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Kinematics is a branch of physics which deals with
sfudy of motion of points, objects, and systems of
bodies without considering the forces that cause
them fo move. ... The study of how forces act on
bodies falls within kinetics, not kinemartics
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Definition of Kinematics

e Kinematics is the description of motion.
Motion is described using position, velocity
and acceleration.

e Position, velocity and acceleration are all
vector qguantities.
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elnertial frame of reference:- Reference frame in which Newtonian
mechanics holds are called inertial reference frames or inertial frames.

ilan mechanics does not hold are called
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Reference frame in which Newtonian mechanics does not hold are
called non-inertial reference frames or non-inertial frames.
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acceleration al
Ball accelerates with I
acceleration a inside

the trolley

For person A, the ball
accelerates with
acceleration a

For person B, the ball
accelerates with
acceleration (a+al)
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A vectoris an object thaf has both a magnitude and a
direction. Geometrically, we can picfure a vector as a
directed line segment, whose length is the magnitude of
the vector and with an arrow indicating the direction

37y vF O Jeqg & fAEH TRATT 3N 8o glall gidr
&1 SIMAANT &7 7 §H UF dFev F vF HSFT I
Ts & &g H [T &7 dFd 6, [GFdl cidis dFex
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Translational motion is the motion by which
a body shifts from one point to another

point
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Translation Motion

Rectilinear Motion Curvilinear Motion
Or ‘
One Dimensional Motion
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A linear motion in which the direction of the velocity remains constant and the path is a straight
line.
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Position Vector:

Position vector (r” )=xi+yj+zk
Where,

i= unit vector along x direction
J = unit vector along y direction
K=unit vector along z direction
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A velocity vector represents the rate of change of the position of an object. The magnitude of a
velocity vector gives the speed of an object while the vector direction gives its direction
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Acceleration is a vector quantity that is defined as the rate at which an object
changes its velocity. An object is accelerating if it is changing its velocity

calUT Ueh Jdercd AT § O 38 X & &0 # RN fham rer § f99 wW ahig a&dg
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acceleration: velocity:
0 m/s? 0 m/s
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Uniform Velocity Motion

In uniform velocity motion, a body moves with constant speed on a straight-line path without change in
direction.
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The slope of a displacement time graph represents the
speed at which you are moving away from the starting point.
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the slope of the line on a velocity-time graph aﬂT-HTF!I' IATH YT QT FT Solled HQ-T-I' & aIor
reveals useful information about the & T T 39T ATTFRT F Ghe m el

acceleration of the object. If the <aoT
acceleration is zero, then the slope is zero . If ate AT % dal gaTeT Acrq %| I

the acceleration is positive, then the slope is Ul m % ar gde m %
positive

The area under a velocity graph U Q9 AT o dad aaF aEd &
represents the displacement of the ﬁ?enq?r FT qﬁﬁ‘fﬁ'? T %

object
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The area under an acceleration graph represents the
change in velocity
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Q.1) A car moves on a straight for the first half time
with the constant speed of 20m/s and next half time
with a constant speed of 60m/s, then calculate

average speed.
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Q.2) A small ball is dropped from a height 100m
on a floor. The ball rebounds to a height of 20m.

Calculate the average acceleration during the

oall was in contact of floor for 0.02s.




"The velocitywith which the ball strikes the ground.
=\2gh=\2x 10 x 100 = 44.72 m/sec.

The velocity of its rebound
y=~2gh; =V2 % 10 x 20 = 20 m/sec.

The change in velocity =v—-(—u)=v 4+ 4
=20 + 4472 = 64-72 m/sec.

Therefore, average acceleration = Chanﬂ.i" velocity i 647
time 0-072

= 3236 m/sec? (upward)
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KINEMATICS LECTURE #02




What is Projectile Motion?
When a particle is thrown
obliquely near the earth’s
surface, it moves along a
curved path under constant

acceleration that is directed

towards the cenire of the
earth .The path of such a

particle is called a projectile

and the motion is called
projectile motion.

Physics by SAURABH BAMRADA
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Projectile Motion

ux = component of velocity along x - axis, ax = accleration along x - axis =0

component of velocity along x - axis, ay = accleration along y - axis=-g

Aux=ucusﬂ

Maximum

usitg Vv —u® = 2as
final speed w=1

i 15 replaced with wan g
distance 5 15 height H

substituting for acceleration a=-g

-t sin® 8= -2gH
~lgH=-u'sun’é

1 sin? 8

¥4
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Ti1me of flight
The path of a projectile is symmetrical on horizontal ground.

