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|7 1 Introduction

Chapter

(' Class Room Practice Solutions ) x(n) = u(-n+3) = u (Mn-—no)

M=-1 n, = -3

01. Ans: (¢) 05
Sol: x(n) + 2x(—n) = {-1,-1,3,1,1 }max value = 3 Sol: @ R

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 1

4x(2n) = {4,4,—4} max value =4

>t
02. Ans: (a) -1 0 1
Sol:
t
X(— 5 + 1) -1
(b) uX(t)
I
| | 4 / N\
; . G U

Non zero duration = 6 S
03.
Sol: (a)0 06.

Sol: (a) as t— oo, amp — 0 Energy signal
(b) Constant amp — Power signal
(c) Power + energy = Power signal

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

(d) %etz :% (d) Periodic signal — Power signal
=2 (e) as t — oo, amp—>o0 NENP
(e) tsint| - :% (f) as t o0, amp— oo NENP
2
07.
04. Sol:
Sol: x(n)=1-[8(n—4) + 8(n-5) + ----- = 2 BV n
X(m) = 1= [o(n—4) + 6(n=3) + -] By o= D@ = (@05 f = a?(0.25)
4+ x(n) n=—o n=0 pary
© 2 2
‘ a2 (025 =—2 = °
;( ) 1-0.25 0.75
E =2 [x,() =1.5+1.5=3
+ > n n=—ow
-2 -10/ 1 2 3 Given E_ ,, =E, .,
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08.

Sol:

09.

Sol:

10.

Sol:

Signals & Systems

a J—
0.75
a’=225
oa=1.5
rolm)= X))
2
| 1+37 [ —1+57
2 772
x(t)
2
o -1 o 1 t
1 1
(@ T, :§,T2 =5
L:ELCM=3
T, 3

T() =LCM XTl =1/3

(b) TI:%,B:IS
T, 1
T, 11
LCM =11

To=LCM xT; =15

27 2
)Ty =—,T) =—
© T 30273
T
il S 5—n irrational number
T,

So a non-periodic.

2n
d I = —=
@ To 10

w3

(e) It is extending from 0 to oo
So non-periodic

(f) x.(t) :M :%cos 2nt
r o 2E 2T
(O)) 21

(g o _3. rational, so periodic
2n 6

No :Engm
(O] 5
Ng=6

(h)N;=8m = N=8
sz 161’1’1:>N2 =16
N3:41’1’1:>N3:4

N _IN
N, 2'Nj
LCM =2

No=LCM x N; = 16.

(1) Q0 _ 7. rational, so periodic
2n 2

(j) multiplication of one periodic &
non-periodic is non-periodic

(k) u(n) + u(-n) = 1 + 3(n) is non-periodic

x(n)

(D

NOZZ
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11.
Sol:

12.

Sol: (a)[x,(t)+

Postal Coaching Solutions

(A) x(nT;s) =2cos(150xmxnxTs +30°)

= 2005(3—nn +30°)
4
op =38
074
Ng=Tm=3m
©p
N0:8

(B) Ans: (a)
Nl = %m = Nl =2

N2—%1’1’1:>N2—2

N3=§m:>N3=4
25

N N rem=o

N, N3

N():LCMXN1:4

og=F_T

074 72

x(n) = cos(60)0n) + sin(l4030n) + cos(S(oOn)
so 14™ harmonic

Xz(t)][xl(t_2)+xz(t_2)]
#* xl(t)xl(t - 2)+ Xz(t)Xz(t - 2)

is non linear

(b) sin[x1 (t)+ X, (t)] #* sin[x1 (t)]+ sin[x2 (t)]

is non linear

adx;, (t) + dez(t)
dt dt

(@ lox 0+ B, (0)]-

is linear

(d) 2[x(t)+x2(t)]+3 = 2[x; () + x2(t)]+ 6

is non linear

)+ Bx, (t)ldt

:aj' t)dt+[3j

(e) j OLX

dt is linear

(0 [x1(0)+x2 (OF = x7 (0)+x3(1)

is non linear

(2 [O(’XI (t) +PBx, (t)]COS O,t

ax,(t)cosm,t + Bx,(t)cosm,t is linear

(h) loglx; (n)+x,(n)] = loglx, (n)] + log[x, (n)]

is non linear

(i) [x1(n)+x (n) #[x1 (n) + x5 (n)
1S non linear

() o*x"(n)# ax*(n)is non linear
(k) non linear
) Xl(n)+X2(n) ” Xl(n) + Xz(n)

xl(n—1)+ Xz(n—l)
is non linear

(m) linear

(n) eX ) 2 en) e i hon linear
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PR ACE
v ) Engineering Publications Signals & Systems
13. (d) preset output depends on future input-
Sol: (a) tx(t—t,)+3=(t—t, Jx(t—t, )+3 non causal
time variant (e) preset output depends on present input-
causal
(b) eX"%) = eX("%) {ime invariant (f) preset output depends on present input-
causal
(c) X(t -1, )COS 3t X(t -t )COS 3(t - to) (g) n>ng causal, n <ngynon-causal
time variant (h) non - causal
. 0
(d) sin [x(t—to)] = sin[x(t—to)] time invariant () y(0)= ;X(k) present output depends
on present input - causal
dix(t-t,)] dx(t-t,) d P P
© - = —[x(t-t,)] : .~ .
d(t—t,) dt—dt, dt G) y(=1)= Z x(k) future input non causal
time invariant k=0
(k) non-causal for any value of ‘m’
(f) x*(t—t,)=x*(t—t,) time invariant (1) o= 1 causal, a. # 1 non causal
(m) causal
(g) x(2t — tp) # x(2t — 2tp) time variant (n) non causal
(h) 2"™)x(n-n,)=2"""'x(n-n,) 16.
time invariant Sol: (a) present output depends on present input
o L . -static
(1) time variant (b) present output depends on present input
N . -static
(J) time variant (c) present output depends on present input
(k) all coefficients are constant -static
— time invariant (d) present output depends on present input
-static
14. (e) y(1) = x(3) present output depends on
Sol: x(t) = x;(t) — x1(t-2) . future input -dynamic
£) = vi(t) — vi(t-2 (f) dynamic ‘
y2O) =yi(V) = yi(t=2) (g) present output depends on past input
x3(t) = x;(t+1) + x;(t) d .
ynamic
y3(t) = y1(t+1) + yi(t)
15 17.
) ) Sol: (a) linear, time variant, dynamic
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

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

(d) non linear, time variant, dynamic
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v ) Engineering Publications Postal Coaching Solutions
18. Square term - non linear
Sol: (a) linear, time invariant, dynamic (a—2) no time varying term- time invariant
(b) non linear, time variant, static (b—5)
22.
(c) linear, time variant, dynamic (c—1) Sol: Given
. . . . . n
(d)nonlinear, time invariant, dynamic(d—4) x(m) Unit delay . y()
19. B
Sol: (a) y(t) = u(t).u(t) = u(t) - stable
Convert to Z-domain
(b) y(t) = cos3t u(t) = —1 < y(t) < 1 stable X
V4
(c) y(t) =u(t-3) stable A > Y(2)
(d)y(0)= d‘;_it) _5() unstable
¢ ' Y(z) ozt 1
() y(t)= _joou(r)dr = 1(t) is unstable X(@z) 1+z' 2+l
(f) sin (finite) = finite. stable (i) x(n)=38 (n);
t) = tu(t) = r(t) unstable
(2 y® Q ® = Y(2)= 1 X(z)
(h) y(n) = ™= finite stable z+1
(1) y(n) = u(3n) bounded stable Y(z) = ! 1 = !
z+1 z+1
() x() =1=ym)=n-ny+ 1= y(w) =00 z
Y(Z) =z
= unstable 741
20. Taking inverse Z — transform
Sol: (a) non invertible |
n)=(-1)"" u(n-1
(b) non invertible ym) = DT e =)
(c) invertible ifn=0,1,2,3.......
Th =10,1,-1,1,-1.......
(d) non invertible eny(@=[0,1,-1. 1, ]
(e) non invertible (i) x(n) = u(n);
(f) non invertible ]
o = Y(z) = —X(2)
(g) non invertible z+1
h) invertible
( ) Y(Z) _ 1 V4
z+1lz-1
21. Ans: (b)
Sol: y(t)=x*(t)h(t) Yiz)_ 1

h(t) = 0, t<0 causal

z (Z + 1)(2 - 1)
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Signals & Systems

23. Ans: (b)
Sol: Constant added - non linear (A-true)
Time varying term - time variant(R-true)

24. Ans: (d)
Sol: (S-I): y(n)=2x(n)+4x(n—1)
If x(n) is bounded, y(n) is bounded.

.. Stable. (S-]) is false.
(S-1I): h(n)=23(n)+4d6(n—1)

25.
Sol:

h(n)=1{2,4}
A

Impulse response h(n) has only two finite
nonzero samples. This is the condition for
stability.

. (S-II) is True.

Ans: (a)

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-II) are true and (S-II) 1is
the correct explanation of (S-I).
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|72 LTI (LSI) Systems

Chapter
(Class Room Practice Solutions ) y(4) = fldr =1
6
o1 w y[ljz ?X(T)h(l—‘CJdT=§+4=5.5
Sol: y(t)= [x(t)h(t—t)dc 2/ s 2 2
. 04. Ans: (b)
x()  h(t-o) Sol: s(t)= [h(c)dt=u(t—1)+u(t-3)
1 ) o -
s(2) =1
> »T 0s.
t -2
Sol: Assume — t+a = A =—dt =dA
Case (1) t-2<0 y(t) =t(_)2 <2 e 7(t)= j x(A)h(t+a-2)dr = y(t+a)
Case (i) t2>0  y(t)= | e "dr= 63 £>2 s
0
1— e—3(t+2) 06.
y(t)= 3 u(t~2) Sol: (a)x(t—7+5)=x(t—2)
02. (b) x(t)*LS(t+Ej :lx(t_'_hj
so: X0 $ht-) al \a) ol L a
e 1 (©) x(t)*[25(t +3)+ 25(t - 3)]
=2x(t+3)+2x(t-3)
1 >T t > T
07.
Case (1) t<0 y(t)=0 Sol:
t 2 -1 R TR N
Case (ii) 0<t<l y(t)=[tdt= L @e u(1(t-1)=c"8(t-1)
0 2 I
: : (b)e”| =e
Case (i) t>1  y(t)= irdr =3 (©) e u(t—1)
03. N 08. dx(t)
Sol: X(™) h(t-1) Sol: [t
31— 1
— s
| »T »T 3 l L
1 7 6 | t+1
-1
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SO _5-3)-(-3) @ T=2
), 4 0) = h(e—3)—h(t-3) [ [ 1 } [
g wEAEmEAbm) ]
09. 4 2 p 2 4 Ot
Sol: (a) Ay Ay=A,, [3(atit _1 y(®)
- o 1
i /\/ \A
aa o >t
1 -3 -1 1 3
A=—
(00
11 A % 1 11.
b —_— . = — i t dt = . A
( )oc a o .[Osmc(a ) o Sol: tx(t)
| (@) |
Aol 1
o
o0 ) . =‘l
(c) 1x1 = A2 e dt=1 3 1 ¢ -1 1
[O ty(®
1
A = —_
V2 / \
K 1 I : 1 >t
(rxn=2An  [—=di=n 4 2 2
s 1+t
A = E
2 (b) Ans: ()
S
10. ta(t)ru(t-1) o 5 —
Sol: (i) T=4 R s“ s
() h(t) - ,
=—2<—>5(t—1) u(t—l)
r N S
"""""" ©
S 4 P 4 8 ¢ h(t)
1 y(O=x()*h(t) /T
0 T ¢

