Ciswalas Motion ¢

Khen a pavticle moveS Along
the civycum Peaence oP a cirde, its
molion s called circulas motion.

E xamples 8-
L] Mokion of the Hipof the blades
of fan.
27 (okon of swing ( chaix) o{%men7
Jo Found .
Types of clacalaw Mokon,
These ore two t4pes of circula
1] Unifosm civaulas Motion CU.C.1M.)

2] Non ani form circulor motion (NON U.C,-m)

» mohon,

1] Uniform circular motion -

The motion of g particle
dlong the Circumfezence of g circle
(oith a constant linear Speed,angular
gpeed & angulay Velodty s called |
unifoxm circulas motion.

Examples &-

1] totion o the hp of hands oP clock. "

2] (otion of the Farth avound fhe sun. |
L




e

Non-umﬁoam civculaw o

The motion oFa 'PC\\"HC\e 109
hhe circum Pesence of a circle witha
Vaviable |ineaw Speed , lineaw ve\oci‘ry
angulas velocity 7S called Mon Uniform
civcu las motion.

EXQmp\e 3-
1] (notion In A verticle civcle.

Radius Vectoyw =-
e vectrs dvawn from the

cenitre of he circle o the po5'\’n'on
of Hthe particle Pe'é‘%ﬁm3ﬁ8 circulas
motion js called Fhe adius Vecltos:
$.1. Unit &- Metre (M)

Dimensiona - L MOLET°]




1—) Angu\my Dl‘&P\qcemerﬂ' 0"
The angle described b\/
Tadius \/GC{‘O'D’ C\{r the Cer\he OP e
Ciacle.

oOw
kKlhen He pcw-Hc\e MOoVes %Om one
Point to othew point on the Circumferente
of the circle & called adngula™
digplaceme nt:

© = QYcC lenaH)
Radius,

©

= &
e}

a 13 SR
S.T. Um{- & <- oadian

Dimengions §- [:M 0 19T o]




Angulaz velodty s-
The time aate oP change of

angulas displacement 0F q particle 1§

called angulas velodty.
\} s denoted bT S C0m€8°‘)

S1. unit (s oad |5<

Dimensions :- [ MOL° T‘lj

‘C‘ﬂq{rhemqﬁcqlw it is wntten as 5

9 = ©

—

_t_

Angalas speed $- (U9)

The angle descsibed by the
particle pes unit time (& called angular
sSpeed.

I+ i5 denoted by @3
s.3.unit 18 i sad |q

Dimensions 2- [ MOLoT 1]




Angulas accelesation &
T _The lime oate of change

0f angulaw velodily of a particle 1S
called angulys accelesation:

it {5 denoted by "X’

5.1.Unitis 3 sad|g®
Dimensiongs- [ M° L T"’—]

Mdthematically it s contken as,

A= Change of angulas Velocify
Hime

O< — C.QSQ__—(QS_‘_
—t .

IR
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Pewiod & CT)
Time taken by parhicle peo Pmmm&

Uniform circalad motion (U.C. M) 1o

complete one revolution 15 called peaiod

of revoluon o pezodic Yme or pesiod.

?nl* Uﬂ]Jr - Second (5ec_)

Dimensions &- (™Mo L° —rlj

ExpTessior\ %zr Pezrioc\ A

kle knowd,
Speed = Distance
Time

Time = Pistnce
Speed

T = C_lrcque"cence of Hhe cirde
Speed




—,:a‘eqqenC\-l_%~

The numbes ofF wevolulions
PGU%‘amed b\I q particle Peb‘%b—ming
ur\i?ozrm ciyculad mohon in gt tme

is called as Foequency.
I} is denoted by f o3 N

ST Uh‘lk‘ = Hz(S“‘l)
Dimensiong $-

LR =Cmer T
Ex‘p*(essTons _Eo_*g 'ﬂeqqency -
i

equency = — :
?U ) ! T fme pesiod
- f
——‘T
TT = 27
€4
p- s
21,
S
-«
270
QS =21 f




Relahion belween Angalas & lineas ‘

Speed 0T Veloc‘ft_\i_

B 4\5

e Knowd,
Ana\e = Arc
Radius
_ S
S ==

15—_-./@9/3

D PPeventiale with respect to time,

_____ds ~EL QX¥

9= S (ox¥)