This means that 1f we find the time taken to reach the maximum
height, the total time that the particle is in flight will be double that
amount.

Using v=u +ar T,

u = U sin ¢
v =0
a = —g
So, O = Usin® — gt
_ _ ) _ L'sin ¢
The time to reach maximum height 1s therefore e

207'siNné&
=

The time of flight =
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( v,=0, t=t,

sy
{'Ii:t.F:ZtF

+ (vs —u, + ast) (s, =ut)
2
I 0- u.‘l = (_S)tP — + R = u'xtf = U, ;3
£ = Yy 2(ucoso)(using)
P —
J 3
u?sin 20

CEN
Physics by SAURABH BAMRADA|
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Motion in Two or Three Dimensions: Projectile Motion

2 Assumptions —/
& « Air resistance is neglected (Air friction = 0)
« Component of acceleration along x axis is zero (a, = 0). So, motion is uniform.
« Component of acceleration along y axis is gravitational acceleration (a,, = —g). So, Free-fall.
yh
e 5. v=va2+vy2

1

vx
N = v,c0s50.t
—Y v 7. t=—2 > Eliminate € in
ey KoZos Eq.7 in Eq.8 to
% come-up with
» : 1 time-independent
————— e R 8. y=uwvttzayt? olieeRs
: Yy 2, equation
1 —
= V,5in6.t — E—gt2

1. vox = vpcos6 3. Uy = VUpx = VpC0SO Time-independent Equation of Projectile

2
: - x
2. Y,y = V,Sinb 4. Vy = Vyy — gt = v,s5in0 — gt ~ O\ / y =i xTapB — 9

2vo?-co'3-26"
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Equations related to trajectory motion
(projectile motion) are given by,

2vpsind
Time of flight, t — Z2Y°°'t
g
- S 29
Maximum height reached, H — "052‘“
g
vZsin20
Horizontal range, R = 2
g

Where,

Vo is the initial Velocity,

sin @ is the component along y-axis,
cos @ is the component along x-axis.
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Maximum Height

Horizontal Range

Maximum Range

Time of Flight

Trajectory Equation
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Q.1) a projectile is fired Q.1) T JURA Hl
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Q.2) A BALL IS THROWN >»Q.2) Th e & Sifaar
HORIZONTALLY THE TOP OF |&T & 21a¥ & 2 9T 10

e e 1M i e e o
DISPLACEMENET OF BALL  |SITciT & 2 Hehs o dIG dIc
AFTER 2SECONDS. ¥ e £ =5




Q.3) The displacmenet Q.3) ﬁﬂﬂ' hUT ohl
fime graph of a f3819s §AT ATH TH

particle is acted upon

by a constant force is: PR ae GART S HIdT
a) Straight line %2

b) Circle q) m W

c) Parabola b) 9

d) Any curve C) W .
dependingupon  d) YRTA® Fufaat &
initial conditions 3T U aﬂ? CED



Scalar Producf(dof product)
Thol 3cUTE (3¢ 3G

»They are defines as the product
of two vectors A & B & the cosine
of angle between them.

» For eg :- let A & B are two vectors
in space

> A=A+ Aj+ Ak
B,i+ B,j + B,

B,i+ B,j + B,k =
B=|A||B|cos@

>

#
Vi
B

Vi

\4
> W
1

§=|A||B|cose
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\A\=\l A%, + A%, + A%,

‘B|=\t B%, + B%, + B4,

This is the magnitude of vectors.




IF TWO VECTORS ARE

PARALLEL TO EACH

OTHER THAN A.B =A.B
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If two vectors are ?Il‘ﬁ\r ar aTRT W EQ\EI')C

perpendicularto & ﬁ-(r aaa;r gld @&
each other than ?—ITA

A.B=0

Cosine angle,

AB CosO =
CosO = A
4[1B 14]1B]




The cross
product of two
vectors a and b is
defined only in
three-dimensional
space and is
denoted by AXx B.
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i j k
AXB=|q1 a2 a3
b1 b2 b3

AxXB=(a,bs — bya3)i — (abs — bias)j + (a;by — byay)k

AxB=|al||b|sin O
Physics by SAURABH BAMRADA




PROPERTIES OF VECTOR PRODUCT

il |z 4] |= 4] 5

O=0° F=180° £ =090°
A< Bl1=0 |AxEBl|=0 |aAax<FEB|=14IF7]




AB=[4|[B|cos(6)

where|




A body in circular motion moves on a circular path.

