Clisculazs Motion 3-

Khen o pathcle moves along
e citcumPescnee P 8 dircle, its
mohon (s called circulaz motion.

E?‘\qmp\ea 8-
1] Mokion oP Hhe tipof the blades
of fan.
‘L_] Mmotion 0119 swir\g CChqu) O‘P (Y‘)e“nnl
3o Found . |
Types 0f clacalaw motion

Theze aQve Two ypes of circulaz mohon,

L] Unifosm circulaz (NOtioN (4L.C.p1.)

2] Non uniform circatar motion (N0 u-C)

1] Uniform circulat motion &-

The molion of a patticle
along the circumfezence pf g chrcke
twoith a constant lineav speed,angulay
speed & angulay velodty 5 called
Qmpozfm clrculas motion. '

Exoamples &-

17 ™otion of the bP of hands oF clock.

2] (notion of the Earth gvound the Sun.
1




N0ﬂ~un‘|‘r)ozsm civculaw onohon <-

The motion ofa particle diog
lhe circum Pesence of a circdle withq
Vavidble |ineaw Speed , lineaw veloci*h/
angulay Velocil“\f 'S called Mon Uniform
civcu las moton.

EXQmp\e 2"
1] Motion in g verkde civcle.

Radius ) ectoy 2

The veclos dyawn from Hwe
centre of the circle 1o Hhe position
0P e particle pesfosming circuias
motion is called the adius Vector.
5.1. Unit - MNetre (M)

Dimensiong - [ MoLET°]




D Angu\q’cs D\‘&quCemenJL" e
The angle described 57

sodiusa Veclow at the centre of the
cizcle.

O
lkKlhen the PCWHC\Q moves Rsom one
Point to othex pO‘m’r on the circamference
of Hhe circle iIg called dngulas
displacem ent.
Tt is denoted b\, g@’
itia waitten qg()

nathemah CQH\[

(© = \IC leﬂ&\»h
Radius,
0=8
o

- ‘ e ] 3
s.1.untt g ¢- oadian ;

Dimensions ¢+ [M° 1°T°]




Angulaz velodity s-

The time zate oF change of
angulas displacement of g pqv{-\“c\e 'S
called angulas Ve\odh’.

It is denoted by a9 (omega)

a6 Un\\* IS oad ‘Q

Dimensions - [MOL° T ]

‘C\’\q{'hemqﬁchT It is whtten as,

Qo = &3
+

Angalas speed 3 ( us)

The angle descwtbed by fhe
pasticle pes unit time (g called angulas
speed.
14+ i5 denoted by @3
s.1.unit g - zadls

Dimensgions &- Emo LOT‘IJ




Angulas qccelesabion ¢-
_The Kme oate of change

O? angula® \/e\ouh’ of a particle =X
called angulas accelesation.

il |5 denoted b7 o(

S0 . 0ntis & oall B

Dimensiong - [ M°L° T"Z—]

cnathematically it ig cowtten as,

‘o= change of angdlaz velocity
Hme

o = 2o - B
t 3
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Pesiod = (T)

Time taken b\j pqﬁide Pﬁzs?mmin&
uniform circalas motion (U.C.M) 1o
complete one Tevolution IS called pesiod
of revolution ©v pexodic Lime ov pesiod.
_5«1* Unit &~ sSecond (SQC>

DIMenNsionNs o~ [MO [ ® T1]
Pea—iod A

E xpression foz Tesiod

kle knood,
Speed = Digtance
TiNe

Tfm e o Distance
sSpeed

1 F C]rcquevence of the cirde

Speed
T =R
V
[V=ww]
o g oTiE
_xup
o - el

QS ©




Faequency_s-

The numbes oF zevoldtions
Pegﬁﬂ;med b7 q pm’dcle pezr-%'crmin&
Unibsm circular motion in unit time
is called a5 -Ezreqqer\o/.

I} is denoted 57 £ os N

s1 unt - Hz(s1)
Dim ensions §-

[B] = ool
EXP"GSSTOHE Egg Frequ enc7 s~
&

?Uequenc\/ v - ‘
T ime pexiod
e U
-
T 2
G




Relation belween Angalas & lineaz

Speed 03 veloc‘\j—/‘

e knoad,

Anale — dwc
Radius
o o =

T

Diffeventiate with yespect to {ﬁme,

ds _ d (ox=

= e

s d@

R

ot T

V = G9x ¥ L\/:gﬁz,c@:d@]
b Jt




_ 6btain Hhe welwton between the magnitade
0P lineaw accel exation & dngdlay gcce\esz\-HgQ
In circylay motion.

| *heas Accelesation o
. M’ﬂwa gate of < hange OF linew
\Ielodhj ity respect Yo time is <alled

) i e
Lineas accelesation Cd)

a=
- dt
q o a¥ MQ@N?*FAO\@ OP [Phea
‘ dt [l accelesation
L“QL)
e know,
Vo oo
"A‘h€2583

» — xadius OF cisculax path
@ = Angulas veloc‘\'{i

Put the value \/:3(19" in eqn Q.))

