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A solid body rotates about a stationary axis with an angular retardantsiono(= is curhi y .
Where  Is the angular velocity of the body.find the time after which ‘ltody wi;ﬁ)_ A wheel is subjected to r acceleration
come to rest if at t=0 angular velocity of body was 0, about its axis .initially it was at rest. In first two
second it rotates through angle8,. In next two second
i ) it through. 0. Find the rati /

A particle start moving in a circular path of radius 2m with ft rotates throug| Q’ TG 9,_ L

initial speed 2m/s at I I ion .after

two complete revolution, its speed becomes 8m/s. Find

the angular acceleration of the particle.
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Whenever particle perform circular motion then
linear velocity is perpendicular to radius vector

Is it necessary for a body to perform
circular motion for having angular velocity?

The length of second hand in a watch is 1 cm . Find
the magnitude of change in velocity of its tip in 15
sec. find also the magnitude of Avarage acceleration.
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The length of second hand in a watch i

s 1 cm . Find the

magnitude of change in velocity of its tip in 15 sec. find also

the magnitude of Avarage acceleration.






A solid body rotates about a stationary axis with an angular retardants . X=K[@

come to rest if at +=0 angular velocity of body was >

A wheel is subjected to uniform angular acceleration
about its axis .initially it was at rest. In first two

" 15 the angular velocity of the body.find the fime after which body will

second it rotates through angle 9, . In next two second

hetondation duof = .: rg_ © R Jdow ) Jﬂcﬂ; it rotates through.ex_. Find the ratio of 9,_ (2]
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A particle start moving in a circular path of radius 2m with
initial speed 2m/s at constant angular acceleration .after

two complete revolution, its speed becomes 8m/s. Find
the angular acceleration of the particle.

Tangential accelaration

. Acting always along the velocity
Increase the speed.
Acting perpendicular to radius vector.

The length of second h:
the magnitude of chang
sec. find also the magn

1

Acting perpendicular to angular velocity vector.

—
Vector form W= AXT

Magnitude = radius of circular pathXangular acceleration
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Whenever particle perform circular motion then Perpendicular component of Vgp,

linear velocity is perpendicular to radius vector wB A Distance.

Is it necessary for a body to perform
circular motion for having angular velocity?
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Centrlpetal acceleratlon (- AT 0)
oy = 0] = 9 = R~ VTR

Centripetal acceleration is always acting
perpendicular to velocity . Hence this is
responsible for change in direction of velocity.

X\ y

©

Net acceleration "
?17 +E’ T
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direcHory Of— aﬁcalarai—von p=2

Numerical

the time =0 particle was at rest then find the time at which magnitude of a, and g, will be
equal. (t=1/2sec) X= 4 0';2 = a'cP

[

! > E=g > t=gue

2. A particle moves on a circular path with constant speed of 5 m/s in XY plane . Center
of circle is at origin and when it passes through a point (3,4) its y-component of its
velocity is positive then find
(i) radius of circle

(ii) right velocity and accg)l,era’rion vector at point (3,4)

1. A particle is moving with constant angular acceleration of 4 rad/s*on circular path. At

52 Vﬂ U:gm/g:@h!f
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¥
@ =-3" 4]
53
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3. A particle moves in a circular path of radius 3m at a speed given as v=3t m/s. Find at t=2 sec
(A). Tangential accelam{non (B). Normal accelam’rlon (c) total accelaration.
I

43 Vo @OV put 21T [ g
L3 Il ﬁ _ r\' = 1y I1F
L3 = {yFc

4. A particle is projected at a speed u at an angle 6 with the horizontal. Find the radius of
curvature at the highest point of the trajectory of projectile.



Centripetal force

centrifugal
force . =
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Force responsible for centripetal accelaration. "‘e':'j'q e \
Responsible force for moving the particle in circular path : }
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Conical pendulam

T cosé = mg @ @ + = Tension.
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At limiting case

= MG
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l Figure 3.43 Forces acting on the vehicle on a leveled circular road




Circular turning on roads by banking of roads only
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Circular turning on roads by friction and banking of road both
Minimum speed
Ncos©

Ay, BN Smb, N

0,
®

_\a\\;& = NSin® — [N CosO

ma = NCogo +,U.NSA‘446

N Sin® — peotd
Nein©® 0 Cogp + L Sin &
ANSIND

|1 ]

0

N Cosd

mg

Maximum speed
Neoss = ma + Y Simé€
Ncos© N Sinb = mRV:— JLN Co$O




(1). A rod is 8 m wide. Its average radius of curvature is 40 m. The outer edge is even though
lower edge by a distance of 1.28 m. Find the velocity of vehicle for which the road is most
suited?

