
















6. Question 6 (5 marks)

(a) Looking at the differential equation in x. The general solution to

dx

dt
= 2

is x = 2t+ c, solving the IVP gives c = −1 hence x(t) = 2t− 1.

The IVP partially de-couples. Solving for x we find as above,

x = 2t− 1

We substitute this into the equation for y giving,

dy

dt
= 2t− 1− y

t

Writing in standard form

dy

dt
+
y

t
= 2t− 1

We use an integrating factor to solve.

µ(t) = exp(

∫
1/t dt) = exp(ln t) = t

We multiply by the integrating factor µ.

t
dy

dt
+ y = 2t2 − t

which can be re-written,
d

dt
(ty) = 2t2 − t

Integrating with respect to t,

ty =

∫
2t2 − t dt

We integrate the RHS,

ty =
2

3
t3 − 1

2
t2 + c

Thus the general solution for y is,

y =
2

3
t2 − 1

2
t+

c

t

Solving for the initial condition y(1) = 1 gives,

y(t) =
2

3
t2 − 1

2
t+

5

6

1

t

We now want to find out solutions at t = 3. Plugging in t = 3 gives,

x(3) = 2× 3− 1 = 5

y(3) =
2

3
× 32 − 1

2
× 3 +

5

6
× 1

3
=

43

9
= 4.7778

(b) Eulers method is exact for linear solutions hence x(3) doesn’t change. Linear solutions are
found when the RHS of a differential equation is constant.
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