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SYDE 252 QUIZ 1

1. Suppose a system has step response
sin2xt 0<¢<1
o) =)+ b = { 227 42

a. Find and sketch the system’s impulse response, h(t).
b. Find and sketch the output y(2) if the input is

z(t) = u(t) - u(t ~ 1).

c. Find the input z(t) which produces a response
y(t) = [sin 2xt]u(t).

-

2. In image processing a reasonable model of image blur is a linear shift invariant system
with impulse response '

k(n) = ol

Suppose a = 1/2.

A simple model of lateral inhibition, a neural mechanism in the retina in which neigh-

bouring inputs inhibit the response, is the linear difference equation:

y(n) = 22(n) - 2atn—1)- 2e(n+1).

a. Find A;(n), the impulse response of lateral inhibition.

b. What would be the result if an image blurred by h(n) is processed by lateral inhi-
bition? Explain. '



3. Suppose a discrete system has the LDE:
10
yn) - Sy(n -1 +y(n-2) = z(n).

and is initially at rest.

a. Find the impulse response A(n).
b. Is the system stable? Explain.

¢. Find 10
h{n) » [§(n) — -5-6(1: —1) + §(n - 2)).

Is the system invertible? Explain.

4. Suppose a continuous system has the LDE:
" 1 17
() +¥'(8) + 7u(t) = =2(t)

a. Find the impulse response, h(t).
b. Suppose the system is changed to:

V(0 +¥(0) + Ty(t) = 37() + 2'0)

What is the impulse response of this system?
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3. Suppose a discrete system has the LDE:
10 |
o) = Dytn — 1) + yin - 2) = z(n).

‘and is initially at rest.

a. Find the impulse response A(n).
b. Is the system stable? Explain.

¢. Find 10
h(n) * [§(n) — -é-S(n = 1)+ &(n - 2)].

Is the system invertible? Explain.

4. Suppose a continuous system has the LDE:
N f 17
y'(8) +y(t) + o(t) = =(8)

a. Find the impulse response, h(t).
‘b. Suppose the system is changed to:

"(6) +(6) + L (t) = 32(8) + ().

What is the impulse response of this system?
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SYDE 252 QUIZ 1 Oct. 13, 1993

Suppose a discrete LTI system has a response to a unit step
given by:

- A+l
g(n)=[1 a ]u(n)
l=-a

where QO<acxl.

a. Find the impulse response h(n).

b. Is the system stable? Explain.

¢. Show that this system is invertible by finding A (n) such that
h(n)xh (n) = &(n).

d. What is the linear difference equation for the system?

A system has an impuise response of the form:
h(s) = (Ae™ + Be™ Ju(z).
Assume the system's LDE is of the form:
Y )+ @y (6)+ a,y() = x(0).
a. Find g, and 4 to obtain the LDE.

b. Use appropriate initial conditions to find A and B to obtain
h(r). '

¢. Suppose the system is modified to:

Y@ +ay (1) +ay(e) = x()+x'(2).

For the same g, and @, what is A(z) now?



3. A simple model of an echo is a system whose impulse response
is:

h(D)=8(t)+6(cr —T).
Suppose a pure tone of the form:
 x(e) =sin27ft uls)

is applied to' the system.

a. Find and sketch y(r) if f=)4T.

b. Find and sketch y(z) if f:%-.

c. Suppose you want to cancel the echo with a system whose
impulse response is A(r). What should A (r) be to exactly

cancel the echo?
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SYDE 252 QUIZ 1 Oct. 13, 1994
Notes: 1. All parts worth 10 marks each.

2. If you need a specific value of T or 2 in problem 1 to
get started, try T=2 and g=1. You'll need the general
form for full marks.

3. x(r)*h(r) j X Oh(t—1)d7; x(mpwhin)= T x(k)h(n - k).

J T

1. Evaluate and carefully sketch the following signals:
a. u(t=-Tyu(t+T).

1 Il
b. (E) . *[—26(:: +1)+58(n)—-28(n- 1)].

c. e “u(ty[u(t) - u(z~T)].

