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Rotational Motion

1> MOMENT OF INERTIA:-

Ghumane ka %SE:

MR*

o (TRART mass ) x (Torered] pur)
—> Tensor. —> Calculated from Axis of
Rotation.

o Iv/s r Gmpb\'-

r=Same
M=Same

o Mass:-
1 dist" from
1. Point:- | = Mr¥" AOR
2. “Wi- 1= Mur?+ My, +

o M.0O.l. about C.O.M. & L% to line: -

r cm
r r

@l—aelb

o  M.O.l. of Continuous Ioody:—

ds' fdl fxz dm
e—x—%d"
//////// /) ,)
_dm~
T odx

Non Uniform body.

MOI OF ROD:-

o 1 ° =77
o o ML?

77777 77773 °

3
o |I|= sin*
! 12
MOI OF RING:-
2
lj_ lCW\ @) ICW\ = MR
o [ = 2MR*
l 3MR*
@) =
12 2 >
@) =
> 2
MOI OF DISC:-
MR*
I, cm e = 2
| 3MR*
3 [1 -
2
L { SMR?
x4
MR?



MOI OF HOLLOW CYLINDER:-

(a) Loy = MR®
CZ"gzzMW
=

cm [l

(b)

MOI OF SOLID CYLINDER:-

(a) MR”
—— [ =
2
3MR*
[ =
* 2
<> MLZ
o | =
cmm 11 e 12

(b) 2

MOI OF SOLID SPHERE:-

MOI OF RECTANGULAR PLATE:-

(@) 1l to Plane:- |T Ma*
ICVV\ =
12
cm -1 Ma*
b l_r =
3
— >
&/ Wahi distance Kaam

ka hoga joh AOR &

1% hoga.
(b) L* to Plane:-
[ M
| =— (a® + b?)

12
ocm L, *Square Plane
Sheet:- a = b.

< 2 4 Ma2

| =
6

Physics



MOI OF CUBE:-
Ma*
cm
T pa/fZ T lcm =
a2 TN 6
2Ma*
[ J lT’ =
3
N
«—ta—> [ = sMa”
To12
MOI OF CONE:-
cM 3
> [, = — MR?
10
h *Triangular Plate.
R Ma*
ICVV\ = 6

MOI OF SEMICIRCULAR DISC:-

THEOREMS:-
Parallel axis — valid
for all type of body
l,=1,, +Md*

d = distance b/w
axis passing through
C.O.M. and 'O'

CONCEPT OF M.O.l.

SECTION:-

MI

remain

Rotational Motion

complete

{ MR*
2
4R

31T

Perpendicular axis —
valid for planer object
=1+,

l, & |, — axis

;;amlfe( to plane
I, = I, to plane

OF CUTTING

— For Area = M/n?

N> For Volume = M/n’
(Solid Sphere)

removed

RADIUS OF GYRATION:-

—-  COM : not valid. So we use it.
o | =MK** Yaad rakhna
Mass dyan Y lena.

TORQUE:-

# Torque — Cause of change in rotational
state of the body

# Torque oppose rotational motion — false
# Axial vector

# Unit > Nm

# Dim" — [MI?T 7]

cw
7 ®

— —
sz ‘\x F = rF siné
Thumb  Four \Slap &ACW@

-
r

Fingers
—?v)\et:F)l X E:l)."'F; X F_2)+
- - -
tl r L F -
- - - dL
T = lx T=—
t
STATEMENT:-

If F, . = O then T,,, must be zero — False
If F, . # O then T,,, must be non-zero — False
If T, = O then net force must be zero — False

If T, # O then net force must be non-zero — False

MR*

Torque hamesha hinge point & about lagega
aur who ek toh body Ko Ghumayega ya
toh Ghumte huye object Ka state change

Karega.
_)

T, = O } Rotational Eq".

o Concept of Rigid body: -
B A
- | — —> |

Ve = Va

©)



M.O.l. OF ANNULAR DISC:-

T = Mg (Ucosb)t
Mg U* sin26

T =
y 29
Mg at Hmax

U cosb t
ROTATIONAL EQUILIBRIUM:-

Tt =0 F,d, =Fyd, Sd>—d,—

F, F,

Fi d?.
M. Advantage = — = — (M.A. > 1)

ROTATIONAL KINEMATICS:-

U.C.M.:-
- n
w = const <=0 = Q.
NS
Speed = Const” a, = —
r
6 = wt.
Non-UCM:-

(a) =< = const™
Egn of Motion:
w, —w, = o<t

1
9=ol)j’t+——<><t’2
2

j~w = 2B

w+w
= t = n2T.

