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Chapter

Introduction

(Solutions for Vol-1_Classroom Practice Questions)

01. Ans: (¢)

Sol: The maximum value of
x(n) + 2x(—n) = {-1,-1,3,1,1} is 3
The maximum value of
S5x(n)x(n-1) = {0,5,5,-5,5,0} is 5
The maximum value of
x(n)x(-n-1) = {0,-1,1,1,-1,0} is 1
The maximum value of
4x(2n) = {4,4,4} is 4

02. Ans: (a)

Sol: (¢ }

1 I ! ;t T | T ;t
-1 2 -2 1
x[—+1j x(—£+lj
Tt 1t
—4 2 -2 4

Non zero duration = 6

03.
Sol: Sifting property of impulse 1s
ty
Ix(t)S(t—tO)dt =x(t,) t, <t, <t,
t
= 0 other wise
(a) to = 4 is out of the limit so value =0
(b) (t + cosmt)=; =0
(c) cost u(t-3)| =0 = 1u(-3)=0

1
d_t—Z
()2e

t=2

D[ o=

(e) tsint

=
tzi
2

04.

Sol: x(n)=1-[d(n—4) + d(n-5) + ----- ]

05.
Sol:

06.

4+ x(n)

2 1o 1 2 3 ™
x(n) = u(-n+3) =u (Mn — ny)
M=-1 n, =—-3
(a) A X(t)
1
I 0 ¢
-1
(b) 4x(t)
I
v | | N >t
2 -1 2

Sol: (a) as t— o, amp — 0, Energy signal

(b) Constant amp — Power signal
(c) Power + energy = Power signal
(d) Periodic signal — Power signal
(e) as t — oo, amp—o0, NENP

(f) as t >0, amp— oo, NENP

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




g  ACE . _
v ) Engineering Publications Postal Coaching Solutions
07. Energy of the secondary signal
Sol: = 14+ 2(0.75%+ 0.5> + 0.252)
(@ =2.75
Em= Z|X () = Z(a(o 5)" ) =2 a’(0.29)" x> Ex, )
n=0 n=0
2 aZ
e 2(025) T1-025 075 o8
Sol: x_. (n) = x(n)— X (—n)
@ , 2
ExZ(n):ngxz(n)| =15+15=3 | 1+47 0 —1+j7
. 2 b 2
Given E_ ,=E_,
ol 09.
075 > Sol: x(t)
o’ =225
=15 2
(ii) Ans: (a)
Sol: x,(t)=|t; -1 <t<1 2 1 |0 1 "t
X)) =1-]t); -1 <t 1
2(t) 1t 0.
T =0.25 secs 1 1
ol: (a) T,==,T,=—
Xl(t) Xz(t) 9 6
1 T
----- L. [ 2 iem=3
N I R NI Y T, 3
-1 o 1 |
T() =LCM XT] =1/3
X1(n)
] 1 (b) T, _15 ,T, =15
T 1- 11° 2=
1
TFT,TTTT} e T 1
~1-0.75-0.5-0.25(00.25 0.5 0.75 | T T [ T T T T, 11
n
1 07505025 0 02505075 1 LCM =11
To=LCM xT; =15
. - 2
Energy in x(n) = Z|x(n)| 27 2
n=—o0 (C) Tl =— T2
3 5
Energy of the first signal T
D _smy tional number
= 2(12+0.75* + 0.5 + 0.25?) T, 3 o

=3.75

So a non-periodic.

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




g ACE
v ) Engineering Publications 24 Signals & Systems
2n @
d) Ty=—7=—
(d) To =7 03
(e) It is extending from 0 to o
So non-periodic
t)+x(-t) 1
) x, (1) _x(0)+x(y) 2X( ) L cosm
2n 2m
T === 1
07wy 2n 11.
Sol:
(2 Do _> rational, so periodic (A) x(nT;) = 2c0s(150xmxnxTs +30°)
2 6 3n
e 6 =2cos(—n+30°j
No=—m=—-m 4
N() =6 ®o = 4
(h)N; =8m = N,=8 S, Y VLN
N, =16m =N, =16 wp, 3
N3:41’1’1:>N3:4 N0=8
N_IN_, (B) Ans: (a)
N, 2°Nj 5
LCM =2 N1=§1’1’1:>N1=2
No=LCM x N, =16 2
N2 =—m= N2 =2
. ®Op 7 . e 7
(1) Y rational, so periodic 20
n N3 =—m = N3 =4
27 2 25
No = m=om N, N, I
®0 —L=1—-Ll=—LCM=2
Np=2 N; 3
(j) multiplication of one periodic & No=LCM x N =4
non-periodic is non-periodic o = 2n
0=—=—
(k) u(n) +u(-n) = 1 + 3(n) is non-periodic 4 2
x(n) = cos(6(oon) + sin(l4w0n) + cos(S(nOn)
) y X(0) so 14™ harmonic
______ A Il N 12.
I I 3 I >N Sol: (a)[xl(t)+ Xz(t)][xl(t—2)+x2(t—2)]
-1 1
-1 ¢xl(t)xl(t—2)+xz(t)xz(t—2)
No=2 is non linear
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(b) sin[x, (t)+x, (t)]# sin[x, (t)]+ sin[x,, (t)] 13.
is non linear Sol: (a) tx(t -1, )"' 3# (t -1, )X(t -t )"‘ 3

time variant

(C)%[ocxl(t)+ Bx,(t)] = adx, (t) N Bdx, (t)

