
 
2590Lecture LIX 519.5 Computations withTaylorseries

14.6 Applicationsto differentialequations

Recall fix fast Iggy x c t tf lx c t Rn f ex

Tutanthuterc
Lagasse formula Rn flex III lxont for some b aibetweenC X

TODAY'SGOAI Use Rn f x to approximatevalues of fix for x near c

1 Exponentials

We aimto estimate e up to m decimal places m is fixed

write ex II for all x so e e Iot
Q How fardowe needto go to get e É upto m decimalplaces

I Need to estimate e É I Rn ex f Rnc forshort

Def correct

why

m decimalplaces means IRN i I C 0.5 10M

Levelofaccuracy
Examples my gives an error of atmost 0.05 m 1stdecimal place is

correct
0.005 my 1st2 decimalplacesare

correct

IDEA
6off10.11.2 19 01 0.0999 fat 3 t f it that

Fa In for
Ingeneral X k t 0.9 ez am anti

Approx X ht 0.9 ambut

so I x ApproxX 1 10
gg slamtibm I laggibm.it emtdt

otmtillamtibmti theft I
HII tout 9tftfatTonti 9 Io atom



Becauseofthe issue of non uniqueness ofdecimalexpansions ofnatural 25920

numbers with finitedecimalexpansion weneedto use sure digit
Lary kte.ai amam.fm EXEkt0.9y 9mama 9mI

Rounding end 0.5 Kt 95mi tangles
ht t t

9mHz
I 1

difference Em Em11 0.5otm

Back to our example

want Rnc fly int If 0.510

Since Oc bat then else 2 7182 3

Thus it's enoughto require IT C 0.510m to ensure Rnai of
Iom 11

TABLE N WI 1108k

works1 Y
For me need 10 Cfl so Nig

O

2 I o e n I I It tf 6,5 21,08
3 4 O
4 20 1 Form 2 need 100 Ny So N 5
5 120 2 works
6 840 2

en Iti tf tf tht 2.2106
7 6,720 3
8 60,480 4

For me 3 need 1000 11 So N 7 works

en Iti that tf tf tf tf 2.182539683

For m 4 need 10000 Nt so N 8 works

en Itt that tf tf tf tf tf 2 2182787699

In general en it't iz t tin gives me log tiff digitaccuracy
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2 Sines Cosines

Sd want Rn f x I f 0.510 where m is fixed

to get the first in digits of fix correctlycomputed himthenthTaylorpolynomial

EXAMPLE 1 Approximate as930 upto 6 decimalplaces

Use Taylorpolynomial with center 90 I Set x 31IT 1 930

Lasttime smx I I x E t t lx E EIEs lx EThisseries has Roc to byRatioTestappliedto lantzy lx I
en

Term byterm differentiation gives
asx lx E is lx E I lx E t É II x E

I Rnlasalix I 1 I lx E
t

as ex
Nt

I sin x n I as x so I as x mD I s foranyb

IRn usu
qt I e I El E Ig

To get 1 RnCas x qt
a 0 510 6 is enough to require

E tiny C 0.5.10
b N 3 doesthe trick

Consequent as 93 go t E s 005

1 way
3 Application to differential equations

INPUT A differential equation
OUTPUT A powerseries with Roc R 20 or to ideally solvingthe equation

STEPS 1 Propose a solution II an X with Roc R Io
2 Differentiate term byterm to find a recursive relation among



thean's using the inputdifferential equation
15940

3 Writedowntheseries check if RIO If not thenthe

output is no power series cangive a solution

Nt If we are lucky wemay recognize thesolution as an elementaryfunction

Egamgify m i ya É
Z Y E an n x 9 t 292 39 X't

II ant a X
Since y ey we get a o a

9 292 ms 92 41
92 393 my 93 93
an Ctl anti anti tf Ftp

So y ex ao tao x of x of x't a fix isthe proposedsin

with so an arbitrary number

3 Check Roc to by Ratio Test figs 4151,41 Ilyin 0

Werecognize this as theTaylor series Is a ex
So general solution y ex a e fr any go MI

Y x y ex o Simple Harmonic Motion

1 Y x II an X 90 9 X t 92
2 9 X't

Z Y x h t 292 X t 393 X t

y x 292 t 3.2 93X t 9 394X t H Lutz q x
n o 4 2

From y x Tex weget an nti utz antz forall n






