Question
Use Laplace transforms to solve the following systems of equations:

(a)
o= y+e
Yy = —2x+3y+2

with initial conditions z(0) = 2, y(0) = 2.
(b)
!/ 2t
r = 2x+y+te
y = —dx+2y—e*

with initial conditions z(0) = 1, y(0) = 1.

Answer

(a) Taking the Laplace transform of the equations gives:

1
X-2 =Y |
° +s—1 (1)
2
sY -2 = —2X 43V 4° 2)
s
Y 1 2
F 1 t X =— —
rom (1) we ge 3+3(5—1)+3
2Y 2 4 2
Substituting in (2) gives sY —2 = —— — ——— — — + 3Y + —.
s s(s—1) s s

Rearranging and multiplying by s? gives

2
(s =35 +2)Y =25 — T — 2 which gives

s —_—
2 2
Y = Pyt G122 On taking partial fractions this simplifies
to
Y 2 + 2 H (t) = 2e' + 2te
= . Hence = 2e e'.
s—1 (s—1)2 Y

1
We now rewrite the second differential equation as x = Q(Sy +2—1)
and substitute for y(¢) to obtain
z(t) = e + 2te’ + 1.



(b) Taking the Laplace transform of the equations gives:

sX -1 = 2X—|—Y—i—<8_12)2 (1)

sYy =1 = —4X+2Y—(Si2) (2)
Rearranging gives

(s—=2)X-Y = 1+(s—12)2 (3)

14X + (s —=2)Y = 1_(312) (4)
(s=2)3)+4) = [A+(5-2X=1+5-2

X—l 2 5—2

~ 5(3—2)2+4+(s—2)2+4

1
= ()= 56% sin 2t + e* cos 2t.

But from the first differential equation y = 2’ —2x—te? and substituting
for z(t) gives

y(t) = —2e? sin 2t + e cos 2t — te?t.