dt dt (b) %) = X"t time invariant
is linear
(c) x(t—t,)cos3t = x(t—t, )cos3(t—t,)
(d) 2[x;(t)+ x5 (t)]+3 = 2[x;(t)+x,(t)]+6 time variant

is non linear ] ) o )
(d) sin [x(t-to)] = sin[x(t—t)] time invariant

© j[ax )+ P, (e @ It )] _dxton) gy

dlt—t,)  dt—dt, dt
time invariant

=a IXI (‘C)d’t +B I Xz(r)dr 1s linear
B 3 () x*(t—t,)=x*(t—t,) time invariant
2 2 2
X1+ xo(t)]” Zx7 )+ x5(t
@ [isln(ol linz'cgr)] ! ( ) 2( ) (g) x(2t — to) # x(2t — 2ty) time variant
(h) 2"(”’n°)x(n —n,)= ZX(“’"”)x(n -n,)
() lox, (t)+ Bx, (t)]cos oyt time invariant
= o, (t)cos @, -+ Bx,(t)cos eyt is linear (i) time variant (time reversal operation is
time variant)

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

is non linear (j) time variant(coefficient is time variable)

(k) all coefficients are constant

(1) |x1 +X5(n )| #|x n] |x2 ] — time invariant
is non linear 14
. - N ) ; Sol: x5(t) = xy(t) — x1(t-2)
() ax (n) # 0X (n) is non linear ya(t) = y1(t) — y1(t=2)

X3(t) = X](H‘l) + Xl(t)

(k) non linear (median is a non linear y3(t) = yi(t+1) + yi(t)

operator )
(1) x;(n)+ x5 (n) ~ x;(n) + x,(n) 15. '
x;(n-1)+x,(n-1)" x;(n-1) x,(n-1) Sol: (a) Preset output depends on present input-

is non linear causal

(b) preset output depends on present input-

(m) linear (no non linear operator is present) causal
(c) preset output depends on present input-
(n) eX ) 2 en) L ex® i hon linear causal
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(d) preset output depends on future input- The coefficients of differential equation are
non causal (y(-—) = x(0)) function of time then it is time variant.
(e) preset output depends on present input- . . .
causal (a) linear, time variant, dynamic
(f) preset output depends on present input- (b) linear, time invariant, dynamic
causal o ) )
(2) n > no causal, n < no non-causal (c) linear, time invariant, dynamic
(h) non - causal(present output depends on (d) non linear, time variant, dynamic
future input)
0
(1) y(O) = Zx(k) present output depends 18.
e Sol: If a system expressed with differential
on present input - causal
= equation then it is dynamic.
G) y(-=1)= z x(k) future input non causal
k=0 The coefficients of differential equation are
(k) non-causal for any value of “m’ function of time then it is time variant.
Da=1 La=l 1
o causal, o y O (a) linear, time invariant, dynamic (a—2)
(m) causal(present output depends on past
inputs) (b) non linear, time variant, static (b—5)
(n) ?On cqusal(present SLLD (gl e (c) linear, time variant, dynamic (c—1)
uture input)
(d)nonlinear, time invariant, dynamic(d—4)
16.
Sol: (a) present output depends on present input 19.
-static
Sol: (a) y(t) = u(t).u(t) = u(t) - stable
(b) present output depends on present input @)y = u®.u®) =u®
-static (b) y(t) =cos3t u(t) = —1 <y(t) <1 stable
(c) present output depends on present input
_static (c) y(t) =u(t-3) stable
(d) present output depends on present input dult
static (d) y(t)=%=6(t) unstable
(e) y(1) = x(3) present output depends on
future input -dynamic ¢ -
t)= = r(t tabl
(f) dynamic(differentiation  operation is © Y( ) _LU(T)dT r( ) 15 HISHnTE
dynamic) . SN
(g) present output depends on past input () sin (finite) = finite. stable
- dynamic (2) y(t) = tu(t) = r(t) unstable
(h) y(n) = "= finite stable
17. (1) y(n) = u(3n) bounded stable
Sol: If a system expressed with differential

equation then it is dynamic.

HDx(n)=1=y(m)=n—-np+ 1= y(w)=00
= unstable
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- (5
20. 21.
Sol: Two different inputs produces same output Sol: Given
then it is non invertible. x() Unit delay - y(n)

Two different inputs produces two different

outputs then it is invertible.

(@) x1(t) = u(t) = y1(t) = u(®)
Xa(t) = —u(t) = ya(t) = u(t)
So, non invertible

(b) x1(t) = u(®) = yi(t) = ()
Xa(t) = —u(t) = ya(t) = u(t)
So, non invertible

(©) x1(t) = u(t) = yi(t) = u(t - 3)
Xo(t) = —u(t) = ya(t) =—u(t—3)
So, invertible

@xi)=A=yi(t)=0
X(t) =—A = y2(t) =0
So, non invertible

(e) x1(n) = 8(n) = y1(n) = 0
X2(n) =—-8(n) = y2(n) =0
So, non invertible

() x1(n) = 3(n) = yi(n) = 0
X2(n) =—-8(n) = y2(n) =0
So, non invertible

(g) So, non invertible
(h) xi(n) = &(n) = yi(n) = u(n)
Xa(n) =-8(n) = y2(n) =—u(n)

So, invertible

(1)

(i)

Convert to Z-domain

X(z)

z! > Y(2)

