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ANSWER KEY > Signal & System
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5 (a) 1. (b) 17. (d) 23. (b) 29. (a)
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DETAILED EXPLANATIONS

1. (d)
The input x[n] is non zero for range of n=-310 4
and h(n) is non zero for range of n= -1 to 2.
Then output will be non zero for -4 to 6.

2. (c)
we know that the Laplace transform of
. a
sin(at)u(t) =
s?+a°
sin(mtu(t) = —=
s? + m?

now, the above function can be written as
x(t) = sin(mt)u(t)—sin[n(t-2)]u(t-2)
Taking Laplace transform

X(s) = (1-e7) (- x(t—t) = X(s) - e ) shifting property
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(b) i

Since, x() = — j X (o) e dw
271
thus the —oo

T X(0) € dw + ]o X(0) dow + ]o X(o0) e do

is 2nt[x(+1) + x(0) + x(-1)] = 10=m

(a)

2n
M= gk
2n

= n—/9k=18 (k=1)

2n
—k=14 =
No n/7 (k=1)

Ny 18
~; = — = Rational
N, = 1z !

N = LCM (18, 14) = 126
(a)

Taking Laplace transform

H(s) = Lﬂ _t
141 s+
s
h(t) = etut)
thus h(f) = Ofort<O = causal
and [Inn]dt < e = BIBO stable
(c)
Given transfer function
1 z-3
A2 = [ z ] z-3+Kz
1+K
z-3
. z-3 _ 1| z=8
K+hz-3 1+K S 3
K+1
3
poleat z = ——
1+K
for the system to be stable, the poles lies inside the unit circle
lz| < 1
3
or 11Kl < 1
3 < |K+1|

K>2 o K<-4
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(b)
Given input sequence {; 1}
fln)
1 ‘ 1
0 1 2
fin] = uln]—-u[n-2]

uln] — S[nj
u[n-2] — S[n-2] — Time invariant
u[n]—=u[n-2] —» S[n]-S[n-2] — Linear
ouln] — o~ 2u[n -2]
atn=1; olu[1]-ou[-1]=a

(c)
y[n] = x[n] ® h[n]
Yoyl = 3 e S A
Y dn] =2+4+5+7=18
i y[n] = 144
. 144 = (18). Y Hn)
< 144
hn = 2% _
= n;m (n] 18 8

-~ only signal given in option (c) satisfies

Y hn =2+2+2+2=8

N=—oo

(d)

The complex magnitude spectrum is always even symmetric.

The spectrum of real Fourier series is one sided.
The complex phase spectrum is odd symmetry.
If Real of x() is even then b, = 0.

1l b
. Phase defined as —tan 1{—”} =0

an

for given x[n]
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10. (c)
f(t)
2
Given signal () = 1T
0 1= 2 t

The signal f(2t - 3) involves time scaling and time shifting.
Then follow the order of time shifting first and then time scaling.

f(t-3)
2__
1_-
0 3 j‘ 5 t
f(2t-3)
2_-
1_-
0 1.5 2 2.5 t
11.  (b)
by using Taylor series we can expand the sin(2) into polynomial components
i | — _£+£
ie. sinx = x TR
6 10
| -2 L2
thus sin(2?) = Z 3 + T

now, from the above equation, we can deduce that x (-10) = il

which is nothing but the coefficient of z'°

12.  (d)

oo =3

Y@ = Xz = Y sl = X () = x)

n=—oco N=—oo N=—oco
now, the previous ROC was, a. < |z < B
then after passing through the system the ROC will be
a< lzIt<pB
(0()1/'- < |Z| < (8)1/L

13. (a)
X (1) —— X* (- jo)
t .
and [ x(r)ar F XU x(0)5(w)
jo
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14. (c)

_ 2t+15
) = Sx( 30 j

jj?ox(t)2dt = 100
energy of y(1)

= Since x(1) exist for=10to 10

so W(1) exist for —157.5 10 142.5

2
1425 2t+15
energy of y(1) = J.157.59(x( 0 D at
Let 2t+15
e 30 - °
dt = 15dt
= 9><15.f10 (x('r))2 ot
-10
= 100 x 9 x 15 = 13500
15. (a)
For a minimum phase system all the zeros must be inside the unit circle
11
zeros for H\(z) = '3
y
zeros for Hy(z) = 2,5
zeros for Hyz) = 2, 3
hence, option (a).
16. (d)
Given, x(f) = 2+ cos(50mt)
Frequency of signal Ogy = 0n
T, = 0.025sec

. sampling frequency o, 2T—n = 80 mrad/sec

S
then, X(jw) 47d(w) + m[d(w + 507) + &(w —507)]
Let the sampled signal be represented as X (jw), where X (jw) is given as

i (jlo — nwyg))

\||_.

