System of particles and rotation

Rotational kinematics
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System of particles and rotation

Axis of rotation
An imaginary line joining centers of all circular paths followed by particles of a
body.

Radius vector
A vector drawn from the axis of rotation to the particle ( perpendicular to the axis
of rotation )

Position vector
A vector joining the particle/body to the origin
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System of particles and rotation

Polar and Cartesian coordinates

y-axis

Position _ ,
Cartesian coordinates ( x, )

Polar coordinates (R, &)

X-axis

Polar coordinates to Cartesian coordinates

X = R cos(0)
i Polar coordinates offer an
y = R sin(0) , .
advantage in analyzing
Cartesian coordinates to Polar coordinates circular motion.
. 2 2 IQ
R = \/x +Y =

0 = tan™ (yj 't.s\a'i
x
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System of particles and rotation

Angular displacement ( @ )

Displacement of a body in terms of angle through which the radius vector is
rotated.

angular displacement vector

= Angular displacement is a vector quantity (0)

= Direction of angular displacement s
obtained using right hand thumb rule

= Slunit:radian(rad)

= Other units : degrees ( deg ), rotation ( rot ),
revolution ( rev )

direction of rotatio”

Useful conversions

1 rotation or 1revolution = 360° = 2mrad
lrad = 180 degrees = 1°= " rad
T 180
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System of particles and rotation

Angular velocity ( @ )
Rate of change of angular displacement as a function of time.

~do

o = —
dt

Angular velocity is a vector quantity

Direction of angular velocity is obtained using right hand thumb rule

Sl unit : rad s!

Other units : rotation per minute ( rpm ) etc.

Useful conversions

1rpm = 6°per second <

m
1rpm = — rads™
P 30 R
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System of particles and rotation

Angular acceleration ( o)

Angular acceleration is defined as the rate of change of angular velocity as a
function of time.

dow

o= —
dt

. dé d> 6o
SiInce w=— = O =
dt dt’

= Angular velocity is a vector quantity

= S| unit: rad s?
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System of particles and rotation

Equations of motion ( for constant « )

w. =0 +at

1
0= ot+ —at’
2

o’ - o’ = 2ab

0 = w, + a(n—l)
2

— a)i + a)f
a)avg T )

Notice the similarity in the equations. Many such similarities are observed in the
analysis of rotatory motion.
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System of particles and rotation

Vector product or cross product of vectors

Magnitude of cross product of two vectors is defined as the product of magnitudes of
the two vectors and sine of angle between the vectors.

AxB = | Al||B|sin(6)f JﬁA
J

9092 N
90°.4 l
> > X

If the vectors are given in their component forms i.e.
A=Ai+A,j+ Ak

N

B =B, +B,j+BK kv

then the cross product is given by

AxB = (A4,B, —~4,B,)i-( A,B, —A4,B,)j+( A,B,— A B, )k

Vo
1

]k
AxB=[A A A
B, B, B,

Direction is given by the
right hand thumb rule
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System of particles and rotation

Properties of vector product ( or cross product )

O Cross product of two parallel vectors is a null vector

d Magnitude of cross product of two mutually perpendicular vectors is equal to the
product of their magnitudes

[ Cross product is not commutative in nature AxB =—-Bx A
O Cross product is distributive Ax(B+C )= AxB+ AxC

J f j ; jxk\:i\, I2><|A=j
l j lZ, ij:—f, i\xk\z—j\
| fxf:jxj: IZ><I2:C_)
y/T\A i
] (
90° 9% 7 A J \\\
< > > k \u
N 90° * R—/ ﬁ
z \2 Along the arrows : +ve ;
k Opposite to arrows : -ve ﬁl
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System of particles and rotation
Relation between v, R and @

Consider a disc rotating in the X-y plane ( i.e. z-axis is the axis of rotation ) with
uniform angular velocity @

Consider a point P on the disc at the instance shown in the figure. Let the distance of

the point from an origin (O ) be r. axis A .

=R

< >®'

DXl =w x0P

@xr =w x(0C+CP) L P
wxI =wx(0C)+ wx (CP)
r
dXIr = wx(CP) .
origin fo

loxr|=wxr

Linear velocity of a particle at that point is also of the same magnitude and
tangential in direction. Therefore

V=woXTI
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System of particles and rotation
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