Y(z) z"! 1
X(z)_ 1+z7  z+1

x(n) =6 (n);
1
= Y(Z) = EX(Z)
1 1
Ye)-Tql o

Z

Y(z)= 7"
(Z) 5 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....... ]

x(n) = u(n);
_ 1
= Y(2)= Z+1X(Z)
Y(Z: 1 V4
z+1z-1
Y(2) 1 A B
= = +
z (z+1)(z—1) z+1 z-1
LI
__ 2.2
z+1 z-1
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24. Ans:
V(-1 t .1 0. A |
27z+1 27-1 ol: A system 1s memory less if output,
1 1 y(t) depends only on x(t) and not on past or
y(n) = ——(— 1)" u(n) + —u(n) future values of input, x(t).
2 2 A system is causal if the output, y(t) at any
. time depends only on values of input, x(t) at
22. Ans: (b) . that time and in the past.
Sol: Constant added - non linear Both (S-I) and (S-II) are true and (S-II) is
So, statement-1 is true. the correct explanation of (S-I).
Time varying term - time variant Both Statement I and Statement II are
So, statement-II is true. individually true and Statement II is the
Both Statement I and Statement II are correct explanation of Statement I
individually true but Statement II is not the
correct explanation of Statement I
23. 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-II): h(n)=26(n) +4d(n— 1)

h(n)={2,4}
A

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

. (S-II) is True.

Statement I is false but Statement II is true
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Chapter
01. 2-
Sol: X‘(‘T) h(“ R
@ y(t)= [x(Dh(t—c)e b, 1
“x(r) 4 h(t-1)
17 . >T
0 1 >1 0 2
»T L ‘52 1 1
g -2 y(2)=£r.1dr:7\0:5
Case () t-2<0  y(t)=0,t<2 03.
) —3(t+2 Sol: +
Case (ii) 250 y(t)=[ ¢ dr= = 12 ° 5 __X(T) h(t-1)
1— e—3(t+2) 1 +—
y) == —ut-2) A
1 2 6 | t+1
b
® e th(t-0) y(4)=J1de =1
| B 1 6
1) ¢ 1 3
: y(Ej —1& (T)h(a_rjdt ==—+4=55
1 t ¢
04. Ans: (b)
Case ()t<0  y(t)=0 Sol: s(t)= [h(t)dt = u(t—1)+u(t—3)
t 2 =
Case (i) 0<t<1  y(t)=Jwdr=" 5@ =
0 2 0.
1 1 Sol: Assume —t+a=A =—-dt=dA
Case (iii) t>1 y(t)=[tdr== ®
0 2 20)= [x(n+a- 1) = y(t+a)
06.
02. Ans:0.5 Sol: (a) x(t—7 +5) =x(t—2)
Sol: x(t) *h(D= [x(Dh(t-T)dt = y() (b) X(t)*ia[t ' Ej _ ix(t v E]
b | a) |a a
Y(2) = TX(T)h 2-)dr (c)x(t)*[28(t + 3)+ 28(t - 3)]
. =2x(t+3)+2x(t-3)
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07. 10.
Sol: Sol: (i) T=4 Ah(t)
(@) e u(1)5(t—1)=e"'8(t~1)
[From product property]
(b)e|  =e' [Fromsiftingproperty] |
>t
(©) e_(‘_l)u(t — 1) [From convolution property] -8 4 0 4 8
o 1YO=X(0*h(1)
Sol: dx(t)
dt
1 1
3 "t X
l =5 31 13 5 ¢
-1
dX—(t) =3(t—3)-8(t-5) (i) T=2
dt A h(t)
(1), ()= h(e~3)— h(t~3) [ [ | } [
L e I R e R
> . o 2 P2 4 ¢
| y(©
11_A !
oo o
A= 3 - 1 30t
o
11 A F |
b)—.— = —, sinc(ot)dt =—
®) o o o -[O (@) o 11.
1 Sol:
A = A 4
o @ 40
T 1
(©) Ix1= A2 Ie““zdt =1 !
1 > t _1 1 :t
A=— -3 1
V2 1y(0)
o1
(d)txm=2An _J;Wdt:n /_Z\
T I I T >
= -4 -2 2
2
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(b) Ans: (¢) 14. Ans: (d)
tu(t)*u(t_l)ﬁiz% Sol: x(t)*h(~t)= [x(ch(~(t- 1)k
5o ) ~ [x(Oh(e-thie
© 4 B
" > ) (- 2)eln +4)+ x(- gl +2)
Sol: yin)=—-——+x(-2)gln+4)+x(-1)gn+2
1T O x(0)e(n)+ x()e(n—2)+ x(2)g(n —4)+ ———
0 T ¢ xn)=8(n-2)=1 n=2
=0 otherwise
h(t) = %[u(t)—u(t—T)] y(n) = g(n —4)
x(t) = u(t) 16.
y() = x(t)# h(t) = %[r(t)— f(t=T)] Sol: y(n) = x()*h(n)
12. Ans: (a) =2(0.5)"u(n) +(0.5)™ u(n - 3)
Sol: To get three discontinuities in y(t) both y(1) =1, y(4) = 5/8

rectangular pause must be same width. To
get equal width h(t) = x(t). It is possible
only 17. Ans: (a)
a=1
Sol: y(n)=|[a,b,c,d,a,b,c,d---- N times]
13. Ans: (a)

Sol: tx(t)

5

y(n) is a periodic function with periodic ‘4’.

So h(n) must be h(n)= 3.5(n - 4i)

4
Ve

i
-1 1 ) -2 |0 2 18. Ans: 31
y(t) Sol: x(n) = {1,2,1}

hm={lxy}

10 10 10

---------- y(m)=x(n)*h(n) !

y(n)={1,2+x,2x+y+ 1,x+ 2y, y}
A t

y®) y(1)=3=24x = x=1

10 y2)=4=2xtytl =>y=1

9 y(n)={1,3,4,3,1}
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19. Ans: (d) 1 101

Sol: ih(n): ia“ + _zlb“ <o
n=—oo n=0 n=-—o

only when |a| <1, [b>1

20. Ans: (b)
0 ) 0

Sol: j|h(t)dt| = [e*dt+ [ef'dt <o only when
-0 0 —o0
a<0,>0

21.