X(jo) X (jo)
4n 4T,

T T T = sampled = T 1 /T T T

—50m 50 ® —-80n —50n —30m 30n 50t 80n ©
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X (jw) = 40 2 [47d(w — 80m)] + md(w — 507 — 80mn) — md(w + 501 — 80mn)]
m=—oo
now, the sampled input X (jo) is passed through a low passed filter having cut-off frequency at w = 40m.
Therefore the output Y( jm) will contain only the components which are less than o = 40 7.
X (jw) Y(jo)
4T, 4T,
t t /Ty t t LPF T /T T
—-80n —-50n —-30mn 30n 50n 80m © —30n 301 o
Now by putting T, = 0.025, we will get
Y(jo)
1601
T 40n t
—-30n 30n Q]
17.  (d)
g(t) = rect(4t) = 45(-21)
= 4 rect(4t) * 5(-2t) (. 8(-t) =8(1))
= 2rect(4t) [ d(at) = |a| 6(1))
thus g(f) is given as
g(t)
2
-1/8 1/8 t
now, rect (t)@L)sinc(f)
2rect (t)Lﬂsinc(f)
FT 1 f
2rect (4t)¢«——2- ZSII’]C Z (Sca”ng property)
ero 1 (f
2rect (4t)«————sinc| —
2 4
18. (b)
02
Given X(s) = In|1+ —
s
2
Let x() = L'[X(s)]=L" m[1 + _ZJ
s
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%+ o?

S2

2
In{1 + 03_2} = ln[
5

In[s? + w?] — In &2

|

- -1 1 2 2s
- — 2+02)-Ins?| = 25+—528 = ——
) = 53 [Zn(s rot)-ins J s° + m° s? s s+’
o[22
tx(t) = P (2 -2cosmt)u(t) = 2(1 - coswit)u()
2(1-coswt
x(t) — %u(t)
19. (d)
We know that
4 1
FTle"u(t)] = .
1+ jo
Using duality property
()T X(o)
X(t)ﬂ—>2nx(—o))
we have FT[—JJJ%—HT 2ne " y(-o)
T one® u(-w)
using the time reversal property,
ie. x(-f) = X(-w), wehave
FT|:%:|£—)27E e~ u(w)
e u(o) T L pr| 1
2n 1-jt
AT - 1
FT e u(w)| = ———
[ ( )J 2n(1- jt)
20. (b)
Given N= 13, Cy=2+3)
C, — periodic with period N =13
Cos = Cuxizra=0C3=2+3f '
Cog = Cohyi3g=Cy =C3=2-3j
Cog+Co = 2-3j+2+3/=4
21. (b)
Given unit impulse response is
hin] = 8(n)—oad[n-1]
The frequency response is
H(ef*) = 1-oe’® =1-o0cosm + jasinm
The phase delay ¢ph(u)) = —0)
)
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- 0(w) is the phase of H(e/*)

(I)((D) — tan’1 {&}
1-oacosm
—tan"'a
- phase delay q;ph((,J)LD:E = —
2 had
2
-2, _
phase delay, 0, (g) = —tan ot

22. (d)
Given discrete-time signal

x[n]

