KINEMATICS

KIPS MULTIPLE CHOICE QUESTIONS

1. SI unit of speed is:
a) ms’" b) mh"! c) kms dr)//\ll of these
2. The rate of displacement with respect to body is known as:
\a)/l)ist(}l\cc b) Speed ¢) Velocity d) Acceleration
3. Study of motion of the bodies is known as:
Heat b) Light ¢) Atomic physics  d) Mechanics
4. Study of motion without the reference of force and motion is called:
a) Kinematics \h){y"mnnics ¢) Heat d) Motion
5. The quantity which can be described by a number, with suitable unit only is called:
a) Vector b) Scalar ¢) Speed qh/ccclcration
0. SI upit of acceleration is:
\'\34:" b) kmh™ c) kms™ d) ms™>
7. If a body does not change its position with respect to some observer then it will be in
a state of:
a) Rest b) Motion VKJniform motion d) Relative motion
8. Ifa body changcs its pesitien with respect te seme observer then it will be in a state of:
a) Rest ~bj/Mot10n \ ¢) Uniform motion  d) Relative motion
9. In equations ofmotlon, quantities in the derCtl()n of initial velocity are taken as:
a) Uniform \lo’)/\/ ariable  ~ c) Positive d) I;Icgativc
10.  Rest and motion arc A --‘@1 states: , |
a) Absolute | b) Constant ¢) Variable , \,d’ﬁ{elatiye
11.  Such a type of motion in which every particle of a body has exactly the same motion
is known as:
a) Translatory b/(’ ibratory ¢) Rotatory d) none of these
12 When each peint ef a body moves around a fixed point or axis then the motion of
the body is known as: , :
a) Translatory b) Vibratory ¢) Rotatory \d{ none of these
13.  When a body moves to and fro about a point and repcats its motlon again and again
yhe sam%e,pomt,thcn this motion is known as:
= N Translatory b) Vibratory c) Rotatory d) none of these
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14.
15.

16.

17.

18.

19.

20.
21.
2.
23,
24,

25.

26.

217,

The motion of the st.;i;?! a violin is: ooy &) one of these
a) Translatory Vibratory ) .
Total length between two points is known as: i —
Velocity b) Acceleration c) Speed
The shortest distance between two points is known as: O stance
a) Velocity b) Displacement va’gpeed .d) 1S
The distance and direction of a body from a fixed point shows its: |
\zf<’ elocity b) Acceleration c) Speed d) Displacement

Speed is a ===~ 28 quantity

. a) Vector Scalar c) Both d) none of these

a) Uniform \b'ﬁ/ ariable ¢) Constant d) All of these
Rate of change of velocity is known as:
a) Distance b) Speed ﬁ@)’{elocity d) Acceleration
If the velocity of the body is increasing then its acceleration will be:
a) Positive b) Negative ¢) Uniform Wiable
If the velocity of the body is decreasing then its acceleration will be:

Positivg b) Negative ¢) Uniform d) Variable
It)' ;he '\t'.elocity of a body is uniform then it:;c}eleration will be:
a) Positive b) Negati
If velocity of a body cilangg::l::ua“ g Ze.r ° D Doubled_ : h
will be: Y In equal intervals of time then its acceleratiol
a) Uniform b){ar |
The ve.locity and acceleratllil:lleof a bod 7 C(.mStanf ) £y Reive X 4
path will be: Yy moving with uniform speed in a cerPl’

N?In the same direction '
) Mutually perpendicular b) In the opposite direction
d) Equal ’

If a body covers equal distance in equal intervals of time, however small the

intervals may be, then the speed of the body is known as: ;
a) Uniform b) Variable ¢) Constant \,d'{ All of these :
If the speed and direction of the moving body does not change with time then its
velocity is said to be: 7

Uniform b) Variable c) Constant d) All of these
If the speed or direction of the moving body changes with time then its velocity lis
said to be:
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28. The direction of motion of body and acceleration is in same direction then
acceleration will be:
a) Uniform \Bﬁositivc c) Negative d) Zero
29.  The direction of motion of body and acceleration is in opposite direction then
: acceleration will be:
\(ﬁcniform b) Positive c) Negative d) Zero
30.  The quantity which are described by magnitude as well as direction is called:
_a) Vector *b'{::alar c) Speed d) Acceleration
31.  Inequations of motion, motion will always be taken along -------- -- line
~a)/(3ircular b) Straight ¢) Elliptical d) None of above
‘ 32.  In equations of motion, Acceleration will always be: '
a) Uniform b) Variable v)’ﬁosmve d) Negative
33. In equations of motion, initial velocity will be taken as:
a) Uniform - b) Variable ositive d) Negative -
34. In equations of motion, quantities opposite to the direction of initial velocity are
taken as:
a) Uniform b) Variable ¢) Positive K@egative
35.  Which is not the value of ‘g’ in SI at sea level is:
a) 9. 8ms™ b) 980 cms” c) 32fts™ ‘ \d')éll of them
36.  Series of experiment on free fall of heavy bodies was performed by:
a) Newton b) Einstein ‘ *eﬁihleo d) Al- Kundl
37. When a body is falling freely under the gravity then in equations of motion ‘a’ 18
replaced by: ' \/ _
a)m b)d c) S - 0)g
38.  Ifabody is falling under the gravity then its initial velocity will be:
a) Positive b) Negative ¢) uniform \d')éro
39.  If abody is falling under the gravity then its gravitational acceleration w1ll be:
v)é)bsmve b) Negative ¢) Increasing d) Zero
40. = If a'body is thrown vertically upward then its final velocity will be:
a) Positive b) Negative ¢) uniform Zero
41.  If a body is thrown upward, then its gravitational acceleration will be:
a) Positive Negative C) Increasmg d) Zero
42, A ball is dropped from the top of the tower. The distance covered by it in the first

