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After completing th@il

e able to:

nd vector quantities:

Differentiat e
[A Aitude (size) only and that a vector quantity has magnitude and direction.
Students should be able to represent vectors graphically]

Justify that distance, speed, time, mass, energy, and temperature are scalar quantities.

Justify that displacement, force, weight, velocity, acceleration are vector quantities.
Determine graphically, the resultant of two or more vectors.

Differentiate between different types of motion [i.e; translatory, {linear, random, and circular);

rotatory and vibratory motions and distinguish among them ]
Differentiate between distance and displacement, speed and velocity.
Define and calculate average speed [average speed = (total distance travelled)/ (total time
taken)]

Differentiate between average and instantaneous speed (speed shown by speedometer of a
vehicle is the speed at any instant.)

Differentiate between uniform velocity and non -uniform velocity

Define and calculate acceleration [Includes deriving the units of accelerati

formula a = Av /At and using the formula to solve problems

that deceleration is negative acceleration ' NOCACEIatoNR.
Differentiate between uniform [ ifbrm acceleration
Sketch, plotand intey | -time graphs

[Thisincludes dete ape of a distance -time graph when an object is:

[(@) at re constant speed, (c) accelerating, (d) decelerating. Students are
als to know how to calculate speed from the gradient of a distance - time graph. It
also includes determining from the shape of a speed -time graph when an objectis:

(a) atrest, (b) moving with constant speed, (c) moving with constant acceleration.]

Use the approximate value of g as 10m/s? for
free fall acceleration near Earth to solve
problems i
Analyse the distance travelled in speed vs time &
graphs [By determining the area under the
graph for cases of motion with constant speed

or constant acceleration]

Calculate acceleration from the gradient of a
speed-time graph

State that there is a universal speed limit for
any objectin the universe that is approximately
3x10°ms”
[Students should just be aware thatéhis phenomen

relativity in any depth. The pur i “
limit]. O“@
o

: ﬂgdo not need to study
te that there is a universal speed




Mechanics is the branch of physics that deals with the motion of objects
and the forces that change it.

Generally, mechanicsis divided into two branches @@@

1. Kinematics o©

Kinematics is the study of hout referring to forces.
On the other hand, dyna s and their effect on the motion of

objects.

In OUW Ife, we observe many objects in motion. For example,
cars, buses, bicycles, motorcycles moving on the roads, aeroplanes flying
through air, water flowing in.canals or some object falling from the table to the
ground.

The motion of these objects can be studied with or without consnderlng the force
which causes motion in them or changesiit.

2.1 Scalars and Vectors

Before we study kinematics in detail, we should know about the nature of
various physical quantities. Some quantities are called scalars and the others

vectors. @ @©m
Ascalaris that pHysic @@ canbe
described templete .. nitude onl
‘\“‘ﬂ ag y.

Magn C udes a number and an appropriate unit. When we ask a
shopkeeper to give us 5 kilograms of sugar, he can fully understand how much
quantity we want. It is the magnitude of mass of sugar. Mass is a scalar quantity.
Some other examples of scalar quantities are distance, length, time, speed,
energy and temperature. Scalar quantities can be added up like numbers.

Forexample, 5 metres + 3 metres = 8 metres.

Onthe other hand,

A vector is that physical quantity which needs
magnitude as well as direction to describe it completely.

The examples of vector quantities are di C ﬁ@velocity,
acceleration, welght force, etc. The velgci %?kilometre per
hour (25 m s™) towards no 5& ‘)‘ ctor. Velocity is a vector
quantity because it has Zﬁ%@ m s and dlrectlon (towards north).
Vectors canno e scalars. There are specific methods to add up
vectors. These thods take their directions also into consideration.




ln the textbooks symbol used foravectoris a bold face letter such as A, v,
F and d etc. Since we cannot write in bold fa r, so a vector is

written as the letter with a small arr W B, F, d. The maghnitude of a
vector is given by italia | head. A vector can be represented

graphically by drawi tline with an arrow head at one end. The length
of line @WM‘% magnitude of the vector quantity according to a suitable
scale while the direction of arrow indicates the direction of the vector.

