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Does a differential equation describe a linear system?
Example 1: Consider the following system:
d _
YO +ty(® = (¥
Define y,(t) as the output due to x,(t), and y,(t) as the output due to x,(t).
Let’s compute the output to these:
: d _
X4(1): ay]_(t) +ty (1) = xq(t) (1)
d
Xo(1): ayZ(t) +ty (1) = X,(t) (2)
ax,(t) + Bx,(t):  Multiply (1) by a and (2) by B, and add (1) and (2):
ay1(0) + tyy 05+ B0 + ty,0F = ax,®) + By
Rearranging terms:
d
g(@Ya(®) + By,(0) + t(ayy () + By,(t)) = axy (1) +Bx,(t) (3)

If we define y5(t) = ay,(t) + By,(t) and X5(t) = ax,(t) + Bx,(t), we see that
(3) can be rewritten as:

L0 +tygd) = x40

Hence, it is linear system.
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Example 2 : Consider the following system:
d _ 2
0 = X0

Define y,(t) as the output due to X,(t), and y,(t) as the output due to x,(t).
Let's compute the output to these:

X (): Ly = 4 @

Xal0): Syt = 450 @
ax4(t) + Bx,y(t):  Multiply (1) by a and (2) by 3, and add (1) and (2):

Ay 05+ By, = a0 + B30

it Tt
Rearranging terms:
Layy0 +By,0) = a0 + B350 @)

If we define y5(t) = ay,(t) + By,(t) and x5(t) = ax,(t) + Bx,(t), we see that
(3) cannot be rewritten as:
d _ 2
ay?,(t) = X3(t)
because
2 2, .22 2.2
X3(t) = (axy(t) + Px,(1) 7 o xy(t) + B x,(1)

Therefore, the system is not linear!
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