-5 3-1

AVAVAS

h(t) =~ [u(t)-u(t-T)]
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x(t) = u(t) 16.
1 Sol: y(n) = x(n)*h(n)
y(t)=x(t)h(t)= —[r(t)-r(t - T)] - n
T =2(0.5)"u(n) + (0.5)" u(n - 3)
12.  Ans: (a) y()=1,y(4)=5/8
Sol: To get three discontinuities in y(t) both
rectangular pause must be same width. To | 17- Ans:(a)
z;g),rel‘;yequal width h(t) = x(t). it is possible Sol: y(n)=[a,b,c,d,a,b,c,d-—N times]
a=1 y(n) is a periodic function with periodic ‘4’.
13. Ans: (a) th(®) So h(n) must be h(n)= Nféi(n — 4i)
Sol: tx(t) i=0
5 2 42 )
--------- 18. Ans: 31
.t t | Sol: x(n)= {1,2,1} 1
! 1 2P s
n) = {1,x,
py(0) T
y(m) =x(n)*h(n) !
10 10 10
_____ y(n)={1,2+x,2x +y+ 1,x + 2y, y}
""" y()=3=2+x=>x=1
-3 -1 1 3 >t y2)=4=2x+tytl =>y=1
uy(t) Y(n): {1937473; 1}
10y (3) +y(4)=10x3+1=31
10
9 19. Ans: (d)
>t .
14, Ans: (d) Sol: Z‘:Oh Za + n_z_wbn <o
Sol: x(t)*h(-t)= __[Ox(r)h(— (t—1))dt only when a| < 1, [bj>1
= j X( ) (T t}lr
0 20. Ans: (b)
15. 7 7 at 9 Bt
Sol: [fh(t)dt|=]e"dt+ [e"dt<oo only when
qop, 3=~ x(- 2+ 4) 4 x(- 1gla+2) {Ih(e)d]= Je*de+ | y
x(0)eln) + x()eln - 2)+ x()eln—4)+ - - w0, 520
x(n) =0 (n-2)=1 n=2
=0  otherwise 21.
y(n)=gn-4) ol: (a)h(n)=a"u(n)+p a"" un-1)
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by Engineering Publications :12: Signals & Systems
(b) h(n) =0 n<O0 causal 25. Ans: (a)
System stable for any value of ‘f3’ Sol: s(t) = u((l‘;)( )e u(®)
except B # oo and || < 1, except o =0 h(t) dt 6( ) [ S(t)_ *e u(t)]
=ae *u(t)
22.
26.
n 1 n-1 K
(a) ( ) ( )—A(gj u(n—l)ZS(Il) Sol: Zh 2(2] (k)
Whenn=1,A=1/5 N
1 = Z(E) n=>0
(b) H(Z): 1 =0 n<o0
1 - g z n+l
s(n) = 2{1 —(%) :lu(n)
H,, (2)=1-22"
27.
_ R Sol: x(n) =u(n), y (n) = (n)
=9 dln—1
g(n)=8(n)-8(n-1) u() — (1) = 3(0)
" y(n) = x(n) - x(n-1)
x(n) = nu(n)
. _ Lo y(n) =nu(n) — nu(n—1) + u(n-1)
Sol: h,(n)=35(n) 5 d(n—-1) — n3(n) + n(n-1)
N\ el =u(n-1)
b (n)+h. () - (2] u(n)_E(J ey |
Sol: hc(t) = h;(t) * hy(t)
n
- G] 8(n)=8(n) J.h (1)t = j h,(t)dt*h, ()
24, = h, (1) % j h, (t)dt
Sol: 1. False
2. h(t) = e™'u(t-1) is causal, un stable - false () = s (O x5, (1)
. < <. = Sl(t)*s,z(t)
3. h(t)=sino,t, _mh(t)Idt = _{Jsm w0t|dt =00 selt) £ 51(t) * sa(t)
unstable - true
4. y(t) = x(t-2) — causal-- false
x(t) = y(t+2) — non causal ----false
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01.

Sol:

02.
Sol:

03.
Sol:

04.
Sol:

.3

Chapter

Fourier Series

(Class Room Practice Solutions )

Ans :Zero
T T
T, =—,T, =—
27 6
T
123 Ty= LCMxT; ==
T, 2
(0():4

x(t) = 3sin (ot + 30°) —4cos(3met — 60°)
second harmonic amplitude = 0

Ans: (d)

(a) periodic — exists

(b) periodic — exists

(c) periodic — exists

(d) non-periodic — not exist

(P) Ans: (b)

Hidden symmetry ay, b, exists

Ans: (b)

Half wave symmetry a,, b, exists with
odd harmonics

Ans: (b)

0Odd symmetry & HWS — sine terms
with odd ‘n’

Ans: (¢)

Even and odd HWS — ag, cosine with
odd ‘n’

Ans: (d)

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

fi=5Hz, f,=15Hz

2
p:%:S Watts

Q

(R)

(S)

(T)

05.
Sol:

06.
Sol:

07.
(A)

Sol:

08.

Sol:

09.
Sol:

10.
Sol:

Ans: (b)

x(t):1—§+%—%+___
= tan”’ (1):%

Ans: (¢)

0=, k=1,2, ......
T

The above frequency terms are absent.
The above frequency contains even
harmonics and also gives that sin terms are
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

Ans: (a)
20
Ti=1,T,=10n, T3=8n, T, = ?n
To=40n
®, = 2n 0.05rad/sec
0
Ans: (a)

L@+ 00+ 1)3)

Averagevalue = 2 = >
6 6

Ans: (a)

ap= Average value =0

Ans: (d)

To = 4msec f, = . 250Hz

0

5fy=1250Hz
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11. Ans: (b) x(t) = 2 + cos(2m,t) + 4sin(5w,t)
Sol: Odd + HWS — sine terms with odd 1 4 _4
harmonics C=2,C=12,C,=— C;=—C,=—
2 2] 2]
12. Ans: (d)
1! I 17.
Sol: a, =—Ie"dt = Lo - j
2°, 2 Sol: C, =[te"'dt=[te” "™ dt=——
0 0 2nm
13. Ans: (¢) Co=1/2
Sol: Average value = LIIOsin tdt = 10 a,=c,+c_ =0
2ny s 1
z b, =jlc,—c_ )=—
alzij105intcostdt:0 " J( b _n) 4n
2wy
b, =ij‘10sintsintdt=5 18. _ B _ .
2n Sol: (i) y(t) =d, =e "¢, =e""c ,=cn (1)
d = Jalib? =5 (i) f(t) = x(t) ~y(t)
14. Ans: (d) dy=e,— (-1, =c - (1)
Sol: wy=T (iii) g(t) = x(t) + y(t)
o dy=cy[1 +(=1D"]
x(t)=a, + Zan cos(nnt)+ b, sin(nnt)
n=l 19. Ans: (b)
X(®=A 0084(750 Sol: d =e™¢c +ehc, =2cos(no,t, ),
A= al = T
T t o=
4
15.
Sol: ap= 15 101 ( l)n dn = 2Cn COS(E]
b, = [10sinnnt dt = ———— 2
00 n d, = 0 for odd harmonics
an =
x(t)=5+§sinnt+§sin3nt+——— 20.
T 3n Sol: ( )_ dX(t)
tH() AT
1 d, = jnwocy,
d,
C, =-
; - o jnm,
-4r T T/2 —inwnt
dy L (3(t+dr2)-s(t-dr2)e 0 at
20 . 20 -5 T-T/2
y(t) =5+—sinnt +—sin3nt
T 3n 2j . noyd
=—SIn
16. T 2
T d
Sol: ®, = 3 C, = T
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Postal Coaching Solutions

21. Ans: (a)

/2 .
Sol: Cn:l [ Ae™dt = 2A Sin(nXZTCX‘[]

—t/2 nw,T 2T

T =10sec, T=0.2 sec

2A [nnj
C,= sin| —
nw,T 50

n=50thenC,=0

22. Ans: (¢)

23.
Sol: (a) x(3t) »>C,, my =3wo
dx(t) .
b)——~* — jno,C
( ) dt .] .0 n
(¢) x(t-1) = €"%.C,

@Refx(1)] > = < _ Even(C,)

Cn74 + Cn+4

(€)==

24. Ans: 0.45W

Sol C,=a, =l C, =m =_—J(oddn)
2 2 nmn
a,=0,b, = E(oddn)
nn
Power up to second harmonic
2
=ylc.=045W
n=-2

25.

Sol: (a) All periodic signals are power signals.
For power signal E = oo [given is false]

(b) Cp =32 (average value) [given is false]
- T
(©) 1 [x (0 = 2
0
1 : :
T!xl(t)dt =2 1is possible only when

xi(t) is constant. So given is correct

1 T - T
(d) Co= — [ xp (Dt + 2 [x, (t)dt
T 0 T 0
=0+j2
1 T
¥JXR(t)dt =0 only when x;(t)is odd
0
given is in correct

26.
Sol:

(a) Power =%fw|x(t)2dt = i

) n=-o0
P=2

x=—4

2

C

n

2

C

n

= (0.5)H(1)*H2) +H(4)+2)*+(1)+0.5)’
=26.5 Watts

(b) x(t)= icnel‘"‘”ot

jn jn
—jdogt -3t . o —j2mgt . 4 —jmot
=C_e " 4 Cje7™™e 2 +C_e7 "™ 4 4 C_1e™!™
jn jn

joot 200t 4 Bt . 2 j4mot
+Cy +C e’ +Ce!™™ed +Cye"™e2 +Cyue!™™

. n
_i4 —j3mpt—
=0.5¢7"" +1e 2
. b n T
—j2mpt—— . Boyt+— 2ogt+—
+2e 40.5e"™ +1e” T 2 +2e

T T
. . —j20gt—— 2o0gt+—
= (0.5)[6 Hoot . gltont ]+ 2[6 bpe  t }

—PBaogt-2 Bogt+s
e Z+e 2|+4

= x(t)=cosdwm,t +4 cos[2m0t + %)

+2 cos(3m0t + g] +dx*(-t)

- x(1)

So even symmetry
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(d) fo=10Hz 28. Ans: (b)
0o =2n fp =20 nrad Sol: Frequency constant (S;) LTI, frequency not

- constant (S;) - not an LTI
x(t) = cos(80mt )+ 4 cos(407:t + Zj

29. Ans:(d
+2 cos(60nt + gj +4 (@)
30. Ans: (d)
Cut off frequency =25 Hz Sol: For a real valued periodic function f(t) of
=50 m rad frequency f
So output of the filter is Cn=C.,
y(t)= 4cos(40nt +%) +4 A is False but R is True because the discrete

magnitude spectrum of real function f(t) is
even and phase spectrum is odd.

