- Numerical Analysis

A (double integration) @ee@ mechanical CUbature )

RUNRURI(C R b ¥4 mechanical quadrature, W’ o %%_T;—“ |
Pt et vt @, AECIRE@E i P

VAR 2l T W7 (a le) TCA ACF |
pproximale
4R 3T ZCTE @, (I T f(x) @ [a; b) TS AATCLTT F00 e

b : e
ff(x) ffa sars SdT fx) P .a-q-rf%‘ interpOIating polynomial.g

a . ; . -
TR e 7| Wi} o ¥y interpolating polynomial formuyl,
IR My ({7 integration formula ofleql T | Q4T g
Newton's forward difference interpolation formula W I

'ﬁ%mﬁwmiﬁmewaﬁmmﬁaaﬁTW' -

-§Derwe a general quadrature formula for

Wiidistant ordinates [W@ﬁ? o2/ ‘ﬂaﬂ? AR FNe9T 79
a‘FéTW/]

Or, Denve general mtegrat:on formula to compute If (x)dx ,

J.f(x)dx e 7 & mrw mw??aw 34 9 ¥71] [NUH '01]

Solutlon Let us consider an 1ntegral

I= If(x)dx Where f(x) be ngen for certam equldlstant values of
a : o ‘

X, 83y Xp = a, xl—a+h x2=a‘+2h ,xn a+nh bandtheentnes

corresponding to the arguments are yp, yl Yo, euu, ¥n Tespectively [L

e. the interval [a, b] be dmded into n equal submtervals such that

a=xp<x=a+h<x=a+2h<... <X,=a+nh=h
Hence the integral becomes Xn_ Dh=b.].

Xn - ' ' i A8 | 2
1= [foodx ()
Ak T s
We have, Newton's forward lnterpolation formu]a is

-1 .
f(x) = Yo + UAYq +*-~—§-( BT ) A%y, +E(u 1) (u -~ 2)

X - Xg "
) whereu—-E““ ' lﬁX=x0+‘uh,
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Numerical Intérgration 265
B ) x | xo] %Xn
-~ dx=hdu, Limits: [ 5 ”
So from (1) we get, »
n ufu-1) uu-1)u-2 ,
1= J‘ [YO + udyp + o1 A2y + 3!( ) ASyg + :\ hdu
A | ‘
n ! 2 I |
| u? -u - 3u? +2u
. 2 3
-n [y°+u_»Ay0+. 2 Ayo.*"l...sr L Yok ]du‘
;X | N o
\ " n? A - (m® n2\A%yo mt %Yo
= n + + - + ..
)| Yo+ 550 (3. 2 2!"*-(.4_ n “) 3l

e e ' ;..upto n+1) terms] '

- This. formula 'is known as genral quadrature formula for
equidistant ordinates. ;
a

[This is-the integration formula to’compute J' f(x)dx |

-—

. duce the Trapezmdal rule for thenumencal integration.
/me%mﬁmwmﬁfﬁww:ﬁmwd 26DY
~ Solution :'We have the general quadrature formula is
Jf(x)dx:h ny0§+ 5 Ayg + (3 -5 o +(4v—‘n +n) 31
> ISR SR upto (n + 1) terms]
Putting n= 1 and neglectlng the second and hlgher order

differences, we get »

X) : 1 )
J' f(x)dx =h|:yg,;1-';§ AYO] [YO 3 (Y1 .)] (yo' i)

X0

. _ sty
For the next 1ntewel [xl, x2] we get J‘f(x)dx- Y1 +ya)

| X l

t'

When n = 1, we get only two values yg and y, corresponding to Xo and x,. For this
we can find the differences upto first order only.

g
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266 'Numerical Analy S8,

"y :
} h "
Similary, " J‘f(x)d =5 ya + yy)

- v =
-
——————————————

If(x)dt—z ¥ 1+ynl

Xn e 3 |
Adding these n integrals we obtain (0, Dl ekl

& .[f(‘)dx [yo+2(Y1 +Yy2 * +yn 1) Jriﬂ]

