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02.
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Signals & Systems

1. Introduction

Ans: (¢)

x(n) + 2x(—n) = {-1,-1,3,1,1 }max value = 3
Sx(n)x(n—-1) = {0,5,5, —5,5,0}max value = 5
x(n)x(—n-1) = {0,-1,1,1,-1,0}max value = 1
4x(2n) = {4,4,~4} max value =4

Ans: (a)

| Lt
2 4

Non zero duration = 6

()0
(b) (t + cosmt)|=; =0
(c) cost.u(t-3)| =0 = 1u(-3) =0

L 1
(d) 3¢ e
ing =T
(e) ts1ntt=g =5
x(n) =1 -[d(n—4) + d(n—5) + ----- ]

1 x(n)

L

x(n) = u(-n+3) =u (Mn—ny)

M=-1 Ny, =-3
0s.
Sol: (a) 4 X(t)
1
-1 0 1 "t
-1
(b) 4x(t)
1
|4 | | AN| >t
2 -1 r 2
06.

Sol: (a) as t— oo, amp — 0 Energy signal
(b) Constant amp — Power signal
(c) Power + energy = Power signal
(d) Periodic signal — Power signal
(e) as t —> oo, amp—o NENP
(f) as t >0, amp—> o NENP

07.
Sol: E, = z |xl(n)|2 = Z(OL(O.S)H )2
n=—0 n=0
=3 62025y
n=0
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o 2 2 To=LCM xT; =15
—a?Y (025 =—% =% ’ ]
—r 1-0.25 0.75 2n 2
(c) Ty =?aT2 =3
E. .= P=1.5+15=3
x2(n) HZ;JXz(n)| T, 5n. .
—— = — irrational number
Given E_ , =E_ ., Ty
o2 So a non-periodic.
=3 =>a’=225=a=15 n w
0.75 d) To="===
10 5
08 (e) It is extending from 0 to o
( ) . ( ) So non-periodic
x(n)—-x"(-n
Sol: x_(n)=——"——"7"—— t)+x(—t) 1
(n) 2 63) xe(t):%:gcos%ﬁ
1+37  —1+j7
= 30’
{ 2 2 } Ty = 2r 21
Q) 27
09. (2) o _>3. rational, so periodic
2n 6
Sol:
x(t) 2n 6
No=—m=—-m
D) (O)) 5
Ny=6
; (h)N1=8m:>N1=8
-2 _1 0 1 N, =16m = N, =16
N3=4m = N3=4
10. N 1Ny
Sol: (a) T, =é,T2 =% Ny 2 Nj
LCM =2
T 2 _ _
—=="LCM=3 No=LCM x N; = 16.
T, 3

T() =LCM XTl =1/3

0 T, =221, =15
11
T, 1
T, 11
LCM = 11

: 7 : .
(1) P07, rational, so periodic
2n 2

_ 222

No m:7m

®o
N0:2
(j) multiplication of one periodic &non-

periodic is non-periodic
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(k) u(n) + u(-n) =1 + 8(n) is non-periodic Ny _ ,& _ l, LCM =2
N, N3 2
A X(n)
M No=LCM x N; =4
oy =2"_T
74 2
x(n) = cos(6mqn )+ sin(14myn )+ cos(5wqn)
So 14™ harmonic
12.
Sol: (a)[x, (t)+x,(t)]x, (t—2)+x,(t~2)]
#* xl(t)xl(t - 2)+ xz(t)xz(t - 2)
is non linear
(b)sin[x, (t)+ x, (t)]# sin[x, (t)]+ sin[x, (t)]
is non linear
d _adx,(t)  Bdx,(t)
(©) dt [axl(t)+ sz(t)] T + dt
11. is linear
Sol: (a) x(nTs) = 2cos(150xmxnxTs +30°)
_ 2005(3_Tfn N 300] (d) 2[x; (£)+ x2 (0)]+ 3 # 2[x, (1) + x5 (1)) + 6
4 is non linear
3n
@0 =" (©) j [ax, (1) + Bx, (£)Jdt
27 8
Ngp=—m=-m t
0 o) 3 = Otj t)dt + BI dt is linear
N() =8 *

(b) Ans: (a)

Nl :—m:>N1 =2

Nz =—1’1’1:>N2 =2

Ny =—m= N3z =4
3 25 3

® [x1(t)+x2 (F = x{ (t)+x3(t)
is non linear
(2) [G,Xl(t)-i- sz(t)]cos ®,t
= ax,(t)cos ot + Bx, (t)cosm,t is linear
(h) log[x; (n)+ x5 (n)] loglx, (n)]+ log[x, (n)]
is non linear
(1) |X1 n)+x», n)| |X1 nl |x2 )|

1s non linear

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhuba.neswa.r| Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




13.

Sol:

14.

Sol:
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() o*x"(n)# ax™(n)is non linear
(k) non linear

x1(n)+x5(n)
Oy ey " oy

is non linear

xi(n) . xs(n)

xi(n=1) x2(n-1)

(m) linear

(n) e® ) 2 en) e s hon linear

() tx(t—t )+3=(t—t Jx(t—t )+3
time variant

(b) e*") = e*("%) ime invariant

(c) x(t—t,)cos3t = x(t—t,)cos3(t —t,)
time variant

(d) sin [x(t-to)] = sin[x(t—tp)] time invariant

d[X( - o)] dX( - o) d
(©) d(tt—tto) B dtt—d:() :E["(t‘%)]

time invariant
() x*(t—t,)=x>(t—t,) time invariant
(g) x(2t — tp) # x(2t — 2tp) time variant
(h) 2"("_"°)x(n -n,)= ZX(“‘"“)x(n -n,)
time invariant
(1) time variant
(j) time variant

(k) all coefficients are constant

— time invariant

Xz(t) = Xl(t) — Xl(t*Z)
y2(t) = y1(t) — y1(t-2)
X3(t) = X](H‘l) + Xl(t)
y3(t) = y1(t+1) + yi(®)

15.

Sol:

16.

Sol:

(a) Preset output depends on present input-
causal

(b) preset output depends on present input-
causal

(c) preset output depends on present input-
causal

(d) preset output depends on future input-
non causal

(e) preset output depends on present input-
causal

(f) preset output depends on present input-
causal

(g) n>ng causal, n <ngnon-causal

(h) non - causal
(1) y(O) = ix(k) present output depends
k=—w

on present input - causal

G) y(-1)= z x(k) future input non causal

k=0

(k) non-causal for any value of ‘m’
(1) a =1 causal, o # 1 non causal
(m) causal

(n) non causal

(a) present output depends on present input
-static

(b) present output depends on present input
-static

(c) present output depends on present input
-static

(d) present output depends on present input
-static

(e) y(1) = x(3) present output depends on
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17.
Sol:

18.
Sol:

19.
Sol:

20.
Sol:

~

>
e, )
W w
w W
w e

)
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future input -dynamic (c) invertible
(f) dynamic (d) non invertible

(g) present output depends on past input
- dynamic

(a) linear, time variant, dynamic
(b) linear, time invariant, dynamic
(c) linear, time invariant, dynamic

(d) non linear, time variant, dynamic

(a) linear, time invariant, dynamic (a—2)
(b) non linear, time variant, static (b—5)
(c) linear, time variant, dynamic (c—1)

(d)nonlinear, time invariant, dynamic(d—4)

(a) y(t) = u(t).u(t) = u(t) - stable
(b) y(t) = cos3t u(t) = —1 < y(t) <1 stable
(c) y(t) =u(t-3) stable

(d)y(t)= dl;—gt) =8(t) unstable

(e)y(t)= jt.u(‘th’t = 1(t) is unstable

—00

(f) sin (finite) = finite. stable

(g) y(t) = tu(t) = r(t) unstable

(h) y(n) = "= finite stable

(1) y(n) = u(3n) bounded stable

() x(n)=1=y(m)=n—np+ 1 = y(w)=0

= unstable

(a) non invertible

(b) non invertible

(e) non invertible
(f) non invertible
(g) non invertible
(h) invertible

21. Ans: (b)

Sol: y(t)=x*(t)*h(t)
h(t) = 0, t<0 causal
Square term - non linear

no time varying term- time invariant

22. Ans: (b)
Sol: Constant added - non linear (A-true)

Time varying term - time variant(R-true)

23.
Sol: Given

x(n)

Unit delay > y(n)
Convert to Z-domain
X(z)
z! > Y(2)
Y(Z) B z"! 1

X(z)_ l+z"  z+1
(1) x(n) =23 (n);
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N Y(z): 1 X(z) Impulse response h(r?) %1as only tv&‘lc‘) finite
z+1 nonzero samples. This is the condition for

1 ility.

Y(z)= 1 | = stability

z+l  z+1 <. (S-I) is True.
z
Y(z)=2z"
( ) z+1

Taking inverse Z — transform

y(m) = (=1)""u (n-1)

ifn=0,1,2,3.......

