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f(x) = e Gl podkils gl 5 (goue C"L“’ V.0 Jsd>
Nodes ugo(x,t)  E(x,t)

(0.1,0.1) 0.834516 9.27603 x 10~1°
(0.2,0.2) 0.71014  7.76033 x 10~1°
(0.3,0.3) 0.611929 5.999 x 10~

(0.4,0.4) 0.531073 3.31688 x 10~1°
(0.5,0.5) 0.462576 3.04898 x 10~1°
( )
( )
( )
( )

0.6,0.6) 0.403326 1.75607 x 10~
0.7,0.7) 0.351246 1.36487 x 10716
0.8,0.8) 0.304875 3.13726 x 10716
0.9,0.9) 0.243682 1.77508 x 10~1°

f(x) =e 27 &l okils gla 5 g3de @L"J .0 Jod
Nodes ugo(z,t)  E(x,t)
(0.1,0.1) 0.554901 3.16854 x 10~°
(0.2,0.2) 0.368654 2.45444 x 1075
(0.3,0.3) 0.262911 1.39747 x 10~°
(0.4,0.4) 0.174328 5.57413 x 1076
(0.5,0.5) 0.156784 4.24041 x 1076
( )
( )
( )
( )

0.6,0.6) 0.134567 2.72376 x 1076
0.7,0.7) 0.125504 2.04479 x 1076
0.8,0.8) 0.126081 1.7752 x 1076

0.9,0.9) 0.133688 1.71678 x 1076

f(x) =23/3 8l p okils glaz 5 gsue @L“w Y0 Jsd>
Nodes ugo(x,t) E(x,t)

(0.1,0.1)  0.000400629 4.74069 x 10~16
(0.2,0.2) 0.00280876  1.69381 x 10~16
(0.3,0.3) 0.00913327  1.57419 x 10~17
(0.4,0.4) 0.0215015 3.3875 x 10715

(0.5,0.5) 0.0419451 2.3992 x 10715
( )
( )
( )
( )

0.6,0.6) 0.072518 1.19903 x 10~1°
0.7,0.7) 0.115352 7.87004 x 1016
0.8,0.8) 0.172798 5.28943 x 10716
0.9,0.9) 0.247768 3.42105 x 10717
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f(x) = (1/2)sinmz ) p o dilbs glaz 5 g3ue @t& X0 Jad>
Nodes ugo(x,t)  E(x,t)
(0.1,0.1) 0.152488 8.61517 x 10713
(0.2,0.2) 0.274706 1.08093 x 10712
(0.3,0.3) 0.347502 2.86921 x 101!
(0.4,0.4) 0.379517 3.13859 x 10~
(0.5,0.5) 0.385233 3.96971 x 10712
( )
( )
( )
( )

0.6,0.6) 0.36965  1.42502 x 10~1°
0.7,0.7) 0.326568 5.47162 x 10~10
0.8,0.8) 0.242359 1.00653 x 10~!1
0.9,0.9) 0.113282 4.20568 x 10~!1

f(z) = tanhz ! 2 ol glas 5 goae @\:} 0.0 Jsd>
Nodes ugo(z,t)  E(x,t)
(0.1,0.1) 0.100069 6.19097 x 10~1°
(0.2,0.2) 0.196824 7.42826 x 10715
(0.3,0.3) 0.288134 9.48858 x 1019
(0.4,0.4) 0.372189 2.52549 x 10~
(0.5,0.5) 0.44892  2.64826 x 10~14
( )
( )
( )
( )

0.6,0.6) 0.519948 1.94272 x 10~14
0.7,0.7) 0.587967 1.34886 x 10~
0.8,0.8) 0.656152 3.81416 x 10~1°
0.9,0.9) 0.727865 9.28292 x 1013

u(x,t)

u(:v,()) :f(x):e—xjn:mpo.xjw.y @j\ﬂ&iﬁd&.muéb.kp g\)e-(,.w) \OJ&J

S



e

—
Sobesu L Mgﬁjgdwwu\ﬁé}?omgww;;ﬁ;w&éuwwmdzwaﬁjtf

u(x,t)

u(z,O):f(x):e’zxjn:20lgaMTw.L3 aJ gl Hluae s u g3e g.;\jq-v.w) 3Y.OJ§.§

0357

0.30F

020}

u(x,t)