Ao jcal integration.

| /_
which is known as the trapezoidal rule for the numer

Note : Wﬂf@nmmmﬁrm&sﬁrmﬁm'
1= ff(X)deWﬁWWWnWQWWWhW

amﬁmﬁaﬁﬁﬂiﬂmwmqm: 1 -
YA x=f f\
Yol y2:“ys‘§yn=-1§ Yn
| : ‘ 'ﬁ
—“h‘-f- H.‘: | »
o} .‘XO x‘l Xo x; Xn.;l' xn.-‘\hx
oy A Ty = flx) @W@m (0. Yol (X1, Y1) (s Vo) ovenivveer (i

yn)ﬁﬁwmﬁﬁm‘iﬁwwm‘{@W@ cirantﬂxl Xo +
h, % = X, +h3@nﬁmm@inﬁﬁemm~amﬁ mwaﬁimlmml

T 3 1, = J'f(x)dx-hl—-—y‘w wmﬁ%mammw’irr

A, mﬁwm’mﬁiﬁ%mmﬂmmwﬁmmwmﬁcﬁﬂ
ml : A :
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N Numerical Intergration 267
@/ Derive Simpson's one-third rule for the numerical
| 1 ,
integration. PIRRYF IS c s , 74 29 77 )

Solution : We have the general quadrature formula is
T n’ n® A%y, n* A%
— —_n3 2 >
If(x)d‘ h[“}’o+ Ay0+(3 . 2) o (4 n +n)_3‘!.
Xo . ‘
| R PR upto (n - 1) terms.]
Putting n = 2 and neglecting the third and higher order
differences, we get- |
Tf( ) 2 28 & e (g, 280 L1 |
=h + — |—
¥dx =h 250 +75 Y +(3 2 ) 21

Xo

T | 21 -
=hL2y0 +2 (yl - Yo) +§5 (y2 — 2y1-+ yo):l 2 ]
=3 lyo +4y1 +¥2]
For the next interval [z, Xq]. 'We get

j f(x)dx = brz + 4y, +y4l

Xg '

Slmllary. J.f(x)dx = [)’4 +4ys +Y6]

— - o e e Em i e = e Em a oaw o = e e -

T R R T B i i

Xn h
J.f(X)dX:g b’n-‘-2 +_4yn_—1 +yn] :

‘ Xn-2 -
Adding all these integrals, we obtain

If(x)dx = IYO + 4 (y1 + y3 s S TN

X0

+2(y2 +¥a +Yn-2) + ¥nl

—

"In this case, the interval of Intcgratlon s x, to X,. So there are only three
functional values y,, y,. ¥ in this interval. For this we may get the differences
“Pto second order only. : ‘ ‘
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268 Numerical Anal}’Sis
P - i
which is known as the Simpson's xulc (or Slmply SlmPSOn

tule) for the numerical integration.
Note : sigreeirs 3 vjaft Hiferenes ua s | R 2l A g,
QI cvtem cvaws Ry @941 g1 | @0 8

Xq l ‘
! i ff(_x)dx =“§ lyo + 4y; + yo] &I A5 1215 GIAREN (FEd Crge,
Xg . .
yfoe T
b
TOTR ™2es (T ff(x)dx:‘im Hfow T CFAE (G A HAg

@ﬂmafwﬁ—vwmmwﬁ@mmﬂm (O A7z
STt Si7 <591 QAT |

ﬂm Derive Simpson’s three-eight rule for numerical

mtegratwn (el mv@%wzfﬁ T ﬁiwm 5 &fSst 77 1]

Solution : We have the general quadrature formula is

P - '

n n2 _n3. n2 A2YQ n4 - ASYO

jf(x)dx:hl:nyo+ 5 Ay, +(3 2 ) or - +(z—n3 +n2) 3
F mwvaaps scens bone upto (n - 1) terms]

