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In Python, differential equations can be approximately solved using the routine solve ivp in
scipy.integrate. The routine solve ivp delivers a list t vec of time points

0 = t0 < t1 < ⋯ < tN = T
and a matrix y vec containing the corresponding approximations ỹ(ti) to the exact solution values
y(ti) at the times ti, for i = 0,1, . . . ,N . Use this (or other routines) to approximately solve the
following initial value problems and to plot the approximate solutions:

(i) The initial value problem for the predator-prey model

y′1 = αy1(1 − y2),
y′2 = β y2(y1 − 1)

on the interval [0, T ] with T = 10, α = 2, β = 1, and initial conditions y1(0) = 3, y2(0) = 1.
(ii) The initial value problem for the spring-mass oscillator

my′′ + ry′ +D(y − ℓ) = 0
on the interval [0, T ] with T = 1, m = 1, D = 1, ℓ = 1, and various values r ∈ {0,1,5}, with
initial conditions y(0) = ℓ, y′(0) = 1.

(iii) The initial value problem for the undamped pendulum

y′′ = −g
ℓ
sin(y)

with g = 1, ℓ = 1, and initial conditions y(0) = 0, y′(0) ∈ {1,2,4,8}.
(iv) The initial value problem

y′′ −Ny′ − (N + 1)y = 0
on the interval [0,1] with initial conditions y(0) = 1, y′(0) = −1, whose exact solution is given
by y(t) = e−t, for N = 1,2,10 and for small perturbations of the initial condition y(0) = 1.

(v) Solve and plot the two-body problem

m1y
′′

1 = γ
m1m2

∥y1 − y2∥2
y2 − y1
∥y1 − y2∥ , m2y

′′

2 = γ
m1m2

∥y1 − y2∥2
y1 − y2
∥y1 − y2∥

for various initial data and mass ratios m1/m2 ∈ {1, 2, 10}.
Construct initial data both that give rise to solutions well-defined for all positive times, and
initial data for which the solution exists only on a finite time interval.
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