(b) = = Variable

Af = [w.dt Aw = [ox.dt
6 w <
d
=< = —
de dw
w=—" x=WwW —
dt de
Rest to Rest Motion: -
0(1("') w | 0(2(—)
6, =— (xltf 6, = wt,
0, == « t>
2 2 272

The time at which two particle with
different speed, start moving from same

position Meet? v,
271R Va
Vre{ative = T

Pure Motion: -

1> Rotational Motion: - =
23
w, = W, = Wy v
X =0, =&, T.
Fix
Vl * V2 * V_7>
2> Translational Motion: - 1=V,
vV, =V, =V 2Va
o203 3esv
Physics



ANALOGY

* P=Fv.

1
* KE=—2—W\\/2

*  Impulse = m.V.

Translation Rotational
* S * 6
dx de
* e p— * w = —
dt dt
* = iii * - iu_)
dt dt
B dP . dL ,
= — = ma T=—=l«
dt dt
oPEmY * L= w
* w=Fs. * W=<T.0

1
* KE=—2—(w2

* P=tTw
Impulse = lw

a X
*® Smth:U+’_ 91,\%=w0+—2—
(2n-1) (2n-1)

. 1 [ B \T
S:_Z— o+p

u? wf
*  Stoping dl'st"‘.zzz * 923;
BT BT
e \aop) | @B

ANALOGY

Translation

Rotational

1

* S=ut+—2—at’2

1
0= wt+— ot
2

MR**
o Jab tak “Rod’ Nai!

Tab Tak , w, O. At!
Note: -

a,=RxX a,=Rw =—

R
(al = [af + ol

Q. A rod PQ of mass M and length L is hinged at end P. The rod is kept horizontal by a
massless string tied to point Q as shown in figure. When string is cut, the initial angular
acceleration of the rod is (NEET 2013, AIP MT — 07/11/ IT-4 X).

2
(a) 2
L
+-
2L Z
Angular acch
© 3g of Rod (every ponit) g
oL or Rod 5
about ‘v’
(d)
L

[Tp = 1p Xp] hinged point/axis of Rot"

(Ask 4X in [IT) (Most lmp. Que.)

Rotational Motion

N
L
2

—>Cc.mMm

Nkzl_ T ..,Q

(04

> R VMg

Find liner acc”™ of C.O.M.??

at = () same for all Points

L (3 3
Aen = — (’_g_) = —g W\/S2
2 \2L 4

S,



M R**

Rotat”
Mass

Transl”

Mass

o Relation b/n w, & w,:-
V=V,

* —
w,R = w,r

* at1 = at2
o R = &1
o T.P. of SHM:- M.
l m + I/R* R,
T=217| —m"—
K
APPLICATION OF COM IN PURE

ROTATIONAL MOTION:-

i+ , L7
KE = — Iw™ = —
2 21
e.g.:- Rod is released from vertical position
Find w when rod becomes horizontal.

Mgl
g+0=——lw2+0
w 2 2
Mo 1 e
» 2 7
L
ch=—2—‘g

ROLLING MOTION:-

w wlL
L wL
wlL
wb Vi —
7 4
V VCI/V\:O V
wlL \/._ﬁu_L.
4.
\V4 wlL wL
= <b v-=-
Trans(” Rotat” Rolling
* - _1, 2 2 %
KE = mvV,, + lw” .
2
v Rw Rw Rw V+Rw
o] [ f
\4 l —
Rw Rw Rw V Rw
Trans(" Rotat” Rolling
cM cM CcM
—> —> —_— =
v v AY
< > < > =
Rw Voa Rw V., Rw V,
Forward Backward No

Sliping Sliping Sliping

Vo > Rw Vou <Rw V, =Rw

c

Lowest
f, = Back  f, = Front point at
rest
NOTE:-

KV, <V, <V, <V < V%

2

5'. °
VCW\
1 °
3. w
Speed.

