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Topic 1: SPEED & VELOCITY (CLM)

Learning hierarchy

The following are the Tearning objectives in the
learning hierarchy shown in Figo.Noo1.2.

Yhen the topic is completed the students should
be able to

I,

IT,

1T,
IV,

Vo
vi.

VII,

VIII.
IX,

4,
B.

Aa
Ba
Co

Do

4,

4
Bo

Ca
Do

1
]

F,

4,

4.
Bs

4,
Bo
Co

e
-

define rest and give exampleso, '
recognize that rest is not absolute
but only relative,

define motion and give examples.

recognize that motion is nol an absolute
event but relative,

appreciate the fact that the bodles can be
gsaid to be in motiun as well as at rest

at the same time, .

define uniform motiun and non-uniform motion
and give examples,

define scalar quantities and give examples.

define vector guantities and give examples.
differentiate beiween vector and scalar
quantities.

state and illustrate triangle law of velocities,.
state and illustrate parallclogram law of
velocities

state and illusbrate polygon law of velocitics,
determine graphically the resultant of two
velocitieso

measure time and give its unite.

define distance and give its unito
measure distance,

define displacement and give its unit,
give the limitation of the concept,
differentiate between distance and displacerment,

define angular displacement and give its uniks,

define speed.

derive an expression for speed,

derive the unit for speed.

calculate the speed of a body froam the
given data,
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Learning hierarchy
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Fige 142 Learning hierarghy -
Speed and velocity



Xo Ao, define velocityo
B, derive an expression for velocityo
Co. derive the unit for measuring velocity.
D, derive an expression for average velocity,
E, distinguish between speea and velocltye
F. define uniform velocity.
Go. calculate the valuve of velocity and average
velbcity from a given data.

XI. A, define angular velocity,
B. derive an expression for angular velocity.
Co state the unit in which angular veloeiby
is measured, ’

XII., A, derive the . . relation bebween
displacement velocity and time,

XIII. A, derive the relation between linear velocity
and angular velocityo

XIV. A, solve problems on speed and velocityoe

I, Rest

Vhen a body does not change 1ts 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
resto

A body, say a book, kept on the table rcmains
there at the same position even after gome time, we may
say the book has not changed its posi ion not only with
respect to time bub also with respect to the table in
this case, The book is at rest; fixed at its position,

There is no body in this universe which can be
considered to be fixed in absolute terms., The idea of
absolute rest is futile, Since the earth is rotating about
its axis and also revolving round the sun, we canrot
have reference points as trees, houses ebtco., Lo be bodies
at absolute rest. Our reference poinks themselves are
not at resto

However, we define the bodies al rest on the
surface of earth taking stationary objects such as trecs,
houses efc. assuming the earth itself bto be at rest,

Thus,; we must be clear of the fact thas rest is
not an absolute term, but rclative, Vish rofercence to
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one object, a body can be at rest bub with respect
to asecond one, it need nos beo

Evaluation

1.¥hat do you mean by absolute rest?

2.Can any body be at abgolute rcst? If not, why?

3.Is it possible to have bodies at absolute,
rest at any other part of the universs?

4.Define rest, ‘

I, Motion

Then a body changes its position with ihe passage
of time with respect Lo its axis or some otner object taksn
as fixed, then the body is said to be in mobtiona

The idea of absolute wmotion is also fubtile similar
to that of absolute rest. Assuming the earth as statiomary,
we define all motions of the surface of eartho

Motion can either be uniform or non-uniform. 4ny
object that moves through equal distances in equal
interval of time, however small bthe btime may be, is said
to be in uniform motion. 4ny body that wmcves through unequal
distances in any equal intervals of time, it is said to be
in nop-uniform motion, Mobion can be linear, angular or
circular depending upon the path it describes,

TWo physical guantitiss have $o be s ecified to
completely describe motion. -

io, The change in bthe position in space, with
respect to a reference-pointe.

ii, The period of time over which the change of
position occurso

Bvaluation

1o, Define motion, uniform motion, non-uniform motion,
iie Why we cannot speak of absolube mobicn?
iii. Give examples for- (1) lenear motion,
(2) circular motion,
ive Give an example for uniform motion,



111, Scalar Quantitices .

Scalar- 4 gquantity that has only magnitude,

Examples- Mass, time, densify, temperature,
electric charge, distance,

Viritten Representation- 4 single aagnitude
written as °1ther,
(i) a real-number mltiple of a standard or
well- deflged unisc (eogo 605 k€oy 9So
1%6 g em -, 27% K, 2°C
OR
(ii) A @iagrammatic representation of an
absolute or a relative magnitude (Figo. 103
and 1.4).

b vt ‘ e

Figo1,3¢ Diagrammatic representation of absolubte valueo
The sorter line is 1 cm long and represents an absolube
length of 1 cm. The longer line is similarly 4 cms long.

M

Pamran

R Mercury Saturn
@ Venus
Uranus
g harth
& Mars ¢§§' Neptune
W < .
%%Q*; p,, Jupiter g Plubo
uzﬂf‘

Figolo4: Pictorial representation of the rel ative
size of the planets, Size of the plangt is prOportional
to the area of the circleé.

i

Evaluation

1.What are the conditiohs for a quantity to be
scalar?
2.List a few examples for scalar quantities,
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IV, Veckor Quantities

Vector~ A quantity that has m gnitude as well as
direction,

Examples- Linear displaceuent, linear velocity,
force, linear momentum, electric current.

Written Representation- One of the followings:

i, a single letter of the alphabet printed in
italic with an arrow over it,
o — —r
(eogo ? ‘{;B; P, ¥, I)
OR :
ili. a single letser of the alphabet printed
in bold. (eogo Yy V9 F, P, I)
OR '
iiio a pair of capital letters of the alphabet,
printed in italic with an arrow over it. -

e vl
(eogo O-Ag MN)

Specification

(i) Magnitude: Numerically specified by
a scalar quantity (e.g., the magnitude of the force
F is 2.5 N), Algebraically, the magnitude >f a vector M
is denoted by the same symbol in italice. 1 (€.8e
the magnitude of the displacement r is 1),

((ii) Direction:  Specified verbally mathematically
or pictorially with reference to a known reference-
direction or co-ordinake system (e€.go, the velocity of
this car is directed due north).

Pictorial Representabion

4 straight line with an arrow head (Figol.5).

(i) Magnitude:  Pictorially represented by the
length of the straight line from base to tip of arrowe
head drawn to scale (Figo 1¢5)e

(ii) Directions  Pictorially represented by the
arrowhead with reference to a marked reference-direction
cr coordinate-system (Figo1e5)o
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‘sl
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Figo1.5¢ Arrow represcntirg vector quantity. Length

of arrow is proportional to the magnitude of the vechor
quantity; arrowhead points in the direction of the
vector quantity. To specify magnitude, a scale 1is
necegsary; for direction, a reference direction is
NECESSAIY o

If we anaglyse gome of the guantitiecs known, like
temperature or time we see that they are represented of
by magnitude i.e., expressed by degree celsius or
seconds, and as such they arc scalar quantities, But in
the case of force not only its magnitude but also its
direction must be known to get 4 sensible idea. This
makes force a vector gquantity,.

Scalar quantities like 5 gms and 2 gms can be
added up easily to give 5+2=Tgms vector guantities,
however, cannot be added up like that since both direc*.on
as well as magnituac are involved, This can be done
only in accordance with certain well formulated laws,
called the laws of vector addition, and their additicn
is referred to as the composition of vectors or the
composition of vector quantitics, the sum of a number of
vector quantities being spoken of as their resultant.

Thus, the resultant of a number of vector
guantities is a quanbity which, taken alone, will produce
the same effect as is done by all those quantities taken
together,

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

(1) The Parallelogram Law of Vectorss If there be two
vectors lmpressed simultancously on 2 particle, such thag
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 O, {Fig01o6(aa, such that
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they can be represenbted in magnitude as wcll 23s

direction by the two adjacent sides AB and 4D of the
parallelogram ABCD (Figol.6(b), their resultant R is
represented, both in magnitude and direction, by the

Dy 64
b { -
3‘ R //“
' / A f}j
DA
A 7 Af >
@ Fio l “w @

diagonal AC of the “parallelogram, passing through their
point of intersection A,

(ii) The Iriangle Law of Vectorss: If there be two
vectors impressed simultmeously on & particle, such that
they can be represented in magnitude as well sas 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 crder.

Thus, if u and v be the two vectors lmpressed
simultaneously on a particle 0, (Figo1.6(:)), such thai
they can be represented in magnitude as well as direction .
by the two sides 4B and BC of the triangle ABRC (Fig.l1.6(b)),
taken in order, theilr resulbant is represented completely )
by the third side AC of the triangle, taken ¥ in the
opposite order, (ioto, in Lthec direction 4 to C).

(iii) The Polygon Law of Veckors:  If there be 2 number
of vectors impreéssed simultaneously on 2 particle, such
that they can be represented in magnitude as well as
direction by the sides of 3 polyzon, taken in order,
their resultant is represented completely by the closing
side of the polygon, taken in the opposite orders
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Figo 167

If we have four-vectors u, v, x 2and y, 2cting
simul tanecously on the object O, then this can be
represented by ABCDE in magnitude and direction taken in
order, Then their resultant is given by R (4AE) in magnitude
and direction.

NOPE: If two vectors are acting in the same direction
then resultant is given by their sum (magnitude) and
direction being the same as the componentso,

Evaluation

1.Vhat are the requirements to make a quantity
vector?

20.In what way vector quantities differ from scalars?

3.Classify the following as scalar/vector quantitys:

i.8peed_ _ _ _ _ _ vii.Digtance_ _ _ _ _
ii.Velociby_ _ _ _ _ viiil.Displacement_ _ _
iliioAcceleration_ _ _ _ ixeTime_ _ _ _ _ _
ivoForce_ _ _ - _ _ XoDemmity _ _ _ _

voWork_ _ _ _ _ _ xiolemperature_ _ _
vioBnergy_ _ _ _ _ xiloMomentum_ _~_~ =

4oIf two vectors 4 and B (both acting southwards)
are applied to a2 body what will be their resultant,
5oWhat will be the resultant of two vectors
A southwards and B northwards acting on a body?
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Vo Time

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

Type of gquantity: Scalar

Written representations t

Specifications: Magnitude: It is measured in
seconds. bBigger units like minute (60 seconds) and
hour (3600 seconds) are 2lso usedo

Dimensiondl representation: T

Demonstration of stopwatch to measure time,
Evaluation

1.Name some of units (other than the cnes

mentioned above), used to measure time,

2.How many seconds make one day?
3.What is one year?

VI. Distance d

== A A

It is a measure of length between two points. The

distance between two points may be different depending

upoEDthe path taken. Distance between A & B can be ACB
or Bo

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 quantity. 2. Unit metre,
kilometre, etc,

Dimensional representation: L
Evalvation
i.Name some of the units by which disbtances

are measured.
ii.What makes distance a scalar quantity?
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VII. Displacement

Linear Displacement (or, simply, Displacement ): The
change in the position of a physical body in a particular
direction.

Type of GQuantity: Vector
Written Representaticn: d
Dimensional Representation: L

Specifications (i) Magnitudes Straight line
distgnce between initial and the final position; measured
in metre (m), (ii) Directions 4s that when moving
from the initial to the final position, along a straight
line,

Pictorial Rcpresentations 4 straight line joining
the initial to the final posibion with arrowhead at the
final position., (See Figo *e8).

Limitation of the Concept: The displacement
vector gives no indication of the actual path of motion
of the body. (See Figo 1.8)o

B,

o
v J.,w

oLy

da

Figo1,8: Displacement (a) for a body moving in
a gtraight 1line, (b) for 4 body moving in a2 curved path \
d, is the displacement of the body at position 4 with respect
td the reference point O and d2 is the displacement of
the body at position B with respect to the reference
pOin‘b Cse

’\ i

S
td

Evaluation

1oHow does displacement differ frow distance?
2.What are the units by which we can measure

displacement?
30Why the units of displacement and distance ire

the same?
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VIII, dngular Displacement

e have seen earlier linear displacement . But
for a body describing ciruclar motion the displace ment
will be angular or angular displacement, which is
measured in terms of angle. e

If a body moves from 4 to B
then its angular displacement (&
is equal to B, -

Figﬂ o9
Vritten representations 6
Dype of quantity: Vector

Specifications: Angular displacement is measured
in degrees or radiamse

wn
It may be noted that 180° =  radi. «s
Dimensiomal representation = /° (or dimensionless)
Evaluation

i.Can the angular displacement be same with
varying linear displacement?

ii.If so, under what conditions?

iii.What is the advantage of using radian as the
unit of angular displacement?

IX. Speed .

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

Type of Quantitys Scalar

Written Representation: U, Vs Ui, U
Specificasions Specq = -Actual distance travellead
~P time elapsed
OR w = —E




Magnitude: The scalar ratio (s/t), measured
in metre per second (ms~1),

Notes If the speed of a tody changes, ivs initial specd
is denoted by wuli and its findl speed by uf,
Dimensional equation: 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 distance. One another unit
of speed is km/hr uswally used by automobileso

. _1000m ___ _  _10 X
1 kn/ar = 60 x 60 sec . 36 n/sec

Evalwmtion .

1oName few unils by which speed can be expressedo

2.What type of quantity is speed?

3othen 2 body covers 10 metres in 2 seconds, what
is its speed?

4oConvert 36 km/he to w/seco

Xo Velocity

Now let us again look at the movement of marbles,
a® EX
Let the two points be marked on the sable, Unless the
marble is pushed in a particular direction it will not
reach B, Thus to describe the mobion of a bedy the
direction is also important.

Average Linear Velocity - (or, simply, velocity)e
The rate of displacement of a body from an initial to
a final position,

Type of Quantity: Vector
Written Representation: Vy Vis VF , U

Specifications

Velociby = ~Displacement s OR

Time klapsed

ot

368
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. /“%

v ey
4N
.o t =t

Figo1,10s For a displacement d taking place
- in time t the velocity v = 4/t

(1) Magnibude: The scalar ratio (da/t) measured
in metre per second (ms~1),

(ii) Direction: Same as that of the displacement
vectoro.

Dimensional equations: il

Notes: (i) If the velocity of a body changes, its initial
velocity is denoted by u and its final velociby by ve

(ii) In the case of changing velocity, the average
velocity is given by

v + u
Vav 2

Calewlation

1o If a body covers 100 m in 5 seconds then
its velocity will be

1908 = 20 /s

58
ii. Tf the body changes its initial velocity from
i? n/s to 20 m/s ° then
_ lWL+20
vav = = =15 n/s

Uniform Velocitys If a body c~vers equal distances in
equal intervals of time in a parsicular direction then
the bodg is sald to be moving with uniform velocitye

Ivaluation:

1.Distinguish between speed and velocity,

2.Wnat are the units of velocity?

3eWny doces the unit of velocity is the same as that
of speed? .

4.Why velocity is & @ vector quantity?

5.Can two velociiies be added up as that of speed?

6.If 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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XI. Angular Velocity Vi

If a body moves from 4 to B
in time t then its angular

displacement is equal to ©. dngular P
displacement per unit time is - )
known as angular velocityo A
Figoe 1011
Written representaktion: w

Type of quantitys Vector

Specificavions

Angular Displacement &
time &

OR w —%— radians/sec

Il

Angular Velocity w

i

Dimensional equation = /° 777
Evaluation

1oCan the linear veloclity have different values
for the same angular velocityo.

2.Is the angular velocity same for a body
moving with constant specd?

3.Calculate the angular velocity in radians/s
for a body describing 60° angular displacement
in 5s time,

XII, Relation Bebween Displacement snd Velociby

We have seen that the average velocity is the
disbance travelled in unit time, We can represent the same
as

Vav = t
OR g = Vav X %

where s = displacement

Vav = average velocity
t = time
ioeoy
=X ¢ OR simply s =V x t
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bvaluation

1.What are the factors on whlch the dlstance
travelled depends? -

2.What is average velocity?

3.Why do we take average velocity instead of actual
velocity in the above egquation?

XITII, Relation Between Angular Veloecity and Lencar Veloclity

We know that the angular velocity w = _&_
t

Here, we can draw out a relation between linear veloclty
and angular velociby,.
Ve know that Arc
radius

AB

r

OR AB = r@

When a body moves from 4 to B in time t then linear
velocity or simply velocity is -

Displacement
Time

Veloclty =

B,

i

Hi

le€e v ™

Evaluation

i.Under what conditions the linear velocity and
angular velocity be same,
ii.Can the unit of angular velocity be

w:vzmzs'.??

r m



- XIVe. Problem Solving 372

(a) 4 car covers & 150 kms with a4 speed at the
rate of 50 kms/hr and another 80 kms at the rate of
40 kms/h~1, Calculate the average speed for the whcle
Jjourney, o

(1) 8,

vy

]

80 km

|9
It

*150 km

1

50 km b~ V. = 40 km h™

i
i

(ii) Average speed?
Total Distance Covered

(iii) Average speed = Total Time Taken
~ _ bt
8 = 8,45, & 1 ?
(iv) s, = 150
v, = 50 km b~
S
= o1 - 130 . '
b v~ = 50 T2
Q
- 2. - 8o._
S = 8,45, = 150 + 80 = 230 kus
t o t‘; . t2 = 3 + 2 = 5 hrs

i

(v) 4verage speed

£ ~§%9— = 46 xo/h

i

(p) A man is walking on fcot. He covers 5 kms in
an hour. We say that he is moving at a speed of 5 kms per
bcur ( 5 kms ) o This speed can be expressed in

several ways. In one minute this man wmoves a distance

given by : ,
5 kms _ 2 kms _ _(5)1000 m  _ _83.,3 m
1 h 0 min 60 min Min

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



5 ks _ 5 x 1000 m = 1.4 % or 1.4 18*1

Th =~ (1) x (60x60)s 273

(¢) A merry-go-round of 10 m radius with children sitting
on it, is revolving at the rate of 1 rev. per minuis,
Calculate the speed of children sitiing on it.

(All India Secondary Examination, 1972%0
(1) radius = 10 m
rate = 1 rev, per minute
(2) Speed of the children?

(3) I'o determine the speed of the children we must
know the distance travelled by bthem,

v = Distance

Time

- 27 r
4

_ 2 x 22 x 10
(4) v = 7T x 60
(5) V = 1,047 ms™

bvaluation

104 car trav-ls a certain dista ce with a speed
of 50 km h™' and returns with 2 speed of 40 km k™,
Calculate the average speed for the whcole
jeurneyo
(Delhi Secondary Examination, 1°79)

20If a body covers 25 kms with a speed of 5 km/h  ind
next 30 km 2t the rate of 6 km/h calculate thc

average speedo
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Topic 13 SPEED & VELOCITY
Self TLearning Matverial
(gLM)

Yle come across a large rumber of thing around uso.

Of these some move and others do not move., 4 body is said
to be moving when its position keeps changing with

respect to a fixed body taken as reference. Ihe passengers
sittings in a moving bus are moving as thelr position keeps
changing with respect to the objects on the road., The

tree, electric poles and several other bodies, by the side
of the rcad, don't change their position and therefore are
at rest.

When a body changes its position with the passage of
time with respect to its axis of some other body taken as
fiXEd, is s2id to be iNcocoocoooanooo 0000(1)

then a body does not change its position with the
lapse of time with respect to its axis or some other, body
congidered to be fixed, then the body is said to be
atnonooooooooooo 00’70(2)

e am we wm ew wm e e e e e mm e e mer e e e e e e e e me e e mer e e e e

measurements of various physical quantitics. We measure
mass In kilograms, length in mebres, volume in litre, time
in second and speed in metre/second » The measurement of
these quantities orly involve magnitude.

Such- quantivies which are repr sented by magnitude
Only are calledooooasncooo ' 0000(3)

In order to get complete idea abouf 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 motion, 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 ko sake off an aeroplane from Delhi
for Madras, he is to be told the distance and direction of
destination, Siumilarly, there are other quantities as well
which need both magnitude and direction.

B T T . < T T e e e =



A11 such quantities which are represented by 373
magnitude and direction are calledooancno 0000(4)

The distance between two giver points my be
different cr same along different paths taken, It has
only magnitude,

v e e e mm mw s e e A e e M s e W W WM SRe e W TR R e e e e e e A

. e me  em wm mem e e v e e o e e e e e e e e e e e ame e e R e e

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

W e e e mem  mm mas e A me e me W me e mem e A e e e e e e et e e e e e

Now let us look at the L ,
figure. 4 body travels through
the path ABCD to reach D from A. A /D

T T T S v e . T et

Displacement between the points A & D
i8S o0o0000co0o0 (AD/ABCD) 0000(7)
Pistance covered betwsen the points
A& D iSco0cannsanooo0 0070(8)
The distance btravelled by a body in a unic time is
called speedo
The speed does not refer to any direction. The
distance travelled by a bedy may be along a straight path
or a curved path. Phe gpezc 1ls 2 scalar g.anlity.

S R e e e mee e e e B e e e e s e B e R WA e e e e e M e e v e

o s s wem e me wm ww Me mw we wh wee wes  mws e e e e A b e nle e me o e At

If a body moves wibth non-uniform speed, its speed
cannot be easily determined at every momen., so it 1s
convenieni bto know ils average speed N -

If 2 non-uniform motion, the average speed of a
bbdy is determined as the total disbance travelled by wvhe
body divided by the btotal btime Laken by it.

L T T e T T T T R T T

Average Sp@ed - &0 000000

0oCco0000O0 0000(10)

W wm M e cm e e me s G e e M e e e e W emn B S M e e e e e =m e pw



Many objects move wikh different speed and some
examples are given belows

Object : Speed
Man walking on foot 1.5 w/s ( Approx)
Mail Train jp m/s "
Aeropléne . 220 m/s "
Sound in air at 0°C .. 332u/s "
Bullet from a rifle B60 m/s "
Sound in water 1500 m/s "
Moon rcund the earth 1 kn/s "
Farth round the sun 29,9 kn/s "
Light and radio waves 3 x 107 km/s "

Do these values represent actual speed or average
Speed? 0000(11>

- e e me e e e M e e me MW sem M m  wae  RE e e e MMk TR e R e mw mm W e e

The terms speed and velocity are often used
synonymously. However, speed gives an idea of the slow
or fast motion of a body, buf it does not tell about the
direction of motion. Many problems in astronomy,
transportations, artillary, navigation and other fields of
sclence and sngineering are solved more convenlently when
some specific direction i+ 2sgigned to speedo Thus,
a specific direction agsigned to speed gives a new
physical quantity known as velocity which is a vector
gquanbityo.

Velocity may be defined as the distance travelled
by & body in unit btime in some specific directlomn.
OR

Rate of change in position with time in a particul ar
direction is called velocityo.

OR
‘Rate of change of displacement is called velocity.

I e T T I = T I T I R e

3 000002000,00800

Velocity =

¢
00OD0OANOCO000OO0D 0000\12)

W e wen  wes aae g e e B e MW men e mwe B e e M e WM m e m e e el e mA e

o m M me e R me mE RE O B W s A MR e aek e BW e M e e s e e me e e e
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Next, let us consider a body
moving with a constant speed along
a circular path., Its direction
will keep on changing conbinuously.