Sol: (a) h(n) = a"u(n) + B o' u(n-1)

(b) h(n) =0 n<O0 causal
System stable for any value of ‘f3’

except B # oo and || < 1, except o =0

22,

1

Sol: (a) (%)nu(n)—A(S

jn_lu(n—l):8(n)

Whenn=1,A=1/5

23.

Sol: h,(n)=29(n) —%S(n -1)

2

Jn_l.u(n—l)

[

1\
_ U 5(n) = 8(n)
2

24,

Sol: 1. The convolution of one causal, one-non
causal system is may be causal or non-
causal. So, given statement is False.

2. h(t) = e”u(t-1) is causal, un stable
So, given statement is false.
3. h(t)=sino,t, | h(t)|dt = [|sin ,t|dt = oo
unstable. So, given statement is true
4. y(t) = x(t-2) — causal
x(t) = y(t+2) — non causal.
So, given statement is false
25. Ans: (a)
Sol: s(t) = u(t) — e ™u(t)

h(t):dZ—(tt): (1)~ [e-5()— e u(t)]
= ae *u(t)
26.

Sol:

2l
=0 n<0
)= 2{1 _@ :lu(n)
27.
Sol: x(n)=u(n), y (n) =93(n)

u(n) —u(n—1) = d(n)

y(n) =x(n) - x(n—1)
x(n) =nu(n)
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y(n) = nu(n) — nu(n—1) + u(n-1)
=nd(n) + n(n—1)
=u(n-1)
28.

Sol:  he(t) = hy(t) * ha(t)
jhc(r)dr = j h,(t)dtxh, (1)

=h, (1) = j‘ h,(t)dt
(D= S(Ors,(1)

= s,(t)*s',(t)
Se(t) # s1(t) * so(t)
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Fourier Series

Chapter
01. Ans: Zero 04. Ans: (b)
T T Sol: f;=5Hz, f,=15Hz
Sol: T, = 5’ T, = 6 The signal lying with in the frequency band
T - 10Hz to 20 Hz is 4sin| 307t +—
—L =3 Ty= LCMxT, == 8
T, 2
2
Wy =4 p:(42) =8 Watts
x(t) = 3sin (mot + 30°) — 4cos(3mot — 60°)
second harmonic amplitude = 0
05. Ans: (b)
02. Ans: (d) Sol: At oot = 7/2
Sol: (a) Given signal is periodic. x(t) e) 1 ) 11 g
So, fourier series exists 3 57
(b) Given signal is periodic. _ tan™ (1) _n
So, fourier series exists. 4
(c) Given signal is periodic.
So, fourier series exists. 06. Ans:2(c)
(d) Given signal is non-periodic. Sol: o= %(21{), k=1,2,......
So, fourier series does not exists. The above frequency terms are absent.
The above frequency contains even
03. harmonics and also gives that sin terms are
Sol: absent. only cosine terms are present
(P) Ans: (b) Finally odd harmonics with cosine terms
Hidden symmetry ao, b, exists are present so, x(t) it is a even and
(Q) Ans: (b) halfwave SO,
Half wave symmetry a,, b, exists with x(t) = x(T-t) even
odd harmonics x(t) = —x(t-T/2) halfwave
(R) Ans: (b)
0Odd symmetry & HWS — sine terms 07. Ans: (a)
with odd ‘n’ 20
(S) Ans: (¢) Sol: T,=1,T,=10%, T3=8n, T, =—mn
Even and odd HWS — ay, cosine with 3
odd 'n’ Ty = 40n
(T) Ans: (d) )
ap =0 (because average value = 0) ®, = “T _ 0.05rad /sec

Even & HWS as cosine with odd ‘n’

0
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08. Ans: p
ns: (a) 1 a, :zij‘lOsintcostdt:O
T
S @+ W+0G) 0
Sol: Averagevalue = . :g b =%J-10sintsintdt _s
09. Ans: (a) d; =aj +b] =5
2n
Sol: a, _ L £t )dt 14. Ans: (d)
2m Sol: wy=n
ap= Average value =0 e
0T Average val x(t)=a, + Zan cos(nmit)+ b, sin(nnt)
10. Ans: (d) "
| ) 1 x(t) = A cos (mt)
Sol: Ty =4msec f, = — =250Hz 2 ,
T, A=a, = Ix(t)e‘”“dt
5 fo=1250 Hz 0
| - 2 . 4
11. Ans: (b) = [te™dt+ [ (2-t)eT"dt= -
T
Sol: Odd + HWS — sine terms with odd f !
harmonics 15.
Sol: ay=35
12. Ans: (a) - 1011-(-1)"1
b, =I10s1nn7‘ct dt=———"—=
1 T 0 nmw
Sol: (RMS)’ == [x*(dt 2, =0
0 20 . 20 .
- x(t)=5+—s1nnt+—s1n3nt+———
e i 3n
= — j( )dt+j36dt
T\ T tH(w)
L 2 1
_ 11144 144 t T/ 36t
T| T2 ) o
i T
_ 1144 144 T3 +36| — L 20 20
T T2 24 2 y(t)=5+—sin nt+3—sin3nt
T T
1
—|6T +18T
=l ] 16.
=24 Sol: o, = g
RMS = 24 = 27/6A x(t) 2+ 005(2(0 t)+ 451n(50) t)
_ l j2oyt l —j2myt i jSmyt _i
13. Ans: (C) X(t)—2+26 +2e +2J 2Je
1 T
Sol: Average value = — | 10sin tdt = — _ _ _ 1 _4 _—4
g 2nj sin - c=2, ca=1/2, C2= g ST =y