Then y(n)=1[0,1,-1, 1,-1.......
(i) x(n) = u(n);

1

= Y(z)= Z+1X(Z)
1 z
Y =
(Z) z+1z-1
Y(Z)_ 1
z _(Z+1)(Z—1)
A B
= + —
z+1 z-1
bt
2,2
z+1 z-1
Y(Z)z—l z 1.z
2z+1 2z-1
y{n) == (-1 ulo)+ 5 u(n)

24. Ans: (d)
Sol: (S-1): y(n)=2x(n)+4x(n—-1)
If x(n) is bounded, y(n) is bounded.
.. Stable. (S-I) is false.
(S-1I): h(n)=203(n)+46(n—1)
h(n)={2,4}
A

25. Ans: (a)

Sol: A system is memory less if output,
y(t) depends only on x(t) and not on past or
future values of input, x(t).

A system is causal if the output, y(t) at any
time depends only on values of input, x(t) at
that time and in the past.

Both (S-I) and (S-1I) are true and (S-II) is

the correct explanation of (S-I).

[ 2. LTI (LSI) Systems ]]

01.

o0

Sol: y(t)= [x(t)h(t—1)dt

—0

X(1) + h(t-1)

t—2

Case (1) t-2<0 y(t)=0,t<2

-3(t+2)

3

£>2

Case (ii) t-2>0 y(t)= "] e ¥"dr=1-C
0

)= —u(t-2)
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02‘. 4 x(1) $ h(t-1) (b)x(t ( bj ! (t + b)
Sol: 1l 1 | | |a| a
() x(t)*[28(t + 3)+ 28(t - 3)]
T T =2x(t+3)+2x(t-3)
Case () <0  y(t)=0 07. . .
) t 2 Sol: (a)e 'u(1)3(t—1)=¢"'3(t—1)
Case (ii) O<t<l y(t)= itdt =5 (b) ¢ = o
Case (ii1) t>1 y(t) = }rdr = % (c) ef(H)u(t - 1)
0
03 08.
¢ A X(T) SO]:
Sol: | h(t-1) dx(t)
dt
14+ — [l
5
| »T .t
1 2 6 [ t+1 & 3 l o
2 -1
y(4)=[1dt=1
6
dx(t)
——==0(t-3)-0olt-5
y(%) = ?X(T)h(%—’t)d’t —§+4 5.5 dt (t=3)-8(t-3)
1.5
d’c‘ét) +h()=h(t—3)h(t )
04. Ans: (b)
Sol: s(t)= [h(t)dt=u(t—1)+u(t-3) 09.
s(2) =1 Sol: (a) Ay A=A, , j S(at)dt = —
05. LTI A a2t
o o o o
Sol: Assume —tta=A =>—-dt=dA
< (b)l 1_A ]zsinc((xt)dt :l
2(t)= J'x(x)h(ua—x)dx: y(t+a) oo o J o
AL
o

06.
Sol: (a) x(t—7+5)=x(t—2)
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N 2 11.
(c) Ix1 = A2 je dt=1 Sol: (3) . \
- x(t)
1 1
A= 1
V2
[ "t o
- = -3 1
(d) 1 x T =2An jmdt n (0
A=T |
2 | |
1 1 I >t
-4 —02 2
10.
Sol: (i) T=4 (b) Ans: (¢)
$h(® tu(t)*u(t_l)Hs_ze_
A e—S | )
____________ =—— o —(t-1) ult-1
oL
% 4 [0 4 8§ ¢
(©
Ty(®=x()*h(t) Th(t)
1 /T
=5 3-1 13 5 0 T
R 1
i) T=2 o h(t) = 2 [u(t)- ut - T)]
i x(t) = u(t)
____________ 1
[ [ \ [ ()= x(0)#() = L) -r(c-7)]
4 2 b 2 4 Tt
y(t) 12. Ans: (a)
1 Sol: To get three discontinuities in y(t) both
/\ / \ /\ rectangular pause must be same width. To
4 ‘ i "t get equal width h(t) = x(t). it is possible only

a=1
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13. Ans: (a) =2(0.5)"u(n) + (0.5)™ u(n - 3)
Sol: $h(® y(1)=1,y(4) = 5/8
A X(t)
2 42 2
s I e 17. Ans: (a)
t Sol: y(n)=[a, b, c,d, a, b, c, d---- N times]
-1 1 ¢ -2 0 2 j y(n) is a periodic function with periodic ‘4’.
So h(n) must be h(n) = Nfﬁ(n — 4i)
2y (1) i=0
10 10 10 18. Ans: (b)
0 ) 0
-------- Sol: [|h(t)dt| = [e“dt+ [e”dt <o
—0 0 —0
>t
-3 -1 1 3 only when a< 0, >0
ty(®
10 19.
.t Sol: (a) h(n) = o"u(n) +p ™" u(n-1)
(b) h(n) =0 n<O0 causal
System stable for any value of ‘f3’
14. Ans: (d) except B #ooand |o| <1, excepta =0
Sol: x(t)* h(— t) = IX(’C)h(— (t - ’E))d’t 20
0 1 n 1 n-1
= IX(T)h(T —t)t Sol: (a) 5 u(n)-A 5 u(n—1)=3(n)
Whenn=1,A=1/5
> b) H(z)=—
Sol y(n)z———+x(— 2)g(n+4)+ x(— 1)g(n+2) P
+ x(O)g(n)+ x(l)g(n - 2) + x(Z)g(n - 4) +——-
Han (Z) = 1 - _Z_l
x(m)=8Mm-2)=1 n=2 5
=0  otherwise g(n)=38(n)- ég(n ~1)
y(n) =g(n—4)
16. 21.
Sol: y(n) = x(n)*h(n) Sol: h,(n)=35(n) —%S(H -1)
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22.

Sol: 1. False
2. h(t) = e™'u(t-1) is causal, un stable - false
3. h(t)=sin o,t, T

0

h(t)|dt = Ojo|sin (oot|dt =0
unstable - true

4. y(t) = x(t-2) — causal-- false

x(t) = y(t+2) — non causal ----false

23.
Sol: (a) h(t) =e*“Pu(t-1)
(b)h(t)=0 t<O0 causal

Te_z(t_l)dt <o isstable
1

24. Ans: (a)
Sol: s(t) = u(t) — e ™u(t)

h(t):dz_(:):s(t)_[e—wa(t)_ae—wu(t)]

=ae *u(t)

26.

sol: (0)= $000= 3 iju(k)
- knoejk n>0
=0 n<O0

27.
Sol: x(n) =u(n), y (n) =9d(n)
u(n) —u(n—1) = d6(n)
y(n) = x(n) — x(n—1)
x(n) = nu(n)
y(n) = nu(n) — nu(n—1) + u(n-1)
=nd(n) + n(n-1)
=u(n-1)

28.
Sol: he(t) = hy(t) * hy(t)

jhc (t)dt = jhl (t)dtxh, (1)

=h, (1) = j h,(t)dt
se(t) = s'(t) #s,(t)

= s,(D)*s", (1)
Sc(t) # s1(t) * sa(t)

3. Fourier series

01. Ans :Zero

Sol: T, :E, T, .

2 6
T
—1 -3 Ty= LCMxT, =~
) 2
0)0:4

x(t) = 3sin (ot + 30°) —4cos(3wot — 60°)

second harmonic amplitude = 0
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02. Ans: (d)

Sol: (a) periodic — exists
(b) periodic — exists
(c) periodic — exists

(d) non-periodic — not exist

03.
Sol: (P) Ans: (b)
Hidden symmetry ay, b, exists
(Q) Ans: (b)
Half wave symmetry a,, b, exists with odd
harmonics
(R) Ans: (b)
0Odd symmetry & HWS — sine terms with
odd ‘n’
(S) Ans: (¢)
Even and odd HWS — ag, cosine with odd

[P

n
(T) Ans: (d)

ap =0 (because average value = 0)
Even & HWS as cosine with odd ‘n’

04. Ans: (b)
Sol: f;=5Hz, f,=15Hz

2
p:%:g Watts

05. Ans: (b)
Sol: x(t):l_l+l_l+___
3 5 7
—tan"(1)==
an'(1) 7
06. Ans: (¢)

Sol: (o=2?n(2k), k=1,2,......

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

The above frequency terms are absent.
The

harmonics and also gives that sin terms are

above frequency contains even

absent. only cosine terms are present
Finally odd harmonics with cosine terms are
present so, x(t) it is a even and halfwave so,
x(t) = x(T-t) even

x(t) = —x(t-T/2) halfwave

(A) Ans: (a)
Ti=1,T,=10n, T3=8n, T, = ?n
To =40r
21
®, = — = 0.05rad/sec
0
(B) Ans: (a)
o; =100, =300, 3= 500
o =G.C.D {100, 300, 500 }
o =100
Ans: (a)

@)X+ 0+0)3)
Averagevalue = . =

N W

Ans: (a)

ap= Average value =0

Ans: (d)

To = 4msec f, = Ti =250Hz

0

5fy=1250Hz
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11. Ans: (b)
. . tH(m)
Sol: Odd + HWS — sine terms with odd 1
harmonics
20
12. Ans: (d) -4m 4m
1 e—e’
SO]: aOZEJ.e dt: 2 20 . 20 -
-1 y(t)=5+=sinnt + —sin 3t
T 3n
13. Ans: (¢)

Sol:

14.

Sol:

15.