P=1/frequencyl[f]
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If a particle moves with constant angular velocity, its angular
acceleration is zero and position vector turns at constant rate.

It is analogous to uniform velocity motion on straight line.

T Teh 0T TR IO 9T & AT Tl &, ol SHRT HIUIRT caoT
YT & 3R AT AT T &X OX S ol SITdT g | Ig Hredl 3@m o«

V4
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If a partlcle moves with constant angular

24 (% .l AL 10 2410 l 1Al 10) E

uﬁaﬁéwﬁwaﬂvﬂwwésma?ﬁm% ar
ST IO 9T [EUT ST T AT h 1Y Feoldm IgdT

gl

Physics by SAURABH BAMRADA
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An Initiative b ITHE I Siic

An airplane accelerates down a runway at 3.20 m/s? for 32.8 s

until is finally lifts off the ground. Determine the distance
traveled betore takeoft.

Teh §dTg STeTel 3. until T8 & fAT 3.30 #HT / s W Ush Te7d T dof
T & I b foh 3T A STHTeT & Totre o 8Y ST | Th3TTh & Ugel o
a ?Ié' E@' aT | |

Ql. Ol
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1. A particle moves 1n a straight line according to the relation
x=t3—At*+3t

Find the acceleration ot the particle at displacement equal to zero.
a. (-8,-2,10)

b. (-1,-2,10)

c. (8,2,10)

d. (1,2,10)

1. Th 0T TF AN @ HF FqT  x=t3—42+3t ﬂ:mm%
ﬁ?ﬂﬂH%mal—q%meWWaﬁﬁr@l

a) (-8, -2,10)

b) (-1, -2,10)

c) (8.2,10)

d) (1,2,10)



PHYSICS CLASS FOR AIR FORCE |  —==% S AFAL T A com

2. of a moving object have same magnitude when

a. When object moves in circular motion

b. When object moves along a zig-zag path

c. When object moves along siraight line and always moves along the same
direction

d. When it moves along straight line but the distance is not always same

Ut 8

forddt arfaelier a&q $1 gl 3R faTUUeT & THY AT IRATOT gIeT &
q. 519 9Fd JAThR AT H eIl §

b. 3Td 3iTealde TorT-ol9T 9U & ATy Toldl &

C. S & W 3WT & TTYT Tl § 3 AW Th & feem & Iadr &
d. 19 qs@ﬁw*mﬂﬂﬂ?ﬁ%ﬁ%@ﬁ%nwaﬁ@?ﬁ%
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https://physicscatalyst.com/mech/Distance-and-Displacement.php

3. Displacement(y) of the particle [ 3. 0T FT fdFATIT (y) fFa® CERY e |
1S given by ST &

Y=2t+t* — 2¢t> Y=2t+t* — 2¢t°
the velocity of the particle | =gJ0T [ g’lﬁ' I ohUT
when acceleration 1s zero FT a-a-l- %ﬁ—\;ﬁ; Gl ﬁ‘-zn- |

1s given by
ST &
5 9
13 17
C.— d. —
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4. Which one of the following statement 1s correct?

a. A body has constant speed but varying velocity

b. A body has constant speed but varying acceleration

c. A body having constant speed cannot have acceleration

d. None of the above

4. fox:
Q. Teh
o. TUsh

c. TAaT 91Ta arel QR A 0T AGT &l ehdT &

AR & & FieT T U T £

An Initiative b STHE I ST

NI 7 TATA 31T 8T & olfche] 3TeRT-3TlRT AT Bl &

ORI T AT 31T Bl § oifehe SGolcll caul

d. 5eTs

T 8 g Y oTgT



PHYSICS CLASS FOR AIR FORCE

5. A body moves along a semicircular track ot Radius R. Which of the
following statement 1s true

a. Displacement of the body 1s 2R

b. Distance travelled by the body 1s nR

c. Displacement of the body 1s tR

d. none of the above

5. T TR I IR F IR ¢ & Ty T ¢ Aeafaf@a
A q FieT 7T FYUT TE B

q. I F1 ATy 2R B

b. T @RI a7 T 1€ g R

c. IR FT TAFYTI nR &

d. 378 ¥ s o 78
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é. A particle is moving with uniform acceleration along a straight line
ABC, where AB=BC. The average velocity of the particle from Ato B is
10m/s & from B to C is 15m/s. The average velocity for the whole
journey from A to C in m/s.

