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UNIT-2

Kinematics

REST AND MOTION

Ans:

TYPES OF MOTION

Lonc-auiSwousl

2.1 Q.1 Define rest and motion &anc evH dIn thermas| relative Gue ntities. (IK.B)

- RESTAND IMOTICA
We see=7ariol th: 1i0S amuﬂ Us:. Strne‘oTtem are at rest while others are in motion
Rest: _ b
T4 tody i isAic i0 be at rest, if it does not change its position with respect to its
sur rw.dlngs »
Surroundlng :
Surroundings are the places in its neighbourhood where various objects are present.
Motion:
“A Dbody is said to be in motion, if it changes its position with respect to its
surroundings.”
Relative Quantities:
The state of rest or motion of a body is relative. For example, a passenger sitting in a
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 inside the bus are in motion because they are changing their positions.

Figure: Rest and Motion are Relative Quantities

2.2 Q.1 Define Translatory motion and its types. (K.B)  (LHR 2011, 2012, 2013 GRW 2013, 2015)
Ans:

TRANSLATORY MOTION
Introduction: v
Everything in this universe is in motion. Hewever different uu,u‘ts rm.ve ulffeaenf‘\f
Some objects move along a stralgh n_ne, somé ficve. i t_uq/ed paih, ahd'sorisTnove in
some other way. : R IR RN,

Definitior—

il trarsist onal mouoma\b@d\, e eé'élong a line without any rotation. The line
may be tr ught oricu r\lnd AN

: F;crp_l“s

¢) Howing are some examples of translatory motion:
o Motion of a car in straight line
o Motion of electron around the nucleus
o Motion of gas molecules
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N (NN

Aeroplane moving straight is in translational motion

\ [ _F.i:;u_x-.' Some Important Types of Translatory Motion
. Translatory Motion of Car and Aeroplane
. Translatory Motion of A Child on Slide And Rider in Ferris Wheel

TYPES OF TRANSLATORY MOTION

There are three types of translatory motion.

e Linear Motion (LHR 2014)
e Circular Motion
¢ Random Motion (LHR 2013, 2014)
LINEAR MOTION
Definition:
“Straight line motion of a body is known as its linear motion.”
Examples:

Following are some examples of linear motion:

The motion of freely falling bodies.

[ ]
e Motion of a car on a straight and leveled road.
e Motion of aeroplanes flying straight in air.
Figure:  Linear Motion of A Ball Falling Down Td o s A
| [ A '.I . WA
CIRCULAR ! OTIQ NN [ Fo \ao™
Definition: ™ AR RN AN
“The motion of an ob:ect ln"'f‘lréu'ﬂr f.cth JS krr:JJvr ar, C-'I’Cl Ie'r motion.”
Exam Iec - \ R A=

Some ! =xampﬁe ’fCI:(“r}!al nonQ '9 aupn JCfow

n Dn= tle'j Nl*h stiing. wie Ywhirled, it will move along a circular path.
A tnw tiain 'miving on a circular track.

patioi of individual particle of spinning top.

Earth moving around the sun in solar system

Motion of moon around the Earth.

Motion of a bicycle or a car moving along circular road.

Motion of a rider in Ferris wheel.
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Sigirh: ._g r Motion of Different Objects

'RANDOM MOTION

J2initign:
J I"' N 'll.. " “The disordered or irregular motion of an object is called random motion.”
Examples:

e The motion of insects and birds.
e Brownian motion of gas or liquid molecules along a zig—zag path.
e Motion of dust or smoke particles in air

Figure: Random Motion of Gas
Molecules _is _Called
Brownian Motion

2.1, 2.2 SHORT QUESTIONS

Q.1  Define mechanics? Write its branches. (K.B)
Ans: MECHANICS
Definition:
“The branch of physics in which we study motion of objects its causes and effects
is called mechanics”
Branches of Mechanics:
There are two branches of mechanics
e Kinematics
e Dynamics A ) . )
Kinematics: e N 4 - ’CRW IS
“The branch of mechamcs titat deal vu al ‘he sLudy o n ot on )f an oisiect without
discussing the cause of mctlcn is r‘»?.fd klrwm aticd. R ||

D)(namlcc \\ | : (GRW 2015)
G e qu.v{:h ‘of-"ne“namgs\t@t 'leq N.m the study of motion of an object and the

cause of ils! rnnuon is called, dynaimics.”
Q2 Wrj ¢e aaou dnfel ent. types of motion. (K.B)
; ._An:f':l‘- N TYPES OF MOTION
J AU '-Tne'.'e are three types of motion:
' ' e Translatory Motion
e Rotatory Motion
e Vibratory Motion
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Translatory Motion: B
“In translational motion, a body moves along a line without any | rofation. ThP e, |
may be straight or curved.” I N a
Exam|Q|e . W ..'\'.\. '-_.| _' .._.:. : ! (Y
Following are some examples of trar %Iator; n ot.xn VY AN N
e Motion of acarin straight ti=s 4% 0 L
e Motion of electron qrcud/tite 0 lchou» |, '
. Mt,tlcn of frgas molecules \\ A
TherP at?ﬁ@c_ﬁp@ 0| Fear, s.a[ory motion.
s Y Llnucr 14izton
S NS @ircular Motion
- e Random Motion
Rotatory Motion: (LHR 2013)
“The spinning motion of a body around its axis is called its rotatory motion.”

Examples:
Following are some examples of rotatory motion:

Motion of spinning top

e Motion of the Earth around its geographical axis
e Motion of wheel and steering wheel around its axis
e Motion of a ceiling electric fan
e Motion of Ferris wheel
B
.
S W
® U
Figure: Rotatory Motion of
Various Objects

Vibratory Motion: (LHR 2011, GRW 2015)

“To and fro motion of a body about its mean position is known as vibratory motion.”

Examples:

Some examples of vibratory motion are as follows: e
Motion of swing back and forth about its mean position I N e}
Motion of pendulum of wall clock — ."‘J;:'_.‘-_ VLA
Motion of see — saw o ATA NN (oo~

Motion of a body attached leh as;:' ing L T —
Motion of hammer' of I’Il“gr i alé et bml VY )
Matien of stringef a sitay | 1\ W | !
'\Foﬂon 0i 2 bam in ac '@dTNﬂOVI.’.g {0 and fro

Figure:  Vibratory Motion of Various Objects
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Q3

Q.4

Ans:

Q5

Ans:

Q.6

Ans:

Q.7

Ans:

A ball moving verticallyupward | | [\Linzar n ot oir, (Tvarslatgzy motion)
i | A child moviny dows 2 sEdé — 1 | Lirar matibn | Translatory motion)
- Flovement of lﬁi'a‘f rlin ' fonttair-Random  motion  (Translatory
| & +g0_1£ﬁ_ AR IS T motion)
| 41V The flrght efiak uL[erfIy Random motion (Translatory
SNl _| motion)
'_' RV An athlete running in a circular track | Circular motion (Translatory motion)
vi The motion of a wheel Rotatory motion
vii | The motion of a cradle Vibratory motion

Define Axis of rotation. (K.B)
AXIS OF ROTATION
Definition: _ -
“An axis is a line along which a boL-iy rotates.” | |

Position:
In case of rotatory motion th ARiE pagdses 1hrm'g| me boay ‘wilile i case of circulatory
motion-tré axis is nresentoit-sice tne Hody:
Differemtic te\Letyweer: cir¢tlarmotior, ard rotatory motion. (K.B) (GRW 2015)

LB DIFFERENTIATION
Differences betiveen Circulatory and rotatory motion are as follows:

ﬂ wJ & Circulatory Motion Rotatory Motion

Definition
e The motion of an object in a circular path | ¢ The spinning motion of a body about its
is known as circular motion. axis is called rotatory motion.
Position of Axis
e In circular motion the point about which | e In rotatory motion the line around which
a body goes around is outside the body. a body moves about is passing through
the body itself.
Examples
e Motion of earth around the sun. e Motion of earth about its geographical
Motion of individual particles of axis.
spinning top e Spinning motion of top
e Motion of rider in Ferris Wheel e Motion of Ferris Wheel
When a body is said to be at rest? (K.B) (Mini exercise Pg. # 32)

Given on Page # 42
Give an example of a body that is at rest and is in motion at the same time. (K.B)
(Mini exercise Pg. # 32)
REST AND IN MOTION AT SAME TIME

If a person is sitting in a moving 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 respect to the

person standing on the road side at the same time.

Mention the type of motion in each of the following. (K.B) (Mini exercise Pg. # 3?)
TYPES OF MOTION

TR B G AR
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e

10.

11.

12.

13.

2.1, 2.2 MULTIPLE CHOICE QUESTIONS

Study of motion of the bodies is known as: (K.B) ) 1€
(A) Heat ~—B) Light [ |
(C) Atomic physics - | (Pytechanics

Study of motion without Hiscussirg the causq'of motion is Galled: (K.B)
(A) Kinemasiics WY L IBYDynamics

(C) Heat) | .\ “__{B) Motion

If a bOUy doe nct ¢ hange its hosition Wlth respect to some observer then it will be in
a.stare of: (K. &y

(A pRest| = (B) Motion
(2)-Jniform motion (D) Relative motion
If a body changes its position with respect to some observer then it will be in state of:
(K.B)
(A) Rest (B) Motion
(C) Uniform motion (D) Relative motion
Rest and motion are : (K.B)
(A) Absolute states (B) Constant states
(C) Variable states (D) Relative states
The spinning motion of a body about its axis is known as: (K.B) (LHR 2015)
(A) Translatory motion (B) Vibratory motion
(C) Rotatory motion (D) None of these
When a body moves to and fro about a point and repeats its motion again and again
about the same point then this motion is known as: (K.B) (GRW 2014, 2015)
(A) Translatory (B) Vibratory
(C) Rotatory (D) None of these
The motion of the string of a violin is: (K.B)
(A) Translatory (B) Vibratory
(C) Rotatory (D) None of these
The spinning motion of individual particles of top is known as. (K.B) (LHR 2015)
(A) Translatory motion (B) Vibratory motion
(C) Rotatory motion (D) Random motion
The motion of rider in a Ferris wheel is: (K.B)
(A) Translatory motion (B) Vibratory motion
(C) Rotatory motion (D) None of th_ese =, [ =2 (A
Which of the following is avector_quantxty’ (KB T W5 N [ (O \Oo~—
(A) Speed \ ' (B} Cistargz | | | -
(C) Displacement 70N [ ) Phwer' | ) '
By diviciit g jjlsplﬂf:e nerit e rNin'jg-.b(, dy Witi-time, we obtain: (U B)
(A)Spessl | 4L e L T L (B) Acceleration
(C) Velgeity | B (D) Deceleration
~ (Causes dav an”j r"ght on the Earth: (K.B+U.B)
' "1/\) ‘CitZutar motion of the Earth (B) Vibratory motion of the Earth
(C) Rotatory motion of the Earth (D) Motion of the Sun
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2.3 Q.1 Differentiate scalar and 'vector-gaantitics, (K\B+-U.E+A.Bj.