27. A-2,B-1,C-3,D-4
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Chapter

‘ 4_ Fourier Transform

(Class Room Practice Solutions )

01.
Sol: X(f)= [x(t)e ™ dt

Unit: volt-sec (or) volt/Hz

02.
Sol:

(a) X(0)= Tx(t)dt = area

=(4><2)—Gx1x2j=7

(b) 2nx(0) = 4n

03.
Sol:
() x(t)=e™u(t)+e™u(-t)
1 1 2a
Xlw)= =
(©) a+jco+a—j03 a’+ o’
oy -2jo
at t _ at _t
(i) e u() € u( )Haz+mz
Asa— 0
u(t)-u(-1) o =
jo
sgn(t) <> =
jo
04.
12

Sol: G =14+ —-
0 (©) +0)2+9

g(t) = 8(t)+ 27N

05. Ans: Zero
Sol: x(t) = rect(t/2),
y(t) = x(D)+x(t/2),

X(w) = 2sa(m)

Y(0) =X(0) +2X(2w)

06.

Sol:

07.

Y((o)= 2sin ® N 4sin2m

® ®
f=1=0=2n y2n)=0
Ans: (d)

Y(o) =3X(2w)
y(t) = 3/2 x(t/2)

Sol: i) 1< 2n8(w)

08.

Sol:

09.

Sol:

10.

Sol:

. 1
2ne™ ul(-
1) a+jt<_) e u( 0))

ii1) © 2me ™ .u(— c))

a’+t?

1v) L -] sgn((o)
it

Xl(t)zrect@ X, () = sin<(f)
x(t)= x(t _%J X(£)= e ™ X(F)

FT[x(t) + x(-t)] = X() + X(-H£)
= 2cos (=f). sinc (f)

u(t) > md(w)+
]

L 78(0) o 2nu(- o)
Jt

1 1

55( )_—j2nt u(o)

i x(t)=ey(t-1)
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X((D)= o iog3 - 15. |
t e Sol: (a) %e_JZ[x(t/4)<—>X(4(D+3)
ii) n(—} < 2sa(0)
2 (b) Ans: (a)
T{ t_;l ] & 2¢sa(0) X(0)=2718(w)+ 1[8(c— 47) + 8(co + 47)|
x(t) =1 + cos(4mnt)
L 4
i) e < 5
4+ @ 16. Ans: (d)
e,g‘t,z‘ o 46_2jm SOl: X(f) = S(f* f())
4+ 0)2 X(t) — eJZTI:fOt
11. _ 4
Sol: X(t1‘=810 - ¢
(a) fi(t) =f(t— 1/2) + f(-t-1/2) K
jo jo ZX(t) = Z
F(o)=¢ 2F(o)+e2 F(-o)
17. Ans: (b)
3. (t
b) f,(t)==f| ——1 1:
( ) 2() 2 (2 J SO “X(ﬂ
E,(0)=3¢"F(2w) )
12. Ans: (a)
Sol: g(t) = x(t-3) — x(-t+2) . f
G(f)= e—jban(f)_e—j4an(_ f) -2 1 2
13 X(t) cos 2n t <> E[X(f —1)+X(f +1)]
Sol: 5 1
i) cosmgt = ; [ejwot + e_Jth} L n[S(er 0)0)+ 8(0)7030)] 1
iy T
1) s1nc00t<—>7[8((o—c00)—8(a)+ o, )] 3 1 1 3
1) ot o 1 1 B 1 18. Ans: (d)
) esinou(t)o ilatio—0) atjo+ro) Sol: Output of multiplier
= —x(t)cos(2m, t +0)+ 1 x(t)cos ®
iV) Arect(%} cosmyt = AT{S{%}T + sa[%}T} 2 f
Output of the filter is = —x(t)cosOx 2
14. . =x(t)cos O
Sol: Sinc(t) <> rect ()
Sin ¢(t)cos(10mt) <> 1 [rect (f—5) 19.
2 Sol: y(t) = 8(t+2) + 8(t - 2)
+ rect (f+5)]

2j -2j
Y(w)=e?"+ e =2cos2m
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20. Ans: = 2:/_ Y, ((,)) —4 sir:z ©
Sol: x(t)= [fx( kdo) © 0= Y,(0)=i-L ()
21| w do
dx(t) =— ijOX(CO).ejdeO (d). y,(t)=x(t)sinmt <> i[X(co 1) —X(w+ )]
dt T 2j
O _ 1 x(oko @ y5(t)=— = o jox(o)
dt -l 21" iy 1 (0. yo(t) = (t+1) x(t) + 2u(t-1)
) EUJO’(— ko 5 m(b/;)dm} (@)- v,(t)= yl(%] ©2Y,(20)
-1
D) Jr (h). ys(t) = y2(2(t+1)) —y2(2(t-1))
Y.(0)=Ly [9 ooy _ Ly (Qjejmm
21. ’ 2 2 2 2
ol d 2a _ —4jam 1 L1 o
Sol: 1€ de(ﬂ[az +0)2} (a2 +m2)2 :EY{E ¢ _EY{%} J
te ! 5 — 2 4o 1 ,-
) -1 2(— e -]
Apply duality property
4t o 2njoe (). y (1 - l
(¢ +1) ' 2)7 2"
22. Y, (0) = 2X(2m)——Y (o)
Sol:
(i) X, (@)= ‘ZJ“’X( +eX(-w) (0). #(t)= %yz (21)
.. o2ioy[ @
w = X(Ej Yio(t) = 2(tH1) + 2(0) + 2(t-1)
(ii1) (J ®) e X(w) Y0(®) = (1+2cosm) Z(w)
(v = J—[J(DX(‘D)]
24. Ans: y(t) = cos 2t
23. sin 4t )
Sol: x(t) = rect (t/2) Sol: h(t)= H(o)= rect(gj
X(co) _ 2sin ® ' H(w)
@. 3,(0)=x(t-1)= Y,(0)= X (0) 1
(b). = ya(t) =x(t) * x(t) ; o
(o) = X(0) X() :251n0) 2sin® B
® y(t) = cos 2t
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Signals & Systems

H(w)

-0y - 0 o -Of Of

(@). 0<or<or Y(o)=X(0).Hw) tH@)
2
2sin .t
y(t)=——-"
Tt >
-Of Of
(). o <or<m
MY(O))
2
1
> (D
-0Of -0 01 o
(t) _Sin o,t N sin ,t
Tt Tt
©). or> o y(t) _ sin o, t N sin m,t

Tt Tt

26.
Sol:
(a). X(®) =10 (@) + d(®w—-5) + d(w—m)
x(t) =1+ + ™

2n_

e ™M =T, = 2
T

e_jSt :>T2 :EZZ_TC
5 5

T 5. . .

—L = — is irrational

T, =«

A periodic

(b). h(t) = u(t) —u(t-2)

h(t)
>t
0 2
= h(t)= rect[é - O.SJ
. O
sin —
rect (t) <>
2
rect [l - 0.5] < 2e 10 SO
2 Q)

= H(w)=2e™ sin®

x(t) * h(t) & H(o) X(®)
X(w)H(w)=[8(w) + 8(c - 5) + (e — n){Ze “jo Smm}

(O]

=§(w) Lt 2¢™ MOy 852" sind

x—0 Q)
+8(w)2e " sinw

T

= 258(w) + 26 S0 5y 5)[ Le 20X 0}

5 xon X
s Sin3

X(o)H(w) = 28(w) + 2¢ 8(w—5)

= x(0)*h(t)=2 +2¢ ¥e
= Periodic

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

27.
Sol:
(a). yi(t) =rect (t) * cos 7t

rect(t) <> Zsin 2 |- Y(o)= Ty(t)e’j““ dt}
o 2

—o0
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.:,"‘" ‘%‘L ACE
v :Engmeenngl’ublmuons : 21
B )
RO . t
sm[zJ sinc [2—j —2n rect
rect(t) <> T
@ . t
(] sin c(—j 27 rect
2 21
sin c(t) rect( j

. ®
an.2)
rect(t) > nT

2n
rect(t) <> sin c(zgj

T

cosT <> 1 [ O(w—m) + O (® + m)]
Y, (w)=sin c(%) x 71[8( — 1) + 8(e + )]
2 6in 2w fs(0— )+ 5+ )]

]
=£sin9xn8(m—n)+ Esin%xn&(mntrc)

3 ) [%njné(owrn)

Y, ((’3) =

= gsinETES((D— )+ ism
I -7
=20 (o—m)+ 20 (o + 1)
Y, ()= 2 7[5(0 = 1)+ 8(c + 7]
T
Taking inverse fourier transform

" yl(t)zgcos it
T

(b).ya(t) = rect(t) * cos 2xt
Similar to above
Y, (w)= 2 sin % x 1[8( — 27) + 8(e + 270))]

_2 sin(m)n?}(oo —2m)+ 2 sin[mjrﬁ(w +2m)
® 2 0] 2
is1n[ 2n jnS(w 2m)+ 2 sin[ — 2n}n8(w +21)=0
2n 2 -2n 2
L yAt) =0

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

o (oonfs

vl o

l\)l'—r

2
X
-7 0 T —1/2 0 /2
2
-1/2 0 /2
)
Y, ((o) =2 rect(—
T
)
Y, (0) 2 rect(;j
Taking inverse fourier transform
. t
Y, (t) = sin C(E]
. )
(d). sinc(t) <> rect | —
21
Bt o-3n
e’ sin c(t) <> rect
2n
sinc(t)* "™ sinc(t) <> rec‘{CO x rect] 2 3nj
27 27
1
<>
X
0 2n 47