second is:
¢) 50m \a@

a) 100m b) 10m
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43, If a car is moving with uniform speed in a circle then its velocity will be: _:‘
a) Uniform Variable ¢) Zero d) None of the aboy, -
44. There are =------===="= equations of motion which are used t0 solve the problem,
about the motion of bodies: ;
a) 1 b) 2 C’)/3 d) 4
45.  What are points (x,y) of 2 point called? ) J
- a) Dependent variables b) Axes f%o-ordinates ~ d) variables |
46.  Which of the following can be in motion? |
a) A picture b) Anaeroplane €A plat form M round
47. What type of motion is that of freely falling bodies?
é) Rotatory ) Circular c) Vibratory d) Linear
48.  What is the study of motion of bodies without reference to force and mass called?
a) Mechanics Kinematics ¢) Dynamics d) None of these
49, A body is moving with uniform velocity what js its acceleration.
a) tve b) -ve *(é::ro d) none of these
50.  If t=0 then the distance is
a) S=Vi b) maximum ¢) minimum &) zero
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KIPS SHORT QUESTIONS
Q.1 Define Kinematics. ‘
Ans:  The study of motion of an object without discussing the cause of motion is called the
kinematics.
Q.2 Define dynamics.
Dynamics deals with forces and their action on the motion of bodies.
Q.3 Differentiate between Kinematics and Dynamics. p
Ans /
Definition: Definition:
It is the study of motion of an object without | The branch of mechanics that deals with
discussing the course of motion the study of motion of object and course
Without force and mass: ' of its motion is called dynamics.
It is the study of motion of objects without | With force and mass:
the reference of force and mass It is the study of motion of objects with
i reference of force and mass.
Q.4 Isthe state of rest or motion relative or absolute?
Ans: The state of rest or motion is relative because there is no absolute motion or rest
Q.5 Why the motion of falling ball is lincar not random motion.
Ans: Motion of Falling Ball:
The motion of falling ball is linear because it fall in a straight line not in irregular or
disordered path.
Q.6 What Brownian Motion? 'Vﬁ? 2NN y
Ans: Brownian Motion: N
Random motion of gas molecules is called Brownian motion.’ <
The Brownian motion of gas or liquid molecules moves along a zigzag path.
Q.7 Differentiate between scalars and vectors quantities '
Ans: Difference between scalar and vectors quarntities:
T Kinematics ol o il
Definition: Definition:
A physical ‘quantity that is described | A physical quantity that is completely
completely by its magnitude and unit only is | described by its magnitude, unit and
called scalar quantity. direction is called vector quantity.
No Direction: J Direction:
It does not requires direction It requires direction.
Example: Example: '
Length, mass, time, temperature, pressure, Velocity, force, - displacement,
speed momentum, torque.
Q.8 How vectors can be represented?
Ans: Representation of Vectors:

Symbolic Representation:

To represent vectors we generally use bold letters to represent vectors.

Example:
F,a,d
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Q.9
Ans:

Q.10

Ans:

n SymbOIS: 0 ATTOWS

gcncrally use bar 0

Ba} or Arrows 0
To represent yectors we
Example:

F,adonF,ad - ’
Graphical Representation: by aline segm

Graphically a vector can be represe
sent the v

Example: B repre
ine se rrow head at . .
1.1": Il?;cs;ir;sﬁ:] elected scale. y/hile the
gives

gives the direction of the vector. )

ent with an 20 head

ector. The length of the lin,
AB with a direction of the line A B |
de the vector on @ S

Difference between speed and vclocﬂity
d and Velocity:

Difference between Spee
Definition: }

Definition: . o
The distance covered by an object in unit | The rate of change mn disp acement of 2|
time is called its speed. body is called velocity. .

Direction:

No direction: : o
It requires no direction It is required direction

Formula: Formula:

distance covered . displacement
Speed=""ime taken Velocity="4i e taken
Scalar Quantity: Vector quantity:
It is a scalar quantity It is a vector quantity
Define

(a) Uniform acceleration

(b) Deceleration

(c) Average acceleration

(A) Uniform Acceleration

Definition:

A body has a uniform ion if i T

" thaecicnetlecr;fg;org al)f; 1btehas equal charges in velocity in equal intervals of
(B) Deceleration . ‘
Definition: : s

Acceleration of a i .

negative accelerati:r?(g ;;p‘::!i%:i;lt\;et;)f \(/;locity. of the body decreases, the direction of

acceleration is also call e direction in which the b is movi legative
ed declarat; : e body is moving. Neg

(C) Average Acceleratiy. aration or retardation, y g

Definition;
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Q.11 Doesa speedometer of a car measures its velocity?
Ans: Speedometer of a Car . .
The speedometer of a car measures only magnitude of velocity not the direction.
Therefore we can say that speedometer of the car does not measure its velocity.?
Q.12 Whya body moving along a circle with uniform speed has variable velocity? .
Ans: A body moving along a circle with uniform speed has variable velocity because 1tS
direction is changing every time at every point on circular path.
Q.13 Can a body moving with certain velocity in the direction of east can have
acceleration in the direction of west?
Ans: Yes, a body moving with certain velocity in the direction east can have acceleration in the
of the body decreases. When velocity

direction of west. It is the case when the velocity

decreases, acceleration is produced in opposite direction to the direction of motion.

Q.lﬂ* What do you know about graph?

Ans: GRAPH:

Graph is a pictori
various quantities. The quantities used in plotting a graph or ¢

Independent Variable Quantity:
The quantity which can be changed with our wish is called in dependent quantity.

Dependent Variable Quantity
The quantity, value of which varies with the ch

called the dependent variable quantity.
Q.15 A line parallel to time axis in distance time graph shows what?

Ans: Line Parallel to Time-Axis in Distance Time Graph:
The line parallel to time-axis in distance time graph shows that object is at rest speed is
zero. The distance moved by the object is zero. :
Q.16 A line parallel to time-axis in speed time graph shows what.

Ans: Line Parallel to Time-Axis in Speed-Time Graph
A line parallel to time-axis in speed time graph shows that the object is moving at a

al way of representing the information about the relation between
alled variables. '

ange in independent variable quantity is

constant speed.

