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Question 1

Solve the differential equation
ﬂ:x+ y+xy, y(0)=1
dx

by Taylor-series expansion to get the value of y at x=0.1 and at x=0.5. Use
the terms through x°.

5

y(x)=y(0)+xy'(0) +% y"(0) +% y"(0) +% y™(0) + % y™(0)

y(0) =1 (given)
y'(x):g—y=x+y+xy = y'(0)=0+y(0)+0-y(0)=0+1+0=1

X
dy  dy ’ . .
d—+xd—+y:> y'(0)=1+y'(0)+x-y'(0)+y(0)=1+1+0-1+1=3
X X
woy Ay _d?y d’y dy dy . . . . .
y (X)=dX3 32 e o T =) (0)=y"(0)+x-y"(0)+y'(0)++y'(0) =5
y™(0) = y"(0)+x-y"(0) +3y"(0) =14

d’y
"(X)=—2 =1+
y"(x) o
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y(0.1) =1.11589, y(0.5) = 2.0245

Question 2

Use the simple Euler method to solve for y(0.1) from
d—y=x+y+xy, y(0)=1
dx

with 6x=0.01. Compare your result to the value determined by Taylor series in
the previous exercise, estimate how small 6x would need to be to obtain four-
decimal accuracy.



y(X+h-n)=y(x,+h-(n-1))+h-y'(x, +h-(n-1))

n x+h-(n-1) | y(x+h-(n-1) | y'(x+h-(n-1)) | y(x+h-(n-1)+
h-y'(x+h-(n-1))
1 0 1 1 1.01
2 0.01 1.01 1.0301 1.0203
3 0.02 1.0203 1.0607 1.0309
4 0.03 1.0309 1.0918 1.0418
5 0.04 1.0418 1.1235 1.0530
6 0.05 1.0530 1.1557 1.0646
I 0.06 1.0646 1.19 1.0765
8 0.07 1.0765 1.22 1.0887
9 0.08 1.0887 1.26 1.1013
10 0.09 1.1013 1.29 1.1142
11 0.1 1.1142
Question 3

Use the simple Euler method to solve
y'=sinx+y, y(0)=2
to obtain y at x=0.5 using a step of 0.1

Question 4
Use finite difference quotients to solve

y'-xy'=e*  y(0)=1 y@®=-1
Use h=0.2.

Finite difference scheme is as follows:

Yia =2Yi t¥ia X Yia —Yiu
h? ' 2h

(2+h’xi)yi4_4yi +(2_h'xi)yi+1 =2-h*-¢"

=e" which simplifies to

! X Y,
0 X =0 Yo =1
1 X, =0.2 Y,
2 X, =0.4 Y,
3 X, =0.6 Ys
4 X, =0.8 Y,
5 X =10 y; =-1

Evaluate the finite difference scheme at each interior point:



1 (2+0.2-x,)y, -4y, +(2-0.2-x)y, =2-0.2%¢"

2 (240.2-x,)y, 4y, +(2-0.2-X,)y, = 2-0.2°¢"
i=3  (2+0.2-x,)y, -4y, +(2-0.2-%,)y, = 2-0.2°¢*

4  (2+0.2-x,)y,—4y,+(2-0.2-X,)y, =2-0.2%¢*

1 (2+40.2-0.2)-(1) -4y, +(2-0.2-0.2)y, = 2-0.22¢°?
2 (2+0.2:0.4)y, —4y, +(2-0.2-0.4)y, =2-0.22¢*
i=3  (2+0.2-0.6)y, -4y, +(2-0.2-0.6)y, = 2-0.2%e"¢
4 (2+0.2-0.8)y,—4y, +(2-0.2:0.8)- (1) = 2.0.2%e"8

1 -4y +1.96y, =-1.9423

2 2.08y,—4y,+1.92y, =0.1193
=3 212y,-4y,+1.88y, =0.1458
4  2.16y,-4y,=2.018

-4 19 O 0 \(y -1.9423
208 -4 192 0 |y, 0.1193

0 212 -4 188|Yy, 0.1458

0 0 216 -4 )\y, 2.018

Y, 0.5422
Y, | | 0.1155
y, | |-0.2846
y,) \-0.6582

Question 5

Use central-difference approximations to solve the boundary value problem:
d’x t
——1-=|x=t, x(1)=2, x(3)=-1.
e e U O RARC

Use a step-size of 0.2