- 0 T

) ®
rect (t) <> sin ¢ (—j
2n
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31.
. _ ‘ X()
- Yy(@)=0 Sol: jx(t)dt & ——+ nX(O)S(OJ)
= va(t) =0 - Jo
o M +18(0)
28. )[O)
Sol: N
° Xi(w) 32.
1/8 Sol:
1X(w)
81 sn
(a). sinc(8t) <> " O
H(CO) &e JmX( ) e”’ —-8n<w<8n E:Lﬂx(w]de:z_a:_
=0 otherwise 27 T T
Y((o) = ne‘l‘”[ (0) + n)+ 8(0) - Tc)] 13
y(t) = cosm(t— 1) 1 -2 2 1 5
Sol: Ez—[ | mdo+ [ —do+ jndw}z—
(b). Ans: (d) 2n| 5 24 172 8
G(f)=e™ H(f)=e™ 34.
Y(f)= G(f)H(f) = e Sol: Eyy = 1/4
1
29. Ans: (¢) |X )| 4+
Sol: x(t)=e e ™ Sey ()= X(O) |H®)P= -~ 0, <o<o,
-conjugate even symmetry Ao .
e 11t
30. E = o :[OSyy(co)dm = s~ 3.3 tan [2jwc
Sol: | o = 2 rad/sec
(a). Y((o) = E[X((n -, )+ X((o + o, )]
( ) 35.
_sint_sin(t/2 ) 4
(b). x(t)= - Sol: ¢! & =
®
X(o) = t| — |*mrect| — 2 r 2
e G I T
,w(oo +4) A0 +4
X(w) = 4
/;1/2 =%(2n)j e dt
| | . -~
3n-ip| w3 :g
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123 Postal Coaching Solutions
6. Ans: B 2.302 39.
a Sol: 6(w) = -t
: __2a -0l
Sol: g(t)=—— ()= 05 )y,
_ 2a
We know ¢ « —do(w
a’+o° t,(0)= d( ):to
®
) 2a |l
By duality property SR € Both are constant
o floslol Tlo-slol] 40
Given He ”‘ dm=0.99”e I dw :
s Sol:
- (i) Ans: (¢)
:>j 2dmd0)+j 72‘“”(10) 099|:j zamd(l)-FJAeizame) H(f) 1
. , co " 1+ 2afRC
eZau) e—Zam eZaw e—Za(o
= + =0.99 + 1
2a |, -2a 2a | —2a] |H(f1= —
V1+4m*fR2C
[1 e8] [ ]2 999 ] H(f7)] > 0.95
2a fi=52.2 Hz
=2 -2e7*=2x 0.99
=1-e"= 0 99 (ii) Ans: (a)
— 0.0] =c2 0(f) = —tan  (2nfRC)
— In (100) = 2aB t,(f) = —doff) _ 1 __2nRC__
df 21| 1+(2nfRC)
L RB- /n(100) _ 4605 _ 2.302 £,(100) = 0.71 msec
2a 2a a
41. Ans: (¢)
37. Ans: (a) Sol: y(t):ﬁcos(lOO(t—10‘8))cos(lOG(t—1.56><10'6))
e 18, — 6
Sol: E= j|X1(f)|2df=§x10‘8 te =107 = 1.56x10
42.
38. Ans: (¢) Sol: 20 to 30 kHz no distortion
Sol: /H(o)=—2 —30n<wm<30n
60
43.
wo =101 |H(10m)| =2, <H(10m)=—2 Sol: 1
(a H@)=—F—F=—
wo =26m |H26m)|=1, ZH(267)= — 137 -0’ +42jo
1
131 |H((D)|:\/1 272 \/5 2
y(t)= 4cos(10nt—gj+sm(26nt—aj (I=07)"+(20)
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1 45.
[H@),, =——=1 z
1+0 Sol: R, (’E) = A—cos(wor) =18 cos(6m)
b)) A _A 1 2
ﬁ ﬁ Power = Ry«(0) =18
1 1
H(w)| = — A 46.
\/(1 ~0’) +(20) I+o Sol: r_(t)=x(t)*x(~t)=e u(t)*e* u(-t)
3 B 1 F.T 1 1 3.
At ®= O |H(0))| _ﬁ rxx T)HSXX((’O): 9 + 0)2 :rxx(T): —¢€ ‘ ‘
! =—=_ =lrad/sec 47.
«\/1 + (Dz '\/E Sol:
: _ 1 1
Given |H((o)| 0.01 (a) |H(03)2 _ - X((DY _ _
Bt l+o 4+
2 = — _ 2 2
|H(ool)| = (10()) Syy (@)= |X(03)| |H(0))|
1 (b) y(t) =x(t) * h(t) = [e "~ *u(®)
1+ 10000 2 1
E, = [|y(t) dt=—
o1 = 10 rad/secs S 12
(C) A E = l
cos(ot) ) A|H(mo)|cos(mot + £ H(my)) ()7 g
®
Asin(o) AlH(@0)fsin(oot + 2 H(y) B,y =3Ex
44, 48
Sol: For —200 < ® < 200, there is no amplitude Soi:
distortion. i) Ans: (b)
And For — 100 < ©<100, there is no phase ~ ~ 1 -
distortion X(t) -¢ Stu(t)* © Stu(t) - 16 )
x1(t) ( 1 j 1
® =20 and ® = 60 XN |=
So no phase distortion and no amplitude 16) 16Je
distortion. ii) Ans: (c)
1
xa(t) S, () =|G(o)’ =
®=20, =140 (@) =[0(0) 64+ ®
Amplitude distortion, do not occurs. S, (0)= s
Phase distortion occurs. aaG 64
[." o= 140] iii) Ans: (b)
x3(t) y(t)=e™u(t)*e*u(-t)
o =20, =220, 1 g
Phase distortion and amplitude distortion y(t)= Ee
occurs )
[ ©=220] 16
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49. 51.
Sol: rxy(r): x(t)*y(=t)=eu(t)*e*u(-t) Sol: B 1Xi(o)
11 12 12 @) Om=2007
(o —— = —
I+jo3-jo l+jo 3-jo s = 400 7 rad/sec .
I, ()= %e_ru(r) + % eu(-1) —2007 2007
50. (b). ®m =400 1 1Xa(w)
Sol: Given x(t) = sinc 10t s = 800 7 rad/sec
. ®
Sinc t <> rect | —
[27:] | >
—400m 4007
. 1 ®
sin c(l Ot) <> —rect(—j 5
| 10 20m (©). x,(t)= 5 [cos(500mt) + cos(3000xt )]
®
X(0)= Erect(ﬂj ®m = 5000 7
s = 10,000 7 rad/sec
H(w)= 3rect(2je‘j2‘”
8n 1 ®
(d). X,(o)= : .rect(—j
" Y (o) =X(o) H (o) 6+jo 2a
: On=a
= irect @ Brect| 2 ez
10 207 8n F -2
1/10 3 2n
f =2f =2Hz
T
X
-10m 107 —4n 4n (e). om= 1207, £, = 60Hz
3 [ © j . (fy) =2f,= 120 Hz
=—rect| — |
10 81 (f) Ans: 0.4
Sol: X, ()
.. output energy 4
1 7 sin *t 2
=— [IY(0)’ do —
ZTE_'[J ( ] Xl(t)_z ; »®
T —t/2 /2
1o
21 5100 > 8(t—nT,) > f, > 8(w-nw,)
1 9 . n:_w
=— ~ %87 +00 1 +00 T
27100 > 8(t=10n)>—> 8 o—n—
neo 10,=, 5
0 1 +00
Output energy = %J x,(t)* D 8(t—10n) > X, (m)i) > m_n:j
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X(‘D):Li sl o—nZ (d). lX(O)+O)O)+lX(O)+(J)O)
10<~=""'5 5 2 2
1 T T
X(o)=—| ———+X,(0p(0)+X,| = 0| ©—— |+
(0)= |~~~ O+ [ £ 0~ !: |
3
(o2 (- ) = 30
5 5 5 5 2 2
x[® 2o x (2™ 25 (os=2x3m°=3030
13 | ’ 2
(sl |
3 5 Sol:
X(o)
) @ x,(2t)o lxl(ﬁj f, = 4k
2 2
f; =8k
| o b) x,(t-3)e e X, (0) fn=3k
2n/5 —n/5 00 w/5 2n/5 f, =6k
The maximum frequency in above signal (©) Xi(@)+Xz(w) fm = 3k
is f; =06k
On = 21/5 (d) X;(0)*Xz(o) fin =5k
2nfy, = 2n/5 f,= 10k
fin = 1/5 X (@)X =2k
Nyquist rate = 2f,, = 2/5 = 0.4 (@) X (0)-Xx(w) m
fy =4k
>2. ) l[X (0+10007)+ X, (®©—10007)]
Sol: X(w) o I !
fn=250Hz
—% “0
) B 54. Ans: (a)
(a). X(w)+e’® X (o) no change in frequency axis Sol: fn=200Hz, £, = 300Hz
(®8)min = 20m= 00 The frequency in sampled signals are = 200,
100, 500, 400, 800. Cutoff frequency of
filter is 100 Hz.
dx(t) .
(b). —~ < joX(o) 05 = 0 Output frequency = 100 Hz
1 ® 55. Ans: (b)
(©). X(3t) < EXKEJ ‘ Sol: If f;=f,, -The spectrum is constant spectrum
| |
1 |
o =2 Xﬂ 3w, -3 | 300 56. Ans: (a)
2 2 2 Sol: fin<fi<fi—fn = 5<f. <9
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57. Ans: (¢) LPF
Sol: f,, =100, f; —f,,= 150
f; =250
1
T, =—=4msec f
. -5K 5K
58. Ans: (d) iny 4k & — 4k are allowed then the output
is
Sol: f - L 1_3 =10 = 1KHz 5510
0 o/p= x10cos(8mx10°t)
o sin( 6
| SR 3 _ 20 hcos@rx10°t
C _O_if dt =—— 100x10°° ( )
a 5%107°
- C,=0forn=3,6,9..... ZWX1OCOS(875X1O3t)
C#0forn=0,1,2,4,6,7,8,10...... . ,
o+ 43, FEE6 T, o/p=5x10" xcos(8wx10"t)
Are not present in signal 60. Ans: (a)
+400+3 (1000)=+3.4K,£2.6 K Sol () 0 n
So options with 3.4 K and 2.6 K are wrong ol x{t)=cos 10t + 4
So (¢) and (a) are wrong. f,= 15 Hz, o, = 2nf, = 30 tHz
3.6 K is out of the gi 2.5t03.5 i
1§ out of the given range [ 0 3.5] h(t) _(sinmt cosl 407t — &
So (B) is wrong it 2
So (D) is correct. 1
sin it 1
59. Ans: (¢) Tt o
0 -1 T -
Sol: y(t) =5x10""x(t) >_3(t —nTs) sin - .
n=—o h(t)= {cos(40nt) cos— +sin 407t sin —}
x(t) =10cos(8nx103t) & Ty = 100u sec mt 2 2
I sinmt .
fs = To0 - 10kHz h(t)= _—-sindont
5x107° & 1 |sinmt 4, sinnt —j40nt}
= - =—|—2e"" ——e
Y(w) T n:Z:—ooX(O) nws) Zj{ - -
A H((D)
Given o, = 81x10° 12
fin= 4k
. —41n -391
The output frequencies are +fm = 4K -4k 3on 4ln °

fs + f, = 14K, 6k
—fs + f,=—-6K,~14K

—1/2j
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X(t) = cos(l OTEt)COS% - sin(l OTEt)SiIl %