To represent the direction, two mutually perpendicular N e
lines are required. We can draw one line to represent
east-west direction and the other line to represent
north-south direction as shown in Fig.2.1(a). The
direction of a vector can be given with respect to these
lines. Mostly, we use any two lines which are
perpendicular to each other. Horizontal line (x X) is
called x-axis and vertical line (yy) is called y- ams,a\V makmg an angle 6

(Fig. 2.1-b). The point where these a rds north from east
as origin. The origin is usually @g@ axes Fig 2.1 (a)

are also called refere f F
A ve |ng from the origin of
the refer Xes towards the given direction. The % o E R
direction is usually given by an angle 8 (theta) with
x-axis. The angle with x-axis is always measured from ,
the right side of x-axis in the anti-clockwise direction. A vecidi malﬁng angle 30°
Example 2.1 with x-axis

For Your Information!

. i . -1
Draw the velocity vector v; a velocity of 300 m s EGr geagraphical direction  the
atan angle of 60° to the east of north. reference line is north — south
.'_,-f-_.:i--r-lut'm whereas for Cartesian coordinate

- system +ve x-axis is the reference.
() Draw two mutually perpendicular lines

indicating N, S, E & W. @ @ mN v .

(i) Select a suitable scale. If %@@@ﬂ %

then 300 ms™ arer

(ili) Draw 3 cm_li A an Angle of 60° O
starti owardsE.

(iv) Make an arrow head at the end of line OP.
The OP is the vector v. S Fig. 2.2

[ e Er——



Example 2.2

Draw a force vector F having magnitude of 350 N and acting at an angle of 60°

with x-axis.
3 e s q

(i) " Draw horizon lines to represent

X-axis an 3% nin Fig. 2.3. :
(if) 6N = 1cm, then :
350N = 3.5 ¢m ‘ s

(i)  Draw3.5cmline OQat an angle of 60° with x-axis.
(iv)  Make an arrow head at the end of the line OQ. The y
OQisthevectorF.

Fig. 2.3

We can add two or more vectors to get a single vector. This is called as
resultant vector. It has the same effect as the combined effec all the vectors to
be added. We have to determine both magnit of the resultant
vector, therefore, it is quite dl eren add|t|on One method of
addition of vectors i is.th

Let us add two vectors v, and v, having
magnitudes of 300 N and 400 N acting at angles
of 30° and 60° with x-axis. By selecting a suitable
scale 100 N = 1cm, we can draw the vectors as
showninFig. 2.4 (a). X
To add these vectors, we apply a rule
called head-to-tail rule, which states that:

@@@’; Fig. 2.4 (a)
0

To add a number ofv 1r representative lines
such that t omcndes with the tail of the other.
The re IS given by a single vector which is diracted

ta|I ofthe leSt vector to the head of the last vector.

31
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Measured length of resultant vector is 6.8 cm
(Fig.2.4-b). According to selected (¥cafe

magnitude of the resultant ve m
directionisangle 49°w

We can find ector of more than
two vecto ding them with the same way
applying head-to-tail rule. X

2.2 Rest and Motion ; Fig. 2.4 (b)

When we look around us, we see many things like buildings, trees, electric
poles, etc. which do not change their positions. We say that they are in a state of
rest. ~ '

If mmange its position with
W@Q@ﬂ% its surroundings, itis said to be at rest.
Suppose a motorcyclist is standing on the road (Fig. 2.5-a). An observer
sees that he is not changing his position with respect to his surroundings i.e., a
nearby building, tree or a pole. He will say that the motorcyclistis at rest.
Now let us see what does motion mean? When the motorcyclist is driving
(Fig. 2.5-b), the observer will notice that he is continuously changing his position

with respect to the surroundings. Then the observer will say that the motorcyclist

is in motion. “ -
If a body continuously changes its position with 18wl -
respect to its surroundings, it is said to be in motion. .

