and
(2) lime duration for which iu acts0,

ihis total effect of force is called impulse.

Type of quantity! Vector.
Specifications Measured by the change in

momentum produced in a body0

unit r Xg m/sec

Impulse = change of momentum
final momentum - initial momentum
mv - mu ■
m(v-u)
m0at
f.t ;
force x time '

v = u + at 

f = m. a
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Impulse may, therefore, also be defined as the 

product of force and time during which ic actso
Dimensional Equations MLI 1

Illustrations !'

Impulse shows the total effect of force0 A „ cricket player lowers his hands while catching a fast 
moving cricket ballo This is to increase the time and 
hence to reduce the force that he has to exert to stop 
x t o
Evaluation

1olhab physical quantity correspends to the 
change in momentum? ^ ;

2oDefine impulse0 
%How is it measuiedo

XIo Law of Conservation of Momentum :
We discussed’about the momentum in the previous 

topic i0eo, p = mvo < 't

Suppose we have to bodies 'A & B of mass .nx| and 
move with velocities u^ and U2 respecti vely0 Suppose 
the two bodies interact for a time interval of t second, 
let their velocities, after collision, be v-j and V£o 
Let the force exerted by A on B be f-j and that by B on 
A be f2 o
By Newton’s 2nd law f^t = m1 (v^u.j )

(Force experienced 
by A is # )
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For the same time interval

V
i0e« m2(v2-u2) = "VVV

VfV2 = Vl + Vi 5
or m2v2~ m2v1 = m^u.^ m2u2;

or u^ + m2u2 = m1v1+ m2^2

i<,e0, Total momentum before' collision =
_ Total momentum after collision

le can generalise this by the following ;

In a system of bodies interacting with one 
another, the total linear momentum of the;,system in any 
given direction remains unaltered, unless,1:an external 
force aots on the system in that direction0

This is known as the law of conservation 
of momentum^ ;

Illustrations s !,

1 o Suppose let us take 5 marbles keep two 
together as shown at resU Using the third, one 
between the marble nearest to it, x0e0 (2), we will 
see that marble Uoo(l) moves away with th“e same 
speed u as that of 3 and 
comes to resto This is a 
perfect example of law of 
conservation of momentum0 
(UOiS that this is also an 
example of law of conservation 
of energy which we will study later)» '■

2o A bullet fired from gun; (i) Before firing, 
both the bullet and the gun are at rest ,;sc the 
momentum of the bullet = 0 and the momentum of the gun = 0

o°o Total momentum of (Rifle + Bullet) = 0 0O„(i)
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Let m be the mass of the bullet and M be 

the mass of rifle and v and V be the velocities 
of the bullet and rifle respectively after, the bullet 
has been fired, then

(ii) After firing i

Momentum of the _ mv (taken as +ve, being 
bullet ~ in forward direction)

i'

Momentum of the Rifle = -MV (taken as -ve
being in
backward direction)

o°o iotal momentum of (Bulle t+Rifel) =
mv*-MV ooo(ii)

Now according to the law of conservation 
of momentum we have, "

dotal momentum before firing = iotal momentitim after
firing

t

1'hus, we get from equations (i) and (ii) 

mv-MV = 0
or mv = MV ;

Since M m, oDo V v

It means that the velocity V with which rifle 
recoils in the backward direction is much smaller than 
the velocity v of the bullet because rifle is much 
heavier than oh- bulleto ihus the recoil of the gun 
sometimes is nou noticeable,, •

Evaluation

1 o We discussed the conservation of momentum
in a two particle system,. How will you rewrite 
the equation if there are n particles?

o State ohe law of conservation of momentum,,

b1

2
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XIIo Problem.Solving
'i

1o A force of 2 newton is acting on a body of mass
5 kg for 4 secondso Calculate Lae impulse developedo

I |
He re , f = 2N - ;

m = 5kg l
b = 4 sec

i

Impulse f x t = 2 x 4 = 8 kg m/seci

2o A body of mass 10 kg changes its velocity from 
5 m/sec bo 8 m/sec on the application of a force 
for 5 secondso Calculate the impulse d‘evel*ped0

Impulse = Change in momentum 
= mv -mu
= 10x8-10x5 !■
= 80 - 50 *,
= 30 kg m/sec

3o -A cricket player is able to stop a cricket ball 
of mass 360 g moving with a velocity of 200 cm s-"' 
in 0o3so Find the impulse on the ball 'and the 
retarding force applied by the player0

Solution given m = 360 g
u = 200 cm s”1 
v = 0 ;
t = 0o3 s I,

Impulse = ?
f = ? i

Impulse = m(v-u)
= 360(0-200) = -72000 dynei ,„(i)

But also we have, Impulse = Force x lime
=fxfc = f x 0o3 '' ooo(ii)

O°o Prom eqns(i) and (ii) we get 
f x 0o3 = -7-2000

or f = -240000 dyne or f = -2o4N
( o o lO^dynes = 1N)

Negative sign otere simply shows that 
the force is retarding one„
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4o A 50 gm cannon ball is fired from a gun weighing 

4 kg with a velocity of,40 m/seco If the gun is 
free to move with what velocity will it ;move 
with what velocity will it move backwards? 
Solutions „ cq

Here, mass of the ball = m^=50gm =  ^qqq~" kg

= 2B~*S

Velocity of the of the ball = v^= 40»m/sec 

o°o momentum of the ball = m^v^ '

_ 1_ x 40 ;
“ 20 (

F,

= 2 kg m/se'c

Mass of the gun = = 4 kg

Velocity of the gun = vg= ? :

According to the Principle of conservation of 
momentum, ,

o°o Velocity of the gun v,
Vi

on

2
4

m/ sec

50 cm/sec

Evaluation (

1 o A force 10 newton produces an impulse of
40 kg m/sec on a bodyn Calculate1; time duration 
of the application of force0

2o A canon fires a shell of mass 50 kgo Find the 
muzzle velocity of the shell if the reciil 
velocity of the cannon is 4 ms“^ 0 You are 
given that the mass‘of the cannon is 6000 kgo

3o A railway wagon travelling due north at a
speed of I0ms“1 collides with an identical wagon 
at rest0 Both the wagons move together af„er 
the collision,, Calculate the final speed of 
the wagonso
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Topic 5 s Conservation of Momentum 

Self Learning Material (SLM)-

To .
Students s !■

t|

\e may note that as an immediate consequence 
of Newton's third law concerning the nature of forces, 
we have one of the most famous theorems of mechanics - 
conservation of momentum,. The idea of momentum 
conservation is ’s*deep that it pervades physics even 
when the Newuonian form of mechanics is no longer usedQ 
This is one of the several instances in which a result 
obtained as a relatively special theorem is ffcund later 
to be more important and more general than the 
postulates from which it come0 ;

The theorem stating momentum conservation is 
more fundamental than third law, on which: is based 
history often decides the original order dn which 
proposil ions come to life but it does not: necessarily 
place ® them in the order of their final 'importance0

In the earlier topic, we studied about moment!um„ 
The momentum depends on mass and its velocity.,

Momentum = ooooooo x oooooo o o o (1)

Newton's 2nd law deals with foices;and its impact 
on the motion of bodieso When a force of , considerable 
amount acts on a body what we notice is motion or simple 
a change in ios velocity and hence a change in its 
momentum,, ■ !!

Newton's 2nd law can be mathematically be
stated as - , ,

r - m x - mv-fflu.1 t t

or -ft ooooooo ooooooo 0 00(2)
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On the left, side of the equation, the’ quantity 

ft = the product of' a force and the time during which 
it acts - is called impulse0

i'hus, impulse can be defined as0 n o,'o „ o «,

on *10 0 0 00 O O o o o o n,° oooo ooo

On the right hand side of the equation (2) is the 
change in the bodies momentum0 i

i0e0, Impulse = Change in momentum /

lhus, the impulse can be measured in

Or, , o ■) O O Un itSo ' 0 0 0 ^4

Impulse is no-.on., oooquantity

ihe fact that the impulse given by a body equals 
its change in momentum leads us directly to the veiy 
important concept of conservation of momentum,,

Consider two marbles colliding on a'smooth tabLe0 
lach exerts a force on the other that will .change its 
speed and direction^, Prom Newton's third law, we know 
that these forces are at all times exactly equal and 
opposite in direction, and the time during which these 
collision forces act is obviously identical for each 
marble0 Thus, each mar tie during the collision, _ 
receives an impulse equal to the impulse .received by the 
other marble , but in the opposite direction<,

It follows, then, that each marble ‘undergoes 
a change in momentum equal and opposite to the change, 
in momentum of the other marble0

Hence we can say that

Change in mementum of first marble — Change .
momentum of 2nd,,marbleQ

If m is the mass of first marble and the velocity 
changes from t u^ , v^ and m the mass ofi2nd marble and
the velocity changes from u2

Then we can virile this as

Vi - ®1U1 = -(Vz - “zV;
ihe negative sign indicates that the impulse of 

2nd is in a direction opposite to that of first0
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Simplifying

m,v. — m.u, — "*nirivn “t" ooooooo 
11 11 c. d I

000(5)

or n^u + m2u2< o o o o o o o 000 (6)

The left hand side indicates the total 
momentum before collision and the right hand side 
the total momentum after pollisiono

i0e0, we can say that the total momentum before 
and after collision is conservedo

a

or the law of conservation of momenuum ..states that
0 a o a '} 't o t 00000 00 00000000

1 aoo 000 *>00000 000 on 00 ntooo 000

le have shown here that a quantity called 
total momentum remains constant, no matter what 
happens0 If bodies collide, if an object explodes - 
no matter what happens, the total momentum remains 
'the sameQ

This we can illustrate with the example of 
firing a gun0

f*

Before firing since both the gun and the 
bullet are at rest total momentum = 0 + 0'' = O0