’U,(l',O) :f(gj) :$3/3_} nzzoboJﬂTCMJu @)‘)‘Mw uébu\.@ ;.)b?- V.w) VOLJ.{,:‘

A



e

—
Sobesu L Mgﬁjgdwwu\ﬁé}?omgww;;ﬁ;w&éuwwmdzwaﬁjtf

u(x,t)

0.0 0.2 0.4 0.6 0.8

w(z,0) = f(z) = (1/2)sinmz s n =20 b odsl Cowcls @j\)\wmu@»g\?w) :‘f.()J.ﬁ.i

u(x,t)

w(z,0) = f(z) = tanhz 5 n =20 b okl v a5l e aliws u 30s Ol D) I0.0J&&

7Y



.
L sorbe-bo—pulows dslas (g2ue Jo
‘54’."93Jb KD u.fb‘” Sl sl

i V.7

i O 5 50 4 88 G galamliy el aolas b (it iy o s e

Ut — Ut + Uy + Uty = 0, \.%)

o3linul 35 g0 oy G 3 il gz g0 5Ll 5 S 5ST (GHlade shine w0 Voo S a5 L sl 61
o ey sl e s o o lite @ o355 I3 @ Wl I b cpl 53 28513
asl byo b gsals

u(z,0) = f(x). (Y.%)

ol p 5,8 dslas ol 508 w5 8 L 55 olysds f(a) 6\3 ol &S (b @ e
J= @ 015 e dox 3l ol o QTJ;— 4 plBl (6 ks Y 53 g o)l (Ssd e s
~IBE Gpme Sha ) @l e ) SG e s [PY] adsl IS s, ) esliad b
OSIE sy al i, SO [P0] ol 2B s Sleslimad b ([ F] S g ole il S
Sl b b Sl Sl ace (Ahls e 5 rimeen 5 [£7] 05lSO-SLS Jga 3 5 35100
sk s aolas ol 2 ol [FV] sy i sl o i pale sl 43 ans dolas
Slag s 25 Slawdy 53 b lins Slag g «lale 55 il 50 b b ol o pelas SIUT

1Y FA] 5, el PVEITY JM;)AL;MLSLAC)»}Q@b&jba:ﬂjégratjﬁ

Peregrine

4



Gt

5N

S5 Ler g, Y7

3 el Som 2)50 LD 5 AL wwn By 3550 53 SN 0Ly & S ol o
Tloolamml 03 oS (o0 (o 4l SIs s (085 Ol (280 6l (1.7) slas (izean
g;;pwcuéujby o 4 0l B oS Son 1y et ool gl b el s ool
dolre Colg 3 5 08 o 5 ) (1) = D@, 1) + f () oiien e 5 s (a5 S 03l

(=S b A e b (0.9)

Ut + Uy — Vet + (0 + f)(02 + f2) + f2 =0, J(z,0) = 0. X¥.%)

3 glien a5 & = [0, X] x [0,00) )50 S sale—Lo—ppalay dlis gl Com 550 il
mb);\)Mwuwﬂss&fpg\;@spaw\&uwwmsjgﬁx)«{
sS J-0= x [0, 00)
w3([0,1]) slad gl 1y Hlil S asls (63 & 5550 wn (sLad Ol g5 o V.Y ol mb\ 5 )
35 0k e ) Ml e ad pwar g b &S

w3[0,1] = {v(z) | v () col @ g lallas | 13 (2) € L2[0,1]}.

Jg)u)}wb w2[ ] w“fﬁ"’”""f}"ﬁ&buﬂ/\\J‘”L‘L‘"‘""bd‘f@u‘"’M
3,8 g s
ENCYRNG)
(1, 2) 0] = Zul 0+ [ A @n, vl = g
0

@Az 53 ged BN VVLY G xS Sleslaad U1y ¢ ke gl 5L a0 sliad Hskew 4 Jl>
S i 1 D ([0,50)) 555 in (5L el b s s

°w3([0,00)) = {v(t) |v(t), V(1) el Glao & s 0SS,

v,v'(t),v"(t) € L*([0, 00)), v(0) = 0}.

