
Lecture 9 - March 8 2021

MAT303: Calc IV with applications

 



2

• About the midterm, and the grading criteria

• Euler’s method (Ch 2.4)

• Second order linear differential equations (Ch 3.1)


• Where they arise

• Homogeneous equations

• Linear independence

• Principle of superposition

Today

1 Integrating Factor
2 Slope Field3 Separable252 58

46158 4 Exact Eqn
27158 5a Salt water application

6 Equilibri Bifurcation
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Review: Tangent line approximation

Euler Method

Motivation Iterating the tangent
here approx

What can we say about gives Euler's method

Sola to Example dy
243 5

dt 2t y yen 5

f fHy what is yes
when we can't solve if t d 1.2 1.4116

812
0

analytically Y 56.4

Tangent line approximation D8 We know ya 5
Now find approx value at g 0 2ykothkY ky yu.g eyc.i o.z.ttatsx 5 1.4 6.4

f fan Dyk DX day
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Numerical solutions to DEs: Euler’s method
y

ulerMethod

Iteratingthetangenthereapprox Can continue this way until we get
gives Eaters

method
Actualsoda

Example dd 22Iy5 ya s is YC2 I 16.84
what is yes y get

2Gt
c a iii are.coe

yz.ol k Approx valuey 56.48.16io.sszis.ooaa.se
sgqzy.ge

The resrre

oqswnoewtEIdapp7ox7IaEneatya.z 18.4645 0.2 16.34 in the
go.Dnyc.io.z.tt t Approximation

5ai.ao.ci O d 17.3437
Now let's find ycc.ci approximately Old 18.3433

is 0 h

Doubling the
glue ya2 2 2T c A 0 000 18.45 steps increase

IF 0 0001 Lg 4G the error goesdown
0.2 24.27 6.4 by a factorof

6 4 0.2 8.8
ExactsofaL

8.16 Many other numerical method exists
eg Runge Koka His Ocha much more

accurate
4 Helpsus understand what a DE is



Ch3: Second order linear differential equations
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What is a second order linear differential equation?

First order leaear DES
r y cpc y qlx
second order linear DES

p y t glay Arkady g
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Constant coefficients:  a concrete example

r 2 or r 3
andorderlinearDES The space
okay quay y gc So sodas are

y e Zt and eyes e
3 of solesconstantcoeff

is a
age1by og g Arethese the only solutions

No y Ae
Zt and g Heist

bothwork vectorspaceaslantcoeffhomogeneous

ay by og o f spanned
aa Find solutions to guesgieby by

Aye2ft AC255 eZttAGE D y e 2

y 5g
eby O C and

FIEAe2t Be3T y e t

uess y_ert r is a parameterI
y ACge

2t BC De3tubsfitewtein.toCc

y ert yes Age 2ft Bore 3T

y's rert r erteJrertiGerteo
y t5g 6g AGE2ft Bae

3T

y r ert
crest 6 ert o t t5gBE3 o
2 5 63 0 a
2Cr 3 0 o O



8

Principle of superposition for homogeneous equations

linear combination
y and ya are

puffy 1 pctCzyzsodas to a

h.me e.oos linear be glf Cy t glt Czyz
pasa t actsy ray o a

tracey r Czyz
hen for anyG.cz

Gy Czyz
is a solar to a pct i't 4pct

yz t

Explanation gtf y t t qlt yz t
plug C yetCzyz into

rct y rusty ypCHGg Czyz'D
C O Cz O

qH Gyi Czyz
rtt c g Czyz O
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Principle of superposition for homogeneous equations
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Recall:  Complex numbers and Euler’s identity

Let i be the number

satisfying i2 1

Euler's identity
Ex Cosa c i'any
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Constant coefficients:  another example

sina.es.n.ae S't site
Y 2g12g o p gift real

ytereffessing c2 1

gerent
g eat So y E t it

e teit etfcosfee.si
so our constraint is e Zi R
rzert zrent ze.at o i2 and
Crumpet o I YE e

t it
e te't etf.sc is.nf

r2 2r zJOr2t TI 2tI.I 2I2iO are solutions
e test isi

2
But they're complexItai

y ecHDfy.fi Dt
Buf y 42 is a sofa

yi yz 2e tcost.is a

are solutions Sola
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Constant coefficients:  the general case
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Summary

Next time: continue Ch 3.1,  
 general second order linear DE

Today:

• Euler’s method for numerically solving DEs 

• Second order linear DEs


• What are they

• The constant coefficient case


• Sub in  to find basis solutions

• Combine basis solutions to get general solutions


• Principle of superposition

y = ert



14

Existence and uniqueness
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Linear independence of solutions
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Wronskian


