Systems

cO
A system is an abstractlo@ %}lﬁg that takes an input
signal, operatg&cﬂ@ nd@@ﬁ s an output signal.
= A iys(tehh\geneﬂal‘aggt lishes a relationship between its
input and its output.
= Examples could be car, camera, etc.
(dSystems that operate on continuous-time signal are known as
continuous-time (CT) systems.
dSystems that operate on discrete-time signals are known as
discrete-time (DT) systems.

Input Signal Output Signal
> system >
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Drill -1k
?a\e ‘CO .
Most of the signals in this h‘s\@‘% ................ (CT signals / DT signals). Choose

the \5%@6\'\' o 208

Mention four systems other than those mentioned in the slides.
Mention three signals other than those mentioned in the slides.
How can we convert a CT signal into a DT signal?

Can a system have multiple inputs and multiple outputs?

What do you mean by time-domain signal and spatial-domain signal?
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Three Impor’ran’r Ca

sole e CO
Case 1: Signals with finite xl e, E < co:
gﬁr\e\& $ @ ro average power. For example, in continuous
P( se, if Eq ?ca :
P, = lim — = 0
500 2T

An example of a finite-energy signal is a signal that takes on the value of 1 for
0 <t <1 andO0otherwise. In this case, E,, = 1 and P, = 0.

Case 2: Signals with finite average power, i.e., P, < oo:

For example, consider the constant signal where x[n] = 4. This signal
has infinite energy, as
+N

E. =Al,im z |x[n]|? =1\1,im 42 = ...+ 16 + 16 + 16 ...
n=—N n=—N
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Three Important Cases - &\Qn‘rinued

cale &
However, the total averaﬁ@‘@r IS ﬁ?lte,
. \N ﬁ(Om 5 0‘
© aQ»@N’L RS
' 11? = lim Z 42

P, £ lim

N-w 2N + 1 N-o 2N + 1
n=-—N n=-—N
= lim —- YN 1 = lim 28D im 16 = 16
N—->oo 2N+1 N-o>oo 2N+1 N—oo

Case 3: Signals with neither E_, nor P, finite:

A simple example of such a case could be x(t) = t. In this case
both Eand P,are infinite

CEN340: Signals and Systems; Ghulam
Muhammad
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Time Shift "
e.cOY

Signals Coeitinaous tim:? Discrete time
x(t

Original J\/ ﬂmmﬂh rTT
elayed R _/\/ T* ﬁﬂl h Kill

+ ny]

Advance \/\M il htmh B
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Example: Time Shn‘TuQ)

O,&e@a\e

0 Ye<o N T
Lf f‘ 0" 6 — :
x(t) = : O\ﬁ 2A Original Signal
e%}%ggp%ge \

The signal x(t + 1) can be obtained by shifting the given signal to the left by one unit

x(t+1)

Time Shifted Signal

-1 0 1 2 t
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Periodic Complex Exponential and\&inusoidal Signals

\e.CO
Now we consider the case of cwﬁ@%@hentials where a is purely imaginary.

More, specifically, we C(“s(g&' X\ -‘ 67
\,\G\N e 2{ S ejwot
p(e pao

An important property of this signal is that it is periodic.

X({t)=x({t+T)=e!™ =elotT) —glatglal —glal =7

This equation can be true,
1. If, wy = 0, then x(t) = 1, which is periodic for any value of T.

2. If, wy # 0, then the fundamental period T, of x(t), i.e. the smallest value of
T for which the above equation holds, is
21

T =
0 |(U0|
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Example: General Complex ExpernTial Signals

-

cO-
sa\e:
NOW©

Sinusoid with grow{rﬁ WG;\I%(B O“ 67 Sinusoid with decaying exponential

x@q &\lﬁl)\o%) P age

CEN340: Signals and Systems; Ghulam Muhammad

X(t

=|C| e'”cos(m0 t+0)

Damped
sinusoid

May occur in an

RLC network due
to resistors
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1.3.2 Discrete-Time Complex E>\<(ponen’r|al and
Slnusmdag@gﬁh}é

Note>
A discrete-time comple‘v@%ntlaj,(s g@ﬁ c@lquence x[n] can be written as
\
where C and «a are, in general, complex numbers. This could also be written as
x[n] = CeP

where g = ef

Real Exponential Signals

In this case both C and «a are real numbers, and x[n] is called a real exponential.

USAGE: Real-valued discrete-time exponentials are often used to describe
population growth as a function of generation, and total return on
investment as a function of day, month, a quarter.
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Discrete-Time Complex Expon&m‘lal Signals
pcd\C: co¥

In case of continuous- tlm%ﬁ t%e—‘slgnals e/ @ot gre all distinct for

distinct values o\ﬁoﬁ(()
e In @&r@é’tlme tl@s@gﬁéls are not distinct. In fact, the signal with frequency

wq is identical to signals with frequencies wgy * 2w, wg = 4m and so on.
Therefore, in considering discrete-time complex exponentials, we need only
consider a frequency interval of size 2. The most commonly used 2 intervals
are 0 < wy < 2mor theinterval —m < wy < .

e As wy is gradually increased, the rate of oscillations in the discrete-time signal
does not keep on increasing. If wy is increased from 0 to 2m, the rate of
oscillations first increase and then decreases.

e Note in particular that for wy = m or for any odd multiple of =,

el = (/)" = (1"
so that the signal oscillates rapidly, changing sign at each point in time.
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1.9 (a) Workout - (8)

If the signal x(t) is periodic, find the funda{@rﬁ@perlod
N "656’(
é\qﬂ)“()e let -‘
J(go?l%t + ] smlOt) = ] c0s10t —sin10t
= jsin(10t + 7z /2)+cos(10t + 7/ 2)

prev'®

_ p(tot+712)

Fundamental period: or  2r
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