Sol:

Average value = 1 j 10sin tdt = 10
2m g, e

a, :iJ‘IOSintcostdt:O
2wy

blzijlosintsintdtzs
2my,
d, =4a;j+b =5

Ans: (d)
W) =T

x(t)=a, + ian cos(nmt)+b, sin(nnt)

n=l

x(t) = A cos (mt)

-4
Azal =—
T
8.0:5
1 _(_ n
b, =[10sinnnt dt=101 1)
0 nn
a,=0

x(t)= 5+§sinnt+§sin3nt+———
T 3n

16.

Sol:

17.

Sol:

18.

Sol:

T
(00 = g
x(t) =2 + cos(2m,t) + 4sin(5w,t)
Co=2,C=1/2,C, = 1
2
4 -4
C;=—C=—
5 2J -5 2J

I L i
C, =[te ™™ dt = [te "™ dt = 1
0 0 2nm
Co=12
a,=c,+c_ =0
-1
b, =jlc,—c_ )=—
o= ilen =)=

() y(t) =d, =e "¢, =e™c, =c, (-1)"
(i1) £(t) = x(t) -y (1)
d,=¢,~(-1¢, =¢,[i-(-1)]

(ii1) g(t) = x(t) + y(t)
dy = co[1+ (-1)"]
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19. Ans: (b_) | ) dx(t) S ino,C,
Sol: d, =e ™"c_ +e" ¢, =2cos(nmyt,)c, dt
T (c) x(t=1) > e"%.C,
=— \
< (@ Re[x(t)] > 270 ~ Even(C,)
d =2c cos[gj ?
" " 2 (e) Cn—4 + Cn+4
d, = 0 for odd harmonics 2
20. 24. Ans: 0.45W
1 a,—jb, —j
dx(t —a =— 4700 )
Sol: y(t)= di ) Sol C,=a, 5 C, 5 - (oddn)
d, = jnmec, a,=0,b, = E(oddn)
d nn
c =—" ;
" ey Power up to second harmonic
2 2
1 T/2 ~jnayt =>|C,| =045W
dy=— olt+d/2)-olt—d/2))e dt n=-2
oo L llear)-o(e-a1)
2j . [ noyd 25.
=—SIn
T 2 Sol: (a) All periodic signals are power signals.
c - d For power signal E = [given is false]
T (b) Cp =32 (average value) [given is false]
- T
21. Ans: (a) () %le(t)dt )
/2 X 0
Sol: C, =L T Aemgr=—22 sin(nxz"”J
—t/2 no,T 2T

T =10sec, T=0.2 sec
2A [nnj
sin| —
nw,T 50

n=>50then C,=0

C =

n

22. Ans: (¢)

23.
Sol: (a) x(3t) »>C,, ®y =3wo

T
%J.xl(t)dt =2 is possible only when
0
x1(t) is constant. So given is correct
1 T J T
(d) Co= T!xR(t)dt+ﬂxl(t)dt
=0+j2
1 T
ﬂxR(t)dt =0 only when x,(t)is odd
0

given is in correct
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26. So output of the filter is
Sol: (a) Power = %f |x(t)|2 dt= z C, ? y(t) = 4cos(40nt +§j +4
4 2
P=>|C,
—a 27. A-2,B-1,C-3,D-4
= (0.5)H(1) () *+(#)+Q2)+(1)+(0.5)’
=26.5 Watts 28. Ans: (b)
" Sol: Frequency constant (S;) LTI, frequency not
(b) x(t)= > C e constant (S,) - not an LTI
=C_je Mot e Pt 2 40 e 4 4O eI 29. Ans: (d)
+Co +Cref™ 4+ Czejz‘”O'e% + C3ej3“’°‘e% +C ettt
A Bagt—" 30. Ans: (d)
=0.5¢7*" +1e 2 - .
Sol: For a real valued periodic function f(t) of
) e’jz‘”ot% frequency fy
4oyt j3(»0t+g j2(uot+§ Cn - Ci"
0.5¢7 +le *2e A is False but R is True because the discrete
- (()_5)[61"““nt n ei4wo‘]+ z{eﬂ"""z n ejz""’”z} magnitude spectrum of real function f(t) is
even and phase spectrum is odd.
|: —j3m0t—g j3mot+g:|
e +e +4
4. Fourier Transform ]]
= x(t)=cos4am,t +4cos£2w0t+%j 01.
. _ T —j2nft
+2005(3w0t+gj+4x*(—t) Sol: X(f)= _{Ox(t)e dt
Unit: volt-sec (or) volt/Hz
= x(t)
So even symmetry 02.
(d) fo=10 Hz w
w0 =27 fy = 20 7 rad Sol: (@) X(0)= [x(t)it = area
T
x(t) = cos(80mt) + 4 cos[40nt + Zj _(4x2)- (% 1x Zj _q
+2 cos(60nt + gj +4 (b) 2x(0) = 4n
Cut off frequency = 25 Hz = 50 & rad
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03. .1 .
1v) — <> —] sgnl®
Sol: (i) x(t)=e™u(t)+e"u(-t) it (©)
X(o)=— =2 08.
a+jo a-jo a +o ¢
_; Sol: x,(t)= rect(—j X, (f)=sinc(f)
(1) e_atu(t)_ eatu(_ t) AN 2JCO2 | : |
a +o |
Asan>0 w(0)=x( -1 | X(0)=ex(0)
u()-u(-t) e = FT[x(t) + (0] = X() + X(-0
®
. = 2cos (xtf). sinc ()
2
sgn(t) > —
jo
09.
04. Sol: u(t) <> md(w)+ L
12 Jjo
Sol: G(w)=1+ >
o +9 + 8(t) < 2nu( 03)
— 4T _
g(t)=58(t)+2e™" jt
1 1
—d(t)-—<ulo
05. Ans: Zero 2 ) j2mt ©)
Sol: x(t) = rect(t/2), X(w) = 2sa(w)
(O = x(Ox(t2),  Y(0)=X()+2X2w) |
. . Sol:
2sin® 4sin2w
y(w)= ° + ° i x(t)=eu(t-1)
f=1=0=2n y2r)=0 X(w)= e ¢ 1
3+ jo
06. Ans: (d
ns: (d) i1) n(ij © ZSa(oa)
Sol: Y(0)=3X(2w) 2
t) = 3/2 x(t/2 - ,
y) x(2) n(t—lj © 2¢sa(o)
07. 4
iil) e &
Sol: 1) 1< 2nd(w) 4+
i) o 2ne™ u(- ) PN
a+t 4+
i) 5~ 2ne " u(- o) 11.
Sol: (a) Fi(w) =F(-o)
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(b) E(0)=¢F(o)+e* F(-n) (b) Ans: (a)
(©) fi(t) = f(t-1) + f—t-1) X(0)=278(w) + 7[8(0—4n)+ 8+ 47)]
Fy(0)=eF(o)+e" F(-o) X(t) = 1 + cos(4nt)
(d) fa(t) = f(t — 1/2) + f(—t-1/2)
jo jo 16. Ans: (d)
F(o)=¢ *Flo)+e? F-0) Sol: X(f) = 5(f— fy)
3 t X(t) — ej27'tf0t
f(t)==f] ——1
© £0)=313-1) )
F,(0)=3¢"F(2n) X(tlt—glfo =e’
T
12. Ans: (a) 2x(t)=7
Sol: g(t) = x(t-3) — x(-t+2)
G(F) = e X (£)— e X(— F) 17. Ans: (b)
Sol: 1X(D)
13. 2
Sol: 1) cos ot = %[ej(ﬂot +e7j60()t} PN n[B(QH— coo)+ S(w—coo)]
- -2 >t
i) sino,t <> = [8(w -, ) - 80+, )]
! x(t) cos 2m t <> %[X(f —1)+ X(f +1)]
G 1 1 1
) ¢ Smwctu(t)e2j{a+j(m—coc)_a+j(o)+mc)} "
2
iV) Arect[lj cosmyt = AT{S{M}T + sa{w}T} L
T 2 2
30 -1 1 3
14.
Sol: sinc(t) <> rect (f) 18. Ans: (d)
1 Sol: Output of multiplier
sinc(t)cos(10mt)<> — [rect(f — 5)+rect(f + 5)] 1 1
2 = 5x(t)cos(2oact +9)+§x(t)cose
5. Output of the filter is = %X(t)COS 0x2
Sol: (a) %e_j?x(t/4)<—>X(4(D+3) — x(t)cos®
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19. 23.
Sol: y(t) =03(t+2)+ d(t—2) Sol: x(t) =rect (t/2)
Y(0) =%+ e3° = 2c0s20 X(w) = 2sin®
®

-1
20. Ans: =——
24n
Sol: x(t):L{TX(O))eJ“"dm}
21| o
dx_(t) _ L T oX(o0)e™ do
dt 27 o
)L fjox(oMo
dt |, 2n-»
]9, . L.
= 2—[hw(— J\/;)dﬂ)*'h@(h/;)d@}
TUL-1 0
_ -1
24n
21.
Sol: te-" i[ 2a }: —4jam
o te (_>Jd(1) a2+m2 (a2+(02)2
te > —H2 4io
(0)2 + 1)2
Apply duality property
4t < 2mjoe ™
(t2 +1)2 '
22.
Sol: (i) X,(0)=e?"X(-w)+e’X(-w)
e
(11) 3 e 3
(iii) =(jo) e ™ X(w)
: . d .
) =i fieX()
®

