naUsunamaraedisuresapnasusuiiluains@adudusuniiadanans

Approximate numerical solution of linear first order singular initial value problem

W QAN LPTaUsBASy

9@ 620510556

MPIVARINAENS AREANFENS
a U a 1
IMnendedediv

MAMSANIN 1 UnsAnw 2565

enunsAnwdaszaruiiludunilweinszund 206499
muReulunsAnuseaulsyaes

Ty 2565



nsUssnanaaedsiimsetgmanudui luanmadadudusuniednas

Approximate numerical solution of linear first order singular initial value problem

WNATY QAP LPTeUIHARY

Yo a wag V& = =
lasumsiiansaneydfviluadunilewensfinm
ALVMIANERTUS aYeyTINenFansUnLiin

ANVIPNFNERT

AYNITUNNIAIUANNSALAINBaSE:

................................................... oo, USEEWNTIUNS

(799ANAATIANTE] AT.NING LLILATTY)

Y b
HAND PRI N YNA1

......................................................................... N3NNI
AN

(fnamansnansed a2.0lgnwa waeenznn)



naUsunamaraedisuresapnasusuiiluains@adudusuniiadanans

Approximate numerical solution of linear first order singular initial value problem

W QAN LPTaUsBASy

9@ 620510556

AMPIVAMIRAAERS

ANEAIVENAENS UINenaedadlnl

uAuAIBaslludunileeimsfine
AIVANERIUS U TINerERSUnTR

MPIVIPAFNERNS ANZINENFNERNS UATINENA BT erdlvrl



AARNIsUUsETNA

ns@nwiauai1dasedidudiuni slunssuiuivn 206499 (Independent Study) laadl
Taguszasdiolind@nwinneIneimans avingimans unninerdeideddnd lafnwAuaindase

[

Tuidoneedinenans dudunitladnulusesmsussinanamaeditareslaymeandusiuiidu
auns@adusuiunileganans

PN eTBUAM FOIMEANTINGE ATUSNA NUWSEY Ussunssunsaeulugiuzaansdiusnw
nsAuAiBasenlaWimuuzhuasausiig  NetumsihauAuaingass wasnydeumsAumingas:
TupSallvifiarwanysoluazgnisuazadvauysalllaiaes

VDUVDUAN HYIUANANTITY A5.00g0a Naveuz1 ennsdnTsunsaeunuAurdasylunselii
Iaaznailirmuuzi sudmynaeurumnugnies lumsduaidassiliiaudiSalvingwu

etlvansuveunsean Un 13en gilnseanmnvin Amadanaenmsiaud S uduau
°o < ! [ 3
diSaga e TngUsvasd

YDUVBUANAMNTENMATVIAAAENT AEINerans wninendeedvl Mlaliueunnug
TundmdliianldlumsAueindasyil

v Ny Y & Ay = YA MY S A va

gavhetidmindenumudslurrunianvesnvinuitianantases nlilaweundluninladdmn
PrewRowaglrmadlamennaenin JNTTUvBUNITEALYYITUMERNAT wasreNaunlsElemiduAn
Mnmsauadastluasailiun Om inse aannsd wazkinentemnitunlalimasauavaivayy

MR PADALN

W97 diAn LASeUTEIERY

JunAu 2565



wda (mwilng) msUssnarawssdvitevedymadusunduauns@aduduiunilsdagas
("1¥199N9 ) Approximate numerical solution of linear first order singular initial value

problem

IS v Y a a

YaVinn1sAUATIBETE WEINNM WATeUsEiESy  SeinAnen 620510556

F9919159NUINWY  SOINERTIANTY ASUSNA LAURSEY

YaNnITUNNTEHOU HYILAERNI19158 AT.aigNa waseuzn)

UNANED

= v Y a g X vee aa ° a o N % oA yoa
msfnwAuai1dasgluaseilinlafnuiSnmsdnadsimenldlunsundymaEuaun
Duaunsdaduduiuniiedenars  uenanisldfnsnsnusnusideiavvesdsiuslinsuuy

Feuuntglunsuszanarvestymaniudu wasslaiausananasidsiiavuaslymeansunu

In this independent study, we study the numerical method for approximate solution
of linear first order singular initial value problem. The various numerical integrations of the
improper integral are used to help finding the approximation of the initial value problems.

