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4. F ki e 0 AL"‘ETH L ¢
rom the following data find ;¢ at x = 0.09. %&n

| = -
| x 0 005 | 0.10 1
| v | 00000 | 0.1001 | 02013 N
()' .. '
15. Find the first and second derivatives of th . 1,999
tabulated below at the point x = 1.1 on <
i 1.0 12 1.4 1.6 m (x
f(x) | 0.00 |0.1280 | 0.5440 | 1.2960 mm {
[Ans,
* U.6 1
0; 6o6] 1

O NUMERICAL INTEGRATION

g }Ihe term Numerical integration is the numerica] evalyar ]
nite integral alion g, *

A= bj‘ f(x) dx

here ‘a’ and ‘b’ are given constants and f (x) is a funy; 1
given analytically by a formula or empirically by a table of valt\:()n 3
Geometrically, A is the alz'ea under the curve of f (x) between tet?e ;

ordinates x =a and x = b

But in engineering problems we frequently COMeE across thei?
integrals whose integrand is an empirical function given by a table. | "
In these cases we may use a numerical method for approximate: ;
integration. When we apply numerical integration to a function of ‘:\ﬁ

x

a single variable, the process is sometimes called mechamca\{p
quadrature; when we apply numerical integration to the 3
computation of a double integral involving a function of tw0f
independent variables it is called mechanical cubature.
£ numerical &
and by 23
a betweel s

The problem of numerical integration, like that O
differentiation, is solved by representing the integr
interpolation formula and then integrating this formul



ND INTEGRATION 5

(o find the value of the definite  intogeal

tion [ (x}) (or v) by an
*%

ﬂﬂ '\ - ._
alt ' Iy We replace the func
-' * ‘

of) o |
e " cually on¢ involving differences, and then
gsuatly 250 : ? : - C "
1 AL petween the himits @ and b. ln. this way v«.-({
ﬂ*'*"mﬂ" om'm‘“ 1.'m,mul:l‘3 for the approximate integration ©
gl e 1 quure . 1 values are known.
& ;.“ L quie ra hich pumer ical values arc
;ﬁ""‘l‘ ¥ L5 \\' O - T P > 4*¢ ve
! Si"'é"ﬂ-”"" i ‘ble quadraturc formulae, here We shall derve
T L . gS1t :
i and g d most useful one. '3
P he M. 2 plest an |
[} 4 4’-‘ v &
:rp:‘ £ .:! : A
" inates
g A gure . 4
C jc""dra N ton’s forward difference formula
: W
e Ne
osider ! 1 (n—1
on! n(n=1 2,
i ] _ ) = Y0 +nAyo + 21 A“YV0
E! (t) _ v (X0 S . l ( g)_
h n-— n-—
4 n ) A3y + -

i 3!

o be written by replacing n by u as

ugu—lg
)=Y0% uyo+ 2! AZyo

This formula can als

y(0) =¥ (R0 +ul

_ D=2
L 1%!(” 2) Adyg ... ... (D)

.. (2) be the given function.

" Le[y:y(X). . .
quidistant intervals of width

4 Let us now integrate (2) over n €

§ o h
4 e, XOJ} ny (Oidiw, =14
0
Letx = xq+ uh
Sodx = hdu

LIANT 2 B
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Carder differences)
i < her order differenc
olecting hlghu

(m,glw :

] (yp + Avo))
= 2 '

| (D)
4 | B+ i1l
=7 Y0

k+ h, xo + 2h), we get

aae (Ea0)
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3

10+(n—1)/1 ,
1 adding (1), (
xwh( b [(vo+yn)+20’1+)’2+m+yn-1)]

)and (3), W€ get

(A)

i xo
This is called the Trapezoidal Rule.)) N )

{Note: The trapezoidal rule is the simplest of the formulae
for numerical integration, but it is also the least
accurate. The accuracy of the result can be improved
by decreasing the interval h.

PR Y




3.38

NUms

711 TRUNCATION ERROR IN THE
RULE

The Taylor series expansion of ¥

bv

where ¥y

values of

where k

Now,

Putting x = x5 and y = y5 in (1), we get

Ody

= f (x) about x = . .

Xy is g

: Sive
n

y.=n% 21

is the value of y at x = X and y{', v;"

r

vy’ y”. etcat x =Xxy.

