


Solution of ODEs by direct integration

Consider a linear n-th order ODE

an(x)
dny
dxn + an�1(x)

dn�1y
dxn�1 + ... + a1(x)

dy
dx
+ a0(x)y = g(x)

If the coefficients satisfy an(x) , 0, and ai = 0 for all i < n, the equation can be written
in the following form and solved by direct integration

dny
dxn =

g(x)
an(x)

.

Example 1:
d2y
dx2 = 1

)
Z

d2y
dx2dx =

dy
dx
=

Z
dx = x + A ) y =

Z
dy
dx

dx =
Z

(x + A)dx =
1
2

x2 + Ax + B

where the integration constants A and B are determined from the initial conditions.



Example 2:
d5y
dx5 = sin x

) d4y
dx4 = � cos x + k1

) d3y
dx3 = � sin x + k1x + k2

) d2y
dx2 = cos x +

1
2

k1x2 + k2x + k3

) dy
dx
= sin x +

1
6

k1x3 +
1
2

k2x2 + k3x + k4

) y = � cos x +
1
24

k1x4 +
1
6

k2x3 + k3x2 + k4x + k5.



Example 3: md2x
dt2
= 0

) dx
dt
= A ) x = At + B.

Using the initial conditions

x(0) = B = x0

and

ẋ(0) = A = v0

we can write

x(t) = v0t + x0

x0
v0

x
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