[7(8(c0+107)+ 8(c0—107))]

N‘_‘

_%F(s(m— 10m)—8(w+ 10%))}

J

Sampled signal spectrum

n=0, o, —on,=-107, 107

n=1, os— om0 + on=20m, 401
n=2,2m0s— On, 205 + Oy = 50w, 707
only 40n frequency is allowed output of
filter is
Y(o)= 1_5[_ (e + 407)+ T 50— 4on)}
V2 [ 2j 2]
—15{ L 5w —4%)—?[__1]8((0+40n)}
V20§ 2 i\2j
= i[——S(w+40n)+—8 o —40m }
V2 2
—1—5[—6(03 40m) ——6 0)+40n)}
V2l 2
= 1—5{—18(w+40n)+£8(m—40n)
V2| 2] 2

+g§(m—40n)+§8(m+ 4071)}

Y(m)z%{2[8(w+40n)+6(m—40n)]}

n 2% [8(—407) - (w0 + 40%)]}

i [l cos40mt + % sin 40nt}

Y(t): 212

y(t)= 5 c0s 407t cos — + sin 407t sin —
2 4 4

y(t)= 1?5 cos(40nt - g)

61.

Sol:

62.

Sol:

Ans: (¢)
x(t) = m(t) c(t)

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

and f, > fi (where f; is carrier frequency, fi
is the highest frequency component of m(t))

%(t) = m(t)e(t)

Where f () is Hilbert transform of f(t).

For the above problem c(t) = sin(nt—%}

_ sin(mt/5)
and m(t) V2 (—nt s j

Complex envelope

= [x(0)+ j&(0)fe 2

=l -2l 2 P
=- ﬁm(t){cos(m - gj + Jsln(nt - ﬂ 12t

-~ amige "

= Wam(t)e 4—fm()e ‘

_ \5( sin(mt / 5) jejz
nt/5

Ans: 10kHz
Band Pass sampling theorem its states that
2f,

we can sample at the rate of f, =

where k is the largest integer not exceeding
fH
—f,

|

| 15

K =

fH

>KHz
25
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For m(t)
K = fy B 2.5 means 2
fy—-f, 25-15
f o2
) K

As m(t) maximum frequency is 5 kHz
minimum sampling rate required is 10 kHz.

63. Ans: (¢)

64. Ans: (b)

| ACE Engg. Publications Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Bengaluru | Lucknow | Patna | Chennai | Vijayawada | Vizag | Tirupati |Kukatpally | Kolkata




—

Chapter

5 Laplace Transforms

(Class Room Practice Solutions )

01.
Sol: (1) X (s)—L+L c>-1
| : s+1 s+3°
(2) Xz(s)zL—L,—z <c<4
+2 s-—
(3)no common ROC so no laplace
transform  for xs(t).
(4) no common ROC, no laplace transform
(5) no common ROC, no laplace transform
1 1
6) X, (s)=—-——,-1<0o<I1

©) 6( ) s+1 s-1
02.
Sol: ROC=(c>-5)Nn(c>Re(-B)=c>-3

Imaginary port of ‘B’ any value, real part of

‘B’ is 3.
03.
Sol: 6>2,0<-3,-3<o<-1,-1<0<2
04.

—3s —3s
Sol: X(s)= c __°
s+1 s+2

x(t) = e"(t_S).u(t -3)- e"Z(H).u(t -3)
0S.
Sol:

L -s(t-1) -5 e’e”
(). x(t)=e ut-1)e” & ,6>-5
s+5
(b). g(t) = Ae u(-t—to)
. (s+5)to
Gls)=—2 " 5.5
s+5
A=-1,tp=-1

06.

Sol:

07.

08.

Sol:

09.

Sol:

10.

Sol:

X(t) = Sr(t)— Sr(t - 2)— 15u(t - 2)+ Su(t - 4)

X(s) = siz ~ 5:;25 ~ 152‘25 . Se:s
Ans: (a)

Ans: (¢)

X0 g
G(s)=X(5-2) =

(s—1)s+1)

G(w) converges means ROC include jo axis
-1<o<1

G(s) = X(s) + ax(-s)
_Ps—B-afs-aBf s
s -1 s* —1
of-B=-1,-B—ap =0
a=-1,B="

B _yea) 2W-ax)

sY(s) =-2Y(s)*+1 ----- (1)
sY(s) = 2X(s) ------ (2)

solving (1) and (2)
]
Y(s)= ,Xl(s)=
(S) s’ (S) s* +4
11.
-4 4 4 4
Sol: (a) X(s)= + - n
O X o G el

2

X(t)z—4e_2‘.u(t)+4%e“.u(t)

—4te " u(t)+4e " u(t)
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Sol: y(t) + y(t) * x(t) = x(t) + 8(t)
Y(s) +Y(5)X(s) = X(s)+1

Y(s)=1
y(®) = 3(t)
13.
e—25
Sol: x,(t-2)< ,G> =2
s+2
e—3s
xz(—t+3)<—>_s+3,c<3
-2s —3s
Y(s)=—— -5 —2<c<3
s+2 —s+3
14.
Sol: sY(s)+4Y(s)+ 3E =X(s)
s
S
S 2 2
H(s)= =
5 (5+1)5+3) s+1 s+3

h(t)= %le‘t .u(t)+%e_3t.u(t)

X(s)= i 1= STH
Y(s) = X(s)H(s) = i

y(t)=e " u(t)

15. Ans: (d)

Sol: X(s)= % +e ", H(s)= !
s s

16.
Sol:

17.

Sol:

18.
Sol:

19.
Sol:

y(0) = [ult) ¢ u(t)]+ u(e )

Ans: (b)
E(s)=e™FE(s)
e “"F/(s)E (s) e R (s)I

G(s)= =

=R 6F) [Fy(s)P
G(s)=¢e™"
g(t) = 8(t-1)
Ans: (b)
V(s) 1 Y(s) 1
X(s)_s+1 V(s)_s+1
H(s) = Y(s) 1 1 1

X(s)_s+1's+1 :(s+1)2
h(t)=te". ut)

(a) RO) = 1 given statement is false
X(s) s

(b) x(t) =u(t)
y(t) = r(t) is unbounded
given statement is false
(¢) x(t) = u(-t)
y(t) = oo is unbounded

given statement is false
(d) Given true

s2Y(s) +asY(s) +a’Y(s) = X(s)
HE) =5
s +as+a

G(s) = 2 H(s) +sH(s) + aH(s)
S

a’+s? +sa 1 1
G(s):{ 5 ~ ==
S s +0s+a s

Number of poles = 1.
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: 32 Signals & Systems
20. Ans: (d) ) j-1 1 1.
H —Jd
(Jmo) 4 4 + 4 J
21. {
T
Sol: (a). x(0)= Lt sX(s)=2 | H(o, )= m,AH( =7
)= LtsX(s)=0
X( ) 20 ( ) y(t) = icos(2t + Ej =22 cos(2t + Ej
45+5 . . 2v2 4 4
(b). X(s) = improper function
2s+1
24. Ans: (a)
X()=2+ 2= ol
S+ S+ Sol: H(_](,O) =7 .
neglect the constant ‘2’ in the above -0 +2jo+1
function. o = 1 rad/sec
x(0) = Wts. 3 .3 H(wo) = 0
o s+l 2 ) y(t) = 0 for all s
x(o0) = Lt sX(x) = Lt BB
s—0 s>0 25+ 1 25. Ans: (d)
©. X(,O) -0 , Sol: H(s)= 2 X(s)= !
Final value theorem not applicable s?—s=2 s
(d)x(0)=0 2
Y(s)=X(s)H(s)=—F—F——
x(0) =—1 (S) (S) (s) s(s + 1)(s — 2)
59 S = 2 pole lies right side of s-plane
) y(o0) = oo unbounded
Sol: H(s)=—KC+) L
(s + 2)(s + 4) s
26. Ans: (d)
k(s +1)
Y(s)=H(s)X(s)=———
(6)= Hs)XG) s(s+2)s +4) 27.
. s+2
y(o0)= L%sY(s)z%zl:k:S Sol: Given X(S)_;
2 () Lo
He)= 4, 12 y(t)=—Fe™ul-t)+ e u(t)
s+2 s+4
h(t) = —4eu(t)+ 12¢* u(t) Y(s)=2 -y Leu(r)
3s-2 3
23.
- V)= 2 L L
Sol: H(j(D)Z ' 2J(D : 3s-2 3s+1
(jof +4jo+4 y
x(t) = 8 cos 2t, =2 c<2 o>-1
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Y(s) (c) There is no necessity that the poles lie
(a). .. H(s)=—% e
X(s) within |s| = 1
1T 2(s+ 1)+ <2 All the roots of characteristic equation
[} 6<2,6>-1,6>0 means all the poles of the system should
3] (5-2)s+1) U lie in left half of s-plane.
s+2 co>-1
s—2 30. Ans: (a)
_1 3 Sol: Y(s)= ,H(s)= sl
3(s+1)s+2) s+2 s+1
< 1 X@):\ig:: s+l _2/3 1/3
—MJD— H(s) (s—1)s+2) s—1 s+2
<. the output = H(3) x input x(t)= —%etu(— t)+%e_2t.u(t)
_ 3
4x5 31. Ans: (d)
(t)— 3 Sol: A solution to the differential equation with
W= Z—Oe the input set to zero is often referred to as
the natural response of the system.
28.
2 4s-2 32. Ans: (a)
Sol: H(s)= T3 Sol: input, x(t)=e""
A ( ) _ 1 _ s+3 = X(S) = 1
inv H(S) S— SO

(s+2)s—1)

o > +1 causal unstable

Does not exist in this case a causal & stable

system

29.
Sol:

Ans: (¢)

(a) A system to be stable & causal all the
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.

