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School of Electrical and Information Engineering
y ELEN3013 Signals and Systems IIB

Tutorial 2

UNIVERSITY OF THE WITWATERSRAND. JOHANNESBURG

Ref 1: Signals, Systems and Transforms by Phiﬂips and Parr, 2nd ed., 1999
1. Problem 10.3 from Ref 1.
2. For a system with impulse response

h(k) = 3u(k + 1) — 3u(k - 3)

and input
z(k) = 2u(k—1) — 2u(k — 4)

where u(k) is the unit step function, determine the system output y(k) using convolution.

3. For a system with impulse response

h(k) = 5u(k ~ 2) — Su(k —9)

and input '
z(k) = 2u(k — 1) — 2u(k — 6) + 10u(k — 10) — 10u(k — 16)

where u(k) is the unit step function, determine the system output y(k) using convolution.

4. Problem 10.9 from Ref 1.
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- Problem 10.11 from Ref 1.

- Problem 10.12 from Ref 1.
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. Problem 10.14 from Ref 1.

- Problem 10.15 from Ref 1.
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. Problem 10.17 from Ref 1.

10. Problem 10.20 from Ref 1.

11, Problem 10.21 from Ref 1.

12. A system is given by
y(k +2) + 0.5y(k + 1) + 0.8y(k) = z(k + 2) + 2z(k)

(2) Draw a blocic diagram of the system.

(b) Determine the impulse response of the system.
(¢) Determine if the system is LTT.

(d) Determine if the system is causal.

(e) Determine if the system is BIBO stable.

(f) Determine the unit step response of the system.
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10.1. Given the convolution sum

oo
Yn] = x[n]+h[n] = 2 H{kh[n — k]
k=—oq
Show that this sum can also be expressed as

y[n] = h[n]*x[n] = k__E hlk]x[n — k]
(Hint: Use a change of variables.)
10.2. Show that, for any function gln),
8[n]*8[n] = g[n]
10.3. (a) Evaluate uln]*u[n].
(b) Evaluate uln — m]uln — n,), with mZn =0,
(c) Forn = S,n =1, and ny
the results in (b).
10.4 Given the LTI system of Fj
response h[nj, where

= 2, sketch the convolution as jn Figure 104 to verify

gure P10.4, with the input x[n] and the impulse

7o 2, l=n=3 Hn] = 3, —-l=n=3
M)« 0, otherwise 0, otherwise

(d) Verify the resu]

ts by solving for ¥[n] for all n,
(e) Verify the resu}

ts of this problem using MATLAB.

[n] [n}
z[n . yIn]

Figure P1p.4

response h[n] = «"uln],

= B"u[n], with B # o
and B constant,
(2) Find the system response y[n). Express y[n] in closed form, using

the formulas for
Beometric series in Appendix C,
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10.9. (a) Suppose that the discrete-time LTI system of Figure P10.4 has the impulse
response h[n] given in Figure P10.9(a). The system input is the unit step function

x[n] = u[n]. Use the convolution sum to find the output y[n]
(b) Repeat part (a) if the system input is x[n] in Figure P10.9(b).
() Verify the results in part (b) using MATLAB.
(d) Repeat part (a) if the system input is x[n] in Figure P10.9(c).
(e) Verify the results in part (d) using MATLAB.
() Repeat part (a) if h[n] is the same function as x[n] in Figure P10.9(b); that js,
h{n] = x[n).
(g) Verify the results in part (f) using MATLAB.

hln]

n

x[n)
1
0

oo
E]

(c} Figure P10.9

10.10. For the LTI system of Figure P10.4, the input signal is x[n], the output signal is y[n],
and the impulse response is k[n]. For each of thé cases below, use the convolution sum
to find the output y[n]. The referenced signals are given in Figure P10.10.

(@) x{n]in (a), A[n]in (b)

(b) x[n] in (a), k[r)in (c)

(€) x[n]in (a), k[n]in (d)

(d) x[n] in (b), A[n] in (c)

(e) x[n]in (b), [n]in (f) ,

(® x[n]in (a), k{n] in (B), where « and B are assigned by your instructor
(8) Verify the results in each part using MATLAB.

10.11. For the system of Figure P10.4, suppose that x[n] and A[n] are identical and as shown
in Figure P10.10(c).

. (a) Find the output y[n] for all n, by sketching 4[k] and x[n — k).
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474 Discrete-Time Linear Time-Invariant Systems  Chg

10.17. Determine the causality and the stability for the systems with the folg
impulse responses. ., -
(@) A[n] = e u[n] (b) h[n] = e7my[~n)
(©) h[n] = e*u[n] (d) h[n) = cos(3n)u[n)
(e) hln] = ne>u[n) (® h[n] = ™ cos(3n)u[n]

10.18. (a) Given an LTI system with the output given by

Ar = 3 eain - k]

Find the impulse response of this system.
(b) Is this system causal? Why?
(¢) Is this system stable? Why?
(d) Repeat parts (a), (b), and (c) for an LTI system with the output given by

y¥[n] = J“2:'6e—z(""‘)x[k - 1]

10.19. Suppose that the system of Figure P10.4 is described by each of the following sys
equations. Find the impulse response h[n] for each of the systems.
@) y(n] = x[n — 1]

n

®) y[n) = 3 k]

k=0
10.20 (a) Find the responses for systems described by the following difference equations v
the initial conditions given. :
(b) Verify that your response satisfies the initial conditions and the difference eq
tion.
@ yn] = 073(n — 1] = uln], y[-1] = -3
(D) y[n] = 07y[n — 1] = e™uln], y[—1] =0
(i) y[n] — 1.7y[n ~ 1] + 0.72y[n — 2] =uln), w[=2] =1, y—1] =
(iv) y[n] — 07y(n — 1] = cos(mjuln], y[—1]=-1 s
(¢) Use MATLAB to verify your solutions in part (a) by finding y(n) forn = 0, 1,2, an
10.21. Consider a causal system with each of the system characteristic equations below.
(a) Give the modes of the system. '
(b) Give the natural response for each of the systems. b
If the characteristic equation has complex roots, express the response terms in the
form of a sinusoid. -
@ z-09=0 .
) 22— 1724+ 072 =0
(i) 2 +2=0
ivZ2—-1=0
) (z—-09°=0
i) (z = 09)(z — 1.2)(z + 0.85) =0
10.22 Determine the stability of each of the systems of Problem 10.21.
10.23 Given a discrete-time LTI system described by the difference equation
y[n] = 0.7y(n — 1) = 2.5x[n] — x[n — 1)
(a) Draw the form I realization (block diagram) for this system.
(b) Determine thesimpulse response h[n],0 = n = 4, for the system. :
(¢) Verify the results of part (b) by tracing the impulse function through the block di
gram of part (a). .
(d) Suppose that the system input is given by




