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Pure Rotation in 2D

© o o o

A planar rigid body in a plane
O is a fixed point of the plane
P is arbitrary point of the rigid body

Pure Rotation about O if
d(O, P) = constant

for all points P, at all times
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Examples

Figure 1: Pure Rotation.

Each point of the rigid body performs a circular motion about O.
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Examples

Figure 2: Not Pure Rotation
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Pure Rotation in 3D

A rigid body in Space
O is a fixed point of the space

P is arbitrary point of the rigid body

© o o o

Pure Rotation about O if
d(O, P) = constant

for all points P, at all times
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Example

Direction of
precession

Direction
of spin

Gravitational

torgque mgl produces
precession

All points of the top are restricted to a spherical surface.
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Fixed Axis Rotation

® Special case of pure rotation in 3D.

® Distance of the points of rigid body from a fixed LINE in space is

constant.

® The fixed line is called the axis of rotation.
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Example

All points of the tyre are in circular motion.
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Rotation and Trandation in 2D

For observer sitting on the blue ball, dumbbell motion is pure rotation.
Same is true for red ball observer

For planar bodies in 2D, motion = translation + rotation
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Rotation and Trandgation

® The idea can be generalized to 3D

® Allrigid body motion can be split into:
# A translation of one point of rigid body
# Rotation of rigid body about that point
® A special case in which rigid body motion is combination of fixed axis

rotation + translation of fixed axis keeping it parallel to the some fixed

axis in space.
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Angular Momentum

A: CM of body
P: A point of body
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Angular Momentum

A: CM of body
P: A point of body

O
Angular Momentum about O: L=> m;7r; X

Angular Momentum about A: Lo=) m;r’; x v/;
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Angular Momentum

A: CM of body
P: A point of body

gl
|

Zmﬂ_’;; X U;
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Angular Momentum

gl
|

Zmi(ﬁAJrF’i) (VA+ )

= Y mBRax Va+ Y mr; x v/,
—I—ZmiRAX@—I—ZmiT/iXVA

_ (Zmi)ﬁAxVA%—Zmiﬁixv_)’i

+Ra X (Zmﬂ?}) + (Zmzﬁz) <V

= MRAXVA—|—LO
— Lcm_i_LO

Anqular Momentum splits nicely into two terms
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Torque

Z(R)A+7:;i> XF;’
ZR)AXF;Z%—ZT_;ZXF’Z
— Aax (R + A xR

R)AXF_}—I—’?O

mll
|

Torque also appears as two terms. Compare with

dl L dVs  dL
— - M B A T
dt Fa FTRINRT
. dL
= Rjax F + -0
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Rotational Dynamics

Dynamical Equations

—

4P
cm — F
dt

dLq )
dlo -
dt 0

If a body moves such that the axis of rotation moves parallel to a fixed axis

then we need to consider only the z component of angular momentum.

dEOz
dt

0 _
IZZOK — T0z

— T0z

Physics | — p. 16/-



Drum on lce

ICE




Drum on lce

® No net force
V.., = const
® No Net torque about C
w = const
» Ang Mom about C
Lo = Mb°w/2
» Ang Mom about O

L = MbV,,, + Ly

ICE
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Drum on lce




Drum on lce

® Net force F is constant
‘/'cm — (F/M)t DISC

® No Net torque about C

w = const

» Ang Mom about C
Lo = Mb°w/2
» Ang Mom about O

L = Fbt + Ly
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Drum on lce

ICE




Drum on lce

® Net force F is constant
Vo = (F/M)
® Torque about C is bF
w= (2F/Mb)t
» Ang Mom about C
Lo =0bFt
» Ang Mom about O

L = Fbt + Ly

ICE
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Tyreon Road

TYRE




Tyreon Road

® [orces on the tyre c

® Force F

» Frictional Force f

$® Torque about C
» T — bf
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Tyreon Road

The equations (f < uNV)

Ma., = F—f
[OCV — bf

If f < uN then there is no slipping, a = ba.
MCLcm = F— ]()Oé/b
1
Ma., + =-Mba = F

2
2F
Aern = 5
SM
. 92F
“ T 3Mb

and f = F'/3. Clearly I’ < 3uN.
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Tyreon Road

The equations (f > uN) thatis F' > 3ulN

Ma,,, F—uN
I()Ck — b,uN

In this case tyre slides on the road, there is no relationship between o and

a’C’I’I’L
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Screeching Start

A wheel that is spinning with speed wy is placed on a rough table

(Coefficient of friction L).
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Screeching Start

About C: fav = bF'. Here F' = uMag.

bE
w(t) = —wO—I—Tt

— —Wy -+ QIu—bgt

Also M a.,, = F'. This implies V_,,,(t) = pgt. The sliding motion
continues till V,,,(T") = bw(T).

Wyb

Ky

T —
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