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CIRCULAR MOTION (gdrere J1fd)

Ud g deq (Object) faeft fAfSd d¢ (Fixed Centre) o 1T 3112 Tohb gaTadIe 9 (Circular Path) 3 T dl g,
dl 3&cht I1fd I Circular Motion (dTesTe J1fd) el Ardl &l

When An Object Moves Along A Circular Path Around A Fixed Point Or Axis, The Motion Is Called Circular Motion.

Rotation .
AXxis

Revolution




CIRCULAR MOTION o

EXAMPLES IN REAL LIFE

n Car on a Curved Road e Ceiling Fan

When a car takes a turn, it moves along a The blades of a ceiling fan rotate in a circle. When a stone is whirled in a circle, the tension
circular path. The friction between the tires The motor applies a force towards the center, in the string acts towards the center and
and the road provides the centripetal force. causing circular motion. keeps the stone moving in a circle.

Satellite in Orbit

a Roundabout a Ferris Wheel

A satellite moves around the Earth in a circular Vehicles moving on a roundabout follow a

Each seat of a Ferris wheel moves in a circle.
orbit. Gravity acts as the centripetal force, circular path. Friction between the tires and The rotation is due to the motor, which provides

pulling it towards the Earth. the road provides the centripetal force. the necessary force towards the center.
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CIRCULAR MOTION (@drere J1fd) W
V=
(1) Uniform Circular Motion (H&ATH gdT®re I1fd) "
— J1fd & AT (speed) THATST T&AT &l | |
— fder (direction) Secsdt 2gdt 2| - |
. JETEEVT U 3 <58 it a1fal R

2) Non-Uniform Circular Motion (&1 gdredIe Iifd)

— J1fd A 9T (speed) deesdl Bl
— 3CTE2UT: INes Torhe U Ichd! IMMet faAdeht I1fd secsdt 2gdt &l




CIRCULAR MOTION - EXAMPLES

UNIFORM CIRCULAR MOTION (UCM) NON-UNIFORM CIRCULAR MOTION
The object moves in a circle with CONSTANT SPEED. The object moves in a circle with CHANGING SPEED.

EXAMPLES B | EXAMPLES

0 Ceiling Fan 6 Wall Clock (Second Hand) o Car on a Curved Road 9 Roller Coaster Loop

The blades rotate in a circle The second hand of a clock A car takes a turn. Its speed may The speed of the coaster changes
with constant speed. moves in a circle with constant speed. increase or decrease. at different points in the loop.
e Moving Car on a Circular Track o Satellite in Circular Orbit e Planet Around the Sun o Swing (Pendency)

A car moving on a circular track A satellite moving around the Earth Planets move in nearly circular paths The swing moves in an arc (part of a circle)
at constant speed. in a circular orbit with constant speed. with varying speed. with speed changing continuously.
e Ferris Wheel (Constant Speed) Q CD/DVD in a Player 9 Ball Tied with a String O Cyclist on a Circular Track
» ™ g (Changing Speed)
@ g ‘ 1 “y

When the Ferris wheel rotates with The CD/DVD rotates in a circle If the string is pulled in or released, A cyclist speeding up or slowing down
constant speed. with constant speed. the speed of the ball changes. while moving on a circular track.



CIRCULAR MOTION

MOTION OF AN OBJECT ALONG A CIRCULAR PATH

m = Mass

r = Radius

v = Linear speed
@ = Angular speed

T = Time period

f = Frequency
F, = Centripetal force

a. = Centripetal
acceleration

o~ -
-

1. LINEAR SPEED (v)

2T

r
V=——=27r
- i

Unit: m/s

2. ANGULAR SPEED (w) 3. CENTRIPETAL ACCELERATION (a.)

w:

= anf acz—zwzr ‘

Unit: rad/s Unit: m/s?