Putting n = 3 and neglecting the 3rd and hlgher order
differences, we get,

| 32 33 3242 4
ff(X)dx=h[3yo+;Ayo+(g 5*2?—){3 —33+32) 3y°]
4 2 2 ) (4 | |

=h(3 22 ¢ 2 |
= y°+2.b’h{_YO)+:}W2"2Y1+yo)

3 "

_sh
o [Yo+3y1+3y; +y,]
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| + Numerical Intergr‘atloh 269
For the next interval [x;, xg), we get

o ! 3h .
If(x)dx =_é_ [ys + 3y, + 3ys + yel

X3

i Xg » 31‘1 P !
Similary, jf(x)dx =g W+ 3y7 +3¥8 + Yol
Xg Sit et

- e e e s e e e m oEm Em E ew owr w  m - = =-

X

o h :
' J'f(x)dx=§[Yn—3+3}'n-2 +3Yn-1 * ¥l
* Xn-3

Adding all these integgalé.’

we obtain

]J‘f(x)dx? =— [yo +3y; +¥2 +Ya + Y5+ derene +Vn-2 +¥n-1)
|x0 - ’ , p

\/\ +2 (Y3 + Y6 +Yo + -errr * Yn-3) + ¥nl
. This formula is known as Simpson‘s_g rule..

Note QWWWWW?@WW@ e AT
mﬁaﬂww.nmm@jwﬁmmm%ﬁﬁﬁ?w

Breferars cwega 2ou o9 = |
4.11 Deduce the Weddle's rule for numerical integration.

[fefAE T S GTAGCT (A AR 79 ]
Solution : We have the general quadrature formula is

Xn | " n2 E?_ r_ﬁ A2y0 n_4 . , Aayo
If(x)dx:h nyo-’rEAyo+(-3 —,2) o1 +(4—n +r;) 31
X0 = : .

+ aoddan . Laupta (0~ L) terms.]

Putting n = 6 and neglecting the differences of orders higher

than six, we obtain
X6

, ' 123
J.f(x)dx =h [6y0 + 18AYO + 27A2Y0 + 24A3yO +-1_0_ A‘tyo

%o
_&AS +~.i4__1....AG y ]
*lo Yot g0
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Numerical Intergration 273

e

* 3 % ’ | 1
(i) Simpson's _ rule with 8 strips. [8 SI01 K5 %74 (i) P, 7

" Solution : Divide the range of integration Otol into 8 equal parts,

1-0 1
eac:hofvmthh———8 -—0125 Thevaluwofﬂx)— +x2ateach i
point of sub- division are given below : :

X 0 0.125 | 0.250 | 0.375 | 0.500 | 0.625 [ 0.750 | 0.875 1
(X)’= Yoo f¥i= i |%a ={va= ' |y,=08]ys= |ygt: |yz= _ l'yg=05
1 .=°1 0.1984615 os%mrs o%oues e - 0710101 | 064 . | obessrz |8

o1 |
(i) By Simpson's 3 rule, we get
) : t R + ' b e . ‘
h LN ‘
jf(x)dx=§ o +4 (1 +¥s +Yg+yzr) +2 2 +Ya +Ye) + sl
0 s :

='—1§—5 [1 +4 x 3.174554 + 2 x 2.381176 +0.5]
= 0.790024 BRI

3 .
(ii) By Simpson's 8 rule, we get

1 :
T |
[reodX =" ro+ 861 +¥2 +ya +¥s +¥7) +2 (3 +¥o) +¥al, |

=§—598—12§[1+3x4011264+2x1544466+051

=0.779190

1 & )

10 . -
l 4.13-3 | Calculate J'——d—’f— , (upto four places of deciina[) by

dividing the range into eight equal parts, using Simpsoa's rule
and Trapezoidal rule. Henoeidentm;betweentwowhichbm
Uccurate. (7 T TSI @ R, ﬁwwmawwﬂﬁnnw'