Ans:

SCALARS AND VECTORS
TERMS ASSOCIATED WITH MO

hZN

SHORT™QUESFHONS

(LHR 2014, 2015, 2017)

DVEEERENTIATION-

e

lefere“m briwecn scalai encectdrs are-as tollows:

Fl\ll’!ﬂi’l‘ﬁﬁ“

Definition
e Physical

o Physical

quantities which can be
completely  described by their
magnitude only are called scalar
quantities or simply Scalars

quantities which can be
completely  described by their
magnitude along with their direction
are called vector quantities or simply
Vectors.

Addition/Subtraction

Scalar quantities can be added or
subtracted by simple arithmetic rules
because they have only numeric value
with proper unit.

e Vector quantities can—not be added or

subtracted by simple arithmetic rules
because they have direction along with
numeric value and proper unit. They
need head to tail rule for this purpose

Examples

Mass, length, time speed, volume, area,

e Velocity,

energy etc.

force, displacement,

momentum, torque etc.

2.3 Q.2 Define Magnitude. (K.B)

Ans:

Ans:

MAGNITUDE

Definition:

“The magnitude of a quantity means its numeric value with appropriate unit.”

Examples:

kg, 40s, 1.8m etc. represent magnitudes of different physical quantities.

2.3 Q.3 Justify the need of direction for a vector quantity. (K.B)
NEED OF DIRECTION

—

Both Forces are Acting

Figure:

belnw:"

It would be meaningless to describe vectors without direction. For, exatii piC, dﬂsta we ofa
place from reference point is insufficient tD ncate et pieca. Twp Jlractlc Joll (Faiplace
from reference point is alse
Example of Forces:

Consir‘e‘rx;au_table. A5 :::JOWI’] in f.-qu

ecessary to fouate it. |

in The Same Direction
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Two forces F; and F; are acting on it. It will make lot of difference if the two forces act
in opposite direction such as indicated in flgure below:

r A(C oy

LLcesa aAeting in ‘
~ Cpposite Directions
Certzinly the two ¢ |tua110“ on‘fer from each other. They differ due to the direction of the
lordes acting-cri—the table. Thus the description of a force would be incomplete if
- J .. [ ]\ d restion is not given. Similarly, when we say, we are walking at the rate of 3 kmh
' towards north then we are talking about a vector.
2.3 Q 4 How a vector is represented? (K.B)
Ans: REPRESENTATION OF VECTORS
A vector quantity can be represented by two methods
e Symbolic Method
e Graphical Method
YMBOLIC REPRESENTATION
To differentiate a vector from a scalar quantity we generally use bold letters to represent

':IW = f

vector quantities. Such as F, a, d or a bar or arrow over their symbols such as F.a and d.

GRAPHICAL REPRESENTATION (LHR 2014, GRW 2014)
Graphically, a vector can be represented by a line segment with an arrow head. In figure
below, the line AB with arrow head at B represents a vector V. The length of the line AB
gives the magnitude of the vector V on a selected scale. While the direction of the line
from A to B gives the direction of the vector V.

=i

A

Figure:  Graphical Representation
of Vector

2.3 Q.5 Why vector quantities cannot be added and subtracted like scalar quantities? (K.B)
(Exercise 2.5

Ans: ADDITION AND SUBTRACTION OF VECTOR ¢
Scalar quantities can be described complefﬂ‘ly by magnituue oniy arld, uar‘ b° AddCC SF
subtracted by simple arithmetic rgias. Vertcr qnlaﬂl ks in allas tion' ta, md.:,rmude also
need direction for their idescriptizs. So-veriors ‘am ot, e adue'J or subtracted by
arithmetic rules due to diregtion. |

2.3 Q.6 How 1re /eutnr-uuar'ﬂtw imp tan’ U° ‘*"on daily life? (K.B+A.B)

Ans: | I\/POF\TAI\( ECOENECTOR QUANTITIES
In order-._to-._l'mcca_t“ a place' "E-om a reference point, we will have to describe the distance and

- (lirecrion) o1, that piace from reference point. Description of distance along with direction
A J'I'-__-, s wili-make up a vector quantity. Hence by using vector quantities we can describe the
position (or location) of bodies.
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2.4 Q.1 What is Position? (K.B)+(U.B) (GRW 2015)

Ans:

POSITION
Definition: 4 '
“The term position describes the lzgation of a_plsce «,r ¢, baint \_.N th resncdt G
some reference point called orlgm”
Quantlty ’ | |
Position is a vector quantlt ' t‘l”arg= in pcsn'on is ulled i placerT ent.
Exammie;
For exa=ple \you want!to dedcr |bo ﬂm posmon of your school from your home. Let
the scheor e Tepreserited [y-S and home by H. The position of your school from your
kenie will E2ireprasénica by a straight line HS in the direction from H to S as shown in figure.

Figure:  Position Vector

2.4 Q.2 Define Origin? (K.B)

Ans: ORIGIN
Definition:
“The fixed point that is used as reference point to locate the position of an object
or point is called origin.”
Origin is also termed as reference point and it is denoted by “O
2.4 Q.3 Differentiate Distance and displacement? (K.B) (LHR 2017)
Ans: DIFFERENTIATION

Differences between distance and displacement are as follows

Displacement

Definition

e Length of path between two points is | @ The shortest distance between two points

called distance between those points. which has magnitude and direction is
called displacement

Symbol

o Distance is represented by “S” | o Displacement is denoted by “d »
Quantity

e Distance is a scalar quantity. Its S.I unit

is metre unlt is me’rrn N

Consider a body that moy23 froni. mznnt A ‘1o mmt 3 thnq the! cutvcd Dd[n Jom points
A and B by a straight liné. The-swaichl Iiné AE givas iHe ‘“S-.(AIICE which is the shortest
between A and B. This shorteSt Jistarice rag magaitdae d and direction from point A to
B. This/shortest distarice'a ir *a\b{:),\ltltl,ll ~direction is called displacement. While any
other I=nmh o1 pctr bet\venn £ dind B shows distance.

Figure: Distance S (dotted line) and displacement d
(Arrow line) from points A to B
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2.4 Q.4 Differentiate Speed and Velocity? (K.B)+(U.B)+(A.B)

Ans:

DIFFERENTIATION
Differences between speed and velocity are as follows:

mmmrmr&

) Deff n|*|_ MLAERIEEEN
e The distance covered by an J“JJEC in | e The rale| of dis placement of a body is
unitig ”E |§ called speed|, W [\ 1\ WD callediits velocity.
=1ElNaNARIELN Symbol
| ® Spexd|| I_‘E‘IEFE jenterd Dy e Displacement is denoted by “v ”
I PRy Quantity
")) “Speed is a scalar quantlty Its S.l unitis | @ Speed is a scalar quantity. Its S.I unit is
metre per second (ms™) metre per second (ms™)
Formula
e Speed= Distance covered/Total time . displacement
e Velocity = ———
v=> time taken
t v=d/t

2.4 Q.5 How to measure speed of different object? (Conceptual base + A.B)

Ans:

If a car travels between two points on a road, its average speed can be calculated like this.
distance moved
time taken

averagespeed =

On most journeys, the speed of a car varies, so the actual speed at any movement is
usually different from the average speed. To find an actual speed, You need to discovered
how far the car moves in the shortest time you can measure. For Example, If a car moves
0.20m in 0.01s:

Speed= 220 = 20
0.01s

2.4 Q.6 How the speed of thrust supersonic car record? (Conceptual Base + A.B)

Ans:

Thrust supersonic car traveling fastest than sound. For speed records, car are timed over-2-. |

measured distance (either One km or One mile). The speed is workea - For the ama1e' \!

of two runs — down the course and then bask again — sp-that ija, effeqt 6 _w_m1 canedtied
out. Thrust SSC achieved a speer “of 1,228 mih andibécame the first lasia-vehicle to
off|C|aIIy break the sound hai rler - - VALY T
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2.4 Q.7 How you will define the uniform speed? (K.B+U.B) (GRW 2013)
Ans: UNIFORM SPEED : -
Definition: fs

“If the speed of a body does not vary and has-thz same wlu theri i i b“U iSsaid
to possess uniform speed.”
OR -
“Acupdy has usifarm spesdiif fi cavers\eanal” uustances in equal intervals of time
howevar.sliort (ng '*\temal Ty He %

d m]
40
| - ] 304 B
{8 | ™ ) 20
10fE-2
1
s is—2> 1)

Figure:  Graph for Uniform Speed

e In this case distance time graph will be a straight line inclined to time Axis.
2.4 Q.8 Define variable speed. (K.B+U.B)
Ans: VARIABLE SPEEED
Definition:
“If a body does not cover equal distances in equal intervals of time, however short
the intervals may be, then the speed of the body is said to be variable.”

s
5 20> ©

Figure: Graph for Variable Speed

e In this case distance time graph will not be a straight line
2.4 Q.9 Explain velocity in simple words. (Conceptual Base + A.B)
Ans: Velocity means the speed of something and its direction of travel. For example, a cyclist
might have a velocity of 10 m/s due east. On paper this velocity can be shown using an

arrow:

10m/ s - i IH__-- 1 | -
For motion in a straight line you can.use a * cr - fo uldl“atf dlr %ﬂm [ &0
For example: _J \ m -

+10 m/s (velocity of ! 0 mysic tr e rmhn
um/s (velesity of 1) s 4o the aefty,

2.4 Q.10 Whai=do, yL L k icwW'anoury un‘*. \r«n velocity? (K.B) (GRW 2013, 2015)
Ans: AREARREL NIFORM VELOCITY
R _ln*lcdultmn N
LI mary’ cases the speed and direction of a body does not change. In such a case the body

.. possesses uniform velocity. That is the velocity of a body during any interval of time has

the same magnitude and direction.
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Definition:
“A body has uniform velocity if it covers equal displacement in equal intorvals of tine
however short the intervals may be.” N
2.4 Q.11 Define variable velocity. (K.B) i | |
VARIAELE VELOGITY
Definition: '

“If-abody does.not ccver/ewudl dispiaczment-in equal mte.vals of time, however

short the Initesvats may-ve,ithen.the vielacitv ci-tne body is said to be variable.”

24Q.12 A bouy iy maoviag with urifore-speed. Will its velocity be uniform? (K.B)

Ans Y0 L UNGFORM /VARIABLE VELOCITY

A0V raoving with uniform speed may have either uniform or variable velocity.