V(ms-1)
'6 A
4
Gl
l 1 | _X(s)
0 5§ 10 15
Speed time graph

Showing constant speed
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Q.17

Ans:

Q.18

/ Ans:

Q.19
Ans:

What does
a) Slope ©
(b) Slope of t
(c) Area under

f the dis
he spe¢
the spe¢
pe gives us the speed of the body.

of Distance GraP
I(:)disslt(;lr:zc (speed) time 8P h the slo
V(ms-1)
30 4
20
10
t(s)
) ] 7
0 5 10 15

b) Slope of Speed Time graph _ a
"(Fh)c shzi)pc of speed time graph gives us the magnitude of the acceleration.

V(ms-1)
4
4 —
2 —
t(s)
T | >
0 5 10 15

(c) Area Under Speed-Time ' .
h is equal the distance covered by an object.

The area under speed time grap
What do you know about Gravitational acceleration?

“Gravitational Acceleration”
If we neglect air resistance then all the bodies either heavier or lighter will fall down with

uniform acceleration. This uniform acceleration of freely falling bodies known as
gravitational acceleration. It is represented by ‘g’ its value is 9.8 ms-2, but for simplicity

we shall use the value of g as 10ms’
What are the points kept in mind where bodies are moving feeling under gravity

When bodies are moving in downwind direction:

e _Initial velocity ‘ Vi’ of the free falling body will be zero.
o Gravitational acceleration will be positive.

When bodies are moving in upward direction

o Final velocity (vf) of the body will be zero.

o Gravitational acceleration will be negative.
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Q.20 When a body is thrown vertically upward its velocity at the highe

Ans:

Q.2.1
Ans:

Q.22
Ans:

Q.23
Ans:

Q.24
Ans:

Q.25
Ans:

st point is zero,

why?

When a body is thrown vertically upward it m
attraction of the carth. After every second the ve
and ultimately become zero at the highest point. That is w

becomes zero at the highest pint.
A body is moving with uniform speed will its velocity be uniform?
UNIFORM SPEED

If a body is moving with uniform speed m
direction of the body is not changing then its velocity will be uniform.
Example 1

A car moving in a straight line will have uniform velocity

Example 2 -

A body moving with uniform speed in a circular pat
its direction charges at every point.

How you will define the rest?

If a body does not change its position with res

a state of rest.
Surrounding are the places in its neighborhood where various objects are present.

How you will define the motion?
If a body continuously changes its position with respect to surroun

be in a state of motion.
How we can say that rest and motion are relative states? :
The state of rest or motion of a body is relative. For example, a passenger is sitting in the

moving bus is at rest because he/she is not changing his/her position with respect to the
other passengers sitting in the bus. But to an observer outside the bus, the passengers and

objects are in motion because they are changing their positions.

Define Rotatory motion.
The spinning motion of a body around its axis is called rotatory motion.

Example
e Motion of Earth around its geographic axis

e Motion of wheel and steering wheel around its axis
e Motion of a ceiling electric fan

oves under gravity against the force of
locity of the body decreases by 9.8ms-2
hy ‘the velocity of a body

ay have uniform or variable velocity if the

h will have variable velocity because

pect to surroundings then it is said to be in

dings then it is said to

Motion of Individual Particles

Particles of spinning body move in circles and thus individual particles possess circular motion.

Axis of Rotation

Q.26
Ans;

Q.27
Ans:

A line around which a body rotates is called axis of rotation.

Differentiate between circular motion and rotatory motion
In circular motion, the point about which a body moves around, is outside the body while in

rotatory motion, the line around which a body moves about is passing through the body itself.
Define Vibratory motion. R

When a body moves to and fro about its mean position is called vibratory motion. The
motion of the bndy repeats from one extreme motion to the other extreme position.
Examples

. Motion of swing back and forth about its mean position

¢ Motion of pendulum ot wall clock

e  Motion ot see — aw
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hammer of ringing electric bell

+ Motion of the strings of sitar 4 veetor quantitics
| d vector :
Q.28 What do you know about scalar and v q 3 by it magnitude only is calleg ,

. : : letely describe
Ans: A physical quantity which can be comp y | value with appropriate unit.

scalar. The magnitude of 2 quantity means its numerica

Examples
Mass, length, time speed, volume, area, energy etc.

an be completely described by its ma

e Motion of

Vector y N
A physical quantity which ¢ gnitude along with jtg

direction.

Example
. Velocity, force, displacement, momentum, torque €tc. .
Q.29 How are vector quantities important to us in our dgily l.lfe? .
Ans: It would be meaningless to describe vectors without direction. qu egamgle, distance of
place from reference point is insufficjent to locate that place. This direction of that place

from reference point is also necessary to locate it.

Q.30 What do you know about Vector Representation?
Ans: Symbolic Representation
To represent vectors, we generally use bold letters to represent vector quantities.
Examples o
1?,5,& or f*‘,; and d

F, a, d or a bar or arrow over their symbols such as
Graphical Representation
Graphically, a vector can be represented by a line
segment with an arrow head. The line AB with arrow
head at B represents the vector. The length of the line
AB gives the magnitude of the vector on a selected

scale. While the direction of the line from A to B gives A

the direction of the vector.,

Q.31 What is Position? _
Ans: The term position describes the location of place or a point with respect to some

reference point. This reference point is called the origin.

Example
If you want to describe the position of your school

from your home. The can bé represented by S and

home by H. The position will be represented by a aﬁ —

straight line HS in the direction from H to S as l

shown in figure. . Figure 2,16 P(;:‘itionoflhcschools ‘
rom the home

Q.32 What is meant by distance?

Ans: Distance
The total length/separation of a path  between two points is known as distance between

those points.

Quantity

' It is a scalar quantity
Unit

Its unit is meter (m).
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chrcwnmtlon

It is represented by “S”.

.33 What do you know about Displacement?

Ans:

The shortest distance between two points is known is called displacement which has
magnitude and direction. It is directed from initial to final point.

chrcscnt'mon

Qunntlt)

Unit

It is represented by *“d”.

It is a vector quantlty and it is directed from initial to final point.

Its unit is meter (m).

Example

Consider the figure in a curved path. Let S be the length of the
curved path between two points A and B on it. Then S is the
distance between A and B.

In this figure, join A and B by a straight line. The straight line

AB gives the distance which is shortest between A and B. this  Figurs 2.17: Distance S (dotted
shortest distance d in a particular direction is called ey eir

displacement.