= Ot are

*2 (x—x1) X (x— .w._vw :
=lim+— Nt 2t Y T dx
Xy

ﬁ.ﬂ. — H—VU ’ A\ﬂ _ .ﬂ.ﬂvw r 2
=|yx+ 21 N ¥ v

3!

2
(xp —x1)”
2! ¥y -

= y; (2 —x)+

= X» .I.#.—

A, = area of the trapezium in the interval (xy. x,)

) (T
=5h(Q)+Y¥2)

% 2
(xol-xp)+ (o —x1)*
Yo =+ o ot oY ¥+
—— I\..n.l 5 il m 1r
=w + 1t Vi + 21 ¥i R 23 \,n

gMNa.EF




"*'»’tl':l'lt?:NTlATl(‘)N AND INTEGRATION

Lok A b (7, b b
< here * '
) LINE () in (Dwe pet
e .
‘.»;ul’-"‘ h ‘_., | I V' /" !
s AT BT S BT I 4 IR
/\l i ‘2 I l 3 |
! x
{ h;} ] huu;»l—l»:-'_-....« r ”
4 RS R T R . (5)
I (’) 3 (5) -
| | ) 3 r )
\;! w L e /' v ' “ ]
H J \u'l‘\:"" /\l - (’“ 2 x 2] l j /|
vl &1 (o
3
- 1" )
o -—-—l‘-l';-' .\1 H ;_|..
- principal part of the error in (xy, A) b
L
:..!.’3. vy
= 12 71
gimilarly principal part of the error in the interval (x5, x4)
N |
T —l’3 ’ : .
=713 V2 and so on.
3
Hence the total error B = i V' yn e +.y,. "
ence ) 12 [ I Vo oo Yy I ,,
11(3) 1 “ & :l"‘ 1
- nh L
E U ’ .- \Y . v |
B -—-—--—--12 y (ED) ; % |
A Wherey"€) is the lar ft 43 "
- : argest of the n quantities RS Ay P
; A
i e, R =nh: (b - h2
! Y L — ) a ! ’ [) -l
: \ - ..........._.) ‘
. 2" Y7 12 YU e

¥4
Tl

El’[‘()r Noaci :
i the trapezoidal rule is of the order /2.



\ ‘ h
&J 08
5.? In xdx using trapezoidal rule . {(" Y ); ;a., ,i'i?

} Divide the ‘interval of integration into six equal parts eqcp, E

width 0.2 i.e., h = 0.2. The values of the fun.ction y=Inx are hesi
. calculated for each point of subdivision as given below.

SR G SRS

g e 1 I
| \x 4.0 \ 4.2 4.4 4.6 | 48

50 | s5; |
\Inx 1.386294\1.435084 1.481604 | 1.526056 | 1.568616

B

1.609437 | 1 648655, |

\ I\ I A | 2 vz v4 5 1 v 14,
S | | \ | 4
By Trapezoidal rule, we have |

32 h ;

[ Inxdx= b [Go+ye) +2 (1 +y2+Yy3+yq+ vs)]

3 1

4 | -
0.2 }

=57[(1.386294 + 1.648658) + 2 (1.435084 + 1.481604
+ 1.526056 + 1.568616 + 1.609437)] |

= (0.1)1 3.034952 + 15.241562 ]
[ Inxdx= 1.8276544 4
#
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‘-2 dx by dividing the range of i Inlegration into 4

N asol ing trapezoidal rule. [Nov. '91, Nov. ‘897
()

ﬁl"ﬂlpar 1-0
| Wi gth of the interval is h = —Z— = 0.25. The values of
| the 1€

Her®

—x2 for each point of subdivision are given below.
=€
0.25 0.5 0.75 1

0.9394 | 0.7788 | 0.5698 | 0.3678
Y2 Y3 Ya

_ 0251 3678 + 2 (2.2876)] = (0.125) (5.943)
-

| 2y = 0.7428
0
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0 0.2 0.4
1 | 0.9615 | 0.8621
1+x~ Yo Y1 y2

By Trapezondal rule we have,

h
1+‘2 b (}’0+y5)+20’1+y2+y3+y)]
0.2
= 5 [1.5+2(3.1687)] = (0.1) (7.8374)
1
| dx > = 0.78374
1+x
0
We know that
L dx N _n " 1 i
"1-}-){2 =L _{an ) 4 n_4({m
= e [From Trapezojgy) Rulgj |
t = 3.13496

