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1> MOMENT OF INERTIA:-

Ghumane ka

MR*

MassI Dur

 Tensor.    Calculated from Axis of 
Rotation.
	� I v/s  r  Graph:-

r

I I

M=Same
r=Same

M

	� Mass:-

┴
er distn from 

AOR

I =
M1M2

M1 + M2
r2

r

r1 r2

M1 M2

I

cm

1. Point:- I = Mr2

2. “n”:- I = M1r1
2 + M2r2

2 +...

	� M.O.I. about C.O.M. & ┴
er to line:-

	� M.O.I. of Continuous body:-

Meth
od

0

I

dI =  x2 . dm

λ =
dm
dx

dm
dxx

I

Non Uniform body.

I = x2 . λ.dx    = x2.dm....

MOI OF ROD:-

	� Icm = 

	� I1 = 

	� I =        sin2  *

ML2

12
ML2

3

ML2

12

Icm
I

(M,L)

I1

MOI OF RING:-

	� Icm = 

	� I2 = 

	� I1 = 

	� I3 =

MR2

2MR2

3MR2

2

MR2

2
Icm = 2π AρR3

I1

I2

Icm

I3

MOI OF DISC:-

Icm = 

I2 = 

I1 =

I3 =

MR2

2

MR2

4

5MR2

4

3MR2

2

Icm = 
πR4ρt

2

I1

I2

cm

I3

Rotational Motion11
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MOI OF HOLLOW CYLINDER:-

	

Icm =  MR2

I1 = 2 MR2

I1

Rod Ring

cm

I1cm
Icm = +

ML2

12

MR2

2

I1 = +
ML2

3

MR2

2

(a)

(b)

MOI OF SOLID CYLINDER:-

	 I1

Rod Disc

cm

I1cm
	� Icm = +

ML2

12

MR2

4

	� I1 = +
ML2

3

MR2

4

Icm =
MR2

2

I1 =
3MR2

2

(a)

(b)

MOI OF SOLID SPHERE:-

	

R

cm

T

Icm = MR2
2

5

IT = MR2
7

5

Icm = ρR5 
176

105

MOI OF HOLLOW SPHERE:-

	

R

M

cm T

	� Icm = MR2
2

3

	� IT = 
5MR2

3

MOI OF RECTANGULAR PLATE:-

	

Wahi distance Kaam 
ka hoga joh AOR  
┴

er hoga.

cm
b

a

T Ma2

12

IT =

(a)	 IIel to Plane:-

Ma2

3

Icm =

	

I = (a2 + b2)
M

12

I =

*Square Plane 
Sheet:-	a = b.

(b)	 ┴
er to Plane:-

Ma2

6

cm b

a

I
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MOI OF CUBE:-

	

T'T cm

a

a/2
a/ 2 Icm = 

Ma2

6

IT' = 
2Ma2

3

IT = 
5Ma2

12

MOI OF CONE:-

	

h

CM

R
Icm = 

Ma2

6

Icm = 
3

10
MR2

*Triangular Plate.

MOI OF SEMICIRCULAR DISC:-

	

M,R

CM
I = 

MR2

2

rcom =
4R

3π

*Icm = MR2 1

2

16

9π2
-

THEOREMS:-
Parallel axis → valid 
for all type of body
I0 = Icm + Md2

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

Perpendicular axis → 
valid for planer object
Iz = Ix + Iy
Ix & Iy → axis 
parallel to plane
Iz → Ir to plane 

CONCEPT OF M.O.I. OF CUTTING 
SECTION:- 

	

M' → For Area = M/n2

For Volume = M/n3

(Solid Sphere)R R/n

Iremain = Icomplete - Iremoved

RADIUS OF GYRATION:-
→	 COM : not valid. So we use it.
	� I = MK2 * Yaad rakhna

Mass dyan  lena.

TORQUE:-

# �Torque → Cause of change in rotational 
state of the body

# Torque oppose rotational motion → false
# Axial vector
# Unit → Nm
# Dimn → [Ml 2 T –2]

	

τ = r × F = rF sinθ

CW

ACWThumb Four 
Fingers

Slap

	 τnet = r1 × F1 + r2 × F2 + ...