'NUMERICAL ANALYSIS—18

[
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274_ ' | Numcrical AnalySIS 1/

mmwﬁamw@mﬁ‘fvﬂ’w’ﬁﬁ’am

10
IR j dx
‘ 1+x
Ne4T G S side ot e 79 1] | >
jvide the. r‘angeof integration into

Solution : Here we are to d
eight equal parts. So we get the width of each p

02
== =L
- Now we compute the values of the function y = for each
point of sub-division, which are given below : uht sl
x > 13 [a [5 6 |7 |8 19 110
T e e e e e i -1
Y-:.l +x13 12 |5 6 rl7-+|8-"la - 10 11
Vo |¥1 |y2 Vs |va 1¥s -1¥e Y7 LYei -
By Simpson's rule, we get [ -
wdx .h ‘ 4 _
I == lyo+4(y1 + V3 +Ys +¥7) + 22 +Ya + Ye) + Vsl
5 1+X 3 : ‘ ¥
'1[1 . 7, 143 '_1_]' |
“3l3" " 120" ><315
;27019: R SRR L
20790 |
: - 1.2996152 - ,
',r'ByTrapezoida}rule we get WG e OEGU R
10 dx '
-[l+ IYo +Y8+2W1+Y2+Y3 +Ya +y5+y6+y7)]
1[14_ ) 2761:|
“2l337 2520
~ 1.307756133 '
'Exact result :
1o W
fJ‘1+x = [In(+ )]}’ = 113 = 1.209282084 ¢

b “‘We"see that' both results are approximatcly accourate And
{Wecn two sirnpson s rule ls more accurate ln this case

TR

1 '*i.':" y
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/ Numerical In tergration 275
‘.“‘) / / ] '

. Evaluate f T x2 by using (a) Trapezoidal rule (b)

nmpson’s two rules (c) Weddle's rule.
Ede)ﬁmew(c) STHGCTTA [ IR FA

6
f,i‘b_‘._ mmﬁﬁwﬂ
]+ x2

Solution : Divide the range of integration into six equal parts

6-0
achofmdthh —-“6—= 1.
The values of y =112 for each .poi'ri{ofv sub-division are given

oD A5G A

;elow . : _ 3

X, 01' 3 1‘ ’F2 i} .3’ g 4 o 5 s W 6
" 1 11 o5 |02 |0.1 |0.0588235] 0.0384615 | 0.0270270
Ty e | wwrbeiadne « b - |

1Yol vy | Volys Y4 ~¥s | Vs
(a) By Trapezoidal rule we get .
6 S

B |
fyd?( =§' [yo +¥s V+42’.(YI‘5'W*-.'.YZ t Y3tV '*'YS”
: 1 al ) - I3 ‘ SRS
= [1.027027 + 21 0.897285]
= 1.4107985
l ‘ ‘¥

(b) By Simpson's 3 rule we get

- s h s 4 " .‘ for ’ e . bR 1. ." . ~ 1 | | |
Iydx =3 yo-+ Y6 + 4.1 +ya'+¥s) + 224yl .
0 oydbniad L 12 : s SIS

=5 [1.027027 + 2.5538462 + 0.517647] _

= 1 3661734
gl ¥
By Simpson Sg rulc we get

J'ydx_ .LVO"'YG +3(y1 +yQ‘+Y4‘+Y5)+2y3]‘
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276 Numerical Analysis

o

= [1 027027 + 2.391855 + 0.2]

= l 3570808
(c) By Weddle's rule we get
6

[ron =L iyo+5tp1+ v+ bz +30) + B0 F30
) t

.=§_ [1 +2.6923075 + 0.2588235 + 0.6 + 0.27027] |

= 1 3734474

4.135 Calculate an approximate value of Ix dx by takin,
=3

Trapezbtdal rule (y

seven equidistant ordintes, usmg the (a)

