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System of First Order and Higher Order Ordinary Differential Equations

1. Use the Euler method to solve
dy

= 2y +5e
Ix y + oe
dz _ yz*

dx 2

over the range x = 0 to 1 using a step size of 0.5 with y(0) = 2 and z(0)=4.

2- Solve the following 2™ order differential equation by Euler method.
L L0 2% 9 s 0y = 0and (o) =

T TN q(0) = Oand 7 (0) =

where L=1, C=0.25, R=0.5 for t =0 to 0.2 with a step of 0.1

3. Solve the following 2" order differential equation by Euler method. .

e e =0
aez " 2 g T d_
where x(0) = 6anda(0) =

Find y(1) consider At=0.5

4. Using midpoint method solve the following initial-value problems for the system of first-
order ordinary differential equations for0 <x<1andh=0.5

d
d}; = 2x — 3y, y1(0) =

d
= 3yt 2x, y0)=2

5- Using midpoint method solve the following initial-value problems for the second-order

ordinary differential equation
d?y dy
Z=xZ+y2y0) = 1,20 = 2,
use step S|ze of 0.1 to find y(O. 2)

6. Using midpoint method solve the following initial-value problems for the second-order
ordinary differential equations for 0 < x <1, h = 0.5, y(0) = 0.5 and y’(0) = —0.5. by
reducing the equations to a system of first-order ordinary differential equations
d%y
dx?
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—3dx+y X 1,
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1 — Given
Let y, = yand y, = z,then
fiGoy1,y2) = —2y; +5e™

2
V1Y2
fo(6,y1,y2) = — >

Solution

y1(1),y2(1)
x(1)=x(0)+h=0+05=0.5

y1(1) = y1(0) + hf1(x(0),1(0),,(0)) =24 0.5 % £,(0,2,4) = 2.5
¥2(1) = 2(0) + hfo(x(0),1(0),,(0)) = 4+ 0.5 * £,(0,2,4) = —4

y1(2),y,(2)
x2)=x(1)+h=05+05=1

y1(2) = y1(1) + hfi(x(1), y:(1),y,(1)) = 2.5 4+ 0.5 * £1(0.5,2.5,—4) = 1.516
¥2(2) = y,(1) + hfp(x(1), y1(1),y,(1)) = =4 + 0.5 % £,(0.5,2.500, —4) = —14
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4-

d’y _  dy 2 _ 1Y _
dx2 X dx +3_} ! Y(O) o 1'dx (0) = 2,
Rearrange equation
d’y  dy
_ 7 _ A -
dx? Yax Y 0
Solution
n=2
ap(x,y1) = — )’12
a;(x,y;) =—x
a(x,y;) =1
di:)lkﬁL wherek =1to2 -1
ddx
Y1 _
I 2 y1(0)=1
dyz 1

o= PR [ ao(x, 1) + a1 (x, 1)y ]

dyz 1
= —I[—yf —xy;] = yf +xy,,  ¥,(0) =2
Given

16y, 92) = Y2 —
f206¥1,Y2) = Y1 — Y2
x(0)=0

y1(0) =1

y,(0) = 2

h = 0.1

Solution
y1(1),y,(1)
x(1)=x(0)+h=0+0.1=0.1

h 0.1
x(m) = x(0) +§= 0+7= 0.05

h 0.1
Yiem) = y1(0) + §f1(x(0);Y1 (0),y,(0)) =1+ 7f1 0,1,2) =11

h 0.1
Vo) = ¥2(0) + Efz(x(o),h(o);)’z(o)) =2+ sz((), 1,2) = 2.05
y1(1) = y1(0) + hfi(x(M), y1(m), Y2emy) = 1 + 0.1 £1(0.05,1.100,2.050) = 1.205
¥2(1) = y,(0) + hfo(x(M), Vi (my, Y2emy) = 2 + 0.1 £,(0.05,1.100,2.050) = 2.131

y1(2),y,(2)
x(2) = x(1) +h=01+0.1=02

h 0.1
x(m) =x(1) + 5= 0.1+ - = 0.15

h 0.1
Yiemy = 1 (1) + Ef1 (x(1),y1(1),y,(1)) = 1.205 + 7f1(0.1, 1.205,2.131) = 1.312



h 0.1
Vo) = ¥2(1) + Efz (x(1),y1(1),y,(1) = 2.131 + 7f2(0.1, 1.205,2.131) = 2.215

y1(2) = y1(1) + hfi (x(M), y1(m), Y2my) = 1.205 + 0.1 £1(0.15,1.312,2.215) = 1.426
¥2(2) = y,(1) + hfp(x(M), Vi gmy, Yaemy) = 2-131 4+ 0.1 £,(0.15,1.312,2.215) = 2.336

X y | dy/dx
0 1 2
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