
here we want to study the exact solution for the simple pendulum problem, without using the 

small angle approximation. As the pendulum drops, the potential energy lost is transformed in 

kinetic energy.

Therefore

Now define

Exact solution for the simple pendulum
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and remember that

So that

Now introduce the variable

Now introduce the quantities

Then



The solution of the equation above with the initial condition y(0) = 0 is precisely 

the Jacobi elliptic function sn

One can now plot this with Mathematica for arbitrary θ_0 as a function of t.

For small initial angles the function above is very close to

Now it is interesting to invert the function, the inverse of the elliptic sn function is 

the incomplete elliptic integral of the first kind F



Therefore

Remember that the initial condition was chosen so that the oscillation starts from 

θ = 0 at the time t = 0.

The period is therefore 4 time the time that it takes to the pendulum bob to go 

from θ = 0 to θ = θ0.