(2). Keeping the banking angle of the road constant, the maximum safe speed of passing
vehicles is to be increased by 10%. The radius of curvature of the road will have to
change from 20 m to

(3). A block of mass 2 KG is tied to a string of length 2m , the other end of which is fixed.
The block is moved on a smooth horizontal table with constant speed 5 m/s. Find the tension
in the string ?

(4). A block of mass 2 KG is tied to a string of length 2m, the other end of which is fixed.

The block is moved on a smooth horizontal table with a constant speed, if braking strength

of string is 100 N, then what can be the maximum possible speed of particle for circular o
motion?

(5). Three identical particles are joined together by a thread as shown in figure. All the
three particles are moving in horizontal plane. If the velocity of the outermost particle is V, ,
Then the ratio of tensions in the three section of the string is

0 B C

A
 J
d d d

(6). A coin of mass M is kept on the age of horizdntal rotating platform of radilis are,
which is rotating with constant angular velocity u . If coefficient of friction is u, find
friction force between coin and pla’rfor'rl)\?

(7). A block of mass M is tied to a spring
constant K, natural and small L, and the other
end of the spring is fixed O. If the block moves
in a circular path on a smooth horizontal surface
with constant angular velocity u , then find
elongation in sping?

(8). A hemispherical bowl of radius R is A
rotating about its axis of symmetry
which is kept vertical. A small ball kept
in the bowl rotates with the bowl
without sleeping on its surface. If the

surface of bowl is smooth and angle
made by radius through the ball with
the vertical is «. Find the angular speed
at which the bowl is rotating?




(9). A particle starts moving along a circle of radius 20/rt and with constant tangential
acceleration. If velocity of particle is 50 m/s at the end of second revolution after the motion
has begun, then find tangential accelaration

(10). The stone is tied to 80 cm long string and executes circular motion with constant speed
horizontally. If stone makes 14 revolutions in 25 second, then find the magnitude of net
acceleration

(11). A road is 8 m wide. Its average radius of curvature is 40 m. The outer age is above
the lower age by a distance of 1.28 m. Find the velocity of vehicle for which route is most
suited? ( g = 10 m/s*)

(12). Keeping the banking angle of the road constant, the maximum safe speed of passing
vehicles is to be increased by 10%. The radius of curvature of the road will have to change
from 20 m to -

Vertical circular motion
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Non uniform circular motion

spead vorioble-
ar#0

ar

—
+
3

AT T
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\(B / -V
l 0
" m” Tension T = m_"_ mg Tension T= muy*
Tension= T= —R——r mg R =

™3
Tension = T = MV coso
=t ™
Conclusion
At bottom
mvY
=+ M

At topmost point

myY _
R

At horizontal position
m™MVY/R

At any arbitrary position ( © < 90 )
1%’1’ + MY Cos &

At any arbitrary position ( © > 90 )




Vertical circular motion

Ve € AVe  Condition for just completing

the vertical circle

T > O

’

Minimum speed at C is V= E

>V,

Minimum speed of projection OR minimum speed at A

Decrease in K.E = increase in P.E Tension at A :

LA (K%)= rig Te M mg
V;:’z 48L+v}; =4g9L + gL =_m_xb_a}/+ma
Va=58L T="6mg

Summary

YA f;gm'ﬂ'—
Bottom. Topmost. Hori20ntal
Minimum tension at 6mg 3mg O

Minimum velocity at 59| \I 39| \I gl




Concept-1 : Velocity of bob released from horizontal position

6 Mahf—‘- 1 mv"

: v=|9_6h

=J28Lﬁm6

Tension in string when bob is released from horizontal position

Tangential, normal, total acceleration of bob in downward
motion of bob released from horizontal position

&T:%C—OQQ ~ _ -
I e 0

=3 ] codo + 46



Velocity of bob , tension in string in upward motion starting from bottom point

Tangential, normal , total acceleration of bob in upward motion starting
from bottom point