Output, Y(s) = X(s) H(s)
_ H(s)

S—S,
On partial fraction expansion,
Y(S) — H(SO)

S—S,

So, y(t) = H(s0 )es“t
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DTFT

(Class Room Practice Solutions )

01.
Sol:

. (70)]
sin >y
(a) H(OJ):—O)
sin(j
I
3 3"
h(n) # 0 n < 0 — non — causal

(b) 1 ol o1

>
>

, °n
h(n) =0 n <0 causal

(¢) h(n) = 8(n—3) + 3(n+2) - non causal

02.
Sol: (a) Y(ejw):

(O H[eI® )= 14+ 267 4 367210 1 ge 30

DC gain H(¢/®) = 1+2+3+4 =10

03.
Sol:

(i) XE™)=1+e +e™ +%[1 +cos2m]

e2]u) + e—2]u)j|

X(e)=1+e™ +e! e
2 2

2j 3 -2j
Jw+_e jo

X(e®)=1+¢e™ +e! +§+§e
4 4

X(ej”): f:x(n)e'j‘”rl
X(O):1+%:§, x()=1,x(-1)=1,

x(2) = % x(-2) =

3.5 3
n)= _513_’19_
x(n) [4 2 4:|

T
(i) x(n) =28+ 3)-358(n—3)
X(e®) =2e" -3 ¢ =21~ ¢ U]~ ¥
X() = 4jsin(3w) — ¢ J°
Given X(&/®) = asin(bw) + ce'*®
a=4j,b=3,c=-1,d=-3

3
4

04.
. T
s1n(4n} jus [
. 2 R
Sol: o e > | ™ 3_75 0
4 4
o) I
SIn| —n .TC
4 -on
—Ze o R
nn —-3n -7 | @
4 4
‘ Y (&)

g0
3n

4 4 4 4

-3n -7 | =
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05. 08.
Sol: i d 1 ae”1®
tH(?) Sol: pa" u( )<—> — | =
(a) ] Tio )
do|]1-ae™) (1_ae—10>)2
. 09.
_(OC (’OC 1 —jo
» —e
g(n)= (-1 h(n) ok Y n(1/2)f.e =2
n=0 i
4 . 1-—¢™
G(eJ“’)= H(ej(“‘“)) ( 2 )
: Put ® = 0 in above equality
GE"™) o (1) 172
Y- 2
 r==n n=0 2 ( 1 j
b 1-—=
P 2
| T-; T TC+O;C 10.
Ideal HPF T -3j(0-m/8)
Sol: pe’ 8¢n3 u(n-3) Ji
o ( ) do 1 —J((O—TC/S)
() Y(e*)=x[e* )+ x(e")
1 11. .
/ ‘K Sol: tH(e')
| = i
2 1
N o
. n 3n @ -n T
YE) 5 6 6
1 T T
/ Input signal frequencies are —,—
. o 84
o prom o3
2 2 Then the output is y ( j
Y(E) =1, YEM=1 12.
Sol: X(n) eI o y(n) = eJOn H( 1o, )
06.

n

Sol: (ljw.u(ij ot
2 10 1= L -itoo
2

07. Ans: (b)
Sol: x(2n) =11, 3, 1]
T

FT [x(2n)] = 3 + 2cos®

HleI® ) Sx/zcos2(o 42 cos®

13.
Sol: H(e®) =2 a cosw + B
He")| 2 =0 H(e") =1
3 8
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o= av2+B=1 H(E) =[ 1+ T
1 =[ 1+ cos ® — j sinw]’
- 142 (@) [H(™)| = (1+ cos ®)*+ sin’ (o)
i j 3 ZH(®) = —2tan” S0
DC gain = H(e") = 3a =
142 | l+cosm
100>0=0 = |H(E")=1
14. ZH (e"”) =Q°
i T T i Y
Sol: H(ejw): b+e J.(” 4cos£7+zj—>m:5:>|H(eJ 1—2
P [0 _
e | = £ H(®) = —90°
IH(®)* = 1 = H(¢").H*(®) =1 oo
[ bt ei® :l{ bt ed® :l » (b) Output of given input 10 + 4cos(7 +ZJ is
e IO [ gedo [
Imae T L 1-ae 10+4(2)cos(“—n+5—5j
Only whena=-b 4 4 2
=10+8cos(ﬂ—2)
15. Ans: (a) 4 4
Sol: H(ej“))= 1+ ae 1@ 4+ pe 2@ 18.  Ans: (b)
Sol: anti symmetric, k =-2
x(n) = I+4cosnm
Cle=0 0(0)=—"2m
Xl(n).o_ ®= 0 Slope =-2
H (") =1+a+ B ZH(") =0
yi(n) = I+o+f 19. Ans: (b)
Xz(n,) ~dcosnm © =7 , Sol: x(n) = cos[S—Tc nj = cos(ﬁnj 0o = i
HE™)|=1-o+p £LHE™) =0 2 2 2
y2(n) = 4 (1-a+P)cosnm H(™)| = 1 4H(e jo, ): n
y(n) = (1+a+p)+4(1-0+B) cos nx 8
y(n) =4 only whena. =2, B =1 y(n)= cos(nzn _gJ
16. Ans: (a) 20. Ans: (a)
. 2 4 Sol: X(¢'”) =2 + 2cos® +e I + 2¢7H®
Sol: Y(ejo): > x(n). > h(n)=15LB
n=0 n=0 [ JTEJ 1+]
Xle4 |=—
2
17. V2

Sol: y(n) =x(n) +2x (n—1) + x(x-2)
Y(&°) = X(&) [ 1+2e7° + ¢ 4¢]

4X(ejn/4):tan_1 M _T
1/42) 4
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H(o)= %e‘j‘” cos®+ %e‘j‘”

H(o)= %e‘j‘”[l +2cos ]

H(o)=0= %e‘j‘”[l +2cosw]=0 only

when
1+2 cos =0

1 (ZRJ
coS=—— =cos| —
2 3

o= 2?% =2.093 rad

22.
Sol: .
ux(e]w)
1
0
_COC O‘)C
1
E=— J.ldm =—<
27 T
—o,
1
23. Ans: —
40

Sol: By plancheral’s relation

24,
Sol:

(a).

(b).

(©).

(d).

172

5 mn
—n/4 /4
. nTw
1 Sln(3j
yln)=5| ——=
1/5
y(n)
—7t/3 /3
. ﬂ T
ZOO:Sll'l Sin 3 Lj‘ l)(ljd
—e 27N Smn 2mY\2N\S5
4
_ 1
40

00

X(ej“)= n:z_w(— 1)'x(n)=2

TX(ej“’ )d(o =2nx(0)=4n

TX(ej“’ )32j"’d(n =2nx(2)=0
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(e).

(®.

(8)

25.
Sol:

j

T

h(—n) ranges fromn=-2 to n=0
h(n) ranges fromn =0 to n=2
.g(n) ranges fromn=-2to n=2

8m=12,6,9,6,2]

= g(n) is non causal and maximum value
is 9.

s ACE |
> Engineering Publications : 38 : Signals & Systems
X(ej‘”lzdm =2n[ > |X(n12} =281 26.
q 5 Sol: 27;;1{51( <o< 2“421(01(
de—X(ej‘”* d00=271:|: > |nx(l]2}
® T FS = 2f;,
=158x2n=316n
‘ N1 = 2x20k
AX(eJ(’))z —om = —(T_jw =-5m — 40k
Ans: (d) T T
f(n) = h(n) * h(n) +Z <o< 5
2 2 27. Ans: (a)
1
)//}/ Sol: x(nTS ) = cos(— 20nT, ) = cos| — 20n
Yo 1000
/}/}/ B nw) o
fln) = {1, 4,8, 8,4} = causal O T, TS
QO T Q on
= h(n) * h(— =0 = o _ 7%
g(m) = h(n) *h(-n) 1000 4 ° 1000 4
h(-n)={2 2 1}
T Qo =250m, 22507
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01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

"/

Chapter

Z - Transforms

(Class Room Practice Solutions )

z z
Xlz)= —

() z+1l z—a
ROC=(lz|> 1) n(jz|<|a)) =1 <]z <2

Only when o =+ 2, ‘ny’ any value

(a) finite duration both sided 0 < |z| < o0
(b) finite duration right sided |z| > 0

(c) infinite duration right sided (|z| >1/2)n
(Iz| > 3/4) = |z| > 3/4

(d) (1z1>1/3)"(|z< 3)"(Jz] > 1/2) =1/2< [7]<3

Ans: (a)

ROC = (|z| > |a]) M (2| < |b*]) common ROC
exists only when [a| < |b7|

i) Ans: (b)
ROC = (|z| > [a]) N (|z| > [b) (2] <c])
=[b] <lz] <|c|

i) ROC = (|Z| > [a))n (1Z] < [B])
Z Z
A
(@)a>p noZT
(b) a <P Z.T is exist
(c)aa=BnoZT

Ans: (¢)
-1/2 3/2

X(Z)z +
l—lz_1 1+lz_
2 2

x(n):_l(l)nu(n)ﬁ(‘_ljn.u(n)

202 20 2
x(2) = 1/4

1

06.
Sol:

07.
Sol:

08.

Ans: (d)
poles = j, —j, zeros = 0,0
X(Z)Z k22
27 +1
X(H=1=k=2
27°
Xlz)=
( ) 7z +1
Ans: (b)
o0 31’1
X(z) = mn
@ ,12:(;2+nZ
R S U
9 1
X(n) = ____9_7031703_
@ 4 2
T

Now consider (a) option

Yi(z) = i@jz

n=0

o0

2 x()y, () =0

Now consider option (b)
Ya(z) = 4473+
ya(n)={0,1,0,4,------ )

0

2 x(n)y,(n)=0

n=—oo

Ans: r=-1/2

1 1
l+-—z'+r(1-=2"
4 ( 5 )

1 I
(I—EZ )(1+ZZ )
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09.

Sol:

10.

Sol:

11.

:40:

Signals & Systems

Consider the numerator

1+lz_1+r l—lz"1
4 2
1 r
l+1)+|——= |z
(141 (4 2)
_(l_rj
\4 2)

Zero =
l+r

If zero=1

Ir

4 2 1 r g,

1+r 4

33 —n

2

If zero=-1
1 r

4 2 _ g tor_ .
1+71
r -5 ) .
—=—=r=-5/2 is not valid
2 4

Because given as |r| <1

Ans: (a)

4
V4

2+ 1
4
H(Z) = H(Z_l)
h(n) = h(-n)
So h (n) is real for all ‘n’

H(Z) =

-1

n 9z
-3)'un-2 3
( )u(n )Hz+3,|z|>

o 9
(-3)"u(-n-2) >z

Sol: g(n) = d(n) —d(n—6)

G(z)=1-z°,]z>0

1
3

12.