Using Trapezoidal rule evaluate | y dx from the Sollowing
0.6
table. :

x| 06 | 68 | 1.0 | 1.2 | 1.4 | 1.6 | 1.8 | 20
y | 123 | 1.58 | 2.03 | 4.32

203 | 4.32 | 625°| 8.36 | 10.23 | 12.45]

Here h =0.2
X 0.6 0.8 1.0

. 1.2 1.4 1.6 1.8 lz(q
y | 1.23 | 1.58 | 2.03 | 432 | 6.25 | 12.45

. A 8.36 | 10.23 L%
Y0 Y1 y2 y3 Y4 s Yo | 21

aver
vee”
.....
.....
...........................................................

®m UNIT 3



D,FFEREN‘ﬂATION AND INTEGRATION

N> Tmpezmdal rule. we have

3 957: [13.68 + 2 (1.58+ 2.03 + 4.32+6.25+8.36+10.23)]

_ (0.1) [79.22]

@ 1
(,sMPSON'S 3 RULE _

7 in the above relation (A) (Refer Pg. No. 3.37) and

s

putting 1 =
, eglectmg all differences above the second we get. 3
{072 yde = h [7\7 + 5 Zs Ayg+735 L (73 77) A2y ] !
5 J (X) - 0 o) 0723 7] 0 -
; XO

I\

6

3
]
—

6

1 .- | 6}0 + 6Ayg + _‘&2}0—‘
2h{y0+Ayo+—A-y0]_—.7h{ ]

6yo+ 6 (¥y1 —y0) + Y2 — )1 +}’o}
|
- h
= [V0+4VI +y2]
xp+2h h )
S 1 y(x) dx = 3 [yo+4y1 +2] .- (1)
X0

f'_* Similarly for.the next two intervals xo + 25 to xg + 4h we get.

|- X+ 4h h
§ | Y@Wdr =3 [y2+4y3+ 04l (2
| “ALN

e
L2
Y e
.....
“aen
.......
........................................................




. A4 N

In general,

xq + nh h
: 5 l y (x) dx = 73 ( )’;1—2+4y"‘l + Vn |
xg+ (n=2)h
integrals (1), (2), (3) we get,

Adding all the abo¥e = — i
x@ + nh . l?- [vo + 4 (y1+JY3 +...) + zm,

5 f(x)dx =3 R
xo n. 'j
= % [yg+yn+4 (sum of odd ordinates) d

+ 2 (sum of even o
g

di

This is called Simpson’s one third rule or Simpson’s 1 "
3 Ule:) :

is formula the student must po—~.
terval of integration must pe d?a.r inl.
ber of subintervals of width IVideg

>

Y | Note1: When using th
¢ mind that the in
= into an even num

3

o P ) 1 4 ‘

¢« | Note 2 : Simpson’s 3 rule is also called a closed formula sinec i

i | , sinee |
the end point Yo and y, are also included ip the’

- -
— hovidh

formulia. '

O SIMPSON’S THREE — EIGHTH RULE :

Putting n = 3 in (A) (Refer Pg.' No. 3.37) and neglecting the
higher order differences above the third we get {

xq +nh 3N ;
[ y@adx =g 0o +yn) + 31 +Y2+ Y4 + Y5+ et yn) |
+ 2 (y3 +jg + eeet Yn-3))

This is known as Simpson’s three - eighth rule. v
Note : This rule can be applied only if the nm
subintervals is a multiple of 3. ' \

B RIS n s i o r T ae LaaEE s s ks oo be s ar ke Lerg SR s T T



Emtm:ow AND INTEGRATION 345

pPERE
A m
! it/ gﬁ'ﬂo” gmmn N Sllﬁ?&ﬂﬂf& RULE

) fﬂ"
Tay (x ~ X1) (,x--wx,)z

gl sC
e

.—-',---"-""1“‘" 'S ’_ 4 44

y Pt \I }’r‘ l. _‘! + 2! }’, L 4¢~(1}

in the value of y at ¥ =X and yy 7 ¥ 7% ... efc. are the
are Y1 O

\s"u."-» \»’ \‘/r' ,elc. at x = ,\,

? es O *
[ﬂll

enee _
E X4 (x -~ Xy) (x'-xl)z 7
Y1 + ... dx

A - [ Y1 + K y‘ll+ 21!