S:mpsong rule(c) Slmpsons rule (d) Weddles rule. Compare |

with the exact value. ﬂa)ﬁf‘W Wlb) ﬁ"fm 74 () e

3
“’ZJ(d) emwmmxmm—ﬁ'ﬂmwﬁw [xtax @
-3
-Wmﬁﬁw;mmmmw:]
Solution : We divide the interv‘al of integration — 3 to 3ini
3-(=3)

six equal parts each of wnith h=- 6

= 1 (Wthh gives us seve

equtdlstant ordinates).
The values of the function at each point of :sub-division ara-

given below : t
X -3 | -2 |.—1 0. 1 2 3 X
, ‘ Yo Y1 , Y2 y:3 | Ya . Vs Ve |
(a) By Trapezoidal rule, we have =~ =~ = . 1
3 | ‘
h ' i t,
, fydx="2—[Yo+2W1+Yz+y3 +Y4 +¥5) +yg) 7
-3 : : . S8 TR [
1 ' ]
=2[81+2):(344.'81.] ) ‘ | 1
=115 '
N R e ~
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Nume;_ri‘ca,], Intergration |

. . (b) By Simpson's érule,_ we have =

| ;jydxl=3 o +4 () +ys +y5)+2w2 +y4')-+ysl

[81+4 ><32+2x2+81] 3
.. _98 £

- (c) By Simpsons rule, We have

= .
‘ IY dx ="~ [Vo +3G’1 +Yya2 +Yy +Y5) +2Y3 +Y6]

=--,r81 +3x34'+2>_<0+-.8_1!,1'. .'
-99 ik |

‘(d) By Weddle S rule, we have

3

=T6[81,+5x32+2+6>'<0+:81];
=972 e

.Theetactvahte N i |
jydx I“dx—[?s =972

3h . Nt v
fy dx=""[y0 +5 o +¥s) + (2 +ya) +6ys +yel

I |

277

In thlS éase we; observe that the Trapezoidal rule does not give

|

|
!

|
7

\
l
|
|
!
!

4.136

1-9587usmgf——

1«95871

b ; ) L Fa i PR i

gan accurate result. In general simpson's rules give better results
than the Trapezoidal rule. And Weddle s rule gives us the correct
result of m intregration

Use Sim,pson’s rule to prwe that loge7 is appmxunately

/J‘Qgc_ @Wmﬁmmmmmmm log.7 97 W W7
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Numerical Intcr[,ration 279
e ] = et o = 5350815008 ~ 53.60

Hence a qmall err or has cstimdted

4.138 | Evaluate _[0 (e + 2x)dx by S:mpson's :; rule and '
Wweddle's rule and comment on the results |

{Wm T @3¢ @WTWWI (" +2x)dx «ﬂam

ﬁ"ﬁzww\ IR G NGT-F /] -
- Solution : Divide the range of 1ntegrat10n 0.1 to 0.7 mto 6

equal parts, each of width h = 0.1. The values of y = (e" + 2x) at each

point of sub-division are given below : . ,

i 0 1 2 |3 | a5 6"

X = X; 0.1 02 _ 03 | 04 . 0.5 0.6 0.7

y =y, | 1305171 | 1ez0s | 1949859 | 2291835 | 2648721 | acezie | 3413753

By Simpson's 3 rule we have

0.7 ' h - U
[ (¥ +2x)0x =3 o +4 61 +Ya4¥) # 2 02, Ya) + Y6l
0.1 ' , CLoh : _
= — [}.30517 1 +4%6.935347 +2 X 4.59858 + 3.413753}
1 3885824 L | |
By Weddle's rule we have
3h
f (C +2X)dX"— [yo + 5 671 +Y5) + ()’2 +Y4) + GY3 +Y6]

BT Y s L T RV

' 3><0 ; _
ol S\ DYRVRS IRIE /) [46 286064] ,t,_';,\-;;‘ :
e =, B8G58192- . MLt diiee ot
Actiial value : I-l(e +2x)dx = [ex*x2101—1 38858189
PRI ST '

Thus we can cofnment on thc result that the both 1esults are
very. ,ncar to the. actual value and Weddles rule yields more

Nt AW ! ! |
B ’ N — |

accurate result than the Simpson,s rule TorTaE

]
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Numerical Intergration 281

1
By Simpson's 5 rule we have

Y TR I « TN
[T e ax =5 B0 +ya + 4 01 +Ya) + 292l

P
-

(n/8) . '
-*“‘3 (1+2.7182818 +4 (1.4662138 + 2.5190442) +2x2.028115]

=3.1043565 -
"2 sinx ' ‘
Thus Io e®™dx = 3.104357 (approx.)

