A.D.

M R Richards


2.4 Energy And Forces
2.4.1 Stable And Unstable Equilibrium
         +Q                                   +Q

     ___0_________.__________0__________       x-axis            
        x=-a                q                  x=a 

           Can move along the x-axis

At equilibrium at 0.

If q>0 and then displaced from its equilibrium position, it will be repelled from the nearer charge causing it to return to its equilibrium position. Thus it is a stable equilibrium.

If q<0 and then displaced from its equilibrium position, it will be attracted to the nearer charge causing it to move away from its equilibrium position. Thus it is an unstable equilibrium.

If the charges are q1 and q2 and are separated by distance r, then electric potential energy is given by:
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In our case:
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Charge at x=a from x=-a
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2.4.1.1
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When q=+Q

                             U


[image: image4]
                -a                      a          x

The charge at x=0, must be given kinetic energy to displace the particle. The particle will oscillate between two points.

2.4.1.2
When q=-Q

                             U
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If the charge is given a small displacement, it gains more kinetic energy. As potential energy is converted into kinetic energy.

2.4.2 Energy Diagrams
          
[image: image6]
Particle with given E could get over 3 but not 1.

e.g. The potential energy of atom 1, at distance r, from atom 2 is given by:

2.4.2.1
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(Justification 1st Year Structure Of Matter)
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2.4.3 Origin Of Hooke’s Law
By rewriting 2.4.2.1

As r
= a + x

Where x is the displacement from equilibrium.
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Where 
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Then
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For a small
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we can use the binomial expansion:
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Ignoring the higher order terms this simplifies to:
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As 
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Most potential wells are approximately a parabola close to the stable equilibrium.
Hooke’s law is valid for small displacements from its stable equilibrium.

At x=0, the particle is at the top of a potential hill, hence the particle is in a stable equilibrium.





At x=0, the particle is at the bottom of a potential well, hence the particle is in a stable equilibrium
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Particle with E1 can escape to infinity.





Particle with E2 is trapped within the potential well, oscillating between the two points.
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