’

Direction of a body
moving along a
circle changes
continuouslyo

. eme e e s e MR e s it e R M e e e MR e e M W me e e e am e e we

The body is said to be moving with
opodonOOOO~ VelOCityo (Consbant/ﬁarying) 0000(14)
From the above example , we can say that even when
the speed is same the velocity can beos-oue so000(15)
(same/different )
As the velocity is 2 measure of displacement in
unit time the displacement can be written as

diSplaCement 18 ovo0100n00 X 0nvooono 0000(16)
The same can also be written as
§ = 0 0 0 o0 X o 0o o a 0000(17)

S TR B eh me A e M M wee M M e AW e e M e WS e e Ben G TR e e e e

Let us take the case of uniform circular
motion of a parbticle. Suppose it moves from 4 to B
(distance s apart) in tims t (Figo.). Its
speed will be s/t., We can 21lso express its
motion ir another form., I&
has moved an angle subbanded
at the centre 0 of the circle,

It has described an angle ©
radius in a time t. When the
displacement is measured in
terms of angles the velocity
can be termed as angular velocityo

— e mw m s B e e we e e we e

e e W e e e e mer  mm e mw Mee  mee e W Gwe e G e W e e e e e e e e e

This can be represented by.

w = o wherc © 1ls angle in radians t in
seconds and w angular velocity.

W s e MR e MR ma  PWR s RMW e W WS e e ey MR R R e e G e e mem e e mee e e



Yhen we consider thc total angle arcund & peint
it is equal to 360° which is equal to 2IT radi%§o Then

One degreec = I‘adii:}o ocoo(2o>

— A e e mm mm W em We  me wm s b e e wem mwe e - e wew emm mms s M W me W e

we know that

Angular velocity w =

By the knowledge of geomebry we can write
dngle substended by the Arc AB abt the cemtre of circle,

6 = Arc (4B)/radius of the circle (r)
OR (o o AB=S and
g = % AB = 3 o OA:I-)
04 r
w=8
t
_ 8 1 8 « 1¥
=3F X ¥ = t X T
= ¥
- r
OR v o= Trw

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 t@d the distance
moved by different particles will differ for the same
interval of btime, This is evident if we look at @&
the equation v = rw,

Even when w is constant v change as the
value of r changes.

e B W e am S We Em e e e SR me e me e e e s wE e WA e mm e e e e e e

A body placed on a rotating disc is allowed to
go Lo its centre and it rot ates, Then its linear
veloclty goes on_ _ _ _ _ _ _
Tincreasing/decreasing ) voool(21)

— S e s e M e e we W W da me W e W e e S R e e e e ke e e e e e

4 motor car is moving with & uniform speed
of 40 xm/h, Calculate its diskance travelled in
6 hoursoe

40 kn/h, t=6h s=%

f

Solutions Here, v

me e wner e e

M

0000(22)

- B ewe com o

e e wmm e R e e e am M e RS W N e e W G e R e e e e e me e e e
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4n aeroplane is flying at a uwniform speed. It
travels a distance of 200 km in 1,25 hour., calculate
its speed in km/h and w/s.

Solubion: s = 200 kme t=1,25 h, v=%

=8 _ 200 ku /
v o= t = 1025 n cono000 cano 23)

Speed in m/s?

160 km _ 160 x 1000m _ 160 x 1000m
= 72

VETHR T 60 minutes 0x60)s

Zoavon .0 I 0000(24)



Popic 1: SPEED & VELOCITY

Self Bvaluation Material (ScM)

I, Complete the following statements:

Qo Speed is aoooqcoquantigy éince it has
magnitude orl ye

bo Velocity is a vector quan.ity since it
indicat€scou-~00a8 well as magnitudeo

Co A phySical quanbity is termed 8Soco0o6000all
magnitude and direction are indicated.

DG 000O00u 2D 0O

Total time taken

do Average speed =

€, & toy can ssarts frém a point in a circle of
5 metres and comes back to the same pointe
Then
Dissance covered = .~su-000
Displacement = oonnnoonn

II. btncircle the most suitable word which Join the
statement given,

‘ 8. In order to debect motion you need

i, a change in speed

ii. to be isolated from al® other objects
iii. Lo bs wikthin a vehicle

ive a poink of reference,

bo Ihe rate ar which the objech moves in a given
direction is called~

i., speed iii. magnitude
ii., motion ivevelocity

ITI. 4An object is moving with a conswant velocity of
50 m/seco. How far will it travel in 20 ssconds?®

- e e e g men e e e e e e s W e e e s e e ane  ame e e
e e e e s e W e wew e e wm s mm e e e e e e e e e e

- e e e e dme emm me e W e e e e e e e wwe e M e e e e e
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IV, Classify the following into scalar and
vectorss
10 kms, speed, velccity, 20 kus towards sky,
10 kgs, 1 hour, 15 sqo.cm, 10 cu.meLIres,

Scalar Vector
pealal Jector
o0 "o o0D QO OO0OQ
D0 0000 Qo000 UC
DoV OON [+ I e B o IR + I ]

V. Which of the following is a vector?

a.lemperature
b.Mass
co.Volunme

a oSpeed
€oDisplacement

VI. Calculate the angular velocity of the rotation
of the earth, '

- e e e e e e e e e s e MR e WA e e Ser W me e e e
- e e dee e e e e e e G M e e e R e G s e we e e

W e e e e e e e mm R e o N e e e e e W e me e e e e

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

— e me o m ae ee e we e AR em M R e ew e e mme WS e we e e
B T T e

W mm e as e me MR we e WA e e e e pmm Gt mme  we W e e e e e

VIII. A certain space satellite always move at 3000
metres per second. Bxplain this is its constant
speed or its constant velocltyo



T.a.Scalar
bo.Direction
coVector

doTotal distance

€o10m, 0

Il.a, iv
bs iv

II1, 100 m

To
2o
30
4o
5e
6o
To
8o
9o

100

1o
120

13,
14,

156
16,
170
18
190
20,
210
220
23
24,

382

KEY 10 SLM

Motion 72) rest
Rest

Scalar

Vector quantities
Scalar

Vector

AD

ABCD

Distance travelled
Time Taken

Total Distance Travelled
Total Time Taken

Average speed

Displacenent
Tine

m/s
Varying

Different
Velocity x Time
S =vixt

Time takon
Radians/sec

A4 /180
Decreaging

24Q kms

160 km/h

14,44 m/S

KEY TO SEM
IV, Vectors Velocity
20 kmg=m—mw—-— - Sky
V. Displacement
VI, :

2
24 x 60 x 60
VII. Constant speed
VIII., Constant speed
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Iopic 1: SBEED & VELOGITY 3

Asgsessment Material (4M)

Section A

I.Match the expressions in B by selecting the MOST
closely related express one from 4.

A B (R)
ao.Rate of displacement Speed (%)
b.Continuous change of location Displacement ()
coRate of motion Linear motion ( )
d.Sum of component velocities Velocity ( ;
eoQuantities wibth magnitude Scalar (

and direction Angular Velocity( )
foMotion in a straight line Vectors ()
gc.Rate of angular displacement Motion ()
ho10 metres Radians 5 g
icAngular displacement Distance
joA measure of lengbth between Radians ()

two points

IT.In the blank space at the right of each statement
write the word on expression which BEST completes
the meaning, ‘

1o.If the velocity of an object
is constant the motion is said

50 bEooboo oo»oonooou{1)

2.3ince the VelOCity has both 0000000000/23)
magnitude and..248,. it is ooonnonooe(zb)
aoo2booquanbity

3.4 physical quantity is btermed
as uoaoo if it has only
magnitudeo ooooooooo~(3)

4.Temperature is a ookoo
quantityo 0000000000(4)
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Section-B
IIT, Yrite the answers in the Wlanks pro ided,

1.Keepkng the time constant if the
velocity of -a moving body is doubled
what happens to Lthe displacemento ooonoooooo{1}

2.If the velocity and btime are doubled \
what happens to the displaoemenba 0000000000(2;

3,If the displacement is expressed in
terms of kilometres and time in
hours what will be the unit of ‘
measurenent of velocityo 0000000000(5\

4,If the angular velocity of a
rotating body increases what happens X
to its linear velocityo oooonooono(@

504 fly which is riding round on the
edge near centre of a playing record
moves btowards its edge. What happens
to its }inear VelOCity? 0000000000(5

{incfeases/decreas: )
Section C

IV, Convert 3 km/per to m/sec.

T o . T T T . T
L T v . R L

N e e e wm mes e e e e e G ek W wes  men e wee e e e

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

7
T T e T S I
T T T R e . T

D I T T T R R

VI. 4 truck moved 10 km at the rate of 50 km/hr.-and
then 20 km at the rate of 40 km/h., Calculate the
average veloclityo

. T N N e
D I TR . . T R e

L T . T I I I R Y
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Topic 2 s~ ACCELERATED MOTION

ELASSROOM LEARNING MATERIAL (CLM)

TASK ANALYSIS

“" problem Solving

4
~

Equations of Motion

Keceloration due
gravity

Wpsemapal?

R 3

“

Receleration Veiocity-time
graph

proem

Velucity

lﬁm’Displacement Time

Fige 2.1 Task analysis map - accelerated motion

¥
"
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Toplec 23 Accelerated Mobion .

1

Learning hierarchy

The following are the learning ObJGCth@S in the
learning hierarchy shown in FigoN0o2026

When the topic is completed the student should

be able tos

I,
1T.
I1I.
IVB AG
Bo
Cs
Do

VO'AO
Ba

and

VIsAs
Be

VII.A.
, B,
Co

Do

ko

:F
VIII.4,

B,

recall
recall
recall
define

derive
derive

the concept displacement,
the concept btime,

the concept velocity,
accelerationo

an expression for acceleration,
the unit for expressing acceleration.

recognize retardation as negative accelera’ . -

plot a graph between velocity and time,
interpret the graph with respect to-
1o uniform motion
ii, uniformly accelerated motion
iii, uniformly decelerated motiun
ivo. irregular motion

define
define

derive
derive
derive

derive
derive

f¥@e fall
acceleration due to gravity

i

v ut+at algebralcally
= ut +5 at2 algebraically

2 _ uz +2 ag algebraically

u+at ﬂraghically
ut + § at“ graphically

[47]

v
v
v

i

state the equations for vertical motion

calculate velocity, acceleration and dists ...
from velocity time graphs

solve the problems involving equations

of motion.

Concept Revision

I.Displacement

IT.Time

III.Velocity



Learning hierarchy

VI11Ig
VIIIA

VIIF
VIIE
VIid

viBe
VIA

VD
Ve
1ive
IVA

VI8
VIIA

5l VIIC e

VB
VA

111

=

Fige 242

11

Laarning map =~ acgelerated motion

387
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Evaluation

1.Differentiate between distance and displacement?
2.%hat .are the units ih which time is measured?
%.How does the velocity differ from speed?
4,Can the velocity of & body change when the

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

IV, Acceleration

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

Type of Quantity: Vector

VWritten Representation: a

Specifications

(final velocity) - (initial veloci 7)
Time elapsed

Acceleration =

If wu-is the initial velocity and v the final
velocity and t the time taken,

vV -
t

a =

The change mentioned in the above definition can
elther increase or decrease depending upen the value of
v & uo

(i) Magnitude: Measured in metre per second per
second (ms*z% acceleration =

(ii) Direction: Same as that of the velocity and
the displacement vectors of the body.

Dimenskonal Bquatiom: T2 2

Deceleration (or Retardation) - \

The inverse acceleration acking on a body, the rate
of decrease of the velocity of a body in linear motione.

Fxamples: (i) When the brakes are applied onra moving car,
the vehicle decelerakes,
(ii) When a ball is thrown upwards, it deceleraka:
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Type of Quantitys Vector

written Representation: a

Specification: In the case of deceleration u
e so a 1isg negativeo

(i) Magnitude: Measured in metre per second
per second (ms“z) or (m/S2)a

(ii) Directions Opposite to that of the velocity
and the displacement vectorse.

Notes Retardation is actually nesgative acceleration,

Evaluation

1.What is the acceleration of a body moving
with constant velocity? (D.S.E. 1980).
204 body goes round the sun with constant speed
in a circular oxrbit. Is the motion uniform or
accelerated? (Delhi Secondary BExamination, 1978)
3.Does the earth move round the sun with 2 uniform
velocity? (Delhi Secondary Examination, 1979)
4.,Define a8 uniformly accelerated motion and give one
example of it., (Delhi Secondary Examination, 1°77)
50 Define the term 'acceleration',

VoVelocity-Time Graph

We can plot a graph
between the velocity (on Y-axis)
and time (on X-axis) for the
motion and obtain a velocity- 19
time grapho

1o For Uniform Motions
Suppose. the velocity is 10 metres/
sec which remains unchanged
throughcut, Initially the velocity
is 10 metres/sec, at the end of
1 second again the velocity is
10 métres/sec, at the end of 2 sec
also the velocity is 10 metres/sec - —
and so on., Thus, we get a graph t » 3
as shown in Pige.t., If the body —atime
was in motion for 6 scconds then
the graph will be thc straight Figs.l uniform motion-

line 4B parallel to the X-axiso -moving w ith consta»
nt velocity

5 hN/S

veloacl




2. For Uniformly Accc¢leorated Y
Motion: Suppose the body starts from
rest and the acceleration is 3
metres/sec? throughcut the motion. ¥
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 /

— V¥V w

straight line OP which is inclined
to the X-axis, — €t (5)

Pigo2., Graph Between
Velociby and Time
(Motion with 2 Uniform

Acceleration).

3o .For Uniforuly “
Decelerated Metion: Suppose —
the driver of a train applies <
to bring it to a stop. If we >
plot a graph between velotcity '
and time we get a graph as ‘T
shown in Figo.3.

- £

Figo3s The graph of the velccity
versus time of a bofv subjected to
uniform retardation. lhe velocity
of the body is not zero when
retardation startso

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

=V mlg

Ve

) D=t )

Figo4s Velocity-time graph
when acceleration is not
constant,

NOTE: 1.Speed is bthe magnitpde of velociby for uniform
linear motion. You can as well plot the speed vs bime,
2.The area under the veloclity time graph, which
is in fact is the product of velocity and btime, is
a measurement of the distance travelled by the bodyo
3.4he slppe of bhe velocity btime graph at any
instant gives the valve of accelerabions,
¥ K

io€ 8 = i
ooy T

330



Evaluation

‘ 1.%hat does the slope of a velocity-time ) \
graph indicate? (Delhi Secondary Examination, 7980

2.When the velocity-time graph is a straight line
with a +ve slop, what can you about its acce-

leration?

3.How will you find oub the distance travelled
by a body from bhe velocity time graph?
4,What type of motiom is represented in the

following graphss

VI,Acceleration Due to Graviby

FPree Fall

411 bodies, large or small, on the surface of
the earth, if lifted tv a cerbain height and then
released, are found bto fall on the earth's surface. But
we usually find that heavier bodies like steel ball,
stme, brick etc, fall faster than bthe ligher budies
like a piece of paper, feather etc,

391

Take a piece of paper and a oneé rupee coin., Drop
the two from a certain hbeight and observe bthe fall, You
will find that bthe coin falls faster than the piece of

. paper and also reaches the ground earlier. Now fold the
papér so that its area may be minimum and drop the
folded piece of paper and Lhe coin from bti 3 same
height, What do you find now? fhis time you will find thal
the coin falls slightly fasbter than “he folded pilece
of paper, but the difference in the rate of falling is
very small, This simple experiment illustrates 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 area,

Aristotle, a Gresk philosopher had alsc the false

concept about the falling bodies. But Gallleo for the

first time said that all bodies, large or small, wculd
fall at the same rate if there is no air resistance,
Later on Newton verified Galileo's idea by an

experiment known as Feather and Guinea Experiment, .
I 1008 200 )

A long glass tube
containing a feather and
2 silver coin was taken,
Vhen the tube was bLturned
upside down, the
feather and the coin were
found bto f£2ll bub wibh
different rates of fall,

i}

7

Feather ___

TR o
I8

o

LV

SIS TR RN IV 200 e

Coin

acunm

Fige Feather and Guinea .

Experiment
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When the experiment was repeated afver
evacuation, it was found that both th- feather and the
coin fell at the same rate and strike the bottom
together,

4A11 bodies, large or small fall with the same
acceleration, if there is no air resistance. fhis is
known as free fall.
OR .
Pree fall is the mobtion of bodies subjected only
by the force of gravityo

Acceleration Due bo Gravity (g)

Bodies falling freely are accelerated uniformly
due ‘to the gravitational attraction of the earth. The
acceleration is same at a place for all falling bodies,.

The acceleration due bto gravity is defined as the
acceleration produced in a body during free fall due to
attraction of the earth. '

the acceleration due to gravity is nobt the same
at all places. It varies from place to place., It has
maximum valuvue at sea level, The value of g decreases as
we go up the mountain etc, Therefore the value of 'g'
will be minimum on the top of Everest,

Evaluation

1o.Define acceleration due to gravityo

2.What is the unit of 'g'?

3o.What 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?

VIl.Egquations of Mobtion

Boguations of Linear Motion: The linear motion of a

a uniformly accelerated or uniformly decelerated ¥y
body can be described quantitatively. This quantitative
description is given the form of three eguations, which
relate velocity, acceleralion, displacement and time,

In the case of & non-uniform motion, let us
congider a body bravelling 2long a straight line, The
body starts with an initial velocity (u) and attains
a velocity (v) in a time (t), the uniform acceleration(a)
will be given by - '

i
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at = v - u
or v =u + at

By now, we have already got 2 relation between
initial velocity (u), final velocity (v), time (L) and
the uniform acceleration fa) of a woving body :

v = u + ab ooooo{A)

Let us find out the average velocity of such a bodyo.
4s the average velocity (Vgy) of a body is the average
of its velocities in bthis case the initial and final
velocities,

u + v
Vav:—"’"“"é"“"“' nonoo(B)

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

s =Vxt
8 = uZV)”t Ooooo(C>

Combining the relations (4) & (),
we get -

_ (u+u+at Jt
5 = 7

ut + 1/2 at® co000(D)

il

Some time another relabion between u, v, s and
a is helpful., We can write the relation (4) as v -u = at
and the relation (C) as oonooo(j)
v o+ u =28

b ooooon(2)
Multiplying the relation (1) and (2), we ge
23 ,

- = —
(V u>(v+u) at t :}‘" V2—u2: 2as ooooo(E)

Eguations 4, D and B are known as
g equatlions of motion,



tguations of Mobtion by Graphical Method

(a) v =u+ at

Let a bod% start with an_initial velocit% 'u'
represented by UP in figure 2.51. Suppose bthe body is
woving with uniform acceleration 'a', then the velocity
time graph is a straight
line PG, Suppose the point H
Q on the graph ~ PQ, gives
the velocity 'y' and time
"t', Draw a perpendicular Q4
from Q at X-axis., rhen Q4 = §
and Q4 = v,

~

Ihe slope of the
velocity-time graph PQ
gives acceleration 'a',

Then a = tan O = %§

OR QB = a x PB
=axt
Pigo2,51: Velocity~time Graph
of Motion of a Body
But QA4 = AB + BQ ’
Therefore v = u + at ooooo('})

(b) s = ut + 1/2at2

_Suppose distance travelled by the body in time 't!
is 's'. then

s = area of OPGA
s = Area of rectangle OABP + Area of triangle
PEQ
s = (04 x 4B) + (1/2PB x GB)
s =t xu+1/2 x at
Therefore s = ut + 1/2at2 0s000(2)

39¢



339

fc) veu? = oas

B

From (1) = 5

Substituting the value of t in (2)

L V-u 1 . ¥-u 2

s =u—g— *tza g

2 2
w-ul + ¥ =2uv+u
5= =3 T a
g = 2uv~2u2+v2~2uv+u2
. . 3
gas = v2~u2
OR V2~u2 = 2 as 00000(3)

NOTE:
(i) The three equations of motion involve
only scalar gquanbtities,

(ii) The equations can be applied omnly Lo a body
moving with unfform accelerabtion or deceleration along
a straight-line path, For deceleration, renlace a by -2,

(iii) Since the eguations are applicable only to
wniformly accelerzted or decelerated i1near mohtion, the
magnitude of velocity can be replaced by the speed of
the body, and the displacemeni can be replaced by the
actual distance covered by the body in motion,

Fguations for Vertical Motion

Obviously the equations of mobtion i.eo, A, N & T
(Section 4% ) abcut the accelerated motion are all
applicable in the case of a body falling freely under
the action of gravity. For this we have to replace 'a!'
by ‘g' and height (h) for the distance (s), the value
of 'g' and 'h' are btaken positive in the downward
direction, Thus, for the motion of freely falling body,
the equakions (4), (D) and (E) can be re-writien by
making the required changes,



v = u o+ g}d oocoo(AV}
h = ut + 1/2@52 0ooool(D")
V2—'U,2 = 2gb ooooe(E’ )

NOTEs If the body is dropped from sest 1lts initial
velocity u=0 and bthe equatidns (4),(D) and (E)
take new form:

v = gt ooooo(‘A")
h = 1/2gt2 ooooa(D“)
V2= Zgh ooooo(E”)

Evaluation

ToRewrite the egquations of motion for a body
moving upwards freely,

204re these equations of motion valid if the body
is moving with constant velocity?

3o.Write the equation for a body thrown up
vertically, for bthe maximum height it reached.

4,If a body is bthrown up vertically with a
velocity vs what will be i1ts velocity when it
is abcut to touch the ground on i1ts return?

VIII.Problem Solving

1.4 scooter acquires a velocity of 36 kn p! in 5s
just after start. Calculalbte the accelerabtion of the
scooter. (411 India Secondary Examination, 1979 ).

u =0
v = 36 km/h
= 36 x %g
= 10 m/sec
tE =5 sec
a = yv=-u
i1
_ 10-0
5

396



2s4 bus startigg from rest moves with & uniform acceleration

of 001 m/s® for 2 minutes, Find (a) the speed acqur= ,
(b) the distance travelled,
(a) u=0 (b) We know 5
v =7 o s = ubt+gat
a = 001[;1/8 )
t = 2mb(Minutes - 1 P NP
= 190s = O+ x 5%—x 1202120
v = utat = T20m
= 0+0,1x120
or v = 12m/s s = 720m

3.4 train is travelling at a speed of 90 km per hour. Th:
brakes are _applied so as to produce a uniform accelerati~n_
of -0.5m/s%, Pind how far the train goes before it is
brought to resto.

u = 90 kw/hr = 25 m/s

v=20

a = -0,5m/s2

s = 7%

V2 = u2+2 as

0 = (25x25)-1xs

OR s

i

25%25
OR s = 625 m

f& In the figure is shown bthe position of a bodv a’

ifferent himes, Calculate the speed of the body as 1t
moves from 4 to B, B to C and C to D.

What is the distance travelled by the body in the
last four seconds. (Delhi Secondary Examination, 1977)



—> time (8
4 ball thrown vertically upwards is caugh L,
the thrower in 5 seconds. Calculate the highesi poi.
reached and also its initial velocity. You may .akr? -
of acceleration due Lo gravity Lo be 10%2 o

Here magnitude of the initial velocity =
v=0 at the highest point where the ball reachezs .’

= i = 9
t = 25 h ?

and g = 1092

By using the relation A" i,e, v=u-gh, s p:.

