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Abstract:
In this paper, Chebyshev Operational matrices of Integration (first and

second) for the approximate solutions of Variational problems are introduced.
The main idea behined this approach is that it reduced such problems to

ones of solving systems of algeric equations using spectral method. Only a

small number of Chebyshev wavelets are needed to obtain a satisfactory results.

The applications of the proposed method are demonstrated through illustrative

examples.
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1. Introduction:

Many different basic functions have been used to solve variational problems, such as
orthogonal functions and wavelets [3,7,8].

The applications of wavelets as basic functions in the numerical solutions of many
problems are widely used in the last years.

Typical examples are the Legendre wavelets for solving linear Fredholm and Volterra
integral equation of the second kind [6], Haar wavelets for solving initional and boundary
value problems of Bratu-type [2], Chbyshev wavelets for solving abel integral equation [7].

In this paper, Chebyshev wavelets basis of first and secondkinds, on the interval [0,1]
have been considered for solving the following Variational Problems.

J(x) = [ F(t, x(0), i()dt (1)

Thus are some applications of Chebyshev wavelets method in the literature [1]. Some
techniques have been used for solving Variational problems.
2. Chebyshev Wavelets and Their Properties

2.1 The Definition of First Chebyshev Wavelets [1]

First Chebyshev wavelet ¥1,,(t) = %3 .., have four arguments; k = 1,2, ..,
n=12..,2% m, is order for first kind Chebyshev polynomials and t is the normalized
time, they are defined on the interval [0,1) by
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e n—1 n
Wl (1) = { =T (25t —2n + 1) w =t<y o)
' E’T o.w
h - {w’i m =0
Where Cpy = 2 m=12,..

We known T, is orthogonal with respect to the weight function w(t}ﬁ the set of
Chebyshev wavelets are orthogonal with respect to weight function
wy,(t) =w(2¥ 1t —2n+ 1)
2.2 The Definition of Second Chebyshev Wavelets [4]
The second Chebyshev wavelets %2(t) w2 (t) =%¥%(t,n,mk) involve four
arguments; k=12,.. n=12,..,25* ,m is the degree of the second Chebyshev

polynomials and t is the normalized time .
They are defined on the interval [0,1) as

w2 (¢) = {ziﬁm(zkr— 2n+1) 3

where 0, (t) = ‘\E U () ..(4)

and m=0,1,2,...,M — 1 in equation (3) we know the second Chebyshev polynomials is
orthogonal with respect weight function w(t) = +/1 —t2 on the interval [-1,1], we should
note that in dealing with the second Chebyshev wavelets the weight function .
wit) =w(2¥t—2n+1)
3. Function Approximation
A function approximation f(t) € L,[0,1) may by expanded as
flt) =X B o ComEam (E) ...(5)
where C,m = (F(E), Eom () ...(6)
In equation (4), (.,.) denoted the inner product with weight function w,(t) on the
Hilbert Space [0,1)
I the infinite series in above equation is truncated, then equation (5) can be written as:
F(8) = B3za T =g CrmPum (£) = CTHpn (£). (D)
where C and ¥, (t) matrices are given by:
e First Chebyshev Wavelets:
C= [Cll}J Cras s Cappr—10 Capo s Cagpg—1y0 o0 O3, ---:C:Fﬁw—1r - (8)

Fom = ¥1() = [Huilu (), P13 (6, e, Py (0, #ip (E), o, Py - (2D, ---5”21:c[,(tl ---‘f’i.lkm_l":t}]r-(g)
where C and ¥ are 2*¥M x 1 matrices.

e Second Chebyshev Wavelets
C= [Cm: Ci1s s Coppa—1 Co0 s Capaa—1yo vons Cale-2y s, C:?'-'"—M—i]-r ...(10)
Yo = P2(0) = [P (0, PR (D), s g1 (0, B (D) s By =g (O o Wi (D), ...‘F;;{_,_M_l(t)]r ..(11)
where C and ¥ are 2¥~*M x 1 matrices.

