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Consider the signal x1(t) shown m the followmng figure. Plot xi(t-1). xa(-t+2).

x1(t-1D+x(-t+2), xi(t-1)-x(-t+2). and xi(t-1)x(-4+2).

xi(t)
| |\ .
1 2 3
&
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| l |\ .
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&
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| >
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[ x(t-Dx(t+2)
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Express the signals m the following figures in terms of step and ranp

tunctions.
2_
I I
1
I T O | > | [ | >
1 2 3 4 5 6 i-2-1 01 2 3
(a) (b)
2
1 /1/
I I I | > L | >
-3-F -1 [11 2 3 4 20 2 4
(c) i(d)
Solution:

(2) q(t)+g(t-2)-q(t-4)

() [r(t+3)-r(t+2)]-[r(t-2)-1(t-3)]

(¢) —q(t+2)+2q(t)-q(t-2) or q(t)-q(t-2)-[q(-t)-q(-t-2)]
(d) The triangle in [0.2] is x(t)=r(t)-r(t-2)-2q(t-2);

S x(t-2k)= 3 r(t—2k)-r(t-2k—2)-2g(t-2k-2)

bz
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Consider a signal x(t). Define x©
XD L x0)x(o)

2 2 ! ™
I I

1 2 3

Show that x.(t) 1s even and x(t) 15 odd. Note: a signal x(t) 1s even if  x(t)=x(-t) and 15 odd
if x(t=x(-t).

Solution:

x(=t)+x(=(-1)) _X(=1)+x(1)

x,(—t)= 5 5 =x,(t), so x(1) is even;
X, (—f)= I[—I}—i’l[—{—i'j}=_x[r]|—1x[—r}=_xn {r}, 50 X(t) is odd.
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Consider the CT signal x(t)=2+sml4t—4cos2. 1t

Is it periodic? If yes, find its fundamental period. (a) Express 1t using exclusively sine
functions. What are therr frequencies, comresponding magnitudes, and phases? (b) Express

1t usmg exclusively cosine functions. What are thewr frequencies, corresponding magnitudes,
and phases?

Solution:
Yes. Its fondamental frequency is 0.7 rad/s, and its fondamental period i3 27 /0.7 =8.976.

Using 2=2sin(0-t+7/2)=2cos(0-¢)
icos{:m‘}=5in[cafi}rf2]
isi.u[caf] =cns[caf$frf2}

we have

(a) x(t)=2sin(0-t+x/2)+sin (1.4t )+ 4sin(2.1t—x/2)

Frequency |0 |14 |21
Magnitude |2 | 1 | 4
Phase | w2 |0 | -mi2

(b) x(f)=2cos(0-t)+cos(1.4t—7/2)+4cos(2.1t+7)

Frequency I 1] I 1.4 | 21
Magnitude [ 2 | 1 [ 4
Phase I 0 I -7i2 | T
5)

Is the sienal x(f) =2+sm 2—3cosat periodic? Can 1t be expressed using complex exponentials?

Solution:

The fanction is not periodic becanse 2 and o have no commeon divisor. It can be expressed
using complex exponentials as

x(t)=2+0.5¢7" ™ +0.5¢/" %" +1.5¢"7'™ + 1.5

6)

Consider a CT system whose mput and output are related by
w (H)/u(t-1) fult-1)=0
ym={ O1u@ =D u(t-1)
0 if u(t —1) =0
Show that the system satisfies the homogeneity property but not the addstivity property.
Thus the homogenetty property does not imply the additivity property.



Solution:
If u, (1) = au(t)

a’u’(t) u’ (1)
(t)= —=a
n(t) au(t-1)  wu(r-1)
Thus the homogeneity property holds.

=ay(t)

If u(t)=u,(r)+u, (), then
[IJ]{I]:+IJE{I]|:|: :r.rf{a':l\+ u; (1)
w (t=1)+u, (r=1)  w(t-1) u,(r-1)

Thus the additivity property does not hold.
So the homogeneity property does not imply the additivity property.

7)

Show that of {u, +u,} — {3, +¥,}.then

a | a |
{5 =15}
for any integers @ and b. Thus the additivity property implies {a’ul } — {I’-Ii’l} for any
rational number & . In other words, the addstrvity property almost implies the homogeneity
property.

Weuse y=L[u]to denote u — ¥ Let a be a positive integer. then

L[au] =L|:u +{a—l:lu:| = L[u]+L[{a—1}u:|

=L[u]+L|:u +{a—2}:.r:|=L[u]+£[u]+£[{a—2}u]
=---=L[u]+L[u]+---L[u]=aL[u]

L[u+0]=L[u]+L[0]=L[u]= L[0]=0

L[m.r+ (—au }] = L[au]+ L[—au]=L[0]=0

L[-au])=-L[au]=—aL[u]

Thus additivity implies L[au]=aL[u] for any positive or negative integer.

