
Numerical Derivatives
Mahendra Verma









3-Points







Error Analysis





Derivative accurate for (n-1) order poly


Error : O(hn-1)

With n points: 



Examples
f(x) = x2



Thank you!



ODE Solvers
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Initial Value Problem



ODEs in Physics





ODE





Euler forward method



Euler backward method



Midpoint method



Leapfrog method



Trapezoid method



Euler Forward Method





Solving ẋ = −100 x



0.001

tinit = 0

tfinal = 1

dt = 0.01

initcond = 10

t,x = Euler_explicit(f, tinit, tfinal, dt, initcond)



ż =  −iπz





Error



Stability Issues







dt = 0.001

0.021



• Stable: A Method is stable if it produces a 
bounded solution when the solution of the ODE 
is bounded.  

• Unstable: A method which is not stable is said to 
be unstable.  



• Conditionally stable: A method is conditionally 
stable if it is stable for a set of parameters, and 
unstable for another set of parameters.  

• Unconditionally stable: A method is unconditionally 
stable if it is stable for all parameter values.  

• Unconditionally unstable: A method is 
unconditionally unstable if it is unstable for all 
parameter values.  



ẋ = αx





Nonlinear equations
ẋ =f(x,t)





Thank you!



ODE Solvers
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Implicit Methods



Euler’s Implicit

Method





Difficulties



Solving 







Thank you!



Accuracy





Stability Issues







Thank you!