4. Operational Matrix of Integration
In general, the operational matrix of integration may be defined,

r
Jy #(t) = P¥E(L) e ...(12)
g B
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where (%) is the vector of basis function, P is the operatlonal matrix of Integration

Higher order integrals may by found by using equation (12) recursively.
Thus the nth integral may be written as [, ... [, #(t) = P*¥(t). ...(13)

4.1 Operational Matrix of Integration for First Chebyshev Wavelets
The integration of the vector ¥(t}, defined in (9), can be achieved as

J";Hui{t}a:t = Py¥1(t)
where Py is the (2%M) x (2% M) operational matrix of integration [2]. This matrix is
determined as follows.

o0k
L Ly

C
0
Pg.r"—= I:I

Ly b

0 0
where S and C are M=M matrice given

00. 0
*-,,E
5= 00. 0
00. 0
_—1 00 ]
| MM=2) i
_ | 1 i
- 0 0 0 0 0
z Wz
1 1
- 0 - 0 0 0 0
4z 8
1 1 1
- = - | 0 0 0
€= Wz 4 12
- : (. 0 o
22 (M -1 - ) 400 - 3) 4(f —1)
1 1
L E— oo .. - 0
2208 (F - 2) 400 - Z) i

4.2 Operational Matrix of Integration for Second Chebyshev Wavelets
The integration of the vector ¥2(t}, defined in (11), can be a chieved as
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iﬁ PE(t)dt = Py P=(t)
where Py is the (25-1M) x (2¥-1M) operational matrix of integration [3]. This matrix is
determined as follows.

L 5 5
110 L s s
Pez=3¢[0 0 L -
: : : 5
g o0 a0 L
where 5 and L are M x M matrices as follows:
1 -
= Q0
13 2 ; 0
2 0 0 T s o 3 0
1
= 0
s=[9 9 g 3 -0
: : L — 1
0 0 0 2 o _1 {}
: . .8 :
am—z 1 : : 1
1 m—1 0 0 M —1)
_qM-11 0 0 0
L r i

5. Powers in terms Chebyshev wavelets
5.1 Powers in terms of First Chebyshev wavelets

Fork=1n=12 , M=12 ..6 ..andt are the normalized time, we will drive
the powers in terms of first Chebyshev wavelets, which help us to solve our problems. Let's
take M =6 and m = 0,12, ...,6. First, find fourteen basis functions are given by

1 _ =

o= )

wl = 22 =4t —1)

wl, = “‘: (32t2 — 16t + 1)

w1 =32 (95663 —192¢2 + 36t — 1) where § 0=t<-
13 = 5 2

Wi, = 7= (20484 — 2048¢° + 640¢% — 64t +1)

wlo = Sk = (1638415 — 20480t* + 8960¢® — 1600t + 100t — 1)

wi =22 ~= (1310725 — 1966085 + 110592t — 28672¢% + 3360t% — 144t +1)

Yo :F N\

Wy = nz 3)

W= —{3?5 — 483t +17)

Wy —=[756r — 5765 + 420t — 99) whs'r&> %gr«u
B, = —_f[?n4ar4 6144t + 6784t — 3264t +577)

'Fi 1"[1638-# — 61440t* + 90880t* — 66240t" + 23780t — 3363)

Wi = _‘_1_. J

In matrix form, the powers of £ can be rewritten as follows

A=Ty:B

e Y,
w LT A & 2o A e
g e 3 ~
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£z I I I I 0 0
oo 0 0 0 0 0
4 4
o4 1 0 0 0 0
T
and T'J-"-::i @ L5 1 0 0 0 if Gi—‘-t=i%
2T | s I/ 16 256 :
W2 56 23 8 1 ] ]
MR M8 2ME 2R 2043
12642 210 1200 45 10 1
16334 16334 16334 1634 1534 16394
s T2 4 oz 66 12 1
E07T 1307 07 507 13107 131072 131072
NG 0 0 0 0 0 0
2 1
321 0 0 0 0 0
4 4
1z 2
_g‘r = = 0 0 0 0
2 VR,
ko s 1 5 o 5
Toe= Y| 256 26 2% 256 zf%ﬁ -1
2.2
Y laenfz o om0 1 o 5
TMS 2MS 2MS AMe S
€382 M 2N ¥ W 1 5
163 168 18M 163 165 16
arefz o 265 450 M6 % 1
BI72 BI072 131072 131072 131072 131072 131072
wlo
t 1.1
t \{-'11:
Where A =] t? ) B = 1“{"'11.3
i; 1q-I-':l:l.-'r
FES k’“{"-_ll.a /
-\-IJII.E-

5.2 Powers in terms of second Chebyshev wavelets:
Similarly we will drive above the powers in terms of second Chebyshev wavelets, for
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k=2 again, we find 14 = 14 matrix of powers. T'he Tourteen basis functions are given By