@). y,(t)=x(t-1)= Y,(0) = e " X(0)
(b). = ya(t) = x(t) * x(t)
Y2 (o) = X(o) X(m)

_ 2sinm 2sin®

(O] (O]

sin’ ®
(1)2

©- 3,0)=tx(t) Vi(0)=i-[x(o)]

Y, (0)) =4

(@) y,(t)= x(t)sinnt > zlj[X(m— )= X(ow+ )]
(€. ys (t) = d);—it)

(D). yo(t) = (t+1) x(t) + 2u(t-1)

(). y,(t)= yl(%j ©2Y,(20)

(). . ys(t) = y2(2(t+1)) —y2(2(t=1))

o jox(m)

Q. 2=
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yio(t) = z(t+1) + z(t) + z(t-1)
Y 10(®) = (1+2cosw) Z(w)

(t)= sino,t N sin ot

Tt Tt
(©). s>
24. Ans: y(t) = cos 2t ( ) sinot  sino,t
. y t — +
Sol: h(t) _ 4t H(co) = rect(gj it it
Tt 8
TH(o) 26.
! Sol: (a) X(®) =20 (®) + d(®w—5) + d(w—m)
o X(t) =1+ e—jSt + e—jrrt
-4 4 —jmt 27'(:
e =T, =—=2
T
y(t) = cos 2t et — T, =2_57T _ 2%
T 5. . .
25 —L == isirrational
) T, =«
Sol: X(co): rect( ® j+ rect( ® ] A periodic
2o 20, (b) h(t) = u(t) ~u(t-2)
5 X(o) IAH (®) h(‘t‘)
’_1 |
> D >
-2 -0 ] () -0f f

(@). 0<or<o; Y(o)=X(»).H(n) 1

(o) 0 2
2
2sin .t
y(t)=—= 0 = h(t)= rect(1 - 0.5)

it -0f (O 2

sin @

<<
(). or<or<o; rect (t) <>
5 Y(w) 5
1 rect (i - 0.5} < 2e7 SO
2 )
> (D
-0Of -0 W o
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= H(w)=2e™ Sino
()

x(t) * h(t) <> H(w) X(o)

X(oH(0)~[o(0) + (0 -5)+ 8o x)] 267 1|

= () Lt 2¢™ SIn® +3(w—5)2e

x—0 ()

_js sin5

+ 8(0))26‘“‘ sinm
T

=25(c)+2¢ 7" Si%ss(m - 5){ L SnX _ 0}

X1 X

_js sin 5

X(o)H(0) = 28(w) + 2¢ 8(w—5)

5 sinb oISt

= x(t)*h(t)=2+2e™

= Periodic
(c).In above problem, convolution of two
non periodic signals can be a periodic

signal

27.
Sol: (a) yi(t) =rect (t) * cos mt

rect(t) <> %sin% { Y(0)= ]iy(t)ej‘”‘dt}
sin(;))

5)

» sin(n. 2“;)

rect(t) L

rect(t o
T—
2n
rect(t) <> sin c(ﬂj
2n

cosT <> T [ O(w—m) + O (® + m)]

Y, (@) =sin c(zﬂj w50 — 1)+ 5(0 + 7]

T

Y, (w)= % sin % x 71[8(w — 1) + 8(w + 7))

=£sin9xn8(w—n)+£sin9xn6(c0+7‘c)
o 2 ®

_2 sin— nd(w— 1)+ 2 sin(_—njrﬁ(m +1)
T 2 -7 2
=23 (o—m)+ 238 (o +m)
Y, ()= 2 23(0 - x)+ (0 + )]
T
Taking inverse Fourier transform

SO (t)=£cos it
T

(b).ya(t) = rect(t) * cos 2mt

Similar to above

Y, (w)= % sin % X n[S(co —27)+ 8w+ 2m)]

_2 sin[;)]néi(m —2m)+ 2 sin[czojné(m +27)

(O] (O]
= isin(gjné(m —2m)+ 2 sin(_ znj.nfi(m +2m)=0
2m 2 -2n 2

Soya(t)=0

(c) ys(t) = sin c(t) * sinc (%)

rect (t) <> sin ¢ (;j

T

sinc [Lj o 2nrect(— o)
T

sin c[ij o 2mrect (o)
2n

sinc(t) & rect(;]

T
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sin c(%) 2 rect(g) <0
T S ya(@)=0
LY ()= rect[®)2 rect(wj =y4(t)=0
2n i
1 2 28.
Sol: N
X](C\))
x 1/8
-n 0 T —1/2 0 ) .
i —8n 8n @
2
(a) sinc(8t) <>
H(o)=8¢"X,(0)=¢ -8n<m<8n
—n/2 0 /2 )
=0 otherwise
Y(0)=me"|8(w+7n)+d(0—n
N (@)= e[+ )+ (o)
} T y(t) = cosm(t— 1)
®
Y,(®) > 2rect] — ]
(@) (nj (b) Ans: (d)
Taking inverse fourier transform G(f)=e™ H(f)=e™
-2nf?
y(=sine(3) ¥(D)=G(P)H(r)=e
29. Ans: (¢)
. ®
(d).sinc(t) <> rect (E) Sol: X(t) _ gi2met’
-conjugate even symmetry
137t . o — 37[
e”™ sinc(t) <> rect( 5 j
& 30.
. Pt [0 o—37 1
sin c(t)* e”™ sin c(t) > rect(znj X rect[ o j Sol: (a) Y((D) = E [X((D -, )+ X((,O + o, )]
1 ) x(t)= sin t Tt sin(t/2)
mt Tt
<>
X X(o0)= —{rect(gj * nrect(—ﬂ
T 2
n 0 n 0 2n 4n
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X(o) = 1 35.
12 Sol: ¢ & 24
/ | R o +4
I I I | Q)
“3/2-1/2| 1/2 372 A 20 4 Y
j > dm=2j( 5 ] do
,w(ooz+4) A0 +4
31 o
: 1 20|
. =—(2n)||e™"| dt
sol: | x(tht & 2@ 4 x(0)5(e) 207
o jo
T
o rect(.(n/4n) N TCS((D) B
jo
32. 36. Ans: B= 2202
a
Sol: A
" x©) Sol: g(t)= 22
ol: =
8 a’ +t?
R | 2a
qO) We know e > — 2
-a a a’+o
. ~a|o|
E :L I|X(0)]2d0) :é _a By duality property FERE e
2T T T
B 2 ® 2
Given ”e_a‘“"‘ do = 0.99”6_3“’" do
33. - o
1 -2 12 g 1 5 I t o e, T
Sol: Ez—[ | rdo+ | —do+ jndm}z— = je ‘“”d(o+je “de =0.99 je ‘“”d(o+je e
2n| 5 ) 172 8 B 0 | 0
2am 0 —2am B [ 2a0 0 —2a0 %
- +2 =099 | =—| +=
34. 2a | . —2a 2a | -2a]
Sol Ex(t) =1/4 1 o 1 . 0.99
. = —[l—e?®]- [ —1]= 2141
|X(03)| - o 2a 2a 2a
o 1 — 2 262 =25 0.9
S, (@)=X(o) |H(o)P= Rl R =1 -e28=0099
. O = 0.0l =
By = [Sy(@)do= o=t 'l[ = In (100) = 2aB

o, = 2 rad/sec

_ (n(100)  4.605 _ 2.302
2a 2a a

=B
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37. Ans: (a) 41. Ans: (¢)
0 2 2 _ . 1 ~ -
Sol: E = L|Xl(f)| df =2 x10 i Sol: y(t)zﬁcos(IOO(t—IO *eos(10°(t—1.56x10°))
ty =107° t,=1.56x10°
38. Ans: (¢)
_ 42.
Sol: /H(0)=—2 -30n<wm<30n o
0 Sol: 20 to 30 kHz no distortion
-7
wo =10 [H(10m)|=2, £ZH(0m)=—
0 [H(10m) (10m)=— .
00 =267 [HQ26m)|=1, LH(267)= —13n Sol: For —200 < w < 200, there is no amplitude
distortion.
y(t)= 4cos(10m —Ej " Sm(zw _B_n) And For — 100 < ©<100, there is no phase
6 30 distortion
39 X
) ® =20 and ® = 60
Sol: b(w) = (Dto( ) So no phase distortion and no amplitude
-0l . )
tp(m) i to distortion.
_ - do(o) _ o0
tlo)=—1==1 ©=20, ©=140
Both are constant Amplitude distortion, do not occurs.
Phase distortion occurs.
40. [ ©=140]
Sol: (i) Ans: (¢) x3(t)
H(f) S 1 =20, o=220,
1+ j2nfRC Phase distortion and amplitude distortion
|H(f)| _ 21 — occurs
\/1+4chRC [ ©=220]
[H(f1)[ 2 0.95
fi=52.2 Hz 44.
(ii) Ans: (a) 1
Sol: (a) H(@)=——+—F+—
0(f) = —tan '(2nfRC) @ He) -0 +4/2jo
—dol(f 1 2nRC 1
e . ()=
df  2n|1+(2nfRC) J1- ") + (\20)

tz(100) = 0.71 msec
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1 2 1 2 1
[H@), o =g = @ Ho) =——. X =
(b) A :ﬁ — L Syy ((0) = |X(0312|H((0]2
2o . | (b) y(t)=x(t) * h(t) = [¢ ¢ *Ju(t)
H(o)| = - e 1
T o e S O
1 1
At o = o, |H(co)| = ﬁ E. o= 2
ESn= lE

;:L:mc =1rad/sec
w/l+w: \/5

[H(w)|=0.01

|H(O) )|2:( 1 jz 1 _ 1
‘ 100) 1+o! 10000

o ~ 10 rad/secs

Given

(©)
Acos(oot) A[H(wp)|cos(mot + £ H(wp))
H(o)
Asin(wqt) A[H(eo)[sin(eot + £ H(ey))

45.