The numerical results of the initial value problems are also presented.
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h
Vi =9yt 2 e[S (5 Py PO =0+ f (% 0o 3, + 40y =20) # s f (34, 3,) ]
azle

h
Yine = Vi +£|:W1f(xi +ph,y, + (Vi _yi))"'wzf(x +qh,y, +q(y,, — +W3f X +h, Y, )]

v)
=y.—£_w (l_p)yi+pyi+l +w (I_Q))/ﬂqu,-H y1+]
’ 36_1 \Jx, + ph ? X +qh

w(l-p) + w(l—¢q) wp w,q

—Y _g_(\/xl. + ph \/xl. +thy Jr[\/x + ph +\/x +qh \/x +thl+1]

AMviua s

w,p w,q w
L _1 1 2 3
+{\/x + ph \/x +qh \/x +hJ

B 36\/x,. +ph\/x,. +qh\/xl. +h —w, phyx, +qhyx, +h —wzqh\/x,. +ph\/x,. +h

36\/x1. +ph\/xl. +qh\/xi +h

el

w (1-p) N w(l—q)

R, =1-—
36(\/x +ph  |x, +th
B 36\/x,. +ph\/xl. +gh —wh(1— p)x, + gh —w,h(1—q)\/x, + ph

36\/xl. + ph\/xl. +qh
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azlal
Ly, = Ry,
_B&
Yin = L Vi
i
\/x,. +h [36\/)@ +ph\/xi +qh —wh(1— p)\Jx; + gh —w,h(1—q)\/x, +ph}
Vi 36\/xi +ph\/xi +qh\/xl. +h —w, phyx, + qh\x, + h —quh\/xi +ph\/xl. +h
A X, =x+h

Wy p= 4;8/6 q= 441_8/8 w =16-+/6 w, =16++/6 w, =4

fyusly 1 =0.001 wag 7 =0.0001
azle

Rahaman 3rd

0.9 fi-

yi, h=0.001

yi, h=0.0001

0.1

A5l (3.5) nsmSeuiioussuineauiunse uazaUszanamwes ¥ @ A =0.001 waz h=0.0001

AUAIAU
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nnsaziuinan ¥ A A=0.001 waz £ =0.0001 fadlndAseiuausiunseves ¥ Tngan
ANUAIALAREUYRIALIUASITUATUsSEIYes Y 71 h=0.001 waz 2 =0.0001 fegeanivindu

0.00849 uaz 0.00274 muAIRy 91N (3.5) ANANTARAIAIAAAIALARBLIEIIN A ULIUAT VDS
y fuen y it h=0.001 uaz h=0.0001 fif

ERROR 3rd
0.014 : T T

h=0.001

0.012 i
h=0.0001

0.01

0.008

0.006

0.004

0.002

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N9 (3.6) NTINLUTEUTBUAIAINAAIALAR BUTENI AL UATY WagAIUTEUMVeY V) 9

h=0.001 waz £=0.0001 aua1mu

dunisineUsengdunuiavas Rahaman

'
QQQQQ =

MnUszanaumPpilsidununlugueuuainseding 4 agldaunsduiindaduduiidues Rahaman

et al.
[ y@)dx = h[w fi+w fy+w 4w, /)] (3.5)

7 ox=x,+ph, x,=x,+qh, x;=x,+rh, x,=x,+h; p=0.08858795951270394
g =0.4094668644407347 r=0.787659461760847 w, =0.220462211176768
w, =0.3881934688317074 w, =0.32884431998006125 w, =0.06250000000000022

NAUN1SA (3.5) AzleaunisiaeUsengdusuiaued Rahaman et al. A9

Via =Y +hw f (X, + ph,y, + p(viy = ¥))+wo f (X, + qh, y, + 9, — 1))
+W3f(xi +rh,y, +r(y, _yi))+ w,f(x; +h,y,.))]
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y'(x)=—Lx), 0<x<1, p(0)=1

Jx
0
, y(x)
X)=f(x,y)=——F+
Y(x)=f(x,y) N
WAUANRILUANNNS
Ve = Vi W f (3, + phy, + p(yy = ¥)) + W f (X, + gy, + (v, = 3)))
+w3f(xl. +rh,y, +r(y,, — yi)) +w, f(x, +h,y.,)]
azle

Via =V Hhw f (% + phy, + pWiy = v))+wo f (%, +qh, v, +q(vi — 3,))
+W3f(‘xi +rh’yi +r(yi+l _yi))+w4f(xi +h’yi+1)]

(A= P)yi + Pyia -9y, + 9y, A=1)y + 1, Viu
=y, —hlw +w Wy | |+ W, | ——
1[ \JX, + ph ’ \JX, +qh ’ X, +rh ! X, +h