[
kil

¥io=3
Wi = “___ (8t — 2)
w2, =22 (642 - 32t + 3)
v, = %(51&-
wi, = “—‘{409&4
Wis=
v =22
IF::,D —i;:
w2, = (Ee-6)
= 1‘: (64t?—
gf::.! =
Wy = ::.:
Wi = ir
'1”::.5 - I

—384¢7 + 80t

= 2{37?689 — 40960¢% + 18432¢% — 3584¢% + 280t — 6)

(262144 t% — 393216¢° + 225280¢% — 61440¢° + 8064t7 — 448t + 7)

¥{512 £¥ — 115247 + 848t — 204)

[37?6Eit —122880t% + 182272 ¢

\

[

—4)

(=]

;‘hwe 0=t=

4096¢% + 13442 — 160t + 5)

_/

96t +35)
1
where - <t <1

[4D96£‘4 12288t? +13632t7 — 662t + 1189}

—133632t%+ 48408t — 6930) ]

[7‘6?144r —1179648t% + 2191360t* — 2150400t% + 1175424¢% — 339264t + 40391)

In matrix form, the powers of £ can be rewritten as follows

oA

Iaa

L A
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T|,[.r=:
[ 1 0 0 0 0 0 0
l l 0 0 0 0 0
4 8
i i i 0 0 0 a0
£l £l £l
14 14 & 1
= 0 o |
= | 512 s1z 512 512 if 0=t<2
42 45 27 8 1 0
4096 4096 4096 4096 4096
14 165 a5 22 3 1
16384 22768 16384 16384 16384 22768
429 286 429 104 65 & 1
| 262144 131072 131072 131072 262144 131072 262144
and
[ 1 ] ] ] ] ] 0]
é l 0 0 ] ] ]
B B
E E l 0 ] ] ]
i i i
117 o5 a 1
sl = = = g 0 0 |
Ter=s=| 256 2% 2% 256 if 3 =t<1
1514 456 219 12 1 0
4096 204 4096 2045 4096
A998 FAE 1125 182 15 1
1658 32768 16384 16384 16384 52768
67181 Z70EE 21068 22E2 45 13 1
L 262144 151072 262144 151072 262144 131072 26214 |
1_1_]2
L {(\.I.lii;l}llll
r 1;1
t2 Wi,
Where A= tgl : B=| ¥,
EE Wi,
FB8 \\\P{'Ej
Fie

6. Application of Chebyshev Wavelets Spectral Method
In this section, the Operational matrices of first and second Chebyshev wavelets of

integration will be applied to solve equa&; 1 oA
A“« “‘L‘.‘.‘Y‘ 4 '\@ \ 52 ;‘( 4 laa
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The necessary condition for x(t) to extremize J(x) is that it should satisfy the Euler-
Lagrang equation [5].
8F 4 (oF
E'x (E'x) 0

with the given boundary conditions for all functlons
wla) = »(b)=4F
yala) =ay y.(b) =B,

Yala) = an  yu(b) =By
The spectral method has been applied to solve variational problems using operational
Chebyshev wavelets of integration.
Suppose, the variable ¥*(#) can be expressed approximately as

yit) = CTE, () ...(14)
Using equation (13), vi(£),.... ¥~1(z),y(t) can be represented as

yi) =cT L r&f’n,m{t}dt +y7H0) = CTP¥, ,(6) +y'710)

(&) = CTPE, ,(8) + ¥~ H(0)t~2 + y=2(0)¢i% + -+ 3(0)
Some examples are given to illustrate the method

Example (1)
Consider the following variational problem
1 o a

Min v[y] :fu(;f‘ —y?)dt ...(15)
with the boundary conditions

vi0) =0 () =1 ...(16)
the corsponding Fuler Lagrange equationis

y =-—y ~..(17)

sint
The exact solution for this problem is y(t) = pray with the boundary
sin

conditions (16). Two cases are considered to solve this problem :

Case (1): using first Chebyshev wavelets, ¥, = i,

CT¥L, + CTP,. %L, +y (0t +y(0) =0 ...(18)
CT(1+ P2 )%l +2=0 ...(19)
the variable (t)in (19)can be also expressed in terms of first Chebyshev
wavelets as: 11883952t =d"¥!,, ...(20)
rewrite equation ( 20) to be