4. CENTRIPETAL FORCE (Fc) 5. TIME PERIOD (T) 6. FREQUENCY (f)

mv° 2nr 2w S S
Note: All formulas are for uniform FC - —= mw r I ==z - f - ? = 2—
circular motion (constant speed). F L4 w f 4
Unit: N Unit: s Unit: Hz
_ i . = -
KEY RELATIONS ‘ S S ‘ BEE A Fe =ma W =2mf e
(Linear speed) (Centripetal acceleration) (Centripetal force) (Angular speed) (Time period)




CDS/NOA I Stake Exam

e g ad (object) 1 fabedft 3mefatas a1 (initial velocity) & &1/ &ifdwt & fasaft ®1oT (angle 8) U2 tobT HTdT & 3iie 3T UL
Hdcs IETBHOT g6 (gravity) DTS wedl g, dl 3l ITfd DI Projectile Motion (W& I1fd) ST AT &l

When an object is thrown into the air making an angle 6 with the horizontal and moves under the influence of gravity only, its

motion is called Projectile Motion.

A Ux=Ucos9

raJeCtor

T y

Ux=Ucos 9

Ux=Ucos9
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Motion of a
kicked football
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* APPLICATIONS IN REAL LIFE +—
BALL GAMES WEAPONS & DEFENSE FOUNTAINS FIREWORKS

Basketball shot Path of a shell fired Water particles follow Fireworks in the sky
towards the hoop from a cannon projectile motion follow a parabolic path

Remember: In ideal projectile motion, only gravity acts on the object after projection.
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Properties of Projectile Motion (vereg arfd & J70T [ ﬁeTEI?ITt?)

L
U J\ /
1] Motion Is Two-dimensional (31fd fgfdsfta gidt 2) & >
| o . . . . . Ulos
The Motion Of A Projectile Takes Place In Two Dimensions — Horizontal (X-axis) And Vertical (Y-axis).

g afd & fdaarsit A gt & — Tah aifad G (x-axis) & 3ite gerdl Heafere feer (v-axis)

Projectile motion A Ux=U cos 6
x = U cos

Ux=Ucos9
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Properties of Projectile Motion (vereg arfd & J70T [ ﬁahan?)

2) Path Is Parabolic (T YZdaATHIE 21T ) - )(/2-‘"/—__ Q MM{JL -
The Trajectory Of A Projectile Is A Parabola. 5 —3/
T BT Ul (Trajectory) UeaesaTdTe (Parabolic) 21T 2| POO‘L cbolo
I SATST €T & aiifds Horizontal Motion Uniform &t &, ErCERL \

dfdbs Vertical Motion Uniformly Accelerated (Under Gravity) gldt &l

Projectile motion

2

qx
2u? cos? 6

= y(x) = rtanb

(A8 URTSIAT 5 1)
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Properties of Projectile Motion (vereg arfd & J70T [ ﬁe]'ﬂ?lﬁ)

i (3) Horizontal Velocity Constant 2&dl & (Horizontal Velocity Remains Constant)

The Horizontal Component (U Cos6) Of Velocity Does Not Change Throughout The Motion. MW W‘L

aifdot féerm & olg a5 olgl IIdT, ST Horizontal Velocity Constant Z&dt 21 [,(/im& -0

%WZOOJWJ \/ebou?td = Wlos § (W -Same)

uny

\/@chal \/dﬂufha =3 U&Sln(%
'Ca’——? \/Wl vetouitd Uit

m‘ y
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Properties of Projectile Motion (vereg arfd & J70T [ ﬁahan?)

B

4

At Maximum Height (3ifeldar Ha1E Uz)

Vertical velocity (v,) = 0 gldt &l

&d horizontal velocity (u cose) Zg HTdl 8l

At the highest point, vertical velocity becomes zero, but horizontal velocity remains constant.

AY

Uy=Usin 6.