-

~
-

Q. 34 What do you know about speed?

Ans:

The distance covered by an object in unit time is known as its speed.

Mathematical form

If a body covers distance ‘S’ in time ‘t” then its speed ‘v’ can be mathematlcally written as,
Speed = Distance covered/Total time

S
v = e—
t
Distance = speed x time
S =vxt

Quantity

Unit

Q.35
Ans:

Q.36
Ans:

It is a scalar quantity.

SI unit of speed is meter per second (ms™).

How you will define the uniform speed?
Speed is the average speed of a body because speed of the body may be ch'mgmg during

the time interval t. if the speed does not vary and has same value then it is taken as

uniform speed and it is defined as:
“If a body covers equal distances in equal intervals of time, however small the intervals

may be, the speed of the body is said to be uniform”.
A body is movmg with uniform speed. Will its velocity be unnform"
If a body is moving with uniform speed may have uniform or variable velocity.

If the direction of the body is not changing then its velocity will also be uniform.

Example 1
A body moving with uniform speed in the straight line will have uniform velocity.

If the direction of the body is changing then its velocity will be variable.
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Example 2
A bOdY;mOVing wjth uniform speed in the circular path will have variable velocty
because its direction changes at every point on the circle.

Q.37 What do you know about velocity? ,
Ans:  The rate of displacement of a body with respect to time is called velocity.
OR . _
Speed of a body along with the direction in which the body is moving is known 4
velocity. ~

Mathematical form

Average velocity = M

time taken
d
V= —
t ~
Or d=vxt _ S . :
g with velocity v in time t. Here v is the

Here d is the displacement of the body movin
average velocity of the body during time t.

Quantity

It is a vector quantity and its direction is same as the direction of displacement.

Unit
. -1
SI unit of velocity is same as that of speed that is meter per second (ms™).

Q.38 What do you know about uniform velocity?
Ans: If speed and direction of a body does not change then body has uniform velocity. In this
ame magnitude and direction. Uniform velocity

case, during any time interval body has s

can be defined as:
“If body has uniform velocity if it covers equal displacement in equal intervals of time

however short the interval may be”.
Example
s Motion of the car-with uniform speed in the straight line

Differentiate between uniform and variable velocity.

Uniformyelocitys 20 WS Bl o Variable velocity
o If the speed and direction of the moving | e If the speed or direction of the moving
body does not change with time then its | body changes with time then its velocity

velocity is said to be uniform. is said to be variable,
Example Example
Bo_dy moving in straight line with [ Body moving in circular path with
uniform speed. uniform or non-uniform speed. o

Q.40 Does speedometer of a car measure its velocity?
Ans: The speedometer of a car measures only magnitude of velocity not the direction.

041 &ﬁrefolr)c,dwc can say that speedometer of the car does not measure it velocity.
A;,s. A byoc? (r)noyv;"‘:""]'g along.a Circlc_: with uniform speed has variable velocity?
directi y I hné along a circle with uniform speed has variable velocity because ifS
1on 15 changing at every point on the circular path

Q.42 What is meant by the acceleration? .
s ;F/h;: s ot‘:c}}:anbge of velocity of a body is known as acceleration

locity ol t y . : .

clocity ¢ body changes due change either in magnitude or direction or both.

Q.39
Ans:
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Mathematical form

‘If " body is moving with initial velocity *v;’ and after some time ‘t’ its velocity becomes

v’ then change in velocity will occur for time t. In this case, rate of change of velocity
that is acceleration will be the average acceleration in time t. ’ ’
changein velocity

Acceleration =
time
Aceelerifion &= final velocity _ initial velocity
time
B . _ Vi-Vi
' t
Unit
'In SI, the unit of acceleration is meter per second per second (ms?).

Quantlty
It is a vector quantity.

Q.43 Whatis meant by uniform acceleration?

Ans: Let the time is divided into many small intervals of time. If the change in velocity during
these entire interval remains constant then acceleration will also be constant this is callec
uniform acceleration which can be defined as:

“If a body has equal changes in velocity in equal intervals of time, however small the
intervals may be, then the acceleration of the body is said to be uniform”.

Q.44 What is meant by positive acceleration and negative acceleration?

Ans: Positive acceleration '

If the velocity of the body is increasing then acceleration will be positive. The direction
is moving wif.hca:i

of positive acceleration is the same to the direction in which the body

change in its direction.

Example
ar is moving in straight line and the-driver presses the accelerator the velocity of the

Ifac
car starts to increase. So the acceleration of the body will be positive.

Negative acceleration or reta rdation
sing then acceleration will be negative. The direction

45
ns:

46

IS:

If the velocity of the body is decrea
of negative acceleration is opposite to the direction in which the body is moving.

Negative acceleration 1s also called retardation.

Example
If the driver applies brake, the velocity will start to decrease. So acceleration of the body
leration is opposite to the direction of velocity.

will be negative and direction of acce
A body moving with uniform velocity. What will be its acceleration?

A body is moving with uniform velocity then its acceleration will be zero because
When the body is moving with

acceleration is defined as the rate of change of velocity.
d therefore the acceleration will

uniform velocity, the change in velocity will be zero an

also be zero.
Can a body moving with certain velocity in the direction of east can have

acceleration in the direction of west?

Yes, a body moving with certain velocity in the direction of east can have acceleration in the
direction=of west. It is the case when the velocity of the body decreases. When velocity
decreases, acceleration is produced in opposite direction to the direction of motion.
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?Q;47 Wha: - ou know about graph?
Ans: ucsy pictorial way of presenting the 1
antities. The quantities used in plotting a grap

Independent variable quantity ' .
The quantity which can be changed with our wish 15 called inde

Dependent variable quantity _
The quantity, value of which varies with the change in inde
called the dependent variable quantity. .
Q.48 Is velocity-time graphing a straight line? If yes then what informatnox.l we get from it?
Ans: Yes, the velocity-time graph is a straight line and it shows that velocity of the body i
changing uniformly and acceleration of the body will be unifprm. ‘
Q.49 What do you know about gravitational acceleration? . ,
Ans: If we neglect air resistance, then all the bodies either lighter or heavier will fall down
with uniform acceleration. This uniform acceleration of freely falling bodies is known as
gravitational acceleration. It is represented by ‘g’. Its value is 9.8ms?, but for simplicity
we shall use the value of g as 10ms™.
Q.50 How can we use equations of motion for bodies,
gravity? _
Ans: Equations of motion can be used for bodies moving under gravity. In such cases we
replace ‘a’ by ‘g’ and S by h. so equations of motion for bodies falling freely can be

written as,
ve=v;t+ gt

nformation about the relation between Vaﬁouxvr
h are called the variables.

pendent variable quantity

pendent variable quantity jg

which are falling freely under the

1
h=vit+ —2'gt2

2gh = vé —vit , .