4 VAN Jsl Jaad 5o 0dd S Caupmd 4 a5 L Lad pl s by e 0 5 JS1 0l iaean
(o1 o2doginse = [ {40a(thoa(t) + 501 0005(0) + 1 (040 .
||U||Ow%[0,oo) = <U, U>Ow§[0,oo)‘
S 53k it il g S5 51 S
u(r) =< u(x), R(z,) >y, Vu € w. (%.%)

A



s,

Slalas a4 by o A 53 fd B Ol 5gn it S 5 1> b i 51 555000
Sl 25 p b w3([0,1]) Lad Sl I 53 wn b amtl 5o 3 S g ) Gy 55
L (120 45 1022C2(3 + ¢) — Ba((—24 + c3)), 2>

Re(x) =
50 (120 +2® — 5x(—24 + 23)¢ + 1022 (3 + :E)CQ), x <,
o212 ) e e b Wwi([0,00)) bad LI 55k s &U K (2) 5
1—12 (e*Q”*Qt — 1—1262“2’7 — Lgit + et%), t<mn,
Kn(t) =

%((e" —e et — L (eM—1) 6_277_2t>, t>n.
b & )5 e 330 Benjamin — Bona — Mahony 4 s) jldis aiws &8 a5 cpl a a5 L
Olisn 4 53 5,8 iy 1) 510 2550 Ld Olg b ol by el 0dd = oo o3 5
Syt 1y Wb pl V4 iy Sl eslisnad b a8 002 () = wh([0,1]) x Cw ([0, 00)) ek

(=S o S )
(3:2) gy — d*u(a,t) Pu(z,t)
0 (@)_{u(m,mmﬁ Gl 5y DS @, 2 sy € LX),
u(z,0) = 0}.
Lol Ol ) e @ QWP (D) (lad (A 50 wms 4.F. ) anad (535 5 L1
LS
Q¢ (l“ t) = Re(x)rn(), (0.7)

UT«"J’L‘" ‘J; “"’:’J-":’ 0w§3,2)( ) Lilanr w L,1) ( ) LSL-M d‘y& odls o3ls uL,,pJ_g @ 49_}_, L,
S g s oL,e Retpe L 053D (@) — W) (@) Jas S

(LY) (x,t) = %ﬁ(x,t) 88 I(x, 1), £.%)
Fla,t, 0(x, 1), (2, 1), Vawt(2,1)) = Voat (2, 1) — (92, 8) + f(2)) (Va(2,8) + fo(2)) — fal2).
(v.%)

("*’)b S 3,8 aosib 1y (5.9) dolas Ol 5 o I

LY (z,t) = F(x,t,9(x,t), Vz(x,t), Vgat(x, 1)), Y(z,0) = 0. (A.%)

23 3 e pl 53 A3l Wit (@) slad A 55k s mB T (@,1) (S 25
=S st g8 05D I&s @ 55 {(24,1:))32, S il t) = Tig, (@, 1)

Qi(x,t) = L pi(x, t). (4.%)

5,5 0ke 1) 5 amds Ol 5 e ol &yl Ol he w0 ax 5 L Jb a3l o £ 3l Shae £7 &S
(518 3 JolS s SO (Wi, 1) 172, 08 OT il S @5 {(wi 1) 172, ST N Y. 7 aad
el 003 (@)

0 AT w3 pd anxl e gla

70



T2
Goledw b Mpﬁjpdwwu\ﬁé}?ompww;Qmw&&\j,\ﬁk@»dz},;ﬂﬂf@

Ssabi-lum sl dsles | Y5

S 55b sladun S ab pCou ) s adsl Hliie dis s ode a5 55 Ade 0l 5o
Aal g odalie BB A3l e (5l ol 51 eslinad (olgning Ay 53 (ol B oS o 1)
Os e Jds @ Lol ccldls Ll |y (V.F) dolres o 85 Ol g anwloes ClbB gy 95 2 55
Labaa 51 0T )3 a8 gy Ol 3L Gl (b e Olo) e 5 Sllona plandl 0352 46 0 &