The state of rest or motion of a body is always e
relative. For example, a person standing i .
compartment of a Moy i o -

respect to the other he compartment but he is in motion with
respect to awm@nding on the platform of a railway station.
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2.3 Types of Motion

We observe different types of m
along a straight line, the blades

aboutits mean positiorﬁ
1. Translatory motior 2.\R
NN “

If the motion of a body is such that every |
particle of the body moves uniformly in
the same direction, it is called tanslatory _
motion. For example, the motion of a #s
train or a car is tanslatory motion (Fig.2.6).
Translatory motion can be ofthree types: Fig .6 The mofin o a train is translatory otion
(i) Linear Motion

If the body moves along a straight line, it is _

called linear motion. A freely falling body is : e 1S

the example of linear motion. Sr
(ii) Random Motion @r ular path (b) '.I';m moion . bee

If the bOdy moves ¥ Fig. 2.7 is random motion

(Fig.2.7) the motion(§ alled far ion.
(iii) CirculM
The motion of a body along a circle is called circular

motion. If a ball tied to one end of a string is whirled, it
moves along a circle. A Ferris wheel is also an example of

circular motion (Fig.2.8). Ci"“:?" '2‘*"80'“0"
: : Rl ig. 2.
e 5T BB T

the motion of this body is called rotatory motion. For
example, the motion of an electric fan and the drum of a
washing machine dryer is rotatory motion (Fig.2.9). The
motion of a top is also rotatory motion.

T —
3 ; R PR = RA A
. ' JICGLOT Y I
g )

w o
it m out a fixed
| % ory motion. The motion

Rotatory motion of a fan
Fig. 2.9

(Y

T e R e
When a body repeats

position, the moti
of a swing Wﬁﬂm(ﬁark is vibratory motion (Fig. 2.10).

Fig. 2. i '
33 ig.2.10  Vibratory motion




2.4 Distance and Displacement

We know that motion is the action @@@ rom one place to
another or change of position een the original and final
positions may be m ' % ither distance or displacement.

@Wg isthe length of actual path of the motion.

rson be travelling from Lahore to Multan in a car. On reaching
Multan, he reads the speedometer and notices that he has travelled a distance of
320 km. Itis the distance travelled by that person. Obviously, it is not the shortest
distance from Lahore to Multan, as the car took many turns in the way. He did not
travel along a straight line.

The displacement of an object is a vector quantity whose magnitude is
the shortest distance between the initial and final positions of the motion
and its direction is from the initial position to the final position.

We can also call this as the change in position.
Note that displacement is a vector quantity
whereas distance is a scalar quantity.

Followi
example will explain the @%{‘:ﬁ

erence
distance and displac(% ent,
Suppose a car trave

Fig. 2,11 '
sition A to B. The curved line is the actual path

followed -2.11). The total distance covered by the car will be equal
to the | of the curved line AB. The displacement d is the straight line AB
directed from A to B as indicated by the arrow head. The S| unit for the
displacement is the same as that of distance.

2.5 Speed and Velocity

| Brain Teaser! We are often interested to
5% = know how fast a body is moving. For
this purpose, we have to find the
distance covered in unit time which
is known as speed. If a body covers a
distance Sin timet, its speed v will be -

Do You Know?

The car while moving

on a circular road

may have constant
speed, but its velocity

Zritten as: 5 @b@}i@o@
g éime t
= vi ;

is changing at HO €
instant.w

he fastest land
mammal (cheetah)
and the fastest fish
(sailfish) have the
same highest
recorded speed of
110kmh™.




The speed is a scalar quantity. The Sl unit of speed isms™ orkm h™.

It is obvious that speed of a vehicle does not remain constant throughout the
journey. If the reading of the speedometer of the vehicle is observed itis always
changing. The speed of a vehicle that is shown by its s ﬁ’g&fﬁ.’&ny instant

is called instantaneous speed. Practi@l@@g verage speed. It

is defined as: %
Averade u; i@@ ance covered & Vi <
Total time taken t

xample 2.3
An eagle dives to the ground along a 300 m path with an average speed of

60 ms™'. How long does it take to cover this distance? _
Solution i
Total distance covered =5 =300 m
Average speed = v, =60ms”
Total timetaken=t=7?
Using the equation V,, =

Gl il S

Mount st. erupted
@ m rocks to
V., @@@W Pat velocities up to
Es iﬁg\ég% 400 km '
putting the values %

S0
t

The speed of an object does not tell anything about the direction of
motion. To take into account the direction, the vector concept is needed. For this,
we have to find the displacement d between the initial and final positions.

The net displacement of a body in unit time is called velocity.

