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3.5 3D Kinematics
3.5.1 Acceleration
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                                                         Change in velocity = v2 – v1 
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3.5.1.1
a Points towards the inside of a circle
3.5.1.2
In general a has 2 components, one parallel and one perpendicular to v

The parallel components changes speed not direction


The perpendicular components changes direction not speed.
3.5.2 Circular Motion
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Circle has radius r and the angle between 
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But the distance moved is v dt, hence:

3.5.2.1
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3.5.2.2 Angular Speed = 
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3.5.2.3
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= Angular Velocity
3.5.2.4
The direction of 
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is perpendicular to the plane of motion using the right hand rule.





3.5.2.5
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= Angular Acceleration = 
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3.5.2.6
For uniform circular motion 
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T = Period = Time for one revolution = 
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3.5.2.7
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3.52 v In Polar Coordinates
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Unit vectors i and j are fixed but:
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If you change 
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, you change the unit vector and the direction changes.
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3.5.3.1
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3.5.3.2
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r = Position Vector = 
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3.5.3.3
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3.5.4
Acceleration In Circular Motion

Where v is constant.

3.5.3.3 Leads to (With reference to 3.5.2.3)
3.5.4.1
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3.5.4.2
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Perpendicular + Parallel Component
In uniform circular motion 
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3.5.4.2 implies 

3.5.4.3 a is directed “radially” inwards, giving a centripetal velocity v
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v
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        v
3.5.4.4

[image: image34.wmf]r

v

r

a

2

2

=

=

w


3.5.5
Centrifugal Force

To use Newton’s Law in a rotating frame (i.e. the Earth) one needs to introduce a pseudo-force, directed away from the Earths centre, with magnitude of
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. A Centrifugal force.
� EMBED Equation.3  ��� = Unit vector in r direction


    = i cos� EMBED Equation.3  ��� + j sin � EMBED Equation.3  ���








� EMBED Equation.3  ��� = Unit vector in � EMBED Equation.3  ��� direction


    = -i sin� EMBED Equation.3  ��� + j cos � EMBED Equation.3  ���





Polar co-ordinates (r,� EMBED Equation.3  ���) 





Where r > 0, and � EMBED Equation.3  ��� is measured anticlockwise





Fingers curl around in direction of motion.





Thumb points up in direction of � EMBED Equation.3  ���
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