315 (6550 G 3L d gy SewdST ) & e 3 55 b o3l (55l

Silw delaze G gy S galo-Lo— bty dolas (g3as > V.Y.P
b dolae 2155 518 sk (I 3L n sy bl 2 (0SS 0y SIS s nad
2 Ol g s 53 03N LIS 5 B sl salgig b adl oS .mvam\,\w\(\,f
.ﬁjbﬁ@;ﬁ S48 u\yu:slféjig-glf O ) ald 4 ..3)\.3 b«.lf.......a

b (¥.8) sles ST . il S 46 gozes SO B {(4, 1)}, 45 o) 15,8 L VY § anad
380 Ol s 8 0 s o5 s oS ST L B s

Oz, t) =Y o Qi(a,t), (V\e.9)
=1
Bo = F ks o Ysluo oaliali-ps olKos fo jloslinl b a8 cdiind ool o boa; 48 (5 sb 4
“-(‘-’j*f’u"az‘:"’-;
a:[alaon"']T? B:[‘ng(:E]?t])] Z?]:1327
S

F = [F(z1,t1,9(x1, t1),92(1, t1), Ogar(z1,t1)), F (22, t2, 022, t2), Uz (22, t2), Upae (22, t2)), - ..

ol xS 5o b il (V0.7) Déqg\)d.bbu

<Qj (.7}, t)) Ql (1’, t)>owé3«2) = <£*()0] ($7 t)a QZ (:Ea t)>0w§372)

= <g0j($,t),ﬁQi(fE,t»Owél,l) = ﬁQ@(xﬁtJ)’

<19($7 t)’ Qj(x’ t)>0w§3,z) = <19("E7 t)v 5*%‘(% t))owgf’v?) = <,C19($, t)’ @j(xv t)>0w§1,1)

Solw delaa b Sgabo-lo— bty dolas (g3as > Y.X.7

.ﬁjlsﬁu‘s 5Jgj3}§w&:m%u§j) U»LAJ::,EJ JJyAJ:Mng&J:-pui.&gw\):
ar 53 e O el oS TS b delaie slawl aelos sl 4 s o

55



Gt

5N

(Wi, 1)} S35 Sond) o5 (S5l dale diul 3 Jlash b L) (gLad 51 {Ty(x, 1)}
g Olg e el ol Lol okl oy

i(x,t) = Y piSln(a 1), ().
k=1

213 1) 25 4ndd (A.5) dslas Sl 0351 sy (512 Il kit (3 lntaloiis ol o i 4

LS o bbb (AF) dbles ST il J B3 {(20, 1)}, A4S 58 Y VP b
)ﬁMl}}ﬁJujﬂdewyl}e—oKu/¢M@

2, 0) = 3N pikF (T, ey (@, th), V(s ), Dt (0, 1)) Qu (2, 1), (\Y.9)

i=1 k=1

Ll oo D, 1) V. Y.0 bl eslaul b sl (A.8) dslas Ols I(,t) 1S 2,5 .ola
38 031> Lo 25 p b 4 4y 8 (S Lo

M

19(.%’,'5) <19(xat)>Qi(xvt)>ow(3,2) Qi(fvat)
2

i=1

=3 i (9, 1), (1)) o) Qu(, )
i—1 k=1 2

= Z pik (9(x, 1), L pp(2,1))o_3.2) i, 1)
i=1 k=1 2

= Z Pik <£19('/I;7t)7§0k($7t)>0w(171) QZ({E,t)
i=1 k=1 ?