=y —h Wl(l—p)+W2(1—q)+W3(1—r) v, + LAV L I L U ' v,
\/xi+ph \/xi+qh \/xl,+rh \/xi+ph \/xi+qh \/xl.+rh \/xi+h

AMviua s

\/xl.+ph+\/xi+qh +\/xl.+rh +\/xl.+h
\/xi +ph\/xi +qh\/xl. +rh\/xl. +h+ wlph\/xi + qh\/xi + rh\/xl. +h +w,qh\/x, + ph

X A rhyx, +h +w3rh\/xl. +ph\/xl. +qh\/xl. +h +w4h\/xl. +ph\/xl. +qh\/xl. +rh

\/xl. +ph\/xl. +qh\/xl. +rh\/xl. +h

I =1+h( wp w,q Wi¥ W,y j
4
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w (1- w,(1- wy,(I—-r
& :l_h[\/le+5}z +\/fo+qqh)+\/3xf+rh)]
\/xi + ph\/xi + qh\/xi +rh —wlh(l—p)\/x,. +qh\/xl. +rh
—wzh(l—q)\/xl. +ph\/xl. +rh —w3h(l—r)\/xl. +ph\/xl. +qh
\/xl. +ph\/xl. +qh\/xl. +rh

azlg
Ly, =Ry,
R
Vi = L_:
ety

\/xi +ph\/xi + qh\/xi +rh —wlh(l—p)\/xi + qh\/xi +rh
- wyh(1- q)\/xi + ph \/xi +rh —wh(1- r)\/x,. + ph \/x[ +qh

=.x +h
Yin SNET \/xi + ph\/xi + qh\/xi + rh\/xl. +h+ w]ph\/xi +qh\/xi +rh\/xi +h +wyqhy/x, + ph
X A rhyx, +h+ w3rh\/xl. +ph\/xl. +qh\/xl. +h+ w4h\/xi +ph\/xi +qh\/xi +rh

Nx,=x+h

uaz p =0.08858795951270394 ¢ =0.4094668644407347 r=0.787659461760847
w; =0.220462211176768 w, =0.3881934688317074 w, =0.32884431998006125
w, =0.06250000000000022
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yi, h=0.001 n

yi, h=0.0001

A5l (3.7) nsmiSouiioussuineauiunse uaseaUszanamwes ¥ @ b =0.001 waz h=0.0001

AUAIAU

nnslagiuinan ¥ @ h=0.001 waz £=0.0001 fa1flndiAseiuAtudunswes ¥ lagan

ANUAIALARBUYRIALIUASIiUAUsEINYes Y 71 h=0.001 waz 2 =0.0001 fergeanivindu

0.00615 waz 0.00203 sua1eu 91nasIn (3.7) mmmaﬁhmmﬂmmmﬁauizijmwumma

y fueh ¥ @ h=0.001 uaz £ =0.0001 gsif

ERROR Rahaman 4th
0.014 T T

0.012

0.01

0.008

0.006

0.004

0.002

h=0.001

h=0.0001

15719 (3.8) NSINUSIULNYUAIAINUARIALAR DUTLTUINIATLL UAT
h=0.001 waz £=0.0001 aua1eu

0.8 0.9 1

wagAIUTENIMYRY Y 9
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ayUunan1sAnen

a

MnNsAnwMsUssnamamaedwavedgmansusuiiduaunsdadusuiunilsdnans

MEIsMIRe 7 ¥'(x) = f(x, ), V(%) =, Falgadenansedn X =X, lnedgviAnsusunuim

Wugeeald@nunluasedl A

Y =—2) 0<x<t, y0)=1

NS

[

nnsUsznaRaaasdsitavvoslymaniuduilaag =0.001 uwaz £=0.0001 a3
aunsaiulaannnsul (3.2), (3.4), (3.6) way (3.8) 1A I daranasasvinlinisussununaiaas

Wedaureslgmiaisuau TnalfesiuaiuaswInTy

h=0.001
0.014 T

hasan 2nd
0.012

hasan 3rd
rahaman 3rd

== rahaman 4th

0.008

0.006

0.004

0.002 |-

N3 (4.1) nTUSeuiisuAAnraaARBuTEI A lunSe wazAszanaes V) @ A= 0.001
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<10 h=0.0001
45 T T

== hasan 2nd
4 hasan 3rd
rahaman 3rd

s rahaman 4th

N5 (4.2) NS EUiBUAAINIARALAR B UTEMIIAAIUASS WaAtUszanaves Y 71 A= 0.0001

Hasan 2nd Hasan 3rd Rahaman 3rd | Rahaman 4th
h=0.001 0.01334 0.00889 0.00849 0.00615
7 =0.0001 0.00425 0.00286 0.00274 0.00203

