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Signals & Systems

EHAETER Continuous Time Signal & System

[FXl Write the equation of the function shown in the figure.

o 1 2t
Solution:
1
| t
o 1 2t
The given function can be realized as follows:
u(t) ut-T)
1 1 —
0 t 0| T t
u(t) ut-T)
(Unit step function) (Unit step function right shifted)
(i) (i)
r(t)
1 1 P — - A_
t t
o of T of 1 o1 |
Ht) = tu(t) (-7 . (t-2T)
(Ramp function) T ut-1) T u(t - 2T)
(Right shifted unit ramp function) (iv)
(iii)
Combining the functions (i), (ii), (i) and (iv), we get the given function
fit)
1
! t
o 17 o1
Therefore, ) = ut)—u(t-T)+ (t _TT) —ut-T)- (t —th) u(t-27)
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1 1
() = Ult) =t =T) 4= r(t =T) = = r(t = 2T)
or

f(t) = ult)—u(t—T) +%(r ~Tut-T) —%(r —2T)u(t - 2T)

For the given signal x(f) as shown below, sketch the following signals.
x(t)

(8) vt =x(20)  (b) y,(f) =x(2t+4)  (c) ys(D) = x(é+2)

Solution:
(a) We have to sketch, y,(1) = x(2f) since, y,(1) is a 2 times slowed or compressed version of x(1) in time
domain. So, the curve is;

y4(t)

8 S

-1.0-05 O 05 10 15 20 25 t

(b) We have to sketch, y,(f) = x(2t + 4) i.e. y,(1) = x[2(t + 2)].
So, we can say y,() is the 2 times compressed version in time of a signal which is an advance shift of 2
unit of x(1).
At first we sketch the following:

T T T T T T
-1.0-05 O 05 10 15 20 25 t

Again, we have to sketch this x(21) for an advance shift of 2 units means shift the above curve 2 unit in left
side as below:
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Yo(t) = x(2t + 4)

1 Y f f f f f t
-3 25 -2 -15 -1 05 0 05 1.0

(c) We have to sketch, y,(1) = x(t/2 + 2). For this firstly, we shift 2 unit in advance shift of x(#) and then
expanded this signal x(t + 2), by 1/(1/2) = 2 units of the signal.

x(t+2)

-3 -2 -1 0 1 2 t

t
Now finally we have to sketch, y,(f) = x(§+ 2] as below:

For the signals y, (1) and y,(t) shown below. Draw the differentiation of the signals and find the equations
of differentiated signals.

y4(t)
[} —— Yao(t)
N ik it !
i 1
1 ! ! : i
— VA SN
0 1 2 3 t 2 1 0 1 2 t

Fig. (a) Fig. (b)
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Solution:
For figure (a), we have to differentiated the signal y,(1).

Let, dé_}(t) = x,(8 (i)
Given, yy(t) = u(t) + Su(t-1) - 2u(t-2) - 4u(t-3)
So, from equation (i), x (1) = d)(/j—;(t) =8(f) + 58(t— 1) —28(t—2) — 48(t— 3)

x4(t)

1
0

Al

For figure (b), we have to differentiate the signal y,(1).

Let, d{th(l‘) = x,(f) (i)
Given, Vo(t) = r(t+2) = r(t+ 1) = r(t=1) + r(t-2)

(where r(f) represents the ramp function)
So, from equation (ii), x,() = d)?th(f) =u(t+2)—u(t+ 1) —u(t—1) + u(t-2)

Xz(t)
------- 1
1 2
-2 -1 0 t
-

m Show that the signal, S(t) = t1/4 u(t - 1) is neither an energy nor a power signal.

Solution:
For an arbitrary continuous-time signal s(1), the normalized energy content 'E’ of S(f) is defined as,

E= [[S)f at ()
Tl 14 2
or E= Ht u(t—1)‘ at
Since, u(t=1) = {1’ t>1
0 t<1

=

E- T‘t—1/4‘2 at = ]‘o[z‘]q/2 dz‘=[2[l‘]”2J1
. 1

. E=oc
Now, the normalized average power ‘P’ of S(t) is defined as,

1 0 2
dt = Lim — Hr”“u(t—1) dt
T—oeo 2T o
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1 T 1 T

= Lim —[(t7"*)? ot = Lim — "% ot

2T f T— /

T—oo « 2T
T 12 _
P= Lim i[zt”z] ST | 1= 1T =0
T 2T 1 T—eo T T—o ﬁ
P=0

Here average power P— 0, when total energy £ — oo, which means that the condition 0 < E < = is not satisfied.
Hence signal, S(t) = t 4 u(t- 1) is not an energy signal. Also, when E — oo, the value of P— 0 which means
that the condition 0 < P < == is not satisfied. Therefore, signal S(f) = 4 u(t— 1) is not a power signal.