	
τ = τ =I

 τ Fr  
dL

dt

STATEMENT:-

�If Fnet = 0 then τnet must be zero → False

�If Fnet ≠ 0 then τnet must be non-zero → False

�If τnet = 0 then net force must be zero → False

�If τnet ≠ 0 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.

τnet= 0

	� Concept of Rigid body:-

Rotational Eqn.

VB = VA

B A
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M.O.I. OF ANNULAR DISC:-

M

2
*I0 = (R2

2 + R1
2)

ω

τ = Mg (Ucosθ)t
τ'

τ
V

U
r

θ Mg

τ' =
Mg U2 sin2θ

2g

at Hmax
U cosθ t

R2

R1

O

Imp Que:-

ROTATIONAL EQUILIBRIUM:-
τnet = 0  F1d1 = F2d2

M. Advantage = 
F1

F2

d2

d1

=  (M.A. > 1)

T1 T2d2d1

Mg

ROTATIONAL KINEMATICS:-
U.C.M.:-

	

ω = constn       = 0 = at.

Speed = Constn  ac =

θ = ωt.

v2

r

Non-UCM:-

	 (a)	  = constn.

		  Eqn of Motion:

		  ω2 – ω1 = t

		  θ = ω1t + 
1

2
 t2

		  ω2
2 - ω1

2 = 2 θ

		  θ = 
ω2 + ω1

2
 t = n2π.

	 (b)	  = Variable

		

θ ω

ω =
dθ

dt
 = ω

dω

dθ

 =
dω

dt

Δω = .dtΔθ = ω.dt

	� Rest to Rest Motion:-

	

α1t1 = α2t2 α1θ1 = α2θ3,

α1(+)

t1 t2θ2 θ3θ1

θ1 =    α1t1
2     θ2 = ωt2

θ2 =    α2t2
2 

α2(–)ω

1

2

1

2

	� The time at which two particle with 
different speed, start moving from same 
position Meet?

	 Vrelative =
2πR

T

	� Pure Motion:-

	 1>	 Rotational Motion:-

		  ω1 = ω2 = ω3

		  α1 = α2 = α2

		  v1 ‡ v2 ‡ v3

	 2>	 Translational Motion:-

		  v1 = v2 = v3

v1
v2

3
2

1

Fix

1

2

3

v1

v2
v3

F1 F2

d1 d2
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ANALOGY

Translation Rotational
*	 S

*	 V = 
dx

dt

*	 a = 
dv

dt

*	 F = 
dP

dt
 = ma

*	 P = mV
*	 w = F.s.

*	 KE = 
1

2
 mv2

*	 P = F.v.
*	 Impulse = m.V.

*	 θ

*	 ω = 
dθ

dt

*	 α = 
dω

dt

*	 τ = 
dL

dt
 = Iα

*	 L = Iω
*	 W = τ.θ

*	 KE = 
1

2
 Iω2

*	 P = τ.ω
Impulse = Iω

ANALOGY

Translation Rotational

*	 S = ut + 
1

2
 at2 θ = ωt + 

1

2
 αt2

*	 V = U + at

*	 V2 – U2 = 2as

*	 Snth = U + 
a

2
	 (2n-1)

*	
U + V

2

T
S =

ω = ω0 + αt

ω2 – ωo
2 = 2αθ

θnth = ωo + 
α

2
(2n-1)

wi + ωf

2
TMR*

θ =

*	 S = 
1

2

αβ

α+β

T2

*	 Stoping distn. = 
U2

2a

	 Vmax = 
αβ

α+β
 
T

S = 
1

2

αβ

α+β

T2

* θ = 
ωo

2

2α

ωmax = 
αβ

α+β
 
T

MR**
	� Jab tak “Rod” Nai!

	 Tab Tak α, ω, θ. !
Note:-

	

V2

R
at = Rα     ac = Rω2 = 

a  =   at
2 + ac

2

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/ IIT-4 X).

	 (a)	
2g

L

	 (b)	
2g

2L

	 (c)	
3g

2L

	 (d)	
g

L

	 (Ask 4X in IIT) (Most Imp. Que.)

