Numevical Methnds for Partia) Differential Bguations = Exerois, |

M) I s Leonardo of Pisg (also knowg a$ Fibonact) was requested to Solve @ collechon of mathemanicg)
problems in order to aushhj his fame and presnge in the Court of Federico T. One of He proposed proplems
Lan be formuiated gs e soluhon of g thicd degree, poiynomial equation

oo = 2 2"+ ox-10 =0 (1)

Nofe thar fhe solahon of Cabic equahons was an extremely ditfieult problewy 10 g 13th Cenfury. Here
iterahive meitads are Considered for he soluhon of equation (1)
Compute the unique real root of (1) with 4 trerahons of Newrons mevhod mifh fhe inimial approximanon

10 Cwhich 1s Obtained negleching The monomials with ¥ and ™ 10 froaf of the mon omia)

x° =
At ). Plof the onvergence graphic. Des Newton's method behave G5 expected’

soluhon
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And fr e '
om the, Convergence graphic, it shons the guadiatic Convergence 95 expected since fhe inihal
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Numﬁm\ Methods for Parhgl Diffeennal Equanons ~ Exercise )
(5) We qr mrmsted i the definihon oF third-order numerica| quaditures 0 inerval 1)

1) Defermine the minimum numbper of infeqration points , and specify Fre integranon points an

d reignfs
by Is It possible 1 obrain q fhied- order guadraire Wi

it tne following four 10teqrahon points:
e e 6, X =L, x e At and XsE K

I6 1 15 possiok, compule Fe (offtsponding
Nelghis,  otherwise, Jushly why nof.

soluhon (@)

For Qauss quadrature , quadratuve Nas order 2n+1

Therefore , for o third- order guadrature , M=1
Impos'm\é the, Gauss ckuh draiure
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For inferval ©0,1) and a third- order guadrature
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From The Gauss- U&E\eﬂdre table when n=it Wo = Wt 2, -6, us B3
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soluhion (ay - cont.

for third-order quadraturt using Newton - Cotey | we need 4 m\er:\mﬁon poinfs whicn depend o

Using he Concept ot closed or open  guadiature, Tre, 1ntegrahon points and wergnlo ot speCified

0 the fable below
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Sﬂ——“Lm,-——-E using Nee o - Cotes. because theve are predefermined porobs
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solubtion (b) - pont.
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Numencal Methads for Parhal Differenhal Equafions - Exerast 1

drature 15 used for numenal ingeg@non srafe Yhe order of

©) @ IF nsy ponks ayssian qud
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by Fn=2 i solocted for Gaussian guadrature, which Gf aog) of e, followng infegrals
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Numerical Metheds for Parhal Differenhial E%uqh'uns ~ Exerase 1

) 1
(3 CGompute j nxdy | Sasx% 0 dx by nand cal calation using

o

1) Trapezoidal rule over 2 uniform infervals

1) Simpson’s rulg over 2 uniforeny infervals

Compute the ergor of both gpproximahons. Are the, methods be,mvfna 4 expecred’

Soluhon

The brapezoidal vule approximates e region under the E}"“[’h of Ry as o Wapezoidal and

Calulate the haperoidal aveq, So
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The approximalion usina Simpson's vule, can bt wriften 4s
b
jfcfndx - [Fcuu ‘rF( ) )4. fcb)}
q

1 .
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The, hqp%omu\ rule, gives error whey qpprox| muhmj the lnTegrq’non ob (5¥+20) qf expected
since ¥ 18 us'mg) linear qu(Ds{lmtlﬁon, while Simpson's rule, gives no erfor ay expecied
since 1t uses Qﬁuudrqh‘(, po\gnomitﬂs 1o quronmqtg funchong and Can E\'Ne exacot results

when Qppmx\mqﬁna e, integration of polynomidly up fo CubiC degree,



Numecical Methods for Pachal Diffeceanal Equanons = Exercise 1

D) Perfom the numencal inrearqh\on of
1
5 j ' 203 0y’ e ) dady
o ©

Using Simpson's rule 1N each direchon  [s fhe gpproximuhon Dehqvm(j Qs expected”?

soluhion

The qppfoxi'mmon using Simpson's rule . can be wriften as
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When applying Simpson’s rule to X - direchion, freat ufH gy a5 constant A
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Now applying Simpson's rule to y-diceckion
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The approximation 15 behaving as expected quing tne exack cesull sinte Simpson's rule

uses quadratic polynomials to approximale, funcions and can gl exaur (esults nhe

uppmx\muh‘na the, infeqration of Po\anomiq\g up 1o whic degree which 15 the highast de.gree,

in both x- ang y- direchon -



