WHY IT MATTERS

&

Helps in understanding
reallife 2D motion
situations,

Essential in sports, space
missions, projectile
technology. robotics

and engineering
applicationg.

Important for
NEET, JEE &
Board Exams.

KEY TAKEAWAYS

v Motion in a plane is a
carmbination af twa

a

simultanesus motions
in perpendicular
directions,

The path fellowed by a
body can be a straight
line, parabola, circle

ar any curve.

Prejectile maotion is the
most important example
of motion in plane.

COMMON SYMBOLS

z, % : Horizontal & vertical
coomrdinates

e, 1y o Initial velacity
companents

ry, ¥y @ Final veloclty
companents

A, a, o Accelaration
companents

u : Initial speed

ﬂ i Final specd |

] : Angle of projection

t : Time

R : Range (horizantal
distance)

F i Mazimum height |

g = Acceleration due to

gravity (9.8 ms )

m TARGET PROBLEMS (Projectile}

SCALAR & VECTOR
QUANTITIES

Scalars: Magnitude only
{distance, speed, time, mass)
Vectors: Magnitude + direction
(displacement, velocity,
acceleration, force]

Fsinfl

Resultant of two vectors
Aand B at angle 6 :

‘ R= /A + B + 248 cos 0

Direction of R wart. A :

Y

and B with #ig, then
velocity of A w.rt. B:

Pl

B} reLanve veLociTy

i & moves with velocity T4

MOTION IN PLANE —

. KEY CONCEPTS AT A GLANCE

E RESOLUTION OF A VECTOR

A vector F of magnitude F
making an angle & with +x axis.

B} rrosecTiLe moTiON
Motion of a body projected with
initial speed u at an angle &
with horizontal.

. l Uiy =Va —VUp

If both move in same
direction {collinear);

Varp = Va4 — Vn

=

o s

(i} Time of flight (Total time):

Bsind

t =
i A+ Beost |

R

oy

F, = Fcos@ (along x-axis)

F, = Fsinf (along y-axis)

If in opposite directions:

o

B EQUATIONS OF MOTION FOR
PROJECTILE (Mo air resistance)

Horizental direction (x-axis):
a, =10

v, = ucos & (constant)
r=ucosdt

Vertical direction {y-axis):
ay = —g

w, =usint — gt

Y= usinft— % g2

At any time ¢:

= 2 2
v=/ug vy

™
tang = = {direction of velocity}
t":

u PROJECTILE ON INCLINED PLANE

& projectile is projected with speed u
at angle & on a smoaoth plane inclined
at angle o

Range along the plane:

2u? cos B sin (8 — o)

R =
g cos® o
Time of flight:
e 2u sin (@ — a)
4§ Cos

If a projectile returns to the same level,

range is maximom.

» If it strikes a target at a height h,

use 3 = fi in trajectory equation.

« If it passes through a peint [z, 3 ),

use path equation.

#i
B} cireuear motion

A bady moves in a circular path
of radius = with speed .

\/\_

MOTION
IN PLANE

Key Concepts
at a Glance

Vayp = Ya+¥p

~

MOTION (UCM)

§ changes continuously.

Time period:

Centripetal acceleration:

r

e =

Centripetal force:

o
_—

Where, w =

[ maamum varues summagy

Maximum Range : & = 45°
Ma:ximum Height : & = an°
Maximum Time of Flight: & = 90°
Same Range for: £ and 90° — @

P 2nr 27
T = =
kil ot
Frequancy:
1 t
= w'r T=F= 3
; Numhar of ra\rnlutmm in time t:
;nu_g it
o o b wt
) T 27
{angular welocity) -

=t |

[ seecia cases

* Harizontal prajection (# = 0%
{2h f2h
T=,/—, R= —
Vg "V

= Vertical projection (§ = 90°):

2 |3
o2 u?
2

[J UNIFORM CIRCULAR

Speed is constant, direction

T o— 2u sin ﬂ
g
i} Mamrnum helght
= )
H— 72 uiu 3 |
2y
(i) Horizental range:
R = u? sin 26
g
{iv) Path equation (trajectory):
[ 2
g
=xtanf - ——n—
| ¥ 242 cos® |

3 ANGLE OF PROJECTION
For maximum range {R}:

0 =45 (since R oc sin 28)
For maximum height (H):

8 = 90°
For a given range, two angles
complementary to each other
{8 and 20°— 1} give same range.
For 0% < # < 807 :

Range increases from 0° to 45°
57 to 90°,

then decreases from 4

m COMPOSITION OF MOTIONS

If a bady has two independent
motions in perpendicular
directions:

Resultant path: Parabola
{if one is uniform and other

‘ uniformly accelerated)

Example:; Projectile motion is

| combination of ;

& Uniform motion in harizontal
direction

& Uniformly acealerated motion
in vertical direction {under g)
|

' [ aepLicanions

Sports: Javelin throw, Basketball,
Cricket

Military: Projectile. Artillery
Science: Satellites, Rockets
Engineering: Design of structures,
¥ Robeot motion, Machine compononts

R= u? sin 28 e
g
AL PRO TIPS

» Check units and signs carefully,

Draw nest diagrams,
Rizahoe vectors carrecthy.
= Uso equations of mation smartly.

IMPORTANT FORMULAS AT A GLANCE

u? sin? 0 T 2usinf |
29 g

¥ 9 CONCEPT CLEAR ~ PRACTICE MORE »

x=ticosdt

3.r:1.¢5in£9t—%gt2 Ty

SCOREHIGH & +

— % KHAN GL[]BALSTUI]IES *

= ucosf

| :
I tJy:umnB—gt

REMEMBER

Understand the concept,
visualize the motion,
solve with confidencel