2

Sol: R, (r) = A?cos((oor) =18 cos(6m)

Power = Ryx(0) = 18

47.
Sol:

v T g3 x)

48.
Sol: i) Ans: (b)

x(£)= e *u(t)*e Sult) =

16
{i5)7e
16) 16ve
ii) Ans: (¢)
1
SGG(O‘)):|G(®12 = 64 + 2
1
Se:(0)=—
wl0)= 1

iii) Ans: (b)
y(t)=e™u(t)*e*u(-t)

y(1)= %6_8’
1
0)=—
¥(0)=¢
49.
Sol: 1 (t)=x(t)*y(-t)=e"u(t)*e™u(-1)
1 1 1/2 1/2
xy(

= +
I+jo3-jo I+jo 3-jo
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51.
r(t)=—e"u(t)+=e"u(-1)
Sol: (a) ®, =200 7 X 1(w)

Sol: Given x(t) = sinc 10t

. )
Sinc t <> rect | —
(275}

sinc(10t) <> L rect(&]
10

207

- Y(w)=X(w) H (o)

:irect O Brect| 2 |oize
10 207 81

1/10 3

10~

3 O ) e
=—rect| — |e
10 81

.. output energy

1=
=0 “Y((D)'zd(o

—00

36
Output energy = —J
p gy 100

s = 400 7t rad/sec

2007 1 2007
(b) ©m=4007 X(0)
os = 800 7t rad/sec
| i >
4007 4007

(©) x, (t) = %[cos(SOOnt) + cos(3000nt)]

®n = 5000 1t
s = 10,000 & rad/sec

(d) X 4(03): P 1, .rect(gj

+jo 2a
Om=a
f =2
271
f=2f =2Hz

Y
(€) om = 120 7, f,, = 60Hz
(f,) = 2fn = 120 Hz

Ans: 0.4
() Ans Xi(w)

.
sin —t 2
—>

it -m/2 2

Xl(t)=2

fS(t—nTJ(—) f, iﬁ(@—nws)

n=-—o n=-—ow
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s ] & (a) X((;))Jre_j‘”,X(m) no change in frequenc
ZS(t—lOn)(—)—ZS ®o-n— . s e

S, 10,=, axis (Os)min = 20m = Mo
(b) d’;—it) o jo.X(o) s = @y
X, (t)* ZS(t —10n) <X, ((x))L Z m—nnj 1 (o
n=—n 10,=. 5 (c) x(3t) <> EX[EJ
I & nm T | '
X(o)=— > X (—]8(@— n—j IR
10;_00 s 5 0, =2x 320 3, 200 390
2 2
X(0)= L[_ - +x,(0blo) X, £ -2+ | |
10 5 5 (d) EX(Q)+(00)+EX(0)+0)0)
R3] \
5 5 5 5
| |
[T I
Xl(ﬁj - 2,X1(2—“j _2, g 30y
3 > 2 2
(5)ex (-
> > ®g =2 X 3% _ 30
S 0
2
X(o)
I 53.
Sol: (a) x,(2t)<> %xl(gj £, = 4k
1 > O
2n/5 —w/5 0 wn/5 25 f, = 8k
) x,(t-3) e X,(0) fn=3k
The maximum frequency in above signal is f; =6k
On = 21/5 (©). Xj (0)+Xs(w) fn=23k
2nfy, = 271/5 f, = 6k
fm=1/5 (d). Xi (0)*X2(w) fm = 5k
Nyquist rate = 2f,, =2/5= 0.4 f; = 10k
(). Xj (m).X2(m) fm =2k
52. X(o) fy =4k
Sol: 1
). E[Xl(m 10007)+ X, (0 —10007)]
| >® fn=250 Hz
) %0 e
5 ) (fs)min = 2= 5k
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54. Ans: (a) 59. Ans: (¢)
Sol: f,,=200Hz, f;=300Hz » i
, , Sol: y(t) =5x10"°x(t) Y 8(t—nTs)
The frequency in sampled signals are = 200, =
100, 500, 400, 800. Cutoff frequency of x(t) = 10cos(87c><103 £) & Ty = 100psec
filter is 100 Hz. 1
Output frequency = 100 Hz fs = 100p =10kHz
5x107° &
55. Ans: (b) Y(w) = X ZX(O)— nms)
Sol: If fy=f,, -The spectrum is constant spectrum T
Given Oy = 8nx10°
56. Ans: (a) fm= 4k
Sol: f,<f.<f,—f, =5<f.<9 The output frequencies are +fm = 4K, -4k
fs + f,, = 14K, 6k
57. Ans: (¢) —fs + f,,= -6K,~14K
Sol: f,, =100, f; —f,,= 150
f; =250 LPF
T, = 1 4msec
fS
-5K f
58. Ans: (d) K
Sol: f = Ti = 1013 =10’ =1KHz Only 4k & — 4k are allowed then the output
0 is
T, . nrw -6
6 sm(j ofp =210 10 cos(8rx10°t
C, == [3ea =—3J P ( )
e " 5x10°°
6 =————x10cos(8nx10°t)
5 Cyh=0forn=3,6,9 ..... 10010
-6
Ciz0forn=0,1,2,4,6,7,8, 10...... _ 5x10  x10cos8nx10°1)
LEfE3f, 6. 10010
Are not present in signal 0o/p="5x10""xcos(8nx107t)
+400+3(1000)=43.4K,+2.6K
So options with 3.4 K and 2.6 K are wrong 60. Ans: (a)

So (¢) and (a) are wrong.
3.6 K is out of the given range [ 2.5 to 3.5]
So (B) is wrong

So (D) is correct.

Sol: x(t)= cos[lOnt + gj

f;=15 Hz, os = 2nf, = 30 tHz
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h(t) = [sin mt j cos[ A0t — Ej only .4011 frequency is allowed output of
it filter is
15
' Y(o)= —[—6(w+40n)+—8(m 40n)}
sinmt 1 V2 2 2]

Tt > _E n 1 _ _ v 71

_n T \EL 2J8( 40m) J(Zj}s(mmn}
: 15
h(t) = Sn:ctm [005(40710 Cosg +sin 407t sin g} - ﬁ {_ Z_J 6((0 + 4071) + byl 6 (’) 40n }
sinmt . 15 { }
= ~ 21 80— 407c ——8 w+40n
h(t) - sin 407t VAR ( )
_ b 1 | sinmt oo _ SINTE 40 B 1_5 T Ed B
Y { - — } ) { X 8(w+40m)+ X 8(w—40m)
4 H(o) + gs(m —40m)+ gS(m + 407:)}
1/2j 15
Y(w)= Nl {E [8(c0 + 407) + 8(0 — 407:)]}
—41rn -39n .o
39n 4ln + 2£ [8(c—407) - (w0 + 407:)]}
J

—1/2j

x(t) = cos(l Ont)cos% — sin(l Ont)sing
X(o) =5 [(3(0 +107)+ (0105

_%F(a(m—lon)—a(mloﬂ)}

J

Sampled signal spectrum
o)=f, ZX(c)—n(os)

n=0, O, —On=-107, 107

n=1, ®s— oOn 0s+ oy =207, 401

n=2,20s— O, 205 + On = 507, 707

61.

Sol:

1—5 {l cos40mt + %sin 40nt}

V22

y(t) = E [cos 407t cos i + sin 407t sin E}
2 4 4

y(t)=

y(t) = %COS(407‘E'L - %)

Ans: (¢)

x(t) = m(t) c(t)

Where c(t) is carrier signal and m(t) is a
base band signal

and f; > fy (where f; is carrier frequency, fy

is the highest frequency component of m(t))
%(t) = m(t)e(t)

Where f (t) is Hilbert transform of f(t).
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For the above problem c(t) = sin(nt—%)

_ sin(mt/5)
and m(t) = V2 (—nt/S j

Complex envelope
[x(t)+ j&(e)e ™2™

_\/E[m(t)si'(m _Ej . jm(t)co{m _gﬂe—ﬂnfct
— \/Em(t)|:cos(nt . ﬂ . jsin(m B %ﬂe— 2t

- x/zm(t)eﬂ(m_z) : e_jzn[%jt

it _m
jﬁm(t)e s :\/Em(t)e 4
_ \/5( sin(mt / 5) Jejz

mt/5

62. Ans: 10 kHz

Sol: Band Pass sampling theorem its states that

f
. where

we can sample at the rate of f, =

k is the largest integer not exceeding

K= fy
fH - fL
| 15 9 >kHz
For m(t)
= fy 25 = 2.5means 2

f£,—f, 25-15

63.
64.