E X 3
E > ("‘, -t ~x' )2 p ()f — oxl) ”+ 3
l g R —-_‘___._2——!—“»" .\’l + 3! y] P Xl

]
(3 ~%)2 (x3—x1
s M A TR R i

2 (2 V{4 Zh 4 777 (2h5 r1s
(2/1) 220y, 2 3_')_,1 +L4—,§)-yl +——5—!-}—-},ln+

[~ xp—xy=h; . X3—X1 = 2h]

/ i’ﬁ V4 _zﬂ 777 é_@i iv
P PP T 3T +Te nE. D
Now,Area A =ared over the first double strip by Simpson’s—lg
e ’
]
::3' / (Vl +4y2 +y3) . (3)
Putting x = x5 and therefore y = ¥, in (1), we get,
.._.__——--——(x2 i xl)z 7
2! Y1
el l!-?’- V444 _’.zi {
+57 Y17+ 31 Y1t g yivV+ ... ... (4)

UNIT2 B




Evaluate [ q‘xz dx by dividing ¢, rang
0 TSC O ingg,,
equal parts using Simpson’s rule, &""io,, .

l'l :
Solution_ (Nov. " og
’ O\,‘, 3

Here the length of the interval is 4 =

1-0

. 2 4 = 0.25

of the function y = e¢™*" for each point of subg;
lVisi

below.

X |0 0.25

e._x2 1 0.9394 | 0.7788 0.5698
Yo Y1

By Simpson’s rule we have

h

1
({e“)‘zdx = 3 [()’0+J’4)+2y2+4(y1+y3)]

0.25 .
= T3 [L.3678 + 1.5576 + 6.0363
1 2
[ ex?dx = 0.7468 ~
J (~

one third rule.

Let us divide the interval of integration into 6 equal
subintervals

.......
P R SRR Rt & AN RSN SO Ao, Sy U R o2 L A R
WMAUNEE3 L o0 di s oAl ot iaeirnate wiere woa B o~ S 0



3.49

for each
it on Lid
3 12 2
09373 | 09213 | 0.9154
Y4 Y5 Y6

o [ (1.0000 + 0.9154)+ 4(0.9946

+0.9586 + 0.9213) + 2(0.9795 + 0.9373) ]

= 1.5051




331 -t
2 ,3‘!_ [log (1 +x3)]0

‘\
1 +x°
o -31-(10g2—10g D=3
L0142
3 _ = dx
- log2' = £1+x3

‘0g23 = 0.231083

" When a train is moving at 30 metres per second stean ; is shut

off and brakes are applied. The speed of the train (V) in Metres
per second after t seconds is given by

|t 0| 5 101520} 25]30]35 @)

V130 | 24 195 16 13.6|1L7 1100 85 70

Usmg Szmps on’s rule detemmze the distance moved by th
tram in 4 0 secs.

¥
5

We know that velocity is the rate of change displacement.

ws
aeh?
............
...................................................




o iy = N ift

o PO firsd the toinl distance mwoved by
., ¥ ther femkn ey

2 f.v = i
§ W hait
et -
o a
[ ~ { \‘? i
g = J V&
O

8 e .
15 | 20 | 25 | 30 | 35 | 40

L "‘Z‘ s !.0 | | ,.
4 20 24 | 19-5 ] 6 | 13.6]11.7| 100 85 | 7.0
Y il 7 t }’1 t \’r t § | 4 7 i 4 .‘ o
o | A vy | V3 | Ve | Vs | V¢ | V7 | Vs
- _son S rule W€ have
By Sx!ﬂp
40
[ v df
< =
; 0
I (Vo vg) +2 (V2 ¥ Va+ Ve +4(V +V3+ Vst V)l
:p7+2095+136+IOO)+4GM+46+117+83ﬂ
-
537+ 6.2 + 240.8] = 606.66 metres.
= 3 )
Wed by the train in 40 secs = 606.66 m. |
@ﬁﬁiven 0 =1, ol =2.72, o2 = 7.39, &3 = 20. 09, e? = 54.60. Use
4
simpson’s rule to find an approximate value of | € dx. Also
, 0
compare your result with the exact value of the integral.
| JAMIE, S '88]
dehe given values can be arranged in the form of table as given
oW,
s pesin sy see DN IS