45 - do

— 1 — —— K&

dt T ax ®

\V = 9% 7w ng‘f"w:%

Tn Veclow form ;

e
r\/:u&xw




e ——

- 6btain the weltion between the m“qgnﬂude

O'E [iheQU ClC(eLe_Egﬁ_C}_‘j_ X QﬂaquU QC(G\QO'C\HQQ
In circylay motion.

[tneas Accelesation o

- The oate O‘P C.hcmae OP \ineqa
\}emcihf aoith respect ‘Yo bme is called

i ="
Lineas accelesation ( Q)

= dV
() =
at
qQ = dv. MQ@Y\TJMde OP | Pheas
J_____Elj—_———J| acceleagtion
:-—--QL)
e know,
V=08
klhese,

x — wadius of clsculax path
o = Angulas Ve\ocTJﬁi

Put the value yja/@j in eqh &),

az=-d (s
dt S )
a- & duw .. [a‘:conﬁqufﬁ]
df
- - - dU& =
[0 =7 [CH o<]

|




[HIFHL)

L\neqzs+Acce\ea~qH0ﬂ =1 ch‘ll?ius X Ahgq\qz’
( q) C=) ACCG\QQ;QHO\’)
C «29)
In Vvectos Form,
— —_— —
A — XK X T I

The lineas o ccelesation is in ihe hngemh‘q]

divection, thesefose it ia Alse «called
as tangential (fneaw accelesationN)

D heb’e)
At = '_réngenjt?Q\ \ineas

Qccel ec—qﬁoﬁ .

1 o.




Relation belween lm
accelesation,

4\/

C' —t
s
V= WBXT
M=
AV - d (ST
- q. Xy
W= )
Q:@}X/_*—____Kt{

ea %, Angula

Lklhew €,

Oc = Centsipeta] accel | ezation

QT = anaenhq\ accelesation .

11
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Un?_ﬁo'om (iculas _Ifl__@jjgg(ﬁqd fal Accelesalion)

Fx pression By Cent P@b\ Accelesation

Un?ﬁoxm C faculas motion s~
lkihen a pavkicle moves

th a clzxcle ak a constant speed then

the motion 15 known as uniform
Cilycylaz motion-

C entripetal qccelesation 08 Radidl actelesation
Centripetal acceled@ize —= === ———

The qcceleercﬂ'iOﬂ of Q
pavlicle. pezforming Uniform circulas”
motion(U.C.M.) which 15 directed owards
the centre & along the sadius o Ff

circulaw path 15 known A5 ceninpefal
accelesgbion Ov gadidl accelesqbon.

AV

19,




GC 5
Accelesation always in Chqng e 1N
\/QIOc;‘HrL, divecton.”

Hese,
ﬁ?-?u?
Also,
AV =V -V

13




Heoe,
ApcpP’ & A XDR' ave Similar

taiangle,

<P - DY
PP Qq!
¥l _ V[
1A |AV|

R -

AT Av

AV = A?f(l)

R

Divided by At,

AV AT ) ' |
AV - Av (V) g4y yodv
At TAY \R { i) AJ

Q“‘VV

q = Vﬂ

Cec =VZ |an---This {5 centipetal
R Accelesgtion

14
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Impostant Results

CC |
Centripetal acelezalion
9 nol constant vectos.”

_¥ \“P‘C{'* A't)
,6'0
C AS
£
P
(t)
klhese,

A = Angulaz distance

Argle = Azc
Radius

Asc = RadiusxAngle
Pp' = RxAQ
A5 = RAQ

15




Divided b7 A,

AS - R A
At <a+>
-V Ruﬂ
NloW,
Centmpetal acceleaation TS
Ac=V= . ..(})
R

Q¢ :@USJL
=
Ac = Q¢'CL9L
-
dc = QOL9L
Qc RI

V=RWS | put in €qf (1),

16




S50, speed
— 2T L (Il)

| £=_L [putin equation (2)
T

| SR

V= 2MRXL_
=

V = 2R E

centripetal accelerakion 15,

ac =%
(28

TVZQHR?'