Tomgenkiol aecolanakion, = - Glmb (o)

{ - v _
normol  oceelonokion ¥ = _U_LL_ _9_3(1-(1&39) ()

Totol Qecelonakion A= [a* o,

Angular amplitude of bob in lower half of vertical circular motion
6@@, wmpwrude A= qS v=0
o= uw-—2qL(1-cese)

v - [ 29L-
Cost = ZﬂLZaLu = cos L ﬂzﬁL




Angle of slack where string tension becomes zero in upper half of vertical circular motion,

= m _
T T zw\cd—l-Bmacoxe
ot B=5 ;, T=0

§= Cos™ [%’L_w’ ]
3mg
Curbhun,  Hhix omgle panticle  perform  projectile  mokion

<T>’= o (2 ) o,
G —

Core-T Cone - IT
4 u=JgL wyime sy
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This i tomt possible bocause

5= o iy omgle -
Core- T (oo — T
uz.\léde UL=\}53L
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(1). If a body is released from the top of the sphere of radius R,Then find

the angle from vertical and height of the body from ground where it leaves
the surface bracket (all the surfaces a smooth)

9~
mawse—N = thg;

9
N= mgeose — anL

N=0

= muy-
maq coso J_n(_
v = 3 R CosH

Decrease in P& = imcrease in K-£
) = s
=S 2-20088 = Cos@

5 0 =03

(2).In the given diagram what should be the height h from where our body

is released so that it can just complete the vertical circle of radius R.

Decrease in P.E = Increase in K.E

e



A car is moving along a hilly Road as shown. The coefficient of static
friction between the tires and the pavement is constant and the car
maintains a steady speed. If at one of the points shown the driver
applies break as hard as possible Without making the tyres sleep, the
magnitude of the frictional force immediately after the brakes are
applied will be maximum if the car was at

C

ol A

Np= M3 8

=
Nc’ = —Y%l— - ma
Ne £ NA<NB
Fc<FA<FB

For a body in a circular motion with a constant angular velocity , find
the ratio of magnitude of the average acceleration over the period of
half a revolution to the magnitude of its instantaneous acceleration,




A wheel has a constant angular acceleration of 3.0 rad /s* during a certain_4 sec interval, it
turns through an angle of 120 rad. Assuming that at t = 0 ,angular speed equals to 3 rad/s
how long_is motion at the start of this for second interval

D

A particle which is connected at one end of a
string of length 1 m, passes bottom most point
with speed 10 m/s. Find speed at point B, C, D

E C
and £ Vp =J Vi — 2gLL1-Cose)

o0
B
10m/g
A
Y
ﬂ\ A particle is moving parallel to X axis
as soon in figure such that the Y
v component of its position vector is
— constant at all instant and is equal fo
b “b” . Find the angular velocity of
particle about the origin when its
radius vector makes an angle 6 with
0 > X the X - axis
Vo
é ! B
A Small block slides with a velocity 0.5[gr mgeoss - N = mE™ c
on a horizontal frictionless surface as V= gReesd R
shown in the figure. The block leaves the 74%«@—0:;6) - %) C]
surface at point C. Calculate the angle & 29K (1-tose) = gR (cose-2)
shown in the figure > 3C0$8 = 3 R

e
> cose = £ 0= s (F)

A particle of mass M is moving in a circular path of radius R and is Kinetic energy is given
by K.E = As”, where A is positive constant and 's’ is distance covered then find the magnitude
of net force acting on the particle

A car starts from rest with constant tangential acceleration a in a circular path of radius R.
At time T, the car skids, find the value of coefficient of friction.



Minimum speed of projection OR minimum speed at A

Decrease in K.E = increase in P.E

Tension at A :

Lk (R=%) = g ey Te M mg
Vo = 4-8L+v"§ =49L + gL :_m_xsa}[_l_ma
Va= {541 T="6mg

Summary

Bottom. Horizontal. Topmost
Minimum value of
normal reaction at 6mg 3mg O
Minimum velocity at
5¢l J 349l d d




Tangential accelaration

. Acting always along the velocity

Increase the speed.

Acting perpendicular to radius vector.

Acting perpendicular fo angular velocity vector.