[ “f the direction of the body is not changing then its velocity will also be uniform.

e If the direction of the body is changing then its velocity will be variable.

Example 1

A car 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.

Example 2

A car moving with uniform speed in the circular path will have variable velocity because

its direction changes at every point on the circle.

2.4 Q.13 Why a body moving along a circle with uniform speed has variable velocity? (K.B)

Ans: VARIABLE VELOCITY ALONG CIRCULAR PATH
A body moving along a circle with uniform speed has variable velocity because its
direction is changing at every point on the circular path.

2.4 Q.14 Does speedometer of a car measure its velocity? (K.B+U.B)

Ans: SPEED-O-METER
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. It
measures only speed.

2.4 Q.15 When does a body possess acceleration? (K.B)

Ans: ACCEIL ERATION
In many cases the velocity of a body changes due to a change either in its magnitude or
direction or both. The change in the velocity of a body causes acceleration in it. If there is
no change in the velocity of a body there will be no acceleration in it that is why a body
moving with constant velocity does not have acceleration.

2.4 Q.16 What is meant by the acceleration? (K.B+U.B+A.B) (LHR 2015, GRW 2017}, 17 |

Ans: ACCEL ERATION N
Definition: Yy
“The rate of change of veloe*.fy of a bc d‘, IS L\nnwn a< an cele.a |cn A
Mathematical Form: \
If a body is movmg with initial/ve Incm > v.’ anga ar’fr sw: tlme ‘e its velocity becomes
‘v¢’ thrn gnarge. iG-vRinCIty witl e v |n umet

charigt in veloaifis'-
ACC6|EH'[I m .__g_T__

final velocity — initial velocity
time

So,
Vi -V,

a= '
t
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Unit

Sl unlt of acceleration is meter per second per second (ms™). .

Quantlty e

It is a vector quantity. - VY W N[ O .
2.4 Q.17 Define uniform acceleration? (K B) . AR L\ * 7 (LHR 2017)
Ans: L&Eg\;\/‘:% ;( £‘=E L‘AT_@ | »,

We knew, i Y,

. -

It [the lime tlic-aivided into many smaller intervals of time. If the rate of change of
o elogivy auring all these intervals remains constant then the acceleration a also remains
' % constant. Such a body is said to possess uniform acceleration.
Definition:
“A body has uniform acceleration if it has equal changes in velocity in equal
intervals of time however short the interval maybe.”
2.4 Q.18 Define variable acceleration. (K.B)
Ans: VARIABLE ACCELERATION
If a body does not have 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.

2.4 Q.19 What is meant by positive acceleration and negative acceleration? (K.B)
(GRW2012, 2015)

Ans: POSITIVE ACCELERATION
If the velocity of the body is increasing then acceleration will be positive. The direction of
positive acceleration is the same in which the body is moving without change in its direction.
Example:
If a car is moving in straight line and the driver presses the accelerator the velocity of the
car starts to increase. So the acceleration of the body will be positive.

NEGATIVE ACCELERATION

If the velocity of the body is decreasing then acceleration will be negative. The direction
of negative acceleration is opposite to the direction in which the body is moving.
Negative acceleration is also called retardation or deceleration.
Example:
If the driver applies brake, the velocity will start to decrease. So acceleration of the body
will be negative and direction of acceleration is opposite to the direction of velocity.

2.4 Q.20 Can a body moving with constant velocity have acceleration? (K.B) . —
(L HR ACLI 4014 GFW 2 \17)

Ans: ZERO ACCELZRATION " ™ [ ]
No, a body moving with constant veincity \VlH AGt Have acreien at.f)n it am::erdtlon WI||
be zero because acceleration|is defiziad 4s.the' rate, of ch! anye ‘ofivelodity. When the body
is moving_with uniform velcr“uy the| thcngn ri Vur‘m iy=will be z&ro and therefore the
accele: atln Withaise be zard. \ \ -

24 Q.21 Cang mdy Movirg wi h ,urtal. vigiacity in the direction of east can have acceleration

in the dlrecﬂon of west” it (KB)

Ang: —  DIRECTION OF ACCEL ERATION

| '( e\ a'sody movmg 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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2.4 Q.22 Which is the fastest animal on the Earth? (K.B) (Do you know Pg. # 35)

Ans: FASTEST ANIMAL - —
The fastest animal on the Earth is Falcon that can fly at the. Spﬂcu “of ?OO“K .n

2.4 Q.23 What is LIDAR GUN? (K B+A.2) ' ' (Dot ksOw Pg. # 36)

Ans: =S LMDA QhJI\‘ 1

Figure 4
Figure: A LIDAR Gun
A LIDAR gun is light detection and ranging speed gun. It uses the time taken by laser

pulse to make a series of measurements of a vehicle’s distance from the gun. The data is
then used to calculate the vehicle’s speed. It is being used as motorway speed camera.

2.4 Q.24 What is terminal velocity? (K.B) (Do you know Pg. # 36)
Ans: TERMINAL VELOCITY
50+ parachute
—_ opens
@ 401
— 30+ decelerates
o
8 20+ terminal
o)) velocity
0 107,
0 10 20 30 40 50 60 70
jumps time (s) lands ]
Figure: A Paratrooper Coming Down With Terminal Velocitv__ _F I|H.' —
) | L

The constant velocity of a body falling-down witt in cravitationsi fielais callel] tEimirat- velocity.
When a skydiver falls from giipvering-elicopter, as her! speed i]c;;ea-ges‘, thi2 air resistance on her
also increases, Eventually, it is engugnto nalance hai weight. éng shie gatas no more speed. She is
at her tcn‘r inall velocity. Tyni Cally his i aboar60 ms, though the actual value depends on air
conditicsis) és v /0l gsithe size) fhcm aril-wveignt of the skydiver.
When th skydi /or opens har parachute the extra area of material increases the air resistance, She

— I“sﬁ‘ spet d ianicly-antil the forces are again in balance, at a greatly reduced terminal velocity.

T .‘12-4-l' “5 Wik y e car has rarely uniform acceleration but mostly non uniform?

“£ns’ A car is travelling along a straight road. If it has uniform acceleration, this means that its

acceleration is steady (constant). In other words, it is gaining velocity at a steady rate. In practice,
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a car’s acceleration is rarely steady. For less and less until it is zero. Also the car decelerates
slightly during gear changes. If acceleration is not steady then it ins non-uniform:

1%,

Represent a force of 80 N actlng 1S lvards Nar*qu or Erdist: C J B+A. B
Solution: L

STEP#1 _ SPECI -I_,/\.IONOF DnF EC‘.IC_I*!Q

Draw hm lines pernendictlas’ te. each, otficr, HMorizontal line represents East-West and
verticai-£ine represents, I\1 |fi —Seytin direciion as shown in figure:

8

Figure:  Specification of Directions

STEP#2 ELECTION OF SUITABLE SCALE

Select a suitable scale to represent the given vector. In this case, we may take a scale
which represents 20 N by 1 cm line.

STEP#3 DRAWING REPRESENTATIVE LINES

Draw a line according to the scale in the direction of the vector. In this case, draw a line
OA of length 4 cm along North—East.

STEP#4 SHOWING DIRECTION

Put an arrow head at the end of the line. In this case, arrow head is at point A. Thus, the
line OA will represent a vector i.e., the force of 80 N acting towards North—East.

Scale: 1cm =20 N
Narth

North-East

o

Figure:  Representation of Vector

EXAMPLE 2.2

A sprinter completes its 100 metre race in 12s. Find its average s,pper“l (b B+A
Solution: T LN
Given Data: MV A WN O

Total distance = S =100m | n \ ' el

Total time taken =% = 120- -
To Find:

A\erace s'pee(‘ \’a,
Calculétipns: | \

Awar.me qp \ed ;otal distance moved / Total time taken
Va = 100m/12s

"N ' V,, =8.33ms .

Result:
| Hence, the average speed of the sprinter will be 8.33ms ™.
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A cyclist completes half round of a circular track of radluq 310 m i 15 mi TlU.ftS )

Find its speed and velocity. (U. B+A. B)
Solution:
We can eaS|Iy deduce glve1 catP ay A7 i lg f| wre

- . /”‘_“‘x
J A - A/ . »B
Figure:  Motion along half circle

Given Data:
Radius of the circle =r = 318m
Distance covered by the sprinter = S = nr
= (3.14)(318) = 999m
Displacement covered by the sprinter = d = 2r
=2 (318) = 636m
Time taken by the sprinter = t = 1.5 minutes
= 1.5 (60) = 90s
To Find:
Speed of the sprinter =v =?
Velocity of the sprinter= v =?
Calculations:
Speed= Distance covered/Total time
v==2
t
Putting values
v =999/90 = 11.1ms™*
Now we find velocity
displacement.,

Velocity = _ LA
y ti -né- taken'-.-f- AP A T [
—_ \72& 3t y y .
Putting=s2luet T~ (O |\ T \
i v-ﬁb/QO 7.07 ms*
esul

&
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A car starts from rest. It velocity becomes 20ms™
(U.B+A.B)
Solution:
Given Data:
Initia' velocity.=; = (

FinRl YeIGeity =y, = 20rms ™,
Filpe = ¢ =185 3 |\ |~
To Find;

T C\ecieceration = a = 2
Calculations:
As Vi —V,
t
A 20ms ™t —0ms™

8s

a=

-2

Or =2.5ms

Result:

in 8 s. Fing! ite agceleralich.

| Hence the acceleration of the car will be 2.5ms™

Find the retardation produced when a car moving at a velocity of 30 ms™ slow down

uniformly to 15 ms™ in 5s. (U.B+A.B)
Solution:
Given data:
Initial velocity = v; = 30ms™*
Final velocity = vi= 15ms™*
Time=t=3s
To Find:
Retardation =-a =?
Calculations:
We know
changein velocity

time

Acceleration =

Acceleration =

tlme— 0
ve-v, L 7
SO a= f.r S\ VOV
__.-: |0 W e ." T Y £
VAL (3543000 \ .
AN “a=-3ms”
~esult:

Final velocity — Initiatvelocify., "

Hence, the retardation in the body will be 3ms™
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10.
11.
12.
13

-14..