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




7 ACE

Dy’ )
E@E Engineering Publications :16: Signals & Systems
17. 21.
1 i 1 jn2 J 1 ]' Jkogt
Sol: ¢ =|te™™'dt = | te ™*™dt = —— Sol: a, = —|x(t)e " ™'dt
" }[ .(l; 2n7 “oT 0
co=1/2 Lokt r i
0 ZlJ.eJk3tdt+J. e 3 dt
a, =c,+c_ =0 0 1
) -1
bn = J(Cn _C—n)__ —jkz—nt —sz—nt
nmw _ 1 e 3 ‘1 e 3 ‘2
5 L 2mly 2n
_ikZE ) il
18. ] 3 ] 3

Sol: (i) y(t) =d, =e "¢, =e™c, =c, (-1)"
(i1) f(t) = x(t) =y ()
4, =¢,~(-1e, =c =1y

19. Ans: (b)

. _ . —nogt jnogt £
Sol: d, =e™"c +e"™"c =2cos(nmyt,)c,

Assume t, =%

d, =2c, cos(n—n]
2

d,= 0 for odd harmonics

20.
dx(t)
Sol: y(t)=——=
ol: y(t)=—
dn = jnwecy
d,
C, =~
Jnw,
1 T/2 —jnemyt
dy =;_TI/2(8('L+d/2)—8(t—d/2))e 0" gt
=§sin ncood
T 2
d
Co=

I 2T e
ak=_1 1—2eJk3+eJk3
jk2mn

22. Ans: (¢)

Sol: W, is a periodic square waveform with
period T and it is having odd symmetry and
also odd harmonic symmetry (or Half-wave
symmetry).

W, is a periodic triangular waveform with
period T and it is having odd symmetry and
also odd harmonic symmetry (or Half-wave
symmetry).

.. Only odd harmonics: nfy, n =1, 3, 5 etc
of sine terms are present in wave forms W,
and W; in their Fourier series expansion.

Note that waveform, W, can be obtained by
integrating the waveform, W.

If c, is the exponential FS coefficient of the
n™ harmonic component, c_ "

1
|caloc |- = |n'| for waveform W,

1
| Cn |oc 5
n

=|n -2 | for waveform W,
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23. 2 K
ck= ——|1—-(-1
Sol: K _]kZTE ( ) ]
(a) POlar fOI’l’n OfTFS Ck = 0 for ‘K’ even (KZIO)
=d, +Y.d, cos(no,t+¢,) Power =0
n=1
dn = 2 Cn 25.

d0:2, d1:4,d2:4,d3:4

polar form = 2 + 4cos(wet + 30°)
+ 4cos(2wot + 60°)
+ 4cos(3mpt + 90°)

(b) x(t) <> cy
x(at) <> ¢, , ®) = awy
X(t) > ¢y
X(t—to) «> e "o,
dx(t)

g & Unee,

24.
Sol:
1

(@ C,=a,= 5

C, = a,—jb, _ ~J(oddn)
2 nm
a, =0,b, = Q(oddn)
nn

Power up to second harmonic

2 2
=ylc.l=045w
n=-2

0

114 qk% b —jkgt
(b) CK=§{[e dt+!—e dt

—JkEt —jk—t
:l e 4 B 4 ‘8
— 11(2 [—Jkn 1_(e—jk2n 7_]kft):|
-] T
= ﬂ:zln (—1)k—1—1+(—1)k]

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

(b) Cp=j2 (average value) [given is false]
j T
© = J x, (t)dt = j2

T
%J.xl(t)dt =2 is possible only when
0
x(t) is constant. So given is correct
1 T - T
(d) Co= =[x, ()t + 2 [ x, (t)dt
T 0 T 0
=0+j2
l T
¥JXR(t)dt =0 only when x, (t) is odd
0

given is in correct

26.
Sol:

(a) Power =%Ji|x(t12dt = i

g n=-o0
P=3

x=—4

2

C

n

2

C

n

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

o0

(b) x(t)=>.C, e

n=-—oo
_in B . .
=C_je ot 1 C_je Ple 2 1 Ce e 4 £ C eI
jn jn

joot 200t , 4 Bogt 2 j4wot
+Cy +C e’ +C,e!™ e +Che"™e2 +Cyue!™™
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_ —iBogt-= C->3
— ~j4wot Poot=y
=0.5¢ *le D. Given signal satisfied half-wave
N 2e_j2w0t7 0,50t 4 lej3mul+§ N zejzmuwﬁ symmetry so only harmonics are present
D—>4
= (0.5)[e’j4‘”°t + g litont ]+ Z{e_ﬂwnt_“ + eJMOH“}
28. Ans: (b)
ot oyt A Sol: Frequency is constant. So, S; is LTI system,
© *e * frequency is not constant. So, S; is not LTI
system.
= x(t)=cosdam,t +4 005(2(00‘[ + Ej
4 29. Ans: (d)
- Sol: Fourier series expresses the given periodic
+2 cos(3c00t + 5) +4 waveform as a combination of d.c.
component, sine and cosine waveforms of
x*(-t) =x(t) different harmonic frequencies as
So even symmetry f(t)=a, +Z:an cos(nm,t) + an sin(no, t)
n=1 n=1
(¢) fo=10Hz = Ap + A, cos(nmot + ¢p)
00 = 27 f, = 20 7 rad So, statement (1) is true.
A, and ¢, (Amplitude and phase spectra)
x(t) _ cos(80nt) 14 cos(40nt s Ej occur at discrete frequencies.
4 So, statement (2) is true.
+2 cos(607ct + Ej +4 Waveform S}{mmetries (Even,. odd, Half-
2 wave) simplify the evaluation of FS
coefficients.
t off i =25H .
(@ Cuto requency_ " So, statement (3) is true.
=30 nrad Statements 1, 2, 3 are correct.
So output of the filter is
- 30. Ans: (d)
Y(t)= 4005(4om+zj+4 Sol: For a real valued periodic function f(t) of
frequency f

