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Recap
e Polar coordination Integrating

* Acceleration terms — centripetal acceleration

* Angular velocity

Today

* Angular velocity and acceleration

Cartesian: v = xi + yj
integrate to find x(t) and y(t)
Polar: ¥ =716, +rfé,
reduce to 7(t) and 6(t) before integrating

Base idea: turn vector integrals into scalar
integrals in coordinates



Example — Polar coordination integrating

A particle P starts attimet = 0 s, itisat7 = i m and
always has a velocity v = 2é, + é5 m/s.
WhereisPatt =15s?

(1) = A. 3im
B. —3im
C. 3i+jm
D. 3i—jm
» E. none of the above
(1,0) + (2,1) = (3,1) incorrect!
2 3,1) B x(t +dt) — x(t)
| P, dt
€00 # .- Vo
- 6/' x(t + At) = x(t) + vAt
7.0 -
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Example — Polar coordination integrating

A particle P starts attimet = 0 s, itisat7 = i m and
always has a velocity v = 2é, + é5 m/s.
WhereisPatt =15s?

Actual computation: B =26, + &4
V=718, +10é,
yT‘ Att =0: 7(0) =1

2.75,1.35)




Angular velocity for particles
(rotating about axis through origin)

w = speed of rotation
A
@ = axis of rotation
@ = w®d = angular velocity

Ex. ® = wk . Whatis ¥ of P?




Example

r=4j+ 3k m
@ = 3k rad/s
ZA




Example

Fo4re3km What is v ?
@ = 3k rad/s
ZA
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Angular acceleration
@ = angular acceleration — time derivative of angular velocity

X717 =7

-



Angular acceleration

P=@B X7 =7
i=i= 5= (5 x 1)
a=v=—UV=—((w X 71T

dt’ " dt |

=WXT+w X T Important !

—

a=aXr+w X (w X r)«— Order matters in cross product

Exmaple a =0, w=



Example

— =

For 2D x-y plane: ¥V = w X7 = w,Tr

—_ -

Ad=dXT+wX (wxX7) = a,7/t — 0¥
A particle at position 7 is rotating about the z-axis with 6 = 3 rad/s and
0 = 2 rad/s?2. What are w and a ?



Example - Solving vector equations

A particle in the x-y plane is rotating about the origin with an angular
velocity @ = —2k rad/s. The particle has a velocity ¥ = 121 — 2] m/s.

What is the position vector 7 of the particle?
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