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Worksheet: Euler’s method
Math 102 Section 102
Nov. 16, 2018

Use a computer. Work in a group.

(Exponential growth) Consider the exponential growth model, with per-capita growth rate r = 1
and initial condition Ny = N(0) = 1:

dN
= =N, NO)=1

which has solution N(t) = et

1. In the context of Euler’s method, what is f(IV) for this model?

»{(IV): N

2. Let h be the step size. Determine the Euler iteration formula for the exponential growth

model: Nai= My # /h, -F( Nn) - /[1- //1/) N,

3. Suppose we want to approximate the solution to the exponential growth model from ¢t = 0 to
t = 1 using 5 steps. What is the step size h?

h = ’L:j.i = &9

4. Fill in the following table. <W Hue /(/l;mk = GMW-?’& 9;1.2661 m He /{ZLD/V/Q
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5. Plot the approximate and exact solutions.
approzimate solution).N ‘

Hint: use a line chart (with markers for the
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6. What is the maximum”error with 5 tim-g steps? Hint: use maz(cell:range). Repeat the
calculation with 10, 20 and 40 time-steps. What happens to the maximum error as the

time-step is doubled? ‘ :
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(Logistic growth and stability of Euler’s method) The logistic equation,

dN N

—dt—=rN<1—?), N(0) = No

has solution

_ KNy
" No+ (K — No)ert”
(solving the logistic equation is beyond the scope of Math 102).

N(t)

1. With » = 0.1 and K = 1000, what is f(IN) in the context of Euler’s Method?
My o - A
tnz v (k) = ol b7 7))
2. Determine the Euler iteration formula for the exponential growth model:
; Mn,
Nnt1= N+ //[, {(,A/-q,) 2 Matof h Na (‘/ [v00
3. Ny = 2. Use a timestep of A = 25 to find an approximate solution up to time t”= 200. What
happens? ( catled wnstable ')
The approximare solin  escillates i odues not marth the st !
4. Use a timestep of A = 1 to find an approximate solution up to time ¢ = 200. What happens?
: i i i 11 ti ? foe. -
5. What is the disadvantage of choosing a sma tlmelstep ( Bl ?44
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(Stability) Use Euler’s Method to find a solution to Schemes Hat both e
W_ s e mbtel ownd con use
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1. What’s the analytical solution to this Initial Value Problem (IVP)? Does the solution expo- 077 )
nentially grow or decay?

Yer)= ¢t I @x/wnmt—v‘w///y olecays .

2. What happens to the approximate solution over time? Does the approximate solution exhibit
behavior consistent with your prediction above? «

The approsipate  soln  sscillares and grous im tine | (umstable )
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3. What timestep size, hz,f%ﬁgald %ﬁ%e to e'?lsure that t‘ge solution exhibits thé correct quali-
tative behaviour?

e need o Srmall Hne gt?. ( Choose am “A" Suc/ztﬂn/t/x_;:)

Learn more. Euler’s Method produces good approximations to solutions to some equations,
provided that the timestep A is small enough. You can learn more about Euler’s Method and

lated N ical Methods at h : .wikipedia. iki/Eul hod. / L

relate umemca’ ethods at https://en.wikipedia.org/wiki/Euler_metho Ne @
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