If a body moves from point A to B along a curved path as shown in Fig.2.11, the
displacementd is the straight line AB, then

Displacement O M S (2.2)
Time

Velocity is a vector quantity. The E u% M@]e direction of

veloatyvns the same ast tofdi nit of velocity isalsoms™
orkm h™. Consider the movnng towards north at the rate of
70kmh™.To d| een speed and velocity, we shall say that the speed

Average velocity =

35




The vefocity is said to be uniform if the speed and ~ Time-lapse phnta @f

direction of a moving body does not change. If the ~ motorway traffic, the
speed or direction or both of them change, it is  velocity of cars showing

known as variable velocity or non-uniform velocity. straight lines. White lines

: : : : ! are the headhghts and the
Practically, a vehicle does not move in a straight line red lines are taillights of
throughout its journey. It changes its speed or its  vehicles moving in
direction frequently. The example of a body moving oppOSlte directions.

with uniform velocity is the downward motion of a

paratrooper. When a paratrooper jumps from an aeroplane, he falls freely for a
few moments. Then the parachute opens. At this stage the force of gravity acting
downwards on the paratrooper is balanced by the resistance o on the

parachute that acts upward. Consequently, the - ,;- : n with
uniform velocity. i Q@ @

2.6 Acceleration

Whenever th s Ject is increasing, we
say th ject’is acceleratlng For example, when
a car overtakes another one, it accelerates to a greater
velocity (Fig.2.12). In contrary to that the velocity
decreases when brakes are applied to slow down a ng R
gl . ‘ While overtaking, a car
bicycle or a car. In both the cases, a change in velocity  , cejerates to a greater velocity.
occurs. Fig. 2.12

Acceleration is defined as the time rate of change of velocity.

The change in velocity can occur in magnitude or direction or both of them. The
acceleration is positive if the velocity is increasing and it is negative if the velocity
is decreasing. Negative acceleration is also called deceleration or retardation.

Acceleration is a vector quantity like velocity, but the direction of acceleration is

that of change of velocity. If a body is moving with an !nitl I velo d after |
some time t its velocity changes to vf, cha v that
occurs in time t. In this case, r accelera’uon will be
average acceleratmo;“
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Change in velocity Fascinating Snap:

Time taken This is a photograph

fafallin apple
V.-V 0 g app
a, = ; ............. (2.3) som

av

es of
Equation (2.3) can be written as _a,, m @ Qo captured
The Sl unit of accele by the camera at 60
flashes per second.
The widening spaces
between the images |
indicate the

J Lk acceleration of the
If time rate of change of velocity is constant, apple.

the acceleration is said to be uniform.

Average acceleration=

If acceleratmn ais g 2.3 can be

If anyone of the magnitude or direction or both of them changes it is called variable
or non-uniform acceleration. In this class, we will solve problems only for the
motion of the bodies having uniform acceleration and not the variable acceleration.

Example 2.4

A plane starts running from rest on a run in the figure
below. It accelerates down the run-way-and.a n@% ttains a velocity of
252kmh™. Determinethe average accatera _, plane.

t=20s

Solution:

Initial velocity = v=0
Final velocity = v,= 252 kmh™
252 x 10° m

o = -1
elise v e Tl g

Timetaken =t=20s
Average acceleration =a,,=?

USing 2a. G2t

Putting the \ialuet; 5 KO“@@@W@O




2.7 Graphical Analysis of Motion

A graph is a pictorial diagram in the
form of a straight line or a cu i
the relationship Ical
quantities. Us @ a graph on a
paper qu%lly spaced horizontal and
vertical lines are drawn. Generally, every 10"
line is a thick line on the graph paper. In order
to draw a graph, two mutually perpendicular
thick lines xox and yoy are selected as x and y
axes as shown in Fig 2.13. The point where the
two axes intersect each other is known as origin O. Positive values along x-axis

are taken to the right side of the origin and negative values are taken to the left
side. Similarly, positive values along y-axis are taken above the origin whereas

negative values are taken below the origin. Normally, the indepe mt quantity
is taken along x-axis and dependent variable @bs. For example,
in distance-time graph, t is indébent Mdent variable. Therefore,
t should be along x- ' Xis.

