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HOMEWORK #3: METHODS FOR ODEs:
EULER’SAND HEUN'SMETHODSAND

APPLICATIONSTO HIGHER-ORDER IVPs
Due: one minute after 11:59pm on October 26
Instructions:
e The assignment consistsfolur questions worth, respectively, 2, 2, 2, and 4 points.

e Submit your assignmemdectronicallyto the Email address specific to your last name as
indicated on the course website; the file containing yougassent must be named
Nae _0XXXXXX_hwN. m where ‘Nane” is your last name, XXXXXX” is your student ID
number, andN’ is the consecutive number of the assignment; hardcopy ms#ions will not
be accepted.

e |tis obligatory to use theurrentMATLAB template file available at
http://ww. mat h. ncrast er . cal bpr ot as/ MATH2Z03a/ t enpl at e. m7 submissions non
compliant with this template will not be accepted.

e Make sure to enter your name and student I.D. number in theopppte section of the
template.

e Late submissions and submissions which do not comply wihkelguidelines will not be
accepted.

e All graphs should contain suitable titles and legends.
e Reference:

1. "Numerical Mathematics’ by M. Grasselli and D. Pelinovsky (Jones and Bartlett,
2008), section 9.2.

2. "Advanced Engineering Mathematics’ by D.G. Zill and M.R. Cullen (Jones and
Bartlett, 3rd edition), sections 3.7, 6.1, 6.4.

1. Consider the following initial-value problem (IVP):

y=-Ay+t,  y(0)=0, @)
with A = 1 andA = 10. Apply Euler's method
Ynt1=Yn+hf(ta,yn) (2)

to approximate the solution of (1) fore [0, 3] with the time stegh = 0.1. Plot the numerical
solutions for both values @f on the same graph using different line colours. The graphtlgho
appear a&i gure 1.

2. Approximate the solution of the following IVP
y=@"-2+1y.  y0)=1 (3)

usingHeun’s method

1
Ynt1=Yn+ > h [f(tn,Yn) + f(thi1,Ynt1)] (4)

for t € [0,2] with the time step$i= 0.1 andh = 0.05. Plot the distance between the exact

and numerical solutions verstisising the MATLAB functionseni | ogy and different line
colours. The graph should appearragure 2.
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3. Approximate the solution of IVP (3) witmodified Euler's method
Ynt1=Yn+h f(tn+%ayn+%) (5)

for t € [0,2] with the time step$i= 0.1 andh = 0.05. Plot the distance between the exact
and numerical solutions versusising the MATLAB functionseni | ogy and different line
colours. The graph should appearragure 3.

4. Consider the following IVP

Xy' -2/ +2y=0,  y1)=4, Y(1)=09 (6)

Transform this equation to a system of first—order diffeedreéquations which should then
be solved usindculer's method2), Heun’s method4) andmodified Euler's metho¢b) for

x € [1,2] and withh = 0.1. Find the analytical solution for problem (6) and save tiffexence
A = |Ynum(2) — Yex(2)| in Answer 1 in the format[Agy Aneun Leuimod]- Plot also the exact
and all three numerical solutions on the same graph usifgrelift line colours. The graph
should appear &8 gure 4.

(Hint: Given the system system of ODEs

u = f(t,u,v),
v =g(t,u,v),

with initial valuesu(to) = uo, V(to) = Vo, its numerical solution using Euler’'s method can be
obtained as follows:

Unt1 = Un+h f(tn, Un,Vn),
Vni1 = Vn+h g(tn, Un,Vn).

Heun’s method and modified Euler’s method are implementeahianalogous way.)