2.3, 2.4 MULTIPLE CHOICE QUESTIONS

Which one of the following is a vector quantity? (K.B) ] 14
(A) Displacement ~—{B) Speed ' | |
(C) Volume ) L (rwerk

Total length of a path belwven PAO DC'II’L: is’knowhn &s; (( )

(A) Velacity L\ | AB} Acceieiation

(C) Speea | | ' (D) Distance

The shortzit Jiste nce br=tv Jeer: two pomts is known as: (K.B)
(A)(Veldcity, \ (B) Displacement

1C)Y S pzad— (D) Distance

31 unit of speed is: (K.B)

(A) ms™ (B) mh*

(C) kms™ (D) All of these

Speed is a: (K.B)

(A) Vector quantity (B) Scalar quantity

(C) Both quantity (D) none of these

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: (K.B)

(A) Uniform (B) Variable

(C) Non uniform (D) All of these

The rate of displacement with respect to time is known as: (K.B)
(A) Distance (B) Speed

(C) Velocity (D) Acceleration

If the speed and direction of the moving body does not change with time then its
velocity is said to be: (K.B)

(A) Uniform (B) Variable

(C) Constant (D) All of these

If the speed or direction of the moving body changes with time then its velocity is
said to be: (K.B)

(A) Uniform (B) Variable
(C) Constant (D) All of these
Rate of change of velocity is known as: (K.B)
(A) Distance (B) Speed —
(C) Velocity (D) Acceleration ., | [~ 4 |1 L
If the velocity of the body is increasing tlien its acsels rationweilinoe: K-’l-;) | O— -
(A) Positive . L (37 Neuative | ' T
(C) Uniform VT (D) Varabe
If the velccily of the Loay'is 'Henieasir e 1hrn its-acceieration will be (K.B)
(A) Positive | [ \ L™ \ _ ~(B) Negative
(C) Unifoirm 14 | L™ (D) Variable
__ Mt velobi byt a bﬁuy is uniform then its acceleration will be: (K.B)
A osithee (B) Negative
&) Zero (D) Doubled
Sl unit of acceleration is: (K.B)
(A) ms™ (B) kmh™
(C) kms™ (D) ms™
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15.
16.
17.
18.
19.

20.
21.
22.
23.
24,

25.

If velocity of a body changes equally in equal intervals of time then its acceleration

will be: (K.B)
(A) Uniform (B) Variable . <, | |°
(C) Constant - | (D) Relative

The velocity and accelei@ation or-# bsuy. mcyviag, with turiifern; <peed in a circular
path will be; (K.B) 1S

(A) In the & sarng-cirection . Ve (u; In the opposite direction

(C) Mufuely perpardivutar | ) = (D) Equal

I£. tie clirbition of wviotion of body and acceleration are in same direction then
aceeleraaien will be: (K.B)

{A) Uniform (B) Positive

(C) Negative (D) Zero

If the direction of motion of body and acceleration are in opposite direction then
acceleration will be: (K.B)

(A) Uniform (B) Positive

(C) Negative (D) Zero

The quantity which can be described by a number, with suitable unit only is called:
(K.B)

(A) Vector (B) Scalar

(C) Speed (D) Acceleration

The quantity which are described by magnitude as well as direction is called: (K.B)
(A) Vector (B) Scalar

(C) Speed (D) Acceleration

If a car is moving with uniform speed in a circle then its velocity will be: (K.B+U.B)
(A) Uniform (B) Variable

(C) Zero (D) None of the above

Speed of falcon is: (K.B)

(A) 100 kmh™ (B) 200 mh™

(C) 70 kmh™ (D) 200 kmh™

Speed of cheetah(K.B)

(A) 100 kmh™ (B) 200 mh* _

(C) 70 kmh™ (D) 200 kmah* [

Velocity of a paratrooper coming-gown Vi /ith sgn! tan vnlncnty is’ anc Cal"’:r \K B)
(A) Uniform acceleration (B) Variablé velhcity

(C) Termira! velocity RIFARIReE 'nst? HANEouUsS velouty

By wkich qwmtv Sh(. uld W xd?v\de &ecelération in kmh to get its value in ms™2?
(U.B) B

@)oo\ VN T (B) 1000
ST (D) (3600)?
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2.5 GRAPHICAL ANALYSIS OF MOTION

LONG QUESTIONS| Nt

2.5 Q.1 What do you know about graph’> Write theiryse7 (K. B+1.3A: B)
Ans: ~GRAPH |

Definition:

“Graphisa.piquoric I way o*‘ Lre v&“f' igthe |nformat|on about the relation between
various QL ant. tLes i
' VARIABLES

Q&_ 2.

“The quantities between which a graph is plotted are called the variables.”
TYPES OF VARIABLE

e Dependent Variables:
The quantities whose values depend on other quantities are called dependent variables.
While plotting a graph dependent variable is taken along vertical axis.
Example:
While driving a car distance covered depends on time so distance is a dependent variable
e Independent Variable:
The quantity whose value of does not depend on other quantities are called the
independent variables. While plotting a graph independent variable is taken along
horizontal axis.
Example:
Time is an independent variable.
Uses of Graphs:
Graphs can be used to:

e Analyze motion of objects.

e Show year—wise growth/decline of export, month—wise rainfall, a patient’s

temperature record or runs per over scored by a team and so on.

(in million rupaas)

e

T N
la001 e 2003 Zona 2408 - 1
E._po.lufnx frem ‘001'20(.-._- A .

| n_ﬁ'ss_ oy

L T S | 300+ —

LT | les0 =2 OF wickets

— 150 J i
100 .

— 1
i
H
50 - !

.I-u [
o 10 20 30 40 50 gwars

Figure:  Use of Graphs
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2.5 Q.2 Explain Distance — time Graph. (K.B+U.B+A.B)

Ans:

DISTANCE TIME GRAPH .
It is useful to represent the motion of objects using araphs. The mrrm distavice a.nd
displacement are used interchangeably whes the motion-isiriz.stiaiont Airg. Jimilariy-t
the motion is in a straight line then-speed ana\vziacityiare alco usad intercriangednly. In a
distance-time araph, time{i¢, taker=2lorg orizorital &xis waile verfical axis shows the
distance covered by the oby-\c .

Explaratinn; '
Distanca“ime gragiis 101 dn‘lerm*f bohcs die glven below:
' OBJECT AT REST
Refi ||t|nn

R A DGy s sald to be at rest, if it does not change its position with respect to its
“unuundlngs ”

d{m)
30t

20

10

> 1(s)

0 5 10 15

Figure: Distance Time Graph
For Body At Rest

In the case the distance moved by the object with time is zero. That is, the object is at

rest. Thus, a horizontal line parallel to time axis on a distance—time graph shows that

speed of the object is zero.
BJECT MOVING WITH NSTANT SPEED

Definition:
“A body has uniform or constant speed if it covers equal distances in equal
intervals of time however short the interval may be.”

Figure: Distance Time Graph ;
For Uniform Speed s

¢ In this case distance time graoh WI| bk a strefﬁ line.inch -ne 110/ tlrm A» T
Gradient:
On a graph, the lin¢’s\rise-o! 1 '[lf‘ verict l scalg, d1\'1d 3d-‘?y 1t‘s rise on the horizontal
scale is_cati cwl the qrad:cnt a¥ shown 0 bOIww. '

e

i '.
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J, .:'

e Consider two points A and B on the graph its slope or gradient glves the speed of
the object as: _
Speed of the object =Slope or gradientof line A8 [

__disténce EF -y

tiie CD | ._x b
_ = ‘—O—” = 21ns_ "
1as = -

D1t a siraighi-line osapn, the gradient has the same value wherever you measure y
enc s,
On distance time graph, the gradient of the line is numerically equal to the speed.
OBJECT MOVING WITH VARIABLE SPEED
Definition:
“If a body does not cover equal distances in equal intervals of time, however short
the intervals may be, then the speed of the body is said to be variable.”

d(m)
A L
40 1 i"
e — 4
20 Pl
10 i !
o 5 d0 15 20>'®
Figure: Distance Time Graph For
Variable Speed

e In this case distance time graph will not be a straight line

e The slope of the curve at any point can be found from the slope of the tangent at
that point. For example:

Slope of the tangent at P=R—S
QS

_30m _ 3ms™
10s

Thus speed of the object at point P is 3ms ™. The speed is higher at instants where slope is
greater and speed is zero at instants where slope is horizontal.

2.5 Q.2 Explain speed time graph. (K.B+U.B+A.B)

Ans:

Anis:

SPEED TIME GRAPH

“The graph that shows the relationship between speed of ARy uec't- a..w!' 'Eihe"ta.'en b*w e

called speed time graph.” )
In a speed — time graph, ti%z is takee aleng x - a.XJS and speed 15 ta.:e ] along y—axis.
Explanation: s
Speed fme L aph diffarert "|tuat' ng ale, gr”ﬂn hetevi:
| SF BED CLVAE RA Pi4+=OR CONSTANT SPEED

When U)eld ¢fiait abyedt s censtant with time, then the speed — time graph will be a
harizpntal tine! Lamlie' ‘to Time — axis as shown in figure. In other words, a straight line

Deraljette e axis represents constant speed of the object.

low’ term distance and displacement are interchangeable in a graph? (C.B)
displacement is distance in a particular direction. Where there is no change in the direction
of motion means motion in a straight line, a displacement time graph looks the same as the
distance time graph that is why displacement and distance are interchangeable.
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W W

I|
Flgure u=d f'ne @Epr Joi's ntheed
t%| |f4—maiﬂ

v (ms™)

o

:. ﬁ f’ﬂ
- r"ﬁ"-ﬂ' q?dl&fr@l

Definition:
“A body has uniform acceleration if it has equal changes in velocity in equal
intervals of time however short the interval maybe.”
Let the speed of an object be changing uniformly. In such a case speed is changing at
constant rate.

Thus its speed-time graph would be a stralght line such as shown in figure below:
v(ms") 11 Stead) ‘

4

2
|
|

o5 10 5 20>e

Figure:  Speed Time Graph For
Uniform Acceleration

Q.1

Ans:

A straight line means that the object is oving with uniform acceleration. Slope of the
line gives the magnitude of its acceleration.

On a speed-time graph, the gradient of the line is numerically equal to the acceleration.
DISTANCE TRAVELLED BY A MOVIN BJECT
The area under a speed — time graph represents the distance travelleo

motion is uniform then the area can be_ calculated usinr
geometrical shapes represented by th the grapn. | - q
%ﬂdms

JbHﬂka
How cary Tnd I‘
d

total area under the graph shows total distance covered by the body.

We can ' '
~ed are
m veIOC|ty and speed are interchangeable in graph? (C.B)
e

Iocny is speed in a particular direction. Where there is no change in the direction of
motion means motion in a straight line, a Velocity time graph looks the same as the speed
time graph that is why velocity and speed are interchangeable.
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M o[ 5 10 15 20°

EXAMPLE 2.6

Below figure shows the distance-time graph of a moving car. (U.B-+"A Bj

d(m)

SFERTIN
7 _74_1ij|:]

M 7%—
| e 1 (s)

(O, 2503 8 10

[' F:yiie:  Distance Time Graph for Car

f-icir the giash, Tind
(@) Thedistance car has travelled.

