
Exercises
Tuesday, 25 March 2025

Num
eric

alM
eth

ods
inC

hem
istr

y

1



Num
eric

alM
eth

ods
inC

hem
istr

yExercise 5 - Coding

2

1) Consider the initial value problem,

A) Write a function EulF(f, tspan, h, y0) that solves an initial valueproblem where f is the Right-Hand Side of an ODE, tspan is theinterval on which we want to solve the ODE and h is the stepsize, using the Euler Forward method. Solve the above ODEusing this function in the t-interval [0, 5] for step sizes, h = [0.1,0.5, 1]. Plot the solutions and comment on it.B) Solve the same ODE using scipy.integrate.solve_ivp with thedefault method ‘RK45’. Compare the performance ofscipy.integrate.solve_ivp with the Euler forward method in theprevious section.
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2) Assuming an initial value problem dy(t)/dt=f(t, y(t)), create a functionthat calculates the function y(t) at discrete points of the time intervaltspan with step size h using (i) 2nd order Runge-Kutta method (Heun’sMethod) (ii) 4th order Runge-Kutta method. The functions can be calledin the same format as Question 1. Name these functions as RK2.py andRK4.pyA) Now using these functions, approximate the solution in the t-intervaltspan = [0, 2] when f(t, y(t)) = -20y + 20t2 +  2t and y(t = 0)= y0 = 1.Plot the solutions for the step sizes , h = [0.01, 0.1, 0.2]. Explain yourobservations.B) Solve the same ODE using scipy.integrate.solve_ivp and compare theperformance with the Runge-Kutta methods by plotting the solutionswith appropriate legends.
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Consider the following system of ODEs

𝑑𝑥1
𝑑𝑡

= 998𝑥1 + 1998𝑥2

𝑑𝑥2
𝑑𝑡

=− 999𝑥1 − 1999𝑥2

The general solution of this system can be written in the form:
𝑥 𝑡 = 𝑥1(𝑡)

𝑥2(𝑡) = 2𝑐1 + 2𝑐2
− 𝑐1 − 𝑐2

𝑒−𝑡 + − 𝑐1 − 2𝑐2
𝑐1 + 2𝑐2

𝑒−1000𝑡

A) Which method you would apply to solve numerically the above-mentioned system of ODEs? Discuss what would be the appropriatestep size.B) For x1 0 = 1 and x2 0 = 1, apply the proposed method with theproposed step size to solve the system in the interval t∈(0,100).Provide details of calculating x(t1) using x(t0)= x1(0) x2(0) T.
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