- 10 £ s
O =u - S 5
OR
u = 2bm
8

Next we can use the relation h= ubt-1/2g:¢

‘hus, h = 252 x 2 g -5 J0m ( 5s )
S 2 s ;Z"
= 125 125 _ 125 -
m 4 4 m 31025m

Hence the highest point reached by the barl o
31.25m and the initial velocity is 228 vertically u,.
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Evaluation

1.4 bus was moving with a spee’ of 54 km h=1, On
aprlying brakes it stopped in 8s, Calculate
the acceleration, (Delhi Secondary Examination,1987%)

2.A body starts to slide over a horizontal
surface with an initial velocity of 0.5 ms~1,
Due to friction its gelooiby decreases at
the rate of 0,05 me™ ¢,

(Hint-Acceleration = -0,05 ms'z)
How much time will it taks for the body to
stop? (Delhi Secondary Examination, 1778),

3.4 ball thrown vertically upwards is caught
back by the Lthrower after 4 seconds. Find
the velociby with which the ball was thrown
UPe
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Topic 2: Accelerated Motion

gelf Learning Material (STM)-

Mo Studentss

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 bthe velocity is changing, Without the knowledge
of acceleration we cannob describe the motion of a body
completely, We have studied in the class all about
acceleration. Here let us luok at it litile more winutelyo
Vihile 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 difficulby ariseso '

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

When brakes are applied by the driver of a bus,
the magnitude of the velocity of bus decreases with time,
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 vhe velocity
changes with time, :

Po represent the changing veloclty we make use of
an important physical quantity called acceleration, It is
defined as the rated of change of velociby with time or
in simple words change of velocity in unit time,

—— mm mm mm omm am mm e e wm e A aem e me wm e me e wee e e e e e W e e e e

< : OO 000600
10€0, acceleration = “Time baken 0ooal1)

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

20 0 vy D
g =220 0000(2)

Q000000

— e e e gee e e wee e e e v b ke e wee e bew e e e e W e e G e e ek s e

Velocity is represented by metre/sec while time
by seconds. Therefore the unit of acceleration will be
as follows:

a = 8 DUD Inn - / /7
L0 0709500 NoOODODO 0009\3
620 300 .
JESE—— - e —— [— ~ e —rma——- —— v cre—— r——— ——— —
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In vhe definition of acceleration, the word
change, implies an alteration in magritude or in
direction or in magnitude as well as in direction, After
all change in velocity is also velocity as change in
rupé€es 1ls als0 Irupees,

Iherefore acceleration is @ cen-n. )
oo~n,;unoquantityo 0020(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 retardation.

Retardation = sonoscsecdcceleration. 0000(5)

Unit of retardation = cosonvocancoe 00&0(6)

- e e M e e e e mme e e M e e e e e e e g e e T ek W e e e e e

Positive Acceleration: If the veloecity increases
with time, the acceleration ig said to be +ve
acceleration.

Negative Accelerations If the velocity
decreases with btime, the acceleration is said tu be
-ye acceleration,

Zero Accelerations If a body is a. rest or
moving with uniform velocity, bthe body is said to have
zero acceleration or no acceleration

Sometimes it is possible that the change in
velocity remains the same throughout, That is, if a
car changes its velociky from 5 m/sec to 10 m/sec in
first second and then from 10 m/sec to 15 w/sec in
the 2nd second the change in first as well as in the
second is 5 m/sec each., That is, the change is same,
In that case we may say that the body is moving with
unii-~m acceleration,

VWhen a body moves with non-uniform velocity
such that there is equal change in velocity in
equal intervals of time, however small tLhe 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



takes some btime to catch spe:d. After some time
it moves with a uniform speed say on & straight tracke.

*

.

W)

- Vé!oa;Q;'Cv)

.

Fa’@ | > Tive

Again this train starts loosing speed soon before
reaching another station. This time a negative
acceleration acts and finally the btrain stops. We can
plot a graph (Fig.1) between velocity and time for

this complete motion as described here. Three distinct
stages (i), (ii) and (iii) of motion can be viewed at

2 glance from the graph,

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

L e A I I I . e

it

tor stage I acceleraiion (+ve/V/=ve) oo00olT)

For " II n = (") 0o00u(8)

For M III " = (™) 00a0(9)

W e e we e e e dem WA e e me W e SN M e e e e MR e e Wee e e e e e e

These type of graphs are called velocity time
graphs. The velocity time graph of a uniform motion
is a straight line parallel to the bime axis,

Velocity

—>Iims
Figo2
The velocity time graphs have a very imporbtant

application. We have already learned in the first topic
that the distance travelled = velocity x bime tekeno
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If we now 1ldok abt the graph ~-refully, we .ge that

the product of velocity and time is actually sgqual ko
the area under thec graph., Yhat is, we¢ come to conclusion
that distance travelled is equal to ares under Lthe
velocity time graph, ,

~
-%gilg’ “““““ _jﬁ* ﬁ&
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In the graph shown here the distance covered is squal
to the area of the btrapezium 1 04BC,

- e W mee  mee e mem e e e W e mee e el e e e s e e e e mee e e e e me wew

[+
o
o
}—h
6]
pal
©
=
(o]
M
[+ 2
=
Q&
b=
(¢
§_l
!—J
o
ay
[
g
N
b
fxt

e < ™ e S PR & U

=TT N,
3 | !
& | |
| t
0 / 3 9
Figods: Veloclty-2ime Graph NE— ol V]

In the graph given above the distance travelled



in the first second

]

Area of iriangle ABE
%4 base x height

]

= gswnoooo 0000(11)

The distance btravelled in ‘
the 2nd and BId second = coocooan 0000(12)

o cmm awm e wen e emm e e e e e mee e e e W s Y e e e e e e e e e e

From the velocity time graph, we can also
determine the acceleration of the body. It 1ls given by
the slope (gradient) of the graph line., Scope of a
straight line graph is given by

o =t
X

i.eo, the value along y axis divided by
corresponding value along X @axiso

- mm e me e e e e me e e wee e e e ke e e e e M e e e e Gwe ma e e e
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It is our comwon experience that when a body
let free in the air falls bto the ground. It is due %o
the force of atitraction exerted by the earth un that
body. The acceleraiion thus gained by the body is
known as accelerarion due to gravity. (Refer to 2.4 of
Classroom Materials).

- e ae mw wer e e WM wme maw  sew e e mem mee  ae wm  Wen  Aee e e R e e e e e e e

Iherefore we can define acceleravion duve to
gravity asso 5> o 5 5 2 5 . 5 a5 3 5 o 3 3 2 s @

2 4 2 e d 3 3 23 3 3 2 3 hd 3 3( 3 o 2 ] 2 - @ 3 < > ] 0000(14)

Ihe unit of acceleration due tu .
gI‘aViby iSﬁ 0 3 0 " H ) el [a) n [+ o ] 0003(15)

T T T T R . T T T e . T ™™

when a body is thrown up vertically its velocity
goes on decreasing giving rise to uniform retardation
while the descending bodies gain veloclty gradually,

Therefore ascending bodies have€oouy sanno
accelergtion, oooo(16)

Degcending bodies h&VEconurao '
acceleration, 0000(17)
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The motion of a body can be thoroughly studied
using the following equallions of motion., Refer Lo 2. 5
classroom materials for direction,

v =u -+ ag v.=u+ gt
- 1 442
v2= u2 +2as v2 = u2 + 2 gh

rhe first set describes linear mobion along
a horizontal plane while secondg set describes the
motionof bodies under acceleration due bto gravity in a
vertical plane,

- e me wm e MR S e e we @R s e e e e e e e e e BN e am e wme  em ae e e

Rewrite the second set of equations for body
moving upwards.

<

]
L]
[«]
Q
L1
Q

V™= 60000 0000(18)
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Which equation can bhe used Lo determine the
value of a where initial velociby, final velocity
and time are given,

T T T T T T e R
i

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

.
ocor000 f

0003020

2= 000000 i 0000(20)

The final velocity of an object starcing from
rest is equal to
a/b/C/d anoo

8. product of acceleration and time
bo division of distance by time

Co division of acceleration by time
d. none of these, 0ooal21)

~
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A car travelling at 80 km/h is slowed down
to 44 km/h in 15 seconds; calculate the acceleration,

Given Firal velocity v = 44 lw/h
Initial velocity u = 80 kuo/h
Timc taken t = 15 seconds

To find a= 9

Solubions .
Change of velocity
Time baken for change

Final velocity ~ Initial Velocity
Time Taken

a8 =

A
t

(44-80) km/h = —
15 seconds 0000(22)

- e e e e e e ew me e e ee wm em e me em e e e mm ee e e m e ws e pee pe

The velocibty of a body undergoing uniform
acceleration increases from 20 m/s to 40 w/s while it
travels 100 metres, Work out its aceceleration and the
Lime taken to travel 100m,

Given u = 20 /s
v = 40 /s
s = 100 m
Lo find a = 2
t =%
Solutions
vT - wu = 288
2 2
o v - Q0600
o o A = m“é"-'s'"g“’* = ";’:"::’;"‘" = onovoo 0000(23)

0000(24)

il
o
.
¢
°
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By the application of brakes a car running
at 54 km/h is brought to rest in 10 seconds. Find the
acceleration produced and vhe distance covered
after the applica ion of brakes.

Given u = 54 km/h
_ 5400 m
= 73600 s
= 15 m/g
v = 0

L = 10 seconds

To find as=17
g =9
8 = 50000
S = oocoo0 oonoo(26)



Topic 2: Accelerated Motion

Self Bvaluation Material (SEM)
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I, Directiong- In the blank sp ce at the right
of each statement, write the word -or expre581on whlch

BEST completes the meaning,

1o The rate of change of velocity

is calledonoocoo o o o

20 If the velocity of a body is
congtant, its acceleration isocoeo o

3, When bthe velocity of a body
increases or decreasgses hthe sSanme
amount in successive units of
time, the acceleration iscnao o o o

4o, Motion of this kind is described
as,aosoaccel erated mobion. o o o

50 4n objecht which moves linearly
200 m during the first second,
6.0 m during the second second,
and 10.0 m during the third
second has an acceleration 0fcooe

6o In terms of & s and &,
acceleration is expressed

8800 o o o o

To IThe acceleration due bto gravity
(is conobant, vari€s)eonno.oVETr
the earth's surface, o o o

8o In air, der. objeckts fall
(slower than, at the same
Speed ag, faster bhan)nonoo
objects of lower densibye. o o o

\

o 2

1T, Directions: Write the answers to the following
in the spaces provided. Where appropriate, make

couplete statements,

G, What algebraic relatlonshlp
expresses the displacement of
an object in terms of its
average veloclity and elapsed
time of btravel? o o o
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10, In cases of uniformity

accelerabted motion, how may

vhe final velocity be

expressed in terms of initiel

velociby, acceleration, and,

elapsed time? 6 o6 ¢ o o 9 o 10

11 During any interval of time in
which the initial and final
velocities are known, how is
the averag: welocity expressed
algebraioally? o 6 0 0 o o o 11

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

=N I\Jhab iS its aCCeleration? o & H o o o0 © 128-
b, How much distance will it cover? -~ o oo 12D

13, 4 prolon uvravelling at 5 x 1O6m/sec is
retarded by an e%ectric field al the
rate of 104m/sec®,

8, What time is required to bring
the prObOIl to I'GSL? 6 o o o o o o 134

b, How far does the proton travel? o, o » 13D

L T T T e e
— - am e e e P T T .
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14, A stone is dropped from the top of a house
and is found to reach the grouwnd in one
second, How high is the house?

- wm mm wee mes me ae e mem wew e e ms e mm mm e wm e
e T T T T T S
e ame e e e e e M W e e e e e e e
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Aceelarated Motion

Key 0 Solio.M.

Change in velocity
v=u

&
n 2
- = /s
gl

Vector
Negative

m/s2
+ve
LEYO
~ve

X 5 = 205
= 10

=5

TN wl
OM M MN
[\ 2 J—

3

Acceleration due to
the gravitational
attraction.

Key to SEM

1o Acceleration
2o LETO

3. Uniform
4oUniformly

50 4m/§2

60 S/t

7. Varies

B, Pascer Lthan
9, d = Vav x &

10 v = u +at

150
16,
17
180

18,
20,

21,
220
25
24,
250
260

11e
120
13,
14a

m/s2
-ve

v
v

v = at
s = gatg
Vo = Zas

a

-0.67 m/s2
6 m/s?
30338

~105 m/s?
75 L

u-+v
Vv T e —
av 2

72 kn/bre, 27 knm
5 X 10_8860, 00125 m
4-09 m

410
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Topic 2: Acceleration Motion

Assessment
Section Z\

1oSelect the most appropriate from the choices
given (A/B/C/D)«

ao.Acceleration is the rate of change 0foonon
"A.direction @.velocity .
B.gspeed Donone of theses

bod body moving with uniform speed along
a CirCUlar pahha o o o o
A.hag no accelerabion
Bo.has a variable velocity
C.has some acceleration
Donone of these

coWhen a body is thrown up its veloclty go€s ONo- so0
d.incrsasing Co.remains constant
Beodecreasing De.none of these

doThe graph represents the motion of a car,

*q/l - A :
zﬁf' ! ;\\\\\\\\\\\\
=< \ |
v o 1

. 5 q
Which shabement ks true,. **‘*?i;é-ma (5)

A.The car accelerates, slops, and
reverses.
B.The car accelerates at 6 m/s° for 2 sece
Co?he car is moving for a totalztlme of 12 seconds

DoThe car decelerates at 12 m/s° for 4 sece

2,111l in the blanks,

a.Negative acceleration is calleédoscrnoo
boWhen a body is thrown up vertically
¢ VelOCiby aiL the bighest pOian iSooenonooo
colhat 1s bthe acceleration of a body
moving with uniform velocity?oconnoo
d.Can the direction of velocity change when
the accelerationk is constanb?: cooeocerocconose



e.What is the 8.I.Unit of acceleration?ssessse
foWhat is the standard value of %o« oaoo
gowhen a body is descending is the value of g
negative or positive?oocococooo
hoTwo bodies of different masses my and mo
(mg >> mo) dropped from the same height in
vacuun which one will strike the ground

earli€rocococono
ioWhat is the SoIaUnit of g?ooonovo

3.Define the followings:

a.Accelerations

P T T

L T T e .
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- e e e wee e e e e e s W e e e e e Mee  aen e e e

Section B

4.8elect the mosi suitable statement 4/B/C/D.

2o.The distance travelled by a body stariing
from restv and moving with uniform acceleranion

18o0o0voono :

d,directly provortional to the square of time
B. " inversely propor.ional to square of time
Codirrectly proporticonal t Gbime

Do.inversely proportional to bLime,

boFinal velocity of a body skarbting from rest is
equal t0ooo0oaoo
A.product of acceleration and time
B.division of distance by the time
Codivision of acceleration by the *time

Donone of Lhese

CoYou observe an object covering distances in
direct proportion to the squafe of time elapsed,
Vhat conclusion might ydu draw about its
accelerabion?oaoaooﬁ

4,.Increasing
B.Decreasing
CoZexo
D.Constant

412



5.Derive the following relations:
a, v = u +at (analyvical method)

L

B T T T S e I .
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Seckion C

6.4 car starting from rest covers a distanc: of
100 km in 2 hours with a uniform acceleraiion,
Calculate ibts acceleration.

— e e e wee mw e ome o ek e e e e e

Todn electron moving with & velocity of 5 x 1O4m/s
enters an eleciric field and atta as an gcceleration

2
of 1015 w/s in the direclion of ils orig nal mobilons

In how much time will the velocibty of the electron
become btwice its original velocity?

- e e e ke e b wes s s mer e e

(o
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8.The graph represenis l%e —locity time graph
of the motion of a car,

Calculate:

il.acceleration in
the first second,

N | . \\\\
ii.distance travelled ) : ‘
in the first two 3
seconds

9,4 ball thrown up is caught by bhe throwe:
after 6 seconds,

Calculates
lowith what velocity was it thrown =r'

ii.how high did it go?

—_ e e e wm e e ———— i — o pra—. o — iy ———
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Topic 3 3

CLASSROAM

NEWTON'S _LAWS I & II

LEARNING MATERIAL (CLM)

Task analysis

Newton's
Ist law

Problem splving

Newlisn's
2nd law

L

force

A

momen tum

mass

Inertia

Fige 3.1

aceceleration

% velocity

]

h 4

displacement

time

Task analyeis map .=

Newton's laws I & II

41



Popic 3: Newton's Laws I & I1

t

-

Learning hierarchy

The following are the learning obaectlves in the
learning hierarchy shown in Figo3.2. ‘

When the topic is completed the student should be
able tos

I, recall Lhe mesasurement of time
IT. recall displacement
III. recall velocity

IV, recall acceleration

Vo 4. define inertia
B, recognize the difference in the inertia
experienced by different bodies
C., define inertia of rest and give exauples
D, define inertia of motion and give examples

Vi, A, define mass and give its unit
B, recognize the fact that mass remaim constant
for a body at different places.

VII, A, define momen tum

B, express momentum as bthe product of mass
and-velocity

Co derive the unit of momentum

Do giva the conditions under which the momentum
of a body changes.

k, 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 vize.

muscular force, gravitational force, magnetlc

. force and electrostatic forceo
IX, A, state Newtons first law
B. give examples to explain Newton's first law,

416
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Learning hierarchy

///"

‘<\/ ~

X8 X8
IXA XA

VITIC
VITiB |-
VITIA

VIIE
VIIiD
VIIC
ViiB .
VIIA v

AN

vig
VIA

Vb 111
Ve
VB
VA

I I

Fige 3.2 Learning hierarchy map - Newton's
I& 11 law
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X, A,state Newbon's second law
B.derive the expriseion £ = ma
Co.give examples to explain the applicatlion of
Newton's 2nd law

XIssolve problems based on Newton's first and
second laws.

Concepb Revision .

I. Time

I, Displacement
I1I, Velocity

IV, Accelerauwion

Evaluation

ioWill the direction of velocity be the same
as that of displacement?
ii.Define acceleration .
iii.You observe an object covering distances in
direct proportion to the square of the time
elapsed, Vhat conclusion can be drawn about ibs
acceleration?
iveWhat is the expression for acceleration?
volf the velocity decreases,what happens to
acceleratim?
vioA cyclist moves &long a circular path and
covers 15 mehres in every second, Is it moving
with constant velocity?

Vo Inertia

Although two objects can look the same, it might
be more difficult Lo move one than the other. A4
fullbox is much more difficult to move than an empty
box. This is becage of a property known as Inertia,

The property of all material bodies due to which
they naturally tend Lo 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 Lo lighter bodies,

Depending on whether the body is at rest or in
motion the inertia can be of two typeso



(a) Inertia of Rest

If the body is at rest, its inertia 1is called

the inertia of rest,

Eofoy !
. 10, A bullet fired on a window glass pznc makes

a clear hole without breaking the remaining part of the
glass., 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 lts inertia of rest.

20 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 finger, The coin tends
to remain at rest due to inertia of rest. Thus, due to
this unbalanced motion the person tends to fall backward.

(7)) Inertia of Motion

Inertia of a moving body is called the inertia
of mobione

€00y
1o 4 running person does not stop instantaneously.

It is due to the inertia of motion,

2., 4 person in getting down from a moving bus
bends to fall forward. When the bus is i motion, the
person in the bus is alsoy in mobion., 4As he gets down,.
his feet come Lo 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 bus. Thus, due bto this unbalanced motion,
the person tends to fall forward.

3. A crickel bowler runs for some distance
before bowling. By doing so he tends to increase the
inertia of motion of the ball,

4. 4n athletete ' can take a longer jump after
running as compared to the jump that he takes after
standing,

NODEs If a body has large inertia, it will resist

& change in its state of rest or of uniform motion to
a much greater extent than will a body with a small
inertia,

£19



Bvaluation

1o.Define inertia,
2.G1lve examples for inertia from daily life,
3.Differentiate between inertia of rest and

inertia of motion.

4oBxplain why
i, & man situving in a moving car leans forward
when the carc suddenly comes to rest:

ii., a person alighting from a moving train
should keep running on the platform for
some distance before stopping;

iii. a bullet pierces through a windowpane and
makes a small hole, while a stone hitting
it into small pleces;

iv, a man riding a galloping horse keeps his
thighs pregssed hard against the belly of the
horse.

VI.Mass

It is a measure of the quantity of inertia of
a body or its resistance to acceleration,

IType of quantity:s Scalar
Writven Representation: m
Specification Magnitude: Measured in kilogram (kg)-

The mass of a body can be considered to be an
intrinsic property of the body. Ibts resistance to
acceleration would be same at the surface of earth, ai
the surface of Mars, or at the surface of Jupiter,

Dimensional Representation: M

NOTE:  Under ordinary circumstances the mass of the body
is unchanged. At very high speeds comparable to that of
the speed ofrlight mags changeso

kvaluation

1oWhat ie the smaller unit of mass?
- 20Will bthe mass of a person change asg he
moves from earth to space and then to moon.
3o.What are the bigger units of mass? How
are they relabted to kg?%

420
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v
VIiI.Momentum (Linear Momentum)

It is 2 measure of the linear motion possessed
by a body and is measured as the product of mass and
velocity of the moving bodyo

Type of (uantitys Vector

Wiritten Representation: P :

Specification: Obtained as the product of the
mass of the body and its linear velocibyo

P = mv

(i) Magnitude: Measured in kilogram-metre per
second (kg m s™1),

(ii) Direction: Same as that of the linear
velocity of the body.

Dimensidmal Equabion: Mpp =1

NOTE:s 1.If the momentum changes, its initial value
is denoted by Pi and final wmomentum by Pro

204 heavier moving body possesses a greater
guantity of motion (or momentum) than a lighter
moving bodyoe

3.Momentum changes with the change in mass or
velocity or bobho ,

Change in Momentum = mv - mu

hédre m mass of the body
v = final velocity
u = initial velocity

[

.80, (Application)

10 Ib is difficult Lo catch a crickel ball as
compared to a btennis ball moving with the gome velocibyo
The mass of tennis ball is less than that of a cricket
ball, Therefore, the change in momenktum is less in bhe
case of tennis ball than that of cricket ball,
Consequently less force is needed Lo catch tenmis ball
and more force is required to catch the crickebt ball,
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Evalypation

1.Define momentum, )

2.When the measuremenks are tixen in gms, cms,
and seconds what will be the unit of momentum?

’ 3.What type of quantisty is momentum?

4,If the velocity of a body is doubled what
happens to ils momentum?

50.1f the velociky and mass are doubled what
happens to momentum?

tos

VIII.Porce

Any action which alters or tends to alter the
state of rest or of uniform lincar mbbion of a body is
called force, .

Type of Quantitys Vector
Written Representation: 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 wblch can generally be called

a force,
Magnitude:
Force = Mags x Acceleration
or f = ma

s . . . -2
Dimensional Equation: MLT

- . Unit: DNewton

i

One Newton is that much force which when acting
on a bog§ of mass one kg produces in it an acceleration
of 1 ms o

Phus, 1 Newbton = 1 kg'x 1 ms ° ’ '
Written Representaiion: N
NOTE: ' Force (Dynes) = Mass (Grams) x Acceleratlon(cm/sec )

1 Newton (N) = 1 kg x 1 m/sec?

il

]

1000 gm x 100 c:m/seo2
105 dyneso.

it



423

€og '
o 1.Ue can se. a hand co-t in mobtidbn by merely pushing

ito
2.We can change direction of mcoionof a tennis
ball by pushlng ite
3.We can change the shape of a plastic mug by simply
pressing 1to
4.we can elongate a rubber band by pulling it,
5.We can stop the motion of a cricket ball with
our hands,

There are various btypes of forces of which we /
can discuss-a few,

Muscular Force: The push and pull that we exert
on & body can be hLermed as muscular forces.

€080, 1oPushing Lhe door open
2.Throwing a cricket ball
. 3,Pulling bthe chain
4,Lifting the box

Gravitational Forces:s 4 body released from a height 7
falls to the ground; the earth seems to exert a force on
the body. This happens because of gome constant force
exerted by the earth on the body. These forces are called
gravitational forces.