Tore i cal quantity along any axis, a suitable scale is chosen
by coni\@ﬂﬁmj

minimum and maximum values of the quantity.

Distance-time graph shows the relation between distance S and time ttaken by a
moving body.

Leta car be moving in a straight line on a motorway. Suppose that we measure its
distance from starting point after every one minute, and record it in the table
given below:

Fig. 2.13

Time
t (min)

] | e Lo T
7 (\
O AL
MR

0 1 2 3 4 5




Follow the steps given below to draw a graph on a centimetre graph paper:
(i) Taketime talongx-axis and distance S along y-axis.
(i) Select suitable scales (1 minut

along y-axis. The graph pa - '

(i) Mark the values : :
andyax he scale AR

(iv) Plota values of time and distance by
marking pomts on the graph paper.

(v) Join all the plotted points to obtain a best \ 36
straight line as shown in Fig. 2.14. From the T24
table, we can observe that car has covered ,
equal distance in equal intervals of time. This i i 1
shows that the car moves with uniform  © 72, .4 > %
speed. Therefore, a straight line graph Fig. 2.14
between time and distance represents motion with uniform speed.

54333:?

v

Now consider another journey of the car as recorded in the table gi (,e:\below

o N R P e D
D;s(tlfrr:se ¥ %\K\mv&)\%\“ 2160 | 3840 | 6000

u‘.-’
Table showa goes on increasing in equal intervals of time. This is very
obvious from the graph as shown in Fig. 2.15. The graph line is curved upward.
This is the case when the body (car) is moving with certain acceleration.
y




In another case, consider the following tat?_[\e(;f\i\j']@(g@@m

Time ORZR\RIRN N

Dt‘ (min) o?’\ J&\%&V\Qx\a)\f 13 4 5
iIstance

S WN@OQ\X\S %9 3.1 40 46 5.0

N :
The%“\ILUJWme is curved downwards. This shows that distance travelled in the
same interval of time goes on decreasing, so speed is decreasing. This is the case
of motion with deceleration or negative acceleration as shown in Fig.2.16.

0

Now consider aqo%%\@@m
&WW Bl 2 3 4 5

Distance '
S (km) 1.2 3.2 12 1.2 1.2 1.2

o

Graph line is horizontal in this case (Fig. 2.17). It shows that the distance covered
by the car does not change with change in time. It means that the car is not
moving; it is at rest.

1
1

B E ,,-M@g@m




2.8 Gradient of a Distance-Time Graph

The gradient is the measure of SIOE? Re?
ofaline.

Consider the distareg
uniform spee in\Sele W
valu e-t, and t.. Draw two
vertical dotted lines at t, and t, on
x-axis. These lines meet the graph at
points P and Q. From these points

draw horizontal lines to meet y-axis

at §, and S, respectively as shown in 3 (& -t) §
Fig.2.18. : 3
Distance covered in this time W i R =
intenvabis’ TR ET Y Fig. 2.18

Time taken b-ti =t

Slope 1= —=

= m@@@@

Fr il —F = V., the average speed during the time interval t.

The slope or gradient of the graph is the measure of tangent Bg@mngle RPQ:
RQ 0 -

Slope

Figure 2.17 shows that —S— = tan @ = slope of graph line, therefore,

Gradient of the distance-Time graph is equal to the average
speed of the body.

2.9 Speed-Time Graph

Suppose we can note the speed of the same car after every one second
and record it in the table given below, we can draw the graph between speed v
versus time t. This is called speed-time graph.
e S B B
Speed v




Take talong x-axis and valong y-axis. Scale can be selected as 1s = 1 cm (x-axis)
and speed 10ms ™ = 1 cm along y-axis.
Shape of the graph is shown in Fig. 2 19 It is a stra g
shows that speed increases by the sa
motion with uniform acceleratic

AN @ T ) h‘

ht-line- '@ﬂ pward. This
. @ A% e second. Thisis a
lom the table.

=

—)t (s)

F%g @ cofi

Now consider anothS as ecorded in the table given

below:

B g =4 W o g -, : 1
/ 2] SN 4 S R ;:-1‘?'7.-3'8\- B -ﬁ'..-;t R e et )
St i [ 0 e O L S5 S S e N of s Rl R o et S e il v U T Y T e
" L i . v g n " A -

S(f’neiﬂ)" 20 1 20~ (=20 201 207} 20

In this case, graph line is horizontal (Fig. 2.20) parallel to time x- axis. It shows that
speed does not change with change in time. This is a motion with constant
speed.