‘—;-—‘ . 5.2 J
41311 Calculate the value of L Inx dx by (i) Trapeziodal

: 1.t e a8
rule, (ii) Stmpspn's 5 rule (iii) Simpson’s ‘é rule, (iv) Weddle's rule.

Solution : Dividing the whole range of - integration 4 to 5.2
into six equal parts, we get the width h =0.2. The 'values of y = Inx

at each point of sub-division are given below.:

X 4 42 44 46 48 50 52
y = Inx 1396204 | 1.436085 | 1461605 1.526056 1568616 - | - - 1.609438 1.648659
Yo Yag e Ya . Y3 Ya- Ys Ye

(i) By Trapézoid&l rule, we have

‘aB2 v -h- A
j de 2W0+2W1+Y2+Y3+Y4+Y5)+Y61

5.2 o
- j -——[1 386294+2x7620742+ 1 648659]

-1 8276437 |

1 R
(i) By $impS°n§ gFule. we have

.t'

52 - ' |
' j > lnxdx— [yo +4(311 +Y3 +Y¥s) +2(y2 +¥s) +¥el. |

0

rua [1 386294+4 ><4570579 +2 X 3 050221 + 1 648659]
A e ’a S L WPtel .
-18278474 S

(! ) N

5 3
(iii) By Simpson 8g! rule. we have

l (1 £k ety 3
M) { : . R :‘, N

a"‘
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R “Numerical Analysis'

5.2 3h el
L mx dx= g— [yo +3(y, ¥ya +y3 +¥s) + 2y3 +Ye

= -J"*Bg'g |1.386294 +3 % 6,094744 + 2 % 1.526056 + 1.648659]

= 1.8278473
(iv) By Weddle's rule, we have |
5.2 3h
4 lnxdx-_—~—— yo + 5y, +Y5) +Y2 +Y4 + 6y3 + Y6l
3 0.2 |
TO ~ [1.386294 + 5 x 3.044523 + 6 x 1. 526056 + 4.69888|

= 1.8278475 .
The actual value of the integrand is

5.2 - : - 5.2 ¢ i
Inx dx= [xInx - x ], = 1.827847409

4

Hence the errors are :
due to Trapezoidal rule : 0.000203708

due to Simpson's ; lrule’ + 0.000000009
due to Simpson S = rule 0.000000109
due to Weddle s rule ~0. 0000000091

4.13-12 | Evaluate the value of the integral

14 - o 1
f 2(simc - Inx + e*)dx, by (a) Trapezoidal rule (b) Simpson's‘:}
0.2 - , s T ,
8 rule (d) Weddle's rule. After Jinding the true
value of the mtegral compare the errors in all cases.

[[a)ﬁTF’IWﬁW(b)ﬁW? ﬁwzr(c)ﬁwim ﬁw:v(d) GG

ATT-a _[ (sinx - Inx ¥ €’ )deWWﬁ‘ﬁWiiﬁ?W
mwﬁ#m WWE‘WWWW:]
~ Solution : Divide the range of the iniegi ation 0. 2 to 1.4 into 12

1.4 - 0. 2
equal parts each of width h =, 12

function at each point of subdivision arc given below

rule (c) Simpson's

= O 1 The values of the

Scanned by CamScanner



Numerical Intergration . 283
05 06 |o.

w
=
o
=)
w

0.