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

¢ 2
> K
As m(t) maximum frequency is 5 kHz

minimum sampling rate required is 10 kHz.

Ans: (¢)
Ans: (b)

5. Laplace Transform ]]

(2) X,(5)=—————

—2<0<4
s+2 s—4

(3)no
transform

common ROC laplace
for x;3(t).

(4) no common ROC, no laplace transform

SO no

(5) no common ROC, no laplace transform

1 1

6) X (s)=———, -1 1
(6) Xls)= ===, ~I<o<

ROC=(c>-5n(c>Re(-P)=c>-3
Imaginary port of ‘B’ any value, real part of
‘B’ is 3.

0>2,0<-3,-3<o0<-1,-1<0c<2

-3s

e e
X(s) = —
(S) s+1 s+2

x(t)=e ™ u(t-3)— e u(t-3)

-3s
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(b).

06.
Sol:

07.

08.

Sol:

09.
Sol:

10.

Sol:

Engmézmcéﬁl“‘ubhmnons :30: Signals & Systems
sY(s) =-2Y(s)+1 ----- (D
sY(s) =2X(s) ------ )
x(t) = e_s(‘"l).u(t - l)e_5 > e ,0 > =5 solving (1) and (2)
s+5 Y(S)= . ,X(S)= 2S
g(t) = Ae " .u(—t—to) 14
. A.G(SJrS)tO
G(S)=T’G<‘5 11.
A=-1,t=-1 Sol: (a) X(s)= —2 i !
o @ X ey Gy ae
2
x(t)= —4e 2 u(t)+ 4= e u(t)
x(t) = 5r(t) = 5r(t = 2) = 15u(t — 2)+ 5u(t — 4) 2
—4te " u(t)+4e " u(t)
5 5 15¢  5e™"
X()= 3 -3 e
S)=——--——
(s + 1)3
. _ 2
Ans: (a) R
Ans: (¢) ie’tu(t)<—> 1
1 2 (s+1)
X(E) =
(s+1)s+3)
1 12.
G(s) = X(s - 2) =
(s—1)s+1) Sol: y(t) + y(t) * x(t) = x(t) + 8(t)
G(w) converges means ROC include jo axis Y(s) +Y(s)X(s) = X(s)+1
-1<o<1 Y(s)=1
y(t) = 8(t)
G(s) = X(s) + ax(-s) 13.
J O — —2s
=Bs BzaBs OLB: 2s Sol: xl(t—2)<—>e ,6> =2
s”—1 s —1 s+2
R = _1’ R = =( —3s
of-B P-op x,(~t+3) > ———,6<3
a=-1,p="% -s+3
-2s =3s
Y(s)ze . © ,—2<0<3
s+2 —s+3
dy(t) dy(t)
——2 =-2y(t)+3(t —— =2x(t
N oyest) Yooy

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhuba.neswa.r| Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




PN, ACE . .
‘:,a ‘:Engmeenng Publications :31: Postal Coaching Solutions
14. h(t)=te™". u(t)
Sol: sY(s)+4Y(s)+ 3@ =X(s)
S 18.
-1 3 Sol: (a) Y(s) = 1 given statement is false
__ s _ 2,2 X(s)
H(S (s+1)(s+3) s+1+s+3
(b) x(t) =u(t)
h(t)=—Leu(t)+> e ult) y(t) = 1(t) is unbounded
2 2 given statement is false
X(s)=L41= 541 (©) x() = u(-1)
S S y(t) = oo is unbounded
Y(s)=X(s)H(s)= % given statement is false
s+

(d) Given true

19.
1S.  Ans: (d) Sol: s?Y(s) +asY(s) +a’Y(s) = X(s)
: 1
Sol: X(s)= +e ™ H(s)=~ __
5+2 S HEs) s’ +os+a’
1 e—()s 2
Y(s)=X(s)H(s)= N A G(s) :%H(s)+sH(S) + aH(s)
y(t)z%[u(t)—e_Z‘.u(t)]+u(t—6) G(s):{az +s? +sa}{ : 1 z}:l
S s +as+ao S
16. Ans: (b) Number of poles = 1.
Sol: F,(s)=¢.E(s) 20. Ans: (d)
e F(s)E(s) e |E(s)?
Gls)= 2 = 2
D= T TRG) a1,
Gs)=e™ Sol: H(jo)= jo-2
g(t) = §(t-1) (jo) (jo) +4jo+4
x(t) =8 cos 2t, my=2
17. Ans: (b) coy_J-1_1 1.
Vis) 1 Y(s) 1 H(jo, )= 4j e
b O s+ V() s+l
s) s s) s 1 T
H(w, )= —=, ZH(w, )=~
H(S):Y(s): 11 1 [Hiw) 22 (@) 4

X(s) s+1's+1:(s+1)2

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhuba.neswa.r| Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




.:'4. 4‘:. . ACE -
Wl ‘:Engmemng Publications Signals & Systems
y(t) = icos[2t + EJ =22 cos[Zt + Ej 2. Ans: (a)
242 . ~o° +1
Sol: H(jo)= —
-0 +2jo+1
22. o = 1 rad/sec
Sol: (a). x(0)= Lt sX(s)=2 H(wo) =0
- — t) = 0 for all o,
x(oo) = sI:)t0 SX(S) =0 y()
4s+5 . .
(b). X(s) = st improper function 25. Ans: (d)
s+
2 1
Sol: H(s)= X(s)=—
X(s)=2+ 3 __3 ° ) s?—s-2 ) s
2s+1 2s+1 )
?zf:;cnthe constant 2’ in the above Y(s)=X(s)H(s) = Gr16-2)
' 3 3 S = 2 pole lies right side of s-plane
x(0)= Wts. =— o) = oo unbounded
n 2541 2 y()
4s’ +5s
x(0) = SI;t0 sX(x) = SI;‘% sl 0 26. Ans: (d)
(c).x(0)=0 7.
Final value theorem not applicable s+2
(d) x(0)=0 Sol: Given X(s) = o
x(0) =-1
y(t)=—Ze™u(-t)+=e'ult)
23. 2 1 1
Y(s)==.——+—=cu(t)
3s-2 3
Sol: H(s)= k(S—Jrl) X(s)= ! )
(5+2)s+4) ; vl 21
k(S+l) 3s-2 3s+l1
Y(s)=H(s)X(s)=———
e e ey T
y(o0)= L‘%SY(S)=§=1:>k=8

H(s): -4 N 12
s+2 s+4

h(t) = —4eu(t)+12¢ ™ u(t)

(a). .. H(s):ﬁ
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1 3s 30. Ans: (a)
3 s+1)s+2 _
(6+1)s+2) Sol: Y(s)=—— H(s)= "1
S { s+2 s+1
=, > —
Gr)fs+2) xe)= Y6 s¥1 213 13
(b). The input is e’ V't H(s) (-1)s+2) s-1 s+2
<. the output = H(3) x input Stable input 2 <o <1
2 1
3 —__= t _ — -2t
_ KL x(t) 3 € u( t)+ 3 € .u(t)
4x5
3
y(t)= 2—0e3t 31. Ans: (d)
Sol: A solution to the differential equation with
28 the input set to zero is often referred to as
| the natural response of the system.
s*+s—2
Sol: H(s)="—"-=
s+3 32. Ans: (a)
H. (s) = ! __ S+ 3 Sol: input, x(t)= e’
" H(s) (s+2)s—1) |
o > +1 causal unstable = X(s)= s s
0
Does not exist in this case a causal & stable H( )
S
system Output, Y(s) = X(s) H(s) = S
0
29. Ans: (¢) On partial iaction expansion,
Sol: (a) A system to be stable & causal all the Y(s)=ﬁ
S—S,

poles of the system should lie in the left
half of s-plane.

(b) Any system property like causality,
stability doesn’t depend on the location
of zero’s. It depends only on poles
location.

(c) There is no necessity that the poles lie
within |s| = 1
All the roots of characteristic equation
means all the poles of the system should

lie in left half of s-plane.

01.