Az d (aes
dt S )
Q:Kiw e [x:conﬁlmﬂ‘}]
dt
= - C‘U& =
a- oo [GH o<}
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V]

Lineq25+Acce\eaa’ri0ﬂ - Uqgius x fingulas
(a) (%) Accelegtion
( 03)

Tn vectos Form,

el ..
A &= X =

The lineas oelalRan o in ME fangential

divection, +hesefove it is also called
| {theas ctcceleemh‘()ﬂ

as tangentia

Y hese)
At = 'Tanaen-WQ\ lineas

Qccel e&rqH’on.

in.




Relabion belween lineaw & Anguldy
accelesqtion

Lklhez €,
Oc = Centxipetal accel ezation

A+ = Tang entia| accelesation.

a.




Unthoam Ciaculas Motion (Radial Acceleaation)
Fx pression Bys Cenhi pej(q\ Accelesation -

Un'i-eozfm C faculaz motion =~
Llhen a pavticle moves
I 0 Clacie @@ Etant speed then

the motion 15 known as unifozm
Ciyculaz motion.

C entripetal accelesation 0z Radial accelezalion
e i R R T : :

The accelesation oF @
particle pesforming Uniform circulas”
motion (U C. M-) twhich 15 directed fowards
the centre & along the zadids o
ciraulas path 15 known AsS Ceﬂ’mPG’m\
accelesabion O gadidl accelesalion.

AV
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(e
Accelecme’Oﬂ alwayd N Chqng e Tﬂ
Veloaty divection.”

HEZ)'Q.,
B?:?u?
Aliso,
AV:: Vil
7= 7]= R
V] = V=¥
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Heoe,

APcp' & AQDR' ave Similar
{”ér\'q!\a\e,

Ll i )

P

PP’ g’

- Aw (V.
AV A <R)
Divide d b7 A‘}‘,

AV _ Al '—dA\/ e
B < 1d & 0 | b ok S A
XE R) R B

At ot
) =W (,\L)
R

V2 |ee.-.This {5 centvipetal
Accelesation
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Im PO BM Re&t\ \ +§2

m
»J@Q
W
P
,ZS'I

Q¢ :
Cenhripetal acelezation
's not constant vectos.”

PCt4 A’r>

L«lheae
Ao = Angulas distance

¥ :_%g_ he Arkclqlq'zy speed
Argle = Azc
Radius
Asc = RadiusxAngle
PP - Rx i
A5 RAR

i5.




Divided b7 A{-,

o o

At

NoWw,

V= pan

A@)
At

Centpetal acceleaation 15,

de =¥E & D

R

T

RuS

put in eqn (i),

Ac = (R

Cle = IQ#’U&Q"

&
Ac = Raw

e = wQ—R]
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=0, spead

V:Q——_';_R *""(l”l)

£z 4 |pitin quqjdor)@-)

Vo 20RkE
=

V 2Rk

centipetal accelezakion i5,

1
<<
N
N
=
-5
o

1




Conical fendulum

=
MAALAR AR A

Wheze,
g = point 0f suspension
m = mass 0F the bob
mg = wei’ghf 0f the bob

Q - lenngh o penddlum ow Slrﬁnét

h = Axia) height 0f cone
¥ = adius of hovizonta) clacle

T = Tension in ke f)”}ﬁné][
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Fosces qc‘n“ng on the bob awe,
L) Tension in the 5‘m"n5 -
QD Lﬁ\le\}jhf aF bob —

Toine = e (1)
8
T cos® = e - ~-—~<2_>
Feom fg,
SinG =T,
&
¥z |Lsne|

Dividing equalion @ & @)

19




kan@ :ﬁ
oS
Vo= FJtan®©

\V :\lﬁg fan® W

T = .
V

(=)

V= [ogtanc  Putin eq" G),

—r =0 s
\rbghmcg

Tcom| &

\ [ tane

. ~~<4>

00




PQH%S ¥=LsSInO®

tn eqn @)’

T 2w | 5'\n@

tan®
\| ¥

N 20 | Lsin®

sSine
Cos®

N

{ il i | [ Lcos®©

N &

. -@>

"TMS 1S Jng expressior) ﬁgg P@’dwd @lL
conical pendulum in terms of /Uendj‘rh.

Foom A0

cos® = _h
o

h — | (3

PQHW& Hats value In eqt&(ﬂw‘on@')?

T=20 &
| J&

|

This i5 the expression fos onica| pendulum

in tevms of height.

23
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Banking of zroad

(D) Hozlzontal curved zoad.
( Plane curved qu)

CZ‘) Ranked <carwved soad .

(1) Uowizontal curved aoad ¢
A zoad whose two edges
are hosizonta| Cat Same€ leve|) fs
called horizanial (MiRed s0ad , 910
called cuvved |eve| zroqd,

@—) Banked curved mag\_ - (-qu(\mg of

Zroqd)
The apad surPqce s kept

‘nclined 4o haxi®dala| so that ouler
cdge OF aoad (s at highex |evel| than

Inner edge.
This conshddiing of apad 15 called qs

banking of avad.