€080, 104 mango released from the tree falls down.
Zo.3imilar falllnc bodieso
Magnetic Forces. Pwo magnebts vnlaced at a
distance interact with each other, 'Similar poles repel each
other while disimilar poleg attract each other,

€o805 1oNorth pole 'of one magnet repels the north
pole of another magnet,
2o.North and south poles attract each others

Flectrbstavic Porcess Two electrified bodies
placed at a distance, inbteract with ezch other, Similar
changés xp repel each other while disimilar charges
attract each other,

€ofos 1oIf you rub a plastic comb on your'sleeve and
hold it near bLo water btrickling from a tap, the
water under the influenze of a force, will ~
bend towards the combe
2.The same comb if brought near pieces of
small paper it will pick up a fewe

'



Bvaluation

1oWhat is force? -
2.How is force related to motion?
3.Does the .motion of a body depend on force?
4,Give exampleg for different types of forces.
5o.When the acceleration is doubled what happens

to the force?
6.What is the unit of force? Defineo

IX.Newton's First Law (TLaw of Inertia)

hvery body contiinues in its state of rest or
of uniform linear motion unless an external force acts
upon it. ‘

Exampless

1.4 duster lying on the table will not move
unless we apply force,

2.7he table remains at rest in the absence of any
force acting on it

3.4 ball moving straight keeps on its direction
unless we apply some force Lo change its
direction, by kicking it.

4.4 marble moves straight, it changes the
direction only when we apply some force on ik,

Figo3.5: 4 force is required to change the state
of mobtion.
(a) Since the bullockis not applying a force on
the carv, 1t will not move,

(b) The bullock bends its leg and applies a force
on the cart, This force changes the state of
motion, i.e. from rest to moving,
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Evaluation
1o.Define Newton's first law,
2oHow does the first law help us to define force?
3.,Can the law be called 'law of inertia'? If so, why?

X.Newbon's 2nd Law

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

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 v, Then change of momentum produced in
t seconds

= mv - o

Rate of change of momentum
mv_- mu
t

According Lo the second law

mv - mu
£ s =
_ v-u
Or f - nm T
But —ng— = acceleration (a)
ooo f = ma
or f = kma onaal(l)

Yhere k 1s a congtant of proportionality.
The units of F, m and a are so chosen that

kK = 1

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

1T =k x 1 x1
or k =1

Thus, by pubiing k =1 in equation (i), we gst

f=m
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NOTE: The main points in this are :

(1) The externgl force acting on a body, its mass
and acceleration are interrelated,

(ii) The acceleration of a body is directly
proportional to the unbalanced external force
acting on ito.

(iii) The acceleration of a body is inversely

proportional to its masse.

eogog R - .
104 cricket player while catching a ball moves his
hands backwards with the ball. 4 rebardlng force is needed
Lo stop the ball, Since f =ma and a = y therefore,
he tends to incregse the time interval to sEop the ball
and bthus succeeds in reducing the retarding force. .
Otherwise he gets hurt.

2.4 person falling on a cemented floor gets hurt,
The person has some initial momentum wmu which becomes
zero when he comes bo halt, Since the mass comes to
rest within very short time, a very large force is called
into action in order to produce a definite change of
momentum (from mu Lo zZero).

bvaluation
1oHow does the 2nd law defined force quantitatively?
2.59tate Newlon's 2nd Law,
3.Can you derive tane unit of force from
Newton's 2nd Law?

XTI, Problem

1oFind the momentum of 2 mass of 10 kg moving
with a velocity of 5 m/sec,
™~

Here m = 10 kg

v = 5 m/sec
Momentum P = mv
= 10 x 5
: = 50 kg m/sec

20 A mass of 1 kg which can slide on a frictionless
surface is to be imparted an acceleration of 10 cm/sec®,
What 1s the magnivude of .the force required?
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Formula f =m x a
Now m =1 kg
2 2
a = 10 cm/sec® = 0,1 m/sec

1 kg x 0.1 m sec 2

B
o
2
H
]

0.1 Newbton

il

3.lihat force must be applied on a mobtorcycle of
mass 100 kg so thal, starging from rest, it covers a
distance of 1000 m in 60,0 s%

Solution wuj = O, t = 60 s, and s = 1000
Prom the second equation of motion

s = ujg +¥ at?

or _2s _ 2x1000m _ 5 ms 2
a="="= 3 - TTS
& (60 s
f = ma
= 100 kg x 5/9 s ™2
= 5506 N
Evaluation

1.Find the momentum of a cycle rider of mass
150 kg wmoving at 6 ms~1 due eask.

2.Vhat force is required to give a car of mass
1225 kg an acceleration of 2 m s~1 %

304 motor car of mass 2000 kg is moving with
a velocity of 36 km per hour, By the
application of brakes it is brought to rest
in a disbtance of 40 metres. Find the
average force resisting the mobtion,



Topic 3: Newton's Laws (I & II)

Self Learning Material (SLM)

70
Students:

History of Newton's laws is a long one, The world
created by his 'Principia’ were inhabited mentally by
philosophers and scientists alike,

In the absence of forces, Galileo and Descartes had
proposed that a particle continues in uniform motion or
remains at resb; this was incorporated by Newton as the
first law of motlono In the presence of forces, Newton,
generalising the suggesbtion of Galileo, proposed 2nd laws:
the force is equal Lo mass times accelerabtion.

These are the raw materials of the Newlonian world,
Is it really possible to consbruct from these few stones
& building diverse enough bto encompass the marvellous
variety of our experience?

It is our everyday experience that objects left
alone will continue stay in the position of rest, They
can't move on their own., This is due to & property known
as Inertia, The same thing is right in the case of moving
bodies, They keep on moving in a straight line unless
some force disturbs chem Lo change the direction of
notion,

- . e e e we e e e e e e SRR e e e e A g e M e e e TR e e e e e e

Thus, the property of all makerial bodies due to
which they naturally tend to continue in a state of resi
or of uniform linear motion, is ca@lledon ooa vo0oo0ol1)
As we have seen above the property of inertia is
agsociated with bodies at resbt as well as in motion. The
inertia involved whsn Lhe bodies are in motion are
called Inertia of mokion whereas the bodiegs are at resk
it is called inersia of resto Inertisa will be more in
the case of heavier bodies,

Suppose a coin is put on a card which is placed
over a glags tumbler, If now Lhe card is flipped quickly
taen the coin falls into the Lumbler, Thls due to the

inertia of rest of the coin, A
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Standing passengers jerk fomward shen a bus
stops suddenly. 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 halt, This is due
to inertia of moblion of the upper portion of the body.

Wie run a short disbtance with a moving bus before
getting into ik,

This is 'bto provide the body withoooeon00S0
that when we get inLo the bus we may not fall doWne oooo(2)

L T . S L e I

4 passenger jumping out of a rapidly moving
train falls forward with his face downwards if he does
not run forward., This is due bo bthe fact that his feetl
on touching the ground are brought to rest whereas the
upper part of his body tends to move forward due booocoo (3)
0090 0 3

We have already seen thabt it will be difficult
bo move a heavier body compared tc a lighker one,
Conversely we can think that the body having more
inertia will be a heavy body. Thus the measure of inertia
becomes important and is known as mass. Mags of a body
can also be thogght of as ilts resistance to acceleration,
Mass is a quantibty expressed in magnitude only.

- s s mE e MR o W e e mm e e e e e e e e e M mm e e e mw e e

So we can gay bthath mass is ToanooquantiCYQ oooo(@)

M. wm s Mes b e me m e we  Gam e e e e W A e e M e e mer = e e e e e e

Mass i1s measured in kilograms, Mass of a body
does not change, ‘

Therefore, mass remains.oo..o.oothroughout and
1t does notoooooosofrom place Lo place, 0300(5)

e me e e e mm e e MR e W e e e W e mw ae G een e mer e e e e e e e

Let us imagine thai a tennig ball and a cricket
ball are falling from ithe same height., Common experience
Lells us that it is easier to cabtch the tennis ball
Lthan the crickst ball, Why? The balls are falling from
Lhe same height and as such have the same velocity on
reaching the hand, But the cricket ball is heavier than
the btennis ball, Phus, bhe gquantity of motion contained
in a body depends upon its masse.



Again consider two cricket balls, ous falling from
a height of 100 m and the cither from 25 m. On reaching
the hand the velocity of the first ball will be

2gh = 2 X 9.8 x 100 = 43.4 w/sec and that of

Lthe second ball will be 2 X 9.8 x 25 = 23.3 w/sec, It
will be difficult Lo catch the former as it has greater
velocity than the labtter.

Thus the motion contained in a body depends upon
its mass and velocity, The quantity of motion contained
in a body can be termed as the momentum.

e mme mee sws B mm eme mas e e M M awe e R e WM W W e e e M e G e e e me e

Thus the momentum of & body is defined &8Soccocsocoo

[+] ] [= N ] O o} (2] e &) ] n o N0 o [e] [+] 3 o o] id o 0 o o 0

W mee e e e mEe wew e mem e e e e tem e wee e e e Gew M e e e M e e em e e

Momentum is measured by the product of mass and
velocityo,

The unil of momentum, then, can o o o « 0000(T)

W ew mm am e mm e e e s e e M eam ew e ew B e e e e M e e e e e e

If we push a ball it starts rolling. If we leave
it without disturbing it will remain abt the same place,
It is a mabter 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 place,

i T T T T I S .

The exbemal agency which make a body move can
be calliedoovocsos noao(8>

W em e me e e MR s s o e e s e s e o e R e e et e e am mm m em ee wee

Y¥e know that if we bhrow a cricket ball it will
move in a straighl direction., If we apply a force using
a2 bat we can make it move in a different path albtogether,

Force nov only makes a body move but it may also
Change itSooocoooOf motione ooao(g)

W mwe e e e G e e e e e M e we e W s e T e e W e e e e e e e b e

Any body in molion can be brought Lo rest by
applying a force in Lhe reverse direcciono

430
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Thus, anyhhlng 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 ca8llédeseo o000l 10)

U U U e i N T T B R R I o A e B B et

Ve have al ready legrned about mass and
acceleration, Force is measured as ihe product of
mass and acceleration.

Therefore, Force = caoco X oaooa .

or f= ooo0a0 0000(11)

e e wee Mee eme se wes A e e e e e s v e e e e e e M e e e e e e

fhe unit of force is Newton, The unit of mass
is kg and that of acceleration is m/s2. |
Therefore Newbon = oo;oo X oovco : ooo’»(12)

- e e e e m e e e e me e e W e e e e G e e e e emm e mm e e e e

Force has magnitude as well as direction,

Thus, force is 8 sovooquantityo : 0000(13)

o o o L o o o o 6 0 0 o 6 © & ¢ 0o © ¢ ©¢ 0o ©o o© ¢ ©o o o O Vv °»n
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When we think about forces, we probably think
first of all of the forces we can exert with our own
bodies-by our muscles.

Such forces 2re calledonaovo : 0000(14)

B T . T I Y

Perhaps the most familiar force of;all is th a
of gravity - the forces which pulls vhings 'towards the sarth,
It certainly is a'force, because if you let something go,
it starts to move to falla. :

This force is call€dooon oo * vao0o0l15)

W mm we eew ee e ewn men e e e T me e e wem e e W e e e e e s e e e e mee

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

The forces involved are calledoooae 00o00(16)



It is to our common experience that, a
plastic comb after combing the hair is Lrought near
small pleces of paper it plcks them up. This can
happen only if 2 force is exerbted " the comb on the
pieces of paper, It is evident that while combing,
it got charged upo.

Thege forces are calledcooona ' 0000(17)

B T T e

For a body which is under fo xce of gravity the
acceleration will be acceleration due to gravity g

B ™ ™ . T e

S50 far we have been discussing about & bodies
at rest and bodies in motion. We have seen clearly
that the bodies will not move unless a force is
applied on it, or we can say that "Every body conbinues
in its state of resuv or of uniform lin€ar 'motion
unless an external force acts upon ib." .

This is known as Newton's First Law (Law of
Inertia)e

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

—— - T T T S N T

The imporbance of First Law lies in the
fact thak -

ir it defineSooonoqualitataivelyn b
iio, it explains the property Ofooooin onoo(18)

L . e e T T e e e

The first law tells us Lhat a force is »
required to move a body. How much the body will move?
In what direckbion it will move; all depend on the
forceo, This can be seen in Newton's 2nd "law which
states that the rate of change of momentum of a body
is dlrectly proportlonal to the force actlng on the
body and is in the same direction. i

Phus, we find that the first law gives us
the qualitative definition of force while the second

b
{
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law gives us the quantilibtive @efinition of force,

¢
i

ioeog f = ma, d

:

The first law also can be said vo be a special
case of 2nd law,

- emw wwe aum s eme M e e e ema R M e e e e e eme  ame e eAr e e

A car of mass 500 kg accelerates from 10 mebres
per second to 20 metres per second in 20 secondse.
Calculate the force making 1t accelerate,

Ve know that f = ma ,
but, a = 1%5 or f=m =

Substitute the values and calculate force,

+ i

[«3 o G o 1 [ ¥ el Is o ] 4 1] & kel o o o a 4] Av] ¢} O [+]
{
(5} o 2} [+ 1] e B 14 [P } a9 Q 3 o o (e} a0 (e} (¢} LI ¢ it
Q QO o Q o [ » o 143 o e I + (2] L3 B B« 4 a (4] 1] 0’3 -~ o @ O o Qo ( 1 Q )
=~ — - o v R T

A bullel of mass 0,005 kg, wravelling at
a speed of 40 m s~1, penetrates 0.2 m of wood, Vhat
is the resistive force offered by the wood if
the revardativpn is uwniform?

M e e e e e e eme e m e me e e e e mem e e e

We know resistiv. force f = ma in the
opposite direction., Phe velocity will reduce from

40 m/sec to zero when it slopso ;

»

, 2_..2
f=ma but a= LMo (v2 = u? + 2as)
or f=mn ¥2~§g2 subsbitute and calculate,

The momentum of a particle moving at a
speed of 45 km h-1 is 100 kg m s~1, Vhat is the
mass of bthe particle? :

Ve know tha. momentum p mv a

or we can write mass o = B .

L
Substitube the valucs and calculate,

e o a0 ; 4] RIS ) 3 0 N 60 LER <} o [ LI <IN ¢

It



Topic 33

Newton's Taws I & I1

gelf Evaluation Material (SEM)

In the blank space provided write the word
expression which BEST completes the meaning,

1.4 body continues in its state ofoa(1a)oo,

Oro(;‘lb)ooum.eSo 300(10)093058 on it, o
2.The state of a body in which there is no'
change in its position is calledoo(2)eo * o

Z.Newton's firsv law of mobion describes
the requirement for the motion of

2 bOdy inoo(3>oo

4,Phe property of matter that is res onslble

for the first law of motion iso-{4)eo

BOMass is a measure Ofoo(B)oo

]

6.The objects with equal inertias must

have equaloo(6)oo

7.If an object is siationary, its inertia i

tends to keep it

8oIf an object is in motion 1ts inertia

tends to keep it,

GoWhat is meant by force? How 1s 1t relaved to other

atool(T7 oo

o(8)oo

¥

]
f
kl

{ (4]

o

or

o

physical quantities? Name and define the absolutbte

unit of force in the S.,I. system,

v — — 0Oe 00 60306

— —— Arp——— —

— . s et e

10.Vhat will be the acoeloratlon of a car of nmass
1,000kg if an unbalanced force of 800 m

bo i6?

—— vn— o———
S wnava—— v Soint.

e — PRp,

— ——

—— vty ot— Soramt—

t

———— m—— ———

—— o vt ——

3
'

—

is applied

03

o4
05

~6

ol

08

{9

434



11.4n unbalanced force of 150N is agplied to a boat
which is accelerated alL 0,50 w/s¢, Wha: is the mass
of the boat? .

12.,5tate Newton's first law of mobion. Vhat do you
mean by inertia? Why is the first law also named
as the law of inertia?

Key to SLM

1elnertia 2.Inertia of motion %3.Inertia of motion
4.5calar 5.Constant, change 6.7he quantity of motion
contained in a body. T.kg m/s 8.Force 9.Direction
10,F0 ree 11.Magse x Acceleration = In 2, 12.kg x m/sec?
13.Vector 14.Muscular forces 15.Gravitational force
16.Magnetic forces 17.blectrostatic forces 18.Force,
inertia 19, 2508 20, 20 N 21, 8 kg

Kev Lo SBM
1a.Rest 1bolMotion 1c.Force 2.Rest F.Rest

4olnertia S,Inertia 6.Mass 7T.Rest 8,In motion
10. 8 m/s€ 11, 300 kgs
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fopic 3s Newton's Laws I & I1

Assessment

Section 4

I. In the blank space provided write the word .
m¥ which BEST completes the meaning s’

1.The product of mass and b
velocity is calledoo(1)oo i oo oo of

201f the acceleration is doubled
the force becomeso.o(2)oobimes. 00 oo o o2

3.When a moving bus suddenly stops’
the passengers are jerked forward
due tOoo(B)oo . o 0o o o o)

&

4oA person sitting on a trolley falls
backward when 1t is being pushed
forward by some one because 0foo(ld)o o o o ol

SONeWtOH is the wnit Ofoo(S)oo ' o 6 o 0 65

6000(6)noi5 defined as the "
resistance to aezelerabion. | o o a o 0b

7.Heavy bodies possesoca(7)ao
amount inertiza, o o o o of

I, Define the following :

a, Inertia 3

A e o s e TEOE e MRS e M vohe W s e e

T e meae e WY e ms MR MW mee WP RS DR WM WAW e e Then  leem e
e G W W e MW WD amo WOR WD e A MR e W e W Weme s

e s W dea  ee  Meee  mow ROR KD WGE  WRDE W VW W s e me B Seas e

III. Bxplain why a bullet moving fast pierces through
a windowpane making a small hole without shatiering
ite ’

e e wme  WEE R WS MRS WS WMNE e M T W R mMP o BN WM e S e e we T e
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Section B S :

I. In the blank space provided write the word which
BEST completes bthe meaninge. ,

1.The property bf -matter that is responsible
for the Iss law of motion is c3lle€doa{l)oo o o ~ o of

2oNewtons Ist law of mobtion describes
the requirement for the motion of a .
bOdy inoo(2>oo , o v °o L o A

3.Force ig directly proportional t0o.(38)ee o o o o 0032
in momentium and inversely proporbion to
no(?)b)oo R o o o o o oBb

ITI. state Newton's 2nd law. How can bthis be, used ko
measure force? Explain,

e e e mm ek mm e wee  wew e e e em Al e mae e e el W mm s e e e

Section C

I, Pind the momentum of a cycle rider of mass 150 kg
movxng at 6 ms~1 due east,

oy et e omm gwr W . WO MR e Wwe TS ED  We WS Em  bAR GED  WE  VED  EIN WAG RO e Ow

v e v wmch e R e SRO WM ek Weme  Wes WY A W e WOR TR ees S e eam ennd e W e

II. The momentum of a parkicle moving at ¢ gpeed of 45 ku h1
is 100 kg ws~1, Vhas .s wne nass of Lhe particl e?

ITII. A force 2N acss on & body of mas. 2 kg ‘at rest for
6 seconds, Calculate she velocity acquired by ibo

e me e e em e em e e o ew we e em mm em e e e dan e e e e

.
B R e T I e T T I

IV. 4 cyciist moves wikh a velocity 4 m/s. The mass of
the cyclisi 1ncluding his bicyclc is 128 kgo Find khe
force needed Lo stop his bicycle in 10 s.

e U U T T R e e T ]
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"Topic 4 3 Newton's III law of motion

CLASSROOM LEARNING MATERIAL (CLM)

Task analysis

Newtont's IIT law

4

Action Reaction
ferce
~ .
mass - acceleratiosn
>
velocity ¢
N N
displacement time

N Fig 4e1 Task analysis map = Newton's third law



Topic 4: Newton's IIlrd Law of Motion

Learning Hi€rarchy

The following are the learning objectives in the
learning hierarchy shown in Fig.4.2o

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

I, recall displacement
IT. recall iime
IITI, recall velocity
IV, recall acceleraiion
Vo recall mass
VI, recall force
VII. define reaction
IX.Aosbave the Newton's IIIrd law
Bodifferentiate between actlon and reaction

with respect to IIIrd law,
Cegive 1llustraiiong for Newton's IIIrd law

Concept Revision

I.Displacement
IT.Time
ITI.Velociky

IV, Acceleration

V.Mass
VI.Forcs

Evaluvation

i.What happens to the force if the mass of
the moving body doubled,

il.Define mass in terms of force 2rd acceleration.

433



Leapning hierarchy

IXC
X8
IXA

VIII

n
T

I1I

I

Fige 442 Learning hierarshy map

-

- Newtpn'!'s third law

11




11ii.Vhat will happen Lo the velocity of a body
if the force appiisd is doubled. :

iveBring out a relation between dlsplacem@nt
and forceo

Actions - Suppose we btake objects & A and B and
Tet 24 exert a force on B; then the force that the first
obaect (4) exerts on the second is known as action.

Reaction: The force that the second obgect exerts on
the first is known as reaction. Of course one may note
that any object can be btaken as the first. obgecto
Evaluation

1oWhat is force?

2.What are Action and Reaction? Define,
3,00 action and reaction act on the'.same body?

Newton's IIIrd Law

To every action there is always an equal and
opposite reaction.

Here, action = 53777, & O(Reacbaan)o

The negative sign shows that the reaction is in
the opposite direction, !

NOTE:
i.,The action and reaction are forces,
1i.The action and reaction always act 2long the
same shraight 1ine but in opposite dirsckinre
iii.The action and reaction never act on the sams
body bubt always act on different 'bodies,
ivo.The action and reaction are always sgqual in
magnitude., -
voThe forces always ex1st in actlon reaction pairs.

It is a common experience that if & person hits
another person with his palm, the formerialso experiencses
a pain, Harder Lhe hit, greater is the palna

Here hitiing the person is action whlle the pain
1s experienced due to reaction,

i



It should be borne in mind thabt there is no
Gormal proof of Newiton'=s third law of mcsion. Through
discussions it could be sasily concluded that existence
of an isoclated force is not possik s as for every
action (i.eo force), There is always an equal and
opposite reaction (i.e. force). Hence forices always
exist in action reaclion palrse ;

However with bthe help of spring balance
experiment it can be established that action and
reaction are always egqgual in mugnltud '

Let us consider a spring balgnce a, b»lng pulled
by ano ther spring balance B as shown in the Figodolo
Both the spring balances read equally. This shows that
when the balance B pulls vhe balance A, the balance 4
also pulls balance B in the opposite dlreotlono The

’y

[
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force with which balance B pulls balanc=> 4 Is equal
and opposite Lo vhe forc. ~ith which baiance 4 pulls
balance B. The force exerted by balance B on balance 4
on balance B muy be termed as 're.chion', Thus we sseg
that "for every action there is equal and cpposite
reaction."

Illustrations

1o Whenever a person steps oub frow & iowlig %sqﬁ‘
he pushes backwards on Lhe boal (the aculor) which
moves accordingly wailshk the boar pushes thé person
forward (the weacblon) the forces are equal in  size,
opposite in direscition and act slmulhaneously on the
person and che boal,

20 While swiniding, a swimmer throws water in
a backward direction (action) where as the reaciion
of the water moves the swinmer in the foerrd
direction,
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30 The birds while fl¥ing,‘push the air downwards
with their wings ?action)a The air exerts an equal and

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

4, In rotating fountain, a central pipe is
fitted with four small pipes having fine nozzles at the
ends (Figo.4.2)o VWater rushes out of the nozzles ab
(action). The pipes move in the opposite direction
(reaction), This principle is used in the foundain
to sprinkle water around, :

Pigo 402

5o When a bullebt is fired from a rifle with
a certain force (ackion), there is an equal and
opposite force exerted on the rifle in the backward
direction (regction). :

6, 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,

7o A boatman in order Lo go away from barnk, pushes
the bank with a pole (action), The bank pushes the boat
away as result of reaction, ‘

Evaluation

1o1f action, and reaction are equathhen how
does a body move, : -

2oBxplain wilh the help of 3rd law the action
during the 1ift off of 2 rocketb, .

