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Chapter 6

System of Particles
and Rotational Motion ®

Torque ¢ Angular Motion ¢ Centre of Mass




SYSTEMS OF PARTICLES & ROTATIONAL MOTION

Extended bodies need two linked descriptions: motion of the centre of mass and motion about it.
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RIGID-BODY MOTION

An ideal rigid body Kkeeps every distance between its particles unchanged;
real bodies wmay be treated as rigid when deformation is negligible.

PURE TRANSLATION
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* All particles have the same veloci’cg:
V=V, =...= Veu

 All velocity vectors are equal and
parallel (same direction and sense).

e Orientation does not ckange.

FIXED-AXIS ROTATION

® Points at different radii follow circles

in planes perpendicular to the axis.

 All particles share the same angular
velocity w, but v=wr, depends on
distance from the axis.

® Points on the axis have r, =0 = v=0.

ROLLING = TRANSLATION + ROTATION
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speed 2Vem —> ZVCM
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® The wheel rolls to the rigk’c without slipping.
® Top point speed = 2Vey to the right.
e Contact point instantaneous speed = 0.

® No-slip condition: V¢y = wR.

Unfixed rigid bodg: translation or translation + rotation.

Pivoted / fixed bodg: rotation about an axis.




ROTATION ABOUT AN AXIS
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FIXED AXIS — GEOMETRY 1

e C, and C, are the centres

® rpyand ry, are the

* The planes of the

circles are perpendicular
to the z-axis.

of the circles and lie on

the axis.

perpendicular distances

(radial distances) of
P, and P, from the

axis.

LLone amgular velocify w describes the whole risial bod

hEver}J point follows a circle centred on the axis;]
H’J
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WHEN THE AXIS MOVES

(a) Spinning top
Z

j

Q._,yw

precession

of the top sweeps
a cone about the
vertical through
the fixed contact
point O

This slow motion

is called precession.

(b) Pedestal fan

oscillation

The axis (s
pivoted at @)
and oscillates
to and fro.
Throughout,

the blades
rotate about

the axis with
amﬂular veloci{y w.

i With one line fixed, the axis is fixed. With only one point fixed, the instantaneous axis
change direction but passes through that point.

[ TAKEAWAY —» Unless stated otherwise: [ rotation about a fixed axis.] ]




CENTRE OF MASS — DISCRETE SYSTEMS

@ Two particles on the x-axis m, C m,
Consider two particles of masses m; and m, located on ® ® ® > X
the x-axis at positions x; and x, respectively. x4 X X2

Let C be the centre of mass at position X on the x-axis.

() Vector diagram for a system of n particles

The position of C is given by | X = 1 Xy + MX, A
m; + m, m, (xz,yz,zz)
This is a mass-weighted mean. For positive masses, C lies my (x4, Y,,2,) y iy sy

between them and nearer to the heavier mass.
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Equal masses : If my=m, =m, then

max, + mx x x m, (x,, YnsZn)
X = . 2 = XT38 (midpoint)
m+ m 2 >
J
@ General n-particle system in three dimensions x
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Total mass : X = ‘-T , V= -T’
< Z L > ( Vector sum of position
— Ny
i E‘i P Z = E. i Z mr, = O vectors about the COM
- M ( is zero.)
In vector form, % Z (position vector of COM from 0)

Quick check (dimensional and consistency): o 5 N M &
R = — = [ 1 el d
Each coefficient T2t is dimensionless and Z M M Z‘ ™= L. Hleuwe. k. enudgiletecanof pasition.vectons on

=1

has the same dimensions as 7., i.e., length.
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