Physics



. TE:- MR**
V' Thara bhai
— e Translation KETota( = KETWAV\S + KERot.
v —>  Motion itni 1
>V jagah “v” KErotal = 5 mV, >+ — lw?
—> T/ dedega
Kishine sochi
nai hogi!
o Note:-
P
s\
KETmms _ 1 _
6 KErotal 14—
P R*
— 2 s 0
Ve = 2V cos — Vp = 2V sin —
MR * TABLE (THE PRO VERSION)
Physical Ring hollow Hollow Disc, solid Solid
quantity cylinder sphere cylinder sphere
1 3 2 5
B 0.5 = — 0.6 =— 0.66 =— 071 = —
2 5 3 7
KE tyans / KEtotal 0.5 = 50% 0.6 = 60% 0.66 = 66% 071 = 71%
KE. . /KE 0.5 = 50% 0.4 = 40% 0.33 = 33% 0.28 = 28%
Rot > Total (1/2) (2/5) (1/3) (2/7)
KEt ans /KE gyt 1:1 3:2 2:1 5:2
Accl” on inclined -
L9 , g sind Z g sinb Z g sinb Z g sin@
gsinb p 2 s 3 7
Time req. to £ = __29_
come down | g sinbp > -1 -1
Velocity at
bottom of inclined V = [gH _ | egH | 4g9H U - ’ 10gH
V= ’,Zgb\{& 5 3 7

Rotational Motion




Vs
. H = 2 2 2
H attained by ZQB 5ch 5ch 7vcm
max. 2 H = H = H =
particle " v,2 69 g 04
gl
f = Mg sinb ,
cti v 2 Mg siné 2
fifcﬁgg " (1 ) f, = = Mg sin v ? - f, = el Mg sinb
f, = Mg sinb/2
M tO sStart W = (1-B) tand 2 tanb 2
pure rolling W = tanb/2 Hs =5 tand =g w== tanb

* Jahan “g” wahi “p” * Konse bhi sawaal mein Rolling aayega toh B lagado.*

o Caution:-

Rolling on Smooth inclined plane: -
*a=gsin® —> independent of Mass, Shape,

Size.
*V = ’2gh —> Velocity at bottom.
2
Vcw\ a/

*H — “Hmax”

O

Rolling Motion on Rough inclined plane: -

V= ’Zghﬂ

2
VCW\

29

o
a = pg sinb

~ 2gp
Object Upar jaye ya niche

*f always acts upwards!

PURE ROLLING ON A HORIZONTAL
PLANE:-

F, R, I

cm

M R**

FB

= — (B = Coefficient of velocity
M where force acts)

——> 2V,
5 o—>i Vem
2
a5 &—>V,,
Gy ¢—>V,y /2
v
(Rest)
FB (2)
a, = ” a,
FB (1)
a, = " a,
Hollow
eg.: - spr
4 F
{
f (let
L - (let)

FB (3
" m \2)
FB
T m \2)
()
Am = — |
m\ 5



3F 2F
f,=— — F=— — (backward)
5 5

* Pure rolling motion can start on smooth
horizontal surface

ANGULAR MOMENTUM:-
o Depends on Frame of Ref.

L = rmv sinb
L = vrP sinb

- 5 -5

L =vr x P (Axial Vector)

— —
0 =Angle b/n v & P
— When object (s moving on straight line
with const. velocity then:- L = same.
o  Object is projected with speed “U” at

an angle “0” with horizontal then find
angular momentum in projectile: -

L

1

U?sin®6
mu cos & x H, . = mu cosb.

-
n
1]

29

2U%sin?@
s = 4L, = mu cosb.

-
)

9
L when about to Collide = 4 L at H,,,, *

val Poiv\t

Gene T = Mg Ucosbt

J’ dL = J’ MgU cosbt.dt

o Pure Rotational Motion: -

1 L*
L=lw KE = — [w* = —
2 2|

Rotational Motion

o Avolling body is rolling without slipping
on a moving plank.

v, —Rw =v

v, — Vv =Rw.

CONSERVATION OF ANG.

MOMENTUM: -
-
T=0 L =const”
Lw, =lL,w,
1>

“ I Twl =Const”
2T
w=—
T
T.P. will
inc.
2>
w
lce on
pole
will
melt,
then.
[Twl T

3>
\_5001 \_sz
(o)) ‘9@
=) =) *U‘)_’L > WZ*

O——G

N
v
.

(Dancing
girl)




Imp: -
Same dir" = +
//Oppo = - \jwl

Lw, + L,w, [

w =
D 1>

Same = —
AKE = — w5
loss 2 1+ 1, ~ CD
o

Imp. Model Problems MR*

1> A heavy body is thrown on a horizontal
rough surface with initial velocity “U”
without rolling. Find “V”’ when it start pure
rolling: -

2> T - Adv 2014

3> A Rotating body with “w,” Placed on
rough surface then find Angular velocity

when it starts pure rolling motion: -

Gobe

4> A body rolls on horizontal floor. Find w

to stop it:-
TOPPLING:-
MR* F ,<—>L
CML L
o -0 1
O
L |
Mg — = E .k
9 > Mg

Don’t take T,y = O take

o =0
Toppling B Normal Ko Shift KrKe Object
apne appko palatne se bachata hai!

Physics
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