-After firing bullet (m) moves forward with 
a velocity v and the gun (M) moves backward with 
a velocity (?)a

io£o, total momentum after firing = mv-My,

(-ve sign shown both are in opposite direction),,

By law of conservation of momentum,’ 
m can wri te

O=0000'>00~0 0 000'>0 ^ ooo(s)

or M? = > o o o (9 )
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•Joplc 5 i Conservation of Momentum 

Self Evaluation Material (SRM)

Directions*

In the parentheses at the right of each words or 
expression in the second column, write the letter'of the 
expression in uhe first column which is HOST closely 
relatedo

aoBate of displacement 
bolts graph is a curved line 
CoRaie of motion 
doDistance with direction 
eoContinuous change of location 
foMotion along a curved path 
goSum of component velocities 
hoMotion in a straight line 
ioMotion about an axis 
joRepresents the magnitude and 

direction of a velocity 
kolts graph is a straight line

displacement ( ) 1
mot ion ( ) 2
linear motion ( ) 3
speed ( ) 4
velocity ( ) 5
uniform velocity ( ) 6
variable velocity ( ) 7
circular motion ( ) 8
velocity vector ( ) 9
resultant' velocity ( )10

Directions

■ In the blank space at the right of oach 
statement, write the wo id or expression which BBS! 
completes the meaning0 s

11 olf the velocity-of an object' is 
constant, the motion is s&id to
bec 0(11 )oo ooooooooooll

v

12oIf either the rate or direction of 
motion of an object is changing, the :: 
motion is said to ben„(l2)oo o - n « 0 >, 0 o12

15oSince velocity has both magnitude
and direction, itisa(n)oo(l3)oo -■
quantityo ooo,. ,>ooaoon13

14oIf two component velocities are known1, 
the resultant velocity may be found 
by complt oing the velocity,,0( 14a)Q0 and 
determining the length of itsr,0( 14 )b),0<>

o o 14a 
o o 14 b
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15o*An object which moves along a 
straight path 3oOm during 10Osec,
6oOm during 2o0sec, and 9oOm
during 3o0sec has a velocity of :
Oo(l5)oo ono 00000

l6ofhe product of the mass of a moving
body and its velocity is calledoo(l6) '000000

17oi‘he product of a force and the time 
interval during which it acts is
call edoo(l7)i0 00,000000

180Momentum is a vector quantity 1
because it is the product of a
(scalar? vector)o 0(16a)0O o 0 >0 -> o o o 0
quantity, mass, and a (scalar,
vector)oo(l8b)0oquantity, velocity0 0 *io 000 o o

19oImpulse 'is a vector quantity 
because it is the product of a
(scalar, veclior)oo(-19a)o0quantity, 0 o -> 0 « 1 D
force, and a (scalar, vector)00
oo(l9b)ooqua nt11 y, t xme o 00000000

20oihe relationship between impulse "
and change of momentum is that they I 
areoo(207 00 o o 0 *- n u j n

21oVhen no0o(2la)0„forces are acting 0 
on a system of00(21b)onobjscts,the 0 
totaloo(21c )ooOf the system0o o
oo(21d)oo o

0-000 

0 0 0 9
o ‘ o n o

000

000

o o

Directions

Place the answers to bhefoil owing problems in 
the spaces provided at the right 0

22oi'he distance from Baroda to ■;
Bombay 400 km, (a) if the 000000a
driving time is 8 hr, what is
the average speed, (b) what is 0 0.‘0 „ » o 0is the direction of this
displacement?

o15

„16

o17

olBa 

o 16b

oiea

d9b

020

021 a
o21 b
o21 c 
o 21 d

o22a

o22b



46123oWhab is the momentum of an 
automobile, mass 1500 kg, 
moving at a velocity of
20o0 m/sec northward? oooooooooo23

24oPor how many seconds must a
force of 750 n northward act to 
impart the momentum uo the
automobile of Noo20? oooonno-, no 24

'2$o-4 ball, mass 25 o5 g, velocity 
30o0 cm/sec southward, collides 
with another ball, mass 10o0 g, 
moving along the same k line with 
a velocity of 15o0 cm/sec 
southward.-, -After collision, the 
25o0 g ball has a velocity of 
22o0 cm/sec southwardn What is
the velocity of the 10o0 g ball? „ 0 o „ o o 0 0 o ,25 

Key io SLM
10mass x velocity 2otnv-mu 4okg m/sec
5 o m^r ‘ 6 o m.v + m0u0 8 0mv-MV 0 amv=M¥2 2 11 2 2

Key so 3I<1

1od 20e 3oh 4oe 5<>a 6ok 7«b boi 9«3 1 0og 110uniform
12Onon-uniform 13ovector 140a diagram 14b0lasb side
15o3 m/s I60momentum 17.-.impulse 18a0scalar I8b0vector

19a0vector 19b0scal r 20oequal 21a„external
21 b0moving 21 c0momenturn 21dois constant 22ao50 km/hr
22b0Baroda Bombay 23o 30000 kg m/sec
24o40 sec 25o35 cm/sec
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l*o pic 5‘ Conservation of Mo men mm 

•Assessment, Material (-AM) 

Section A

lol'ill in the blanks using the mosu appropriate word/so
a0Momenbum is a0,(ia)0oquantilyo nn •> o o , o o o(la)
bolf the velocity is doubled 

the momentum,,(1b)OJ

CoWhen the mass is increased 
to 3 times fahr- momentum 
increases by0o(lc)oo

doi'he produou of mass and 
velocity is called0o(1d )0o

CoThe uni>, of momentum
iSoo(le ) io

foi'he product of force and 
»o(lf)oois called impulse,

goImpulse can also be thought 
of as the change in„0(lg)oo

holmpulse is a00(lh)0o '
quantity.

(1b)

o a o o d n

0 o O O O 0

n 0 n o a

, o n o

O o c n o n

o o f* o o 0

, o o ( 1 C )

0 n o ( 1 d )

1 « o (1 e )

, f , Mf)

, o 1 ( 1 g )

o o o (1 h )

II.Definej
(a) Momentum?

(b) Impulses



Section B 463

III0a0State and explain -he law of conservation of momentum,.

boGive two illustra ,ion to show the consequence of 
conservation of momentum,.

Section C

IVo-4 cricket ball weighing 2N moving with a velocity 
of 2ms-1 is brought to rest by a player in 2 sec„ 
Calculate ch^ impulse of the ball0

Vol bullet of mass 30 gram leaves the rifle with 
a velocity of 100 ms“1„ If the mass of the rifle 
is 4 kg? find the velocity of recoilo



LAW OF GRAVITATIONT;*;pic 6 s 

CLASSROOM LEARNING MATERIAL (CLM)

Task analysis

Fig. 6,1 Task analysis map - law of gravitation



465Grayi t at ion

I

Learning Hierarchy

ihe following are the 1 earning objectives in the 
learning hierarchy shown in I,ig«602o

.At the end of the topic the students shculd be 
able to s j

I* recall time measurement
IIa recall distance ;

III® recall velocity i
I?3 recall acceleration ;
Vs recall mass

YIs recall force ■VII a As define gravitation
Bs explain the effect of gravitatidn 

VIII«As defins gravity
B»'explain the difference in the usage of 

gravitation and, gravity ■
IX« define gravitational acceleration,;
XsAadefine weight ajid give its unit

Bsappreciate the limitations of the concept 
weight^differentiate between mass and weight 

Bsrecpgni^e the misconception in the usage of the unit in which weight is expressed o’'
XIsA»state Newton’s raw of gravitation 

Bode rive I -Sr m1 m2
r2

„ , , mCsderive g=—r r^
Xllosolve the problems using the law of gravitation0

Reviewing Concepts
I slime 
Ilsdistance 

Illsvelocity
lYsaccelfcration 
Vs mass 

VI® force



Learning hierarchy

Fig, 6.2 teaming hierarchy map = laui of gravitation



Evaluation

10How is the mass related to force- ? ;
20h:hat happens to the force if the time of 

application is doubled?
3o*:hat happens to the acceleration if the time 

of application is doubled keeping the force 
constant?

4-» What is free fall?
5o¥hen the bodies fall down does the force 

remain constant?

VII9Gravitation ' r

Vie an quite aware of the fact that.a body 
allowed to fall freely i„s„ when body is dropped from 
a height it fall towards the earthQ This happens because 
of the gravitational attraction between the obgect and 
the eartho This force of attraction between the objects is 
responsible for holding planets or satellites in their 
orbits around the sun„ The tides in the sea are caused 
due to the force of attraction that the moon and the sun 
exerts on the water surface of the eartho'

Gravitation is the phenomenon of attraction of 
one body by another body common to all physical bodies 
in the universe0

NOTESs
loBodies attract each other by means of 

gravitational force0
2oThe earth exerts a gravitational .(attractive) 

force on every other body in the universe!
3oBodies which save a mass that is small compared to 

the mass of the earth and are near the surface of the earth, 
'fall down’ because of the gravitational ‘attraction,,

i

Evaluation

1 o¥hy does a small body at a height falls down 
to earth taking that force of attraction ■’is the same 
between both?

2oIf two bodies attract each other'why don't 
then it move towards each other on the surface of earth?

3oWhat type of quantity is force of attraction?
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Gravity; The gravitational force bebweenthe earth 

(or other planet or satellite) and a body near its surface„

NOTES;
1 oihis gravitational force (gravity) is measured as 

the weight of the body on thau planet (the earth )D
'i

2oihe term 'gravity' must be used in .a different sense 
from that of the term fgravibabions 0 Gravitation is a 
phenomenon which gives rise bo a force of attraction between 
all bodieso Gravity is the measureable effect of the 
phenomenon of gravitation between a body and a planet or 
satellite i0e0 when we talk of gravitation-as gravity the 
attraction ,is between a body and a planet or a body and 
a satellite (e0g0 moon)0

Evaluation

10How does vhe .,erm 'gravity* differ'-from 
'gravitation*? ; '

2oDoes the value of gravity remains constant always? 
3oDoes 'gravity* refer bo force of attraction with 

respeeu to-a planet only?