a) 13 c) 13.5

b) 12 d) 12.5

Y4

6. T FHUT TF Wit IWT ABC & WY AT caVT & HY GH T&T §, STl |
AB=BC ¥ AR BAF & T FT 310d a7 1OM /ST 3R BA Ca®
15M /S8 T/ W @ o / @ & ¢t Iram & fAw ftwe am

INR P C) 12.5

B) 13 D) 13.5
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7. The range of projectile fired at an angle of 15 is
50m. If it is fired with the same speed at an angle of

45, its range will be

a)25m, b)37m, <¢)50m, d)100m
R
7. 15 & Hor 9T TR gaycy i fiar 50 Aex g1 afgs@ 45 fA
T 9T FHT fa & 1Y [Aeprer fear sirar &, aY sahy dar g

T) 25 Hiex, ) 37 Hex,

#Y) 50 Hex, 31) 100 Hiex
/



]
8. A force F is applied on a body for a duration |

of 3s. The momentum of the body changes from
10g.cm/s to 40g.cm/s. The magnitude of the
force Fis

a) 10dyne b) 10N c¢)120dyne d) 12dyne

8. Ush &l F &Y 3s HI 3 & AT v aiR WX
o1e] T Srar g1 R Fr a1fad 10g.cm/s &

40g.cm/s ¥ Je ST &1 T F 1 aR&ATOT §
a) 10dyne b)10N c)120dyne d) 12dyne



T
9. Two equal forces are inclined to each

other at perpendicular. The resultant force
is 14. Find the magnitude of each force.

9. QY HHTA gl Ueh GHX & oaad
21 &1 gAY a9 14 & vRAF T
T GRATOT AT hITAT|
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10. A person tosses a ball in vertically upward
direction and catches it back in 8sec then

determine.

a)The initial velocity in upward direction
b)At what height the velocity of the ball will be 0.

10. U ITFd U 3C I FedamA! feeamd 7
I AT § 3 3q 9T 8sec H YHadT ¢l
a. 39T &Y fem A YRTAF qer

b. 3 T A9 0 fhd=T FTTS 9T grem|



11. What will be the value of X when

vector A = 3i + j + 2k, is perpendicular to
vector B = 51 + 2j — Xk.
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12. The range and max height of a
projected body is equal. Determine the
angle of projection of the body.

12. T 3(ATAT R S HaAT 30
fhadd Fars aeET gl R & gagor
& HT FT freaRor FY

N\



14. A stone is dropped  14. T GcRX (@ &
from the top of tower ofit & 200 Hex 9 3

200m high & at the same TS &) GHT & oy fear

time, another is oA TdT g, gEY Y 50 HeT
projected vertically /RS FINF AT
upwards from the STHIT | d9ad 39T T

ground with a velocity of 3T F&ifad fhaT STaT
50m/s. Find where & gl \@?ﬁ?a’lﬁ’rﬁaﬁT
when the two will meet. &l A



16. A HEAVY OBJECT  16. GTTHTE Y HII
OF MASS 0.50KG IS a¥d 0.50 fham T
SUSPENDEDWITHA  wchT g W@ &
HANGED ROPE. WHAT  |Ter fofafaa gt ¥
IS THE FORCE OF T T T @R

REACTION EXERTED BY  grarrs or€ wfafda
THE ROPE ON OBJECT? |5y ey oy &2



17. The position of a moving particle
depends upon time according to the

following equation:-x = vt — 3. At which
time particle will be come in rest position.

17. T IfaATeT Hor Y [Afa FFr gaAfisIor &

AR FAT W AR FIA e - /x = (£ - 3).
ST WA HUT 3R Y Yy 3 3mean
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Golf Shot 70) is 6second and the
range is given in diagram
then find the time for the
second projectile?

18. e warex (¢ = 70)
- : ST AT 6 Ahs ¢ 3T
PMEAAAHAS T A
AT F?

y (m)4
100