O‘X “ Fig. 2.55)




2.10 Gradient of a Speed-Time Graph

Now consider the speed-time graph (Fig. 2. 21) The spee

Wnd t, are
v1 and v; respectively. The change in spee @ 2 - t1) is (V2 -vy)

Therefore,

Slope

or Slope

Slope

But % = a, the average acceleration.

H
e Gradient of the speed-Time graph is equal
gy CONU!

to the average acceleration of th
This shows that when a car moves w

eight for equal intervals of time.

in Fig. 2.22 to find its slope. The speed v; at
vz attime t,, hence, the change in speed is also zero

When the speed of the object is
constant, the speed-time graph is a
horizontal straight line parallel to time
axis. i R R LB s X
This shows that the acceleration L Fig. 2.22

of this motion is zero. It is the motion without the change in Speed

2.11 Area Under Speed-Time Graph

speed-time graph. For example ig é
with constant speed v '1%

asgivenby Eq.2.1is v{!&




This distance can also be found by
calculating the area under the speed-time T
graph. The area under the graph for time

interval t |s the area of recta f
andv.Thisareais shb

: O
and is equal , area under 3
speed-ty up to the time axis is |

numerically equal to the distance covered -
by the objectintimeft. ol
Now consider another example shown in T
Fig. 2.24. Here, the speed of the object
increases uniformly from 0 to v in time t.
The average sgged IS glven by o
szj Jﬁﬁ,\, @: P& q il
2
Distance covered = average speed X tlme 1/2vx t

We see that this area is numerically equal to the
distance covered by the object during the time
interval t. Therefore, we can say that:

The area under the speed-time graph up to the
time axis is numerically equal to the distance
covered by the object.

2.12 Solving Problems for

Motion Under Gravity

Three equations of motion are used to solve
problems for motion of bodies. If v, is the ini

velocity of the body, L th final
coveredandais th
v,=v + at
(3)

taken, S is the distance

5e vt+ _________
205— .............




While applying these equations, the followi
(i) Motion is always considered alos
(i)  Onlythe magnitude

(i)  Accelerationisassume :
(iv) TWﬁ ial velocity is taken as positive. Other quantities which
ar he direction of initial velocity are taken as positive. The quantities in

the direction opposite to the initial velocity are taken as negative.

When a body is falling freely under the action of gravity of the Earth, the
acceleration acting on it is the gravitational acceleration and is denoted by g. The
direction of gravitational acceleration is always downwards. Its value is 9.8 m BT
but for convenience we shall use the value of gas 10ms™.

" For Your Information!

Since the freely falling bodies move vertically

downwards in a straight line with uniform
acceleration g, so the three equations of
motion can be applied te eﬁﬁf such
bodies. Whil sguations” of motion,
@@Wreplaced by g. Thus,
3\%& motion for freely falling bodies
nbe written as:
VoW gl o mdeomsicsarnad (1)
Light and heavier objects when fall S= vt+ L gt" _____________ (2)
through vacuum, move side by side. 2
2US B win? 0 hsiseaitts (3)

It should be remembered that while using these

equations, the following points should be kept in mind:

(i) If a body is released from some height to fall
freely, its initial velocity v, will be taken as zero.

(i) The gravitational acceleration g will be taken as
positive in the downward direction. All other
quantities wil! also be taken as positive in the
downward direction. The quantities in the
direction opposite to the acceleration will be
taken as negative. A ~

(iii)  If a body is thrown vertica , 2 of free fall g is
of g will be negative ang 0ms ?forall objects.




An iron bob is dr
seconds. Find: (a) t
thegroun

@ Sooay/e
: %@&ower It reaches the ground in 4

' - e tower (b) the velocity of the ball as it strikes

' ¢

For freely falllng body:

Initial velocity = =0
Acceleration = g = 10ms?
Time = t = 4s
Height (distance) = S = h = ?
Final velocity = K= 7
(@) According to second equation of motion,
1
S=vt+ = gt

Putting the values, h=0x4s+ — x 10 m 2 « (4)? §? ngg
h=80m @©

(b) From the first equatlon of ot@n‘“@

Puttmg the values %V% k x 45 = 40 m s

An arro thrown vertically upward W|th the help of a bow. The velocity of the
arrow when it leaves the bow is 30 m s . Determine time to reach the highest
point? Also, find the maximum height attained by the arrow.