3g

2L

Lα

3

ML2

3

g

2

L

2

α =

α

hinged point/axis of Rotn

Find liner accn of C.O.M.??

at = r(α) same for all Points

ac.m = 
L

2

3g

2L

3g

4
=  m/s2

N

L
NXO +  mg

[τP = IP
 αP]

=

=

   Angular accn

of Rod (every ponit) 		         or Rod
about ‘p’. 

c.m
L

Q

Mg2

L
2P
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MR**

	 a mg

T
T

α
o R

m a =
mg

m + I/R2

accln =
Fnet

Transln

Mass 
Rotatn

Mass +

	� Relation b/n ω1 & ω2:-

	 * V1 = V2

	 * ω1R = ω2r

	 * at1
 = at2

	 * α1R = α2r

	� T.P. of SHM:-

	
T = 2π

m + I/R2

K

APPLICATION OF COM IN PURE 
ROTATIONAL MOTION:-

	
KE = Iw2 =

1

2

L2

2I

e.g.:- Rod is released from vertical position 
Find ω when rod becomes horizontal.

	

3g

L
ω =Vcm = ω

L

2

ω

CM
=

2
MgL

2

ML

3

ω21

2

+ O =
MgL

2
Iω2 + O

1

2

ROLLING MOTION:-

	 Transln Rotatn Rolling

V

V Vcm=0

ω

ω

V

V+ ωL
4

V– ωL
4

V– ωL
2

V+ ωL
2

ωL
2
ωL
4

ωL
4
ωL
2

V

	

*KE = mVcm
2 + Iw2 . *

1

2

1

2

Transln Rotatn Rolling

Rω

CMCMCM

Rω

Rω Rω V+Rω

V Rω

V

V

V

V
Rω

Rω

	

CMCM

Rω Rω

No
Sliping

Forward
Sliping

Backward
Sliping

Vcm < RωVcm > Rω Vcm = Rω

Lowest 
point at 

rest

fk = Frontfk = Back

Rω VcmVcmVcm

CM
VVVV

*V3  <  V4  <  V1  <  V5  <  V2*
NOTE:-

Vcm

1
3 4

ω
Speed.

2
5

α2

α1

ω2

ω1

r
R

m

M, 
R, I
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#
V

V

V V

V

Thara bhai
  Translation
   Motion itni
   jagah “v”
 dedega
Kishine sochi
nai hogi!

	� Note:-

θ

θ

P

P

VP = 2V cos
θ

2 VP = 2V sin
θ
2

TE:- MR**
	 KETotal = KETrans + KERot.

	 KETotal = 
1

2
 mVcm

2 + 
1

2
 Iω2

	

MR*

KETrans

KETotal

1

1 + 
K2

R2

= = β

KETotal = 
1

2
 mVcm

2   1 + 
K2

R2

MR *  TABLE (THE PRO VERSION)

Physical 
quantity

Ring hollow 
cylinder

Hollow 
sphere

Disc, solid 
cylinder

Solid 
sphere

β
1

2
0.5  =

3

5
0.6  =

2

3
0.66  =

5

7
0.71  =

KETrans /KETotal 0.5 = 50% 0.6 = 60% 0.66 = 66% 0.71 = 71%

KERot /KETotal
0.5 = 50%

(1 / 2)
0.4 = 40%

(2 / 5)
0.33 = 33%

(1 / 3)
0.28 = 28%

(2 / 7)

KETrans /KERot 1 : 1 3 : 2 2 : 1 5 : 2

Accln on inclined

        g sinθ β
g sinθ

2

3

5
g sinθ 2

3
g sinθ 5

7
g sinθ

Time req. to 
come down

2S

g sinθβ
t =

Velocity at 
bottom of inclined 

2ghβV =
gHV = 6gH

5
V =

4gH

3
V =

10gH

7
V =
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Hmax attained by 
particle

Vcm
2

2gβ
H =

Vcm
2

g
H =

5Vcm
2

6g
H =

3Vcm
2

4g
H =

7Vcm
2

10g
H =

Friction on 
inclined

fr = Mg sinθ 
(1-β)

fr = Mg sinθ/2

2

5
fr = Mg sinθ

Mg sinθ

3
fr =

2

7
fr = Mg sinθ

μmin to start 
pure rolling

μ = (1-β) tanθ
μ = tanθ/2

2

5
μs = tanθ

tanθ

3
μ =

2

7
μ = tanθ

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

	� Caution:-

Rolling on Smooth inclined plane:-
* a = g sinθ   �independent of Mass, Shape, 

Size.