-

—)
Vector form W= AXT

Magnitude = radius of circular pathXangular acceleration

€l

Centvipital Otwlarakion = Vo

e



Circular motion

Introduction

If a particle moves in a plane such that its
distance from a fixed point remains constant, then
motion is called circular motion

The fixed point is known as centre of circle.

The vector joining centre of circle and particle
performing circular motion is called radius vector.
It has constant magnitude and variable direction

Angular position of circular motion '

Angle made by radius vector from reference line subtended at centre of circle

Angular displacement

Angle through which the position vector of moving particle rotates in a given time
interval is called angular displacement.

Axial vector let ot t, Q/nfou.lar position = 6
Unit = radian t, omauhf position = 0
Angular displacement = _ fArc time interval At= t,-t

Radius Chamge im Ongular positon = 0~ &

‘ . ‘ om%ll-lﬂf displacement 0= 6,-6
Direction = right hand thumb rule,

rule of cross product O ownticlock = +ve.
" Quatiloch = 4 T

Freequency

Number of revelations described by particle per second is its frequency
Unit = hertz, other units are revolution per second, revolutions per minute
1 rp.s = 60 rp.m
Time period is time taken by particle fo complete one revolution.
T=1/n



Angular velocity, average angular velocity, instantaneous angular velocity

A, Ae—- =
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V = rAD a2
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Radius of curvature

Radius of curvature define how much path of the object is curved

For a circular path radius of curvature is constant at all points of the path

oL
[+ (de) l
Mathematical formula for radius of a curvature R: x

d“.’)/di"
0x

Increase speed of particle

Qp=Provide centripetal acceleration for circulation of the body

O‘K:: _Zt
R R= Roduws oj— cwrvoture -

50m|S
Find out radius of curvature after one second

Find radius of curvature at top most point 53

20 "50('1’

50
A0 4 A%

30
R= Y-
AS oy

X20%X2
5{2 = -30__'—5_1:_
53 16 >
N

> n n
vi= 3i+4 Find the radius of curvature
6_’ = T + j\ Find tangential acceleration
o \ aN= — -5 - 25
o= 0p +aw 5 /s
— %
2= [Fa ] o oy =




Forced to move in the same trajectory.

Find net acceleration

8(/«;0_n Occelarpdion ot 0=25

q?«*\"' \o“'\h
€0 €0
0
. 20v 10>
g cos 60 Radius cvj: eurvoduoe = T = o
[i

T T= ma coso
TCoSe = ma

mg cote

a_L;O
Ot~ R 2 S
Mz —

WOhich one 1A
covvect



Find velocity which bob will have at highest point if it is a given
horizontal speed of | 4gl at lowermost point. (Length f string is = [)

%

T;—_ %fr B ma Coge vCosO
V= i R CoSO
Vi - g_ﬁLU+Cose) = Lo
Q‘ﬂ L 3@ L CosO®
2
(o6 = =
9 = QOS"L%) v R
V=5
VLose =

A massless rod have a particle of mass m attached to the end of a rod.
Find minimum velocity at bottom to complete circular motion.

P
m:

g e

49R
V= Jagr



NUMERICALS

Find minimum velocity of projection for complete circular motion.

-
= Mﬁ(‘.ﬂﬁ

Coth = 3’*
greo = 3% + 298 (1- CO@
écos&—. > (esd =

MINIMUM VALUE OF H SO THAT PARTICLE REACH POINT D
IF H=4R, THEN FIND N .




FIND MINIMUM HORIZONTAL SPEED WHICH BOB IS GIVEN AT LOWER MOST
POINT SUCH THAT STRING BECOMES HORIZONTAL (LENGTH OF STRING = L ).ALSO

CALCULATE TENSION AT LOWERMOST POINT AND HEIGHEST POINT OF

TRAJECTORY.
=0
T —Q M8L= -;_—VY\V‘\/
/’ vy = Q_ﬁl—-
/
/ V‘—‘--JZ@L_
, = MV 1L mqlose
L T i mp
S5 -
V<24l RO ETS
C Vv, T) v={agl
T= 2mg
(wp D B (VT
7



Find maximum angle which bob makes with vertical if it is given a horizontal speed gl at
lowermost point. Also calculate tension at lowermost point and highest point of trajectory.

T= mt . mg - thy"= g p1-core)
2mg o= 60°
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