IXoGravitational Acceleration ;

-Acceleration due bo gravity? The acceleration 
experienced by a body near the earth's surface due bo the 
earth's gravitational force acting on the, body0

i

Examples A stone falling vertically from- a height 
is accelerated by the force exerted on it by the earth'*

Type of Quantity; Vector but in practice always
treated as scalar (see specification below;)*

■?

Written Representations g ;

Specification; (i) Magnitude; For, any body near the 
earth's surface, the magnitude of g is almbst constant; 
usually taken tfe be gc8 ms“20

(ii) Direction; The gravitational acceleration 
vector for any body near the earth's surface is always 
directed towards the earth's centre* Hence1, the direction 
is 'fixed* and need not be considered in all calcuLations*
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Evaluation

1oWhat type of quantity is gravitational acceleration? 
2oWhy it is treated as a scalar? ;
3oDoes the gravitational attraction remains the 

same always?

XoWeightXSMUVMAMMB

■2*he force by which the given body is attracted by 
the earth0

Examples See Eig0

Types of Quantity! Vector, 
but in practice usually 
treated as a scalar (see 
specification below)*

Written Representations W

Specifications (i) Magnitudes 
Given by the relation applied to 
gravitational force and 
gravitational acceleration of 
bodye
OR W = mg

measured in newton (N)»

(ii) Direction; Always 
towards the centre of the earthj 
hence "fixed* and need not be 
considered in all calculq^,ions0

H/ Wy

ligoS ; Weight is a 
vector- quantity,, Its 
magnitude is the object’s 
mass times the acceleration 
due to;'gravity0 It is 
directed towards the centre 
of the eartho

Dimensional formula! M

Limitations of the Concepts (i) The above definition is 
also valid for any planet or celestial body other than the 
earth e0g0 Mars, Venus, the Moon, but the value of g is 
different in each case (e0go, g of Mars = 3o92ms ? g of 
Venus = 8o82ms 5 g of Moon = 1 067ms-2) ;

ROTE'S laSometime unit of weight is also expressed in 
kilogram weight (kg0wl)o At a place, where value of / !’gH 
is taken as 9o8 m/s, the newton and kgcwt are related by 
the relation 1 kg0wc = 908N0 !



470

Limitations This unit and its value in newton are 
defined only for measurements on earbho Further, as g 
varies from place to place on earth0 1 kg->wtn is not a 
constant unit; its magnitude depends on the place0

(2) 'Ihe weight of a body in space, where g = 0, 
is zero, This explains the weighbltssness>experienced by 
astronaughfcso Though the bodies experience weightlessness 
their mass remains unaltered*, 'j

Misconceptions Weight is often used synonymously 
wiuh the concept; mass which is erroneous o', for example, the 
weight of a person is always expressed as* 50 kgsn Kg being fetee 
the unit of raass. Rightly it should be mentioned as 
50 x 9o8 = 490 Hew ton or 50 kg st.

evaluation

1oWh^fc type of quantity is weight? ;
20What is the relation between one kgoWto and 

one nefeton?
3oDo the weight remain constant throughout the 

surface of earth?
4«If not, why does it vary? ''
5oWhat are the differences between mass and weight?

XIa Hewbon's Law of Gravitation

Every body in the universe attracts every other body 
at all distances with a force directly proportional to the 
product of their masses and inversely proportional to the 
square of the distance • bet we. n them0

If two bodies cf masses 
a distance r frbm each other 
with a force f«

Then f ^ ra'i x m2

-And also ^f <*-V

m-| and m2 are kept at 
These attract each other

FigoS Gravitational force 
between two bodies

G is called the universal gravitaional ;■ 
const ant o The present; accepted value of * 
G in SI system is a 9 9

6067 x 10“ Wykg :
t.
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Illustration

We have noted in the earlier section that while 
gravitation refers to gravitational force between any two 
bibdies in the universe gravity is in reference to earch 
onlyo \

lie know that on earth f = mg
„ _ .... / GrMm

by Newton's law of gravitation f,= —5—
r

Where M = mass-of earth
m = mass of the bbdy

ia£o, mg GMm
2

r

or
GM
r2

The immediate consequence of this is that we come 
to a conclusion the g varies inversely as;r20 The value of 
g will be zero at large distances and hence the weight mg 
will also be zero, which explains the weightlessness in 
space 0

Evaluation

10What holds the bodies on earth?
2ofhy there is no i atmosphere on Wpibn where 

the value of g is l/6th of that on eartho 
3»What holds all the objects in the' universe 

in their respective places? :

XII• Problem Solving

loCalculate the mass of 1 earth from the following datas

G = 6067 x 10 11nm2/k’g2 

Radius of the earth r = 6o4 x lO^m, ;

g = 9o8 m/s2 ■
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GMm

Solutions f = mg and also f = p
v»

m =

mg

gr2

Gr
,9o8 x (6o4 x 106 )2 

6o67 x

= 6x1024kg

20 In the hydrogen atom, an electron of mass
9o11 x 10“32kg is at a distance of about 5oJ0 x 10"”'(-)m 
from a proton of mass 1 067 x l0-27kgo Calculate 
the gravitational force between the electron and 
the proton0

I wo. x
S- 3a* Io My

Pigo -An Electron Revolving Round a Proton

Solutions M1 = 9 <01 x I0^1kg, :: = 1 067 x 10_2^kg and

r = 5o3 x I0”10m

f = GM1M2
2

r
= 6067 x lO"11Nm2kg"2 x 9o11 x 10~51

kg x 1q67 x 1027kg 
(5o30 x 1Cf1°m)2

- 6067 x 9o11 x 1067 „ . /^-49-,-r
5o30 x 5o30 x lu **

= 3 061 x 1Q“A9N>



Evaluation
1 o Suppose you are 10^km from a certain star 

and observe that force of attraction 
between your spaceship and the star is 50H „ 
What will be the force when the distance of th star is reduced to 1O^km? 7

(ANS. 5 x 10' N)

2o Calculate the mass of the earth from the 
following data %

pg = 9o80 m/sec 

Q = 6o67 x 13-^1 SI units

R - 6034 x 10 m

Here !g* is acceleration due to gravity, G is 
the gravitational constant and E is the radius 
of the eartho 0,(ACTS. 60 x I0°kg)
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Tonic 62 Gravitation 

Self Learning Material (SIM) \

Newton reflected (perhaps in tils garden when the 
apple fell) that, the earth exerts an inward pull on nearby- 
objects causing them to fallo He then speculated whether 
the same force of gravity might not extend out farther to 
pull on the moon and keep it in orbit„ His speculation 
and thought in this direction helped us to know more about 
gravitation,,

Every body at-tacts every ocher body in the 
universeo This phenomenon of acbraction is called 
gravitation,, '

Gravitation can be defined aso « „ ,, „ (1)

Gravitational force is between two bodies 
on the„ o o o •> o „ o ' (earth/universe) (2)

Barth being a member of the universe-. This force 
of attraction exists here alsoQ This force of attraction 
will depend upon mass of earth and the body« If the mass 
of one is much greater chan the other then the smaller 
one is pulled towards the bigger0

This force of the attraction between two objects 
on eqrth is feeble and cannot cause any m’otion of the 
bodieso But for the earth and another body, this force is 
quite appreciable because of the huge mass of the eartho 

’ Hence bodies when projected upwards will kail back to its 
surfaceo The special name given to this force for the 
earch and object is called force of gravity,,

When we refer to this gravitational' force 
between earth and any other object on it only we call 
it ’gravity*o ' !

o

o

Therefore gravity can be defined as), 0 0 „ „ „
o to o o o -> r> o 'i o O '■'0 0 0 0 0,00 0000

o >000 >00000.>000 on oo'oooooo (3)
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Gravity refers to the force of attraction 
between one object and 0 <, „ „ „ 0 o Oonly o , (4)

This gravitational f.z.e on the earth felt by 
an object is called its weight0

Thus, weight can be defined aso o o o o cron oo n „ o
ooooooooooooooor>^ooooooooooooooooonnoooooooooooon

The essential difference between force of 
gravitation ,and force of gravity is that in gravity 
one of the object must be a„. •,> ->„<> while in ^,6,}
gravitation it need not be so0

Acceleration of bodies called by„„•>«„«„ is 
called acceleration due to gravity,, ■ (7)

Weight of a body depends on a body? -mass and 
acceleration due to gravity,,

The expression for weight w = 00on'o x g (8)

The unit of weight iso»»o,«

The force of attraction due to gravitation 
depends on the masses of bodies and the distance 
between them0 If nr and m are the masses separated by 
a distance r then force^oi gravitation .

r = P1®2

Where g is universal gravitation ^constant 0

This law is known as Newton's universal law of 
gravitations

We can write this asi Every body in this 
universe attracts every other body with a-'force 
directly proportional to the product of their®„„
00nOand inversely proportionals0 0 0 0-,«000 „ (10)

s
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ihe value of G is 6„67 x 10 11Nm2/kg20 Prom this 
law lu is very clear that as the distance increases the r 
value of this force also k helps on decreasing, when 
the distance becomes infin^-ly large the value of this 
force reduces to zcro0 Let us solve some problemso

(i) What is the weight of a body on earth whose mass 
is 6 kg?

t
foe know that weight of body

w = mg
where m is the mass and g acceleration due bo gravity,,

Here • „
m = 6 kg and g = 9o8 m/sec^

o ° o w = mg

(ii) Compute the gravitational force of attraction 
between two 5 kg balls 3 metres apart0

n mm
We know that f = 3 —~—

12

Here', g = 6067 x 10-^ ”']Jm2/kg2

oo o

m^= 5 kg 

m2= 5 kg

3m

f = &«
m^2

o o o o o X O OOP o X
o o o n o

O Q Q O O

vr ~nr "

o o o o o (12)
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Topic 6s Gravitation 

Self Evaluation Material (S£MN

i body is taken from the earth tu the moon., bill 
its (i) mass? (ii) weigit, increase, decrease or 
remain constant?

o o o o O O 1 1 JOOOOGOOOOOOOOOO

Q O O 0 O O O O O 0 O O 0 O O O 0 O Q O0OOOO0

onooooo oo ooo 0000 000 000000 o

2o bhat instruments can be used 00 measure the 
(iii) mass (iv) weight on the moon?

o -> O O Cl J * «O0OOOOOO 00000000

000 00 00000001 00 000000 0000

OflOOO >0000000000 0 00000000

0
o
o

3o State Newton’s Law of Gravifcation0

000000 000000000000 0000

00000000000000000 00000

0000

0000

0000000 0000 0 0 000000000 000

4-o What is the nature of motion (uniform or accelerated) 
of a body thrown in a vertical d’rection on the surface 
of the earth?