Sol: (a) H(w)=

So, y(t) = H(s0 )es"t

6.DTFT

Sin(czojl 191 h(n) o1
=T

-3 3

n
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h(n) # 0 n <0 — non — causal X(e)= ix(n)e’j“’“
1 ol o1
(b) x(0)=1+>=> x(1)=1,x(-1)=1,
2 2
3 3
| » x(2 — *2 =
012 ™ =5 4
|3 5 3
h(n) =0 n <0 causal x(n) = 4’ E "4
T
(¢) h(n) = 6(n—3) + d(n+2) - non causal
(ii) x(n) = 28(n + 3)— 38(n — 3)
02. X(e](n) — 2e3j03 _ 3 ef3j(n — 2[e3j0) _ ef3j(1)] _ ef3j0\)
( jw) | X(e) = 4jsin(3w) — ¢ I
Sol: () Yie™J= : I e Given X(¢/®) = asin(bw) + ce'®
——¢
a=4j,b=3,c=-1,d=-3
; 1 4
Y(e?)=——==
)= L3 04.
4 Sol
. w . ‘
(b) X(eJco)z zx(n)e—an sin(an Jus | L 3r @
n=- e o 4 4
nn
O=T
© sin(n nj T
X(ejn): z (n)=1)" = cos®(3m) = -1 4 ) 7"
=" n -3n - | "
(c) H(ej‘”)z 1+2e73® 4 3¢7200 4 47300 4 4
DC gain H(¢/®) = 142+3+4 = 10 (e
03.
<0
Sol:(i) X(e!”)=1+e™ +¢™ +§[l +c0s20] —3n -7 | n 3
2 4 4 4
) ) ) 2](0 -2jo
X(™)=14+e"" +¢e"* +§{1+—Jre } 05. _
2 2 Sol: (a) tH(')
X(e®)=1+e7 +e + 3 3 3 oo
2 4 4
>
- ¢

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhuba.neswa.r| Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




:35:

Postal Coaching Solutions

-

»®
| 7-0. T mto

Ideal HPF

(b) Y(ej‘” ) = X(ej‘” )+ X(ej(“’*“))

- "
VAN
eiw E 3_75‘0)

Y( )12 5

Y =1,YE"=1

06.

n

Sol: [ljlo.u(ij ot
2 10 1= L -iloo
2

07. Ans: (b)
Sol: x(2n) =11, 3, 1]
/r
FT [x(2n)] = 3+2cos®

08.

Sol: na” u(n) < Ji

{ 1 } g
do| 1—ae~I® (1_ae—jw)z

09.

Sol: in(l/Z)ﬂ e =

Y
n=0 (1_le_jmj
2

Put ® = 0 in above equality

= (1Y 1/2
23] -y

n=0

10.

s .
jn— -3j(0-m/8)
SO]: ne San_3u(n_3)(_> Ji e—/
do| |- ge—i0-n/8)

11. _
Sol: H(e")

-7

n
6 6
Input signal frequencies are

8
Then the output is y(n) = sin[gn]

12.
Sol: x(n)= e®n ,  ymn)= ej(DOn.H(eij )

H(ejw): 842 cos 2m — 442 cos m
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- y(n)=4 only whena =2, =1
‘4
T 16. Ans: (a)
. jn
H(eJmO )= 4 yn)=—4e" 4 ' ) 4
Sot: Y(e)= 3 x(n). 3 h(n)=15LB
13 n=0 n=0
Sol: H(¢")=2 o cos® +f 17

Hie) e =0 He") =1 Sol: y(n)=x(n) +2x (n-1) + x(x-2)

a=p a2 +B=1 Y(e‘i‘”) = X(eiw).[ 112670 + ¢ 2]
1 H(e.l@) — [ 1+e—_]o) ]2

1++2 =[ 1+ cos @ — j sino]’

(@) [H(™)| = (1+ cos ®)*+ sin’ (o)

; 3
DC gain = H(e"") =3a = . -
1++2 ZH(E®) = —2tan™! @
1+cosm
14. 105>0=0 = |H(E)=1
. ZH(@E*)=0°
Sol: H(ejw)z M n
1—ae™J® 4cos(%+%]—>m=g:>‘H(ej‘”l =2
IH(&)[ = 1 = H(¢").H*() =1 .
i o = / H(®) =-90°
bre . bre — =1 (b) Output of given input
l—-ae I? || 1-ael®

o T .
10+4 — 4=
Only whena=-b + COS( 7 + 4j 18

10+ 4(2)cos(E + I EJ
44

15. Ans: (a) >
Sol: HleI®)=1+ e 1 +pe2I®
( ) P =10+8COS(E—Ej
x(n) = I+4cosnm 4
xi(n)=1w=0
H (¢ = 1+ o + B ZH(®) =0 18. Ans: (b)
yi(n) = 1+a+p Sol: anti symmetric, k = -2

Xa(n) =4cosnmt ® =T 0 (0) =20

HE™)|=1-0a+p LH(E™) =0 Slope = -2
y2(n) =4 (1-o+P)cosnn
y(n) = (I+ot+p)+4(1-0+p) cos nn
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19. Ans: (b)
®,=—
Sn T yis 3
Sol: x(n): cos| —n |=cos| —n 0y =—
2 2 2 . 1 .
H(e*)== (1+200503) 3 1+2cos 3
H(e')| =1 LH( Jo )
. 1+1)= 2
nmw T 3 3
y(n)= cos[ - j
© (n)= gcos ﬂ
Y 3 3
20. Ans: (a)
Sol: X(¢/®) =2 + 2cos® +e I° + 2¢ 4 59
jn ) )
xlea [21H] Sol: |
\/5 ux(ej(o)
1
ZX( JTE/4) tan 1/\/_ E
1\2) 4 o
- OR
21. o
111 E=— J‘ lde = 2¢
Sol: h(n)=|—,—,— 2n T
3’373 -0,
T
(a) H() = Fe PN ‘j"’} 23. Ans: —
3 33 40
Sol: By plancheral’s relation
1
—(1+2cosm) . | |
3 z X(n)y(n) = % X(elﬂ) )Y(ejm }i(&)
(b) Phase =0 (on )]
sin| — in| —
(5] %)
X(Il) = =—
() 27nn 2 nn
Acos(mon) - AJH(e")].Cos(wen +LH(e™) -
— N 12
. (nm
sin| —
5],
Given x(n)zcos(%) 2|  mn
—n/4 /4
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“in nn 1 2 2
1 3 1 / / }/
y(n)=
5| m 2 |27 4747
vy
fin)=1{1,4,8,8, 4} = causal
T
y(n) -3 /3 g(n) = h(n) * h(-n)
sin % sin % 3 hem =iz 2T H
o0 - o 4
e 21 St 21 C\2 A5 h(-n) ranges fromn=-2 to n=0
. h(n) ranges fromn=0 to n=2
= 0 .g(n) ranges fromn=-2to n=2
24, 12 2
, o). Loy Yo s
Sol: (a). Xle’" |= Zx(n)—6 /2/}//4/
n=-oo
o S5
®). X(e")= 3 (~1)"x(n)=2
°O gm)=1{2,6,9,6,2}
©. [X(e" Mo =2m1x(0)=4n
,n N
(d). IX(ejm )bmd(o =2nx(2)=0 = g(n) is non causal and maximum value is
c ) 9,
©). [|x(e”) do =2n[ Y X(nﬂ=28n
o d > 26.
= X(e*] do=2a 3 [nx(1 2}
(#). _Ide ( X ® ﬂLZwlnX( ) G 27Xk 2mx10k
~158x27m=316m 40k 40k
FS =21,
: N-1
(g) ZX(CJ(D)= -0 = —[ij =-50 = 2%x20k
— 40k
25. Ans: (d) P ew<™
Sol: f(x) = h(n) * h(n) 4 2
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27. Ans: (a) (b) a <P Z.T is exist
Sol: x(nT,)=cos(—20nT,)=cos| — 20n (©o=pnoZT
1000
(nnj (9nj 05. Ans: (¢)
=cos| — |=cos| —
4 4 Sol: X(z)= _11/2 312
QO _E . QO _9_7[ I—EZ_I 1+EZ_1
1000 4 ~ 1000 4
_ (1Y 3(-1Y)
QO—ZSOTC, 2250m xln)=——| — | uln —| — | uln
(0)=-3(3] w3 (5] alo)
7.Z-Transform X(2) = 1
4
01.
06. Ans: (d)
Sol: X(z)= z _Z Sol: poles = i. —i _
z7+1 z—a ol: poles = j, —J, zeros = 0,0
ROC =iz > 1) " (17| <|oh) = 1 < |z <2 X(z) = X2
2
Only when a = £ 2, ‘ny’ any value 27+l
X(H)=1=k=2
02. 27°
. . . X(z)=
Sol: (a) finite duration both sided 0 < |z| < o 72 +1
(b) finite duration right sided |z| > 0
) ) ) ) . 07. Ans: (b)
(c) infinite duration right sided (|z| >1/2)"
(I2 > 3/4) = |2) > 3/4 Sol: X(z)= Y.
(d) (|1z>1/3)(|z|< 3)N(|z| > 1/2) =1/2< |2]<3 o 010
I S
03. Ans: (a)
Sol: ROC = (|| > [a]) M (|z| < [b*|) common ROC
exists only when |a| < |b2| x(n)=4———— 9 0.1.0 1
’4, 2 72
T

04. i) Ans: (b)
Sol:  ROC = (|z| > [a]) N (|z] > [b) (Iz] < c])

