ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY
UNIT-V

NUMERICAL SOLUTION OF ORDIARY DIFFERENTIAL EQUATIONS
5.1 Taylor’s series
h h? h3
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1. Using Taylor’s series method find y at x = 0.1 if Z—z =x%y—1,y(0) = 1.
Solution
Given,y =x?y—1andx, =0,y, = 1,h = 0.1
Taylor’s series formula for y; is,

h h? h3
3’1=Y0+F)’0 o0 ~Yo +3,3’0 R R
y =x*y -1 Y0'=XOZYO_1—0—1——1

y' =22y +x*y¥" = 2x0¥o + %o’¥o =0 +0=0
y =20y +y) +x%y" +2xyy, = 4xoYo +2¥0 + %" Yo'

=2xy + 2y +x%y" + 2xy = 4(0)(—1) + 2(1) + (0)2(0) = 2
= 4xy + 2y + x2y"

h h? h3
Yi=Yo+t3 )’0+ )’0+ 3’0 ST

1! 21 3!
0.1 (DZ (0.1)°
y1=y(0D) =1+ (D +-—= (O + —= @)+ e
(0.1)3
=1-014++ 4+ ....=0.9003
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2. Solve, y' = x + y;y(0) = 1, by Taylor’s series method. Find the values y at x = 0.1
and x = 0.2.
Solution:
Given,y =x+yandx, =0,y, =1,h = 0.1
Taylor’s series formula for y; is,

h h? h3
3’1=3’0+ﬁy0 +2,)’0 +3,3’0 R
y'—x+y yo—x+y0—0+1—1
y—1+y y0—1+y0—1+1—2
y —y yo—yo—Z
yw=y" Yo =y, =2
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0.1 0. .

»=y01)=1+—@D+—--(2) +?(2) 4o
0.13

y(0.1)=1+01+0124+—+--....= 1.1103
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Take, x; = 0.1,y; = 1.1103,h = 0.1

h h? h3

Y2=yit oy oy by e

y; =x; +y; = 0.1+ 1.1103 = 1.2103
y,"=1+y, =1+ 12103 = 2.2103
y," =y, =2.2103

0.1 0.12 0.1
Y =y(0.2) = 1.1103 + —~ (12103) + —(2.2103) + ——(2.2103) + - ...

=1.1103 + 0.12103 + 0.01105 = 1.2427

3. By means of Taylor’s series expansion, find y at x = 0.1 and x = 0.2 correct to three significant
digits given = — 2y = 3e*,y(0) = 0

Solution
X=079=0h=01x, =0.1,x, =0.2
y =2y + 3e* Yo = 2y, + 3e*o
=3
y' =2y + 3e* Vo = 2y, + 3e¥o

y" =2y "+ 3e* Yo =2y, + 3e*o

Taylor’s series formula for y; is,
h ! hz " h3 "
Y1 =DYo +Eyo +5y0 +§y0 +
0.1 0.12 0.13
y1 =y(0.1)=0 +T(3) +T(9) +7(21) 4

= 0.3 + 0.045 + 0.0035 = 0.3486 = 0.349

y, = 2y; + 3e*X

= 4.012887
y, =2y, +3e*

= 11.025774
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y1 =2y, +3e"
= 25.367

h , h* , h®
Y2 =itV oVt e
2 013

0.1 0. :
= 0.8110156 = 0.811.

y(0.1) = 0.349
y(0.2) = 0.811
4. Using Taylors Serious Method find y at x = 0.1
d
if d—i= x? —ywithy(0) =1

Giveny = x? —y and
Xo=0andy, =1
x, =0.1andy, =?
h=n, — xo =0.1—0=/0.1

X* =y | ¥g= x> =y,=0-1=-1
2x —y' y(’)”=2x0 —”yo=0—(—1)=1
2=y"|yo=2=-y,=2-(1) =1

=
y'
y

h , h?® , h® ,
Vi =Y+ Fyo + ?yo + ;yo S OO0 T S G

0.1 (0.1)2 (0.1)3

Y1 =1+ — (D) +——(1) + ——= (1) F e eerree re vtr err vees
1 2 6

o014+ 0.01 N 0.001

B ' 2 6

=1—0.140.005+ 0.00016

= 0.90516
. : . . ay
5.Using Taylors Serious Method find y at x = 0.2if T 1—2xy
withy(0) =0
Solution

iveny =1 —2xy and
Xo=0andy, =0
x, =0.2and y, =?
h=x;—xy=02-0=0.2
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y'=1—2xy )’6=1—2x0y0=1—0=1
y =-2(xy +y) | yo=—2(*o¥o— ) =-2(0-0)=0
y =20y +y*y) | yo = —2(¥o — xo¥o +¥o) = —2(1 - (0) + 1)
= —2(2) = -4

h , h* , h® ,
Yi=Yot Yot 5rYot3yYo T

(0.2)2 (0.2)3
> (O +—¢

0.2
y1=0+==(1)+ (—4) + e

0.008
=02+0+—— (-4

= 0.2 —0.00533 = 0.19475