Q.51 What are the points kept in mind when bodies are moving freely under gravity?
Ans: When bodies are moving in downward direction: '

o Initial velocity ‘v;" of the freely falling body will be zero

o Gravitational acceleration will be positive

When bodies are moving in upward direction:

e Final velocity ‘v¢ of the body will be zero.

e Gravitational acceleration will be negative.
Q.52 When a body is thrown vertically upward, its velocity at the highest point is

zero. Why?
Ans: When a body is thrown vertically upward, it moves under gravity against the force of

attractign of the earth. So after every second the velocity of the body decreases by

9.8ms™ and ultimately becomes zero at the highest point. That is why the velocity of a

body becomes zero at the highest point. '

el
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Q.Ne.1 Define Translatory motion and its types.
Ans: Such type of motion in which a body moves along a line without any rotation. The line

may be straight or curved.

Examples

e Motion of a car in straight line

e Motion of electron around the nucleus

e Motion of gas molecules

e Aeroplane moving straight is in translational motion
Types of Translatory Motion

There are three types of translatory motion.

(i) Linear motion

(ii) Circular motion

(iii)Random motion

(i) Linear motion
If the motion of a body is in straight line, it is known as linear motion.

Examples
The motion of freely falling bodies

A car moving along the straight line

(i)  Circular motion
If a body moves in a circle then its motion is known as circular motion.

Examples
A stone attached with thread, when whirled, it will move along a circular path.

A toy train moving on a circular track.
A bicycle or car moving along a circular track
Earth moving around the sun in solar system

[
(i) Random motion

The disorder or irregular mot

Examples

o The flight of a insect and birds

e Brownian motion of gas or liquid molecules

e Motion of dust or smoke particles in air
25  GRAPHICAL ANALYSIS OF MOTION

* Q.No.2 Explain Distance — time Graph. -
d interchangeably when the motion is in

Ans: The term distance and displacement are use
straight line. Similarly, if the motion is in a straight line then speed and velocity are also

ion of an object is called random motion.

used interchangeably.
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In distance — time graph, time is taken along horizontal
axis while the vertical axis shows the distance covered by
the object.
Object at Rest

In the graph shown in figure, if the distance moved by the
object with time is zero then the object is-at rest. Thus a
horizontal line parallel to time axis on a distance — time graph
shows the speed of the object is zero.

Object moving with Constant Speed
The speed of an object is said to be constant if it covers equal
distance in equal intervals of time. The distance — time graph
as shown in figure is a straight line. Its slop gives the speed of

the object.

Object moving with variable speed
When an object does not cover equal distances in equal
intervals of time then its speed is not constant. In this case
the distance — time graph is not a straight line as shown in
figure. The slope of the curve at any point can be found
from the slope of the tangent at that point.

Q.No.3 Explain Speed — Time Graph.

Ans: Inaspeed — time graph, time is taken along x — axis and speed
is taken along y—axis.

Object moving with constant speed
When speed of an object 1s constant with time, then the speed —
time graph will be horizontal line parallel to time — axis along X
— axis as shown in figure. In other words, a straight line parallel
to time axis represents constant speed of the object.

Object moving with uniformly changing speed (uniform acceleration)

When the speed of an object is constant with time, then the

- speed — time graph will be a horizontal line parallel to time —
axis along x — axis as shown in figure. In other words, a
straight line parallel to time axis represents constant speed of
the object.

——
%
20
10
0 5 10 15 >

Figure 2.18: Distance-limg
graph when the object is g
rest.

m) ,
A /'/A'
............. i
P
57 s > 1(8)
ol 5 10 15 2

Figure 2.20: Distance-time
graph showing variable speed.

v(ms")

4

——p-1(8)

0 5 10 15 20

Figure 2.22: Speed-time graph
showing constant speed.
v(md)
A
8
" 8
2

! )
0 5 10 15 20 ¢

Figure 2.23: Graph of &
object moving with unifo™
acceleration.
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pistance traveled by a moving object

The area under a speed — time graph represents the distance traveled by the object. If the

mation .1s uniform then the area can be calculated using appropriate formula for
geometrical shapes represented by the graph.

Q.No.4 Derive the equations of motion for uniformly accelerated rectilinear motion

Ans: Equations of Motion
There are three basic cquations of motion for bodies moving with uniform acceleration.

These equations relate initial velocity, final velocity, acceleration, time and distance

covered by a moving body.
Jmportant points in derivation of equations
o We assume that the motion is along a straight line. ,
o We consider only the magnitude of displacements, velocities, and acceleration.

e Acceleration is taken as uniform.

Case study

Consider a body moving with initial velocity v; in a straight
line with uniform acceleration a. Its velocity becomes v after
time t. The motion of the body is described by speed — time
graph as shown in figure by line AB. The slope of the line AB
is acceleration a. The total distance covered by the body is

shown by the shaded area under the line AB. Equations of 5::;,:‘,3,3‘;,?;:;‘3;3,’2’&?2’;&22
covered by the body.

motion can be obtained easily from this graph.

First equation of motion .
Speed — time graph for the motion of a body is shown in figure. Slope of line AB gives

the acceleration of the body.