2 .
Ac = @nRE)
o

e = 41> RF £

7

Tdc:4nLR$L[

1




gonTCQl Pendulum

S
AAANA ALV

©
ATC ©S©

o
e

Tsino YM§

HWhewe,
5 = point 0f suspension
m = mass 0F +the bob
mg = cvelght 0f the bob

Q = fenngh 019 penddlum ow 5]rr'm5{
h = Axia) hex‘ghi— 019 cone

¥ = Tadius of horizontka) ciacle

T = Tension In ke éjrﬁn&

18




Fosces Qc.\'?ng on the bob awe,
L) Tension in the 5‘m"n<<} )
@ L«le\}]hi‘ oF bob = T*r'aliC,J

Tsine — Ve @)
Fa i
Tcose = myg - --~~<z>
Farom )e89
SN0 =7
L

h = Ls\n@"

Dividing equakion @ & @),
ATsine my =

———

19




lan@ = V )
Ve = Y tan©

[V ogtane )

et
e ———————

V= [ogtane  Putin e (),

1 = PR

\]’erghmcg

= err 57
\lp‘gqumg

T =21 [ ) __H@)

00




Pu’r’f‘iné ¥=LsSINO | in eqﬂ@)ﬁ

T =27 | Lsin®

Jtano©
\
T =217 Lsmno
Sin®
N Cos©
4 |
T = 217 | LCos® - ---(5)
N F

~This (s the expression fow peziod of
conical pendulum in terms OP /ﬂené}%.
TFaom ASOP,

COSEO = _h__
L
h: | cos®©

Pu’rﬁng H$s value n eq%QHOﬂ@-)y

|
T =27 _h_
_ Jér

This 15 the expression $ov onicq| pendulym
N terms of height.
|




Banking oP >oad

[Ypes of cuvved zoad,
(D Hoxlzontal curved zoad.
( Plane cuyved a—oqd)

(2) Banked curved soad .

(1) Howizontal curved oad -
A zoad whose fwo edges
are hosizonta| Cat same |evel) {5
called horizonta| curved soad, 4150
called cuvyved |evej soad.

(2 Banked curved zoad 8- (BCU\\('mg Of

ZYDCld)
The soad surface (s kept

inclined +o hovizontal so that ouler
cdge of aoad is at highex |evel than
Inner edge.

This conshuckon O0F aoad 15 called qs
banking of zvad.

2.




Angle of Banking - (O)

C

“’\L (\ﬂ(}\(; tﬂu(\(_, b[ bqn\(@(\

xoad suiPace with hosizontal Vg calied
Qs the Cmdl@ Oi b(lﬂkl J
N o5
A
©
NsIn©
== Y
le}
Pcoso
B @ y
E&Dn@)

oz hozf?zonFql Compoﬂeﬂ{j
Nothe + £ose = mv* )

o Vestical com ponent,

Ncos® - RPsin® = mg - ~--(2>_




Dividing €9 @) 2 (2),

I o
Nan© t+ Pcos® = mv
o
— ] hc Y)‘{
NCOS© — £sin® v bi

V& NsSin® +Fcose

kP N (5@ — £sin®

Divide R -H.5. b7 Ncos®,
V&= . N sino+t fcoS@v
RS v Cos©—FSin®
V& M/S\ﬂCD# o Pcoso
7L N cose cos©

_Nees®O T Pgin ©
\/2 — sSindG g -E,Q@-Sfcg“’“
w3 ~ CoS50 NLOSE
1 - Psin®
N CSO

2.
V= lne+ £

°J N

o




V= kan®© “44

3 1- 4 tan®

\jQ— — \nﬂ®+zu# K%
1t - kN ®©

|

This is the expression for mMmaximum
Speed to avoid the Slipping of vehicle

Impozs)mnlr Resul I
If 2oad s unbanked

J[’C\OO:O

ijC\x :\FJ,!?YS_

Q=0 (




\/e?s—Hqu clycyulao mothon
,
The ciscdlas moton of q
e in a verhcal plane 'S called as

pavticl
civedlaY mohon.

