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KINEMATICS LECTURE #01
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Kinemartics 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, nof kinematics
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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.




elnertial frame of reference:- Reference frame in which Newtonian mechanics

nolds are called inertial reference frames or inertial frames.

1echanics does not hold are called non-
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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
For person A, the ball acceleration a inside

the trolley

accelerates with
acceleration a

For person B, the ball
accelerates with
acceleration (a+al)
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An Initiative by 373 E3ISiIicil

A vecftoris an object that has both a magnifude and a
direction. Geometrically, we can picture a vector as a
directed line segment, whose length is the magnitude of
the vector and with an arrow indicating the direction

FFeT UF O Feqg & fFaH GRATT 3R faer glsll it
& FIIRAT &7 B §H UF IFT F UF HT
Gs & &G H [T v dHd & [Gadl cdars aFex &l
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e by 3THE3ISIiciE

Translational motion is the motion by which
a bodly shifts from one point to another
point

gma‘emﬁq;emaazzg?m
gGanRT & Q5 vF "r e
AU fag & g 14
Physics by SAURABH BAMRADA |
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Translation Motion

Rectilinear Motion Curvilinear Motion
Or ‘
One Dimensional Motion
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A linear motionin which the direction of the velocity remains constant and the path is a straight
line.
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Curvilinear Motion ioiiasive oy Sresomen
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An Initiative b STHE IS

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

ca’UT Teh deFed AT § o8 38 &X & &9 & qRHAMNG 61 Sren § 90 W Fig a&q]
39T AT SGelch g1 AfE S TFG 31U AeT Y Jeol W &, A 38H il 37 W 2

acceleration: velocity:
0 m/s? 0 m/s
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Uniform Velocity Motion

In uniform velocity motion, a body moveswith constant speed on a straight-line path without change in
direction.

IABIA Il AR

Ueh AT J9T I H, T RR AT & qRada & §ar v drely 3@ 9 w FRaw a1fa & ary gerar

o 2 10 11 12 1= 14 15 1& 17 18 1% 20 21 22 23 24 25 26 27 28




PHYSICS CLASS FOR AIR FORCE | | —=m@ SAFALTA comm
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An Initiative by 3dH T

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 a?T-HTF!I' ITH 9T QT HT Sollel EQ-T-I' & calor
reveals useful information about the & T A STARN ATTFRT FT THhe WT el

acceleration of the object. If the <qIoT
acceleration is zero, then the slope is zero . If Tia QIT % dl et Ql_q- %l afe

the acceleration is positive, then the slope is cdi0T HhRIc ;Ha; % ar edre m %
positive

The area under a velocity graph Uh A9l IATH & ded aa a¥d &
represents the displacement of the RTEIAT FT 9_AA®ca Far %

object
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Constant i Constant | Constant 1

acceleration velocity deceleration
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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 fime
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.
Calculcﬂe the average acceleration during the
oall was in contact of floor for 0.02s.




"The velocitywith which the ball strikes the ground.
u=V2gh=\2x 10 x 100 = 44.72 m/sec.
The velocity of its rebound

v =2gh; =V2 x 10 x 20 = 20 m/sec.
The change in velocity =v—(—u)=v 4+ 4
=20+ 44-72 = 64-72 m/sec.

. % ; i v ] . .7‘
Therefore, average acceleration = hang% n':e clocity i 64

= 3236 m/sec? (upward),
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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 centre of the
earth .The path of such a
particle is called a projectile
and the motionis 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

using vt = Jas
final speed w=10

i 15 replaced with wsin @
distance 5 15 height A

substituting for accelerstion  a=-g

N NN\

0-usin® 8= -2gH
~2gH =-u'sn’ 8

i sin® &

Lg
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An Initiative by 33FE3ISIIiciE

Ti1me of flight

The path of a projectile 1s 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 6
v=20
= —g
So, O = Usinf@ — gt
) _ _ _ L'siNné
The time to reach maximum height 1s therefore o

20.7'siNné&
=

The time of flight =
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Initiative by 333 3ISiIiciE

( v,=0, t=t,

sy
w {'Ii:t.F:ZtF

B e

+ (Vs =u, + ast) (5, = u,t)
2
I 0= u.!l * (_S)tP —+ R = u'xtf = u, ;5
t — 4y 2(ucoso)(using)
P —
J g
u?sin 20
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Physics by SAURABH BAMRADA
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Motion in Two or Three Dimensions: Projectile Motion

>, 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.