= [bf < z| <|c]
if) ROC = (IZ] > |a) (IZ] < [B])
zZ zZ
X(Z): Z—-a _Z_—B

(a)a>p no Z.T

Now consider (a) option

Yi(z) = i@jz

n=0
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ix (n)y.(n) %0 Because given as |r| <1
1
Now consider option (b) 09. Ans: (a)
Yoz)=z"'+4z 7 +------ 74
Y2(Il) _ {O, 1’ 0’ 4’ ______ } Sol: H(Z): ) 1
. z"+—
Y x(n)y,(n)=0
= H(Z) = H(Z’l)
h(n) = h(-n)
08. Ans:r=-172 So h (n) is real for all ‘n’
Sol: H(z)=— 4T
LT R T 10
5 .
1 1 . (_3) 9z
1+ i er=tay Sol: (-3)"u(n-2)<«> Jz>3
= 4 2 zZ+
1 1
(1-—z )+ 27 L3 u(en—2)o —2 |zt
2 4 (=3)"u( ) Z_1+3,I | 3
Consider the numerator
l+%z_l +r[1—%z‘lj 11.
Sol: g(n) = d(n) —d(n—6)
(1+1)+ 1 r 77! G(z)=1-z°,]z>0
4 2
_(l_rj 12.
4 2 27
Zero = ——= . =7
_ Sol: X(Z)—z +2Z+Z_2
I zero=1 X(n) = §(n+2) +28(n+1)-2 (2)"u(-n-1)
or
4 2 1 1oy, 13.
l+r 4 2 _ _ ,
“3r 3 Sol: X(Z)=(Z+J)(Z_J)=Z +l
o =12 ) z—-1/2 1
2 4 7 — N
If zero=-1 472 +1
1 r Y(z)= X(ij = X(22)=" +1
4 2_ 1ot o, 1/2 2z 5
I+r 4 2
r -5 . .
—=—=r=-5/2 is not valid
2 4
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14. 18. Ans: (a)
Sol: (2)n .u(— n) o 11 zl<2 Sol: when o = f it gives linear phase.
1-—z
2 19.
Sol: (1) x(n)=z¢" , y(n) =z H(z)
15. y()=(-2)". H(-2)=0
Sol: X(z) =z'+2"-22+2-32"" H(-2)=0
_ 5.3
H(z) =2z Lta 1
Y(Z) = X(Z).H(Z) =27+2z"' 47" + 427 — 627 1- lz—l
@i(r)- Y1) 4
y4) =0 X(Z) 1
1- lz_1
16. 2
3 (a)H(-2)=0
Sol: x,(n+3)< Jz > = _9
| - S
8
- (b) y(n) = (1)". H(1)
X,(-n+1) > ———[z[<3 H(1) = —1/4
1- E Z 1
; y(n)= T(l)
Y(z) = z ,—<lz|<3
PN P
27 37 20. Ans: ()
Sol: H(ej“’ ) =gt _g7®
17. i |H(e]0))| I
Sol: H(z)= 1 x(2) | HPF
) |
l-—z7 |1-=2z !
2 3 :
1 > O)
=1-—z" T
1
Y(Z) = H(Z)X(Z) T And it is FIR Filter because finite
1-—z" :
2 coefficients
1 n
=y(n)=| 7| uln) 21. Ans: (a)
Sol: y(n) = h(n) * g(n)
Y (') = H(e") Ge)
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jo _ _ 71
= vier)- S x(o)= Li(1-2)X(2)
1- e‘j‘”} 1
{ 2 = Lt(1-2")
H( M+z f1-2")
= G() = Y(*) - %e_j” Y(®) 1
| 2
= g(m) =ym) - ~y(n-1)
25. Ans: (a)
Putn=1 .
1 Sol: H(z)=——+—.—
=>g(1)=y(1)—5y(0) 2 2z-2
-1 1/
11 h(n)=78(n)—5(2) u(-n-1)
2 2
1)=0
&) 26. Ans: (a)
-1
22. Ans: (c) Sol: H(z)= 6_? =
‘o 6o 1-0.7z7 +0.3z
Sol: H(¢'”) = 1-e ¥ =0 only when o
60— 2 _1 Z =1 (static gain)
o=2tn(n=1) H(1) =10
T
®=—
3
o f 27. Ans: (¢)
X T
== Sol: = )
ok 3 o Y(Z) H(Z)X(Z)
f =1.5k L 1
-z (1_;[1}(1_2—1)
23.
_ -1
Sol: x(n)=-0.5 (2)" . u(-n-1) y() = Lt{1-2" J¥(2)
x(0)=0
© =A +é =0
2
24, _
A=
I neven 2
Sol: x(n)=
0 nodd
= X(Z)= 1 +Z74Z* ... 28. Ans: ()
_ | Sol: H(z):BZZ_—2Z
1—=772 22" —a
1 o
= Pole= + . |—
(1-z"fi+z7) o \/;
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29.

Sol: (a) An LTI system is stable if and only if

30.

Sol:

31.

Sol:

143
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J%

<1 = |a| <2, any value of ‘j3’

ROC includes jo axis.
—0.5<Re {s} <2
(b) For an LTI system to be stable, all the
poles must lie left side of the jo axis
S = 2 is the pole in the right half of s-
plane.
So it is not possible.
(c) Re {s} -3
Re {s}>2
—3<Re{s} <-0.5
— 0.5 <Re {s} <2 are the four possible
ROC’s

Ans: (d)

NS

7 ——

3

> denominator order

Numerator order

4
so — non causal system & |z| < 3" stable

Ans: (d)

Poles=>1-05Z" =0=Z=0.5
Zeros = 1-22"'=0=>27=2

It all zeros and poles are inside the unit
circle [|Z| = 1] then it is a minimum phase

system.

32.

Sol:

33.

Sol:

34.

Sol:

35.

Sol:

So given system is Non minimum phase
system if all poles are inside unit circle then
we can say system is causal and stable. So

given system is stable.

z7-2-77"
(a). H(Z):l—
1+EZ_1

(b). IIR filter

Ans: (¢)

Poles z = £2;

|poles| =2

ROC = |z| < 2 because system is stable .

In this case system is non-causal

Ans: (¢)
H(z) = Ll is a stable system because
Z+—
2
. . . o
pole z = 5 is inside the unit circle.

The poles of H(z) should be inside the unit

circle for a stable system.

.. A 1s True but R is false.
Ans: (¢)

2
H(z) z°+1

T (240.5) (z-0.5)
(1) The system is stable because poles z

= + 0.5 are inside the unit circle.
(2) h(0) = Lt H(z) =1
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2mx S
f. f 2

S S

e 41 b
. . ato=—=0
(e +0.5)(e" -0.5)

H(e'") = 5

Ans: (¢)

Sol: A causal LTI system is stable if and only if

37.

Sol:

38.

Sol:

39.

Sol

: H(Z)=

all of poles of H(z) lie inside the unit circle.

Ans: (b)
In (A) and (R) replace H(s) by H(z) for the
question to be meaningful.

7’27 +z N(z)

H(z) = =
2+lz4) D)
4778

As N(z) is of higher order than D(z), the

system is not causal, as d(n + 1) is one of the

terms in the output for the input 6(n).

If the N(z) is of lower order than the

denominator, the system

(1) may be causal or

(i1) may not be causal as it depends upon the
ROC of the given H(z).

.. Both A and R are individually true but R

is not the correct explanation of A.

Ans: (a)
Both 1& II are true and ‘I’ is the correct

reason for ‘I’

Ans: (b)
_P,+PZ"'+P,Z7
1+d,Z"

No. of delays = 6

No. of delay’s =3

40.

1-0.4z"

|

Sol: H(z)=z"' =H,(z) Ha(z)

H (Z) . Z_l |:1 - 0.62_1
) = _

Form —1II

X\ >
0

71
) .
M

71
) .
O— 0

71
—d; P;
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41. Ans: (a)

1
1-0.7z7 +0.132
=0.7,a,=-0.13

Sol: H(z)=

ao=1,a;

42.

1+0.52"
140.1Z27 -0.37272

B 1+0.52"
H(z)- (~0.5-03z")-2+2")

Sol: (a) H(Z)=

Cascaded form:
1+0.5Z27" 1
H(z)- (c05-03z7")(-2+2")

—;[1 10527

B3

1+osz1

1+3Z1 1-
5

(z) s

-2

=)

H(Z)=

z"

— y(n)

x(n)

=3/5 0.5 172

Parallel form:
(1+052")

[

1 1 10 1

=—. +—.
11 1+éz—l 11 l—lZ_l
5 2

H(Z)=

(b)

o » Re {Z}

2=

Z| 0.5 are poles

|Z| =0.5 is zero

43.
1- Ez’1
Sol: H(z) 4
k
1+—2z
Pole = ‘_—k <1
3
k| <3

44. Ans: (¢)
Sol: From signal below graph reduction

H(z)z

_2z+1
z+2

247"
1+2z7"
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b

45. Ans: (b)

Sol: H(ej‘”): 2?::” 1
e’ +2
H(e") =1
HE™)| =1
H(e™)| =1
So, All pass filter

46. Ans: (a)
Sol: 1 -k[z'+z?%]=0

72—7k-k=0
- +k+vVk* +4k
1,2=

' 2

For causal & stable |poles| <1

1445 142236
2 2

(outside the unit circle)

+
2_2\/5:&\/5

k:12>21,2:

k:22>21,2:

=1+£1.732
outside the unit circle
Here, k= [-1, 1/2]
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