Let er =a/b for any integers a and b,
Define u =bv then

L[u]=L[bv]=bL[V]
::»L[v] =%L[n]
or L[%} =éL[u]

Now
u

a a
L[au] =L[EH}= al [3} =EL[H]
Thus additivity implies
L[au]=aL[u] for any rational number a .

8)



Discuss whether or not each of the following equations
1s memorvless, inear, time-mvariant, and casual:

a  y(t)=-2+3u(t) %?lgiir-li;vaﬂant

b. y()=4
- Y1) = yu(r) a. memoryless. nonlinear, T1, causal
c. y()=u(u(t-1) b. memoryless, nonlinear. TT. causal
o c. with memory, nonlinear, TI, causal
d. y(6)=tu() d. memoryless, linear, fime-varying. cansal
e ¥it)= J u(T)dr + y(t,) e with memory, linear, T1. causal
f  with memory, linear, time-varying, causal

£ 3(0)=[ a@)dr+y,)

9)

Consider a CT LTI system. Suppose its step response (the zero-state response
excited by a step mput or u(r) = g(r)1s as shown mn Figure (a). Find the outputs excited by
the mputs shown m Figure (b) through (d).

L

Va u A 11> 4 us

(a) (b) (c) (d)

Solution:
w (1)=2g(1)-2q(1-2)
=n(r)=2y,(1)-2y,(1-2)

N
2 |
L1
0 2 \1/5 t
2 —
u, (£)= 0.5, ()~ 0.5u (—2) 1y ()= 0.5 (£)+ 0.5 (1-1)
=1, (t)=05y,(1)-05y,(1-2) = 1, (1) =05y, (1)+ 0.5y, (1-1)
¥z ¥3
2 - 2
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Consider a CT Linear system Its zero-state responses excited by u; and u; are
shown m the followmg figure (a). Is the system time-varying or tume-mvariant? Can you
find the zero-state responses excited by the mputs us, w;, and us shown m figure (b)?

m V1

[I5Y Y Y2

T ot

(a)
us 4 w Us
1 [ [ _] > _l -
NN t Lt
(b)

Solution:
It's time varying, thus the time shifting property cannot be used.

My =20 U, = V3 =21—

Here we have used only homogeneity and additivity properties. Although u.is the shifting of
u, of u,by one second. y,is not necessarily the shifting of 3, or y, by one second. Thus if is

not possible to compute y, from the given pairs. The same conclusion applies to y, .

11)

Consider a DT LTI system with the input-output pair shown below. What 1s
its step response (the output excited by the step sequence q[n])? What 1s its impulse
response (the output excited by the impulse sequence &[n])?

& 'Y
ulnl 1T yln]
1+ 1
3

|
1

[
Lat -




q[n] 4
1
I O
ol 1z 3 4 35 & 7 & n
v[n]
1 - .
T | T
ol 1 » ¥ 4 3 & 7 =8 n
1

ol 1 2 3 4

=1 [

ol 1 2 3 4 5 & 7 B 9 10 11 12 p

T4 5 4 07 & n
Because 5 [n|=g|n]—g[n—1]. the impulse response h|n| =}=v|n]—}'\, [n—1]

hlﬂf [ 1]

R

4 5 n

12)

Consider the sequence h=[1 2 3 -2] which is located at n=0:3 and u[1 0-2 4 4
5] which 15 located at n=0:5. Compute therr convolution for n—2:12.

Consider the polynomials
h(s)=5 +25* +35-2
And
h(s)=5"—25" +457 +45+5
Compute hisju(s). Verify that its coefficients are the same as those in Problem 2. Thus the
mmltiplication of two polynommals can be computed as the convolution of ther coefficients.

Solution:

h(s)u(s)=5"+25"+5" - 25" +6* + 295" +145" + 7510

Its coefficients are the same as the convolution m Prob. 3.2 for n=0:8, thus the product of
two polynomials can be computed using a convolntion.

In MATLAE, typing
h=[123-2];
u=[10-2445]
corwv (hy,u)

yields
1 21 -2 6 20 14 7 -10
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Explore the “Joy of Convelution™ and “Joy of Convelution (Discrete Time)” sections
at hitp://www jhu edu/~signals.

If the Java applets mn the above webpages are not running properly, mstall the latest Java
Runtime Environment (JRE) from http:/java. sun com/javase/downloads/mdex jsp

14)

Compute the integral convolution of hy(t) and uy(t), shown below.