Sol: X(z)=2"+2z+ 22
z-2

x(n) = §(n+2) +28(n+1)-2 (2)"u(-n-1)

13.
Sol: (a)'x(n) <> X(z/a)

(e
=L

14.
Sol x(n):@ u(n)+(17°j un)
> nu(n)(—) |z[>5/4
4 5
4
7Y 7
(EJ u(n) ¢ i |z|>E
10
7\ 7! 7
(EJ u(-n) < T |z >
10
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Y(2) = H(z)X(z) = ;
1-—z"
2
= y(n)=[ 1) (o)
1 2
- _Z z
X(z) Z_§+l_l ROC A
4 7 10 . ns: (a) . '
Sol: When a = 3 it gives linear phase.
5 10
2> =nlz <—
4 7 19.
5 10 Sol: (1) x(n)=1z", y(n) = z¢" H(zo)
ROC= 7 <lf<= y(n) = (-2)" . H(-2)=0
H(-2)=0
15.
Sol: X(z):z4+z2—22+2—3z4 1+a. i
-1
H(z)=2z" 1-—z
=) =2 @)= =4
Y(Z) = X(z).H(z) =27+2z"' 47> +4z27 627 X(Z) 1
y4) =0 - 7"
16. () H=2)=0
3 1 _ 9
Sol: x,(n+3)e 1 ,\z|>5 =75
=57 (b) y(m) = (1)" . H(1)
- H(l)=-1/4
xz(—n+1)<—> ] Jz|<3 S I
-7 y(n)=—-(1)
3 4
z’ 1
Y(z)= 1 e Jzl<3 20. Ans: (a)
-3 [1-39 B
17. [ [H(e) ,
| | HPF
Sol: H(z)= I 1 i
EEED
2 3 o
T
X(z)=1- lz,l And it is FIR Filter because finite
3 coefficients
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21. Ans: (a) x(e0)= Lt(1-2" )X (2)
Sol: y(n) = h(n) * g(n) - \ !
) = H(e®) G(e® = Lt(l-2"
Y(e") = HE") G((eJ; EUE v
= Y(ejm ) = G+ _1
{1 —e‘j“’} 2
2
. . 1 .
= G =Y(E) - —e?Y(° 25.
(€)=Y(e") 5 ¢ () Sol:
o(n)+d(n—1)+3d(n—-2
— 40 = y(0) - Ly(o-1) @ b(n) = SR
Putn=1 H(Z):1+z‘l+z‘2:zz+z+1
| 10 107>
=g =y() - B y (0) 2 finite poles, 2 finite zeros
1.1
2 2 (b) Given x(n) = u(n)
= 1
g(1)=0 X(z) = —
22. Ans: (¢) !1 vz +2z7 )
Sol: H(e/®) = 1-¢ ¥° = 0 only when Y(z) = H(z) X(z) = 10(1=2"
60 =2 =1 = _ 7!
®=2mn (n=1) y(o0) ZLj(l 2 W(z)
s
O=—
3 ( N1+z'+27 1
=Ltll-z"
27[1>{<f :E z—1 z 1: 10 :|{1_le|
f215k3 (OO):1+1+1_3
- Y 1010
23.
Sol: x(n)=-0.5(2)". u(-n-1) 26. Ans: (a)
= -1
x(0)=0 Sol: H(z) = 6_? =
1-0.7z7 +0.3z
24. Z =1 (static gain)
Sol: x(n)={ "V H(1) = 10
0 nodd
o 27. Ans: (¢)
= X(Z)=1+Z7+Z7+....
( )_ : Sol: ¥(z)=H{z)X(z)
1=z __A L 1
- -1
_ 1 1-z (I_IZ_IJ(I_Z_I)
-z Ni+z7) 3
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y(0)=Lt(1-z")¥(2) 31. Ans: (d)
Sol: Poles=1-05Z"'=0=2=0.5
A4S0 Zetos = 1-22"'=0=272=2
2 It all zeros and poles are inside the unit
-3 circle [|Z| = 1] then it is a minimum phase
A= B system.
So given system is Non minimum phase
) system if all poles are inside unit circle then
28. Ans: (c) we can say system is causal and stable. So
Sol: H(z)= Bz 2— 2z given system is stable.
2z —a 32. Ans: (a)
Pole = i\/g Sol: H(z)=—1+1.—2
2 2 2z-2
-1 1/
\/% <1 =|a| <2, any value of ‘B’ hin)= 76(11)_5(2) u(-n-1)
33. Ans: (¢)
Sol: Poles z = £2j
29. |poles| =2
Sol: . ' . ROC = |z| <2 because system is stable.
(a). An LTI system is stable if and only if ROC In this case system is non-causal
includes jo axis. 34. Ans: ()
—0.5<Re {s} <2 .
Sol: H(z) = — is a stable system because
(b). For an LTI system to be stable, all the poles Z+—
must lie left side of the jo axis 2
S =2 is the pole in the right half of s-plane. pole z = _1 is inside the unit circle.
So it is not possible. 2
The poles of H(z) should be inside the unit
(c). Re {s} -3 circle for a stable system.
Re {s}>2 .. Ais True but R is false.
—3<Re{s} <-0.5 35. Ans: (¢)
— 0.5 < Re {s} < 2 are the four possible 2211
ROC’s Sol: H(z) =
(z+0.5) (z-0.5)
30. Ans: (d) (1) The system %s .stable b(?cagse poles
z= £ 0.5 are inside the unit circle.
30|, 3o
2740 NP4 (2) h(0) = Lt H(z) =1
Sol: H( )— ) z>®
zZ—— s
3 2t 2 x
Numerator order > denominator order f f 2
4 . e +1 T
so — non causal system & |z| < — - stable H(e'”) = — _ atow=—=0
3 (e’ +0.5)(e™ -0.5) 2
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36. Ans: (¢) Direct Form — 11
Sol: A causal LTI system is stable if and only if =\
all of poles of H(z) lie inside the unit circle. X[n] \\Zj ; @
7! 0
37. Ans: (b)
Sol: In (A) and (R) replgce H(s) by H(z) for the (Z\ . N fz>
question to be meaningful. —/ 0 P G
1
7°-27"+z N(z) 7!
H(z) = =
1,1 D@ >) (=
As N(z) is of higher order than D(z), the 7!
system is not causal, as d(n + 1) is one of \
the terms in the output for the input d(n). CZ/ « >
If the N(z) is of lower order than the 4 P
denominator, the system No. of delay’s =3
(1) may be causal or
(i1) may not be causal as it depends upon the 40.
ROC of the given H(z). Sol: H(z)=7" =Hi(z) Hx(2)
.. Both A and R are individually true but R »
is not the correct explanation of A. H,(z)=2z" [ﬂ}
1-0.4z"
38. Ans: (a)
Sol: Both 1& II are true and ‘II’ is the correct 41. Ans: (a)
reason for ‘I’ |
Sol: H(z)= " = =
39. Ans: (b) -0.7z7 +0.13z
P, +PZ"'+P,Z7 a=1,a;=0.7,a,=-0.13
Sol: H(Z)= 0 5 +33 ’ 1 ?
1+d,Z" 42
Direct Form — I ) 1
1+0.52"
Sol: (@) H(z)=1 557
H(Z)= 1+0.52"
(~05-03z"f-2+2")
Cascaded form:
H(Z)= 1+0.52" 1
(05-03z")(-2+2")
—;[1+o.sz—1] L,
| H(Z)=—— 1
[1+Z‘1j (1—2‘0
No. of delays = 6 5 2
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-1
= 1+03'SZ . 11 |Z|=§, Z|=0.5 are poles
1+>z" 1--27""
5 2 |Z| =0.5 is zero
43.
1- E z”
Sol: H(z) =4
1+=z"
) -k
Parallel form: Pole = ‘— <1
3
-1
H(Z)= 3(1 +0.5Z 2 s
1+>z'|1--7"
5 2
. . 10 . 44. Ans: (¢)
=3 +—. ] Sol: From signal below graph reduction
11 1+gz—l 11 1_52—1 1
2+z7°
Hl(z)=
( ) 1+2z™
_2z+1
z+2
45. Ans: (b)
. jo
Sol: H(ej“’)_ 2? *l
e’ +2
H(e") =1
H(E™) =1
H(™)| =1
) H™)
So, All pass filter
46. Ans: (a)
s Re (2} Sol: 1-k[z'+z7%]=0
0.5 0.5 ' 2—zk-k=0
- +k+vVk*> +4k
1,2 5
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(3

For causal & stable |poles| <1

+ +
k=1 70— 145 _1£2236

2 2

(outside the unit circle)

k:22>21,2:

2i2\/5:14_r\/§

=1+1.732
outside the unit circle

Here k =[-1, 1/2]
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Chapter

01.
Sol:

8 Digital Filter Design

(@ HE)=——

(b)

(¢) Y(s)=H(s).X(s)=

04.
Sol:

S+2
1

e—aTS Z—]

H(s) =$:>H(z) =1

Where TS:l:l
F 2
a=2
H(z) = 1 __z

l—-e'z?' z—e!

h(t) = e *.u(t)
h(nTy) = ¢ 2™ u(nTy) = e ™ u[%)

G0

s(s+2) s s+2

y(t) = %[1 —eJu(t)

ity = fi- lu@

H(s) = —— = H(z) = ————
s+a 1—e s
f, =200 Hz, f. = 50 Hz
2nf, w
0\)(}: = —
£ 2
S
H'(s)=H __ 5
()=H(s) - 187
1.57
H'(s)=
=157
157 157
H = =
(@) = 150, = 102082

If we want to match the gains of H(s) at
s=0 and H(z) at z = 1, the digital transfer
function is extra multiplied by

! H@)|,,=1.98]

1.98
1.57(1j
.98

H@) =208
05.
Sol:
(@) H(z)= H(S)|S_,2[l-zl}

T| 1427

11

F 2

S

H(z) = H(s)ls_{w}

1427

{ ]G]
i+ f

11—z F +121-22 ]+ 31+ 2 f

H(z) =

H(z) =

Gain of H(s) at ® = 3 is

H(jo)=
1= o) +3j0+3

3
JB-0?) + (o)
3 3
H(jo)| .= =
Hiol, JB=92+(6)>  /(6)* +(6)°
303 1

J72 642 242
Given =20 Hz

CO_21t><f_2rc><2OkHZ_E
fs 80kHz 2

(b)

H(jow)|=

=2.828

H(e")= e 7).