T — vaz $7,&

8 x—=v. +%axt2

= V,c0S50.t

x
vocos6

Eliminate € in
Eq.7 in Eq.8 to
come-up with
time-independent
equohoc/

= v,sinb.t — —gt2

8. y=wt+ la.yt2

1. vox = vyc0s0 3. Uy = Upx = VpCOSO Time-independent Equcmon of Projectile

: A - X P
2. Vpy = V,Sinb 4. vy = Vyy — gt = v,s5in0 — gt ~ O\ / y =:._.?CT(IZI_19 2vogcokz 2
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Equations related to trajectory motion
(projectile motion) are given by,

2 1o
Time of flight, t — —°>2T
g
- SRR 29
Maximum height reached, H = voszln
g
vZsin20
Horizontal range, R = 0>
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 JOUTET Fl
from a gun with velocity 5000 #HI / 3 & ¥
5000m/s. Calculate the dqsh &/ SR ST g1 98
height above the target 9 oI&d q IR H FATS

on tree at which one T I0TAT HY T W
should aim to hit the 8T T fgT FLa &1
target. The horizontal I8 glelT dIMgU| ofe
distance of target is $r gifasr E@ 500mt g1
S500mt.







Q.2) A BALL IS THROW > Q.2) Ueh 31e l SfaaT
HORIZONTALLY THE TOP OF |&q H €la¥ <h 2™ 9¥ 10

oA > oM i e
DISPLACEMENET OF BALL  |SITcT & 2 Hehs oh &G dIc
AFTER 2SECONDS. ¥ e £ .




Q.3) The displacmenet Q,3) ﬁﬂﬁ' hUT hl
fime graph of a f38iT® AT ATH UF

particle is acted upon

by a constant force is: R oo QAT S HIAT
a) Straight line %3

b) Circle CI) m QT

c) Parabola b) 9
d) Any curve C) Ideld

depending upon d) TRfa<+ ufaar &
inifial conditions TR 9T qﬂg- d&h



Scalar Producf(dof product)
Thol 3cUTG (3¢ 3cUIG)

»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||B|c050



PHYSICS CLASS FOR AIR FORCE | | —=% SAFALTA
T et B L

A|= (A%, + A%, + A%,

|B|= |B*, + B%, + B,

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 | Jfe ai éTRT Uch- quli

perpendicularto |3 T%I'Ef F«IEIT:IH gld o
each other than = A B

A. B=0

Cosine angle,

CosO — AB Cosl =
|A||B| /




The cross
product of two
vectorsa and b is
defined only in
three-dimensional
space and is
denoted by AXx B.




N 0 il
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i j k
AxXB=|q1 a2 a3
b1 b2 b3

AxB=(a, b3 — b,a3)i — (a1b3 — byaz)j + (a1b; — byay)k

AxB=|a||b|sin O

Physics by SAURABH BAMRADA |




PROPERTIES OF VECTOR PRODUCT

ZI ]3’ ZI 179' :II_B._‘

O=0° & =180° £ =090°
|lAxBl=0 |AxEB|=0 |lax£rg|=14I8]




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

where|




A body In circular motion moves on a circular path.

P=1/frequency[f]

Domaln

time

Domaln

E""r w=wavelength[A] —m




If a particle moves with constant angular velocity, its angular
accelerationis zero and position vector turns at constant rate. It is

analogous to uniform velocity motion on straight line.

e Teh T fAlaR IO 97 o T Tl &, ol SHHT HIVHT 0T
3 & R FUfd Ao flla eX W age SIrar g | Ig Wl 3@ «

Vg
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ve by 3 FSANCER

If a particle moves with constant angular acceleration, its

Ife g T fald PO caioT & 1Y I1fd HLdT g, a
gﬂwaﬁvﬂwawﬁmaiwmasmzrmm
|

Physics by SAURABH BAMRADA



PHYSICS CLASS FOR AIR FORCE | —=@ SAFALTA com




PHYSICS CLASS FOR AIR FORCE

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 before takeoff.

Teh gdls STalof 3. until TH & foIT 3.0 HI / Aehs U Teh {oTd ol dol
AT § o doh foh 3d H STHIT @ TITe T 81 ST | ¢h3ITH H Ugol

T a5 g T |
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1. A particle moves in a straight line according to the relation
x=t>-4t%+3t

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

b.(-1,-2,10)

c.(8,2,10)

d.(1,2,10)

1. U HUT UF AN IWT A TIT  x=13-4t2+3t F FqAR TAATE |
RITYTI & THT YT & FaT HUT H1 @ 0T AT Hre|

a) (-8, -2,10)

b) (-1, -2,10)

c) (8.2,10)

d) (1,2,10)
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2 .Distance and displacement 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 straight line and always moves along the same
direction

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

U%T 8
ﬁ%ﬁ?ﬁ%ﬁﬂwﬁrq&m%?wésmwwmﬁ

a. STd aE] garhR Afd # el §
b. STd 3iTeolde ToroT-3eT 9T & Ty <TordT &

C. o9 g¥d Wl @1 & ATY T § i AW Teh g feor F el &
d. 39 Ig ?ﬁ%ﬁwaimﬂﬂﬂ?ﬁ%@lﬁme@%ﬁwwaﬁr@?ﬁ%

AR\ N

/24

AN



https://physicscatalyst.com/mech/Distance-and-Displacement.php

3. Displacement(y) of the
particle is given by

Y=2t+t* — 2¢3
the velocity of the
particle when

acceleration Is zero Is T dd] i hdeh ¢a] ia:”

given by Sildl %'

5 9
a..li3 b.]j27
C.— d.