X 0 1 2 3
ol 4]
LT 1 272 | 7.39 | 20.09 | 540
00 |
VQ I __yl )_2_ y3 ___Nj' L _X4 %

By Simpson’s rule, we have

4 h
[ exdx = 5[()’0‘*’)’4)"'2)’2*‘40’1’*’}’3)]\}
0

[55.60 + 14.78 + 4 (2.72 + 20.09))

|

[70.38 + 91.24]

4 :
[ exdx = 53.8733
0

Now by ordinary integration we get

4
[ efdx = (eDy = e*—e0 = 54598 — |

53.598

%
%
&

I

vl A river is 80 feet wide. The depth ‘d’ in feet at a distance
Seet [(_(_)_I[Il ggq_réggg{(_ is given by the following table: -

‘ i T T

| x| 0 [10 20 ]300 506070 s

a0 a7 ]olizl15]14] 8 3

{

.Fin(l approximately the area of cross section of thé .r_ive:zr
using Simpson’s rule. [AMIE S’ 76/

»Solution
Here 2 = 10. The given table is

mUNIT3 ............
e
...............................................................




RS T 8 Tl YRR A D

B A N R R F R o o 70 W) )2 T

1

-] —
- si mpson’s3 rule, we have
SO

eaof cross-section = [ vdx
;"\ O

: h ,
m +3g) +2 0+ Vs +¥e) +4 (O +¥3+ V5 +¥7)l

- 10
D
2

— [3+2(33)+4(306)]

—_—
—_—

Wcﬁon = 710 sq. feet.

’ : = - g7tk ,‘w.;fj‘,?"".x‘vl':?-t«n i S R e e e P e A g V*’Q.“:":“‘::?‘?( .'.‘:' ¥ = i

\ 1.4 e o y

:ﬁ Evaluate [(sin x — In x + &%) dx by Simpson’s 3 rule.
b/ 0.2

| Let us divide the interval of integration into twelve equal parts
_ 0.1. Now the table of values of the given function

by taking 2. = ) S i s .
: In x + e* at each point of subdivision is as given bel oyv.-,;]
'!

i T T
). 06 | 07 | 08

b y=sIn X —
; :_),,_é,/

02, 03 | 04 . 05 | | |
‘302951 §2'84936 ; 2.79754 ; 2.821302.89754 " 3.01465 ’ 3.16604 5
g L @i by Y2 oot Y3 s 24 ys L Yo '
‘iceel A BT I Y A BT N U . SRR

b
i

g‘-g},§3_34830i3,55935 3.80007 ;T4.06984 4.37050 4.70418 I

gl oy | Yse | Yo i 710 | Y g 1.

. 1
By Simpson’s 3 rule, we have,

... UNIT3 =



N

‘ 4 A - AN RS S c—————— T i S m‘“‘w‘:\g‘.{!’ioﬁ
b I : — R
[ yde = 3 [(o+12) ¥ 2+ Y4+ yg+ Va4 ~J
0.2 ¢ ym_) : ?
4 + :
SN L RECTPRN.
0.2 ~Jun
= =5 1773369 + 2 (16.49077) 4. 4 (5, 5 U1 )8
~ 4.05106 gy
1.4
s f(sinx—=Inx+ eX ) dx = 4.05106
0.2

7 S
) . : se — rule to estimate the
! Use Simpson’s 3 v"(ue of | f () g civ. B
1 én

\/
[ o = | o ——

x | 1 | 2 3 g zamng,

y=f@, 13 | 50 70 | 80 | 199

yo | Y1 | Y2 Yar. e

“Solution_

1
By Simpson’s 3 rule, we have

h
fxydx =3 [(o+ya) +2 () +4 (0 +,v37‘

1
=—§-[(13 + 100) + 2 (70) + 4 (50 + 80)]

— e, (N

=—§—[-113+ 140 + 520 ]

f(x)dx = 257.67

o ey ()}

...................