3oEkxplain what happens when air from d ballon
is allowed to rush oubt guickly.



Topic 4: Newton's IIIrd Law of Motion

Self Learning Material (SLM)

To Students:

What happens when two bodies collide is a very
0old problem, In 1668, the Royal Society of London
proposed an investigation of the gquestion of collisions;
the soclutions were prbduced by tine mathematician John
Wallis; the architect of Sto.Paul's, Sir Christopher Vrens
and the Dutch physicist Christian Hugens. Some of their
conclusions and experiments are discussed by Newton in
Principia. 4And Newlon also provides the solution - the
same solution as proposed by Lhe others. What he achieved
was to unite what seemed like a separate problem with che
other problems of motion, and he was able to solve all
using the three postulates of motion.

Prior Lo this significant comtributions 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 Lhe row-bodt to the deck
one needs a force to accelerate himself, For this he
pushes the boabt pushes the man in turn ir ‘the opposite
direction with the help of which he reaches the rock
and this force is reaction,

So we can say that acbtion and reaction
8Y€nnnoanssoownoo Ll they act 1Nooonoooodirection, ,,,,o('})

e e s em o s e e e M e ww e e B me s e e s e e e e e e e e wae

While talking about action and reactlon, we
should realise hhai they act along the same straight
line,

Vie have discussed in the class about Newton's
third law, which says thai action and reaction are equal
but act in the opposite direction.

Here, we are confronted with a problemo Taking
thas actlon and reaction are two forces and for every
action there is an equal and opposite reaction., I am
inclined bo bthink them, why should the bod movea? Don'n
they cancel each obher9

{
t



Here, we are confused because we have nol yet
fully understood the nature of these forces, Action and
regction act on different bodies giving no change to
cancel each obther,

T o R T I L o A R

If 4 hibs B than achion acls ONocooasnodnd
reaction acks ONovosnoo o noolB)

T T T T . T I

To increage reachklon, we should
increas€ooscos o 000(3)

e ww e e e s e e ewm e e e e rew st e e mm e e e e we e e e e e e

Key to SLM

1o Egqual, Opposite
20 Bg A

3, Action
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Popic 43 Newton's IIIrd Law of Mobtion

Assessment

1, Newton's third law of motion deals with

a, one object and two forceso
bo two objects and Ltwo forceso
Co ction and reaction, B N

2., When an gutomobile is accelerabted forward
1
8, the tires exert a forward action.force on the roado
b, the road exerts a forward reaction force
on the tires,
co the Lireg exert a rearward
action on the road,
do. the road exserts a rearward reaction
force on the Lires, 6000000000000 0

3, Can action~reaction be produced on a single body?

4, Can you set a sieel toy car in motion with the help
of a2 magnel suspended through a support attached to
the car itself?

] ¢4 =] 3 L o ¥ o o o 0 noQ o 0 0
[e] 0 o LER ¢} o o O (¢} o o 3 Q [e] o [}
[¢] [«] o o o ie} o o ¢l [¢] [+] 2] o o a 0 o Q o !

5. Bxplain the achkion and reaction in case of the
following s

8, VWhile swimming,

=] Q <« o] o} o e} o o o n o a9 2] & [¢] o [+] <
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Topic 5 ¢ CONSERVATION OF MOMENTUM
Y L3

CLASSRODM LEARNING MATERIAL (CLM)

Task analysis

Pxoblem Selving

Law of conservation

of momentum b
N . N
force =\ impulse
N/
acceleration ; momentum
- [
“JI' .
velocity
time displacement mass
vector .
vantities N
d scalar
guantities

Fige, 541 Task analysis map = Conservabion of momentum
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lTopic 5: Congervation of Momentum

Learning Hierarchy

(lagsroom Learning Material (CLM)

The following are the learning objectives in ihe
learning hierarchy shown in Fig.5.2,

At the end of the toplc the students should be
able to

I. recall gcalar quantities
IT, recall veclor quantities
ITI. recall mass
IV. recall time
V. recall displacement
V1. recall velocity
VII. recall wmomentum
VIITI. recall acceleration
IX. recall force
Xo.dodefine impulse
B.express it as
I=fxt
Coglve iLs unitse.

Docalcul ase lmpulse from the given data,

Xl.4,5bave Lhe law of conservation of mementu.
B.derive the expression

m‘}u1 + mQU_2 = m‘]V1 + m2V2
Cesexplain uvhe significance of the law,

XITI.4ss0lve problems,



Learning hierarchy

XD
XC
xB
XA

VIl

111

11 1

Fige D5e2 Learning hierarchy map = ‘Canservation
nf momentum
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Reviewiing Concepts :

T.Sc*lar quantities Ve Dlsplacement
Ilsvecte » yuantitbies VI.Velocity
ITI.Mass VII.Moment um
IV.Time VIII,Acceleratiun
IX.Force

Evaluation
1.Define force gquantitatively, |
2.0efine momentum, ,
3.How force and momentum are related?
4 ., What happens to the momentum of a body if
Lhe force is increased?
5.8elect Lhe scalar quantities and vecbor
quantities from those concepts mentioned above?
6oWhat happens to the momentum if the mass
and velocity are doubled?

Ko Imggulse

The motion of a body on the applloatlon of a force
will depend upon two factors :
(1) Magnitude of force, and :
(2) I'ime duration for which iu actso,

lhis total effect of force is called 1mpu%seo

Pype of quantitye: Vectore. ;
Specification: Measured by the change in
momentum prcduced in & bodye

wit ~ kg m/sec ‘
Tapulse change of momentum

firal momentum - initial momentum
mv -~ mu :

n(v-u)

me.at ,

f’)t '

force x btime

(1 | O { B

= u + at

Q

o

<
I

<)
o
)
H
il

me a o
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Impulse may, therefore, als> be defined as the ’
product of force and tlme during which it actso.

Dlmenslonal Equatlon. M

T1lustrations

Impulse shows the btotal effect of force, 4
cricket player lowers his hands while catching a fagh
moving cricket ball, This is to increase the btime and
hence to reduce the force that he has te exert te stop
it, '

Evalvation
1 o.What phySLCal quantity corresptnds bo the
change in momentum?

2.Define impulse.
3.How is 1L measured, '

XI. Liaw of Conservativn of Momentum

e discussedabeut the momentum in nhe previous
topic i1c€0, P = mve - i

Uy i

Suppose we have o bodies A & B of mass mq and mp

move with velocitles uq and up regpectively, Suppose

the two bodies interact for a time interval of t second,
let their velocities, after collision, be vy and Voo

Let the force exerted by 4 on B be f4 and that by B on
4 be fo o

By Newton's 2nd law .
fit = FT(V1_HT) ;

(Force experienced
by 4 is £.)

fot=m (V—ut) -+ e



For the same vime insterval

- ot

=k 2 ;

ioo. mg(v2~u2) = —m1(v1—u1)l
n.v . -t.w. = mv -+ nu §

22 272 11 LA

or m.v.,— o

) )

st
*

o 'V'1 = m1u1+ n,u

oxr m1u1+ m2u2 = mjv1+ m2v2

lo€0, Polal momentum bsfore collision =
Iotal monmentunr after collision

e can generalise this by the following :i

In a system of bodles interacting with one
another, the total linear momentum of the:system in any
given direction remains unaltered, unless’ an extermal
force acts on Lhe system in that direction,

This is known ag the law of conservation
of momentum, _ ;

4
¢

Illustrations: '

1o Suppose let us wvake 3 marbles keep two
Ltogether as showm al resto. Using the third. one
between the marble negrest to it, 1.6, (2), we will
see that marble No,.(1) moves away with thie same

speed u as Lhav of 3 and e
comes to resu. This is a — (
perfect example of law of QD GD:)

conservation of momenium,

(NOiE vhab this is also an

example of law of conservation ;
of energy which we will study later). ¢

2, A bullet fired from gun: (i) Before firing,
both the bullet and the gun are ab rest ,:sc thse
momentum of the bullet = O and the momentum of the gun

0’0 Total momentum of (Rifle + Bullet) = O oooli}

0

492
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Tetb m be the mass of the bullet and M be
the mass »f rifle and v and V be the velocities
of the bullet and rifle respectively afuer the bullet
has been fired, then

(ii) After firing ‘ !

Mome ntum of the _ wv (taken as +ve, being
bullet in forward direction)

I3

Momentum of the Rifle = -MV (takpﬂ as -ve,.
belng in
backward direction)

0% lotal momentum of (Bullet+leel)
mV;-IVIV oon(ii)

Now according wo the law of conservatlon
of momentum we have,

votal momentum before Tiring = rfotal momenthm after
firing -

Thus, we get from equations (i) and (i&)

mv—-HMV
or mv

Since M :i>zn7 0’0 Wf<%i v

It means vhal the velocity V with which rifle
recoils in the backward direction is much smaller than
the velocity v of vhe bullet because rifle is much
heaviex than th* bullet, ihus vhe recuil of the gun
gsometimes is nov noticeable.

O T
M ;

i

Evaluation
1o We discussed the conservaition of momentunm
in a two particle system, How Wlll you rewrite
the equation if there are n pcn:'t,loles‘7

2e State ¢he law of conservation of mome nt UM o

-
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XTI, Problem Solving

To

2o

30

A force of 2 newton is acting on 2 body of mass
5 kg for 4 seconds. Calculace Lue impulse developedo

v

Here, f = 2N _
n = 5kg f
L = 4 geo '

Tmpulse f x t =2 x 4 = 8 kg m/sedb

§

A body of mass 10 kg changes its velodity from
5 m/sec to 8 m/sec on the applicaiion of a force
for 3 seconds., Calculate bthe impulse develeped,

Impulse = Change in memenbum
= mv -mu
=10x &6 -10x5 :
= 80 - 50 !

30 kg m/sec

¢
4

A cricket player is able bto stop & cricket ball

of mass 360 g moving with a velocity of 200 cm g~
in Oo3s. Pind the impulse on the ball ‘and the
retarding force applied by the player,

Solution given m = 360 g
u = 200 cm g~
v =0
t = 003 S

Inpulse = 7

f =27
Topulse = m(v-u) ,
= 360(0-200) = =72000 dyme! onoli)

But also we have, Impulse = korce x rime ,
=fxt = £ x 0,3 ! oao(ii)

o0 From eqns(i) and (ii) we ges
f x 0,3 = ~72000 ’
or f = ~240000 dyne or T = -2.4N

( o o 1O5dynes = 1N)

Negative sign nere simply shows thec
the force is rewarding orse.
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'

4o A 50 gm cannon ball is fired from a gun welvhlng
4 kg with 2 velocity of 40 m/sec, If the gun is
free to move with what velocity will it 'move
with what velocity will it move baokward39

Solubtion: > 50
Here. mass of the ball = m =50gm = —555~ ke
1
=30 k8

Velocity of the of the ball = v, = 4oém/sec

o"o momentum of the ball = m, v,

_ 1_x 40
~ 20 :
2 kg m/sec

]

Mags of the gun = m2 = 4 kg

Velocity of the gun = v,= ? ?
Accoxding to the Principle of conservanlon of
momentum,

m,lv,‘ = m2v2 .

]

a”6 Velocity of the gun = v,

Evaluation L

1» 4 force 10 newton produces an impulse of
40 kg m/sec on a body. Calculater time duralion
of the application of force,

2o A canon fires a shell of mass 50 kg, Find the
muzzlie velocity of bthe shell if the receil
velocilky of the canron is 4 ms~1, You are
given khabt the mass‘of the oanrbn is 6000 kg,

3o A railway wagon btravelling duse north at a
speed of 10ms-1 collides with an identical wagon
ab rest. Bobth Lhe wagons move toasnber af.er
the collision, Calculate the flndl speed of
the wagons,
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i

Topic 5 : Conservation of Momentum

Self Learning Material (SLM).

.
‘

To 3
Student s ;

Ve may note that as an immediate conseguence
of Newton's third law concerning the nature of forces,
we have one of the most famcus theorems of mechanics ~
conservation of momentumc The idea of momentum
conservation is deap that it pervades physics even
when the Newwonian form of mechanics is no longer used.
his is one of the several instances in which a result
obtained as a relalively special theorem 1is feund later
to be more important and more general than the
postulates from vhich it come,

he btheorem stabing momenitum conservation is
more fundamental than third law, on which' is based
history ofien decides the origimal order :in which
proposit ions come to life but it does not necessarily
place w them in the order of their final ‘imporbtance,

In the earlier toplic, we studied about momensum,
The momentum depends on mass and ius velocityo

e e M me eem e w e SR e mme e W e Gee e MW e me me T aee e eam e e o e e

Momensum = o500000 X ocooooo ‘ 000(1)

e T T S o T T TS O

Newton's 2nd law deals with forces and its impact
on the moticn of bodies, When a force of considerable
amcwnl acts on a body what we notice ig moticn or simple
a change in ius velocity and hence a change in its
momentuma, y

— e e twm amm e e e e e me wam M e s mam e W mm e A e e el e e e e e e

Newbton's 2nd law can be mathematically be

stated as - = B x (v-u) - _my-mu,

tl t k]

oY Tl = 4ancvn0 = cosonoo : 000<2)
"
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On the left side of the equaiion, the quantity
ft = the product of" a force angd the time durlng which
it acts ~ is called impulse, s

l’hu39 1{11pulse can be defined as, » 0,’ o o o o

On the right hand side of the equation (2) is the
change in bthe bodies momeniul,. )

ie80, Impulse = Change in momenium
Thus, the impulse can be measured in

onior00UNILS o ' '000(4)

M e e e wee e e ame e e e was s e e B e O M e e e e e wee WA ke e e

- e mee  mw me e e G e mm e e e e me e we M sar e e ) e e e e e e e e e

The fact that the impulse given by & body equals
its change in momentum leads us direculy Lo the very
lmportant concept of conservation of momentum,

(Consider two marbles colliding on a smooth tatle,
Lach exerss a force on Lthe other that will change its
speed and direcuvion. From Newton's third law, we know
that these forces are at all times exactly equal and
oppesive in dlrectlon, and the time during which these
collisior forces act is obviously 1aentloal for each
marble, Thus, each marfe during the collision,
receives an impulse egual o the impul se recelved by the
other marblc , but in the opposile direciion.

It follows, then, that each marble undergoes
a change in momeni um equal and opposite to the change.
in momentum of Lhe other marble, :

Hence we can say that )

Change in mementum of first marble .= Change
momentum of 2nd.marble,

. : ; .
If m is the mass of first marble and the velocisy

changes from % Uys vy and m2 the mass of2nd marble and

the velocity changes from Uy Y,

Then we can write this as
mvy - mguy = (o, - mzuz)
fhe neg@tive gign indicates that the impulse cof
2nd is in a direction opposive to that of firsto.
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Simplyfying

Il
K

- ;g = = + oolonnnn 000
Ve T BYy T TR ; 00(5)

«= oa;oooo ’ 0a0(0
or mu, + Wyu, . (6)

— e e emewmm e e e e wea e e MAE S ame e e e e A

The lefl hand side indicates the total
momentum before collision and the right hand side
the total momenium afler collisione ‘

ic€o, we can say Lhat the btotal momentum before
and after collision is consesrvedo.

d
or the law of conservation of momenmwum.states that
e 4] (<] o ? ¥ o o r < [a] o o (] ] o a0 o Y :0 5] o 0
3 o o o o L4 s o [e] oy o o o o & o] 1 o o n:"o <] o 000(7>

t.e have shown here that a quantity called
total momentum remains constant, no mtter what
happens., If bodies collide, if an object explodes -
no matter what happens, the total momenbtum remains
Lthe sameo !

This we can illustrate with the example of
firing a gune. 3
Before firing since both the gun and the
bullet are at rest total momentum = O + 0 = O,

‘After firing bullet (m) moves forward with
a velocity v and the gun (M) moves backward with
a velocity (V) ,
1o€o, tobal momentum afier firing = av-My.,
(-ve sign shown both are in opposile direction),

By law of conservation of momentum,
we can write

or MY = oot 00 Oﬂo(q)

—_ ;,
O = oavno0on00 T 00D0DON0 b 000(8)

H

|
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Popic 5 s Conservation of Momentum

Self Evaluation Material (SEM)

k]

+

In the parentheses at Lhe right of €ach words or

expression in the sscond column, write bthe letter-of the
expression in the first column which is TIOST closely

related, ;
a.Rate of displacement displacement ()
boIts graph is 2 cured line mobt ion ( g
coRate of mobion linear molion (
do.Distance wilth direction speed ()
eoContinuous change of location velocity ()
f.Motion along a curved path ~ uniform velocity ()
goSum of component velocibies variable velocity ()
hoMotion in a straight line circular moticn ()
i.Motion abous an axis velocity wector ()
joRepresents the magnitude and resultant velocity ( )
direction of a velocity :
kolbts graph is & sitraight line
Directions
In Lhe blank space ab the right of each
statement , wrice the word or expression which BBESI
completes the meaning, 5
11.If the velociity of an object is
constant , the motion is s&id Lo
b600(11)0{7 ' O O o O [} o ] Q o] 011
12,1f either Lhe mraks or direction of
mot ion of an object is changing, the -
motion is said Lo b€oa(12)oo o a6 a8 u o 012
13,9ince velocity h&as bobth magnitude
and direction, ik is @ (0)n0a(13)0s
quantib‘yo . o 0 0,0 0 ©o a o o 013

1
E

14,If two component velocities are known,

the resultant velocity may be found
by compleiing the velocityoo(14@)oo @nd o o » o oolda
determining the length of its50o(14)b)eo o o o o 00l1db

[
1
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150.4n object which moves along a
straight path 3.0m during 1.0sec,
6.0m during 2.0sec, and 9.0m
during 3.0sec has a velocity of
00(15)00 o

16.Phe procduct of the mass of a moving
body and its velocity is called.o.(16)

17o4he product of a force and the time
interval during which it acts is
Called00(17)40 i o

18.Mome ntum is a vector quanlity
because it is the produck of a
(scalar, vecLor)..{16a )00 0
quantity, mass, and a (scalar,
vector)oo(18b)ooquant iy, velocilyo

19.Impulse is a vector quantity
because it is the produclt of a
(scalar, vecltor)..(19a).0quantity,
force, and a (scalar, veckor)oo
on(?Qb)ooquanLihyy Lime, o

200,Ihe relationship between impulse
and change of momentum i1s thalb they

areoo(20 a0 , o
21.¥hen noo,.(21a).oforces are acting
on a gystcm ofoo(21b),n0bjccls,the ,
tOtaloo(ZTC)ooOf the Systemao o
00(21d)00 o

Directions

Place the answers to thefollowing
the spaces provided at the right,

22o.rhe distance from Baroda Lo
Bombay 400 km, (a) if ths o
driving time is 8 hr, what is
the averags speed, (b) what is 0
is the direcuvion of Lhis
displ acemeni?

-3
Py
o
k)
2
]

©
3
~
2
¢
~

5 3 o »
o £ 3 2
D 5 o ©
S 5 o O
9 5 o o

problems in

“ 90 o 0

460

015

016

017

» 183
> 16D

~10a

c1Cb

220
0212
021D

o21cC
o214

o228

022b



23,What is the momentum of an 461
automobile, mags 1500 kg,
moving at a velocity of
2000 m/SeC l’lOI‘i.bward? A o 0o @ © ©o 0 o o © 25

24 .For how many seconds must a
force of 750 n northward act to
impart the momentum wo bthe
automobile of No,28% @ o 6 4 2 6 o » o o 24

28,4 ball, mass 25,5 g, veloclity
30,0 cm/sec soubhward, collides
with another ball, mass 10,0 g,
moving along the same k¥ line with
a velocity of 15,0 cm/sec
southward., After collision, the
25,0 g ball has a velocity of
22,0 cm/sec southward. What is
the velocity of whe 10,0 g ball? o o o 6 0 0 o o o , 29

Key uo SLM

1.mass X velociuvy 2omv-mu  4okg m/sec
5om, U bom, v, + m_u Bomv-MV 9,mv=MV
zZ 2 11 22
Key co SEN

100 208 3o 4.8 5.8 6ok Tob &0l 963 1008 11ouniform
12.non~uniform 13.vechor 14.a diagram 14b.last side

15.%3 m/s 16.momencum 17.impulse 18a,scalar 18b,vector
10a,vecwor 19bsscal r 20.,equal 21a,exbernal

21bomoving 2ic.momenkum 21d.is constant 22a,50 km/hr
22b,Baroda Bombay 23, 30000 kg m/sec

24,40 sec 25,35 cm/sec



Iopic 5: Conservasion of NMomenLum

dssegsment Material (AM)

Sechtion 4
1,Fill in the blanks using vhe mosw
appropriate word/s.
a.Momentum is a,,{1a)ooquantily,

b.If the velociiy is doubled
the momentumqoz1b)aa

coWhen thf mass is increaged
bo 3 times Lh# moment un
. A
increases byoo.(1C)oo

dolhe produc. of mass and
velociiy is calledoo(1d)oo

&.,The univ of momentum
1800(16)70

folhe product of force and
no(?f)cois called impu1850

" golmpulse can also be Lhought
of as the change iﬂnc(1gjoc

holmpu186 is aoo(Th)oo \
guantinyo

II.Define:
(a) Momeniums__ _

- EDe G ey wem e s e ww oo

e W maes SR M wens  smem mmR WoRe  Good WISR KN WAID  wees G WD WSOR WML W WeN T MeT RS e

(4]

W e e e e o eme e

©

a

[¢]

L et

(1e)
(1a)
(1e)
(1f)
{1g)

(1h)

B I e



III.as5tave

Secuvion B

and explain .he law of conservaivion

. =

of momexntum,

boGive two illusbtra.ion to show the conscquence of
conservation of womentum,
Section C
IV.4A cricket ball weighing 2N moving with a velocity
of 2ms~! is brcught Lo rest by a player in 2 seca
Calculate thr impulst of the ball,
Vo4 bulles of mass 30 gram leaves she rifle wish
a velociuy of 100 ms~1, If Lhe mass of the rifle
is 4 kg, find the wilocicy of recoilo

463
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Tepgic 6% LAW OF GRAVITATION

CLASSROOM LEARNING WMATERIAL (cLmy

Task analysis

|

Preblem Solving

Law of Gravitatien

4
1 Y
. weight
s
] g
gravity Y gravitational
- * acceleration
\f
gravitatiod
b
forece -~n--%( accelsration
A N
mass velocity
z,
time distance £

Fige 641 Task analysis map = law of gravitation



Topic 63 Gravitation

Learning Hierarchy

p
i

The following are the lsarning objectivas in the
lcarning hicrarchy shown in Figabo 2o ‘

AL Lhe end of the topic bhe students shtuld be
able Lo ¢

I, recall uwime measurement
IT. recall dislbance
IIT. recall velocity g
IV. recall agceleration :
Vs recall mass ;
VI. recall forcs
VII.A. define gravitatlon
B, explain ihe effect of gravitatidn
VIII-A, definz gravity
B. explain the difference in Lhe usage of
gravitation and gravity !
I¥, defins gravitational acceleravign
X.A,define wright and give its unit
B,appreciabe the limitations of the concept
weight
C.differsntiate betwefn mass and Welgbh
Do.recognive ihe miséonception in the usage of the
unit in which W&lghb is expressed,’
XI,Assbate Newbon's Law of gravitalion
Bederive F =§mqmo ‘
e !

C.deyrive g:@ﬂ
re

XII.solve the problems using the law of gravitation,

Reviewing Concep.s ;

I.Time IV.acceleration
Il.distancs V.mass :
IIT.velocity VIi.force ‘
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Learning hierarchy

Fig‘

AIC
X1iB
XIA

VIIIB
VIIIA

XD
XC
XB
XA

VIIB
VYTIA

VI

6.2 kearning hierarchy map

IX

I1I

= law of gravitation

I
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Ivaluation

1.How is uhe mass relawed to force?