27. G=C,

Sol: A. Fourier transform of periodic impulse Statement (I) is False but Statement (II) is
train is also periodic impulse train True because the discrete magnitude
A—2 spectrum of real function f(t) is e2ven and
B. For a full wave rectified wave form phase spectrum is odd.

c, = 2A niseven
" n{l—4n?)
B —1,

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




Chapter

‘ 4_ Fourier Transform

01.
Sol: X(f)= [x(t)e ™ dt

—00

x(t) units are volts and dt units are sec

So, Unit of X(f) is volt-sec (or) volt/Hz

02.
Sol:
(a) X(O) = jx(t)dt = area
= (4><2)—(%x1x2} =7
(b) 21x(0) = 2nx2 =4n
03.
Sol:
() x(t)=e™u(t)+e"u(-t)
1 1 2a
Xlo)= =
(@) a+jc)+a—joo a’+o’
iy -2jo
at t _ pat _t
(i) e ult)-e"ul-t) & ===
Asa— 0
w(O)-u(-1) o=
jo
sgn(t) A i
jo
04.
12
Sol: G(w)=1+ e
Apply inverse Fourier Transform
g(t)=58(t)+2e™"
05. Ans: Zero

Sol: x(t) = rect(t/2),
y(t) = x(+x(t/2),

X(w) = 2sa(w)

Y(0) = X(0) + 2X(20)

Y(w)z 2sin ® N 4sin2m

(O] (O]

f=1=20=21,Y2r)=0

06. Ans: (d)
Sol: Y(o)=3X(2w)
x(at) <> lX(QJ
ol \a
X[%j © 2X(20)
lx(ij > X(203)
2 \2
y(t) = 3/2 x(t/2)
07.
Sol: 1) 1< 2mo(w)
. 1
2me* u(-
1) g & 2me™ u(- o)
ii) e > 2me
v) A | -] sgn((o)
it
08.
Sol: x,(t)= recth X, (f) = Sinc(f)

x(t)= x(t _ %j X(F) = e X ()

FT[x(t) + x(-t)] = X() + X(-£)
= 2cos (7f). Sinc (f)

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




:20:

Signals & Systems

10.
Sol:

4+’
~2|t-2] 4721
4+
11.
Sol:

(a) fi(t) = f(t — 1/2) + f(-t-1/2)
F (03) = e_%F(w) + e% .F(— (o)

(b) fz(t):%f(%—lj

F,(0) =3¢ *“F(20)

12. Ans: (a)
Sol: g(t) = x(t-3) — x(-t+2)

G(f)=e ™ X(f)-e " X(-f)

ii) sino,t <> E.[S((D— ®, )30+ o, )]
J

i) ¢ sin o tu(t) < 1L+J‘(1 !

2j (D—mc)_a+j(oa+oac)
v)

Arect| L cosm,t = AT| Sa OF O |1 gaf 2= |7
T 2 2

14.

Sol: Sinc(t) <> rect ()

Sin c(t)cos(10nt) <> % [rect (f—5)
+ rect (f+ 5)]
15.
Sol: (i) e 'x(t) < X(w+3)
(Frequency sifting property)
_i3
e “x(t/4) > 4X (40 +3)

(Time scaling property)
1

1 e th(t/4) © X(40) + 3)
(ii) Ans: (a)

X(o)=278(w) + [8(w—41)+ 8(w+ 47)]
x(t) = 1 + cos(4mnt)

16. Ans: (d)
Sol: X(f) = d(f — fo)

X(t) — ejZTEfnt

—ad
X(t) 1 =€

13 *h
Sol: yis

p 1[ jogt  —jogt ZX('[) =—

1) cosmpt=—|e +e <—>n6m+m0 +60)—030 4

2
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17. Ans: (b)

Sol:
A X(f)

) 7o

X(t) cos 2n t <> %[X(f —1)+X(f+1)]

A

18. Ans: (d)
Sol: Output of multiplier

%x(t)cos(Zcoct +0)+ % x(t)cos ®

Output of the filter 1s = %X(t)COS 0x2

=x(t)cos @

19. Ans: (¢)

dx(t)

dt

Y(0) =joX(w)

It x(t) is even function, then y(t) is odd
function.

Sol: y(t) =

It x(t) is triangular function X(®) is Sinc’
function, it is real.

y(t) is odd function, Y(®) is imaginary.