Slop of line AB =a= L 2
AC

and BC=BD-CD

As AC=0D
.So f= BD-CD
¢ 0D
As BD = vy, CD=v; and OD =t
Hence a= £
t
Or vi—Vvi=at
Therefore, : ve=v;tat
Second equation of motion
he body is

In speed — time graph as shown in figure, the total distance S traveled by t

equal to the total area OABD under the graph. i.e.
Total distance = S = area (rectangle OACD + triangle ABC)

Area of the rectangle OACD = OA x OD-
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=viXt

=1 (AC x BC)
=Y txat

Since Total area OABD = area of rectangle + area of triangle ABC
Putting the values in the above equation, we get -

Area of the triangle ABC

S=vit+—l—txat
2

S=vit+ -1- at?
2
Third equation of motion v is o
In speed — time graph shown in figure, the total distance S traveled by the body 1s gIver
by the total area OABD under the graph.

BD
Total arca OABD =S= —O—A—;—— x OD
Or 28 =(0A + BD) x OD
BC _
(as —= a)

BC
Multiply both sides by —, we get
1ply Y. oD g

BC BC
2 2~ = (0OA+BD)xOD X —
Sx op ¢ ) OD

2S x BC_ (OA +BD) x BC
oD .
(as BC=BD - CD)

25 x B¢ = (0A +BD) x(BD - CD)
oD

As - OA=CD=Vi

—=aq,

oD
and BD =v .,
_ Putting the values in the in the above equation, we have
28 xa=(vi+ Vi) X (vi— Vi)
As a’-b’=(a+b)(a-b)

2aS = sz - Viz
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® When 2 body is said to be at rest? |

Ans: When a body does not change its position with respect its surroundings. Then it is said to

be in‘the state of rest.

2). Givean example of a body that is at rest and is in motion at the same time.

Ans: Ifaperson s sitting in a car, he will be in the state of rest with respect to the other person
sitting in the car and he will be in the state of motion with respe‘ct to the person standing
on the road side at the same time.

A3) Mention the type of motion in each of the following.

(i) A ball moving vertically upward.

Ans: Linear motion (Translatory motion)

(ii) A child moving down a slide.

Ans: Linear motion (Translatory motion)

(iii) Movement of a player in a football ground.

Ans: Random motion (Translatory motion)

(iv)  The flight of a butterfly.

Ans: Random motion (Translatory motion)

(v)  An athlete running in a circular track.

Ans: Circular motion (Translatory motion)

(vij  The motion of a wheel.

Ans: Rotatory motion

(vii) The motion of a cradle.

Ans: Vibratory motion

PO -
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iv.

vi.

vii.

viii.

iX.

X.

xi.

EXTBOOK EXERCISE

Encircle the correct answer from the given choices.
A body has translatory motion if it moves along a:
a) Straight line b) circle

¢) Straight line without rotation d) all of these .

The motion of a body around an axis is called motion.

a) Circular b) Rotatory ¢) Vibratory d) Random

Which of the following is a vector quantity?

a) Speed b) distance ¢) displacement d) power !

If an object is moving with constant speed then 1ts distance-time graph will be 3
straight line.

a) Along time-axis b) Along distance-axis
c¢) Parallel to time-axis d) Inclined to time-axis

A straight line parallel to time-axis on a distance-time graph tells that the object is: |

Q,M(Ling_with constant spced b) At rest

¢) Moving with variable speed d) In motion
The speed-time graph of a car is shown in the figure, which of the followin

statement is true?

. - -2 e el
a) Car has an acceleration of 1.5 ms b) Car has constant speed of 7.5 ms
- —— . - -1
c) Distance travelled by the caris 75 m d) Average speed of the car is 15 ms
v(ms)
15
\\ 1(S)
0l L
Which of the following graphs is representing uniform acceleration?
d d
a) ) b)
__—_.[
V ) N )

c) B’ d) !

By dividing displacement of a moving body with time, we obtain:

) Spc.cd ,b) Acceleration ¢) Velocity d) Deceleration
A) ball:)'s t|_12rown VCrtll():;llly upward. It velocity at the highest point is:
a) -10ms Zero ¢) 10 ms™  hese
A change in position is called: IS &) Nore Sl
a) Speed b) Velocity ¢) Di ' >

. . 1splacement d) Distance
A train 1s_lmovmg at a speed oil' 36 kmh™', Its speed expressed in et s
a) 10 ms b) 20 ms C) 25 ms" d) 30 ms.|

,_‘—/I
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sii. A car starts from rest. It acquires a speed of 25 ms™ after 20 s. the distance moved
by the car during this time is:

a)31.25m b) 250 m ¢) S00 m d) 5000 m
32  Explain translatory mofion and give examples of various types of translatory
motion.

Ans: See Q.1 Long Question
2.3 Differentiate between the following:
(i) Rest and motion
(ii) Circular motion and rotatory motion
(iii) Distance and displacement
(iv) Speed and velocity
(v) Scalars and vectors
(i) leference between Speed rmd Velocnty
: a SREST: ol S pane MOTION
A, a body does not change its position with | If a body continuously changes
respect to surroundings then it is said to be in a position with respect to surroundings then

state of rest. ) it is said to be in a state of motion.

its

(ii) Circtilar motion and rotatory motlon

~Rotatory motion
The spinning motion of a body about its

axis is called rotatory motion.

Circular motion' =
The. motion of an object in a circular path is

known as circular motion.

Examples: Examples:
e The motion of earth around the sun. o The motion of wheel about its axis.
e The motion of electron around nucleus. e Motion of ceiling fan.

(iii)

leference between Dlst‘mce ‘md Dlsplacement
o D ISTANGE S s e e
e Actml (total) length bctween two pomts 1S

N DISPLACEMENT
e The shortest distance between two

known as distance. points is known as displacement.
e It has no direction. e Itisdirected from initial to final point.
e [t isascalar quantity. o [t is a vector quantity.
o Itis represented by “S”. e Itisrepresented by “d”.

iv)

Differencc between S eed and Vclocntv __
LN s ,,-;V'EL'OClTY :

o The distance covered 1n unit tlme is * The rate of displacement of a body
known as speed. ‘ with respect to time is called velocity.
_ Speed = distance/time - Velocity = displacement/time
_S . d
t ot
____*_Itisascalar quantity. e It is a vector quantity.
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i") Difference between scalar and vector. Im i
Physical quantities which are completely

Physical quantities which are completely , _ :
described by their magnitude and only are known described by  their magnitude apq
as scalar. direction as well are known as vector.
Example Example o
‘Speed, distance, time etc. Force, displacement, velocity etc. o
2.4  Define the terms speed, velocity, and acceleration.
Ans: Speed :
The distance covered by an object in unit time is called its speed.
Mathematical Formula
Distance covered
Speed = ,
Total time
_S
V= —
I
Distance = speed x time
Or S=vxt
Velocity .
The rate of displacement of a body with respect to time is called velocity.