Solution

Here, acceleration will be taken as negative, for the arrow is thrown vertically
upward. '

Initial velocity .  =v =30ms"
Final velocity =v,=0
Acceleration =g=-10m s>
Time =t=7

Height S=h =2

From first equation of motion:

o
i v + gt@@@gg@@
Puuw —10m = 38

_




Now from the third equation of motion:

S

In 1905, famous scientist Albert Einstein proposed his revolutionary
theory of special relativity which modified many of the basic concepts of physics.
According to this theory, speed of light is a universal constant. Its value is
approximately 3 x10°m s™. Speed of light remains the same for all motions. Any
object with mass cannot achieve speeds equal to or greater than that of light.
This is known as universal speed limit.

KEY POINTS

* Ascalaris that physical quantity which can be described completely %)I gnitude

only.

* A vector is that physical quantity v@ic -‘ @W@%e as direction to
describe it completely. u

« To add a number o épresentative lines such that the head of
one line coinci I'of the other. The resultant vector is given by a single
vectwwe from the tail of the first vector to the head of the last vector.

« Trans motion, rotatory motion and vibratory motions are different types of
motion.

» Position of any object is its distance and direction from a fixed point.

» The shortest distance between the initial and final positions of a body is called its
displacement.

+ Distance covered by abody inaunittime s called its speed.

+ Time rate of displacement of a body is called its velocity.

« Thevelocity is said to be uniform if the speed and direction of a moving body does not
change, otherwise it is non-uniform velocity.

« Rateof change of velocity of a body is called its acceleration.

+ If change of velocity with time is constant, the acceleration is said to be uniform,
otherwise itis non-uniform.

» Agraph that shows the relation between distance and time taken b@@m body is
called a distance-time graph. a &

» Agraph that shows the relation
is called a speed-tim

« Gradient or slope o

timetaken by a moving body

graph is equal to the average speed of the
€ graph is equal to the acceleration of the bodly.
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* The area under speed-time graph is numerically equal to the distance covered by the
object.
» Following are three equations of motion:
V= v+ at

S veshoe 2\ @@@
+ Gravitational acceleration am &,- bodiesfalling freely. The magnitude of

gis10ms=. O“

AN

A Multiple Choice Questions

Tick (v') the correct answer.
2.1 The numerical ratio of displacement to distance is:
(a) alwayslessthanone (b) alwaysequaltoone
(c) always greaterthan one (d) equaltoorlessthanone
2.2 Ifabody does not change its position with respect to some fixed point,
then it will be in a state of:

(@) rest (b) motion
(¢) uniform motion (d) varlablemotlon

2.3  Aballis dropped from the top ofa tower r@@@&d by itinthe

firstsecond is:

(@ 5m (d) 100 m
2.4 Abody accele o a velocrcy of 144 km h™ in 20 seconds. The
dlS yitis:

(a) (b) 400 m () 1400m (d) 1440m

2.5 Abodyis movmg with constant acceleration starting from rest. It covers a
distance S in 4 seconds. How much time does it take to cover one- fourth
of this distance?

(@1s (b) 2s (©)4s (d)16s

2.6  The displacement time graphs of two objects A and B are shown in the
figure. Point out the true statement from the following: A
(@) Thevelocity of Ais greater than B. .
(b) Thevelocity of Ais less than B. T B
(c) Thevelocity of Ais equal to that of B.

(d) Thegraph gives no information in this r gard
2.7  Theareaunderthe speed-time g ‘m ' e

(a) velocity m unifo
© Wc@m

—f

(d) distance covered




2.8 Gradient of the speed-time graph is equal to: @@m
\ g\@; } fice covered
0 the:

(@) speed (b) velocity (c aﬁm

2.9 Gradient of the di =
(a) speed (b % istance covered (d) acceleration
2.10 A ¢a “uniformly from 80.5 kmh™'at t=0to 113 km h™
at t = 9's. Which graph best describes the motion of the car?