A Ux=Ucos9

Ux=UcosH©

Ux=Ucos®6 Uy =-U sin 6.’.'
v

Range (R) B X
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Time of Flight (33T &1 & HAA)

@ (1) Time of Flight (3311 BT 5 HAAA)

__2usin 6

Y —
g

0G|'g=f

u = Urefaled a7 (Initial velocity)

6 = F&IUUT BIUT (Angle of projection)

g = J[&cd Ul (Acceleration due to gravity)
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Maximum Height (3ifeledat are)
2 2.2
u” sin“ 6
H —
29

Horizontal Range (&ifds i)

u? sin 26 Zﬂaﬁ%
K= =45
g 8




PROJECTILE MOTION

MOTION IN TWO DIMENSIONS UNDER GRAVITY

IMPORTANT FORMULAS

Time of Flight (T) Maximum Height (H) Range (R) Maximum Range
-
7’ S \
,/' \
¢ Y
2u sin 6 u®sin° 0 u®sin 26 Occursat 6 = 45
g g g max g
(Total time in air) (Vertical rise to highest point) (Horizontal distance covered) (Maximum possible range)
m CONDITIONS (For same level projection and landing)
u = Initial speed H i /,-0\\ a
0 = Angle of projection with horizontal : : d \
. p : . ; ' _A(t) ?Lge?teiz;lp\?;?;'cit ) Time of ascent Path followed Horizontal acceleration = 0
g = Acceleration due to gravity (~ 9.8 m/es) o 4 = Time of descent is a parabola Vertical acceleration = -g

velocity is horizontal
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Properties of Projectile Motion (vereg arfd & J70T [ faehan?)

@ OIS 1 AT AT LAk 4T (u) A qEh BI0T (6372 90° - O W BRARAE —~ o/ +B =90

When two projectiles are projected with the same initial velocity (u) at complementary angles (8 and 90° - 6)

1) Range 4Tl ld! & (Range is same)

2) Height 31597 €It & (Heights are different)

-4
4 7/
N/
{ ’
|
\

3) Time of Flight 3{e59T €1dT & (Times of flight are different)

4) Path UZdesdTehie gldT & (Path is parabolic)

5) Cloll o U Teh-geld b Ufdfdd gld & (Both paths are mirror images of each other)

8) 3ifeleh SIUT aTesl Uew 3ifeleh HaTs deb uildl & (Projectile with greater angle reaches higher height)
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ToRer ShIOT | Uich W UX <Rl % AT g\ﬁ aoh TATUT Bt 22
At what angle should a body be projected to cover the maximum horizontal

range? “ Exam: RRB Group-D
> " Date: 16 November 2018 (Shift-IIl)
’Q/: L Sun2§

(a) 60°
(b) 75° 2w L8 = $in90
(c) 30° ' 6,290

(d) 45° 8- e
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A Body Is Projected At An Angle Of 15° And Covers A Range Of 1.5 Km. If The Same
Body Is Projected At 45°, What Will Be Its New Range?
Ueh ShUT <hl 15° ShIVT O QAT TR ST 2 i AE 1.5 Km s g a9 LAt 21 i 36t ot )
45° TR0T WX Taxfua forarm <mg, ar seeht 73 ot @ gt

K-_—_ W2 SEn 28 | 5 :';%_2_ % Exam: RRB JE 2024
: ! »
(a) 6 km K:uJ S (2445)
(b) 0.75 km 1h=ulSmaxe) w2 {

8 3 Q: 2(5&)610) K: 2:5

(C) 1.5 km 15 - (Al&ngo
(d) 3.0 km d
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For projectile motion, the correct relation between maximum height (H) and range

(R) is: 540 26=d8in6 (0sY
T i ok {oT STferehad Sems (H) X it (R) o sfier |l Heier 2:

= WPsins Mo a8
H = 4R cotf il S ‘S’ng

R =4Hcotf] p - UZ Sin2s

R=£cot9
4

R = 2H cot 8 . ot by Y