0000 OOOO OO 0000000000000000 

o O O O* 0 t «/ o OOOOOOOOOOOOOOOOOO 

000000 0 0000000000000000 000

5o Give reasons in support of your answer.,

00000000 000000000000000000

OOOOO OOO 00OOOO 00000000000

OOOOO 10 OOO OOO OOOOOOOOOOOO 0
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6o Iswo objects placed close to each other do not move 
any closer,, -Although a force of attraction exists 
between fchetn0 Explain why do they not move?

0 0*0 0 0 >*/ 1 0000 0 00000 oooooooo

00000 o ooooooo noo ooooo ooooo

OOOOOO >00 0 0000000000 000000

Key to SLM

1 o Attraction of one body on another 
2o Universe
3o force of attraction between a body and 

a planet or satellite 
4o Plane u (e0ga earth) or satellite 
5o Gravitational pull experienced by the body 

(or is the product of mass and accelerai.ion- 
due to gravi ty)

60 Planet or satellite 
7o Gravitational attraction
8o m

9o HewIon
10o, Masses? to the square of their distance 
110 6 x 9o8 = 58„8H

Key to SIM 

1 c, Decrease
20 Common balance? spring balarce 
4-o Accelerated
5o Force of attraction very feeble
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I'opic 6s Gravitation

Assessment; Material (-AM) 

Se c »jj- . — -li

I»Complete the following sentences by suitable word 
or words;

1 olhe type of force of attraction that 
exists between any two bodies in
the universe is calledoo(l )«» o 0 o n 0 a o 0(1)

2oThe force with which a body is 
attracted by the earth is
c alledoo(2 )00 ooooo->ooo(2

3oAc cels rat ion of an object due 
to the earth’s gravity isoo(3)°o

4-oGravifcy is the force of
attraction be tween0o(4)ooand any 
other object on or around itc

5oT/sight is a Oo(5a)0„ and is 
measured as the product of mass 
and oo(5b)0o

60G-ravity and gravitation differ 
in Lhe sense that in gravity one 
object should be0„(6)0o

o n
(3)

o o a o

o a o o

o o o o

n o ( 4 ) 

o (5a} 

> o (5b)

(6)

Section B

IloSelect the proper word and fill in the blanks;

1o£very material body exerts a force of 
oo(1 }oobowards every other material body 
(at traction/repulsion)0 0 « o 0 0 o 0 (l)

2o5'orce of gravitation betv?een two 
bodies is directly proportional 
to the oo(2)oo of their masses 
(sum, square, product )0 OO OOO 00 (2)
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3ol'orce of gravitation between two ‘
bodies is inversely proportional to
the0o(3a)ocof distance between <
oo(3b)»o (square/produc t) i

4° f

5o g

G x 

G x

I x o o o(4a) o o o 

o o o ( 4b)n o o..

M

(3a)
O O O O O O (3b)

o (4a) 

(4b)

o o o o o

o O G O O

o o o o o o

o o o o o
60'i.’he value of G oo(6)oo from place to 

place (remains constant/varies)
!

7oi body lying on the surface of 
earth and suppose earth looses its: 
power of attraction them 
U/B/C/D) ooo(7)o,<. 00000

o (5)

o (6 ^

o (7)
A = mass cf body becomes zero 
B = weight of the body will become zero 
C = mass will remain same but weight will vanish 
D = weight will remain same but ^mass will vanish

III,
1 olf the masses of two objects A & B 

are doubled what happens to
gravitational attraction? ’-,00000(1)

2oIf the distance between the
centres of the objects A & B ;■
is doubled what happens to
gravitational atLj^uJon? j 0 o <, 00 0 (2)

Section 0
t !

t

1oCalculaie the weight of a man of mass 60 kg
—O(i) on the earth (g = 9<,&Oms )',

(ii) on !.he moon (g = 1o70ms ) and

(iii) in a space vehicle in interrplane cary 
space (g = 0)o

00 o o 1 '» o 0 0 o o a o o o n -> o 0 o o o

a n o ■> o -> o o a , t> > d n o o > o ) o o > o

o 00000 O 000000000 00 oon 00
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2oCalculabe the mass of uhe earth if radius 
of the earth = c

6o38 x 10°m ; g = 9o8ms

and G = 6o67 x 1 0""11Ntn2/kg2 o

O JTSO^nOtOOOv'OOOOOOOOOO

000000 o o o 0 000 00 00000000

00000 00000000 nooooooooo

onooooooooooooooooooooo

303oIhe mass of ehe sun is 2 x 10 kg and of the
27planet, Jupiter is 2 x 10 kgn ihe mean distance

11between the sun and the Jupiter is 708 x 10 m->
Calculate the value of the universal gravitational 
constant if the force of attraction between the 
Sun and the Jupiter is 4^276 x 102^E3

00 00000000 000000 0000000

oooooioo 0000000000000 oo

OOOOOOO D OOOOO OOO OOOOOOO

0000 0000000000000000000



Topic 7 s FRICTION 

CLASSROOM LEARNING MATERIAL (CLM)

Fig. 7.,1 Task analysis map - friction-
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Topic 1% Friction

Learning Hierarchy

The following are the learning objectives in the 
learning hierarchy shown in Figo 7o2»

When the topic is completed the student should 
be able to :

I•recall 
II„recall 

III ..recall 
I¥ »recall 
Vorecall 

VI „recall 
Vllorecall 

VUIorecal 1

the m?asurement of time ■-
d is pi ace men t
velocity
acceleration »
acceleration due to gravity
mass ;
force i
weigh t

IX,1,define normal force
B„recognize the changes in the value of normal 

force on an inclined plane !'
0

Xolodefine friction
Boexplain the origin of friction 
Oaappreciate the effects of friction

XI,define static friction ”

XIIodefine limiting friction

Xlllalodef in a kinetic friction '! ■
Bagive examples for kinetic friction 
Cadifferentiate betwee n kinetip and sliding 

frictiono

XIVa-Aadefine sliding friction
Boillusfcrate sliding friction with examples

XValadefins rolling friction
Balllustrate rolling friction with examples

i

XVI,i»state the laws of friction' ■'
Bade rive I’ = fa R

XVIIaiajustify ohe need of friction
Badsscribe the methods to reduce friction

XVIII»solve protiemso
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Be vie wing Concepts

I, time
HoDispl aeement 

III,Velocity 
I? , Ac cel e ra ■„ ion

V,Acceleration due bo gravity 
VI class «

VII,Force ',
VIII,Weig.it

I-valuat ion

1oDifferentiate between mass and weigh to 
2oHow does the force vary as the velocity changes? 

■ 3oWhafc is '-he unit of weight? ■
Does it differ from that of force?'

4oWhy the direction of weight is fixed?
5oDoes the force gravitation between two

bodies depends upon the distance between them?
If so, how? :

6oDefine masso :

IX,Normal Force

Forces which act perpendicular to the surfaces in 
contacto For example, a body lying on the floor its weight 
will be acting normally to the surface of the floor 
which is its normal forcec‘ !'

Here, mg is the normal 
force acting on the surface A3

If the surface is 
inclined bo the horizontal 
then the normal force =mgCosG 
again normal oo the surfaces 
in contact i0e0,N=mgCos© o

Normal force is the force 
surface in contacto

lype of Quantity? Vector 

Written Bepresentat ions B
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Specifications (i) Magnitudes Equal to the 
magnitude of the 'components of the force perpendicular - 
to the two surfaces in contacto Measured in Newton (N)c

(ii) Direcuions ilways perpendicular to the 
surfaces which are in contacto

Evaluation

1npefine normal forceD 
' 2o?/hat is its unit?

3oWill the normal force is always equal to its 
weight?

4oWhen will * be R = mg ? ;

XoFriction

be daily observe that a bus or a car eventually 
comes to rest after its engine stops workingo A cricket 
ball hit by a batsman stops moving on the ground after 
some timeG A bicycle ultimately comes to rest' when one 
stops peddling it0 We see that generally [,all - the moving 
bodies when left to themselves? ultimately come to resto 
This is due to the fact that all the moving bodies are 
acted upon by an external force, which opposes their 
motion0 The motion of an object moving on a surface or 
in air in general is'opposed by the resistance of air or 
the force of friction0

Force of Friction (or simply friction); A force 
which opposes the relative motion between two surfaces in 
contacto

NOTEs Two bodies ^r two surfaces are said to be in 
relative motion when the'position of one’; is constantly 
changing with respect to the position of!the other0

The force of friction is caused by the interlocking 
of the irregularities of the surfaces in. contacto The 
motion of one surface over the other requires the 
overcoming of interlocking obstacles which may be 
achieved by the -slight lifting of the moving body or 
the smoothening of the irregular projections or the 
filling up of the irregularities by a suitable lubricant 0 
If the surfaces are polished, the force of friction 
between them considerably decreaseso

Fig o7 o5
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Evaluation

1oVbai is friction or force of friction?
2„Why does interlocking between the surfaces happen? 
3oV/ill the friction b. less or mo is along smooth 

surfaces?- 1
4oCan we over come friction? i;
Sols there any friction when the body starts moving?

