Signals & Systems
HW

Problem Set 1 (Due Wednesday 1/27)

Problems Al.1, A1.2, 1.52, 1.53, 1.54

Problem A1l.1

Determine whether or not each of the following continuous-time signals is periodic. If the signal is periodic,
determine its fundamental period.

(a) z(t) =3cos(V2t+ I)

(b) z(t) = =1

() a(t) = [eos(dt — T)]?

(d) z(t) = Od{cos(4nt)u(t)}

(e) z(t) = Od{sin(4dnt)u(t)}

(1) at) = Y50 e @ mu(3t — )
(g) x(t) = cos(4t) 4 sin(4wt).

Problem A1.2

Determine whether or not each of the following discrete-time signals is periodic. If the signal is periodic,
determine its fundamental period.

(a) z[n] =sin (2rn —1)

(b) x[n] = cos (7% — )

)
¢) x[n] = cos (En?)
d) z[n] = cos (En) cos (Zn)
)

(e) z[n] =2cos (Zn) +sin(Zn) —4cos (4n+ %)

Problem Set 2 (Due Monday 2/1)

Problems 1.21, 1.22, 1.32, 1.36

Problem Set 3 (Due Monday 2/8)

Problems A1.3, Al.4, 1.31, AL5
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Problem Al1l.3

Consider the following properties
1. Memoryless
2. Time-invariant
3. Linear
4. Causal

5. Stable

Determine which of these properties hold and which do not hold for each of the following continuous-time
systems. Justify your answers. In each example, y(t) denotes the system output and x(t) is the system

input.
(a) yt) =zt —3)+z(3—1)
(b) y(t) = cos(—3t)x(t)

(¢) y(t) = [ w(r)dr

0 t<0
(d) y(t){ t)+z(2—-t) t>0
o z(t+2) <0
(e) y(t) - { (t) + J,‘(Q — t) x(t 2)

(f) y(t) = =(20).

(g) y(t) = 2==D

Problem Al.4

Consider the following properties
1. Memoryless
2. Time-invariant
3. Linear
4. Causal

5. Stable

Determine which of these properties hold and which do not hold for each of the following discrete-time
systems. Justify your answers. In each example, y[n] denotes the system output and z[n] is the system

input.

(a) y[n] = 21 —n]

(b) y[n] = z[2n — 2] — 2z[n — §]
(¢) y[n] = sin(mn)z[n)
(d) y[n] = Ev{z[n + 1]}
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zln—1] n>1

(e) yln] =40 n=0
x[n] n< -1

(f) ylnl =40  n=0
zln] n<—1

(8) y[n] = z[—4n +1]

Problem A1.5

Determine if the following systems are
(a) time-invariant
(b) stable
(c) causal
(d) linear.

Justify your answer
1. A system with input z(¢) giving output

2. A system with input x[n] giving output

yln] = n’x[n?]

Problem Set 4 (Due Wednesday 2/17)

Problems 1.29, A1.6, A2.1, 2.24

Problem Al.6

Y €3)

KN X, ()

X3 (8

G &)
i L

When the input to a linear time-invariant system is given by x1(t), the output is y; (¢), see the figure.
(a) If the input is zo(t) (see the figure), what is the output?

(b) If the input is x3(t) (see the figure), what is the output?
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Problem A2.1

Compute the convolution y[n] = z[n] * h[n] of the following pair of signals
(a) z[n] = a™uln —1],h[n] = B uln], a # .
(b) z[n] = a™u[n — 1], hin] = a™u[n]

(¢) z[n] = (%)n u[n — 3], h[n] = (=3)"u[4 — n).

1 0<n<5 1 1<n<5h
n
(d) z[n] = - 7T ,hlnj=41 8<n<13
0 otherwise -
0 otherwise

Problem Set 5 (Due Monday 2/22)

Problems 2.22, A2.3, A2.4, A2.5

Problem A2.3

The following are the impulse responses of discrete-time LTI systems. Determine whether each system is
causal and/or stable. Justify your answers. The justification for stability needs to in terms of the summation
condition.

(2) hln] = (3)" uln]
(b) hln] = (—1.8)" u[n — 2]
(c) hln] = (2)" u[-n+1]
(d) hln] = (2)" ul-1-n]
(e) h[n] = (—%)" u[n] + 101"+ uln + 1]
(f) hln] = (=1)" u[n] +0.99"u[l — n]
(8) hln] =n*(3)" u[n - 3]
Problem A2.4

The following are the impulse responses of continuous-time LTI systems. Determine whether each system is
causal and /or stable. Justify your answers. The justification for stability needs to in terms of the integration
condition.

(a) h(t) = e Hu(—t —2)

(b) h(t) = e~ 2tu(t — 2)

(c) h(t) = e ttu(t + 100)

(d) h(t) = e Hu(t —2)

(e) h(t)=el"

(f) h(t) = t2e~t2u(t)

(8) h(t) = (2712 — (10=0/10) y(t + 2)
(h) h(t) = &hy
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Problem A2.5

1. The impulse response of an LTI system is given by
h(t) = cos(t)u(t)
If the input is x(t) = u(t), calculate the output.

2. The impulse response of an LTI system is given by
hln) = (~2))"

If the input is z[n] = u[n] — u[n — 2|, calculate the output.

Problem Set 6 (Due Monday 3/7)

Problems 2.30, 3.22, 3.23, 3.24, 3.26, A3.5

Problem A3.5

The following plot shows a signal x(¢) with period T = 4.

3

1. Find the Fourier coefficients of ().

2. Sketch the the signal with period T = 4 having Fourier coefficients
{0 k=0
ar = sin(k%
3 Igﬂz) k#0

3. Sketch the signal with period T' = 4 having Fourier coefficients

-1 k=0
ap = -
’ R T G ) RN

4. Sketch the signal with period T' = 4 having Fourier coefficients

-3 k=0
ar = in(k™
o B G D Ry

k2