(b) The speed during the first five seconds.
(c) Average speed of the car.

(d) Speed during the last 5 seconds.

Solution:

@) Total distance travelled = 40 m
(b) Distance travelled during first 5s is 35 m

Speed = 35_m
5s
=7ms™*
(© Average speed = 40m
10s
=4ms™

(d) Distance moved during the last5s=5m
. Speed = oM _gms?
5S

Result:

(Example 2.6)

Car has travelled 40 m
Speed during the 15 s is 7ms™
Average speed of the car is 4ms™

Speed during last5 s is 5ms™

EXAMPLE 2.7

Find the acceleration from speed—time graph'showr-i; [i

L ov(ms Tt
A |

| L T Lo\ ]
-I "I .. ¥ 1
AR

4
2 i

I

I

I (5

Figure:  Speed Time Graph For
Finding Acceleration

)

|

] -
- ol

gure given'heow: LY. R AB)
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Solution:

On the araph in above figure, point A mves speed of the object as 2 ms~
point B gives speed of the obiject as 4 ms™* after 10 s. )

As Acceleration = slope of AB

Where slope = change in Vrf\_Clty/ me wte vcl '

_1_

acceleration =

Rocu It:

|_ " Tinabove speed time graph acceleration of the body is 4ms ~.

Find the acceleration from speed—time graph shown in figure below:

Solution:

EXAMPLE 2.8

Figure:

v(ms™)
A

N
N

1
0 0 15 20

»1(5)

Graph of An Object Moving

With Uniform Deceleration

! after 5's and

(U.B +AB)

In above figure the graph shows that the speed of the object is decreasing with time. The

speed after 5s is 4 ms—1 and it becomes 2ms—1after 10 s.

As acceleration = slope of CD

2ms ™

—4Ams™

B 10s —5s

2ms™
5s

Result:

=-0.4ms™

| Above graph shows that the deceleration of the body is 0.4ms™ |

A car moves in a straight line. The speed—tlme graph of |ts motlc.u m °..ov4n |~| ug

below: (U.B + A.B)

=rom the graph, Find:

v (ms“ |

Flgure. Speed time graph of

acarduring30s

(a) Its acceleration during the first 10 seconds.
(b) Its deceleration during the last 2 seconds.

(c) Total distance travelled.

N |

er
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(d) Average speed of the car during its journey.

Solution: _
@ Acceleration during the first 10 seconds, ; I
_ change in velocity L |
~ time taken
' :Ems—ogm’—_lﬁm
(b) .-\ccnleritmr dirring, the!last-2 ac‘COI’IdS
Ums '-16ms™

| % — 2s
’ S_2

=-8m
(© Total distance travelled = area under the graph (trapezium OABC)

= %(sum of parallel sides)x height

= %(183 +30s)x (16ms’1)

= %(48s)x(16msl)

Totn] distance covered
Time taken

=12.8ms™

(d) Average speed =

~ 384m
30s

Result:

Above graph shows that:
(@) The acceleration of the body during the first 10 seconds is 1.6 ms™
(b) Its deceleration during the last 2 seconds is - 8 ms™
(©) Total distance travelled by the car is 384m
(d)  Average speed of the car during its journey remained as 12.8 ms™

2.5 MULTIPLE CHOICE QUESTIONS

1. The slope of straight line in distance time graph gives the maﬂnlfu(-.:‘ £ (KBYy
(A) Force _ ’B) Displapsmieric,s, | |« |
(C) Speed — DyAcreieration | v T e
2. The slope of straight linenn: speeu r"rnc qrapf\ gives thi haqmtu Jle of (K. B)
(A) Force BYFAR! (B) Dicplacement
(©) Tos quo |~ L LW (D) Acceleration
3. Area uder th si J@ed 1] m= gra‘t*p news: (K.B)
(A) Foree !t 00 (B) Displacement
. (&) Diistance, ||\ = (D) Acceleration
| s Aedistariee time graph time is taken along: (K.B)
A J [N £\) X—axis (B) Can be taken along any axis
"\ (C) Y—axis (D) Vertical axis
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2.6 EQUATIONS OF MOTION .
LONG QUESTIONS Pt
2.6 Q.1 Derive first equation of motion vsing speed timegranh: ' ' ;
OR Prove that vs = vI +at (K 2=U . B+A, E) ) B _ (GRW 2013)

Consider)¢ Logdy-is ermJ Wltf |_1|t il \(e!caty “v ” in a straight line with uniform
accelerétier, “a?. \Its velocity necsiies “v¢” after time “t”. The motion of the body is
desciibed Ly spreea —tirne graph as shown in figure.

4>
Ol= t > Time

Figure:  Speed Time Graph For Uniform Acceleration

In this case:
Slope of line AB = BC
AC
We know that slope of line in speed—time graph gives the magnitude of acceleration.

. Acceleration = E
AC

BC
a=——
AC
AsAC=0D andBC=BD-CD
S0, _ BD -CD
oD
AS BD = vs
CD=v;
oD = | -
Hence la= Lft—'
Or - e \ ..('i'E".Vf'-f.‘"!i
Therefc.e R R Ry

Th|° is talled | |fs{ «:mat un of motion.

~ achisior:

—|—=

First equation of motion shows the relationship between final velocity
“v¢”, initial velocity “v;”, acceleration “a” and time taken “t” of a body moving
in a straight line with uniform acceleration.
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2.6 Q.2 Derive second equation of motion using speed-time graph. (LHR 2012, 2013)

. J, |

OR Provethat S=vit+%at’(K.B+U.B+A.B) .
ND EQUATION OF MOTION . - [ [~

Consider a body is moving with _initial ‘verocity v’ “ina ftr"-ug,nt Ine wn’ ditiform

acceleration “a”. Its velozity beccres “ve” aitel tima e, Tne mctlon of the body is

descrlbed by speed — tlme uraoh as ! .huwn in wa re:

Figure: Speed Time Graph For Uniform Acceleration

In this case:

The total distance “S” travelled by the body is equal to the total area of the under
the speed time graph. i.e.
Total Distance Covered = Area of the rectangle OACD + Area of the triangle ABC

Area of the rectangle OACD = (width x length)
=0Ax 0D

Avrea of the triangle ABC = % (width x length)

(BC x AC)

(BC x OD)

I
NIk e NIE N
QD
~—
x
~—

-
W

2PN | (8D

Add”’]g (|) and (”) .I. ..I . -:_ .. _._.- .. .. '._.I'-.- \ ;- i "._ A ] _|I

‘] ) A Ius or

,——.-\,

Second equation of motion shows the relationship between distance
covered “S” , initial velocity “v;” , time taken “t” and acceleration “a” of a body
moving in a straight line with uniform acceleration.
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2.6 Q.3 Derive third equation of motlon usmg speed—time graph.

OR Provethat 2aS=v{-vi (K.B+U.B+A.B)
Ans: THIRD EQUATION OF MOTION

Consider a body is moving with initial velocity “v;”_in-a- Sraignt| line with_apifor
acceleration “a”. Its velocity becemes “vi” ‘after iin € “7) The_riokion ‘of.the body is

described by speed — time giaph as Qhovv i figure.

o

Figure: Speed Time Graph for Uniform Acceleration

In this case:
The total distance “S” travelled by the body is equal to the total area of trapezium

OABD under the graph.
Perpendicular distance }

Area of trapezium OABD = 1[sum of parallelsides] _
2 between parallel sides

== (BD + OA) (OD)
Or 2S = (BD + OA) (OD)
Multiplying both sides by g—g , We get

2(%)3:(BD+OA)(OD)(ESJ

2(Ejs:(BD+OA) (BC)
oD
As (BC = BD-CD)
As (E = a)
oD
2aS = (BD + OA ) (BD-CD)

As BD = v¢ - I WY LY 7 E
OA:VI — . 1 .-__. - .. 1 . W ..... .-.-;-_ A
BD = Vi = - J r _ "._ '._. R Y\ ! \ A
~CD=v; | /) ' , /
Putting-thé, values in tie in the. abhy Ve el la‘ifsh we have
9au—fv +\;)\\‘;~ L)
oL hdad E v vt
_ Fhislis cal'ed Tm d'eguation of motion.
” | q,a ull"-a.Qr
.'-:,J' AV Third equation of motion shows the relationship between distance

covered “S”, initial velocity “v;”, time taken “t” and acceleration “a” of a body
moving in a straight line with uniform acceleration.
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Q.1
Ans:

Q.2.

Ans:

Q.3.
Ans:

Q.4.
Ans:

Q.5.
Ans:

Q.6.

2.6 SHORT QUESTIONS

What are equations of motion? (K.B+U.B+A.B)

EQUATIONS OF MOTION _— o
There are three basic equations of mation cf Lodies ity mq withunifarrh &ccalbiation.
These equations relate initiaivelocity vi nial Yeldcity i, eccelération a, tme t and
distance s cavered by a movirig/ocay. M these equations uf motion w2 suppose the
motion o A body is-along a straight ling ! Henee. we consider only the magnitude of
displacaients, velorities, end eceelesation along straight line. For rectilinear motion
equatiors g1, mption are, asforiows:

1%,

Vi=V; +at

S=vit+ 1at2
2

2aS = sz — Vi2

Write formulae to find area rectangle, triangle and trapezium. (U.B+A.B)
FORMULAE

Formulae for the areas of different shapes are given below:

Area of the rectangle = (width x length)

Area of the triangle ABC :% (width x length)

Perpendicular distance
Area of trapezium OABD = %[sum of parallelsides]{ P }

between parallel sides

How to convert ms™ to kmh™? (U.B+A.B)
ms TO kmh™
To convert ms 2 to kmh multiply acceleration in ms * by {(3600x3600)/1000} = 12960
to get its value in kmh
How to convert kmh™ to ms=? (U.B+A.B)
kmh= TO ms™
Divide acceleration in kmh by 12960 to get its value in ms 2.
How to convert ms™ into kmh™? (U.B+A.B)
ms TO kmh™

1 ms™ =0.001 km x 3600 h™*
=3.6 kmh™
Multiply speed in ms™ by 3.6 to get speed in kmh™ . ACA N (LU
For example: —\ =N A | A
20ms* = 20x3.6 kmirt | L VAN e~
_72 kr-]h]_ _— - Vo b '._ '.I 1 [
How to cozvert kmh o ms|RL. E,+,L\ Bj._
1 kmh =2 E)Q‘iﬁ_ _5 m»_;-,l “\
)O; d) |

-',";:1;-|.<‘ ml;lf!p.y speed in kmh™ by % to get speed in ms™e.g.,

50 kmh = 50><Ems‘l
36

=13.88 ms*
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A car travelling at 10ms ™ accelerates uniformly at 2ms . Calculate ifi velocity afier &(s.