XIoStabie Friction ;
When there is no relative motion between the two surfaces the friction involved is static ''and is known 

as static friction,-,
Static friction is the force which opposes an 

applied force when one solid tends to slide over another 
solido
Type of Quantity? Vector,,
Written Representation: Is
Magnitude: Any valuebetween 0 and I. (see below),
equal to the component of 
the applied force perpendicular 
to the normal force 0
Directions Perpendicular ~ uo the noroal force and 
direct to oppose the applied force0 ,i

Evaluation
1 o,Vhat do you mean by the term 'static'? 
2ofhat type of quantity is static friction? 
3oDefine static friction0
4oWhat will be direction of the frictional 

force w„roto to the applied force?

Xllalimiting Iricbion
The force of friction is a self-adjusting force0 

It increases with the force tending be produce motion 
as ea much of if being brought into play as is just sufficient to prevent motion bub injrf no'case does it 
exceed a maximum value0 This maxim value attained by
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friction is known as limiting friction,. Limiting 
friction is the force which opposes the applied force when 
one solid is just about to slide over another soliio

Limiting friction is the maximum value of static 
friction0

i’ype of Quantity: Vector
Written Representations 1
Directions Same as static friction,,'

Evaluation

1oWhen we say friction is a self adjusting force 
and it keeps on increasing with the applied force; 
will it increase to infinitly large values?

2oWhat is the name given to the maximum value of 
static friction? :

3oWhat is the unit in which limiting1 friction can be 
measured?

'4oWhat can you say about the direction of limiting 
friction? !

XIIIaKinetic Friction ,,

We have seen that there is a limit to static 
friction. When the applied force is increased to greater 
than this limiting friction the body starts moving or 
rather sliding0

•J'h$ force of friction involved when -the body is 
in motion? is called kinetic friction or dynamic 
friction0

Kinetic friction will always be less than static
friction,,

A par before being pushed forward is moved to and 
fro to 'create a motion this reducing the friction,, It is of 
common experience that a moving body can ;be pushed easily 
compared to the one at res to It is a vector quantity 
represented by 0 ;

Evaluation

1oWhat is kinetic friction?
2oIllustrate with examples bo show that kinetic 

friction is less than static friction,,
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3ol'hat is tbs difference between static and 
kinetic friction?

4oV/by has a horse to pull a cart harder during 
the first few feet of its motion than later on?

XIV3Sliding Friction

bhen the surface of one body slides over the 
surface of another body, then the force1 of friction acting 
between the two surfaces is known as fo'ree of sliding 
friction0 The friction acting on the following cases is 
sliding friction s ' [

a0 -A book pushed or pulled on a ta-ble0 
b0 Walking on the ground 0 
Co Skingo
do Fixing a nail in wooden furnitu,re0

The sliding friction depends on the smoothness of 
the two surfaces in contact0 Smoother the surfaces, less 
is the sliding friction and vice versa* Sking is done 
on ice and not on the ordinary ground because sliding 
firction in the case of ski shots and smooth surface of 
ice is much less as compared to ski shoes and rough 
ground surface0 ;

It is a vector quantity and is represented by F „
( ;

Evaluation ’ ;

1 oWhae will be the direction of sldding friction? 
2oDoes the sliding friction reduce, vhen the 

surfaces arc- smooth?
3»Give few illustrations to show sliding friction0

XVaRolIing Friction j,

When the surfce of on-, body rolls'-'over the surface
of another body, the force of friction; acting be ewe-n the

i
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bwo surfaces is known as force of rolling,, friction0 
Ihe friction acting in the following case'is is rolling 
friction0

i0 A cricket ball moving on the ground0 iio Wheels of an automobile moving on the ground0 
iiio Skating on a smooth surface0

It may be of common experience that 'the pulling of 
heavy boxes become easy when wheels are used with it0 This 
is due to the fact that rolling friction ,,is far less than 
sliding friction0 When we pull a box it £s the sliding 
friction involved but when wheels are used it is the 
rolling friction that comes into play0

It is a vector quantity and is represented by F^o -

Evaluation
1 oWhy roller bearings are used in machines?
2oHow does rolling friction differ from sliding 
friction?

3«Can the value of rolling friction;be reduced by 
applying lubricants? !

XVI3 Laws of Friction

Experimental results show that the friction follows 
three lawso

(i) I he direction of friction is always opposite to 
the direction in which a body moves or t,ends to move c

(ii) The limiting friction is independent of the 
area of contact and depends upon the nature of the 
surfaces of contacts,

I
(iii) Ihe limiting friction is directly proportional

to the normal force0 •

Ihe third law can be represented as follows i
P tX. R Where P is the limiting friction 

and R is normal fo,rce0

OR P = /d R Where jL is constant I'known as norl
coefficient of frictiqru
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The equation can be rewritten as - ,

*3 = /x R ' O aa'c.
S ;■

E, = A R To represent static as well 
K *■ as kinetic fricbion0 ooo3

1 , TP
Coefficient of friction ja =-^— can be thought of 

as a constant measure of friction depending upon oho 
nature and condition surfaces in contact? (i<,e0, roughness, 
wetness lubrication, etc0) but is independent of normal 
react ionG

Table for A (Only For Reference)

Yalue s of Coefficient of friction for Yarious Materials

Material K : K ^r

Rubber tyre on dry concrete 1 oO :■ 0o7 0o04

Rubber tyre on m b concrete 0o7 0„5

Wood on wood, dry 0o5 0o3

Wood on wood, soapy 0o2 ;

Wood on sue el 0o5 0o25

Wood on leather, dry Oo56:

Y/ood on leather, oily 0o15.

Metalon metal 0o15‘

Steel wheel on steel rail 1 Co0045

Steel ball on ste‘1 surface - 0o0025

NOTESs
(i) Every force of friction is directly proportional 

to the normal force0

(ii) The magnitude of each force of friction is '
measured in newton (N)„ ■.

(iii) The force of friction is independent of the 
area of the two surfaces in-contact 0
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(iv) When no external fores acts on the body, Fs=0 n

(v) If the applied force F parallel to the displacement 
is greater than F^., then ths effective force Is F -F^ ® If
F = F^ , then a = 0, or the body moves along a straight 
line at constant spec do

(vi) For small speeds, Ffe is independent of the
spesd of the sliding body0 '

Evaluation ;■

1 o Is i;. correct to say that, friction acts only 
when a body is acted upon by a foi-ce?

2o Will the value of coefficient of friction 
change on wetting the surfaces of contact?

3o What, are the factors on which the value of 
limiting friction depends? '<

4o If a force of F is applied on a body and the value 
of kinetic friction is F, what is the effective 
force with which the body is moving?

XVII, Effects of Friction / ;

(A) Justify-the statement 'friction is a necessary evil'*

Friction an important part in Jmr daily life0 In 
many of the cases we find that friction is a necessity 
but an evil necessity 0 ;

(i) Without friction between the feet and the 
ground it will not be possible to walko

(ii) Without friction we cannot fix nails, climb trees„

(iii) Without friction it will not be possible to 
wri fee on a paper0

(iv) Friction causes wear and bear of moving parts of ■ 
different machine ryx and is, therefore, an" evil only in this 
case o
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(v) The energy wasted to overcome friction is 
converted into hea„ energy and causes additional damage, 
to the machines esco

So we see here though friction appears as a force 
which opposes motion it has certain definite advantages 
and disadvantageso We cannot think of a friction free 
world as life will become impossible0 Thus friction is 
rightly called a necessary evil„

Evaluation

1o List instances where friction can'be considered 
to be advantageous to us0

2o What are the disadvantages of ihepresence of 
friction? List them0

Imagine you are in a friction worldQ
Can you describe how your life would be?

(B) The Ways of Reducing Priction0

(a) By Polishing the Surfaces? -As ..the friction is
due to interlocking of the surfaces it can be reduced by 
removing the unevenness of the surface by making it smooth0

(b) Using Lubricants? Lubricants such as oil, 
grease carbon powder etc0 are being used to fill in the 
depressions on the surfaces lessening friction,, Thick oils 
are always usedo

(c) By Using Contact Ball Bearings? i Ball bearings 
reduces the friction to a great extent as friction involved 
while rolling is less that while slidingo,

(d) By Using inti-Priction Materials? Use of anti
friction metals such as brass or bronze reduce friction 
considerably,. It is found that .friction between steel and 
steel is greater chan steel and an anti-friction material0

Evaluation (

1 disk the methods by which friction can be reduced,,

2oWhat happens when a lubricant is applied to the 
interface between the surfaces in contact?
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3» Why the oubsi.de of an aeroplane is highly- 
polished?

4o Why do we oil bicycles occasionally?

mil. Problems
(a) A metal box of mass 4 kg is placed oh a horizontal 
floor, with a block of wood of mass 1 kg resting on top 
of ito A horizon al force of 19o6 If, applied on the metal 
box, is necessary to make the box just slid£o Determine;
(i) the normal force, (ii) the force of limiting friction 
and (iii) the coefficient of static friction, (iv) whau 
will be the force of friction if the applied force is
3 oO N ? j

Solutions The total mass resting on the horizontal^ 
floor is 4 kg + 1 kg = 5 kgo

(i) 1 = 5 leg x 9oS ms"1 = 49o0 No

Hence, the normal force = R = »W = 49»0 N„

(ii) By definition, the fores of limiting friction,
P , is equal in magnitude bo the applied force 
which causes the box to slideD .

