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3.2
Frames And Pseudo-forces
3.2.1 Inertia Frames
Consider 2 frames,

Frame 1: Stationary

Frame 2: Moving at velocity u with respect to frame 1

And a particle with velocity v in frame 1

From 3.1.1.2
v’  = Velocity of particle in frame 2 
                             = v – u
Then acceleration
a’ = Acceleration of particle in frame 2
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Where 
1 is a Acceleration of particle in frame 1


2 is af Acceleration of frame 2 with respect to frame 1

3.2.1.1
a’ = a - af
3.2.1.2 An inertial frame is one which is stationary or moving at a constant velocity.
If frame 2 is inertial then af = 0
Hence from 3.2.1.1
a’ = a
Hence F = ma,

In frame 1 

F’ = ma’
In frame 2

Newton’s laws are valid in all inertial frames.
3.2.2 Non-inertial forces
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From 3.2.1.1 we get
ma’ = ma – maf 

Hence

3.2.2.1
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3.2.2.2 Newton’s laws are not valid in non-inertial frames
Hence an inertial frame is one in which Newton’s Laws are valid.
3.2.3 Pseudo-forces
If we pretend there is a force Fp = -maf then we can save Newton’s Laws.
If this force acts on the particle of mass m, then:
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And from 3.2.2.1
ma’ = F’tot
Then to use Newton’s second law in a non-inertial frame we must include the extra pseudo-force. 

Properties of Fp:

The magnitude of Fp on the particle of mass m is proportional to m.

The direction of Fp is opposite to the direction of the acceleration of the frame.

Real forces always involve pairs if object and come in action-reaction pairs, whereas pseudo-forces do not.

3.2.4 Forces In A Bus


                Pseudo                                                        a
                   force 

 Observer 1


Observer 2

Observer 1:
In an inertia frame, outside the bus, bus appears to be accelerating.

Observer 2:
On bus, which appears to be at rest, experience pseudo force (pf).

Anything in the bus is pushed back by the pseudo-force, e.g. a mass hanging from the roof.

Observer 1 would see:


           Observer 2 would see:


   T                                                                            T
                                          a

                                                             pf = ma
  mg                                                                         mg 
Resolving vertically: 
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Resolving vertically: 
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Resolving horizontally: 
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Resolving horizontally: 
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These forces are the same.


3.2.5 Freefall And Weightlessness
Light In freefall:


                              Accel

                               =g
In the frame of the lift it is at rest, there is a pseudo-force balancing the persons weight.

If the person releases an object then:


                            mobjg =Pseudo-force




    mobjg = Weight

These forces cancel and the object appears to be suspended in space.

However a stationary observer outside the lift, sees the lift person and object all fall together.

3.2.5.1 Objects in gravitational freefall experience weightlessness.

(Link to Lecture 5.2)
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