Thus, we can say that the given signal, S(f) = t 4 u(t - 1) is neither an energy signal nor a power signal.

Proved.
X} Consider a continuous-time system with input x() and output y(f) given by

¥(t) = x(1) cos(f)
Check whether the is

(a) linear (b) time-invariant
Solution:
Wt) = x(t) cos(t)
(a) To check linearity, y,(t) = x,(1) cos(1) [y, (1) is output for x,(1)]
¥,o() = x,(1) cos(f) [v,(1) is output for x,(1)]

1) = [xy(1) + xy(1)] cos(t)
= y,(0) + ¥o(1)
So the system is linear to check time invariance.
(b) The delayed output, Wt=1y) = x(t—t;) cos (t—t)
The output for delayed input,
WL, 1)) = x(t— 1) cos(t)
Since, Wt—1t) # Wt 1)
System is time varying.

[FX3 Find out whether the system is stable/causal. If the impulse response is given by, h(f) = e8!1!.

Solution:
As given that,
h(t) = g8t
) h(t) = e 8% u(t) + €8t u(-1) ()
Here we see that, h(t) # 0 for t < 0 so, the given system is not causal.

h(t)

eBly(—t) e Stu(t)

0 t

For checking the system to be “BIBO stable”, we know that,

i h(t)dt < ..(ii)

f=—oco



Signals & Systems
POSTAL
MEDE ERSY BOOK PACKAGE 2024 Conventional Practice Sets 7

L.H.S of equation (i) = Y h() at

f=—oco

6 6
’
L.H.S. of equation (ii) = 3 < oo
So, the system is “BIBO Stable”.
A continuous time LTI system is described by:
yit) == [ x(x)de
t-T/2

Find the impulse response of the system. Is the system casual?

Solution:

t+—
15t Method: ) = %j () de )
T
2
Let the impulse response be h(t),
y(t) = [ x(v)h(t-1)dr (ii)
Comparing equation (i) and (ii) we get, h()
1 -T T T
- —<t<—=
h(ty=|T 2 2
0 Otherwise
2"9method: -T2 0 712 t
t—
y
h(t) = = | S(tat
e xt)=80) —=| A |yt =00
2
T T
= Ul t+—|-u[t-=
= no “( 2) ”( 2)

The system is not causal as we can clearly see from equation (i) that for calculation of y(t) at any time t, we
require future values of input x(t).
Another way to see this is that h(t) is not zero for t < 0, which is the basic requirement for any causal system.

m Show that the following properties holds good for the derivative of §(t).

(a) [ o(t)8(t) dt = - ¢°(0)

, ao(t)
where, ¢’(0) = ——=
dt oo

(b) t&°(t) = -8(t)
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Solution:
(a) We know that, J' o) g"t) dt = (-1)" f 0" (t) g(t) at ...[q)n(t) - Z_,; ¢(f)] ()
where, g(1) is the generalized function and ¢(t) is the testing function.
Let, first derivative of 8(f) = d’(f) and consider, g(t) = 8(f) and n = 1
Putting these values in equation (i) we get,
Wt = (<) [ o _ 90 _ _da)
_jmq»(t)s () at = (1) £¢ (1) d(t) dit = {, q  dod =-=gF
j¢ t) dt = ¢’(0) Proved.
(b) Let g(1) = t&(f) then, from equation (i) we have,
[omiswat = [1ton]s () at
N ) o'(1) + 6(t)] |
at =0 t=0
[ ot 8@ dt =[00)] (i)
Againconsider, | to)&0]at = | ¢80t
= [ondmar = [ob-30]at (i)

Thus, from the equivalence property we conclude that,
() = -5(f) Proved.

m A system has impulse response e 2. What would be the response of the system, if it is excited by a
delayed unit step function (delay = T)?

Solution:
h(f) = et
x(t) = u(t=T)
= j x(t) h(t —T)dt = .[ u(t — T).efa(tfr)d,c
T —at
e gre o foron = €%t
T T a
Case-l:
a<o
g eaT ea(T_[)
= - __
y(t) p .
Case-ll:
a>o0

y(t) becomes unbounded in this case.