})

Hence I* = 19o6 N
(iii) Ps = .Ii-4 = = Oo4° •

!

(iv) The applied force, of magnitude 3 I is less than 
the force of limiting friction., The force of 
static friction can have any-value upbo 3?t , but 
is equal uo the applied force.,
Hence, f = 3oO N*

(b) A wooden block is teeing slide over a horizontal 
wooden table, the coefficient of friction being 0o35o A 
horizontal force of 7 I is just sufficient to maintain 

' a uniform speed of the bloeko What is the weight of the 
block? j.

Solutions This is a numerical problem of kinetic 
friction.,
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4‘ = Oo35 P, = 7 Newton k
W = ?

Normal force ,
■^k 7

R = ~ 035 = 20 Newtons

Weight of the block (l) = Normal force (R) = 20 No

Dvaluat ion

1 o A book of mass 2 kg is placed on a table,, A 
horizontal force of 5 N is applied on the booko 
Will the book move if the coefficient of static 
friction between its surface and that of the 
wooden table is 0o6 ?

2a If the force of sliding friction between the
surfaces of a body and the ground is 40 N and the 
applied force is 50 N, will the body be accelerated? 
Determine the effective force producing the 
accelerat ion0
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■Topic 1% friction 
Self Learning Material (SLM)

Friction plays a very importart role! in our daily 
life„ Whenever a body starts moving friction invariably 
comes into play and opposes the motion,, A moving body M 
left on its own* will come to rest after!some time due to 
friction only0

Therefore, we can define friction c:r-

a ooooor'~>on oooiooooo
i (

O Q O O O') OOOOOOOOOOOOK  ̂ V

Friction being a force is o „ , ->0000000 
quantity and can be measured in„ „ - -> o’ n 0 (2)

Friction depends upon the surfaces in contact-, 
Between smooth surfaces it will be less a's compared to 
rough oneso , ;

One thing we should understand clearly is th & 
friction comes into play only when a body is subjected 
to a forceo As the applied force increases force of 
friction also increases till it reaches a maximum value 
known as limiting friction0

When the applied force is more than this limiting 
friction, the body starts movingo

Therefore the condition for a body -to start 
moving is that the frictional force must;- be„ „ 0
000000 00 r? 00000000 000,00000

There are many ways by which we can reduce 
friction0 Applying lubricants like oil is one such 
methodo These thick oil goes into unevenness of the 
surfaces smoothening it and reducing friction,.

Use of ball bearings also help to reduce friction,, 
You may have noticed that most of the rotating parts of 
a machine are supported by roller bearings„ This is 
because the friction involved while rolling s is less 
than that involved in slidingo
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Therefore, sliding friction is o o„> -> -.Tothan 
rolling friction,, - ;

We may also no e that friction between two bodies 
of the same material is much more than that betwe-'n two 
different objects., Thus to reduce friction anti-friction 
materials are also usedo i

Friction between steel and steel will br 0 
than steel and bronze0 ' (5)

Depending upon whether the body is moving or not 
we can think of static as well as kinetic friction,,
Kinetic friction is always less than static friction0

H

The maximum value of static friction is 
known as , „o o „ o „ o o <, 1 (6 )

The value of limiting friction is directly proportional 
to normal force 0 i0c0, uhe force acting perpendicular to the 
surfaces of contact0 It doe s not depend upon the surface 
area in contact but depends on the na_ur& of the surfaces in 

1 contacto We can write,

Force of limiting friction F = /x R*

Where fx is the coefficient of friction,,

i o e o , /x — •
o a o o

being a ratio it has no unit;,,

We can define coefficient of friction as
heratxoofoo‘>>>oc'tGoooooooo . J (S ^

Now let us solve a problem,, ;

1 o A block of 1 «5 kg mass is resting on .a surface 0 
Calculate the force required to just .slide it^ when 
the coefficient of friction is 0o25 ('g=1 0 m/S )a Ones 
it starts moving, will the same force be required 
to keep it moving?
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Ve know that force must be equal bo limiting 
friction for the body to just slide0

° -m — T? o o £ ~ it

f = ?
= 0o25

R=mg = 1o5xlO=l5N 

P = E = o25 x 15 = 3o75 N.

A minimum of 3o5 H force is required to start it 
moving,, Once it, smarts moving, we know 'that kinetic 
friction involved will be less than static friction and 
as such that much force (3o5 N) is nob required to keep 
it movingo

2o A book of mass % 2kg is placed on a iable0 A
horizontal fores of 5 N is applied on the booko Will 
the book move if the coefficient of static friction 
between its surface and that of the wooden table 
is 0o6 ?

O O O O 0

o o o o n

o o o o o

O O ) 0
o o o o O 0

o n o o o o

O 0 0 0 o o

n o o o o o

o o o o o o

o ; o o n o

o o o o v> o

o o o a o o

o a

n

t> o (9 )

3o A mass of 45 kg is resting on the rough horizontal 
surface and can b: jus>» moved by a foxce of 10 kg wt 
acting horizontallyo Rind the coefficient of sliding 
friction0

Solutions Let P be the limiting friction, R be the 
normal reaction and P be the external force applied 
(See Pig0 7o1 )o

Here, P = 10 kg wt; m = 45 kg

R = mg = 45 kg x g = 45 kg wt
o o / _ JP_ _ P _ _P_ _

° ** “ R R mg ̂ o,-,co (10)
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4o Find the distance travelled by a body before 
coming 10 rest if it is moving with a speed of 
10 ms"1 and the coefficient of friction between 
the ground and the body is 0o4o

Solut. ion
, VHere , yd = |

o% F = An

But F = ma

where a = Retardation and R = mg

o0 o ma = mg fa.

OR a = /lg = 0o4X9o8=onnno ('ll)

Hence «, 2
v -u = 2a s
0—(10)2 = 2(-3o92) x 5 (

<i a S ■“ o o o a o

o ° a is retard-.-* .ion)

• 12 )
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Frick ion

Self Ivalua tion Material (S3

Directions % In the blank'space at the right of each 
statement, write the word or expression which BIS'! 
completes the meaningo

loFriction is any force bhat00(la)oo __
the relative sliding or rolling _j” _ ~ _____ . _ (T-i
oo(1 b)00of objects that are0<>(1c )0 <, _ ”___ __ Z „ _ '
each other0

2oSome physicists believe that
friction is caused by surface „ (,2 )o „2

3oIf surfaces are made smooth, friction
between them0(3)<, J _____ _ 3

4oOther causes of friction may 
be o o(4a)0oand oo(4b)oo

Sdriction act,son(5a)ooto the
surfaces which are sliding over one 
another, and in uhe (same, opposite) 
oo(5b)oodirsct,ion as the motion,, 

6<,Friction depends upon bheOo(6a)O0 
of the materials in contact and
o o(6b) o o

4a 
4 b

5a
5b

6a
6b

7oStatic friction is (less than
greater than)oo(7)o0sliding friction0

80Within the range of medium speeds, 
sliding friction is nearly 
independent of the JO(8)oc,of the 
surfaces,, _____ ' _ 8

9oFriction between a bullet and the 
gun barrel is (less than the same 
as, greater than)„0(9)oothe 
friction between slower-moving 
objects,,

lOoFriction is (directly proportional to,' 
independent of, inversely proportional, 
to )oo(lO)oothe force pressing the two
surfaces togsbher0(normal force) ------- _____ -iq

r

cr
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HoThe ratio of the force needed to 
overcome friction co the normal 
force pressing uht surfaces
boge the r is called bhe00(ll)oo ___________ __11

Directions % Writ'- the answers 10 he following in the 
spaces providedo Where appropriate, make complete 
statementso

12oIist four situations in which friction is a help0 

a 0_ ______ ti_ „ „ „
b»_ ________________

do

13oDist four situations in which friction is a hindranc „ 

a 0_ _ _ _ __
b0_ _______________

______
do

14oList four ways in which friction may be increased0

a„
b0

Co
d0

15oList four ways in which fricuion may be decreasedo

a o

Co 

d o
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0

160 -A block weighing 300 I moved uniformly on 
a horizontal surface by a force of 60 N„ 
(Note here a = 0)o.

What is the force needed 
overcome friction?

to
16a

Wha„ is the normal fores 
tht surfaces together?

pressing
16b

What, is the coefficient of friction? 16c

Ke-y to S9LsM 

2o Scalar, Newtons
3o equal bo or less than applied fores 
4o greater
5-. greater 60 limiting friction 7o R 
Bo force of limiting friction bo normal reaction 
9oF = o6x2x9oS = NF and so it cannot be moved o 

10„ 0„22 11o 3o92 m/s2 120 12o75 m

K' y toSJE.Ma

la„ obstructs 
1bo motion
1co placed on 2o irregularities 
3o decreases 
4ao roughness 
4b0 wetness
5o paral.el, opposite 
60 surfacc7s normal force 
7o greater than 
80 area of contact
9o less than 10o directly proportional 

lOo- -less -Wa-aa 110 coefficient of friction
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'j’opic 1% Friction

-Assessment 
Sec tier. -4

lo Complete the following statements with suitable
word/s %

1 oStatic friction is0o(l)oo
than dynamic friction0 _J

2oI'rietion is a0o(2a)0o ______ „2a
ad^us tingo o(2b)0o „_______ „ _ _2'o

3oMaximum value of friction called
in to play is known asoo(3)o<> _________3

4oFriction can be reduced by->o(4)oo _ _ _ _ _ _ _4

5oPriction is bo^h a necessity and
an oo(5)oo  5

6oFrielion always acts in
direction that „0(6)0fimotiono ___ _ „ _ _6

7oFriction has0 o(7 )o0exis tance of
its own (independent/no independent) ____________ 1

SoRolling friction is0o(8)0othan
sliding friction0 ___ _ _____ _8

9oFor a body lying on the ground 
its noroal force is equal to
itsoo(9)oo _ _ 9

IIo Define the following terms s 

a0 limiting Frier, ion s_

bo Rolling Frictions
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Co Sliding Frictions

Section B

III* Use the mos*. suitable word to complete the sentence;
1 o Jhe limiting friction isno(l )oo

proportional to normal force0 _J

2oF=~mx 00(2)00 « —

3o Coefficient of friction is defined______ „ _ „ _3a
as the ratio Ofoo(3a)ootc0o(3b)oo __ _ _ _ __ __ ra3b

4o limiting friction is independent,' _4a
of oo(4a), *and depends on0*(4b).*»,!__ „ _ _ _4o

IV* State khe uhres laws of friction0 !