>
~N

08 |og |10 K

(M)
e
[
—
s

.y
-

2.79753
2.82130
2.89759
3.01464
3.34829 -
3.55975
3.80007
4.06984
4.37050

- 4.70418

3.02950
- 3.16604

'y=sinx-1nx+e 35

Yol ¥i Y2 |ys [ye Tys [ve | Y2 |8 Yo ) Yo | Yu f¥i2 ).
: (a) By Trapezoidal rule, we get ' |

h
J.ydx = [yo +2(y1+y2 +y3 ..... + Y10+ Y11 + Y2l

= 4.056 17

(b) By Simpson'" s rule we get

3 - »
1.4 ‘ v L
ydx Lvo +4(Y1+y3 +y5+y7+y9 +yn)+2brz +y4 +Y6

+Y8 + Ylo) + le]

'=405106 '
(c) By Simpsonssrule, wé gét- A | \
1.4 - 3h
de H— [yo+3m +y2 +y4 +y5 +Y7+Y8+Y10+y11)+ |

2673 + Ve +Y9) + Y12]
=4.05116 AT RN
(d) By Weddle s rule, we get

J- [)’0+Y2+Y8+Y10+Y12+5) [Yl +Y5 +y7 +¥y11)

+6(V3 +Yo) +2y6] I, g
(£ AGHdE T 0 T )

‘Theactlmlvaluej (sinx lmHe)dx

‘Hence the errors are.i - i s a it
due to 'Irapezoidal ruel - O 00522 _
due to Simpson s 37 rule - 0 00011 gk SO

v
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284 Numerical Analysis

3
due to Simpson's a rule : - 0.00021

due to Weddle's rule : - 0.00003
Thus we observe that Weddles rule gives more accurate regy

than other rules.

4.1313| Using any method of integr ation, find the value of
o ~ l 2
‘ ’ -X
joe-*’dx./?ﬁwmam@ﬁwﬁmmjoe dx 97 7 fey

71
Solution : Divide the range of integratlon into 10 equal parts,

each of width h = 0.1
The tabulated values of y = t;"‘z for different ordinates are

given below :

X o |o1 |o2 |o3 |04 |O5 |06 |07 |08 |09 |1

\ o - ' n |9 |lw| o

X B33 |2 |88 |e|8|o|®

Lol glglel8 el |S|5E|E

b —i

i Slal|la|o |S[B[(o|v|x|o

Ny ol || |o|lo | |©e@ |Oo|©OC
Yo Y1 |¥2 |¥3 |Ya [¥5 |¥Ye |Y7 [Ys [Yo [Yi0

Using Simpson's one-thlrd rule. we get
1

h
J‘ﬁ-x dx=2 2 Vo+Yio+4 +Y3+Y5+y-,+y9] +2 (yza-y4+y6+y3]]

s , A
| —"[l +036788+4x374026+2x303791]
= 0 746824666 |

. The value of the given integral is 0 74682 (approx)

] ﬂ/2 '«
41314 Evalute I l-—sin xdxupmfmdemma,pla”

VL

Solution : Divide the range of integrauc.n 0 to L into 10 eaual

parts; eachofwidth h:ELz—fs=_’L {0 .
10+ 20" SR £ REETS IF I3
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Numerical Intergration 285

The values of the function y = ,/1~ 1 6in3x at each point of sub-
f X
division are given below :

X N R =T < T O T O O
DIV |D|20|20|20]|20|20]2
Ql ~lw|lo| ]| <+l o ol
RV | @ ~ 0| N
h-laes T B 21 % @ ) 2l 8 3 Ll 3
y=yl-Z5mx ol NS I8 3l @
- Al ele|la|lo|o|x| @ X
©l ol S|c|c|c|d|c]| o|©°
- Yo Y1 |Y2 |Ya fve [vs [¥e |¥7 | Vs |Yo.|Yr0
By Simpson's rule we get '
on/2 }_1 : g .
Jo ydx=3W°+4(V1+Y3+Y5+Y7+YQ)+2(Y2+Y4'+Y6+Y3)+Y10]
3 20[186»6025+4f><4671075+2><3738063]
= 1.467461543
: n/2 1 ,
. Thus I \j 1- —sin®’x dx = 1.467462 approximately.
0 X ' |
4.13-15 Eualuﬁe.‘[\/sin-x+cosxdxcon'ecttot}treedecimalplaces

