ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

UNITV
BOUNDARY VALUE PROBLEMS IN ORDINARY AND
PARTIAL DIFFERENTIAL EQUATIONS

PROBLEMS BASED ON FINITE DIFFERENCE SOLUTION OF SECOND ORDER ORDINARY
EQUATION
1. Solve the equation y'' = x + y with boundary conditions y(0) = y(1) = 0,
numerically taking Ax = 0.25
Solution :
Using the central difference approximation ,we have

v Yi-1— 2Yit Vi

y - h2
Yi-1=2Yityi 1
1h2 = aty [h:Z]
Yi-1— 2Yi t Vit1 _
=X+ Yi

@)
(16)(¥i-1— 2Yi + ¥Yi+1) = X + Y;
(16y;-1 — 32y; + 16y;41) = x; + y;
(16y;,_1—33y;+16y;,1)=x; i=1,23.....
Yo=Y4=0

i - 1 = (16}’0 - 33y1 + 16y2) - x1

1

i - 2 = (16)’1 - 33y2 + 16y3) — xZ
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1
(16y1 = 33y2 + 16¥3) = 5 . (2)

i=3> (16)’2 - 33)’3 + 16}’4) = X3
3
16y, = 33y5 = e (3)

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

y, =—0.0349
y, = —0.0563
y3 = —0.050

2. Solve the equation xy” + y = 0 with boundary conditions y(1) = 1,y(2) = 2,
numerically taking h = 0. 25 by finite difference method
Solution :

Given:xy'+y=0.............e......(1) hereh = %

Using the Central difference approximation, we have

o Yic1—2Yit Vi

y = h2
(1) = x; % +y,=0
16x;(yi-1—2yi+ yi+1) +y: =0
16x;y;-1 — 32x;y; + 16x;y;11 +y; =0
16x;y;_1 + (—32x;+1)y; + 16x;y;11 = O................ (2)

The boundary condition

Wheni=1h=1,x =0.25y, =1
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1 1.25 1.5 1.75 2

Yo Y1 Y2 Y3 Ya

In equation (2) puti =1,2,3
i=1-16x1y¢9+ (—32x;+1)y; + 16x7y, =0
16(1.25)(1) +(—32(1.25)+1)y; +16(1.25)y, =0
20—-39y, + 20y, =0
-39y, + 20y, = -20
39y, — 20y, =20.............(3)
i=2-16x;y1 + (—32x,+1)y, + 16x,y3 =0
16(1.5)y; + (—32(1.5)+1)y, + 16(1.5)y; =0
24y, — 47y, +24y3 =0 ... e e e e e .. (4)
i =3-16x3y; + (—32x3+1)y; + 16x3y, =0
16(1.75)y, + (—32(1.75)+1)y3 + 16(1.75)2 =0
28y, + (55)y3;+56=0...............(5)

Solving (3), (4)and(5)we get

39 =20 O ][V 20
24 —-47 24 (|Y2|=]| O
0 28 55103 —56
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By Using elimination method

39
~124
L 0

39
~10
L 0

39
~10
L 0

=20 O 20
—-47 24| 0 ]
28 =55 —56
-20 0 20
—1353 936| —-480 R, ©39R, — 24R,
28 —55 —56 -
-20 0 20
—1353 936 | —480 ] R3 < 1353R; + 28R,
0 —48207 —89208

By back substitution method

-48207y; = —89208

y3 = 1.8505
—1353y, + 936y3; = —480
—1353y, + 936(1.8505) = —480
—1353y, + 1732.068 = —480
—1353y, = —480 — 1732.068
—1353y, = —-2212.068
y, = 1.6349
-39y, — 20y, = 20
—39y; — 20(1.6349) = 20
-39y, —32.698 = 20
39y, = 52.698

y, = 1.3512
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X3

X4

1.25

1.5

1.75

1.3512

1.6349

1.8505

Yo Y1 Y2 Y3 Ya

3. Solve the equation y"’ + x2y = Owith boundary conditions y(0) = 0,y(1) = 1,
numerically taking h = 0. 25 by finite difference method
Solution :
Giveny” + x’y =0
Using the Central difference approximation , we have

v Vi1~ 2Yit Vi
y = hZ

Yi-1—2YitYi+1 2., _
(N)->" =0 +x7y;=0

Yic1 — 2¥i + Yir1 + h2x%y; = 0
Yicr + (2 4+ h2x2)yi+ ¥ir1 = 0 e (2)
The boundary conditions are y(0) =0,y(1) =1,

X=0,y0=0 x4=1y,=1

3 4

Tofind: y; =y(§),yz =y(§)y3 =y(;)y4=y(;) =y(1) =1

Fori =1in (2)we get
1,%1,
Yo + _2+(Z) (Z) y1+y2,=0

1
0+(=2+555)y1 72 =0
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—-511

(256)y1+y2:0

—511y, + 256y, =0
511y, — 256y, =0...... ... cc. e.e .....(3)

Fori =2 in (2)we get

1,°2,
y1+ _2+(Z) (Z) y2+y3=0

4

yi+(-2+5g) 72+ 33 =0

—-127

}’1+(6—4))’2+)’3 =0

Fori =3 in (2)we get

12232
y2 + _2+(Z) (Z) Y3+y4=0

9

}’2+(—2+ﬁ)}’3+}’4=0

—503
Y2 +(—)Y3 +y4=0

256
256y, — 503y3; + 256y, =0
256y, — 503y3 = —256y4 ... .. ceo e vv e o (B)

Solving (3) ,(4) and (5) we get

y, =0.2617
y, = 0.5223
y3 = 0.7748
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4. Using finite difference method ,compute y(0.5), given y"' — 64y + 16 = 0,y(0) =
y(1) = 0, Subdividing the interval into (i) 4 equal parts (ii) 2 equal parts
Solution : Giveny"' — 64y + 16 =0
(i) we take h = 0.025
Using the Central difference approximation, we have

v Yic1— 2Yit YViv1
y - hZ

Yi-1—2YitYin
hZ

— 64y, +10=10

Yi1— (2 + 64h®)y; + y;.1 = —10h?

Yi-1— 63’1 + Yit1 — —0.625......... (l)

Puti=1,2,3 we get

—6Y1+ Yy = —0.625 oo (2)
Y1 — 6y2 + Y3 = —0.625 ............... (3)

y1=Y3 by (2)and(4)

~17y, = —-2.5
y, = 0.1470
y, = 0.1287

y(0.25) = y(0.75) = 0.1287
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(i) Letn=2thenh = é

Yi1— (2 + 64h®)y; + y;.1 = —10h?

Yit1 — (2 + 64h®)y; + y;_1 + 10h* = 0

5
Yit1 — Yi-1 — 18y; = )
Put i=1, we get
5
Y2 —Yo— 18y, = —3
5
—18y1 = _E [ yO = yz — ]

y: = 0.1389

y(0.5) = 0.1389

MA8491 NUMERICAL METHODS