Ya Why it is more tiresome to wall*; on sand 
than on hard ground?

Section C ,

VI* A wooden crate of mass 20 kg rests on" a horizontal 
road* What is’ the minimum force required to move the 
crate horizontally? ihe coefficient o'f static 
friction between two surfaces is 0o45'o

VII.A horse of mass 7500H is able to exert a horizontal 
force of 6000 N on a level road. Determine the 
coefficient of static friction between the horse's 
hooves and the road, ' ■ - - -
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Learning Hierarchy

ihe following are the learning objectives in the 
learning hierarchy shown in ]?igo8o2o

it the end of'the uopic the student should be 
able to % ;;

I.recall the measurement of time 
II.recall distance

III .recall velocity ;
IV.recall acceleration
V.recall mass ’!

VI.recall force

VII.iodefine work
B.express itasw = I'xS
Coderive expression for work when jthe force is 

inclined to the direction of motion.-,
D.Bind the work done when the force is acting 

against the direction of motion.,’
B.explain what is meant by positive work and 

negative work.
R.define joule.

i’

VUI.solve problems based on work. i

Reviewing Concepts

1. Distance
2.lime ><
3.Velocity 
4 o -Acceleration
5. Mass
6. Force

>)

Evaluation . ■

1 .Define the above concepts.
2. What are their units? •
3. List out the vector quantities and scalar 

quantities amorg them.
4off the body on the application of',a force does 

not change its position vfoat is the value of 
effective force?
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7 o Work

Whenever a force is applied on a body there can be 
a change in its shape , volume and position,. In all cases, 
we speak of the work being done®

Work done by a force, is a measure of the effect on 
a body or-system on which it is acting,, <

Jype of Quantity;; Scalar -
Written Representations V/
Specifications Ibe amount of work done by a force is-
measured by the product 
distance covered,. It is

Mathematical Expressions

(i) Prom the definition 
work done = force x dis’tance 
OR W = P x S
Here force p mus >. be in the 
direction of motion of the 
body®

(ii) If the force P is acting 
in a direction © inclined to 
the direction of motion of th 
body then the component of 
force in the direction of 
motion of the body is PCcs© 
or the work done

W = PCos© x S 
= IoS Cos©

of the force and the 
measured ini joule®

i’hree commonly encountered situations in which work 
is done by a constant force s

1o Poree in the same direction as motion

Direction of motion

Work done = P x S
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2oforct perpendicular to motion

W = F»S Cos©

= F x SaCos 

= F x S x 0 

= 0

3o Force opposed eo direction of motion 

0 = 180°

Direction of Motion

Work done W = ? 8 Cos©

= F S Cos 180 

= -FS

From the definition we can construct'a situation 
in which a force acts on a body and does not worko this 
will be true if the force is perpendicular to the 
direction of motion of the body0 >

When man is carrying a hand bag to the railway 
station and is walking on a level road scientifically he is 
doing no work because’ the force that he is applying against 
the weight of the bag is- vertically upwards and 
his motion is in the horizontal direction" and there is no 
motion in the direction of the force he is applyingo

Positive Work? When the point of application'of 
a force moves in the direction of the force,-the force is 
said to perform +ve worko In other words? the work done 
by the body is called +ve worko
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Negative Works When the point of application of 
force moves in the opposite direction of the force, the 
force is said to perform -ve worko In other words, the 
work done on the body is called -ve worko

Joule

Unit of work is joule0 

Written Representations J

Specifications One joule is the quantity of work done 
when a force of magnitude one Newton moves ius point of 
application through one metre along the direction of the 
force „

1 joule = 1 Newton x 1 metre 

Or 1 = 1 Ii

A smaller unit 'erg* is also used to measure worko

1 erg = 1 dyne x 1 cm 
71 3ouls = 10' ergs

Evaluation

1 oNefine worko
2<>What type of quantity is work?
3o3Xfine Joule «
4oWhy is it th-cu a man carrying a hand teg 

in his hand not doing any work?
5oWbicb is the physical quantity represented by 

the unit newton-metre?
6oIf a body weighing mg lifted through a distancehl, 

what will be the work done?
7oCan you give a mathematical expression for work 

in berms of change in velocity?
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8o Problem

1 o Calculate the work done when a body moves
through a distance of 5 m on the application of 
a force of 6 No

Vs know thao

Hers, f = 6 N

S = 5 m

V = P,S 

= 6x5

= 50 jouleo

20 Calculate the work done in lifting a weight of 
6 kg through a vartical height of 10 metres.,
(g = 9o8 mi-2)

Solutions Work done = Pores x Distance moved
by force

= 44 x 9o8 x 10 Newton metres 
= 592 joules

Hence work done = 592 J (Here P = mg = 4 x 9c-8)o

3o -A man pulls on 75 kg crate for 20 m across a level 
floor using a' rope that is 60° above the horizontal0 
How much work doss he perform, if he applied 
a force of 100 No

W = PS Cos9
= 100 x 20 x Cos 0° 
= 1000 J

Bvalua tion

10 What work does a man of 50 kg weight do when 
he climbs up the top of Qutab Minar? 
lake the height of Qutab Minar as 72 m0

2o Calculate the total amount of work done in
moving a body of mass 100kg, widi an acceleration 
of 5 ms2 through a distance of 10 mttreso
(5000 Joules),
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Work

Self Learning Mate-rial (SLM)

We know that forces can peforra a number of different 
tasks, for example :

a„ A body can be made to move with constant velocity0

b0 Two or more forces can change the shape of 
an obj£ct0

Co -A force can cause a body tu undergo a change in 
velocityQ

do A force can cause rotation;,

e0 A force can support a body to remain at 
a certain he ight o

Well, all these tasks can be considered to be usefulo 
However, they do not all constitute 'work*, in the 
scientist's meaning of the worko A task being useful does 
not mean work being done0

Then, when can we consider work being done?

Work is said to be done when a body moves in the 
direction of the fo jne0

j'his definition requires two things -

io A force must be applied0
iio The body should move in ohe direction 

of the forceo

Mathematically we can represent it as W = koSo

Here , W =

I = 

S = (D
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It is quite possible $htit the- body need' not move 
exactly in the direction of 'fo'rce0 It can,move in a 
direction inclined 9 with the force0

i

In this case, we can compute in two ways0 . ^

(i) Force applied = F

Component of displacement 
in the direction of 
force = S Cos 9 n

o°o Fork done = I g Cos 9

(ii) Force in the, dir-ction of motion = F'Cos 9 

* Distance covered = S 

o°o V/ork done = F Cos 9 x S = f S Cos9 ,
i ' !

By both ways, we see that work done ,
V7 = F S Ccs9o

If the angle 9 = 90°,the work done is (2)

If a person is holding a body for sometime without 
any movement then the work done by him is (note that 
distance moved = 0}o

\i = FoSo (3)

In the tasks which can be performedij by the 
force as mentioned earlier work is performed in 
cases____„ (a, b, c, d, e)0
(see page 1st, para 2~Jo (4)

T/ork is not done in cases_ _ __ _ _('a,b,c,d,e ) 
because__ _________ _
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i = e s ;

= 5 x 9«8 x 2 = 9o8 joule'o

How much work is dons by a force of TON fin moving an object 
through a distance of 1m in the direction of the force?

Compute the work done by a man weighing160kgs in carrying 
a load of ,40kgs at his back through a distance of 10m in 
(i)fche vertical direction* (iihorizontal direction and. 
(iii)up a smooth inclined plane which rises 1 in 10o

(ii_____

be have defined work as the product of 
force and distance,,

ihe unit of force is _ _ _ _

4ND the distance is measured in_ _ _____ _ (6),

W = F»S„

T Joule = 1 Nc-wton x 1 .metre

One newton metre is called a joule., fit con be 
defined as the work done when a body is moved through 
a distance of 1 metre on the application -,of a force of 
one newtono

let us work out now a problem,, >

Calculate uhe work done to lift a mass of 5 kgs 
through distance of 2 metres,, ,
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1 epic 8a; Work

Self Evaluation

U \7h at is nrar.u by the (.erm 'work" in physics? How is 
it related to force responsible for doing work?

2o Explain the conditions under which no work is done 
even when a force is appliedo

3o -A body is moving with a uniform speed along the 
circumference of a frictionless circular path0 Is 
any work b« irg'done on the body? Discusso

4o A horizontal fores of 25o0 Helens is required to
push a table of mass 50 kg across a room0 How much work 
is done in pushing the table through 5
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5o A man ties a rope around a heavy rock and pulls it 
with a force of 50 kgf until he is tired, but fails 
to move the rocko FInu uht amount of work done on 
the rocko

60 A crane loads cars into a freighter^ Bach car weighs 
1000 kg and must be lifted 20 m and then moved 10 m 
horizontallyo Find the amount of work done0

KEY TO SIM
1» work done, forct , displacfiffrm 2o zero 3o zero 
4o a/b/c/d 5o e 6n Kfwton, metres 7o 10 J 
8o 9800 J; 0 J; 9&0 J

KEY 10 SBM

3 250 J 5o 98o8 x 10 J 4 o 0
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ionic 9s Power

Learning hierarchy
Ihe following are the learning objectives in the 

learning hierarchy shown in lign9o2 o

Wen the topic is completed the students shou Id 
should be able to ;

I® re call displacement 
XI«recall the measurement of time 

III®recall velocity 
IV®recall acceleration 
V®recall mass 

VI3recall fores 
VII®recall work

VIII®A®define power
B®express power as w/t 
C ogive the unit of power 
Dorecognise the effects of power

IX®solve problems

Revision of Concepts

1 (.Displacement
2 dime 
^Velocity
4 oic cel era tion
5 oMsss
6'oRorce
7oWork

Evaluation

1 o Define work, force, mass, acceleration 
2o Vvha l are the units of work, force, mass,

acceleration, velocity, time and displacement? 
3oGive the mathematical expression for force, work, 

acceleration and velocity,,
4o In the above me onioned list which are vector 

quantities and which are scalar quantities?