2oWhat happsns .o Lhe force if the lee of
applicacion is dovbled?

3.Vhat happens to the acceleraibion 1f the time
of application is doubled keeping the force
constank? l

4.¥har is free fall?

50%hen the bodies fall down does Lbe force
remain coaswant?

ViI.Gravitation

We are quite aware of the fact that . a body
allowed Lo fall frsely i.e, when body is dropped from
a height i fall towards the earth, This happens because
of the gravitasional atiracbion bebtween the object and
the earth, This force of attraction betweesn the objects is
réesponsible for holding planets or satelliles in thsir
orbits around the sun, The tides in the seéa are caused
due bto the force of atiraction tha tne meon and the sun
exerts on Lhe water surface of the earth.

Gravitation is the phenomenon of attraction of
one body by anoiher body common Lo all physical bodies
in the universe, i .
NOTES:s

1.Bodicg atoract sach obh r by me ans of
grav1tatlonal force

2.7he carih Vxeruo a gravitaiioral (attractive)
force on every oivher body in the universe,

3.,Bodies which aave a mass that is small comparsd to
the mass of the earth and ars near vhe surface of the eart
'fall down' bscause of ihe gravitacional '‘attraction,

b

Ivaluation

1oWhy does a small body ab a helght falls down
to earth taking Lhait force of attraction is the same
between both?
2,If btwo bodics 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?
i

467
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VIII.Graviby : 468

Gravitys The gravitaiioral force between the earth
(or other plane. or satellite) and a body near its surface,

NOIES: ;
1olhis gravitational force (gravity) is measured as
the weight of the body on tha. planel (the sarth).

H

2.0he term 'graviwy' musl be used ina different sense
from that of the term 'gravitatlon', Gravitation is a
phenomenon which gives rise to a force of atiraction beuwween
all bodies., Gravisy is ishe measureable effect of the
phenomenon of gravisation belween a body and a planet or
satellise 1.8, when we walk of gravitaLion'as gravily the
aturaction is between a body and a planet or a body and
a satellite (eo.g. moon)e

Bvaluacion *

1.How does che .erm ‘gravity' differ:.from
‘gravitasiont? C

2.Doss she value of gravibty remains constant always?

3,Does 'graviuy' refer to force of attraction with
respecuy L0-a planet only?

IX.Gravitational Accelerabion

Acceleralion due Lo gravitys  The aécelexation
experienced by & body near iLhe earth's surface due to the
earth's gravitaiional force acting on the, body.

i

Exampl=<s A stone fallinz vertically from a height

is accelerated by the force exerted on it by the earih,

Pype of Quantity:  Vector but in practice always
treated as scalar (see specification below)e

4

Vrituen Representation:s g i

Specifications (i) Magnitude: For any body near the
earth's surface, the magnitude of g is almost conssant;g
usually saken tb be 9.8 ms=2, ‘

(ii) Direcltion: The gravihalional accslsration
vector for any body near Lhe earth's surface is always
directed towards the sarth's centre, Hence, the direction
is 'fixed' and nesd nol be considered in all calculations,



469

bvaluwation

1oWhat type of gquantity is grav1hat10nal acceleration?
2.Why it 1s treated as a scalar? ;

3.Does the gravatational attractlon remains Lhe
same always°

i

"t

X.Yeight

Phe force by which the given body 1s attracued by
bhe garth,

Example: See Figo,

Types of Quantibtys Vecior,
but in practice usuvually
treated as a scalar (sece
specification below)e
Written Representasions W

Specifications (i) Magnitudes

Given by the relation applied to 4
gravitational force and h/
gravitational acceleracion of "y ’
body. " WL
OR VW = mg Iigos ¢ Weight is a
vector quantity. Its
measured in newton (W), magnitude is the objecht's
mass bLimes the accelerasion
(ii) Direction: Always due torgravity. It is
Lowards the centre of the earth; directed towards Lhe centre

hence 'fixed' and nesd nob be 0or the earthe
considered in all calculajions, '

Dimensienal Fovmula:  Mny ™2

Limitations of Lhe Concephs (i) The above definition is
also valid for any planet or celestial body other than the
earth €.g., Mars, Venus, the Moon, but Lhe valus og g is
different in eagh case (eogo, g of Mars = 3,92ms “3 g of
Venus = 8,82ms “; g of Moon = 1.67us™2) '
NOTE: 1.Sometime unit of weight is also expressed in
kilogram weighi (kg.wh), At a place, where value of , "g"
is taken as 9.8 m/s, Lhe newion and kgowt are relased by
the relation 1 kgowe = 9,8N,
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Limitations This unit and its value in newton are
defined only for weasurements on earth. Further, as g
varies from place to place on earth. 1 kgowto is noi 2
constant units iis magni.ude depends on Lhe place,

(2) ?he weight of a body in space, wbers g = 0,
is zero, This explains the welghtlfnsness experienced by
aswronaughts. Though the bodies Schrlence weightlegsness
their mass remains vnalsered,

Misconception:  Veighu is often used synonymously
wiuh Lhe concep: mass which is srroneous. For example, Lhe
weight of a person is always expressed as. 50 kgs. Kg belng tke
the unit of mass, Rightly it should be ménu10n£d as
50 x 9.8 = 490 Newbon or 50 kg wtoe

Fvalvation ’

1.What Lype of guantity is weight? |
2.What is the relation between one kgowio and
one newbon?

3o,Do the weight remain oonstanc Bhroughout the
surface of earth?

4oIf not, why does it vary? s

50.What ars the differences between mass and wclghh2

X1, Newton's Taw of Gravitalion

Bvery body in the universe attracts every other body
at all dishkances with a force directly proportional to the
product of their masses and inversely prvportlonal Lo Ghe
sguare of Lhe distance 'betwe.n themo

If uwo bodies ¢l masses mq and mp are kept at
a distance r frbm each olher, rhese dburacb gach other
withqa force fo

then fol m x mp

And also . ;“\
r ‘\.
I T Y
f =G 5
r Figos Gravitationzal force

) between two bodiss
G is called the universal gravitaional
constint, The prisenc accepted value of -
G in 8I sysbem ig 3 -11 '
6,67 x 107" 'Nm /kg

1



Illustration

We have notesd in the earlier section that while
gravitation rcfers to gravitational forc: between any Lwo
bbdies in she universe gravity is in reference to earch

)

4

u
(

onlyo, ,
Ve know that on sarth f = mg ;
by Nswion's law of gravitation f =
Where M = mass-of earih !

m = mass of the bbdy
lo€o, Mg :ﬁl}%_w p
r f
¢
- GM |
or g = " |

The immediake consequence of this is that we coms

471

to a conclusion the g varies inversely as' r<, The value of
g will be zero at large distmances and hence hhe weighi ng

will also be zero, which explains the weighblessness in

SPACE 4

Evaluation

1e.What holds the bodics on e€a

2.Why vhere is no % awmosphere on tobn where
the value of g 1s 1/6th of that on earth,
3.What holds all the objects in the universe

in theilr respective places?

XII. Problem Solving

j

rth?

;
)
)

kl

¥

W

1o0Calculate Lhe mass of t .z narth from Lh? following datas

G = 6,67 x 107

Radius of Lhe earth r = 6.4 x 1O6m,

-

g = 9,8 [Il/52
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GMm
Solutions: f =mg and also f = ”i?
GMm
r2 .
M = gr’
G
9.8 x (6.4 x 10°)°
B 6,67 x 10711
=6 x 10°%ke

20 In the hydrogen aiom, an electron of mass
9,11 x 10732kg is av a distance of about 5,30 x 10710m
frow a proton of mass 1.67 x 10727kg, Calculate
the gravitaicional force belween the electron and
the proton,

> ~/0
5 3o¥% 0 A«)

Figo An Eleclron Revolving Round a Proton

Solutions M1 = G.11 X 1031kg, 12 = 1,67 x 10_27kg and

r = 5,3 X 10“1Om

p = G,

2
r

i

6,67 x 10’11Nm2kg'2 % 9011 x 1077

kg X 1,67 = 1027

(5030 x 10" 19p)°

6067 X 9,11 X 1067
5030 X 5030

3061 X 10-("9N 3

kg

049

X 1
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Evaluation

Te

2o

Suppose you are 10'2km from a certain star

and observe than ... forc: of aturaction
between your spaceship and the star is 50N
What will be the force whewu Lhe disbance of bLhs
star 1s reduced to 10%m? .
(ANS. 5 x 10" W)

Celecula.ve the mass of the earth from bhe
following data

g = 9,80 m/sec2

G = 6067 x 13711 ST units

il

6.34 x 10%m

i

R

Here 'g' is accelerawion due to gravity, G is
the gravikalional conscant and R is the radius

of the sarih,

(NS, 60 x 10%7kg)

473
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Topic 63 Gravitation

Self Learning Maberial (STM) |

Newton reflcctfd (perhaps in nis garden when the
apple fell) thau the sarth exerts an inward pull on nearby
objects causing them «o fall, He then speculabad whether
the same force of gravity mlght not extend out farther to
pull on the moon and keep it in orbit, His speculation
and thought in thig direschion helped us to know more about
gravitation,

Bvery boly at.#acts every othér body in the
universe, This phenoménon of astraction 1s called
gravitation,

oo S N T T T R T T T T P )

’
B T T~ T T T T R .

Graviihational force is betwesn two bodies
on theo 5 a o0 2 » 0 o (earth/universe ) (2)

- e ew e e am e ses e e e we wm e mm e e e e et mw e mm ae e e e e g

Barth being a member of the universe. his force
of atlraction exisuvs here also, This force of attraction
will depend upon mass of earth and the bodya If the mass
of one is much greater than the other Lhen the smaller
one is pulled towards Lhe biggero

This force of the abtiraction betwe.n two objecis
on egrth is feeble and caniol cause any motion of the
bodieso, But for uhe carth and anothcr body, this force is
quite appreciable bec~use of the huge mass of the earth,
"Hence bodies when projeched upwards will fall back to its
surface, The special name given Lo this force for the
garch and objeci is called force of gravitye

When we refcr bto bthis gravieational force
bebween earth and any other object on it only we call
it ‘gravity's

i T I T T T T e A I L

Therefore gravity can be defined 88w o o o o o



Gravity refers to the force of attraction
between one object @NdononoocooONlye b (4

—— e s s e e e s ke W e s e M Rem e e e e e e e

this gravitabional {.r.- on the earvh felt by
an object is called its weightuo ;

Thus, weight can be defined aSonanoqnnnaﬂao

- 1
200000DDCNO00DDCIINADO0ODNO0000000NOONODOROO0DGOOOCDN (5)

P . I e v

The essential difference beuwween force of
gravitalion and force of gravity is that in gravity
one of the objzcl must be a,. ».,,-00while 1n 16)
gravitation it nicd not be so,

- e mm ww  em mm e s e v wm mm e e e ww ewm e e e e D we e e e e e e e

t

Acceleravion of bodies called bByoonnonon 18

called accelera.ion due Lo gravityo i‘ (7)
Vieight of 2 body depends on 2 body, ‘mass and
acceleration due to gravibyo. ,
The expression for weight W = condo X & (8)
The unit of welght iScoocona mo ) (a)

- e e e A e e e e e e e mem SR e e W e e e iAW e sen e G me e e e aee

The force of attraction due Lo gravitation
depends on the masses of bodies and the distance
between them, If m, and m_ 3re the magsec 'separated by~

3 distance r Lheﬂ forcezoi gravibation
¢ - 8o Wl ;
2 .
r

Where g is universal gravitationiconstant,

This law is known as Newton's universal law of

gravitation, )
f/e can write Lhis ass Every body in this

universe attrachks every other body wiith a force

directly proportional to the product of theiroe..

o ano2nd inverSﬁly prOporhiOQ3lqononanaao o (30)
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ihe valus of G is 6067 x 107 'Nu®/kg®, From this
law iu is very clcar thai as the distance increases the r
value of this force also k hclps on decrelsing, when
the distance becomes infirn...ly large the value of uhis
force reduces LO 2ZLro, Let us solve some problemse.

(i) Vihat is the weight of 2 body on e€arth whose mass
is 6 kg?

7

Wwe know thas weighe of body

w = mg
where m is ivhe mass and g acceleravion due bto gravilye.

Here

=]
]

6 kg and g = 9.8 n/sec?

o o W = mg
oonono X ocecoo = g95000N (11)

- s mm e . ere e e e e e e e e e me s e e e e e e e e e e e i e

(ii) Compute the gravitakional force of attraction
between two 5 kg balls 3 mebres apart,

G. 9%
12

We know Lhak f =

Here, g = 6,67 X 10—11Nm2/kg2

m1= 5 kg
m,= 5 kg
r = %
m,
ooo f = Ga 122
r

= booo0oo X nooco X o0vooo
a0 00

= ocooo (12)



1o A body is taken from the earth tu the moon. will
its (i) mass, (ii) weighl increase, decrease or

2o

3o

4o

50

Topic 63

Gravitation

Self Evaluation Material (SEM®

remiin conswant?

(e} il (g
[» N ] o
0 (2] 5]

What instruments can be used vo measure
(iii) mass (iv) wsight on the moon?

What is Lhe naturs
of a body thrown in a

of the esarth?

of

o [e] N x] n n
0 3 o ] b2 o
o [+ 4] 3 i+ fad
. .
Gravitatione
Q [¢] [¢] (2] [¢] [e)
(s} o] el n [¢] [¢]
0 [+ ksl n el Q

mosion (uniform or acceleratsd)
vertical d rection on the surface

b Y #} [+]
© o Q
[ Ee]
[¢] a [+]
o 0 e}
o 2 n

o o 0
g 0 o
o 3} o

o [¢] [
bl (<) o
0 i lg

477



6o Pwo objectis placed close Lo each other do not move
any closer. Although a force of altraction exists
between them, Bxplain why do they nou move?

To
2o
3o

4o
50

6o
To
Bo
9o

100

110

To
2o
4o
5o

< s ] G o a3 [V a o 3] a o o o a [ [ 1 i
[ ] [ ) o o 0 (L2 o} Q 3 (e} o o (2] G o o o [

k4 ol [+ Fo T+ B B « | [+ B Q o 0 o o} ¢ 0o o o0 o Q

Key Lo SLM

At sracuion of one body on another

Universe

Force of attraction bebtween a body and

a planet or satellite

Plane . (eogo earth) or savellite
Gravitailional pull experienced by the body
(or is the product of mss and acceleravion
due ko gravi ty)

Planel or satellite

Gravitational attraction

m

Newion

Masses, L0 the square of their distance

6 X 9,8 = S58.EN

Key to SEM

Decrease

Common balance, spring balarce
Accelerated

Force of abtraction vexry feelble

478
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Tople 63 Gravibtation

Assessment Material (AM)

SGC&J.L.-‘. :‘}.

I.Compleve the following ssntences by sultable word
or wordss

1.The type of force of attraction that
exists betwe'n any two bodies in
the wiverse is Calledoo(1)no o m o 0o o o a o 0(1)

2.7he force with which a body is
atsracued by Lhe earth is
Calledoo(2>oo e o v 0 o 3 o =0 0(2>

3.4ccelerarion of an objeci due
to the earih's gravity is..(3)eo o 0 a o 2o ~ (3)

4,Gravity is the force of
atiraction be tweenoo.(4)e.and any

other objeci on or around ih, o o o o o n oo (4)
5oWeight is 8 oo(52)ee 2nd is o o 0 a o o o (5a)

measured as the producht of mass

and oo(5b}00 e o o0 o 92 o o (Bb)

6oGravity and gravitaition differ
in the sense thal in gravity one
Object should beno(6)oo " p o6 o o A o (6)

Secktion B

IT.Select the proper word and fill in the blanks:

1oEvery material bedy exerts a force of
oo(1)oobowards every other maserial body
(attracsion/repulsion ), ©o 0o o000 o (1)

2.Force of gravitation beitween Lwo
bodies is directly proportional
e the o0o(2)0o of uvheir masses
(sum, sqQuare, produot)o e o o o o o o (2)
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% ,Farce of gravitabion between two |

bodies is inversely proportional to . (Ha)
tbeoo(aa)ooof distance beiween ¢ 000 0e
oﬂ(3b ) (Square/DrOdqu) i © o 0o o o o (3b)
M1 X 000(43)000 o o o o o o (43)
ho £ =G x N €53 P e e o oo (4D)
M ;

50 & = & X ~rEY feeo oo (5)

6othe value of & 00(6)00 from place LO
place (remins constant/varies) no a o on (B

1
i

Tod body lying on the surface of ,
earlh and suppose earbh looses its:
?ower of awtraction them ,

A/B/C/D) 600(T)sse e e o o o o (T)

I
mass cf body becomes zero
weight of the body will become zero
mass will remain sawme but welght will vanish
weight will remain same bub.mass will vanish

H

([ O {1

Qe

IIT, {
1.1f the masses of two objects 4 & B
are doubled whal happens Lo .
gravitational attraction? o e 0 o o (1)

2.1f the distance between the
centres of the objects 4 & B
is doubled what h&ppens Lo
gravitkational abiiwceion? e e a0 o n o (2)

Section C

1.Caleulaie the weight of a man of mass 60 kg
(i) on the earth (g = 9060ms—2);
(ii) on Lhe moon (g = 107Oms_2) and

(iii) in a SFaCE vehicle in 1nter—planesary

space (g = 0)o
o o O [e) ¥ ] ¥ el [« (8] el 4 il [¢] 3 2] Ly 3 el [+] ¥} e} o
o e ] k] ] y o o 03 171 p ] o o 7 O 3 e ] ied [¢]
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2.C0alculalte Lthe mass of vhe earth if radius

nof Lhe earth = 6 -2
6.%8 x 10°m 3 g = 0,.8ms

and G = 6,67 x 10"11Nm2/kg2 0

3.,The mass of vhe sun is 2 x 1030kg and of the
planey Jupiter is 2 x 1027kgn fhe mean diskance
betwesn she sun and the Jupiter is 7.8 x 1011mq
Calculais bthe value of the universal graviuwaticnal
constant if the force of aliraction between the
Sun and the Jupiter is 4,276 x 102y,



Topic 7 :

FRICTION

_ CLASSROOM LEARNING MATERTAL (CEﬁp

Task analysis

-

4

Preblem Sclving

-

_Laws #f friction

S
L ’
sliding rolling limiting
friction friction friction
kinetic static
friction friction

Fig.

friction

1L

mm‘j 4 weight

)
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S

A\ /.0

acceleration
due to gravity

1;
-
3

A\

mass

acceleration

F

4

velecity

L

time

7.9 Task analysis map =

displacemeﬁt “I

friction



Topic 73 Fricbion ;

Learning Hierarchy

N
The following are ithe learning objeckives in the
learning hierarchy shown in Plg. 7.2-

When the toplc is completed the s?udfnt should
be able %o 3

Torecall the mrasurement of tLime ’
ITo,recall digpl acement (
ITI.recall velocity
IV.recall acceleracion
Varecall acceleration due to grav1by
VI.recall mass ,
VII.recall force :
VIII.recall weight

IXs4,define normal force
Borecognize the changes in the value of no rmal

force on an inclined plane :

XoAodefine friclion :
Boexplain the origin of friction |
C.appreciaie the effecus of friction

XI.define s.alic friction

XlI.define limiting friction
XIII.Ae.defins kine lic friction |
B.give examp.es for kimnetic frictlon
C.differentiate between kinetic and sliding
fricilon.

XIV.A.define sliding friction
Boillusktrate sliding friction witp examples

XVs,A.define rolling friction
BoIllusbtrate rolling friction w1bb gxampl es

XVIs.Asstake Lhe laws of fricktion. ;
Boderive F = 4R ’

XVII,4,justify vhe need of friction
Bodescribe the methods bo reduce frlction

XVIITesnlve protlsms,
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earning hierarchy

>

xva X1ve X1
XVA XIVA
XIi1ic
{V X1

‘ | xc - — s
| X8 e

XA VITI

1\
111

>

v

—

' Vi1 ( Vi |
[:::j 1y |

NIV,
.

7K

T

11

Fige 7+2 Learning hierarchy map-- friction
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Reviewing Conceplts

I.l'ime Vo Acceleratlon due to gravity
IT:Displ acement VI.Mass ;
IIT.Velocity ¥il.Force ’

IV.Accelerasion VIII.Veigat

kvalwation §

1.DifferentiaLe between mass and weighto
2o.How does the force vary as the velocity changes?
3oWhat is the unit of weight? !
Doeg it differ from thaL of f01099
4oWny the direction of weight is ilxed9
5.Does thes force gravitaition belLwesn Lwo
bodies depends upon the dissance between them?
If so, how?
6oDefine masso

IX.Normal Force

1

Forces which ach perpendicular Lo ths surfaces in
contact., For example, & body lylng on the floor its weighik
will be aching normally to the surface of the floor
which i1s its normal forceo /

Here, mg is the normal —
force acting on the surface 4B A —

Mg Flgo'T 1

If the surface is
inclined t¢o bthe horizontal
then the normal force =mgCosée
again normal wo the surfaces
in contact ioeapN’:mgCOSg o

Flg ol 02

Normal force is the force perpendlcular Lo uhe
surface in contack, ,

Type of Quantitys Vector

Written Rspresentaiion: R
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‘
t

Specificabion: (i) Magnitudes Equal to the
magpitude of the components of the force perpendicular .
ko Lthe two surfaces in contact. Measured in Newton (N ).

(i1) Dirscuions Always perpendicular to the
surfaces which are in contact, ‘

A
"

a
i

Ebvaluation

1.Define normal force.
v 2oWhat is its unil? ,
3.Will the normal force is always equal to its
weight ? )
4oWhen will -be B = mg ? :

- » ’
XoFriction

we daily observe tha. a bus or a car eventually
comes Lo ress afuver ivs engine stops working. 4 cricket
ball hit by a bawsman sltops moving on the greound after
some time, A blcycle uliimalely comes L0 reswv when one
stops peddling iuv, We see that generally,all.the moving
bodies when left Lo Lhemselves, uleimately coume L0 resbo
fhis is due Lo rhe fact that all the moving bodies are
acted upon by an extermal force, which opposes Lhelr
motion, The movion of an object moving on a surface or
in air in general is opposed by the resistance of air or
the force of fricliono. .

Force of Friction (or simply frichkion)s 4 force
which oppose¢s tvhe re¢lative motion betwe:n two surfaces in
contacl.

3

NOTE:  Two bodieg or two surfaces are s?id to be in
relative motion when ihe posilion of one;is constantly
changing with respect Lo the position of. the obther.

The force of fricuvionm is caused by the interlocking
of the irregularities of the surfaces in contact. The
motinn of one surface over the other requirrs the
overcoming of interlocking obstacles which may be
achieved by the "glight 1ifting of the moving body or
the smoothening of the irregular projections or the
filling up of the irregularities by a suitable lubricant,
If the surfaces are polished, the force of friction
beLween them considerably decreases. , ;

2.
W&‘\ ;
Interlocking agggi; D e FigoT7.%

' n

/ ;
tl



bvaluation

1oWhat is fricition or force of friclion?

2.Why does inkerlocking between the surfaces happen?

%3oWill iwhe friction b. less or mo xe along smoo th
surfaces?-

4oCan we over come friction? ;

50.Is there any friction when rnhe body starts moving?