(U.B+A.B)

Solution:

Given Data: .
Initial veIOC|ty Vi= 10'*~ j
Acceleration =-a= 2m5/% /
Time =i<h S|

To Find:

"~ Final vbincity = vT
Calculations:

Welnow
Vi =V + at
Putting the values
=(10) +(2) (3)
10 + 10
20 ms

Result:

The velocity of the car after 5 s is 20ms™.

A train slows down from 80 kmh= with a uniform retardation of 2 ms™

will it take to attain a speed of 20 kmh™? (U.B+A.B)

Solution:
Given Data:
Initial velocity = v; = 80 kmh™
_ 80x1000m
60 % 60s
=922 2ms!
Final velocity = v; = 20 kmh™
_ 20x1000m Sy
60 % 60s

Acceleration = a = —2ms™
To Find:

Time taken =t =?
Calculations:

We know

vi=vit+at _
Putting the values - ' A
- (P22 ,_) (—f) ([)
— _ uu—24)2 —7I L
VTS F166 = p2t
AR Ay
“1=8.35s

Re\.u I'r

ot e .

2. How long

i ~ The train will take 8.3s to attain the required speed
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A bicvcle accelerates at 1 ms™ from an initial velocity of 4 ms7Far-10's. Find ‘toe
distance moved by it during this mterval cf time. (UB+AE; ' e
Solution:
Given Data: '

Acceleration =a = Lms7’

imitial velosity = v, = 4vngl?

Tame =it =-20s!

To Flnd . '
Distance'moves =
(Caiculatiors:
V'e-know

S=vit+Y%at?
Puttina values
S = (4) (10) + ¥% (1)(10)?
S=40+50
S=90m
Result:

The bicycle will move 90 metres in 10s

A car travels with a velocity of 5 ms™. It then accelerates uniformlv and travels a
distance of 50 m. If the velocity reached is 15 ms™. find the acceleration and the time
to travel this distance. (U.B+A.B)
Solution:
Given Data:
Initial Velocity = vi=5 ms™*
Final Velocity = v¢ = 15 ms™
Distance = S = 50m
To Find:
Acceleration =a =?
Time to travel the distance =t =?
Calculations:
We use 3 equation of motion for finding acceleration
2aS=vé—vi
2 a (50) = (15)° — (5)°
100 a=225-25 p
100 a = 200 — [ [~2 % ([ A
a= 200/100 ™\ e ALY I e
a 2mS P ' k. .m i _-' =
We can find time to tsavel h' .lsmo 15 ‘nuctmn % o) ion
As — Vi= V|+at. Ve :
Pudtina the-vaiues™ | “ I
VR (54 (,) \
L .'['5 7\"2t i
J = Z (1

NIN t=10/2

! t=5s
Result:

The acceleration of the car is 2 ms? and it takes 5 seconds to travel 50 m distance.
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2.6 MULTIPLE CHOICE QUESTIONS

1. In equations of motion, motion will always be taken: (K.B) ) ¢
(A) Circular line ‘B) Straight line |
(C) Elliptical line L (P)rregular hn'—*
2. In equations of motion, /‘eeeleraucn witalways be: (K i3)
(A) Uniform (E)\Vartable
(C) Posiive AN ‘D idegative
3. In equations'ci meticny ini; |aw veine ity Vi be taken as: (K.B)
(A) Unifoira . \ : (B) Variable
(C) Fositivel . (D) Negative
4 1. sfpeed titmz-graph, sketched for deriving equations of motion “at” is: (K.B)
' (/\jS5aim in speed (B) Variable
(C) Momentum (D) Final velocity
5. Equations of motion are: (K.B)
(A)1 (B) 2
©)3 (D) 4
6. 50 kmh™* = (U B+A.B) (Useful Information Pg. # 47)
(A) 13.88 ms™ (B) 5000 ms*
(C) 30ms™ (D) 500 ms™
7. 72 kmh= (U B+A.B) (Useful Information Pg. # 47)
(A) 13.88 ms (B) 5000 ms
(C) 20 ms™ (D) 500 ms™
8. Ims = (U.B+A.B) (Useful Information Pg. # 47)
(A) 100 kmh™* (B) 200 mh*
(C) 3.6 kmh™ (D) 36 kmh- !
9. To get speed in ms™, we multiply speed in kmh™ by: (U.B+A.B) (Useful Information Pg. # 47)
(A) 36/10 (B) 200
©) 10/36 (D) 36
10. 54 kmh™ into ms (U.B+A.B) (LHR 2017)
(A)5ms* (B) 15 ms
(C) 10ms™ (D) 20 ms™
2.7 MOTION OF FREE FALLING BODIES
LONG QUESTIONS
Q.1. What do you know about gravitational acceleration? (K.B+U.B+A.B) (LHR 2011) _
Ans: RAVITATIONAL ACCELERATION —. T
Definition: ' ’ 131
“The uniform acceleration of free-falling bodies~ umer *re acunn nf Mf: ot
gravity is called grawtatlonal acceleration.”| | — _ A A,
Discovery: NEARRIRRE

Galileo wasthe first scieritist fo mtr= 1ha* el the fme ralllng uujeCtS have the same
accele; at;m n ceendeet af\their m\c;sses He-gropped various objects of different masses
from thv Iea*m ¢ tcwer of Pl s&. Hensiiced that all of them reach the ground at the same time.

| .Ilf e ""—‘]|F c-air resistance, then all the bodies either lighter or heavier will fall down

A J'I' S wdits‘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 10 ms 2 For bodies falling vertically downward ‘g’ is
positive and for bodies moving vertically upward ‘g’ is negative.
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Q.1.
Ans:

Q.2.

Ans:

Q3.

Ans:

2.7 SHORT QUESTIONS

How can we use equations of motion for bodies, whlch are fall u;%fr ol} undu the)
gravity? (A.B) - [ | »
EREE FALLING SO IES

Equations of motion can e, used 55 5odies) mcving' tinder aravity. In such cases we
replace ‘a’ly ‘g’ and.S by n/sp quut10n~ of 'motion for bodies |aII|ng freely can be
writter ac

V= Vi + gt

1
h=vit+ Egtz

N
«Q
=
|
<
|
=<
N

fyaeab oy anp

o— 0®
O —00

«—Buisealoul f)100]ap

Velocity decreasing —>

o

O

Figure:  Acceleration of Free Falling Bodies

What are the points kept in mind when bodies are moving freely under gravity?
(K.B)

FOR DOWNWARD MOTION
e Initial velocity ‘v’ of the freely falling body will be zero
e Gravitational acceleration will be positive

FOR UPWARD MOTION

e Final velocity ‘v¢’ of the body will be zero. .
e Gravitational acceleration will be negatlve — [ (&

. L
When a body is thrown vertically unward 1t“ VP!ocu) It t AT h g@est pmnl .Q.7- 'S, Why"

(K.B) AR L T b .
- MELOCLYIATIH G TES E§ LPGINT

When a h;ody I tnrgw T /ent.ca h/\ua varG;-it-inoves against the force of attraction of the

Earth. It sip) _/vs (jowr g adual‘ 'and on reaching the highest point it comes to rest. That is

\ \'/.i::)l' he \velos Sity'sta body becomes zero at the highest point.
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A

A stone is dropped from the top of a tower. The stone hits tre“grocnd df{: r 5
seconds. Find: (U.B+A.B) :
(a) The height of the tower
(b) The velocity with whizii the siafe Kits theiground.
Solution: j .
Given/Da1a:|
siltaal weldeity'=vi =0 |
Gravitational\acselzration = g = 10ms 2
(o] Timei=t=5s
‘o'Fina:
Height of tower=S=h=?
Final Velocity = v¢="?
Calculations:
We can find height of the tower by using 2" equation of motion
h = vit + % gt2
By putting values
h = (0)(5) + ¥ (10)(5)?
h=0+125
h=125m
We can find final veI00|ty of the stone by using 3 equation of motion
2gh = v¢ — vi
By putting values
2@10)(125) v —0

= 2500
Taking square root on both sides

=50ms*
Result:

The height of the tower is 125 metres and it will hit the ground with a
velocity of 50 ms-*

A boy throws a ball vertically up. It returns to the ground after 5 secor"*s Flnd

(a) The maximum height reached by the ball. s
(b) The velocity with which the ball is thrown up (1) B+A. I;) _' | \(HE0TT)
Solution: ) L 1T\ | \ L

Given data:

Gravitational ar‘MIerauon = :; 5 fljn s’? ’As th ball is moving upward)
Ttme Feiun, a’nu dov\n mpm\1 At B
\/elncm a: rna |rnu1* hRight = vs = 0

. '-1-9.": I_I"ﬁ

Maximum height reached by the ball =h ="?

The velocity with which the ball is thrown up =v; =?
Calculations:
For finding initial velocity first we have to find time to reach maximum height that is
Half of total time of flight (t,)
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Q4.

Ans:

So Time to reach maximum height = %2 t,
t= % (5) .
t=25s -
Now by using 1% equation of motion we cagi-iind initial veiocity. ¢

We know
T Vi 5 Vi F Al )
Puttingtive values .y
' ' 1\ 0= +'(—10)(2.5)
. 0=v;-25
[ BN Vi =25ms*
By using 3" equation of motion we can find maximum height reached by the ball
We know
Zgh = Vf2 — Vi2
By putting values
2(-10)h = 0 — (25)°

—20 h=-625
h = 625/20
h=31.25m

Result:

The ball was thrown up with a speed of 25 ms™ and the maximum height
to which the ball rises is 31.25 m.