6 g
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4. Which one of the following statement Is correct?
a. A body has constant speed but varying velocity

b. Abooc

c. A bod
d. None

y has constant speed but varying acceleration
y having constant speed cannot have acceleration
of the above

Ve

4. AFATITR@T H & hioT T HUT Hal 62

Q. Teh IR H TA7a¥ 317a 81Tl & offohed 37619T-37019T AT &l &
b. Tah AR &Y AT 3T 8laT & ol fohel S&eldl calul

c. Ta a1fd arel QR A AT AT &l ehdT &

d. Sdle

b hig T A0
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5. Abody moves along a semicircular track of Radius R. Which of the
following statement Is true

a. Displacement of the body is 2R

b. Distance travelled by the body is TR

c. Displacement of the body is TR

d. none of the above

5. wamtmmﬂ:mha;mm%lﬁmﬁ@a
F T i 91 F97 & B

g. R T [a€A9T 2R g1

b. IR G@RT a7 Y 71 g R 2

c. e &1 RAFATasT iR ¥

d. 58 @ 1S o FgT
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6. 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 Cin m/s.

a) 13 c)13.5

b) 12 d) 12.5

/Y

6. T HUT T Wit IWT ABC & ATY HATT a0l & ATY A @ &, 8l
AB=BC ¥l AWX BAF & &0T FT 3aad a7 10M /S¥ 3K B Ca=
15M /S8 T/ @ @ o / wd & qft a1 & fow stee ar

INR P C) 125

JRE! 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
N0 0000000000000 4
7. 15 & o1 I v T ga¥e & @1aAT 50 Hiet 1 afe 3@ 45 A
1T YT AT T & AT AT feam SA1ar &, a sa<hy d#AT geit

v) 25 #Hiex, aY) 37 Hiex,

&) 50 Hex, 31) 100 #Hex
/



]
8. A force Fis 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 <¢)120dyne d) 12dyne

8. Uh &l F 1 3s 1 31afY & AT v IR W
o1e] fohar et g1 e Y 1fa 10g.cm/s @

409 cm/s § 9ol STt g1 e F a?rtlﬁTlTUT%
a) 10dyne b)10N c)120dyne d) 12dyne



e

9. Two equal forces are inclined to each
other at perpendicular. The resultant force
is 14. Find the magnitude of each force.

9. Q1 HHATS &l Ueh qHY & ddad
A &1 IR a7 14 ¥ vAF @
T TIRHATT AT ST



. oA e
10. A person tosses a ball in vertically upward
direction and caitches 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 IfFd U 3E & FeqamA fgamrd 1
I AT ¢ 3 3/ 9199 8sec A Y&hsdT ¢l
a. 39T ¥ fEAT A YRTAF qer

b. 3 FT 39T 0 fhFd=T FATS 9T 3T



11. What will be the value of X when

vector A = 31+ j + 2k, is perpendicular to
vector B = 51 + 2] — 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 pATfAT R Fr AT 3T
#AFaH Fa$ e ¥ R F gaigor
& HIT FT R T

N\



14. A stone is dropped  14. T T TR &
from the top of tower oY & 200 #eX 3 3T
200m high & at the same U gl OHT H/ R fe=ar

time, another is ST 8, g8 1 50 Hlex
projected vertically /PSS FaNF AT
upwards from the STHIST | dddd 39T !

ground with a velocity of 31T waifd T SITaT
50m/s. Find where & g SEI’IGT foh Sl e IR
when the two will meet. &l fAT



16. A HEAVY OBJECT  16. ScHHATS I IR
OF MASS 0.50KG IS a¥d 0.50 fhaT e
SUSPENDED WITHA  wical a8 w&dt &
HANGED ROPE. WHAT  |Ter fofarfaa grelt &1
IS THE FORCE OF e T T ga

REACTION EXERTED BY | rarrs o7& wfayfra
THE ROPE ON OBJECT? | gy grer 3y 27



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

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

17. Tk ATAATT ST Y AT Aot gdldtor &

HTUR TAT W s FA e - [Jx = (2 - 3).
1T THT HUT AR Y FRUfy & 3muar)
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Golf Shot 70) is 6second and the
range is given in diagram

y(m)4

then find the time for the
second projectile?

18. I yarew (¢ = 70)
L . FTHAT 6 AF3 ¢ 3N
@A RIS T