OR
hich the body is moving.

Speed of a body along with the direction in w

Mathematical form
displacement

Average velocity =

time taken
d
v: —
. t
Or d=vxt

Here d is the displacement of the body moving with velocity v in time t. Here v is the
average velocity of the body during time t.

Acceleration
The rate of change of velocity of a body is known as acceleration.

Velocity of the body changes due change either in magnitude or direction or both.

Mathematical form

If a body is moving with
‘v¢' then change in velocity will occur for time t. In this case, rate of change of v

that is acceleration will be the average acceleration in time t.
changein velocity _ changein velocity

initial velocity ’v;" and after some time ‘t’ its velocity becomes
elocity

Acceleration =

total time Total time
Kioceletafion = final velocity —initial velocity
total time
So gy = vi=Vi
t
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2.5 Canabody moving at a constant speed have acceleration?
Ans: A body is moving with constant speed may or may_not have acceleration.
o Ifabody is moving with constant spéed in straight line does not‘have_accgleration.
e If a body is moving with constant_speed and is not moving in straight line "have
acceleration.

2.6  How do riders in a Ferris wheel possess translatory motion but not circular motion?

Ans: The riders do not move in circle of constant radius therefore their motion is not circular

2.7  Sketch a distance — time graph for a body starting from rest. How will you
determine the Speed of a body from this graph? ‘ |

Ans: The distance-time graph is shown below |
The slop of the graph gives speed with the help.of the d (m)
formula aole g '

Speed (v) of the object = slope of line AB solfoe 8
_ distance EF 1IN0 '
time CD ol A : :
2 N
- _1(())% s> 1
=92 ms’" Figure 2.19: Distance-time
. R . graph showing constant
The speed found from the graph is 2 ms i .

2.8  What would be the shape of speed — time graph of a body moving with variable
speed?

Ans: The shape of the velocity-time graph is zigzag when the body has variable speed

29  Which of the following can be obtained from speed — time graph of a body?

(i) Initial speed

(ii) Final speed

(iii) Distance covered in time t
(iv) Acceleration of motion

Ans: From velocity-time graph we can calculate Initial speed, final speed, distance covered in
time t and acceleration of motion.

2.10 How can vector quantities be represented graphically?

Ans: A vector can be represented graphically by drawing a straight line with an arrow head at
one end. The Length of the line tells the magnitude and arrow head shows the direction of
the vector

211  Why vector quantities cannot be added and subtracted like scalar quantities?

Ans: In addition of vectors, both magnitude and direction are involved. Therefore, vectors

cannot be added by simple method of scalar addition.
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212 How are vector quantities impqﬁant to USS‘:/';[O“ :ection. For example, distance of 3
Ans: It would be meaningless 10 describe vector O This direction of that place

place from reference point is insufficient t0 loc‘zt
from reference point is also necessary t0 locate 1 | t
2.13  Derive equations of motion for uniformly accelerd

Ans: Sec Q.no.4 Long Question motion of the body. From the graph

2.14 Sketch a velocity = time graph for the
explaining cach step, calculate total distance covered by the body.

ed rectilinear motion.

Ans: Total distance traveled v (ms’)
= area under the graph 20 A B
6 18 86—p-"
(lrapczium OABC) - o "s/";‘*- i
. ! I
= _;_ (sum ofparallcl sides) X height 10 / : :\
/ !
] 16 ms™ /(O e
= 5 (18s + 30 s)x (16 ms ) _%0. ‘Mw 530 t(s)
- 384 m Figure 2.25: Speed-time graph
' of a car during 30 seconds.

2.1 A train moves with 2 uniform velocity of 36 kmh! for 10s. Find the distance traveled

by it.
Given Data
Velocity of train = V,, =36 kmh-1= w =10 ms”
3600

Time taken =1=10's
Required

Distance traveled by train=S ="
Solution
As we know that
SE=Vuy Xt
By putting the values, we have
S=10x10
S=100m
Result
Distance traveled by train=S=100 m ;
22 A train starts from rest. It moves through 1 km in 100s with uniform acceleration

Initial velocity of train = v;= 0 ms™

Distance covered b 1
. ytrain=S=1] km =
Time taken by train=t= 100 s e
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chulred
Speed of train after 100 s = vp=?

Solutlon
First we have to find the acceleration, as we know that

S = vit + % at?
By putting the values, we have
1000=0x 100 + Y2 x a x (100)?
1000 =2 x a x 10000
1000 =a x 5000
_ 1000
S000
So, a=0.2ms?
Now from first equation of motion, we have
vr=v;+at -
by putting the values, we have
ve=0+0.2x 100

ve=20 ms!

[¢

Result
Speed of train after 100 s = vy =20 ms’’

2.3

Given Data
Velocity of the car = vi=10 ms”

Acceleration of the car =a= 0.2 ms’
Time taken by car =t =0.5 min. = 0.5x 60 =30s

Required
Distance traveled by car =S5 =7

Solution
As we know that
S =yt + % at’
By putting the values, we have
e ]Ox30+'/zx07x(30)
S=300+0.1x900
S=300+90
S=390m
Result
Distance traveled by car=S=390 m

' distance traveled durmo this and the_find velocity of the car. =

(_/——\_/\—-/_\V

A car has a velocity of 10 m LIt accelerates at 0.2 ms™ for half mmute Fmd the

-C,o

D
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2.4 i is hi : cally upward with 2 velocity of 30 ms |
A tennis ball s hit vert ey aximum height reached by the ball. How long it

the highest point. Calculate the m
will take to return to ground?