* 2ghV =   Velocity at bottom.

* 
Vcm

2

2g
H =   “Hmax” Hmaxμ=0

V

a fr

	� Rolling Motion on Rough inclined plane:-

	

a = βg sinθ

Vcm
2

2gβ
H =

2ghβV =

Object Upar jaye ya niche

*fr always acts upwards!

PURE ROLLING ON A HORIZONTAL 
PLANE:-

F
F, R, I

Rα acm

fr

acm

h

R

O

MR**
Fβ

m
acm = (β = Coefficient of velocity 

where force acts)

a2

a3

a4 VCM 2

2VCM

(Rest)

VCM

VCM
3

2

VCM = 0

	

Fβ (2)

m
a1 =

Fβ (1)

m
a3 =

Fβ

m

3

2
a2 =

Fβ

m

1

2
a4 =

F

m
acm =

3

5

Hollow 
spreg.:-

FV

μ fr (let)
F + fr = maCM
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3F

5

2F

5
fr = – F =– (backward)

* �Pure rolling motion can start on smooth 
horizontal surface

ANGULAR MOMENTUM:-
	� Depends on Frame of Ref.

	 L = rmv sinθ
	 L = rP sinθ

	 L  = r  × P   (Axial Vector)

	 θ = Angle b/n 	 r  & P 
 When object is moving on straight line 

with const. velocity then:- L = same.
	� Object is projected with speed “U” at 

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

θ

R

Hmax

H1

H2

H3

L1

L2

L3

2U2sin2θ

g
L3 = 4L1 = mu cosθ.

U2sin2θ

2g
L1 = mu cos θ × Hmax = mu cosθ.

L when about to Collide = 4 L at Hmax *

τ = Mg Ucosθt

dL = MgU cosθt.dt
mg Ucosθt2

2
L2 =

General point

	� Pure Rotational Motion:-

	 L = Iω     
1

2

L2

2I
KE = Iω2 =

	� A rolling body  is rolling without slipping 
on a moving plank.

	 v1 – Rω = v

	 v1 – v = Rω.

CONSERVATION OF ANG. 
MOMENTUM:-

	

τ = 0     L  = constn

I1ω1 = I2ω2

	

ω

I Tω

Ice on 
pole 
will 
melt, 
then.

ω I ω

ω =

=Constn

2π

T 

T.P. will 
inc.

1>

2>

	 3>

	

*ω1
 > w2*

I2
 > I1

(Dancing 
girl)

ω2ω1

ωV1

V1 VCMRω
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Imp:-

I1ω1 ± I2ω2

I1 + I2
ω = 

Same dirn = +
Oppo = –

I1 I2
I1 + I2

1

2

Same = –
Oppo = +

ωrel
2ΔKE =

loss

ω1

ω2

I1

I2

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:-

	

MR*
V = βU β = 

1

1 + 
K2

R2

2>	 IIT - Adv 2014.

	

Release

h = g
H

h = Hβ h = , V0 =  2gHβ.
Vo

2

2g

3>	 A Rotating body with “ω0” Placed on 

rough surface then find Angular velocity 

when it starts pure rolling motion:-

	
*  ω= (1-β)ω.

4>	 A body rolls on horizontal floor. Find ω 

to stop it:-

	

ω = 
KETransl

β

TOPPLING:-

MR*

	 τ0 = 0

	
Mg =

L

2
F. L

	 Don’t take τCM = 0 take

	 τ0 = 0

	� Toppling  Normal Ko Shift KrKe Object 

apne appko palatne se bachata hai!

Mg

CM

O

L

LF






