1 a % + 6y(t) = 4x(t)

Thisisan ordinary differential equation with constant coefficients, therefore, it islinear and time-
invariant. It contains memory and it is causal.

b) % + 4ty(t) = 2x(1)

Thisisan ordinary differential equation. The coefficients of 4t and 2 do not depend on 'y or X, so the
systemislinear. However, the coefficient 4t is not constant, so it istime-varying. The systemisalso
causal and has memory

<)
yinl+2y[n-1=x[n+1]

Thisis adifference equation with constant coefficients; therefore, it islinear and time-invariant. Itis
noncausal since the output depends on future values of x. Specifically, let x[n] = u[n], then y[-1] = 1.

d) y(®) =sin(x(t)

check linearity:
y1(t) =sin(xy(t))
y2(t) =sin(xz (1))
Solution to an input of a;x4(t) + axX,(t) is sin(a;x4(t) +axx,(t)).
Thisisnot equal to agy;(t) +ayyo(t) .
As acounter example, consider x4(t) =1 and X,(t)=1/2, 8y =a, =1

the system is causal since the output does not depend on future values of time, and it is memoryless
the system is time-invariant

9 ‘3—{+y2(t) =x(t)

The coefficient of y meansthat thisis nonlinear; however, it does not depend explicitly ont, soitistime-
invariant. It iscausal and has memory.

f) yin+1+4y[n] =3x[n+1] - x[n]
Rewrite the equation as y[n] + 4y[n —1] = 3x[n] — x[n — 1] by decreasing the index.

Thisis adifference equation with constant coefficients, so it islinear and time-invariant. The output does
not depend on future values of theinput, soitiscausal. It has memory.
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h) y[n] = x[2n]

has memory since the output relies on values of the input at other the the current index n,

causal? Let x[n] =u[n-2], sox[1] =0. Then y[1] =x[2] =1, so hot causal.

linear? Let y; [n] = x4[2n] and y, [N] = Xz[2n]. The response to an input of x[n] = ax,[n]+bx[Nn] is
y[n] = ax4[2n]+bx,[2n], which is ay,[2n]+by,[2n], so thisislinear

time-invariant: Let y;[n] represent the response to an input of X[n-NJ, so y;[n] =x[2(n-N)]. Thisisaso
egual to y[n-N], so the system istime-invariant.

i) y[n] = nx[2n]

Thisissimilar to part h), except for the n coefficient. Similar to above, it is noncausal, has memory and is
linear. Check time-invariance:

Let y4[n] represent the response to an input of X[N-N], so y;[n] = nx[2(n-N)]. Thisisnot
equal to y[n-N] = (n-N)x[2(n-N)], so the system istime-varying.

Ly _
1) g+ SNy () = 4x(1)

Thisisan ordinary differential equation with coefficients sin(t) and 4. Neither dependsony or x, soitis
linear. However, the explicit dependence on t meansthat it istime-varying. Itiscausa and has memory.

d2y dy dx
K) —= +10—= +4y(t) =— + 4x(t
) gz T10g T YO =)

Thisisan ordinary differntial equation with constant coefficients, so it islinear and time-invariant. Itis
also causal and has memory.

2. Theresponseto 4u(t) is 4(1-e%)u(t). The responseto 4u(t-1) is 4(1-e**Y)u(t-1). So the responseto
X(t) = 4u(t) - 4u(t-1) isy(t) = 4(1-€*)u(t) - 4(1-e*D)u(t-1).