CT(1+P2.)¥L, +dTEl,, =0 .21

forM =3 and k = 1 ,we obtain
d=[0.26329694  0.18617905 78989081 0.18617905 0]" ...(22)

o A (/h “% A s
J’"
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Trom equafmn ] T‘B'EJ WE OOLain Lhe J olloWing equations
&7 ! C > C. = —0.263296594
6a 10 2442 11 19242 12 = .
! =Cyp +—= 125 () ! C = —0.18617905
16y 10 T 12871 ag 12 -
1
_6%‘ Cio =0
z +fc -1 ¢, ———c,, = —0.78989081
4Cm 1,. :'511 2 ¥ 5,00 — 5, 50n 5502 =0
! 1 Cop + 125 C ! C = —0.18617905
8{501& 24_012 16v2 20 T 15 V21 T gg 22 =—-u
1_ Cao 127 Cay = 0
64-/2 128

Solving the above system to get the values of c7
= [-0.25649438 —0.17897880 0.00285620 —0.70668834 —0.13516132 0.00786936]7

Case (2): ¥, = H20

CT¥2, + CTPL¥., +y (0t +y(0) =0 ...(23)
CT(1+ P2 )¥2, +t=0 ...(24)
the variable (t)in (24)can be also expressed in terms of first Chebyshev
wavelets as: 1.18839511 ¢t =dT¥z,, ...(25)
re write equation ( 24)to be
CT(1+ P2 )¥2, +dT =0 ...(26)
forM =3 and k = 2 ,we obtain,
d = [0.18617905 0.093089524 0 055853715 0.093089524 0] ...(27)
from equation (26),we obtain the following equations
133 1 11
D5 1o — 33 C11 + 35 Cuz = —0.18617905
1 374 1
25 Co+ 350 +5¢ Cuz — — 0.093089524
%Cm + %‘712 =0
ir:m ;ﬂ Cpy + :14 Cpo + gcm i4 Coy + %cﬂ — —0.55853715
1 1 374 1
£ Co +35Co+t 35y Cnt gzl = — 0093089524
—C + 2205 =0

Solving the above system to get the values of €7
C =[-0.18281767 —0.08973405 0.00143199 —0.50453081 —0.067701046 0.00395194]7

L
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Table (1) numerical results of the above example.

AbsouteError
Flexact— 5.COf

0.00014910

0.00026519

0.00028244

0.00026626

0.00023090

0.00150405

0.00167923

0.00161280

0.00112368

0.00108030

0.00054097

0.003643625

| firstChebyshev | second Chebyshev | AbsouteError
exact solutign
warvelets wavelets lexact — F.C.1
0 -0.0007437 -0.0001491 0.00074377
0.11864154 0.17897880 0.11890673 0.06033726
0.23609766 0.23649435 0.23638010 0.00039669
0.35119477 0.35073789 0.35092851 0.00045687
0.46278285 0.46206441 0.46255195 0.00071843
0.56974637 0.57047392 0.57125042 0.00072755
0.67101835 0.67151678 0.67269758 0.00049833
0.76558515 0.76582819 0.76797951 0.00024304
0.85250247 0.85210270 0.85362615 0.00039976
0.93090187 0.93034029 0.93198217 0.00056158
1 1.00054097 1.002266022 0.00054097
0.06033726
0.003643625
Example (2)
Consider the following variational problem
_ 1r o .
Minv[y] = fu {;-‘ 2 +}-“}dt ...(28)
with the boundary conditions
y(0) =0 () =1 ...(29)
the corsponding Fuler Lagrange equationis
y'i=y ...(30)
(3 -t

gf— g
The exact solution for this problem is y(t) = PEp— with boundary

conditions (29).to solve this problem by using :
Case (1): ¥ =¥,

CTPL¥L, +7' (0t +y(0) —CT¥L,. =0 ...(31)
CT(P2. —1)¥L,, +085091812t =0 ...(32)
the variable (t)in (32)can be also expressed in terms of first Chebyshev

0.00000952

wavelets as: 0.85091812 ¢t = dT¥1,, ...(33)
re write equation ( 32)to be
CT(PI,[:I'- - 1:}wnj:m + drwnj:m =0 .-(34)
forM =3 and k =1 ,we obtain
d =[0.18852664  0.13330846 0 056557992 0.13330846 0]” ...(35)
from equation (4.49), we obtain the following equations
o1 . ! C. > C. = —0.18852664
64 10 2442 11 19242 12 = -\
! . 151 . ! L. = —0.13330848
1 125
Eml»—-,_"fclu " 128 12 =0
L el
A 4 AL‘I-A-L_‘Y‘ A N ; "\ Q‘( A ‘\A
d \@ / “ -
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e ——————
00— 50— 50—, Coo— 5, 5021~ 5,05 Cze = —0.56557662
! ! ! -2t L. = —0.13330846
842 10 24 12 1642 207 Jog 21 T gtz =~
1_ Ca0 _ 115 s =0
B2 128