XI.Static FricLion

i
‘

Then there is no relatlve motlon between the two
surfaces the frickion involved is statbic and is known
as sbtatic frictilona n

Skatic frickion is the force which dpposes an
applied force when one solid tends to Slld€ over anovher
solido,

Pype of Quantisys Veclor. ;
Written Representakion: PFs

Magnitudes Any value i
between O and ¥ (see below),

5

equal to the componenb of
the applied force perpendicular ) lrd

Lo the normal force,

Direcvions Perpendicular vo the normml force and
direct Lo oppose bthe applied forceo

Evaluabion

1oWhat do you mean by the term 'static'?

2o.What btype of quanbity is static frlcnlon9

3 .Define skasic friction.

4o.What will be direction of the frlctlonal
force woroto bo the applied force?

XI1I.Limiting Frickion

The forcs of friction is a self~ad3ust1ng force,
It increases wikh the force tending tc produce mot ion
as swu much of it being brought into play as ls Jjust
sufficient Lo przvent motion but ind no'case does it
exceed a maximum value, This maxim valufs atnained by

Q
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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 aboub to slide over anether sollde

Limiting frlctlon is the maximum value of static
frictione

h
n

rype of GQuanticys Vector

Viritten Representations Fs

Direction: Same asg s.atic friction.,

Evaluation

1o.¥hen we gay friction is a self adjusting force
and it ke¢ps on increasing with the applied fo rce;
will is increasc Lo infinitly large values?

2o.What is the name givefn to bthe maximum value of
static frictien? f

3.What is the unit in which limiting friction can be
measured?

4.What can you say about bthe direction of limiting
friction? ‘

[

XIII.Kinetic Frichion

Vle have seen than there is a limit to static
friction, When the applied force is increased to greater
than this limiting friction the body sbarts moving or
rather slidingo. !

he¢ force of friction involved when .the body is
in motion, is called kinetic friction or dynamic
friction.

Kinesic friction will always be less Lhan svatic
frictidno .

A car before being pushed forward is moved to and
fro tu create a molion this redu01ng the friction, IL is of
common €xperience Lhal a moving body can be pushed sasily
compared to bLhe one ab rest, Iv is a veccor guantity
represented by Fk o

kvaluation
1.Vhat is kinstic frictilion?

2oI1llustrate with examples bo show that kinetic
friction is less than static fricticne
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¢

30.¥hat is the difference between static and
kinetic fricllon? '

4oVhy has a horse to pull a cart harder during
the firsi few feet of its motion than later on?

XIV.8liding Fricition

When the surfaces of one body slides over the
surface of another body, then the force of fricllion acting
between the two surfaces is known as force of sliding
friction. The frichtion acting on the following cases is

N

sliding friccion ‘

8o 4 book pushed or pulled on a La#&eo
bo Walking on the ground. .

co Skinge .

do Fixing a nail in wooden furnibdreo

The gliding friction depends on the smrothness of
the two surfacss in contact., Smooiher ﬁhf surfaczs, less
is the sliding friction and vice versa. Sking is done

. on ice and nokt on the ordinary greund because sliding

firction in the case of ski shocs and smooth surfacs of
ice is much l2ss as compared to ski shdes and rough

'

ground surfaceo, ‘
It is a vector quaniity and is represented by P o

i

Evaluation
1oWhat will be Lhe direction of sldding friction?
2eDoes the sliding friction reduce vhen the

surfaces are smooih? ,
30Give few 1llusetrations to show sliding friction,

i
)

XVoRolling Friction :

Wwhen the surfce of on: body rollsiover the surface

of another boldy, the force of friction’acuing betwe-n the
!
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kwo surfaces is known as force of rolling friclion.
The friction accing in the following cases is rolling
friction,. "

io A cricket ball moving on rhe greund,
iie Wheels of an automobile moving on the ground,

iii, Skawving on a smooth surface,
Y

It may be of common experience that the pulling of
heavy boxes bscome easy when whecls are used with ik, Ihis
is due to whe facy that rolling friction  is far legs than
sliding friction. When we pull a box it is the sliding
frlotlon involved but when wheels are used 1t is the
rolling friction vhat comeg into playe

It is a vector guanLily and is represented by Frn .

t

Evaluation

toWhy roller bearings are used in machines?

2.How doeg rolling friction differ from sliding
friction?

%oCan the value of rolling friction:be reduced by
applying lubricants? v

XVI. Laws of Friction

Experimental resul.s show thauv the friction follows
three lawso

(i) The direction of friction is always opposite to
the direction in which a body moves or tends Lo MOVE,

(ii) ’he limit.ag friction is independsnt of the
area of contact and depénds upon bthe nature of the
surfaces of contact, .
‘ {

(1ii) The limiting friction is dlrectly proportional
Lo the normal force,

'

The third law can be represented as follows 3

P X R Vhere F 1s Lhe limiving friction
and R is normal force.

OR F = AR Vhere A4 is cons.ant ‘known as nocl
coefficient of friction.
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The equasion can be rewritken as -

|

FS = /ﬁs R s : o ooc

P, = A&'R To represent stalic as well
as kinevic friction. 0003

Coefficient of friction Azz—%« can be thoughl of
as a congvant measure of friction depending upon tho
nature and comdition surfaces in contacté(ioso, roughness,
wetness lubrdcacion, etco.) bub is independent of normal
reactiona

lable for A (Only For Reference )

— e e e e e mae Mmm e eme e e e mew e e e dee M e ke e e mee  mes e e e e

- e s e s e e e s e e e e e e e e e e e e e G SR e W e e e e e

Material by My A,
Rubber tyre on dry concrete 1,0 Z 007 0,04
Rubber tyre on w:lh concreie 0.7 065
Vood on wood, dry 0,5 0.3
Wood on wood, soapy 0.2 ;

Wood on sweeel 005 0025

Viood on leather, dry 0056

Wiood on leaivher, oily 0015;

¥etalon mesual 0015

Steel wheel on sbeel rail ? Co0045

Sueel ball on ste 1l surface ; 0,0025
NOTESs

(i) Fvery force of friction is directly proportion&l
to the normal force,

(ii) The magnitude of each force of friction is’
measured in newton (N),

(iii) The forcc of friction is independent of the
area of the two surfaces in-contact.
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i

(iv) When no exiemal forcs acks on the body, F_=0 o

(v) If the applied forcé F parallel to the displacement
is greater than Fk’ then ths sffectiwve force is F —Fk o IT
P o= Fk , bthen a = 0, or Lhe body moves along a gkraighi
line ab consbtani speedo

(vi) Por small speeds, F, is independent of the
spetd of the sliding bodye :

Evaluation
1e Is iu correct Lo say that frlcblop acts only
when a body is acbed upon by a force°

2, Will ihe value of coefficient of friction
change on wetuing the surfaces of 'contact?

3. What are the fachors on which the value of
limiting friction depends? :

4o If a force of F is applied on a bddy and the value
of kinetlc frictkion is ¥, what is the effective
force with which the bod§ is mow1ng9

XVII, Effects of Friction

(A) Justify the staiement 'friction is a ﬁecessary €Evil',

Fricuion an imporkant part in bur daily life, In
many of bLhe cases we flnd that fricuion is a necessity
but an evil necesgsii,

(i) Withoul friclion betweesn the feet and the
ground it will not be possible to walke

(ii) Withoul friction we cannot fix nails, climb trees,

(iii) Vithout friction it will not be posslble Lo
write on a paper,

) (iv) Priction causes wear and tear of moving parts of
different machinsry and is, therefore, an evil only in this
CcaseE o



(v) Phe cnergy wasted to overcome frictlon is

converted into hea. energy and causes additional damage .

Lo the machines &ico

So we see herc Lhough fricllon appears as & force
which opposes mosion iv has certain definite advant ages
and disadvantages, We cannot think of a friction free
world as life W111 become impossibleo Ehus frictien is
rightly called 2 necessary evilo .

Evaluation

1o Llst ingbances where friclion can be considered
Lo be advaniageous LO USo

H

20 Whah are ihs disadvanlages of Lbepreqeﬂce of
friction? List them,

30, Imaginc you are in a friction Jafez world0
Can you dcscribe how your life would be?
(B) Phe Wways of Reducing Friction.

(a) By Polishing the Surfaces: 4s the friction ig

due Lo interlocking of the surfaces it can be reduced by

493

removing the unevsnnsss of the surface by making it smooth,

(b) Using Lubricantss Lubricants suoh as 0il,
grease carbon powder ehbc, are being used to fill in the

depressions on the surfaces lessening frlctlono Mhick oils

are always usedo

(c) By Using Contach Ball Bearings: ' Ball bearings

reduces the frictiorn Lo a greabt extent as fricuion involved

while rolling is less Lhab while sl:'.d:‘m.g(?5

(a) By Using Anti-Friction Macerials:s Use of anti-

friction metals such as brass or bronze reduce frictlon

congiderably, It is foumd bLhat .friction between steel and

steel is greater shan steel and an anti-friction material,

Ivaluation

1oList the mebhods by which fricbioﬁ can be reduced,

2.What happens when a lubricant is dpplied to the
interface between the surfaces in contack?

i

H



;j 494

3. Why whe oubside of an aeroplane 1s highly
polished?

4, Why do we oil bicycleés occasionally?
?:
i

i

XVIII, Problems

(a) A mebtal box of mass 4 kg is placed on a horizontal
floor, with a block of wood of mass 1 kg resting on top
of ito A horizon al force of 19,6 N, applied on the metal
box, 1s necéssary Lo make the box gush slideo Determinzs
(1) the normal forcz, (ii) the force of limiting friciuion
and (iii) the cosfficient of static friction, (iv) whau
will be the force of friciion if the appllcd force is
3,0 N 2

Soluiions 2The Lowval mass résting on the horlzonual
floor is 4 kg + 1 kg = 5 kg |

-1

(1) W ="5% X 9.6 ms™| = 49,0 N,

Hence, the normal force = R =.W = 49,0 N,

(ii) By definiiion, sthe force of limiting friction,
s 1s equal in magniiude bto the 2pplied force
which causes the box to glide, .

H

»

Henes L = 19,6 N

PR — F A 1 06 N =
(lll) FS .«,.is_ = Z-_%T;W = 0,40

(iv) The applisd force, of magnitude 3 N is lcss than
the forcc of limiting frlchlono The force of
static frishtion can have any value upto Fy , but
is equal wo tht applied forceo

Hence, FS = %.0 No»

1

i

(b) 4 wooden block is being slide over a horigontal
wooden table, the coefficient of friction being 0,35, 4
horizontal force of 7 N is Just sufficient to maintain
a uniform speed of whe block. What is bhc weight of the
block? ;’

Solutions: This is & numerical problem of kinetic
frictione :
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Ak‘= 0,35 Fk = 7 Newwvon W= 9

.k oL = 20 Nem
Normal force, R = w7§f = 535 20 Newwons

Weight of the block (I.) = Normal force (R) = 20 N,

Evaluation

1o, A book of mass 2 kg is placed on a tatle, 4
horizontal force of 5 N 1s applied on the booko
Will the book move if the coefficient of swatic
friction between iuvs surface and that of Lhe
wooder sable ig 0.6 7

20 If the force of sliding friculon belween Lhe
surfaces of 2 body and the growmd is 40 N and the
applied force 1g 50 N, will the body be accelsrated?
Determine wvhe effective force producing the
acceleravion,
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Popic 7: PFriction ~

Self Learning Maverial (SLM)

Priction plays a very importart role in our daily
life. Wwhenever a body staris moving friciion invariably
comeés into play and opposes the movion, A moving body kx
left on its own, will come to resit aflier, some Lime dus Lo
friction only,

aQ O o 2] o] O ~ ] ] 2] o o o it} o] o Q (4] a

o Q O o e B § G o o a 0O o [+] O a o ] 01" (1)

Friction being a forcé is- o o » » o6 » o a o a o
quancity and can be measured ifo o » » o . o (2)

e ame e e eme A mm mm aee e e M cem e e e g e e e e o e e e e e e e e e

Friction depends upon the surfaces in contact,
Between smooth surfaces it will be 1ess as compared Lo
rough oneso.

One thing we should understand oleaxly is bth =
friction comes into play only when a body is subjectsd
Lo a force, 4s the applied force increases foree of
friction also increases Lill it reaches a waximum value
known ag limiiing fricuione.

When the applied force is more Lhan this limiting
friction, the body staris movinge.

Therefore uhe rcondition fur a body to start
moving is that the .rictional force musl ben o o

[+] e} [+ O g ] o Q I3 L2 B ] O o o o (o o o a ¢ o (4] c 06 (3)
!

- e mm mw e mm ew mam e e e em e ma wmm mv e o e e e e e e e e e e e g
'
¢

Phere are many ways by which we can reduce
frlelOno Applying lubricants 1like oil 1s one such
gthodo fhese Lhick oil goes into unevenness of uhe
suxfaces smoothening 1t and reducing fryotlon“

Use of ball bearings also help Lo reduce frictione
You may have nobiced that mosi of Lhe rotating parts of
a machine are supyrorted by roller bearings. fhis is
because the friciion involved while rolling = is less
than that involved in elidinge '



Pherefore, sliding friction 1soco.-~--obhan
rolling fricuion, . (4)

T I T

Ve may also no s thai frictlon beiwern two bodies
nf the game misrial is much more than Lhat betwe n twd
different objects. Thus to reduce frlctlon anti-friction
materials are 2lso usedo :

Friction beilwesn stesl and sbteel will br. so00n
vhan steel and bronze, ‘ (5)

e wm e mm mm me e e e e e e e awe e e e e e e e Wee W e MR e me we We mes

Depending upon whether the body is moving or noi
we can think of shkaLhic as well ags kinctic fricuione
Kinetic frictlon is always less than sbahic friction,
the maximum value of stacic frlcnlon is
known as PG IV TTILNYGITO0 O (6)

T T - e T T T e - -

fhe valus of limiuing friction is directly proporiiondl
Lo normal forces, loco, vhe force acting perpendicular uo whe
surfaces of conuvack. IL does now depend upon the surface
area in contact bub depends on the na ure of the surfaces in
‘contact. Ve can wrise,

Porce of limiuving friction F = £ R.
" Where A is the coefficient of fribtiona

iaeos /6. = E '-

o300

being a ratic it has no unit, ' (7)

- - - e e e Bee e A e e e me  ma R e e e me e s e e e e e e e

We can define coefficient of friction as
“he ratio ofoss:.00 0 ocooco0co0o o . ’ (8)

— e e o e e wem mm e e e ame  mme s me mee  me ee e e e men e e G e e e e e

Now let us golve a problsm;

1o 4 block of 1.5 kg mass is resting on <4 surface,
Calculate vhe force required to just .slide it, when
the coefficient of friction is 0,25 (g=10 m/éj)o Oncs
it starts moving, will the same force be required
to keep iy moving?

b
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Ve know that force muslh be equal to limiting
friction for tne body to jus. slideo

It

i

R
?

0625

mg = 1,5 x 10 = 15 N

dene

R = 525 x 15 = 3,75 N,

A minimum of %,5 N fores is refquired Lo scart iu
moving, Once iv guvaris moving, we know ch ar kinetic
friction involvcd will be less bhan static friction and
as such that much force (3,5 N) is not required to keep

it movingo.

2o 4 book of mags ¥ 2kg is placed on a Lahbe, 4

horizontal forcse
the book move if

of 5 N is applied on the book. Will
the coefficientv of static friction

betwesn i-.s surface and that of Lhe wooden Lable

is 006 2

friction,

Solutions

(SEE Figo 7ol )o

Here, P

If

& o 0 a o0 6 © o o o & ©0 @ ¢ 68 0 6 0 o0 (9)
3, A mass of 45 kg is resuving on «ke rough horizongai
surface and can %I Jus. moved by a force of 10 kg wi
acting horizontally. Find the coefficient of sliding
Lzt P be the limitving friceion, B be the
normal reaction and P be Lhe exbemal force applied
10 kg wis m = 45 kg
mg = 45 kg x g = 45 kg wt
r _ P _ P _
R - R '—mg NCDL ST 00 ] (10)
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4o Pind the distance travelled by a body before
coming tG rest if 1L is moving wivh a speed of
10 ms~1 and Lhe coefficient of friction between
Lhe ground and Lhe bbdy is Codo

Solution
i P
Here, A= 5
ooo P 2/63
But P = ma
wh ere a = Retardavion 3and R = mg

0’0 ma = mg A

g = 0od X 908 = sanno (11)

O

=]
m
il

Vz-—u.2 = Zas
0-(10)% = 2(-5.92) x 5 ( ".° a is revarda.ion)

@
s o Szooono (12)
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Topic 72 Friction

Self Evaluation Maverial (SEM)

Directions: In the blank-space at the right of each
statement , write the word or expression which BESZ
completes the meaning, ‘

ToFriction is any force thatoo(12)eo  _ _ _ _ _ _ _ _ la
the relavive sliding or rclling e b
00(1b)000f ObjeCtS thasg areoo(TC)oo _______ w"’;ﬂc
each other,

2o30me physicists believe that ‘
friciion is caused by surface.(2. e 2

3.1If surfaces are made smoobh, friction
belwe n Lhemo,63Jo e 3

4.0ther causes of friction may ; wwwwwwww 4a
b€oo(42)00andoa(4b )00 o 4b

S5.Friction acuson(5a)so60 Lhe ‘
surfaces which are sliding over one  _* _ _ _ _ _ _ _ . ba
another, and in uvhe (same, opposite) _ _ _ _ — —~ — " 5b
oa(5b)oodirsceion as the motion.

6.FPriclion depends upon bheoo(62)ao j 6a
of the materials in contaci and TTT T T Y ey
00(6b)00 e

TeoSsatic fricbion is (}ess than ;
greater than),.(7)..8liding friction.  _ _ _ _ _ _ _ _ 7

B8oVWithin whe range of medium spesds,
sliding friciion is nearly
independenl of she,o(8)s.0f Lhe ’
surfaces, S e el .B

9o.Friction betwsen a bullet and Lhe )
gun barrel is (less than the same g
as, greater than)ao(9)e.othe
friciilon beiwsen slower-moving , .
abjectse . g

D T ™

10cFriction is (direcily proportional to,’
independeni of, inverssly proportional.
£0)oa(10)eothe force pressing the two
surfaces together,(normal force) e e — e 10



11o2he ravio of Lhe force nesded Lo
overcomns friciion to the normal
force pressing -he surfaces
together is called Lheoo(11)on

Direcltiong: Yiriws Lhe answers 0 he fullowing in the

spaces providsd, Where appropriace, make coumpletbe

sLatementso

12o.List four siwuvazions in which friction is 2 helpo
aa

Mo Mme vy IDm mre w - Gee e WO FID Bed  wee W B B

b,

e ey ke TSw mns s e G W Eon G R R oo oee

Co_

.
- o Moy ESY we e e o WG Mo tme oee SO €D meo

o e R e T amrn wow e e Goe ey SSEe e Wany e

14.Liss four ways in which friction may be increased,

a,,w -
bo__
Co_
d(’__

Qo_
bO___‘
Co__
do_

- o wom e e mT exa eos

301
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2o
3o
4o
5a
8o
Yo
10

902

8}
4 block weighing 300 N moved uniformly on
a horizon:isl surface by a force of 60 N,
(Note here a = 0)o .

a, VWhay is the forcs necdsd Lo

overcome friction? s 16a
b Wha. is vhs normal forcz prsssing

sh¢ surfaces togecher? I K1
Co Whav ig vhe coefficient of frictiwn? _ _  _ 16¢

KEJ,V WO Salis My

Scalar, Newnons
equal Lo or lese Lhan applied forcs

greater

greater 6, limiting friction 7- R

force of limisving fricvion to normal reaction
(]

F=,6 X2 X% 9,5=NFand so it canmwi be moved,
0022 110 3092 w/s° 12, 12,75 m

Ky voSkE.M,

184, obgbructs

1be motion

1co placed on 2., irregularities

3, decreases

4a, roughness

4b, w2lness

5, parai el, opposiie

6, surfaces ncrmal force

7. grsaikcr than

8s ar<¢a of contact

9, 1less than 10, directly proporvicnil
304--kegs -blram 11, cosfficient of friction
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Agsessment
Szehicn A

I, Complese the following statemenis with suitable
word/s s

1o8takic friction isoo(1)oo
than dynawmic friction,

2.Frictinn is @co(22)0s
adjuslingo.(20)oo

Z.Maximum value of frichtion called
in &o pldy is known aSoo(B)eo

L.Friction can be rcduced by,o(4)oeo

SoFriction is bouh a necessity and
anoa(5)oo

6o.Friclion always acis in
direction thak..(6)o.mouion,

7.FPriclion hasoeo(7 )eoexisrance of
its own (independeni/no independent)

8,Rolling frickion is..(8).oLthan
sliding friclLion,

QoFor a body lying on the ground
its norwal forece is equal ko
itSoo<9)oo

11, Define the following .srms ¢

a, Limiting Fricuion:

— e ees woer

e e ope e

B

rs e owew wam ok
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III,

IV.

Va

VI,

co Sliding Fricbkions_

304

e w WP mmo  wow R weme  Bn  pua GRS G0N e R W R WO MY Gep M ey e s s

[

&
1

Sccuion B ‘ ‘

'
{

Use the mos. sulwable word %o complete Lhe sentences

10 Phe limiting friciion is.o(1)os
proportional tvo nommal force,

2 P =mx oa(g)nc o o
3, Goefficient of friction is defined -
as Lhe rawio ﬁfoo(3a)oobboo(3b)oo mmmmmm
4o Limibing friction is independent.
ofoo(4a)ssand depends oNoo(4b)os’

'
'

8tats vhe whres laws of fricbione.

K

1
[ e R e e T

Why it is more biresome Lo walk on sand
than on hard ground?

‘
— W W e ke ey TTR e e R RSN R GEER Gy e S Beew  mwow e
¢

B
— e o Wy G STW E e WIS e GG TER wes W ko Ww w w3 wne
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Section C ;
A wooden crake o. mass 20 kg rests on & horizontal
road, Whalt is the minimum force regulred to move Lhe
crate horizontally? The coefficient of gtatic
friction between two surfaces is 0.45%

o wewy TR wowe  CE Thww WK WIS waer  wewe BN WWR T SR e M s W aTow st Gewe  Wme e e e e

VII.A horse of mass 7500N is able to exert a horizontal

force of 6000 N on a level road, Determine the
coefffcient of statbtic friction betwoen the horse's
hooves and Llue road, .

A
el '
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Topic B8 3 WORK

GLASSROOM LEARNING MATERIAL (CLM)

Task analysis

Problem Solving

[

work = F X §  p——————

Foroe '-"——~—--~l

acceleration

mass

velocity

2 v

time distance

Fig. Bs1 Task analysis map - work

Learning hierarchy

VITI

()

Fige 842 Learning Rigfarchy map = work
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LR -
T -—
—— e — -

-

Learning Hierarchy

b

[

The foliowing are the 1

JbgeciiVES in the
learing hierarchy shown in :

l\)OQ

eemin
Tﬂ.s.gca

At the end of ‘the wopic the student sbould be
able bto :

I.recall the measurement of t ime
II.recall distancs
ITT,recall welocily
IV.recall accelsration
Vsrecall mass
VI.recall force

VIiI.A.define work

B.express it as w = F x 8§

Coderive expression for work when the force is
inclined to the direction of motion.

D.Find Lthe work done wnen the Jorce is achking
against Lhe direction of motlonm

E.explain what is wmcant by positive work and
negative work,

Fo.define joule,

VIII.solve problems baﬂ”d on worke ;

Reviewing Concepls

1.Distance
2oiime
3oVelocity .
4,Accelzralion ,
5oMass
6o.Force

Evaluation

1oDefine the above conCCptso

2o.Vhat are theilr units

3.Ligt out the wvector quan>1t1€s and scalar
gquantitiesg amorng themo

4,If the body on the appllcaalon of 'a force does
not change its position what is the value of

effective forcs?