ER&-NT{ATION AND INTEGRATION

'

SOk <
A FF

3 "o‘ ey

oy
pﬁ T 7, )
e S SR, 2, PR O N L VNG 0 VM 13 S T
Pt . > £
x

= g

r"“»
_ 4 . .
P pe d from the following table by Simpgyy 3
=5 e J- 8
TV
L 1 2 3 4
| (,;!ff// 1 8 27 64
: /!;/ . y - -
i ;f(,\f) Yo 1 Y2 y3

iy

i pson.s - rule, we have

im

35
- "§T‘ [ OG0 +Y3) +3 ) +y5) 1]

0

' To use Simpson’s g rule the number of subintervals should

¢ a multiple of 3. Hence we divide the interval of integration

(0'125) into 9 subintervals of width 7g . Let y = sin x. The values

ofthe function y = sin x for each point of subdivisions are given
oW =«

UNIT3 =

L
...............................................................




-
12 By sy s B

*0;6604-09@7-{-09848) .;_9(0, ]

0+ 036

= g (15.2787) 6@3}

| =2 | g 1

i [ sinxdy = 0.9999S8S i

Checking : _i“ smxdy = [ —cosx do==4.

Q

"*‘} - R T e : 3 < V

\—The velocity V of a particle at dzstances Jrom a

path is gzven by the table Point o :
S(feety | 010 20 30 405712?

(feet/sec) 47 58 64 65 61.52 38 i

Estzmafe the rime taken to travel 60 feet by using Szmpm*;

one-third rule. Compare the result with Simpson’s ; rule.

[AMIES ﬁ

We know that the rate of change of displacement is ve!w“':;“

‘ m3 BRAMBTRTA BTSN NWE RN . e

s
e
e
-
sssssssss B A E e
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Th

The

"

y=

R ERRATY

[ e

per®

-ate

X &)«

1

\Y%

, D|FFERENT'AT'ON AND INTEGRATION

b

~» WE want

. he taken to travel 60 feet is
e tl :

givejl_E’E
20
a0 ]
10.02127

1

» N .(L‘\: /

,.(,~'p (lf frmsas \
(Oor)...ds, .=. Vedlt
. , 1
le., dr = v ds

to find the time

60 60 4

0 0

e et g
e

(1 from 0 to 60, we get [ di = IV ds

_3.67 oo

s

(1)

taken to travel 60 feet. Therefore

60 ; 60
t = [y ds= [ydx
0 0
e can be written as given below.
10 20 30 | 40 50 60
0.01723]0.01563[0.01538(0.01639|0.019230.0263
vl y2 >3 Y4 ys Y6

Y0

son’s one .third rule, we have

60

J‘ydx

—

3

[((vo +Y6) +2 (2 +yq) +4 (¥ +y3 +5)]

0

Il

—
—

l?;Q [(0.02127 + 0.0263) + 2 (0.01563 + 0.01639)

+ 4 (0.01724 + 0.01538 + 0.01923)]

—139' [0.04757 + 0.06404 + 0.2074] = 1.063 secs.

Hence time taken to travel 60 feet is 1.063 secs.

By Simposon’s g rule

60
[ ydx

| h
= 2 g +¥e) +3 01 +¥

5+ V4 +¥s5)+2 (3]

UNIT 3 =




1\

10 un.nz 127 + 0‘02(_530)
= S

*0)
19

» 60 _
i [ dx =
.

“QK?”' TESESE &“‘Q*\\\-z;..
x- ‘ By dividing the range info ren equal parts, e.'wzlum‘e}t

= = : .
My,
X
1 . )
. v« = rule. Is it possibl
GRS 5 B possibie to evaluagte th
. + th ey Same ;- by
QD ]
Simpson ~s:§ rule. Justify your answer. }.

Here range =n—0 =

7T
/7=“6

|

The values of the function » = sin x for each po i
subdivisions are given below. Pomnt of

xl © = 2=z ' ) -
R 2x R¥:e 4z 3. O 7 e
10 10 10 10 10 10 T0 % | =
' : — 0|
v o | 03000 | ossts | 0so90 | 09stt | 10 | 0o9sit | osovo | ossis | osmt
‘ ‘ - RRINE R 3 of
30 Xy ¥ _"3 _\"4 Y5 - "‘6 Vo Vg y 3
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qnx dx using Simpson’s rule by dividing the

[AMIE] [Ans. 3.1058]
1
Simpson’s 3 rule by dividing

[AMIE] [Ans. 1.305]

E FORMULA

- ed the problem of numerical

Gaus> v Instead of finding the area under the
e\;alvﬁate the function at some points along

ried 1© the values of abscissa are not equal. Then

ere :
the evaluated function.

nt formula.

i = .
Pgce™ . uss two PO
i a I
e 3 :
fr a2 -l f()d1
=1
. ()

w; and w, are the

: (Qlf(fl)+®2f([2)

s evaluated at 7 and 77-

o functions.