= Z PikF (T, thes (ks L) (T, th) s Dot (ks 1) ) Q2 (2, 8)
i—1 k=1

0 el ol L

L @lﬁu .7

Cfé.)o‘jll:obc)‘bﬁk‘fﬁ\)\&}u&‘)b\)63&J@M&)%&)}Q‘w)ﬁ)jbm
b;,b\mjw@% BE(x,t) eble glas 31 opl by 5,8 s 1y ol Ol sy LS 5
g ol ) ('756" dsl>es cou\,c‘w.bdqjﬂ.: Ol Sl (2,t) € D olgsds bl syl &
LS o Bho u(z,0) = f) adsl b b ;3 45 f(x) ol s3> &b 5o Gl @ Jls 55 oy &
Lo el ads) e dbens J> ) o sl o @L.: Y.2 5 V.7 sbadsd> s .ﬁ)\sﬁd‘a
B o ool Slwlows dan ool o3 315 f(w) = €7 5 fla) = 2 w15 Gl & sl
L}Ca.w“\k-jsJAG)M\&KQJM&}L&ML&UJAJT})‘OJ@‘Q)JJJ}‘LSJLMUZ‘}J
e e Ole)y g Olislee O o b alies (0,80 Olg 50 0l &1 £ oo ) eslal

o @wsdy&bc,an_%érf)\fmbw); Al s

A%



T2
Goledw b Mpﬁjpdwwu\ﬁé}?ompww;Qmw&&\j,\ﬁk@»dz},;ﬂﬂf@

SpSams 0.9

V.;Z;—\éﬁdj.au—b—wﬂb-w Q}‘)\Jiom&\fdb.ko U’zﬁ)ﬁ; 45\)‘444)@))‘&@03\)}
Sl Jsd JB oL 5 sl eolgiy oy S s Cllas ol 51 S (gaue 5 6k =t
2 0l & @b e B 5l OlBee el ply el 13y g a0 B Ol (3L

Syl G olinda b sl 2 Yl ¢lsl Ol bl gk 4 Al (gnde i,

FA



=
Sobesu L Mgﬁjpdwwu\ﬁé}?omQM\J@Q&;@&&Q%.@&MU@aﬁjtf

f(w) :336‘).’ o ble 6Ua$-j Sdde cjt’q N.s dj-b-
Nodes ugo(x, t) E(z,t)
(0.1,0.1)  —0.0268077 1.10936 x 10712
(0.2,0.2) —0.0533167 1.4727 x 10~
(0.3,0.3) —0.0788656 1.68277 x 10~
(0.4,0.4) —0.103086  1.74012 x 10712
(0.5,0.5) —0.125648 1.66666 x 10~
( )
( )
( )
( )

0.6,0.6) —0.146241 1.49236 x 101!
0.7,0.7) —0.164556  1.25459 x 101!
0.8,0.8) —0.180283 9.84961 x 1012
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A=033 f(r) =sin(rz) Gl p o kils Glaz 5 30 @L*J VLY Jsde
Nodes ugo(x, t) E(z,t)
(0.1,0.1) 0.179332 4.42522 x 10713
(0.2,0.2) 0.119827 1.10906 x 1013
(0.3,0.3) —0.0681305 8.19524 x 10~13
(0.4,0.4) —0.24348  6.55282 x 10713
(0.5,0.5) —0.299323  1.27512 x 10~!2
( )
( )
( )
( )

0.6,0.6) —0.205003  7.56301 x 10713
0.7,0.7) —0.0138996 1.32987 x 10~!2
0.8,0.8) 0.158666 1.24659 x 1012
0.9,0.9) 0.187279 1.48586 x 10712

A=1y f(z) =sin(rz) &l p o Lile s 5 goue @b Y.V Jod>
Nodes ugo(x, t) E(z,t)
(0.1,0.1) 0.180014 3.93843 x 10713
(0.2,0.2) 0.120782 1.54844 x 10~13
(0.3,0.3) —0.0685617 7.92034 x 10713
(0.4,0.4) —0.245981  6.19716 x 10713
(0.5,0.5) —0.302736  1.23951 x 10712
( )
( )
( )
( )

0.6,0.6) —0.207414  6.9298 x 1013
0.7,0.7) —0.0143605 1.22743 x 10~!2
0.8,0.8) 0.159375 1.1751 x 10712
0.9,0.9) 0.187739 1.40536 x 102

A=8 f(x) =sin(rz) G| p ol Glaz 5 gsue = YV dsdr
Nodes ugo(x,t) E(x,t)
(0.1,0.1) 0.187114 2.51455 x 10714
(0.2,0.2) 0.131178 3.59431 x 10~ 14
(0.3,0.3) —0.0730962 3.47283 x 1013
(0.4,0.4) —0.274048  2.84722 x 10713
(0.5,0.5) —0.341661  7.10487 x 10713
( )
( )
( )
( )