Given Data . y
Initial velocity of the tennis ball =v1= 303ms
t=t=23S
2

Time to reach the maximum heigh :
Gravitational acceleration = g = -10 ms

Final velocity of the ball = vi= Oms"

Required
Maximum height reached by the ball=h=7
Solution ' _ '
From second equation of motion in vertical motion, W¢ have

h=vit+ gt
by putting the values, we have )
h=30x3+%x(-10)(3)

h=90-5x9
h=90-45 N
h=45m
ion in vertical motion, sO time taken by the ball

As the ball moves with uniform accelerat
in both directions will be same.
Total time taken to return the groun
Total time taken to return the ground = 3 s + 35
Total time taken to return the ground = 6's

d = Time taken upwards + Time taken downwards

Result
Maximum height reached by the ball=h=45m

Total time taken to return the ground = 6s :
2.5 A car moves with uniform velocity 40 ms’! for 5 s. it comes to rest in the next 10s
with uniform declaration, Find
i) declaration
ii) total distance traveled by the car
i) When body moves with uniform velocity
Given Data :
Velocity of the car = Vay = 40 ms’!
Time taken by thecar=t=35s

Required
Distance traveled by the car=S; =7
Solution
As we know that
S=vg xt
By putting the values, we have
S1=40x5
i W S1=200m
. Da?:n speed of the car decreases and it comes to rest.
Initial velocity of the car = v; = 40 mg
@

T.ime taken by thecar=t=10g
Final velocity of the car = v¢= ( !
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Required .
Retardation produced in car=a = ?
Distance traveled by the car= S, =7

Solution
From first equation of motion, we have

vi=vj+ at
By putting the values, we have
0=40xax 10
-40=ax 10
SO a= :419.
10
=-4 ms™

Now from second equation of motion, we have
S =vit + % at?

By putting the values, we have
S2 =40 x 10 + % (-4) x (10)’
S2=400-2x 100
S; =400 - 200
S; =200 m

So Total distance moved by car=S=S; +S; =200 m+ 200 m = 400 m

Result
Total distance moved by car =S =400 m

2.6 A train from rest with an acceleration of 0.5 ms’

has moved through 100 m.

Given Data "
Acceleration of the train=a= 0.5 ms’

Initial velocity of the train = v; =0 ms”
Distance moved by train =S =100 m

Required

Final speed in kmh™ =v¢=?
Solution
From third equation of motion, we have

2aS = vf* = viZ

by putting the values, we have
2% 0.5% 100 = v — (0)°

100 = vf
by taking square root on both sides, we have

J100 = v,

So ve=10 ms”

In kmh-1
_ 108x3600
V= ——
1000
vi= 36 kmh’!
Result

Final speed in kmh™ = v¢=36 kmh

2, Find its speed in kmh™, when it
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rest accelerates uniformly and attains a velocity 48 kmh! in 2
: d for 5 minutes. Finally, it moves with uniform retardatioy

minutes. It travels at spee
and is stopped after 3 minutes. Find the total distance traveled by the train.

»" Solution
Total Distance traveled

Result
2.8

Given Data
Final velocity of the ball = v¢=0 ms”’

Required

Solution

So

= area under the graph (trapezium OABC)
= %(sum of parallelsides)x height '

v (m/s)

(600 +300) x 13.33 u
157

(900) x 13.33 ‘ :

— 450 x 13.33 ' 5
=5998.5 e m———— L IO
=5999m _ 5000 m ofo 150 240 360 480 600 © ' |

A cricket ball is hit vertically upwards and returns to ground 6 s later. Calculate
(i) Maximum height, reached by the ball.
(i) Initial velocity of the ball.

Gravitational acceleration =g = 10.ms”™

Time in which ball return t0 ground =t = 6s

Maximum height reached by ball=h=7?
Initial velocity of the ball=v;="?

{\s the bz}ll moves with uniform acceleration in vertical motion, so time taken by the bell
in both directions will be same. '
"6F§t=al Tt‘une taken to return the ground = Time taken upwards + Time taken downwards
I ime taken upwards + Time taken downwards

ime taken upwards = Time taken downwards

Total time taken to ret
: urn the ground =2 x Ti
Time taken upwards = 6s/2 = f3:’> : x Time taken upwards

From first equation of motion, we have
Ve= Vit gt

By putting the values, we have
0=v;+(-10)x 3
0= Vi -30

- \]
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So vi =30 ms™

Now from sccond equation of motion, we have
S = vit + % gt?

By putting the values, we have
S5=30x3+Y%x (-10) x (3)2
S=90-5x9
S=45m

Result .
Maximum height reached by ball = h = 45 m

Initial velocity of the ball = v, = 30 ms

2.9 .thn brakes are applied, the speed of a train decreases from 96 kmh™ to 48 kmh™
in 800 m. l-If)w much further will the train move before coming to rest? (Assuming
the retardation to be constant)

Given Data

Initial velocity of train = v; = 96 kmh"! = 26.67 ms™'
Final velocity of train = vi= 48 kmh™' = 13.33 ms™'
Distance covered by train = 800 m

Required
Retardation of the train=a=?

Solution

From third equation of motion, we have
2a8 = vi — v
By putting the values, we have
2 x ax 800 =(13.33)> - (26.67)*
1600 xa=177.7-711.29
1600 x a=-1533.6
a=-0.33ms"
Given Data
Initial velocity of train = v; = 48 kmh
Final velocity of train = v¢= 0 ms”
retardation of train= a = - 0.33 ms™
Required
Distance covered by train=_S="?
Solution
From third equation of motion, we have
2aS = v - Vi
By putting the values, we have )
2 x (-0.33) x S = (0)* - (13.33)
-0.66xS=-177.7
=177

PR

~ -0.66
=269 m
Result

The train will move by 269m before coming to rest
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2.10 In the above problem, find the time taken by

of the brakes.

Given Data |
i .67 ms
Initial velocity 0 26.6

: : _ -1
Final velocity of train = V¢ = 0 ms
Retardation of train =a = - 0.33 ms’

=

f train = v; = 96 kmh™!

2

Required
Time taken by the train =t =7
Solution
From first equation of motion, we have
\% = v; +at
By putting the values, we have ,
0 = 26.67 +(-0.33) Xt
—-26.67 = -0.33 xt
-0.33
t = 80 s

Result
Time taken by the train=t=80s
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