(a) (b) (c) (d)
; / ¢ V/ g
t

t t t

B Short Answer Questions

2.1 Define scalar and vector quantities.

2.2 Give 5 examples each for scalar and vector quantities.
2.3 State head-to-tail rule for addition of vectors.

2.4 What are distance- time graph and speed-time grz

g);o@@m

ation. Does this

imply that a heavier objett wiltfall fasterthanafighter object?
2.6 The vector quantiti % sametimes written in scalar notation (not bold
face). Howi ¢&ion indicated?
2.7 A body oving with uniform speed. Will its velocity be uniform? Give
reason. |
2.8 Isit possible fora body to have acceleration? When moving with:
(i) constant velocity

(i) constant speed

C Constructed Response Questions

2.1 Distance and displacement may or may not be equal in magnitude. Explain
this statement.

2.2 When a bullet is fired, its velocity with which it leaves the barrel is called the
muzzle velocity of the gun. The muzzle velocity of one gun with a longer
barrel is lesser than that of another gun with a shorter barrel. In m@@ﬁm is

the acceleration of the bullet larger? Explain your @O@

2.3 Foracomplete trip, average vel LR e e came out to be
positive. Is it possible$hat.itsingtar ocity at any time during the
trip had the negativ v% justification of youranswer.

o ;
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aact%ms to the ground in

ctly represents the motion?

2.5 The figure given below shows the distance - time graph for the travel of a

cyclist. Find the velocities for the segments a, band c.
b

L
T

2.0
= 1.8 7
1.6
14
1.2
1D
0.8
06

41
(@)

Distance—> S (km

c://’3
%

J l I ] I I T I L

i
Vo Q] &

Msmumwmzo
Time——>t (min)

WM at the velocity of an object is zero at an instant of time, but its
cceleration is not zero? If yes, give an example of such a case.
D Comprehensive Questions

2.1 How avector can be represented graphically? Explain.
2.2 leferentlate between:
(i) restand motion
(ii) speed and velocity
2.3 Describe different types of motion. Also give examples.
2.4 Explain the difference between distance and displacement.
2.5 What do gradients of distance-time graph and speed- -time graph represent"
Explain it by drawing diagrams.
2.6 Prove that the area under speed-time graph is equal to t ‘i“\ ce covered
by an object.

2.7 How equations of mo @me odles moving under the
action of grey k




E  Numerical Problems

2.1 Draw the representative lines of the following vectors:

(b) Aforceof 50N _
2.2 A caris moving w speéd of 72 km h™'. How much time will it
v - i
2.3 Atruckstarts from rest. It reaches a velocity of 90 km h™ in 50 seconds. Find
its average acceleration. (0.5ms™)

2.4 A car passes a green traffic signal while moving with a velocity of 5 m s™. It
then accelerates to 1.5 m s What is the velocity of car after 5 seconds?

(125 ms™)
2.5 A motorcycle initially travelling at 18 km h™ accelerates at constant rate of
2ms 2 How far will the motorcycle go in 10 seconds? (150 m)

2.6 A wagon is moving on the road with a velocity of 54 km h™". Brakes are
applied suddenly. The wagon covers a distance of 25 m before stopping.
Determine the acceleration of the wagon. -45ms?)

ground? What wﬂl@ e |tt|ng the ground?
(3s,30ms™)

2.8 Acar m wnth an average velocity of 20 ms™. Then it travels in the
same direction through a diversion at an average velocity of 4 m s™ for the
next 0.8 km. Determine the average velocity of the car for the total journey.

(154 ms™)

2.9 A ballis dropped from the top of a tower. The ball reaches the ground in
5 seconds. Find the height of the tower and the velocity of the ball with
which it strikes the ground. (125m, 50 ms™)

2.10 A cricket ball is hit so that it travels straight up in the air. An observer notes
that it took 3 seconds to reach the highest point. What was the initial
velocity of the ball? If the ball was hit 1 m above the ground, @‘hlgh did it

rise from the ground? m@@@ @w@ L

) Al

i—_

2.7 Astoneis dropped from a highﬁo ?I it take to reach the

46 m)