Solving the above system to get the values of €7
C=[0.19347411 0.13856704 0.00212104 0.62980366 0.17393417 0.00690447]7
Case 2: ¥, =¥?I
CTPL 2, + ' (0)t + y(0) —CT¥Z, =0 ...(36)
CT(PZ.—1)¥2,, + 085091812t = 0 .37
the variable (t)in (37)can be also expressed in terms of first Chebyshev

wavelets as: 0.85091812 t = dT¥3Z ...(38)
rewrite equation ( 38)to be
CT(P2. —1)¥2, +dT¥2, =0 ...(39)
forM =3 and k = 2 ,we obtain
d = [0.13300846  0.06665423 0  0.39992525 0.06665423 01" ...(40)
from equation (39),we obtain the following equations
123C ! Ciq + 1 C. = —0.13300846
128 1% 241 " 384V o
! C. 394’!5' + ! C. = —0.06665423
32 1% 34871 T gg V o
1 3es
e C10 ~ 2ma C12 =0
1 3 1 123 1 11
< C1o— —Cpy +— Cip =1 Cap— — Cpy + —Cp = —0.39992525
L€y F 20— 220, +=Coy = —0.06665423
16 32 384 56
1 Ca 385 =0
128 384

Solving the above system to get the values of ¢*

C = [0.13576240 0.06911234 0.00105789 0.44114898 0.08670319 0.00343752]7
Table (2) numerical results of the above example.

exact solution firstChebyshew second Chebyshev| AbsouteError .iflbsm:tifgrg |
wavelets wavelets lexact — F.C.WF % T
0 0 0.00057584 0.00114883 0.00057548 0.00114883
0.1 0.08523370 0.08469184 0.08505153 0.00541863 0.00018217
0.2 0.17132045 0.17097404 0.17111507 0.00034641 0.00020538
0.3 0.25912184 0.29422446 0.25933944 0.03510262 0.00021760
0.4 034951660 0.35003704 0.34972464 0.00052044 0.00020804
0.5 0.44340944 0.44281784 0.44276674 0.00059160 0.00064270
0.6 0.54174007 0.54103704 0.54035565 0.00070303 0.00138443
0.7 0.64549262 0.64500906 0.64402083 0.00048356 0.00147179
0.8 0.75570548 0.75603258 0.75470746 0.00032710 0.00099850
0.9 0.87348169 0.87410757 0.87241554 0.00062588 0.00106615
1 1 0.99923405 N 0.,99714506 0.00076595 0.00285494
g ©
ia L A QE A e
”

G
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0.03510262 0.00285424
0.00123537 0.00001028
Example (3)
Consider the following variational problem
1r o .
Minv[y] = [, (v?2 —y? —2ty)dt ...(41)
with the boundary conditions
y(0) =1 (1) =2 ...(42)
the corsponding Euler Lagrange equationis
y ty=—t ...(43)

3—rcosl
The exact solution for this problem is y(t) = cos tw sint —t

Casel: ¥, =¥l

CTPL WL, +y (0t +y(0) —CT¥L, =0 ...(44)
CT(P2. —1)¥L,, + 085091812t = 0 ...(45)
the variable (t)in (45)can be also expressed in terms of first Chebyshev
wavelets as: 0.85091812 t = d ¥}, ...(46)
rewrite equation ( 45)to be
CT(P2. —1)¥1,, +dT¥l, =0 ...(47)
for M=4 and k=1,we obtain
d =[1.33857791 0.45794418 0 0 0.829119514 0.45794418 0 0] ...(48)
from equation (45), we obtain the following equations
3 1 1 1
— ;- =P — Ty — — .+ = —1.33857791
64 1 242 7 1642 ° a8z 1
! [ 3 c 1C ! Ca+C,=—0457944183
1642 - 128 % 48 F 128 * "' 7
! [ 1 C+05=10
643 17 ggt2 3=
! [ 1 Co+Ca=10
834 * 384 * "%
1C 1!:' 1 C ! C +5?C 1C > C ! L= —0.829119514
4t 1277 g2 % 2442 F 64 24 ° 19277 48z °
1 C 1 Cq+ ! C 125(: 1£' 1 - = —045794418
8yZ & 24 ° 1gy2 ° 128 ° 487 128 °
1 1
- —C;+ =0
NG 5~ 1287 7
1