. given 10 the W _ .
g methodology is explained as given below for Gauss
o basiC
poi'nt formlﬂa
|GAUSS - swo POINT FORMULA
First changeé the interval (& p) to (1. 1) by using the
msformation

L) (550)e

Ths the independent variable X’ is changed to “7’.

..... UNIT3 =
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“ value of the integral at c€

follows.

an interpolation formula whlc}} will giye "
rain points. Here the interpolyg ™ try, |

Oy Br -
J i
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Then we use
are £y and /5.
), we want 1O find the four unknowp :

r algebraic equat;j
So we need four alg quations ¢, o
act for

In equation (I
o, 0y and £y > 12
Let the equation (1) be ex

ey ="1
f() = 1¢
AE= 2 and f() = £

. =
Now =1 Al )
1

iﬁ&a
Ve it

el [ 1di=2=0; + o [‘-'f(t1)=f(tz)=l]__‘
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f =1 T
1 12 :
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This set of equations (2), (3), (4) and (5) can be solved a

From (3), we get
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Lation (1), we get
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__ findt =oy f{r) T e f(n)
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' Eveluate I %{' using Gauss 2 point formula.
I

Trznsform the variable x to ? by the transformation

P a+b ,b—a)
‘ » = (%5 )*( 2 )’
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Here

using Gaussian 2 point formulq,

1+x3

/ Evaluate |
i 1

Transform the variable x to 7 by
. (a + b ) " (b — a)
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377
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| Solution
- Forthe interval —1 to 1, the Gauss 2 point formula is
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9 1.556
i f(x) dx (1.556 + 1.556) 111
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Transform the variable x to 7 by the transformation

- (59 (5%

Here a=—2,b= 2,
(==

x = 0+ 2¢

I

X

x = 2t
ie., dx = 2dt
2 X ét
vl= [ e %dx = Ie« 2d1)
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0.5614

1° 1
=25 (55 )]
2 [1.7813 + 0.5614]

2 (2.3427)
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"Solution. :

Transform the variable x to 7 by the transformation
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Here a=0, b= >

------
------------------------------------------------------------------
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v mom
B x = 3 *tg!
L
x = 73 U+
7T
;’.t-’-'
gl
2
A I sinxdx = I sin 7~ (] + ) (_d’)
S
; ' 0
nl o=
1 =3 [ sing A +opadr
~1
; f@ = sinl4t‘(]+t)
. Her®
( ] ) s'nl(] +——]‘—)
—_— — 1
= 4 NEN
25N d i S Y ’
? — sin—4 (1+0.5773)
- = sm (O 7854) (1.5773)
4 1= . i 3700
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f(\/?) — 0.9454
'“" 0N _n_(]__l_)
f ot 3 ) = Ssin 4 —\/'?

= sin (0.7854) (1 —0.5773)

= F G 55D

= 5 [0.9454 + 0.3259]
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= sin (0.7854) (0.4227) = 0.3259
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= 2 (1.2713)

= (0.99848
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" Evaluate J' log (1 +Xx) dx using Gauss o po;

Transform the variable x to 7 by the transformation
_(atb b—-a
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= NUMERICAL M

A Find the value of the following integral using ¢, sy

{ : 5 IRl

» 5 4

quadrature technique I (2x2) dx.
1’ | Solution |
Transform the variable from x to 7 by the transf: ormation
b+ a b— a

Al 5 + 5 {

Herea=3,b=5

= (377)+(3F)r

~°

= 4+t
5 4’ 1
-[(xz) dx = jf(t)dt
3 S
1
2
i I] TR
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Here SO = G

f(—\/lf—g) = (%14)2 = 0.09546
f(”—\/]’_v;') - (_:/_%14)2 = 0.17073

5
4 ] ]
: RE J(sz)dx f(\ﬁ) f(—;) 0.09546 707
I = 0.26619
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using Gauss 2 point formula.