-1
20. Ans: =
2Jn
Sol: x(t)= L[ TX(m)ej‘“tdw}
21| o
d);it) = iij oX(o0)e™ do

dx(t) 1 <.
=— [joX
a |, " 2 oXleke
]9, . L.
= 2—[jjco(— J\/E)d(o + j](o(]x/;)dw}
TUL-1 0
-1
24n
21.
Sol: te-!! i[ 2a }: —4jaw
(1} te <_>Jd0) 3_2+Q)2 (az+w2)2
te ! <> 4o
(co2 + 1)2
Apply duality property
7, < 2njwe
(t2 + 1)2 ‘
22.
Sol:
i) X, (0)=e™X(-0)+e’X(-0)
| Y ()
00 X _ ik _zij w
(i) X, (o) 3¢ [J
(iii) X,(0) = (jof e X(o)
: . d .
(i) X,(0) = j~[ioX(o)]
®
23.
Sol: x(t) =rect (t/2)
X(co) _ 2sin®
®

@. yi(t)=x(t-1)=Y,(0)=e""X(o)
(b). = y2(t) = x(0) * x(1)

Yz((D) = X((n) X((D) _ 2sin® 2sin ®

sin’ ®
2
®

Y, (03) =4
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. d 25.
©- ys(t)=tx(t) Yi(0)=j~[x()]
® ® ®
Sol: X(m) = rect(—j + rect( j
(d). y,(t)=x(t)sinmt <> %[X(co —11)-X(0+7)] 20, 20,
! tX() N
_a() . 2 e
(e). ys(t)= " & jox(o) | 1
(0. ys(t) = (t+1) x(t) + 2u(t-1) . o -
( )_ t "y (2 ) -2 -0 O o -0f of
(8. y;(t)= }’1[5] < 2Y L0 (@). 0<or<m Y(0)=X(ow).H(®) tH(o)
(h). ys(t) = y22(t+1)) =y2(2(t-1)) psine 2
L@ ot _ Ly (@) en) (1)==""
Y8 (0)) = EYZ 5 € = EYZ (Eje Tt o wf:c)
1 O) o 1 ®) iy
=g f ‘EY{EJG (b). o <or<o
1 o _ g-io tY
= EYz % [e —€ ] 2 ((D)
: 1
t
@) yolt)= X(_j__}ﬁ >
(O)=x{5]-5¥:() B B
¥,(0)=2X(20) -2 Y, 0)
(t) _ sin o, t 4 sin o;t
§). 7=, m
yio(t) = z(t+1) + z(t) + z(t-1) . .
10 ©). o> o y(t) _ sinot L sm o,t
Yio(®) = (1+2cosm) Z(®) it it
26.
) _ Sol:
24. Ans: y(t) ; cos 2t (). X(0) = () + 3(0-5) + (e-7)
Sol: h(t)= s1nt t H(o)= rect(%) x(t) =1+ +e™
T

TH(w)

4 4

y(t) = cos 2t

< 2
e =T, L)
n
e ' =T, _im_2n
5 5
Tl

5. . .
—L == is irrational
T, =

So, non-periodic
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(b). h(t) = u(t) —u(t-2)
h(t)

= h(t)= rect(% - 0.5)

.. O
S —

rect (t) <>

2
rect [L . o.5j & 2010 SINO
2 ®
= H(O)) = g io SMO®
()]

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

X()H(w) = [8(w) + 8(c - 5)+ (e — n){zeiw w}

(O]

= () Lt 2¢7™ &y S(w—5)2e ™ sind

x—0 0
+ 8(0))26'” sim

T

= 25(c)+ 265 S0 5y — 5){ p SInX_ 0}

5 x>n X
X(0)H(w) = 25() + 2¢ 7 S0 (e — 5)

= x(1)*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 mt

rect(t) <> 2 sin = { Y(o)= J y(t)e ' dt
o 2 i

3
B

rect(t) ©

rect(t o
T—
2n
rect(t) <> sin c(ﬂj
2n

cosT <> T [ O(w—m) + 0 (® + m)]

Y, (@)= sin c[z_f’;j w50 — 1)+ 5(0 + 7]

Y, (0)= %sin % x 71[8(e — 71) + 8(w + 7))

=£sin2xn6(a)—n)+ 2sin§xn8(w+n)

o 2 ]
_2 sin = nd(o— 1)+ 2 sin[_—njrﬁ(m +1)
T 2 -7 2

=20 (0-m)+ 25 (0 + m)
¥, (o) = 2 af5(0 — 1)+ 8(c + 7]
T
Taking inverse fourier transform

Lo L (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(?jn&(m —2m)+ 2 sin((;)nS((o +2m)

(O] (O]
= isin(z—n)rréi(m —2n)+ 2 sin[ — 2“).7[8(0) +2m)=0
2n 2 -2 2
}Q(t) =0
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. . t 1
(c). ys(t) = sin c(t) * sinc (Ej
rect (t) <> sin ¢ (%) < X
T
. 0 2
sinc (LJ <> 2nrect (— 0)) o 0 " "
27
sin C[ZLJ o 2mrect (o) 0
& 5 Ya(@)=0
: ®
sinc(t) <> rect(%] = y4(t)=0
sinc t © 2rect| 2
2 T é&l
ol: "
Y. (o) =rec 2 Jarec] © Xi(®)
- Y, (m) = rect( 27:)2 rect( - j 1/8
1 2 o
—8n 8n
& (a). sinc(8t) <>
o)
- 0 . —1/2 0 2

H(o)=8¢""X,(0)=¢ —~8n<m<8n
2 =0 otherwise
Y(oa) = e [8(0) + n) + 8(0) - n)]

- y(t) = cosm(t— 1)