506
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T. Work '

Whenever a force is &pplied on a body there can be
a change in its shape, volume and posit.lono In all cases,
we speak of the work being donco

Work done by a force is a measure of the effect on
a body or-system on which 14 1s actingo.

Pype of Quantitys Secelar

Written Representatlons W

Specificaiion: The amount of work done by a force is
measured by the product of the force and the

distance covered, It is measured ini joule,

Mathematical Expressions

(i) From the definision
work done = force x distance
OR W =F xS

Here force P mus: be in the TN
direction of moLion of the S
S

—>>
body e Direction
of motion
i of the body
(ii) If the force F is acting b F

in a direction 6 inclined to
the direction of mokiomm of the
body then the component of
force in the direction of
motion of the boedy is FCcse
or the work done o/ K !
W FCos® x 8 ! N E‘:f?
FoS Cose ‘ \k“”/}

T

Three commonly encountered siituations in which work
is done by a constant force 3

10 Force in Lhe same direction as motion

) F
E§®§J_ﬁaprce

s =>

Dirsction of mokion

Work done = P x 8
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2,Force perpendicular to motion
FT Force
= 90

- - >
Direcuion of mokion

it

W = F»S Cos6

P x SsCos §J°

il

i

PxsSxO
0

i

3, Force opposed wo direction of motion

0 = 180°
>

Forcs . -
@

Direction of Motion

Work done W T 8 Cos6

Il

=7 S Cos 180
= -FS '

From the definition we can consiruct-a situation
in which a force acts on a body and does not work. Phis
will be true if the force is perpendlcular to the
Jdirection of motion of the bodyo

When man is carrying a hand bag Lo tne railway
station and is walking on a level road s01enhlf1cally he is
doing rno work beccause the force that he is applying agalnst
the weight of the bag is vertically upwards and
his motion is in the horizontal dirsciion®and there is no
motion in the direction of the force he is applyinge.

Positive VWork:  When the point of application’ of
a force moves in the direction of the force, Lhe force is
said to perform +v worko In other words, the work done
by the body is called +ve worko.
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Negative Viorks Vhen the point of application of
force moves in thc opposite dircection of the force, the
force is said o perfom -vi work, In other words, iLhe
work done on ths body is c2lled -ve worko

Joule
Unit of work is Jouls.
Writben Represeniablions J

Specification:s One joule is Lhe guantity of work done
when a force of magnitude one Newtion moves ius point of
application through one metre along the direction of whe

force,
1 Joules = 1 Newton x 1 metre

Or 1 = 1 Nm

4 smaller unit ‘erg' is also used Lo wFasure worke
1 erg = 1 dyns x 1 cm

1 joule = 107 £rgs

Evaluation

1.Define worko.

2oWhat type of guaniiby is work?

3.Define Joule,

4oWny is iu tha. @ man carrying 2 hand bag
in his hand not doing any work?

S5oWhich is Lhe physical quanviby represented by
the unit newton-metre?

6oIf 2 body weighing mg lifted through 2 distancehl,
what will be the work done?

To.Can you give a machematical sxpression for work
in bterms of change in velocity?
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8o Problem Solving

1o Calculate ths work done when a body moves

2o

vhrough 2 distance of 5 m on the application of
a force of 6 N,

Ve know thasz W=F.g

Here, P = 6 N

S=5n
W o= F,9
=6 x5
= 30 joule,

Calculate whe work done in lifting a weight of
8 kg through a varbical height of 10 metres,
(g = 9.8 ms™2)

Force x Dis tance moved

by force
44 x 9,8 x 10 Newwon metres
392 Jjoules

it

Solutions Work done

m

Hence work done = %392 J (Here F = mg = 4 X 9.8),

3, Amm pulls on 75 kg crate for 20 m across 4 level

floor using 2 rops that is 60° above the horizontal,
How much work does he perform, if he applied
a force of 100 N,

S Cos®O
100 x 20 x Cos 0°
1000 J

W

I

bvaluation

Te

20

What work does a man of 50 kg weight do when
he climbs up the top of (utab Minaryd
fake ohe height of Quieab Minar as 72 mo

Calculate the tctal amount of work done in
moving 2 body of mass 100kg, wiih an accel eration
of 5 ms? through 2 distance of 10 meuris,

(5000 Jdoules)s



Topic 8 Vork

Self Learning Malerizl (SLM)

We know Lhz2t forces can peform 2 number of different
tagks, for example :

2. 4 body can be made Lo move with const mb velocitye

be Pwo or wore forces can chiange the shape of
an objecio, '

¢o A force cam caust a body wu undcrgo a change in
veloeclhya

do, 4 force can causc rob wiona

€o A force can suppors 3 body to remain 3t
2 cerv2in hoightoe

well, all these vasks cin be considered Lo be usefula
However, they do nol all comstilsuve ‘work' in the
scientisc's meaning of the work. 4 task being useful docs
not mean work being done,

Mhen, when can we consider work being done?

Work is said to be dons when a body moves in the

direction of Lthe fo mre,

- wa A s e s e e e M e e

rhis definition requires two uhings -

i, 4 force must be applied.

ii, The body should move in uvhe direction
of Lh# force,

Mathematically we can repressnt it as W = F,S.

Here, W

il

T e e e e O o WIS W W W e mwe W e weme e

F =
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Iv is quite posslble shay the body need not move

exactly in Lhe direction of ¥orce., IL can move 1n 3
direction inclined © wilh the forceo

1

v

k3 ' -
In this c3ase, we can compule in LWOo WAyS. . //ﬂ

Uork is nol done in cases_ _ _ _ _(a,b,c,d,e)
beciuge .

s veer e W woe e RS wacn VEMG M. WY Seer e werA  GEe ween e e W W e e

(i) Force applizd = F !
Component of displacement ; ////
in the direction of C s B 4
force = § Cos © @ i L
Y
0’0 Tork done = F S Cos © AT TR
(ii) Porce in she dir-chtion of molion = F Cos ©
- Distance coversd = S
0’0o Work done = F Cos © x § =1 8 Cosb .
By both ways, we sec that work done |
V=% 8 Cocsbo
If the angle © = 90°,the work done is_ - (2)
If a person is holding a body for someivime wi.hout
any movemeni then the work done by him is (note thas
distance moved = 0)o 3
;
Vo=TFeSo = _ __ _ _ . (3)
In the tagks which can be performed; by the
force as msntioned earlier wexrk is performsd in
cases_ _ _ _ _ . (a, b, ¢y dy &Jo
(see page 1st, para 2 (4)
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i

&€ have defined work as the product of
force and distance,

fhe unit of force is

-y T wmar v e

P T T T T L T T I S A S

Vo= FoSs X
T Joule = 1 Newbon x 1§mehre

One newion mstre is called 1 joulsa?lb con be
defined 2as the work done when 2 body is moved through
a distance of 1 metre on the application.of a force of
one newkon, '

Lei us work dub now a problemo {

Calculate vhe work done to 1ift 2 méss of 5 kgs
through distance of 2 me treso,

B T T T e T T T TR T G U

Now in rhils problem the value of force is notb
given, But we know Lhe weight of the body = mg. Lo 1lift
this body we have Lo exert a fore equivalert to mgo ilata,

P=mg =5x0G.,81N

Disiance moved in whe dirsdbion

of force 3
3=2m

W=7FS5

= 5 X 0,8 x 2 = 9,8 joule,

How much work is done by a force of 10N '‘in moving an object
through & distiance of 1m in the direction of the force?

W o me e B wee wom me Toee WO e EnT Wy G B o Mok Wm Wed W WS e Weer  Me W WO M W e

Compute Lhe work done by a man weighing '60kgs in carrying
a load of 40kgs at his back through 2 distance of 10m in
(i)the vertical di mction, (ii)horizontal direction ang
(iii)up a smonth inclined plane which rises 1 in 10,

. e TR o wwm wem e e e WD oow e Uhe e e wan o W e

‘
e WO Wy et mEY cher s mne W WW WO g e e s e ) e s e

e e M Wy W Wrs way  e eo W e e e D0 wr Gew e ke e
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Topic B: VWork

Self Bvaluaiion Material (SEM)

Yhat is mean. by uhe wverm ‘work’ in physics? How is
iL relaved vto force responsible for doing work?

e m ww Wow yum XaD o Tee RS 4w X wem e wmw veer G wWa e — ey mow W e
B R ™ ) D T I T . R T S
D I R . e — e WEE - e Swe e wno
————— M e e s wow e waw  me mor  mew S e e e e s wer Xawr Gear e

Explain the conditicng under which no work is dons
even when 2 force is appliedo.

A body 1s moving wiith a uniform spesd along uhe
clrcumference of a frictionless circular path, Is
any work being done on Lthe body? Discusso

— v e e SGEN mesy  mess M W wes e Emor A WD WO MY M RGN0 e W W e WA S e

4 horizonuial force of 25,0 N<Lons is required uo
push 2 table of mass 50 kg acrcss 2 room, How much work
is done in pushing the wable uvhrough 5 W?
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5. A man Lies & rope around a heavy rock and pulls 1k
with 2 force of 50 kgf until he 1s tired, bub fails
Lo move the rock, Fin. he amount of work dons on
the rocke.

— e wen  mer e wme Mooy Gmm mE GH OO LT weed  samg  wea W WA e more  MEY s aee WD SRT o e

— e wee e oo en e WD mRy m D VRO maw v RS om0 e WD e e W e e e Tae

6o 4 crans loads cars into 2 freighler, Bach car weighs
1000 kg and mus s be lifted 20 m and then moved 10 m
horizontally, Pind the 2mount of work doneg,

ey e Ty Mag e Cn WA RO S ST M maN ATe  CHD WED M W e MO e s Gk DT b
e W s e e WOR M wea Son WEO WY MW G WDy Moe  Tee Woe e W W Wmer e oo Ms e
e wEr GEn e Wem e D eI s W e S NGH Sews e ST GRS G MDe  wwes GLo s wwe M e ORe  mEme

e I T B R e R

KEY TO SLM
1e work done, forct, displicemen. 20 ZEYD 30 ZCYD
4o 3/b/c/d 5. & 6o Newron, mebres To 10 J
8, 9800 J3; 0 Js 950 J

KbY 10 SEM

30 25OJ 50 9808}( 10 J 4, 0



016

Topic 9 3 POWER
CLASSROOM LEARNING MATERIAL  (CLM)

Task analysis

Problem Solving

Power = W/t
5 / L——-----\
( work

ferce

—

mass acceleration

3 NE

time k velocity

—— o 4

displacemen

Fige 91 Task analysis map - Power

Learning Hierarchy
IX

- FVIIID
VITIC i

VITIB | )
VITIA

)
!
N/

T (G
< I

Fige 942 Learning hierarchy map = Power
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yopic 93 Power

T Y

Me following 2are wshe learning objectives in the
learning hierarchy shown in ¥ig.9.2 o

When the topic 1s compleived the siudents shou 1d
should be abls Lo 3

Iorecall displacement

IT.recall whe measurement of time
IIT.recall velociuy

IVoreczll acceleraition

Vorecall mass

VI,recall forcs
VII.recall work

VIII,A.define power
B.express powsr as w/t
Cogive the unit of power
Dorecognise iLhe effecis of power

IXss0lve problems

Revigion of Councepts

1oDisplacement
2o.{1ime
3,Velociny
4odccelaraiion
5 OM-SS S

6.Force

7.lork

Evaluaticn

1o Define work, force, mass, acceleraiion,

2o Wha. are the uniits of work, force, mass,
acceleration, velocity, uvime aml displ acement 2
3,Glve the ma.hemasical expression for force, wark,

accelerarion and veloclitys
4o, In the above mewnioned list which are vector
guantitizss and which are scalar gqun.ities?
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8. Power

A measure of the rave ai which work 1s do
by 2 force, - ;

Type of Cuantitys Scalar
Wiritten Representations P
4 »
Specifications Magnitude, Obbtained as the amount of
work done by the force in one se¢condo, ﬂ.asurcd in watt (W),

Mathematical Expressions The mdwnlbuac of power is,
obtained as the rawio of the totdl work donc by a2 force ko
the Lime elapsed in doing the work. .

Towal work done T
Time taken

Wk

Powe¥®
Or P

it

Watt is the unii of power and is 2 meisure of Lhe
power developed. ;

Written Repressnhaticns W ,
Specificaivion: One wat. is the quanticy of power
developed or expended when one jouls of work is done in
one secorndo
1 _Joule -1

T Steond ° OR 1 W=1Jds

1 Wakh =

-Larger units like kilowast (1KW=1000W) and
Megawatt (1MW=1000,000W) are 21lso ussdo

€080y 2 parsicular machine is saia;bo be more
powerful than another, if it does the same amount of work
in less btime ordoss more work in the same nlmeo

Suppose 2 man firsty climbs & shalrcase slowly; on
reaching the btop he does not feel exhiusbed, Second time
he climbs the same sbaircase rapidly amd feels exhausted
on reaching the t0po In both cases the work éone by him
is the same; however, in the first case bLhe power
developed is less since time taken is more, and in the
secord case lhe power developed Is more,

Nowes There is also anothir unit used usually
by Engineers known as Horse Pover,

1 HoPo = 746 W
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Bvaluation
1.What is the S.I. unii of Fower? |
2.Define Power. ;
3.For doing the sam. work if uhe time is reduced
Lo half what happens to the power?
4oWhat is vhe relaiion betweel watks and joules/sec?
5.Can the power >f two machinss be different when
the work done by the two are the same?

9, Problem Solving

i
i

Example:

1o How much power is needed Lo 1lift A 30 kgs load of
bricks to a height of 20m on a building under
consideration in 10s? g

Vork done = mgh
= 30 x 9,8 x 20J

]

W/ :
20 x 9,8 x 20

10 ,
588 W ‘

Power

it

1

2. Pind uhe power of an engines which lifts 200,000 kgs
of coal in two hours from a mine 360 meLres decp.
Given g = 9,8 m/sec?, -

Solutions

Mags of the coal 1lifted by engine =.200,000 kgs
Time uaken = 2 howmrs = 2 x 3600 = 7200 secords
Depth of the mine = 360 metres ¢
Engine has to do work agains¢ Lhe force of gravity;
in order ¥ 1ift the coal the force which the engins
has to apply 1s sgqual and opposite to the force of
gravibty or weight of the coal,

8
~
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Popic 93  Power . :

8elf Leaming MaLerial (SLM)

W
4

In bthe prsvious 5opic we discussed aboul the work
done when a force is applied. How guick it can be done is
also of prime imporblance Lo uso

Suppose two pe rsons- one weak and annbther sirong,
draw water from 2 well, If bo:ih have driwn one buckch of
warer, they have dons egqual amount of work. The
difference in doing so will be th3at the.stronger one
nush have done the work in a shorler time comparsd ho
the weak one, We can say, then, the sLbronger one is more
powerful or :ho power wilth which the work done is more,

Then whau is power? It refers 1o work done with
respect Lo bim: . For performing an amount of work if one
rakes more time then the power is lessy/ cn Lhe conkrary
if the time oaken is less then power isgmoreo

e e eoy G mos W AT MR BNy KO EDw UTO SW GO e EDX fon WO DNS SEW  Gwes S weer M e mer  REST  ae W me

"

therefor., we can dsfine power as_

— v may eem e Gow e wen s WG GO oW W RS w e MM e Mee ess Wew  Gmo e s s
. (‘!)

G e WD s MO MO e WS WS Wy e W MGG mew e e e e W e s W WO Waeaamy

- wer et WER  mEe MR € oUW RET  mev  WEY e e e e mme M mme ST Dwe e mwe s D3 sor BRI Som W e
. [

N -2
The wnitv of vime is_ _ _ _ _ _ 0 C 0 e e o (3)
The unit of work is_ _ _ _ _ o 0 o oo (4)
The Mathemasical expression can be represented
with help of unit as o
W Joule
P = = Y = = aaooa/SeC (5)

t 2692329 f‘

Therefore the unit of power is_ _'_ _ _ _ _ (6)

.
;

- me mm e e me e mm mm e e mm e e S e e b e o e o m— wom we -
+ 3

Thig unit is also known as watt; bigger units like
kilo watts and mega wablLs are also extensively used, We
have secn thasy 1 wabe = joules/sec



_______________________ —_ ()

Work is 8_ _ | . e e e o quanflbyn

Time is a _ _ _ _ _ _ _ _ _ quantity. (8)

Power is 3also a_ _ _ _ _ _ _ _ quam uilyo (9)
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm “

Lel us now go to problem sol vinge

1

Find the power of a person weighing 3C kg when he
works in climbing up a stailrcase having a h€10ht of 15 m
in 25 seconds. Take Lhe value of g = 1Oms‘2

Po calculate power, we must be alle to find out the
work done and the-tLime taken,

Here in this case for climbing up he bas Lc apply
a force equal o his weight,

Weight of the nerson P = mg

Height covered = hm

ooo Work done W=FXS= 329% 232
DOOODOD 30 X s0n0000 X 15

Power = = D5

oD OIOD

it

180 wabiso |

An aukomobile weighing 30, 000 kg moves up an
inclined plane rising 1 in 100 at Lhe speed of 30 km/h,
Calculate the powsr of the engine, Neglect friction and
air resislbance. .

Take g = 10 me ™2 .

For an inclined plane rising 1 in 150 means that for
even 100 unics of lengkth of Lhe plane x 1Ls heighst
increagses by one unite !

Phis means what Sin 6 = -G8k o]

/ F - 100
’

"




o
o
Do

We know tha. when the
force is inclined wiuh bthe
direction of movemeni bhen
force = PCogB, Bul herc =negle
between bthe force and isho
plance of movemint is 90 - ©
Lthen force = F Cos (90 - ©)

Here, F = mg

o

o o TForce required for the body LO MOVE = M XoooX Sind

We know the equation for pow:r

Vi
G

But v =~%—

Yhus,

we can wrike Power = F X 6203000

Now Subsitinuting the values

p = L8 Sine x V

ssvs000 X 00310000

i

25000 W

- aodnas ekl (10)
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Toplc 93 Power

Self Fvaluation Material (SEM)

I, In the blank space ai the right of each statement
write the word or expression which BEST completles the
meaning,
1oMass is miasured ineoloo ! 1

T M W WER N wess WS wCr WM e

2.Velocity is Lthe rate of

change inoo2oo — e - 2
3o,Velocity is measured {
ineodeo O __ 3
4oThe mathemavical exprsssion :
for acceleration iSeoboeo e e e e 4
5.Force is the produck of — e e e 52
009200400 005b0 o — e = e e e e o o ob
6.Mass is a measure ofooboo e _____s
ToWork is the product ofeo78co  _ _ _ _ _ _ _ — e _Ta
andoolbeo o ____ 7b
Bolhe unit 5f work iSooBoo b 8
90Unit Of him€ iSnogoo _‘,i_,, ~~~~~~~~ 9
100.Power is the raie of doingeoloo_ _ _ _ _ _ ' _ _ _10
_ W .
110POWer- 0331{000 -”"I‘. wwwwwwww 13
12oUnit of power isoe 941-' -~ '._ mmmmmmmm 12
13, 1 Joules/Sec = 1051800 e e 13
14. 1 horse power = ,,.15..Wattbs - L ________ 14
KEY 70 SLM ;
20 P =W/t 3, scalar 4. doules 5o.doulcs/sec 6.Joules/sec
BoVector, scalar 9.5calar 10, 25KV j

KEY 10 SEM ) |
10 kgs 2.displacemnt 3.0/8 4om/s? S.mass and accelerawidn
6oInertia 7o.Force and displacement 8.Joule Gosec 10.,work
1%ebime 12 .watts 130Wabb 146 7460 .
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ropic 8 & 93 VWork & Power

Assessment Materil (AM)

Secuion 4

[45]
i

I.Complets the sentences using the mo suitable word/s:

Tohork ilgool ooquanﬁinyo e e o o - - — e — __1
20.2he factors on whichm the e . . _2a

work done depsnds ar€a.o.2oo

and e« oelo o e e v o . - _‘Qb
3.lhe producy of mass and

gccrleravion ar€ocodoo e e e e "B
doVWant is the unit ofeosdoo 4

5e¢The raws of doingoobsois
known s powers 5

Gothe uniuv of work in S.I.
unit iSoo6oo 6

ToWork is done only when an

objsct is ooToo in uhe
direction of forcs, 7

II,Define the followings

Ao Works

AEr D wtr wow e e Goe e e W A e e W e Wl ST s

— GRT we KT Wems  wwy W e WO WG WM T e TG SEe e wew e wpe o mor Dew e

bo Wakts

Section B

I1Is 1olhe product of force and

’

dislance iscolow ,..___..._..,..,..,..a,.a..,...’l
20.The expression for work done

when vhe displacemens S is

making an angle O with the

direction of force 18,0240 2



3.,bven on applicavion 1f the

displacement is zsrc then

the work donc iscodoo . [
4oWhat hiappens to vhe work don<

displacem-nt 1s doubledooboo _ _ _ _ _ . . o . - 4
50If the timc is reduced to half

for doing a work Lhe power

generaied becOmESoodoo L o -
6o.Power 1s also the product  _ _ o o o o o __ba
0fe0bd0020do0bboo _6b

woem et wam WS e W e e

IVeIndicale the most suitalle choice,

1o.In physics work is done when-—

a, LifLing an object from the
floor Lo Lthe wables
b, supporting an object on
your shoulder,
Co in preparing school lessons.
de pushing an objecte 1

EEYAYZL
2.7he Lwo fachtors which dewermine the work dons are @

3, force exerted and wsight of the body.

bo distance moved by ihe object and time required.

co displacement of the object and force in the
direction of displeaccment,

do magnituds »f force displzcement and time,

V.Does 2 man carrxying 2 luggage on his head on
a level road do any work? Justify your answer,

war s e s wem  DmY  wen  Toe was wwr  Sey NS Ve G sy WD W VA WS W W wen e M wers e

B T T e S R o T T T~
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Sechion C

Vi.4,What i1s the amount »f work dons when body is moved
through 2 mswres by uvhe application of a force of

‘?
10087
- e e e e e e e e o wm e e e e o w
— e e e e e e e o - - D —
e e e e e e e e - — - —

B.4 man whose weight i1s 100 kg climbs up 2 Lower
20 meires in holghe 2gainse Lhe force of gravityo
Calculate the amount of work doneo

S mme T Sem W wm e SR0  SSh TN WAN  WmM W W Y T WO e Swer e e mow  KAG MRS e
e o e wmn wen W wTm W ooer  Wee  wor woo Mo Gov WS o e WS WOR o ec o We WS smer
- w— mos Wz s woe DT wor waoe  Tae ke Lan MDy e WG3 WRE BED ST Wew e mE?  wmw e e e

Cod boy of mass 40 kg runs up a staircase carrying
10 kg mass 'in 10s, The staircase has 25 su€ps each
20 cm high, Calculate his (3) total power and
(b) useful power,

- o e wew ST S e e W e wer ww R b Wt ee e Ben | Rew W e e e e
< . - -

’.
W e mme iy WS W Cmee me W R VW e mam ee WA e S M e e e Vs e g
~
e e o W e Wel s Ve e e M e W e WS Ge  wee v mee e W e e

DoWhat is the power of a crane which 1ifts &
five 1000 kg girders in 30 s to % h-ight of
15 m, Calculav: the power of the crane in KW,

—u“-,)—::umm—-w-———nc-auw——u*—--—m-‘—
e e M Wor s e me e wer wes Gy S e WS e m e wme e o e e e wor e

W ew g ek s W NGON DEm WED WS BAO IO e BRS RO0 TR mee G WA W eme s e e