16(1—e ) +12(1—e ) +3(1+e )’
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He®)| = 3(1-j)° Y T R I T
o=2 16(1+j)* +12(2) +3(1-j)* V10901 | °¥V10%_1
3(-2j) —6j N>—+ _
= = 1 1
16(2])+ 24+ 3(~2j) 26j+24 ] og3) ogl3)
. 6 6 log 9999
s
H(e )= s =5 = 0.169 1.258 | 10g|y7948.33]
[(26)* +(24)> 35.38 N2> =
logl3]  log[V3)
06.  log[89.15]
Sol: ~ log(1.732)
H . 1950
@ HO=G 0238
. jo jo N =8.19
H(jo) = = -
(Jo) = —0’ +jo+l 1-0" +jo N=9
|H( j(o)| = ® Tchebyshew filter:
\/(1—032)2+0)2
O.lag
o | [H(jo cosh™ 71001 !
01lo0 107 % —1
0 N2>
ee} y QS
Band pass filter cosh™| —
QP
07. _ cosh™[89.15] |5.183

Sol: a,=1db, fp=4kHz
os=40db, fs =6 kHz

FS =24 kHz
Butter worth filter :
100.1&5 _ 1
10041 OLP _ 1

log{
(1) order N >

log{gs}
QP

2nxf, 2nx4 =n

(0 = = = —
P F, 24 3
2nxf, 2nx6 m

CO = = = —
: F 24 2

S

ey wl)

Q, - op ) T 1
tan| — | tan|— | —=
an( 5 j an(6j NG

e

~ cosh™'[1.732] 1.146

N =>4.52
N=5

08.
Sol: 0,=0.5db, fp=12kHz
os =40 db, fs =2 kHz

FS =8 kHz
Butter worth filter :
2nfp 2nx1.2 _3m
0, =
Fs 8 10
27cfp 21%x 2

_T
2
0.lag
. [ 1001 }
10% e —
N>

log{QP }
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6
o tan(u;l’j tan(;gj cosh™ {1001_1}
—= = = =0.509 _ 107 -1
Q, tan[ s ] tan(zj cosh [1.202]
15.85
N=—-—=25.36
1001640 _q 0.625
log W N=26
>
log(1.964) 11.
3.949 1 i
> ., 15
0.293 Sol: z, 2e
N> 1347 R
N=14 zZ,=2, —Ee 3
Tchebyshew filter: P 2e’j§
3T 4“1 T
o] [10%1% —1 n
cosh |: 10010‘}) -1 Z,= [ZTII :26J3
N >

cosh™ {QS}
QP
_ cosh'[8911] 9.788

" cosh™[1.964] 1.295

N=7.55
N=38

09.
Sol:

op,=1db, ®,=03n
os=60db, ws=0.35n

Butter worth filter :
0.loag
cosh™ M
100.1 (lp _ 1
order N >

cosh™ LY
QP

0.35w
a, 2 ) oen2
_— =——==1.202
Q, (0.371} 0.509
tan T

12. Ans: (a)
Sol: H(z)= [ 1+ 2z '+2 2% G(2)
Liner FIR has symmetry (or) anti symmetry
So,G(z)=3+2z"'+z"
H(z)= [1+2z 42 2°][3+2z '+ 2]
=348z '+10 z *+8z *+3z*

13.

Sol: (a) H(z)=1+2z"
H(z)|Z=1 =2 Band stop filter type — I
H(z) _, =2

(b) H(z) = 1+2z'+2 72+ 73
H(z)|Z:1 =6 low pass filter type — II

H(z) . 0

(c) H(z) = 1-z7
H(z)|Z:1 =0 Band pass filter type — I1I

H(z) . 0

(d) H(z)= —1+2z"'-2727%+2"
H(z)|Z=1 =0 High pass filter of type-IV

H(z) = -6
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14.

Sol: (a)h(n)=[2,-3,4,1,4,-3,2]
(b)h(n):[za_3a4alala 4: 3:2]
(C)h(n):[zv 37431303134333_2]

(d) h(n):[29 39 47 la la _4a 5_2]

16.

1 3 . sin (n-=3)

Sol: h,(n)=—— [e S glongy=— 4

21 7 n(n—3)

4

n | hy(n) s 2mn ) | H(n)=

o(n)=0.54 0.48005( P j hy(n).co(n)
0 [0.075]0.08 a=6x10"
1 0.159 | 0.31 b =10.049
3 1/4 1 c=0.173
4 0.225 1 0.77 d=0.25
5 0.159 ] 0.31 c=0.173
6 0.075 | 0.08 b=10.049

a=6x10"
6
H(z)=> h(n)z™
=a[l+z *[+ b[z +Z2 T+ [z H+ z Y+ dz
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Chapter

DFT & FFT

(Class Room Practice Solutions )

01.
3
Sol: A :£:10x10
N 1024
02.
I 1 1 1]0 6
I -5 -1 1 -2+2j
Sol: ! ! = !
I -1 1 -1]2 2
I 3 -1 —j|3 -2-2j
03.
N SELM
Sol: i) X(K)=> x(nk N
n=0
N-1
X(0)= 3" x(n)
n=0

Given x(n) = —x(N—1-n)
n =0=x(0)=-x(N-1)
n=1=x(1)=-x(N-2)
X(0) =x(0) + x(1) +.....+ x(N-3)
+ x(N-2) + x(N-1)
From the given condition x(0) and

x(N—1) Cancel each other. In the same way
x(1) and x(N-2) cancel each other.

So finally all the terms will cancel and
becomes zero.

ii) x(n) = x(N-1-n)

04.

Sol:

05.

Sol:

06.

Sol:

07.

Sol:

=x(0)=x(1)+x(2)+ ...~ x(N=3)+ x(N - 2)-x(N -1)
Given condition is x(n) = x(N —1 —n)
n=0= x(0)=x(N-1)
n=1= x(1)=x(N-2)

From given condition, x(0), x(N-1) cancel
each other.

x(1), x(N-2) cancel each other. Finally all
the terms vanishes and becomes zero.

a.x([n-2])s=1[4, 3, 6, 5]
b. x([n+1])4 =[5, 4, 3, 6]
c. x([-n])s=[6, 3, 4, 5]

If x(n) is real X(k) = X*(N-k)
X(5)=X*(3)
X(6) = X*(2)
X(7) = X*(1)

Ans: (a)
[pqrs]=[abcd]@[abcd]

DFT of [pqrs]=[aBy 8] [aByd]
DFT of [ p qrs]=[a’ B> v* &°]

@ X(0)= iox(n)= 3
(b) Nx(0)=6x1=6
© io(_l)nx(n): 21
(d) N{ib{(n)ﬂ = 546

n=|

(e) Nx(3) = 6 (4) =24
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08. 5 -j2n
— 3
Sol: According to given signals we can say B nzz(; x(n)e
X2 (n) = X1 ( n— 4) -i2n —j4n )
i 2n =x(0)+x(1)e * +x(2)e 3 +x(3)e "

X,(K)=X,(K)e g AK

X, (K)=(=1)"X,(K)

= —i—j3\/§—1+2j\/§+1
09. 2 2 2
_iTak _ 5 \/g .
Sol: Y(k)=¢e K Q(l)—E_T
Y(l'l) = X((n_4))6 = {29 1: 07 Oa 47 3} 5 —j27m(4)
0 Q(2)=X(4)=2 x(n)e °
o n=0
1 = ~2—nnk 2 —j‘;ﬂﬂ
Sol: x(n)=— Y X(k)e/x™,  N=10 = x(n)e
N k=0 n=0
—j4n —-j8n
11. Q(2)= X(O)+ X(l)e 3 +X(2)e 3
; ~j4n(3)
Sol: () A= % = 20;;10 _20 x(3)e
W3 -1 W3
For k = 150, f = 20x150 = 3kHz =4 3{ +7}+2{7 —}+X(3)-(1)

For k = 800, f= (16 — 20) kHz = —4 kHz .
3 iW33) . .2
12. Ans: (a) 2 2 2

Sol: Q (K) — 3 point DFT 5 3.
2K =5+t
N-1 j2m 2 7
()= > Q(Ke
K=0 5 3.5 3.
10+ ———j+-+—]
n=0 q0)-—2-2"2 2° 15 g
13- Q0)+Q(1)+Q(2) .
9(0)=3 KZ:;Q(K)— 3 o
Q(0) = X(0), Q(1) = X(2), Q2) = X(4) 6
N-1 ) 1 — 41
Q(O):X(O):;x(n) Sol: DFT (x (n)):E[X(k)(@X(k)]: —2J
; 4]
=Y x(n)=4+3+2+1=10
n=0 14. Ans: (¢)
5 —j2m(2)
Q)=X(2)=Fx(a)e * sut: (1) sfn) > o (k-3
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15. Ans:
S- Ans:(a) (a) DFT Af= s
Sol: (A) For 8 point DFT , value at N
n =9 means value atn =1
N=— = 200 400
we know f 5
¥k [—)K (b) radix — 2FFT
N & N =2’ =512 samples (at N = 400)
1 3 e _ 200
gKZ_;]X(K)e[N] =X(1) Af = s 0.39 Hz

(B) W(K)= X(K)+ X(K+4)

W(K) = X(K) + X(K + gj

(O)YK)=2X([K) K=0,2,4,6
=0 K=1,3,57
= Y(K) = X(K) + (-1)*X(K)

= y(n) =x(n) + x(n - gj

16. Ans: (a)

Sol: W(k) = X(k).Y(k) = [176, 12+4j, 0, 12-4i]

17. Ans: (¢)

Sol: 1> No(k)

18.

Sol: f, =100 Hz
f; =200 Hz
Af<0.5Hz

19.
Sol:
fi =25, f, =100, f; = 800Hz
(a) N =100 samples

ar=t = 80 gy,
N 8

25Hz corresponding to % =3.125

100 Hz corresponding to 1% =125

Both frequencies are not relating.

(b) N =128

ar=30 _ 625H;
128

25Hz —» i =4V
6.25

100 Hz— 100 _ 16V
6.25

20.
Sol: X(K) = [1:_291_j7j2:0a"_]

(@) X(K)=X(N-K)
X(5)=X'(8-5)=X"(3) =2
X(6) =X'(2) = 14
X(7)=X"(1)=-2

(b) y(n) =(-1)"x(n)
Y (K) = X(K—4) last four sample will shifted
to beginning
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(c) g(n)= X(Ej (b) by FFT, T = [E log, N} lus
Zero interpolation in time domain _[1024
corresponds to replication of the DFT 0 log, 1024 | Ips
spectrum =5.12 msec
21. Ans: 6 23
Sol: Interpolation in time domain equal to ) £
replication in frequency domain. Sol: f;=10 kHz, N = 1024, Af :Es
%, (n)=x| 2 | | |
3 Over all time required for processing the
Xl(k) = [123 2.]’ 0: 72_]) 12, 2.]’ 0: -2j7 12) 2_]7 . N 1024
0, -2j] entire data = —= - = 102.4 msec
f. 10x10
Xi(8) =12, Xy(11) = -2j
X (8) 12 Complex multiplications = 4 times real
Halel Al = |—] =
‘ X1(1 1)‘ ‘_ 2] 6 multiplications
22.
Sol:
(a)t=Tlps

N=1024, total time to
multiplication using DFT directly
= (1024)* x1us = 1.05 sec

perform
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