2. A discrete LTI system has linear difference equation:
¥y =L7y(n -1)+.72y(n-2) = x(n).

a. Find the impulse response, h(n)

b. Is the system stable? Prove or dlSprove |

¢. Is the system invertible? Find the inverse system if so.

d. What is the impulse response if the right hand side of the
equation is x(n)-.9x(n—1)?

3. A second order LTI system has linear differential equation:

Y(O+2y' (1) +5y() = x(:)""d(t) f\-" W pesf

a. Find the impulse response,h(). .

b. Draw the Direct Form II block diagram.

c. If the input is x(t)= 5’(:)+?.5(r)-i-5u(?3 what is the output?
Jau

ookt 1> b@u-xlt)a-l.
JLEJ o REd e 20D + 5 Jhedde
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SYDE 252 QuUIZ 1 Oct. 18, 1995

Aids permitted: 1 84x11 page of notes, no calculators.
Each part of each problem is worth 10 marks.

1. Consider the cascade of two causal LTI systems with impulse responses:
h,(n) = a"u(n) and hy(n)=b"u(n).

a. Find A(n)in closed form for the complete system for both a =5 and g = b.
b. Use the linear difference equations for the two subsystems to show that the
complete system has the LDE: y(n)—(a+b)y(n-1)+aby(n-2) = x(n).
c. Draw the Direct Form II diagram of the system.

2. Suppose a causal LTI system has the linear differential equation:
yoe)+ y(e) = x(@).

a. Find the impulse response A(r).

b. Find and sketch y(¢) if x(r) = u(t)-ulr - 2n).

c. Is the system stable? Explain. Can you modify the right side of the LDE to
achieve a stable system?

d. Find h(r) if the right side of the LDE is x(t). What if it is x”(s)? -

3 Let x(¢) I onstsnty for all inte
. e = in .
x o else gers n
¢ k=0
a. Show that the Fouricr Series coefficients are of the form x, = —-’:-e— kodd.
0 cclse

Find the parameters c and 8 . :
'b. Find the coefficients for the signal x’(r) in terms of the coefficients of x(r).
c. If x(¢) is applied to a system for which: '
H(k2m) = [ (e F ™ g = {1 W<t
0 else
find the output ¥{t).
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SYDE 252 QUIZ 1 Oct. 9, 1996

Aids permitted: 1 8+x11 page of notes, no calculators.
Each part of each problem is worth 10 marks.

2

1. For each of the foilowing syswems, find and sketch the ourpur for the given input
2. hO)=u(r)-u(t=2); 20 = FVue -1,
— Aawl
b. Any=8(n)~ad(n—-1); x(n) = [1 4 ]u(n) )
l-a J
2. Suppose two linear time invariant systems have the same response ta one
pardcular input. Are the systems identcai? Explain. How does the input affect
your answer?
A simple model of a light meter can be inferred from its response to 2 unit step
representing a unit discondnuity in the input light level. Suppose this siep
rasponse is:
4
glt)={2=2¢ 7= lur).
a. Find the impulse response of the light meter.
b. Show that the meter can be represented by the LDE Y@y +ay(@)=x@).
Find a.
c. Devise a system which recovers the input to the light meter from its ourput.
Give its LDE and draw its block diagram using integrators.
4, A causal discrete oscillator has the linear difference equaton:

y(n)—v2y(n = 1)+ y(n =2) = x(n) ——‘/Z-E—x(n -1).

a. Draw the Direct Form I block diagram.
b. Find the impulse response by recursively solving the LDE directy for

h(0), A1), h(2), ---, for at least one complete period.

¢. Find the impulse response of y(n) = ny(n =D+ y(n=2)=x(n).

d. Use linearity and time invariance to find the impulse response of the entire
system.
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SYDE 252 QUIZ 1 Oct. 9, 1997

Aids permitted: 1 8+ x!1 page of notes, no calculators.
Each part of each problem is worth 10 marks.

1. A continuous LTI system has the LDE:
YO + Ty (6) +10¥(6) = 3x(2)
a. Find the impulse response h(t).

b. Find the output y(r) if the input is the unit step, x(¢) = u(t). Use the graphical
convolution method showing each step and carefully sketch the result.

c. Is this system stable? Explain.