I1+r

: ,ate
ll 0

x F‘
M point formula :
v ble x to? by

Gﬂan form the varia
i (a+b) b— a) o
_1_ —t— ="—'—"
= 2+2 2
1+ 1 —
X - when x=0, r=-1
ar =1 =]
g% = 5 G
I dx _
1 = J1T+x (“’1)
0 -—1 1 + ‘_ ;;'
1 dt
= 2 jx A+ @+ 1)
] — 1
M ———-\B +f 3 where A1) = 25 + 1)°
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= 2 p ( ] ])2 +4 (_] 2
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L1 =" 078691

. UNIT3 =



b T B
. » + &

Then j‘ f(f) dt = Aq f(fl) Ao f(fz)-* A3 f(,:‘)
Az = 0.5555
0.8888
_0.7745

0
0.7745
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[ Sotution

Transform the variable from x to 7 by the transformation

b+a) b— a)
x::
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T2 2
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e b | —
M Y {* o —— 3.87
? J' F ) dr Y/ A
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AL S @D+ Ay £ (1) +

A3 f(t3)

A3 = A3 T 0.5555 ié ()
Ao = (0.8888

\\—4
/f(-—o 7745) = =—1 g

[
fa 3-0.7745 = 0.4493

1
[ = f(0) = 3 =0.3333 f '

~ RO.7745) = ——A . _
R 3+0.7745 = 0.2649 J

(2) and (3) in (1), we get

’ f (13)

[ e dx using the three point

Gaussian

rm the variable from x to 7 by the transformation

(b-i—a) /b——a
x =

wherea=0.2,56=1.5
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=1

1 (L? + 1.3 A2
0.(55 f - 8 2 w\)
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where A7) = ¢ -
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- U 7+ ]‘3..,(0‘?35_2\,3
f3) =R0.7745) = e »
= 0.16013
SQubstituting (2) and (3) in (1) we get
I = 0.5555 (0.8868) + 0.8888 (0.4833)

Fawl w0

= 0.4926 + 0.4315 + 0.08895
I =1.01307

" N! 3.‘."““““"5‘5“"thsns'cq.-&"%§§Q~-\-t;nnyq\s‘.§§~.§‘§~\Q-.-s-\v\\\\w“



3.89

RENTIATION AND INTEGRATION

A
+

b gi?
g 0

" f —=—— dt by Gaussian quadrature formula.

| Mﬂﬂ the variable from 7 to x by the transformation
P ran® (b +a b— a )
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a=0 b
Her® l:x _ x+1 dx
I = '2-+2 = 2 = dl‘=?
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when U=t
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1 dr 1 dx?2
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0 Sk FRGE
‘r I dx
= J2+ard
~1
[jf Ay fix) + Az fxa) + As fixs) - (@)
i
where i) = x + 3
A = A3 = 05555 }
A, = 0.8388 _ .= {3)
| I .
'ﬂ 1 :
)= 0) =37 F 0.3333 ?
fg)= £(0.7745) = 0 774]5_1_3_ = 0.2649 J . (4)
Substituting (3) and (4) in (2), we get
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[ 0.5555 x 0.4493 + 0.8888 x 0.3333 |

= [0.2495 +0.2962 + 0.14715]
I = 0.69285 | é
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| Sotution |

Transform the variable from x to 7 by the transformation

b+ a b—a
-“‘:(2 )+( 2)’

S R 8
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B S G
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m_nsfonn the variable from x to ¢ by the transformation
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Y45 s,,
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X

pIFFERENTIATION AN

= (0.24068

= £(0.7745) =

= (). 13988
pstituting (2) and (3) in (1), we get
[ = 21 0.5555(0.2468) + 0.5

= f(~0.7745%)
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here f(D = @+t
_ 5
Ay = Ay = 0.555 }

Ay T : 1

f@) =

"0

Fp) = F07745) = (3+0774583 +8 = 001
Substituting (3) and (4) in (2), we get
U 4[0.5555 x 0.0525 *+ 0.8888 x 0.0285 + g 555
— 4[0.06349 ] X

‘ 1 = 0.25396 l

1. Applying Gauss’s quadrature 3 point formyly l
12 0% > Cvalyy
g X lAns : 025,

1
2. Evaluate j x dx by 3 point Gaussian formula.

0 4
[Ans : 0499
1

10

—/3. Evaluate by Gaussian 3 point formula felt
0

2
* dx.

[Ans : 1198]
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