The calculus of force and energy

Calculus and physics are intrinsically intertwined and can’t really be separated.

Definition of velocity and acceleration: 





Proper definitions: : 
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You may not have done integration yet, but it is just ‘anti-differentiation’ – do the opposite from when you take a derivative. I will try and avoid integration since you may not have done it.

This formula comes from integration.
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We can reverse the process by taking the derivative:
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Replacing the left side with v, we get
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Hey! this is our other familiar equation!

If we differentiate again we get:
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   or a = a

… this is our initial starting assumption, that the acceleration is constant. 

Let’s look at energy and force .

For elastic energy:
Ee = ½ kx2 

the derivative is 
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The right side is the formula for force of a spring
F = – kx

So we can generalize what we did by saying:  
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>>>> these formulas are general and apply to any type of energy <<<<

Does this work with any other energies? gravitational energy?


Eg = mgh

try and differentiate this (h is a distance so we will call it x)
Eg = mgh
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aha! the right size is also a familiar force:
Fg = mg

What about kinetic energy?
Ek = ½ mv2  
We can differentiate this with respect to v:
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= mv

This happens to be the formula for momentum 
p = mv

So – another general relation
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What happens if we differentiate momentum with respect to time?
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If the mass is constant 

[image: image15.wmf]ma

dt

dv

m

dt

dp

=

=


Hey! this is familiar too
F = ma


(
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This is a very important equation for situations where the mass is not constant. For example a rocket – as time goes by fuel is used up and it gets lighter and so should accelerate faster.
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