, . 2% e ;
using seven ordinates‘by (a) TYapezoidaI rule (b) Simpson's 3 rule
(c) s;mpsons rule (d) Weddle's rule

Solution : To use seven ordinates we are to dlvide the range of
1-0 1
6 6
Let y = m Now we compute the values of y for

integration O to 1 into six equal parts, each of width h =

different values of x as follows :

y= Calculation for | Simpson's - Slmpson s | Weddle's
: Trapezoidal rule | 1/3 rule 3/8 rule rule
: Jsinx +cosx :
0 | 1.000 | Y= 1.000 ¥o= 1,000 Yo= 1.000 |y, = 1.000
1|1.073 y =2.146 |4y, = a, 292 3y,=3.219 | 5y, = 5.365
6 ' i '. 11:; ¥4 & A . '
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nas Numerical Analysis - .
1 11.128 2y, = 2266 |2y = 2250 | = 3.384 |y, =1.128
3 . :
111.165 2y,=233 |4y, =466 | H3=253 6y, = 6.99
2.11.185 2y, = 2.37 2y, = 2.37 3y,=3.555 | y,=1.185
51 | .
5 [1.189 dy,=2.378 | 4ys=4.756 | 3y5=3567 | 55 =5.945
. 6 e . | ]
1 |1.175 1y,=1.175 ye=1.175 yo=1.175 | Yo =1.175
' 13.655 20.509 18.23 22.788
(a) By Trapezmdal rule we get
foydx W0+2Y1+ZY2+23’3+2‘Y4+2Y5+Y6]
LieL 13.655=1.1375 = 1. 138
=5 %6 =
B )
(b) By Simpson's ; rule, we get s
1
ondx h[Yo+4YI+ZY2+4Y3+2Y4+4Y5+Y5]
 Inmicd seqy. ol
5xgx20509
=1613938889 2w anir it i ud et
= 1.139 - |
3 AR R
(c) By Simpson S 8" rule, we get
¢ - £is S i gy
f ydx— —hLvo +3y; +3Y2+2Y3+3y4+3y5+y6]
g U - P | . .
& g ‘gxax 1823 RO
o' = b 139375 | o R
(d) ByWeddlesrule weget i 'f, SRR &
pf o " ' : o
3 | \
I yclx--1 h[yo+5y1+y2+6y3+y4+5y5+y6] )
s
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Numerical Intergl ation 287
" 37 _
=106 X 22.788
. =1.1394
= 1.139
_ ' | 0.7
|4.13-15 Find the value of the integration I 1”e'f‘dx

0.5

approximateyy by using a smtable formula and at least five

points. fmﬁﬁwf‘wwwwwwvfmﬁﬁ?ﬁw

0.7
f x'/%e” iﬁ‘aﬂwﬁvmwﬁ‘ﬁrwd
05
Solution We divide the range into four equal parts, hence we
0 7-0.5 b e
gat 4. ' o N 3 YT . VA .8
The values of'y = x” 2 e'x for each point of sub-division" are
given by _ ol ATS
. X 0.5 0.55 0.60 .. 0.65 0.7.
y=x1/2 %] 0.428882 | 0.427877.| 0.425108 | 0.420887 | 0.415473
Yo Y1 Y2 . Y3 Ya
By Snnpsons rule we have o e * o |
0.7 - ik
_[05 [b’o +Y4}+4(Y1 +Y3]+2Y2]
i Sy o 05

Qg S =—[0. 844355 +:3. 395059 -if 0 850216] ‘

= 0 0848271 16

>

0.7

‘v

Le. the approximate value of jx” 2e7*dx is 0. 084827
i ‘V__ B L . %05

41317

Solution s Divide the range of integration into 5 equal parts

OfWidthh--.z-g'l——02

Al

o ;i MY
sinx :

Now we compute the values of y —;—-— for each point of
Subdivision TR PR BNRE 8 ) _H
G iy |
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