1
ﬁfe—ﬁfg+fg=ﬂ

Solving the above system to get the values of €7
€ =[-1.47551694 — 040180073 0.01647392 0.00104909 — 2.38658711
—0.59450459 0.03758405 0.00155223]
Case (2): ¥,pn = ¥2,,
CTPL¥E, +y (0)t+y(0) —CT¥Z, =0 ...(49)

@& [2
A 4 AL‘I-A-L_‘Y‘ A "g \ Q‘( A ‘\A
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warelets as:

d = [1.08460125
from equation (52),we obtain the following equations

5

128 *

1

_Cl__

32

[ P‘ o+ 1 ‘f’;m+1923ﬂ92?ﬂt+1—
the variable (t)in (SG]can be also expressed in terms of fur"st Chebyshev

192309270 t + 1t = dTW2,,
rewrite equation ( 51)to be
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forM =4 and k = 2 ,we obtain
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Solving the above system to get the values of c7

C

=[-1.05210142 —0.20142181 0.00825178 0.00052522 —1.695137701 —0.11141788

0.22897207 0

Ce

172

0]7...(53)

~.(50)

(51

..(52)

= —1.08460 125

= —0.22897208

=0

=10
1 7
267 " 32 Ce

= —2.00048969

= —0.22897207

=0
=10

Table (3) numerical results of the above example.

000157978 0.00029053]7

1st- 1st- 2nd- 1st- 2nd-
Chebyshev Chebyshev Chebyshev Chebyshev Chebyshev
Polynomials wavelets wavelets wavelets wavelets
M=6 M=3 M=3 M=4 M=4
0 1 1 0.99832938 | 0.99165117 0.99914691 0.99991427
0.1 | 1.18682650 1.19000000 1.18836458 | 1.18746056 1.18602769 1.18684660
0.2 | 1.36079545 1.36266667 1.36161154 | 1.36143651 1.35994092 1.36078608
0.3 | 1.51916945 1.51699999 151807025 | 1.51857901 | 1.518315183 | 1.51915797
0.4 | 1.65936691 1.65199999 1.65774071 | 1.65888805 1.65857905 1.65938755
0.5 | 1.77898785 1.76666666 1.78062292 | 1.78236365 1.77816108 1.77890082
0.6 | 1.87583791 1.85999999 1.87315222 | 1.86162549 1.87588680 1.87582796
0.7 | 1.94795021 1.93099999 1.93676639 | 1.93318897 1.94796871 1.94793439
0.8 | 1.99360306 1.97866666 1.98134699 | 1.97769611 1.99366865 1.99362610
0.9 | 2.01134714 200199999 2.01340751 | 1.99514690 2.01138196 2.01137887
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2.01340751 | 1.98554136 | 2.00000001 | 2.00000001
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aple

AbsouteError]
lexact — C.P|

0

the error Tor the

AbsouteErro
|exact — F.C.
M=3

0.00167062

Irst and secon

AbsouteBrror
lexact—F.C.
W

0.00008531

ebyshev wavelets.

AbsouteErro
V |exact — 5. C.
M=3

0.00834883

r AbsouteErro
Wéxact — 5. C.
M=4

0.00000857

0.0031735

0.00153808

0.00007988

0.00063406

0.00000200

0.00187122

0.00081609

0.00008545

0.00064106

0.00000094

0.00216946

0.0010992

0.00008543

0.00059044

0.00000116

0.00736692

0.0016262

0.00007879

0.00047886

0.00000206

0.01232119

0.00163507

0.00008268

0.00337585

0.00000878

0.01583801

0.00268569

0.00004889

0.01421242

0.00000090

0.01695022

0.01118382

0.00001850

0.01476124

0.00000158

0.01493840

0.01225807

0.00006359

0.01590895

0.00000210

0.00934715

0.00445311

0.00003482

0.01620024

0.00000317

0

0.01340751

0.00000001

0.01445864

0.00000001

0.01695022

0.01340751

0.00008543

0.01620024

0.00000857

0.00010730

0.00034423

0.00000004

0.00122704

0.00000000

7. Conclusion

The first and second Chebyshev wavelets operational matrices of integrations with the aid
of spectral method are applied to solve variational problems. The wavelets technique allows
the creation of very fast algorithms when companed to the algorithms ordinarily used
(Chebyshev Polynomials).

Numerical results with comparisions aregiven to confirm the reliability of the proposed
method for solving variational problem.
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