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F = m dv/dt = d/dt(mv) = dp/dt

but we can change the differentiation variable to x and use the chain rule 

F = dx/dt d/dx(mv)  = v d/dx(mv)

F = m  [v dv/dx ] = m [d/dx(v2/2)]

F = d/dx (mv2/2) = dK/dx

So where does kinetic energy come from?  

K = kinetic energy = 1/2 mv2.

Force is the space rate of change of KE:  F = dK/dx

Multiplying by dx we have F dx = dK

In chapter 11 we will deal with work:  


dW = F dx, and have the work done equals dK  the change in K.

Where energy is conserved  there is a potential energy U, and K + U = a constant

If K + U is a constant, then dK + dU = 0. 

With F dx = dK, then if F is a conservative force then F dx = -dU = +dK

This means that 






F = - dU/dx.

In chapter 10 we have gravity Fy = -mg.   Then for movement in y


Fy = - mg = - dU/dy

we can see that 






U = mgy.

For a spring force, the force of the spring is -kx, then


F = -kx = -dU/dx,

and you can see by differentiating U turns out to be 

U = 1/2 kx2
So where we know the force F, if it's conservative, we can use F = -dU/dx to find U.