2. A discrete LTI system has the LDE:
(n)+ 2231 -2) = x(n)
y 25 ¥
a. Find the impulse response A(n).
. : . . 16
b. Find the output y(n) if the input is x(n) = &(n) +Ec‘5(n -2).

c. Is this system invertible? Explain.

3. One straightforward strategy for finding the inverse system of simple LTI systems is
to take the first few derivatives of the impulse response A(¢) , express each in terms of
h(t), and try to find an LDE that A(z) satisfies. Consider the noncausal system whose

impulse response is:
k(1) = eﬂzlrl = eﬂztu(r) + e2tu(—t) .
a. Find and sketch A’(z).
b. Find and sketch 2”(z).
¢. What LDE does h(z) satisfy?

d. What is k(¢) such that A(t)*h ()= 6(1)?
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SYDE 252 QUIZ 1 Oct. 15, 1998
Prof. Ed Jernigan
Aids permitted: 1 84x11 page of notes, no calculators.

Each part of each problem is worth 10 marks.
1. A continuous LTI system has the LDE:

YO+2y' (O +2y() = x(r)

a. Find the response of the system if the input is §(f).

b. Find the output y(¢) if the input is the unit step, x(1) = u(¢).

¢. Find the output y(¢) if the input is 5'(¢), the unit doublet.

d. Find the impulse response if the right hand side of the equation is x(¢) + x'(¢).
2. A discrete LTI oscillator of period 4 has the LDE:

y(n)+ y(n-2) = x(n)
a. Find the impulse response h(n).
b. Find the output y(r) if the input is x(n) = u(n).

c. Is there any bounded input which produces an unbounded output? Explain.
Give an example if possible.

3. Suppose you graduate with a total debt of $10,000. If you negotiate a deal with your
banker to repay the loan over 5 years in 60 equal monthly payments, with an interest
of 0.5% monthly on the unpaid balance, what will your monthly payments be? The
parts of the problem will help you formulate this problem as a discrete system.

a. Explain how your indebtedness satisfies the equation y(n) ay(n-1)=x(n).
What are x(r), y(n),and a?

b. If you borrow $10,000 at month 0 and make payments of $P monthly
beginning at month I, you can express the input to your debt system
asx(n) =10,0006(n) ~ Pu(n~1). Find y(n), your debt at month n.

¢. What are your monthly payments if you are to be free of debt after 5 years?
(Express the payment amount P in terms of a.)
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SYDE 252 QUIZ 1 Oct. 14, 1999
Prof. Ed Jernigan
Aids permitted: 1 81x11 page of notes, no calculators.

Each part of each problem is worth 10 marks.

1. A continnous LTI system has the impulse response:

—at ¥

—-ait at
h(t)=e ”z ¢ <0, assumea > 0.
e t>0

a. Find the response of the system if the input is the unit step, u(t).
b. Find the output y(z) if the input is u, (#) = §"(¢).

=b
¢. Find the output y(¢) if the input is, x{(¥) =e H ,0<b<a.
2. Suppose a discrete LTI system has the impulse response:
h(n) =u(n) - 2u(n—-3)+u(n-6).

a. Find the output y(n) if the input is x(n) = u(n).
b. Find the output y(n) if the input is x(n) =a"u(n), 0 <a <1.
c. Find the output y(n) if the input is x(n) = u(-n) ~2u(3 —n) +u(6 - n).

3. A continuous LTI system has the LDE:

YO+ 2y (0)+ 2y(1) = x(1)

a. Find the impulse response of the system, A(?).
b. Find the impulse response if the right hand side of the equation is x"(z).

4. Suppose an LTI system has the LDE:  y(n)+by(n—1)+cy(n—-2) = x(n).
a. What conditions on band ¢ produce an imﬁulse response which is a decaying

sinusoid? A growing sinusoid? A constant amplitude sinusoid? Explain.
b. Find the impulse response if b=~1, ¢= }é .
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