I
3
R
3
@,
>
I
>
Ne——
£
=

we know that

Z{sin(gnj u[nJ} Zsm@ . Z

2
22—22003(2j+1 z°+1

Using the multiplication by exponential property,

we have
- x[n]«—— X(2)
Z{z” sin(zn) u[n]} = Z{sin(gn) u[n]} 2 m(_))(( z)
z X -
H(E) 2
_ z B 2z
S 2,z P44
2
Using differentiation in z-domain property
x[nje—— X(2)
Z{nZ” sin(znj u[n]} = —zi Z|n2" sin(in) uln] d
2 dz 2 I’Ix[n](—)—ZEX(Z)
) ( 2z j (22 +4)(2) - 22(22)
= = —Z
dz\ 2% + 4 (2% + 4)°
_ | 2E+8
(22 + 4)?
ho(m 2722 -4)
Z{nZ sm(;nj u[n]} = —(22 + 4)2
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23. (b)
Let the exponential Fourier series coefficient of g(t) are C, then,

ot = Yl

. 17 152

Since, G, = ?_[O g(t)dt = E.[o g(t)dt =1
S o

So, g = 1+ C,eoM +2Cke"”0kt
K=o k=1

To find C,, let ) = a )

ko = dtg

So, iy = 1- ) 28(t - 2k)

Koo

The exponential Fourier series coefficient (F,) of {f) = Exponential Fourier coefficient A, of signal (1 vt) -

Exponential Fourier coefficient B, of signal ( 2 25(t —2k)J

k=—oc0
1 k=0
Let define A, : A=
0 k#0
Let define B, : B, = () Vk
0 k=0
So, F,=A -8B =
ok {—1 k#0
. d ,
Since, 1) = Eg(t) = Fo = Jogk G
N C, = - =1 (forkx0)
Jook  jogk
-1
= C., =
KT jook
From the definition C.= X,
1 , i ) )
So, X, = %e/ 2 (Since period of signal is 2, w, = wrad/sec.)
24. (c)
. sin2m
Since Hw) = 2C0oSm o
, [ sin2m
= (e7/?+ el)
(O]
Since
sin2w Inverse 1 t
o) Fourier Transform E reCt(Z)
y sin2m Inverse l ;1
e ? o) Fourier Transform 2rect 4
+j SIHZ(D Inverse 1 t+ 1
e o) Fourier Transform EreCt T
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= h(?)
Thus, h(0) =1
25. (a)

Given that A[n] = (%) u(n)

and g[n] is a causal sequence.

vnl = hin]*gln]
] = [11‘1‘1 ,,,,, }
T2 48
g[n] = [(%1B7Yl """ i|
vAnl = hln]=gln]
,,,,, LI
8 4 2
.......... Yy B o
o o o
..... — — —
8 4 2
BB
""" 4 0 P X
Y
..... 5 Yy X X
Ty
Anp = 2
Now, o =1
;
Also, %+B =5
or, =0
: a1 =0
26. (a)
The above signal can be represented as
__________ 1
1
-2 -1 2

Then differentiating the signal we get
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27.

28.

-3
ax(t)
ar - 3g(f)-3g(t-1)
thus A =3, A, = -3
T, = 0, T, = 1
(d)
Y(s) = H(s)X(s)

Since, it is asked in the question to find the forced response thus, we will take the initial conditions to be
equal to zero.

1
Y =
) = 6+ 2+
Taking partial fraction, we get
1/2 1/2 1
Y1 — _
(s) (S+1)+S+3 s+2
y(f) — %e—[ + %e—St _ e—2t

.~ We are taking the Laplace transform with zero initial condition thus the response so obtained is the
forced response.

(c)
Given X(2) = ln( « _1);FiOC;|z|>l = —ln(1—(ocz)"1)
o-z o
now expanding it by Taylor series, we get
@22 (a2) o [T
X _ -1 oz @z) . _
(2 {(ocz) + 5 + 3 + kZ:1 P
oo -k
Xz = 3L 7"
ik
Taking the inverse z-transform, we get
) a—k
An) = Y =——38n-k) [-8[n— K| & z7K
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29. (a)

Applying initial value theorem (since the A(s) function is proper we can apply initial value theorem)

So,
So,

30. (d)

SO,

SO,

initi lim sF , 3s?
f(0) = initial value = M S (S)_ fim—°>%

o052 45546
Now, we can apply final value theorem because the poles of A(s) are in left half of s-plane

3s°

) = lImsF(s) _ jjm—2" _
) = 550 R lm)sz+53+6 0
f(0) = 3,
floo) = 0O
x(t)
______ +1
{ +1 t
1 J
T R
x() = 8(t+ 1)-08(t—1)

=
—~
Nz
*
>
~
=
Il

w(it)=h(t+1)—h(t-1)
h(t+ 1)
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