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3
3D Motion

3.1
Vectors In Mechanics
3.1.1
Relative Velocity And Moving Frames Of Reference
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If the frames are in relative motion then:

[image: image1.wmf]dt

R

d

dt

r

d

dt

r

d

-

=

'


  1        2        3

Where

1 = v’ 
= Velocity of P in frame 2

2 = v 
= Velocity of P in frame 1

3 = u
= Velocity of frame 2 wrt frame 1    

3.1.1.3 v’ = v – u
3.1.2 Resolving Forces

You resolve forces by taking components in perpendicular directions.

It is most easily done through a free body diagram (a sketch showing the forces on a object represented as a point).

Examples of forces which can be shown on a free body diagram are:

· Weight = mg

(Directed downwards)

· Contact Force = n
(Perpendicular to the surface which the object is on).

· Tension = T

e.g. Along a string.

· Friction = f

Parallel to the surface.

· Drag = D

Opposite direction to the velocity.
e.g. Pulling an object up a slope

                                                                         n                             T
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We can choose to resolve forces in 2 different ways
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3.1.3 Projectiles
An object is given an initial velocity v0 and allowed to move under gravity. 

Its motion is confined to the plane; with the vertical plane containing v0 so only there is only need for 2 components. 

       z


                                   x

Origin is initial point

So horizontally,
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3.1.3.1
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3.1.3.2 Horizontal motion has a constant velocity.
So vertically,
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3.1.3.3
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3.1.3.4
Vertical motion has a constant acceleration.
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3.1.3.5 
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3.1.3.6 Trajectory is a parabola
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� EMBED Equation.3  ���





O is the origin of frame 1





O’ is the origin of frame 2





R is the displacement of O’ from O





r is the position vector of P wrt O (i.e. frame 1)





r’ is the position vector of P wrt O’ (i.e. frame 2)





Hence:


� EMBED Equation.3  ���





Or





3.1.1.2 � EMBED Equation.3  ���





Neglecting drag, gravity is the only force in the system.
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