A3 (4.3) AIAUARIALATDUTENINALUATY LazAUTzanuves )

aavnetannsssanaranasdisuueslgmadusiuiiduaumsdaduduiuniladengans
A NTUSEUNUATWBY Hasan et.al. SUAUNEDILATANN WaLI5N15989 Rahaman et.al. duUAUNEY
WaZdURUNA 91nn3I (4.1) waz (4.2) AUl TAI1AIAINUARINLAR DUVDINALAAULTIALAUN

h=0.001 waz /2 =0.0001 Taranasn1uisn1suINataasLdadilaviaiuisaiulaainnsiu

AUAIAU
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AMARNUIN

Approximate numerical solution of linear first order singular

initial value problems

Yanisa Kruaprasert Code : 620510556

Abstract

In this independent study, we study the numerical method for approximate solution of linear first order singular initial value
problems. The various numerical integrations of the improper integral are used to help finding the approximation of the initial
value problems. The numerical results of the initial value problems are also presented.

In this independence study, we try to solve linear first order singular inttial value problems. We consider

¥'=f(x,¥), ¥(x,) =y, having an initial singular point of f(x, ¥)at x=1x,.
In order to solve this problem, we first finding the approximate the singular integral
I= jﬂ F(x)dx (a)
when f(x) is singular method at x = x,.
Hasan Second Order Implicit Formula

On using the second order Lagrange's interpolation

G=x)(-x) o (=x)=x) o (=%)(x=x)

LA P Py L ey oy ey £

h
where x, =X, +§ and X, =X, +h. Then integrating f(x,») with respect to x from x, to x,, to obtained the

approximate integral as follow:
x i
If(x)ﬂ:z(Bf,+_fz). (4
b

Based on (1), We can derived second order implicit formula for solving initial value problem (a) as

Y=Y +§[3f(x.- +§,(x +(y"'3_"‘ ]]]«“f(%mym )],

where i=0,1,2,...M .
Hasan Third Order Implicit Formula

We can derived another implicit formula for solving initial value problem.

4h
X +? and X, =X, +h is coordinate of point in the range X, to X;. Then we have

h
where X, =X, +—, X,

6
jf(x)dx:%(4f,+5fz ) @

Based on (2), we can derived the third order implicit formula for solving singular initial value problems having singularity at

L)

+Sf[xi +‘2—",[y‘ +4[%)D+I(mm.. )]

X=X as

Where X, =X +h and i=0,12,..M

Reference

yub Ali, 1amsul

ular Initial Value P

numerical s

computer and Inf

Rahaman Third Order Implicit Formula
AT T
W, =16=+/6 w, =16+6 w, =4 and using fourth order Lagrange’s interpolation formula, Rahaman et al. has been

Ancther formula that we can derived X, =X,+ph, X, =X, +gh and X, =x,+h

derive an integral formula as
. "
[ f@de=o(4s+55+1,) 6]
5

Based on formula (3), we can derived the third order implicit formula for solving singular initial value problems having

4f] [x, +%{y. +(—y‘" 6_y’ ]]]
V=Yt
. 10 -
+5f] [x, +%‘[y, +4(y"—’6-y—']D+f (oY)

Where X, =X +h and i=0,L2,..M

singularity at X=X, as

Rahaman Fourth Order Implicit Formula
Based on the fifth order Lagrange’s interpolation formula, we derived the forth order integral formula as
5
[ vde=hlw s+ fy 4w fi+ ] @
0
Choosing X, =X, + ph, X, =X,+qh, X, =x,+rh, x, =x,+h;p=0.08858795951270394

q=0.4094668644407347 r=0.787659461760847 1w, =0.220462211176768 w, = 0.3881934688317074
w; =0.32884431998006125 w, = 0.06: 2

Based on formular (4), we can derived the forth order implicit formula as.

Vi = Hh DS (% + Phoy, + Oy = 3)) 4w f (3 + @y, + 40 =3))
AW (% 4k y, 4 = y)) w5+ hay))

Where X,

=x+h and i=0,L2,...M

Example

Consider the first order linear singular initial value problems as

Y =22 0<x<1, y0)=1
&

The exact solution of the equation is obtained as e"ﬁ We will solve the initial value problems by Hasan’s and Rahaman’s

methods. We plot the graph that obtains the error between the exact solution and (1) second-order Hasan equation, (2) third-

order Hasan equation, (3) third-order Rahaman equation, and (4) fourth-order Rahaman plotted in Figure for #=0.001

h=0.001
T

oom v

error