0.6,0.6) —0.235036  3.39517 x 10713
0.7,0.7) —0.0198524 6.05743 x 10~13
0.8,0.8) 0.166777 5.70221 x 10713
0.9,0.9) 0.192435 7.08918 x 1013
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A=—0.73 f(z) = sin(rz) &) » oLls sz 5 goue cjb Y.V Jod>
Nodes ugo(x,t) E(z,t)
(0.1,0.1)  0.122988 3.06577 x 10713
(0.2,0.2) 0.118486 6.70665 x 10714
(0.3,0.3) —0.0675217 8.16245 x 10713
(0.4,0.4) —0.239993  5.3667 x 10713

(0.5,0.5) —0.294577  1.21825 x 10712

( )

( )

( )

( )

0.6,0.6) —0.201653  6.22051 x 10~13
0.7,0.7) —0.0132647 1.20544 x 10~4
0.8,0.8) 0.157662 1.13173 x 1013
0.9,0.9) 0.186624 1.34524 x 10~12

A=033 f(z) =231 — 2)3 & p okils Glax 5 gsue c:l:; 0.V Jod>

Nodes ugo(x, t) E(z,t)

(0.1,0.1) 0.227373 1.21098 x 10~

(0.2,0.2) 0.158925 1.7906 x 10~
(0.3,0.3) —0.0286819 4.60745 x 10~
(0.4,0.4) —0.196038  6.31725 x 10~
(0.5,0.5) —0.258467  7.38272 x 10~
( )
( )
( )
( )

0.6,0.6) —0.196576  7.6835 x 10~

0.7,0.7) —0.0486184 8.60242 x 101!
0.8,0.8) 0.102154 1.09004 x 10~12
0.9,0.9) 0.149519 1.14691 x 1011

A=13 f(x) =231 —2)3 G| p ol Glaz 5 gsue @L&: PV Jad
Nodes ugo(x,t) E(x,t)
(0.1,0.1) 0.228238 1.39757 x 10~ 11
(0.2,0.2) 0.16016 2.15371 x 10~ 11
(0.3,0.3) —0.0287455 5.14205 x 10~
(0.4,0.4) —0.198026  6.99688 x 10~
(0.5,0.5) —0.261383  8.18388 x 10~ 1!
( )
( )
( )
( )

0.6,0.6) —0.19881 8.56434 x 10711
0.7,0.7) —0.0492896 9.58326 x 10~
0.8,0.8) 0.102574 1.20004 x 10~10
0.9,0.9) 0.149885 1.26796 x 10~ 11
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A=283 f(x) =231 — 2)3 & p ol glaz 5 gsus @l:; V.V Jsd
Nodes ugo(x,t) E(x,t)
(0.1,0.1) 0.237237 9.31578 x 10712
(0.2,0.2) 0.173574 2.30782 x 10711
(0.3,0.3) —0.0291853 1.14156 x 10712
(0.4,0.4) —0.220289  1.14303 x 10~
(0.5,0.5) —0.294597  1.62139 x 10~
( )
( )
( )
( )

0.6,0.6) —0.224314  2.74148 x 10~
0.7,0.7) —0.0570162 3.12081 x 1011
0.8,0.8) 0.106913 2.17772 x 10711
0.9,0.9) 0.153612 2.93794 x 10711
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Abstract

Many of the phenomena in science and engineering are modeled in differential
equations with boundary and initial conditions. Generally, the analytical solution
of these equations is not possible. Hence, the utilization of the efficient numerical
methods for solving these equations is so important in applied sciences. The aim of
this thesis is to study the numerical method for solving partial differential equations
and the reproducing kernel property has the primary role with regard to its space. As
a result, the approximate solution of the problem is presented in the form of the series.
It is also shown that it converges to an analytical solution. The major problem with
the classical method of reproducing kernel method is the application in high dimension
for partial differential equations. Therefore, we intend to present a novel application of
the reproducing kernel method. We present a method that avoids the implementation
of Gram-Schmidt orthogonalization process used in the classical method and finally,

this will reduce the computational time.
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