Ves hicdl
Examples ¢
[ \
— Gi{ant whee
yerkhcal civedlay moton
vevn Al - ——

—

E xpression fow

Ay e
Dl’qgrqrﬂ o
T‘Dd(,OS(g +my
mgs‘m@ Vmé ?
Ilhese,

H = Highest position (top poa‘;h‘on)

| - lowest positioNn ( Bottom Posih'on)
M = Hovizontal position

Ty = Tensjon at highest posihon

T = Tensjon at lowest Posiﬁoq

TM - 'T’ensioﬂ CH— Hoﬁzoﬂh\\ PO.5H7.OY).
Mg = woeight 0F the bedy.
26




' . B
T DOS\NOUT

5 gctin g on the body QT | ',

ij Tension T in the S%hn&

il weight Mg of th e body QCHDCC][
\/eﬁh‘ccm] Jown ward 5.

7= mgeose vt |- )
J

Thic is the expression of lension at
any position.

D Highest position (H)

—

[© =180

Cos5180° = -1
Equalion @) becomes,

—rH = mgces (1807) + mv*
=
Ti = —rmg +my=
H = =
TH = mvlr__m% .____Qi)
J T

Thys lension in the sting 15 Minimym
at highest position.

27




2] | swest posihion CL)

Cos50 =1
Equahion (1) beceme=,

Lz mg Co5@ + MV
T
CeS50=L
TL = mg cos0 +mvE
(-1

TL = mg-t My
>

Thus, Fension dt | owest position 15

max frmam .
'5) Ho‘cyi'zon\—q\ Eoﬁiﬁ()ﬁ CM)

l@:EIO"

cos90 = O
Equation (1) beceme=,

2
T =™ cos590 + MV
Iv1 d =

.TP’I = WJQ":/Q— / ...... (cosﬂo :‘:O)

23




Expression Fos Velocih/_

1) velocity at highest position CH)

Th=0
ECLQ (1) becomes,

o= mVHL,-quL

T
pg =

3-vh
-3
2,
VH :’b’é—

=7z | - ®

Velocity of highest point 15 minimU M
This 5peed (s called 49 critrcal \Jt?locd’y

9—) VG\OCTW‘Q_F_M position (L)
Accoxding o law 0-19
consesvation 0F €nevdy
(T Ee)=(TE)y
CKENA(PE)L = (K-E—-)H:'r (P-E )y

29




1 myE 10 = Lmvy
SLNWL-+o-a~J“VH+'“352”)

m\/L - L mvH i ’-Q—erc‘}?’)
/)LZ/Q‘Z‘VL = %“% O/H *L‘g‘ﬁ

pyf Vy=Jag i €1" G
VE=([73) t48%

Vi = ygt43s

=0




~ int (p)
\/eéloci .CI\” q_Q_‘iJZP‘“
H Acconding o law ©

0-19 enez’a\(,
Ui+ ki=Upt ke )
- Vv
m(‘]h"f%:—vaL: mgh T3 VP

E (onsev vahon

2.
0+ LV = £mVp 4 mgh
2

9
L vl = _Jé:mvp—}%(mgh)xl
2
L mve =L mvp *f—;('lméh)
9 2.
YhvE :?/74(\/% 2gh)
-l

VC=Vp+2gh
\/?p— = \/i‘-zgh

voe [man |




VL: 53'6’ P\«H’In C\bOVQ ec\_'ﬂ)

(557 = 29 (-7¢2¢)

e

Vo= [5go =23 (o -wcos)

=0




VPZ 5875—23?)’(1-505@)

= ‘r,a———————-——"‘_‘—’—
Vp= 33(1:'5—2 (l-coscg)-]

Vp=| g [ 5-21 zws@:)

J | -
This i5 the expression Pyw veloCil af

qni PO sition .