Iy[n] w[n] 4
2F —] 2t —
1 23 45 6 1 23 45 6
hy[n] u[n]$
2 2
+— 1
— > — >
1 23 45 6 1 23 45 6
¥ilt)
16 -
| -
ol 4 g t
Part 2:
0.5t%. 0122

—(t-3)'+3.2<1<4
0.5(t—6).4<r<6

_ 0. otherwise

¥, (1)=05,3,(2)=2.3,(3)=3

y:[I:I=

35
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Find the energy of the signals sketched below. How does the energy change
when transforming a signal by time-shifting or time-reversing it? How does
the energy of a signal f(f) changes when it is multiplied by a factor a € R.
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16)
5 in the figure below using only f(t),

P

Express the signals f;(t) i =1
and its time-shifted, time-scaled and time-inverted versions. For example

falt) =t —1)+ f(1-1).
£t
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Sketch the following signals, and state if these are causal, anti-causal, or
non-causal.

(a) f(t) = exp(—2t)u(t)
(b) (1) = tu(t) + (exp(l — t) —t)u(t — 1)
(¢) f(t) = Re{exp((1 + 2mj)t) }u(l — 1)

S S LY AT R,

2 f(4)=6 €cn

i

i
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18)

(a) - Express the signals in the figure below by a single expression valid
for all t.

(b) - Carefully sketch the signals fa(t — 3), 3f2(2t +2) and f5(2t — 1).
(Note: the use of the step function u(t) will come in handy for the first

part)

4

-

290 1) = £ (a0 -ule ) 5 2(e-1Y(ufe2) -u =)
() FU = -t a1 £ (o) -oie2)
= cAu(t) F lil dul) - Eunlt)

2 - () y i) £ 2 L)

b} 4 (4-3)




19)

Simplify the following expressions:
() (#35) 6) (b) Fta(t - 2)
(¢) 72, (2t —5)0(t —2)dt  (d) exp(3k) cos(401mk)d(k + 1)
(e) f_m (2t — 5)8(t — x)dt  (f) [-_exp(3z)cos(4017z)8(z + 1)dx
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20)

Let f(t) be a signal with energy E;. Find the energy of the signals
—f(t), f(—t) and f(t —T) where T' € R. What is the energy

of the signal g(t) = cf(at — b), where a,b,c € R and a # 07 (Hint: write
the energy integral for the various signals, and use a change of variables
to express it in terms of Ey)
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21)

Consider the continuous-time systems below, deseribed in terms of an in-
put/output relationship, where the input is f(f) and the output is y(t).
Determine if the systems are linear or non-linear. (Justify your answer
fully, simply stating the answer will give you no credit)

(a) FH(®) +3ty(t) =£21(1)  (b) 3y(t) +2=f(¢)
(c) y(t) = [* f(r)dr (d) (1) +2y(t) = FO) L (2)
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Consider the diserete-time systems below, described in terms of an in-
put/output relationship, where the input is 2[n] and the output is y[n].
Determine if the systems are linear or non-linear. (Justify your answer
fully, simply stating the answer will give you no credit)

(a) y[n] = cos(mn) + z[n —4] (b) y[n] = y[n — 1] + z[n]
(¢) y[n] = sin(mn) +zn -4 (d) y[n] =3, z[n]
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Consider the systems described below, where f(t) or f[n] correspond to
the input (respectively for continuous and discrete-time systems) and y(t)
or y[n] eorrespond to the outputs (again for the CT and DT cases respec-
tively). Determine which systems are time-invariant, and which systems
are not. (Justify your answer fully, simply stating the answer will

give you no credit)

(a) y(t) = f(-1) y(t) = |7, f(r)dr
(c) y(t) = F(3t) (d} [ | = 2nafn — 2]
(e) yn] = (z[n] —z[n—1))*  (F) yIn] = yln — 1] +z[n]
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24)

Consider an LTI system that has impulse response h(t) = e *u(t). Find
the system response y(t) if the input is

(a) u(t) (b) e 'u(t) (c)sin(3t)u(t)
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25)
Let p(t) = u(t + 1) — u(t — 1). Compute and sketch
(p*p)(t) and (p*p+p)(t). Comment on your results.
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26)

Consider a system that has impulse response h(t) = —d(t) + 2e~tu(t).
Compute the system’s response to input e'u(—t) and sketch both the
input and output signals.
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27) MATLAB assignment

I.  The goal of this part of the lab 1s to write a MATLAB program 1n which the convolution
of two signals 1s computed.

Write a MATLAB program (m-file) in which the following two functions fjt) and /(1) are
defined within the time mterval of [-1 2]. Since the convolution 15 defined as

gt = (O *hi(r) = fmh(r) F(r—1)dr . using vour hand calculation:

- Specify the range of ¢ for which the convolution result 1s non-zero.

- Determine appropriate ranges of r in each case of integration and the cormresponding
mathematical term for A(7)f(t — 1) as a function of t and t.

MNow based on your answers to the above questions, continue vour Matlab code on
calculating the convolution result gft). In the same figure, plot f{t) m subplot(2.2.1). hit) n
subplot(2.2.2). and g(t) in subplot(2.2.3:4).

) A h(r) A
| _1 A
>
r

1

o

II. Wote a MATLAB program 1n a new m-file to perform the convolution of the two
functions given above using the conv command.