Prove that Put the heavy and lighter bodies have same value of gravitational
acceleration as they fall freely from certain hight? (C.B + A.B)

mass of heavy body = M
mass of lighter body = m

Fore of gravity on heavy body =F, = GhélgM
Foreof gravity on lighter body = F, = G'\ngm
Gravitational accelration on heavy body = % = GFL\QIG =9.8ms™ -
o | | RCoM —~SN [ 72 \ A
Gravitational accelration on Ilghterbau‘/— —= _=-——~ = 9 %ns ' (L
ars o

Hence proved the graV|tat|nnc jaceeleia lich Is same *—or mn' as oT d ffurent mass

BN27 AVL TIRLUE m
Series of o per fmieny ts on 1r'=e ‘fait-ot heavy bodies was performed by: (K.B)
(&) islewton! || | - (B) Einstein

L MGHGaklan) T (D) Al-Kundi

VY/hen a body is falling freely under the gravity then in equations of motion ‘a’ is
replaced by: (K.B)

(A)m (B)d

(N (D) g
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3. If a body is falling under the gravity then its initial velocity will be: (K.B)
(A) Positive (B) Negative
(C) Uniform (D) Zero - [ i
4. If a body is falling under the gravity thein1is gravitauonal aceeleretionivily i ~6<.B)
(A) Positive . (13} Necative
(C) Increasing (L) Zerd
5. If a bodyis tarown varticallyluovezro trien its final velocity will be: (K.B)
(A) Positive . ' (B) Negative
(C) Unitorin (D) Zero
0, '1'a'hary-is thrown upward, then its gravitational acceleration will be: (K.B)
"N {A) Positive (B) Negative
(C) Increasing (D) Zero
7. Value of g depends on: (K.B)s
(A) Mass (B) Speed
(C) Size (D) Height

MCQ’S ANSWER KEY (TOPIC WISE)

2.1 INTRODUCTION TO PHYSICS

2.2 TYPES OF MOTION

2.3 SCALARS AND VECTORS

2.4 TERMS ASSOCIATED WITH MOTION
4 o) 6 l 8 9 10 11

.‘ 2 3 % l‘m 6 7 8 9 10
M:B Il_lh 1II‘I§5 A C A C C C B
S

N NI BR2.7 MOTION OF FREE FALLING BODIE

C D D A D B D
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TEXT BOOK EXERCISE _
MULTIPLE CHOICE QUESTIONS s :

2.1 Encircle the correct answer from the givzii choices,, (K:3)

i A body has translatory motion if’it movez: aleng a; (GRW 2017)
(a) straight line : - (K)'civclz \
(c) line withaut rotation . [d) eurved-pain

ii. The mition of aboGy-arcund.ar-ax s iz calica: (K.B) (LHR 2015)
(a) circaiar maotion R ¥ (b) rotatory motion
(c) vibrotoly maticn (d) random motion

iii, \Waich of the fJnuWIng is a vector quantity? (K.B)

; (e)snecd” (b) distance

©) dlsplacement (d) power

iv. If an object is moving with constant speed then its distance—time graph will be a
straight line. (U.B)
(a) along time—axis (b) along distance—axis
(c) parallel to time—axis (d) inclined to time—axis

V. A straight line parallel to time—axis on a distance—time graph tells that the object is:
(K.B+U.B)
(a) moving with constant speed (b) at rest
(c) moving with variable speed (d) in motion

Vi. The speed-time graph of a car is shown in the figure, which of the following

statement is true? (U.B)

v(ms'")

15

1(s)

car has an acceleration of 1.5 ms 2 b) car has constant speed of 7.5ms™
- dlstance travelled by the car is 75 m d) average speed of the car is 15 ms™
Vii. Whldch of the following graphs is representlng unlform acceleration? (U.B) (LHR 2015)

(a) |Lf () L—1
(C) & (d) |Ll

viii. dividing displacement of a movmg bagy with time; e oo‘aln (K B.
E?speed E) accelergtidn e
Ve|0CIt% ' =4 ¢}\deceleration |
iX. A ball is thrown vertlcally upy verdl. i1 v Io ity at-+he n. r*”.es[ pointis: (K.B)
Q) —10awmg )~ u Lo AbizersT
c) 10 me I\ 1 - E ~(d) none of these
X. A chan ]e in pcsmcm ¥ C&[l(‘d (K
(a) smeed b) velocity
e 5(‘) drsplcceme't _, . (d)distance _ L
. K \aaie isJnoving at a speed of 36kmh™. Its speed expressed in ms™ is:(A.B) (GRW 2015)
; J. WY 10 ms b) 20 ms™
\ zc 25 ms* d)30ms*

PHYSICS-9 79



UNIT-2 Kinematics

xii. 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.B) -
a)31.25m b) 250 m _
c) 500 m d)5000m <

ANSWER IKEV!

mﬂ"ﬁ Vi Tﬂ\‘ﬁl‘ﬂlw
Explain trangldtory, movon andggive exarigies of various types of translatory motion.

Ans. See Q.z Lang Guestion 1OR1CI2.2

2.3 _ Diffarentiatz betvveert the following:
(i3, | ~Rest &id motion

{i.)~' "Circular motion and rotatory motion

(iii) Distance and displacement (GRW 2014)
(iv)  Speed and velocity (LHR 2013, 2015)
(V) Scalars and vectors (GRW 2013, LHR 2014, 2015, 2107)

Q) Difference between Rest and Motion

(i) Circular motion and rotatory motion.

(iii)  Difference between Distance and Displacement.
(iv)  Difference between Speed and Velocity

(V) Difference between Linear and Random motion.
(vi)  Difference between scalar and vector.

2.4  Define the terms speed, velocity, and acceleration. (GRW 2013, LHR 2015)
2.5  Canabody moving at a constant speed have acceleration? (LHR 2014)
Ans: CONSTANT SPEED AND ACCELERATION

A body moving with constant speed may or may not have acceleration.
e It will not have acceleration if the body is moving with constant speed in a straight
line that will be case of constant velocity.
That body can have acceleration if its direction of motion changes continuously. For
example a body moving with constant speed in a circular path has acceleration.
2.6 How do riders in a Ferris wheel possess translatory motion but not circular motion?
Ans: MOTION OF RIDER
Riders in a Ferris wheel move in a circle without rotation therefore motion of rider in
Ferris wheel is translatory not rotatory.
2.7  Sketch a distance — time graph for a body starting from rest. How will vou mterm.. ni R
speed of a body from this graph? N el T =
2.8 What would be the shape of speed time graoh c\f 1 Lody oVilig w1 hl Vanl?hd, opeed"
. AR TR T O ( HR 2013, 2014, 2015)
Ans: Long question Q. 2 Topic 4.5, ' ;| \
2.9  Whichf the follswding can be ohteined Tromispesd — time graph of a body?

RS

0] Hiitial gpead || ~ (i) Final Speed
(iii) Di@tanr( cn\lnrno il time t (iv) Acceleration of motion
Angi, .NFORMATION FROM SPEED TIME GRAPH
M A Ii the given quantitles can be obtained from speed—time graph.
“2/16°  How can vector quantities be represented graphically? (LHR 2014, GRW 2014)

Ans:  Short question Q. 4 Topic 2.3 & 2.4
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2.11
Ans:

2.12
Ans:

2.1?;'
Ans:
2.14

Why vector quantities cannot be added and subtracted like scalar quantities’?
ADDITION AND SUBTRACTION \
Scalar quantities can be described completely by magnltude caly and-can e cddeL ar
subtracted by simple arithmetical rules. ViCior quantities_ in sCGditidr 10 t0agn!? itiicie-also
need direction for their descriptior. Sn \vegiors cannoy he a(,deu Gi-subtracted by
arithmetic rules due to directipn.
How are vedtor quartitas impertent io uc In'per-gaiiy I|fe’>
MECRT ’-\l\u"”\)l— £CTOR QUANTITIES
In orde, tc Inchie ¢ Llate! frOr 4 reverence point, we will have to describe the distance and
direClior, of that\place-irom reference point. Description of distance along with direction
il make-Up a vector quantity. Hence by using vector quantities we can describe the
position (or location) of bodies.
Derive equations of motion for uniformly accelerated rectilinear motion.
See Long Questions TOPIC 2.6
Sketch a velocity — time graph for the motion of the body. Calculate total distance

covered by the body.
DISTANCE FROM VELOCITY TIME GRAPH

Solution:
Given Data:
Velocity time graph for the calculation of total distance is given below?

v (m/s)

1333 m/s A¢<—300s—> B

E T T : T —>t(s)
0|0 120 240 360 480 600°
Figure:  Speed Time Graph For Finding Total Distance Covered
To Find:
Total distance covered=?
Calculations:

By using the given values we plot a graph shown in figure.

Velocity = 48 kmh™
48 x1000

Velocity = === AN
1000 —_—n |
Velocity = 13.33 ms ) AR RIER \
Time taken'= 2 mingies  ~ 40 L0 L L LY
. \E2060) | '
._.-': .'.. -"\-"' 1 e -_"\12&
._/ \gam tlmp tam =3 minutes
AR ~ =5(60)

NIN =300s

Again time taken = 3 minutes
= 3(60)
=180s
We know that area under speed-time graph represents the distance covered by the object.
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. Total distance covered = Area of trapezium OABC
=% (Sum of parallel sides) (Perpendicular distance betwees ,gafa_'_let sid :9)

S= % (600+300) (13.33)

1
37,9001 413:33) |

S= UOU( n
Result: -

| e ] e | e | | e e e

) Totalaistance covered by the body has been found by finding total area
I undei speed time graph that is equal to 6000m

NUMERICAL PROBLEMS (U.B+A.B
21 A train moves with a uniform velocity of 36 kmh™ for 10s. Find the distance traveled by it.

Solution:
Given Data:
Velocity of train = V,, = 36 kmh ™ = 36x1000 _ 15 gt
3600
Time taken=t=10s
To Find:
Distance travelled by train=S =7
Calculations:
As we know that
S=VyuXxt
By putting the values, we have
S=10x10
S=100m
Result:

Hence, the distance travelled by train will be 100 m.

2.2 A train starts from rest. It moves through 1 km in 100s with uniform acceleration.
What will be its speed at the end of 100s?
Solution: _
Given Data: ) SN
Initial velocity of train = v '-Oms A _' I
Distance covered bl Vam =5 L b =11000' m'
Tirie taken by *"“'n == 100 S| e
To Fird: |\ | 7, ™, _
3p’td of tranoftar lﬁﬂ =V, =7?
: _(_ng Alai |g1
| 2175t we have to find the acceleration, as we know that
S=vt+%at
By putting the values, we have
1000 = 0 x 100 + % x a x (100)?
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2.3

"\.' I'gt_ l_JI

1000 = %2 x a x 10000
1000 = a x 5000

_ 1000 s

~ 5000
So, a=02ms’" : "
Now from.first equatlnn cf mutlon w2 t._ay.e N

Vv, E\G A
by putti 1g the nILe:, Ve hdve )
. =94 Q.2x7100
N Vv, = =20 ms*
Result:

Hence, the speed of train at the end of 100 s, will be 20 ms™.