S0




Angle of Banking =(6)
The angle made by banked
s vad surBace thth hesiconia) 15 called

as the angle of bqr\KTna.

N €05

For howfzenka| component,

o . 5
Notne + Foso = mal/ O

[ox Ves Hca| com Ponerﬂ’,

Ncos®© — ﬁs‘m@ o mé - e (2} _

2.5




Dividing €9° @) 8 @),

i
Nsin® % Foeo = nr;l/

AICO S we ES{D@ = m%

V& Nsin® ffcose
ot N (C5E- £5NE

Divide LS. b7 Ncos®,

2 Neino P

3 NCos©—Fsin®
ve T b GO N cos ®©
VeSO Psin®
NCC)S@ b Cos ©
\/Z - sind® Ecos@
B e NCOS®
1 -~ £5IR
NSO
2
NT _ teno s
%E \V, \M[émw :
Co5(®
I = Fan®
N




Ve . lapdm [%:u]

3 1- M tan®

VQ_ - (hﬂ@‘bﬂ )b,%

1 —11iano

Y — TR

\/ = .ng(u—rt—cmCD ) |
|

1 - kn®©
N

his is the expression fox mMaxiMmum
Speed to avoid the S‘i’ppn’nél OﬁVthCle

Impozs)rqnlr Result
I 2oad (5 unbanked @:o“f
tan Dz

Vmax :\[ U g




Vewtcal cizculas mpﬁ‘on
The cizcdlaw moltion oF q

plane 1S cal\ed as

particle n a vertical

Ves ficdl civediar moton.

Examples
- Gfanor wheel

H ‘ moton
E xpression R vertical civcalay Mot :
:Di'qg ram $- f

mdc05® meLL
Mmysin® mé Jee
I dhese,

H = Highest pesition (top position)

| - lowest position ( Bottom posih‘on)
M = Horizontal position

Tpy = Tension Qrt highest postfion

T[ = Tension at lowest position
Tm = Tension W Norizonka | position.

2.6




ij Tension T in the S)m‘n&
i weight mg of the body QCH“OCL
\/ech‘cq\\z Jown ward s .

»T: m%cos(g *“_‘_T_l\_/j" - Cj_)
l -8

This is he expression of tension at

any po sifion.

1> H‘ahegif pOQ'I‘HOn (H)

S = 180" |

K

COS180 = v
Equakion @) becomes,

lue NG oS (180") + mv ™=

o
Ty My & mv &
H = -
TH s mvl___ m% "““Qi)
J "o

Thus lension 0 he gfving s minimum
at highest position.

o7




2) | cwest position L)

o
cash T
Equalion (1) besames,
T = mgcos® + mv >
u
(oS50l
L mg Cosh &N
o
qE mg'—t My
=
Thus, Fension dt lowest position 6

max fmum .
‘3) HoﬁZOnM\ Eosiﬁof) CM)

(os90 = D
Eq LLC\-HOY) Q) becomes,

-5
T = Mg Ol + MV
M J L

TM :__YD__V_. / ~~~~~~ <C053 0
n




Fxpression fos Ve\ocib'/_
1) velocity at highest pesifion CH)

- 2

Th= " Sae - ()
>
Ao

EC[,Q (1) becamEs,

o T
B e ‘Of‘\\(]_1 -

—
.
= v
h = v
3=
o
Vf} :3’&

(o | =
Velocily 0F highest point 15 Minimum
This 5peed is called 4s cribical vﬂoc?‘ry

2) elocity at lowest position (L)

Acco'ﬁdi"hg b [C{C»U O‘Te
consezvalion 0f €nezgy,
(K-E)L+(PE) = (KE )= (PE)y

—




=0




\/elod'{’(.,(_c_x—\:_qp_i point (P)

of enexgy,
Ui+ ki= Upt kf

‘ 2
mgh#_@%:m\/f‘: mgh tE MVp
9 9.
1 — L mvsa mgh

__Lm\/gf, = % va,;ﬁ %(mgh)xg_

I

L vl = Lmipi g (-na)
!/ et V’L 2 9h
E_m\/,_ 9_m< i 3)

Acconding fo law of conservation




O-h = vCa o
N—TCoSE =

/ h= r-veeile /

Pq}HchL h -:x—a‘coscﬂ ih eqn (1)
)

VP ':\I vL2_____ 2 (bﬂ,_?rCOSGD
Wik !553' PUut in above 601”)

Ao T 2
! | (¥587) =23 i 056

\/\9:-5-3——2 oSO
| 5 ~AgRee =)

=2




VP :_\‘ 59% — 297 [ C.05(9>

VP:\j J?z (f;5~9_ (1—cosc9)’:[

J
- This |5 the €X
C\n7 PO Si‘\‘\\Oﬂ.

sression Fov velotily b