518

80 Power

A measure of bhe rate at which work is done 
by a force „ - ;

Type of Quantibys Scalar !
Writ ben Representations P
l

Specifications Magnitude0 Obtained as the amount of 
work done by the force in one sf condo Measured in watt (W),

Mathematical E'xpr°ssion; The magnitude of power is, 
obtained as the'ratio of the total work don? by a force bo 
the time elapsed in doing the woiko .!

Powej? Total work done 
Time taken

Or P = W/fc

Watt is the unit of power and is a measure of the 
power developedo «

Written Represent at ions W

Specifications One watu is the quantity of power 
developed or expended when one joule of work is done in 
one secondo i

1 Watt 1 Joule 
1 Second OR 1 W = 1 Js

-larger units like kilowatt (1KW=1000W) and 
Megawatt (1MW=1000,OOOW) are also usedo

e0gOj a particular machine is said to be more 
powerful than another, if it does bhe same amount of work 
in less time orjdoes more work in the same timec

Suppose a man first‘climbs a staircase slowly; on 
reaching the top he does not feel exhaustedo Second time 
he climbs the same staircase rapidly and feels exhausted 
on reaching the top0 In both cases the work done by him 
is the same; however, in the first case, the power 
developed is less since time taken is, more , and in the 
-second case the power developed is more0

Roues There is also another unit used .usually 
by ^Engineers known as Horse Powe'ro

1 HaPo = 746 W
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Eval ua tion

lolivhat, is the Solo unit/ of Power?
2oDefine Powero i
3ol1or doing the sanu work if uhe time is reduced 

to half what happens to the power?,
4oWhat is uhe relation between wattes and joules/sec? 
5oCan the power of two machines be different when 

the work done by the two are the same?

9o Problem Solving

Examples ;!

1o How much power is needed to lift a 30 kgs load of 
bricks to a height of 20m on a building under 
consideration in 1_0s? I

Work done = mgh
= 30 x 9o8 x 20J

Power = W/t
_ 30 x QoS x 20

10
= 588 1

2o Find the power of an engine? which lifts 200,000 kgs 
of coal in two hours from a mine ;'360' metres detp„ 
Given g = ~9o8 m/sec20

Solutions

Mass of the coal lifted by engine = <200,000 kgs 
lime taken = 2 hoinrs = 2 x 3600 = 7200 seconds 
Depth of the mine = 360 metres
Engine has to do work against the force of gravity? 
in' order boE lift the coal the force which the engine 
has to apply is equal aid opposite to the force of 
gravity or weight of the coal„
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Topic 9? Power

In the previous topic we discussed 'about the work 
done when a force is appliedo How quick, it can be done is 
also of prime importance to us0 I

Suppose two persons- one weak and another strong, 
draw water from a wsll0 If bo eh have drawn one bucket of 
water, they have dons equal amount of worko The 
difference in doing so will be that the ',s tronge r one 
must have done the work in a shorter time compared to 
the weak ons0 We can say, then, the stronger one is more 
powerful or the power with which the work done is more0

Then what, is power? It refers to w?ork done with 
respect bo time 0 For performing an amount of work if one 
takes more time then the power is less?;' on the contrary 
if the time oaken is less then power is.' more0

Therefor.-., we can define power as,

The mathematical expression for power is_

The unit of time is__ (3)

The unit of work is_ (4)

The Mathematical 
with help of unit as

P

expression can be represented

W
t

Joules
» o o a o 0 0 3 0 0

/sec (5)

Therefore the unit of power is___ ''_________ (6)

This'unit is also known as watt? ‘bigger units like 
kilo watts and mega watts are also extensively us£d0 We 
have seen that 1 watt = joules/sec
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Jo calculate power, we muse be a He to find out the 
work done and the-time taken,,

Here in this case for climbing up he;,has to apply 
a force equal go his weight»

Weight of the person F = mg

Height covered = hm

o°o Work done W = F x S

Power :

9 3 9 > >30

o o o o o o o

0 9 9 0 9 9 0
30 X "jo'ionoo x *15

25 !

180 wattso

in automobile weighing 30,000 kg moves up an 
inclined plane rising 1 in 100 at the speed of 30 km/hD 
Calculate the power of the engine0 Neglect friction and 
air resistance,,

Jake g = 10 ms-2

For an inclined plane rising 1 in 100 means that for 
even 100 units of length of the plane k its height 
increases by one unit0

Jhis means obat Sin 9 Hf igh b
V

1
1 00

We can define one watt as_ ____
(7)

Work is a_ _________ _quant it;y0

Time is quantity„ (8)

Power is ^so _____ _quant,ityo • (9)

Let us now go to problem solving,,
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We know tha. when the 

force is inclined widi the 
direction of movement then 
force = FCos©0 But here omle 
between the force and the 
plance of movement is 90-0 
then force = F Oos (90 - 0)
= F Sin 0 n

Here , F = mg
c°o Force required for the body to move = m x„»o

Fe know the equation for power

- _JS t
But V =—

ij

ihus,

we can write Power = F x

Now Substituting the values

P =

o o o o o o a X 0 0 3 3 0 0 0

= 25000 W

Sin©

0999 9-9 9 KW (10)
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Power

Self Evaluation Material (SIM)

I» In the blank space at the right of each statement 
write the word or expression which BES'I completes 
meaningo

10Mass is measured in„01oo ■

20Velocit.y is the rate of 
change in0o2oo

3oYelocity is measured, 
in o o 3 o o

4vlhe mathematical expression 
for acceleration is 004oo

5<>Porce is the product of 
o o5a o ©and o o 5bo o

60Mass is a measure ofoo60o

7ofi/ork is the product of007a0o 
an do o7 bo o

80i'he unit of work is0o8o<>

9otJnit of uime isoo9°o

the

lOoPower is the rate of doing0 olO o «>.
X
> 1 if O O l11oPower =

5a
5b

7a 
. 7b

. 8

. 9 

.10

It

12oUnit of power isoo
i

13o 1 Joules/Sec = 1oo13°<>

,12
,13

14o 1 horse power = oo15oowatts _________ _____ _ 14

KEY TO SLM ;
20 P = l/t 3o scalar 4o Joules 5oJoules/sec 60Joules/sec 
SoVector, scalar 9oScalar 10„ 25KY !

KEY iO SBM
1o kgs 2odisplacement 3«m/s Jotn/s11 5omass and acceleration 
Solnertia 7do fee and displacement 80Joule PDsec 10«work 

12owatts 13owabt 140 746„
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'i'opio 8 & 9 s Work & Power 

•Assessment Materil (-AM)

Secuion A

IoComplete the sentences using the-most suitable word/ss

1 oV.ork is oo1 ooquantityo ______________ ,__ „___ 1

2oihe factors on whieta the 
work done depends aren;,2a0„ 
and o o24so o

3oThe- product, of mass and 
icceleratiion are 0 03 oo

4oWat,t is the unit of004oo

5oIhe rate of doingCo5oois 
known as power.)

60i’he unit, of work in Sol-, 
unit is00600

7o¥ork is done only when an 
object is oo7oo in the 
direction of force0

2a

2 b

3 

.4

5

6

7

II.Define the followings 

an Works „ „ „ _

b0 Watts

Section B

III. 1 oi'he product of force and 
distance iso010«

2oIhe expression for work done 
when ehe displacement. S is 
making an angLe 0 wi th the 
direction of force is,020o

1

2
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3oi>ven on application if the 

displacement is zero then
the work done is 003oo , ,__ __ _______ _3

4olhat happens to the work done
displacement is doubled Oo4oo _____, ___ . „ _ „ _4

5oIf the time is reduced Co half 
for doing a work the power
generated becomcso <>5oo _ _ „___ __ ____ 5

6<>Power is also the product ___ ________„ „ ___6a
ofopSUo o a nd oobboo ^ ^

IYoIndicate the most suita bLe choice.

1oln physics work is done when-
aQ lifting an object from the 

floor to the table0 
b0 supporting an object on 

your shouldero
Co in preparing school lessonso 
do pushing an object „ __

a7b7c7d

2o2'he two factors which determine the work done are i

a0 force exerted and weight of the bodyn 
b0 distance moved by the object and time required <> 
Co displacement of the object and force in the 

direction of displacements 
do magnitude of force displacement and time0

2

VoDoes a man carrying a luggage on his head on 
a level road do any work? Justify your answero



526

Section C

VI o-4 * What is the amount of work done when body is moved 
through 2 metres by the application of a force of 
1 OON?

BoA man whose weight is 100 kg climbs up a tower 
20 metres in height, against the force of gravity0 
Calculate the amount of work done „

C9-4 boy of mass 40 kg runs up a staircase carrying 
10 kg mass "in 10s, The staircase has 25 steps each 
20 cm fcigho Calculate his (a) total power and 
(b) useful powero

DoWhat is the power of a crane which lifts i 
five 1000 kg girders in 30 s to 3 h-'ight of 
15 mQ Calculate the power of the crane in KW»