A car has a velocity of 10 ms™. It accelerates at 0.2 ms™ for half minute. Find the

distance travelled during this time and the final velocity of the car.
Solution:
Given Data:

Velocity of the car = v, =10 ms™*

Acceleration of the car =a=0.2 ms 2
Time taken by car=t=0.5min. =0.5x60=30s
To Find:
@ Distance traveled by car =S =?
(b) Final velocity of the car = v, =?
Calculations:_
As we know that
S=vt+Y%at
By putting the values, we have
S=10x30+%x 0.2 x (30)
S =300+ 0.1x900

S =300 +90 — (1A
S=390m -y . .__.-"_ | [ &
(b) Now, by using flrstequatlcn(fmof on,_vve, hav1 ARE
Ve =V, +at \ ALY
'}_40+r y%o 10+§x -
-1Lns '

I_- :___ A

and 16 ms™ respectively.

| Hence, the distance travelled and final velocity of the car will be 390 m
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2.4

2.5

A tennis ball is hit vertically upward with a velocity of 30 ms™. It takes 3 s to reach __
the highest point. Calculate the maximum height reached by the ball. How Ionr ir-, |
will take to return to ground? J
Solution: Y [ | 7/
Given Data: A _

Initial velocity of the tennis 5zl = =30 rast

Tire to reach the.maximuym'height. =t = 2.5 -

Graviiamonal acaeldiation =g = ~10.xis =

Sl el ve logitly ¢f ihe hal? =, = Oms™*

T Find; ' '

[ L AMaxiimum helght reached by the ball =h =?
Caiculations:_
From second equation of motion in vertical motion, we have
h=vt+%gt
by putting the values, we have
h=30x 3+ % x (-10) (3)?
h=90-5x9=>h=90-45=h=45m
As the ball moves with uniform acceleration in vertical motion, so time taken by the ball
in both directions will be same.
Total time taken to return the ground = Time taken upwards + Time taken downwards
Total time taken to return the ground =3 s + 3s
Total time taken to return the ground =6 s
Result:

Hence, the maximum height reached by the ball will be 45 m and total
time taken to return the ground will be 6 s.

A car moves with uniform velocity 40 ms™ for 5 s. it comes to rest in the next 10 s

with uniform declaration. Find

i) declaration

i) total distance traveled by the car

Solution:

Given Data:

For uniform motion:

Uniform velocity = v, = 40ms™
Time for uniform velocity =t =5s

When brakes are applied — [ (&~} (AW
Initial velocity = vi =40ms iy " SN o o
Final Velocity = v¢ £ Q AR R IR R
Time for bemn stnn-” SNSHRIRERIRRENE
To Find— \ / 1. | g L
iy ,.;f:’celera*low- xa
) Dl‘tanca uat feled u, e car=S=7

Calsulations | | |
() ) NE Know
' changein velocity
time
final velocity — initial velocity
time

Acceleration =

Acceleration =
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2.6

So a=

Putting values

-5d _—Ams

i) We can find total L‘IS :8nge o "I’td ‘n o al;crs -
Step 1for\Unifsrin TiViotion:
Ay \ve knON that| |
\ LS =y Xt
[ B Bv pUtting the values, we have
. S=40x5
S=200m
Step 2 for Deceleration:
As we know that
S=vt+%at’
By putting the values, we have
S= (40) (10) + % (-4)(10)?
S =400-200
S=200m
Total distance travelled during the journey = 200m+200m
=400m

Result:

travelled by the car during the journey will be 400 m.

Hence, the deceleration in the car will be 4 ms™

and total distance

A train start from rest with an acceleration of 0.5 ms™. Find its speed in kmh™,

when it has moved through 100 m.

Solution:

Given Data:
Acceleration of the train =a = 0.5 ms 2
Initial velocity of the train = v,;=0ms*

Distance moved by train =S = 100 m

To Find:

Final speed in kmh™* = v, =?
Calculations: i

From third equatiof ¢f monr i, Ve havv"- oA

2as v\ L L
by put mg Ihe\"ues re 2 have .
A -7 ,Gtﬁxlwn ‘Vf2 (0)2

. L tos= v
\ ll' '8 <lng stiliae Foot on both S|des we have
T \/100 v,
So =10ms*
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Speed In kmh™

vV, = 10> 3600 =36kmh™ A
1000 5N |
Result: | Vo WY LS

— —— R e L .

27 A tran‘ ararting TEq Fost dC(t,|EI a. es Uit ormly and attains a velocity 48 kmh™ in 2
minute:. ititravels at pzed fsi 5 minutes. Finally, it moves with uniform retardation
urm S stopono after'3 minutes. Find the total distance traveled by the train.

J N Given Data:
Velocity = v = 48 kmh*
Velocity =v = 48x1000 =13.33ms™
3600
Time taken = t= 2 minutes = 2(60) = 120 s
Again time taken =t =5 minutes = 5(60) = 300 s
Again time taken = t= 3 minutes = 3(60) = 180 s

To Find:
Total distance covered= S =?
Calculations:
By using the given values we can plot a graph shown in figure:

v (m/s)
N

157
13.33m/s A«—300s—> B

0

T T T T
0|0 120 240 360 480 600°C

Figure:  Speed Time Graph For Finding Total Distance Covered

t(s)

We know that area under speed-time graph represents the distance covered by the object
. Total dlstance covered = Area of trapezium OABC —, |

= E (Sum of parallel sides) (Perpendicular distapes hétWe«,"n,'B_a'r:éi"i.el"sidégj;..__ i

.--._ \ .'-_----I '. \Re -. _.m. ..... .-..--_ 3
S= % (600+300) (1§ 3) SRR\ R
- v i .ll .-I i - ;

Y

%\sooq a7 33) \ h

- OOO “n
A | Rw Il

NN

Hence, total distance covered by the brain has been found by finding
total area under the graph line in speed time graph and that will be equal to 6000m.
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2.9

Naatct

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. .
Solution: . Y I
Given Data: . |
Final velocity of thz ball =7, = 0 risi
Sravitational acceleration/= jy = -1 rs
Time Tri which| bnll return te Crore=t=6s
To Fing Flnd
Makimim ne*ght reached by baII =h="?
| | Ainittarvelocity of the ball = v; =
Caiculations:
We know that for ball thrown vertically upward in air
Time taken by ball to reach maximum height = Time taken by ball to reach ground from maximum height
time taken by ball to reach maximum height=t=3s
From first equation of motion, we have

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

Now from second equation of motion, we have
S=vt+%gt

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

Result:

Hence, the maximum height reached by ball will be 45 m and initial
velocity of the ball will be 30 ms™.

When brakes are applied, the speed of a train decreases from 96 kmh™ to 48 kmh™

in 800 m. How much further will the train move before comlng to rest? (Assn s EyTeR X!
the retardation to be constant) — [ [ [ { '
Solution: —\ Ao NN M
L | $6%1D00} ‘B0l ||

Initial velocity of tr i 77y F )f» krnl S 6 1)\ 0 m:= =26.67ms

— |~ ! .' e uOUO 3

‘ll‘cl \e'lout/Lf rar = v =48 kmh = M 40 ms™ =13.33ms !

3600 3

Dls cmm o0 Jer'ed by train =800 m

Distance covered by the train before comingtorest=S="7?
Calculations:
First we have to find
Retardation of the train=-a="?
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NINE =k t=80s
‘Hesult:

From third equation of motion, we have
2aS=v,”—v?
By putting the values, we have
2 a(800) = (13.33)* = (26.6° )
1600 a = 177:69 — 111 29~
1600 a= —532.6-/1
'_ a— —aooBIibOf)
0,33 157 :
Again For aver ali n ot on till.trains stops
40
[ I\
Final velocity of train= v, =0 ms

Retardation of train = a = — 0.333 ms
From third equation of motion, we have
2aS=v,.’-v?
By putting the values, we have
2 (-0.333) S = (0)* — (13.33)?
—0.66 6S =— (177.69)
S =177.69/0.66
S=266.8 m
Result:

Initial-velocity of train = v, = 48 kmh'? :?ms'1 =13.33ms*

266.8 m.

Hence, the distance moved by the train before coming to rest will be

In the above problem, find the time taken by the train to stop after the application

of the brakes.
Solution:
Given Data:

Initial velocity of train = v,= 96 kmh* _96x1000 _80
3600 3

Final velocity of train = v, =0 ms*
Acceleration = a = —0.333ms
To Find:
Time taken by the train=t="?
Calculations: g e
From first equation of mott on we h 1VL
:v+:a+ a1

By thtmgjhe vaid es \we 1ave WA
Ty O 26674 (). 33):“"'
' —76 6“’ 1{0.333)1

V) '=76.67/0.333

1 =26.67ms !

I_- :___ A

brakes will be 80 s.

Hence, the time taken by the train to stop after the application of the

PHYSICS-9

88



UNlT‘Z Kinematics
|

|
|
|
|
|
|
|
|
|
|
|
|
|
1
!
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
»
|
|
|
|
|
|
|
|
|
|
|

SELF TEST N
Time: 40 min. - M.
Q.1  Four possible answers (A) (B), (C) &' (D) t0 racl quast on drs Jiven, waark the
correct answer. ' \ A (6x1=6)
1. Motion of individual partwcl= Of a}. inrin 1 t)p i ' '
(A Ci culdr MsHon \ {2y Rotatory motion
(C) Vibraipry niot: oh |\ ) N (D) Random motion
2. Cnemetre per: tedohd'is equal to:
!‘. 1 - _1. 1 1
; (/\j-5.6'Kmh (B) 36 kmh
(C) 6.3 kmh™* (D) % kmh™!
3. 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
(C) 500 m (D) 5000 m
4, A sprinter completes its 100 metre race in 12s, it’s average speed will be:
(A) 100 ms™ (B)12ms*
(C)8ms™ (D)8.33ms*
5. Motion of a rider in Ferris wheel is:
(A) Translatory motion (B) Rotatory motion
(C) Random motion (D) Vibratory motion
6. 0.002070 has number of significant figures:
(A)3 (B) 4
©)5 (D) 2
Q.2  Give short answers to following questions. (5x2=10)
I.  Atruck covers a distance of 360 km in 5 hours. Find its speed in metre per second.
ii. A body is moving with uniform velocity. What will be its acceleration? B
iii. Under what conditions the distance and displacement between two pomts WI|| be equal’) ™
iv. Can a body moving at a constant speed have acceleration? A
v. Find the retardation produced when a ¢ movmq atthe bp~°d Ql ’%On-us, shwc du\ -
uniformly to 15 ms~ Lin Ss. LT na ' o
Q.3 Answer the following quéstions Faeraitoy L LY | (4+5=9)
a) Defing g. avitationai acceleratior, Visrite.2 nate n!‘ iife motion of freely falling bodies.
b) A stne is dro: sped) 1) om th Mchuf A tower. The stone hits the ground after 5 seconds.
Finc; , }
=t i The height of the tower
NI '_' (i1) The velocity with which the stone hits the ground
“Mote:

Parents or guardians can conduct this test in their supervision in order to check the skill
of students.
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