2 0 - /2’ o (b). Ans: (d)
G(f)=e™ H(f)=e™
Y, ((o) =2 rect(gj ( ) ( )
”" Y(f)=G(t)H(f)=e>"
Y, (w) <2 rect(gj
T 29. Ans: (¢)
Taking inverse fourier transform Sol: ¢ ™ e ™
. t From frequency shifting property
Y (t) =sin C[_j X(t) — ejZﬂ:te—m2
o -conjugate even symmetry
(d). sinc(t) <> rect (—j
2n 30.
3 Sol:
e sin o(t) <> rect| ———~ 1 ~
2n @ Ylo)=1[X(0-0,)+ X0+ 0,)

sinc(t)* e”™ sinc(t) <> rect(;;) X rect[mz_nsnj (b). x(t)= Sitntt - Sin,(-:t/ 2)
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35.
X(w)= {rect(gj * nrect(gﬂ 4
T 1 Sol: ¢ & -
R o> +4
X(w) =
1/2 2 2 ?
| 8 2dm=2j( 4 J do
SN, Tl
—3/2-1/2| 1/2 3/2
2
l(2n)I 210 g
31. 20
t ( ) T
Sol: jx(t)dt o 21 1X(0)5(w) =3
rect((n/4n)
o ————+n3(0) 36. Ans: B=2202
Jo a
2
32. Sol: g(t)zz—az
. a” +t
Sol: M <> rect @ 2a
it 22 We know e ™' > .
% : 2a ~alo|
(o) By duality property — o e
a” +
T el 1=l |2
Given He ‘ do=0.99 He do
> (D i —o0
-a a 0 B 0 &)
= jezamdm + Ie’zamdm = 0.99{ je”“’d(o + _[e’z"“”doa
0 = 0 - 0
E = 2L j|X(wMZ do‘) = 2_a =3 i 2a0 J —2a0 B 2a0 0 —2an |*
T T T e e _0.99l| € e
2a |, -2a | 2a | —2a]
33.
“1/2 12 1 = i|:1—(3_23B:|—L[e_2aB —1]=w[1+1]
1 T 5
Sol: Ez—{j rdo+ [ —do+ jndm}— 2a 2a
275 -1 -1/2 1/2 8 = 2 _2e —2aB 2)( 0 99
=1-e"=0.99
34. —2aB
0.01=
Sol: Ey = 1/4 = ©
| )| 1 = In (100) =2aB
X
4+’ B /n(100)  4.605 _ 2.302
Sy (@) =‘X0)X |Hoo)2—4+ 0, <O<® 2a 2a a
g -1 TS (m)dwjlletan—l( h 37. Ans: ()
W) g I 7w 8 2n2 B 5
c . _ 0 2 . 78
o, = 2 rad/sec Sol: E= _jw|X1(f)| df =210
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38. Ans: (¢) 42.
—® Sol: The condition for distortion less
Sol: 4H(@) = 60 30m <o <30m transmission system is magnitude response
is constant and phase response is linear
wo=10m [H(10m)|=2, ZH(I 07t) __n function of frequency. These two conditions
6 are satisfied in the frequency range
00 =261 [H(26m)=1, 4H(26n)= —137w ZQ to .30 kHz. So, from 20 to 30kHz no
distortion.
T ) 13w
t)=4 10wt —— |+ 26mt ———
y( ) cos( T 6} sm[ T 20 j 43. Ans: 8
39. Sol: Given input signal frequencies are 10Hz,
20Hz, 40Hz. Only 20Hz is allowed.
Sol: 6(w) = -t
_ 6(03) So, y(t) =
t ()= =t, 1 T T,
P ® Ex8cos 20nt+z—20 =4 cos 20nt+z—20
—d6()
t,()= =t | (4
do Power in y(t) = =8
Both are constant 2
40. . 44.
Sol: . ) Sol: The condition for distortion less
(i) Ans: (c) transmission system is magnitude response
H( f) B 1 is constant and phase response is linear
1+ j2nfRC function of frequency.
1 For —200 < ® < 200, there is no amplitude
|H(f ] = —— distortion.
\/1 +4n"f"R°C And For — 100 < » < 100, there is no phase
[H(f))| = 0.95 distortion
fi=52.2 Hz xi(0)
® =20 and ® =60
" . So no phase distortion and no amplitude
(i) Ans: () 1 distortion.
0(f) = —tan (2nfRC) x2(t)
(1) =~ _ 1 { 2mRE } Amplitade distarton, d
g = =TT mplitude distortion, do not occurs.
df x| 1+ (2nfRC) Phase distortion occurs.
tz(100) = 0.71 msec [ ®=140]
x3(t)
41. Ans: (¢) o =20, =220,

Sol: y(t)zﬁcos(lOO(t—10‘8))cos(106(t—1.56><10'6)>

ty =107° t,=1.56x10°

Phase distortion and amplitude distortion
occurs

[ o =220]
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45. 1 g
: (o)=L
Sol: R_(1)= j x()x(t—1)dt |
0 y(0)= 6
AZ
R, (r) = Tcos(ooor) =18 cos(6m) 49,

Power = Ryx(0) = 18

46.
Sol: r_(t)=x(t)*x(~t)=eu(t)*e* u(-t)
L (oS (0)= s =)=
+o
47.
Sol:
(a) [H(o)" = A X(w)* = !
1+’ 4+’

Syy ((o) = |X(0))|2|H((ol2

(b) y(t)=x(t) * h(t) = [~ & *Ju(t)

" 1
By = J|y{t) dt=

12
v :%
By = %Ex(t)

48.

Sol:

i) Ans: (b)

x(t)=e™u(t)*e™u(t)= L

16

{i6) 7
16) 164e
ii) Ans: (¢)
2 1
Saa (03) = |G(C0)

T 64+
1
Sea (O) = a

iii) Ans: (b)

8
e

Sol: . (t)=x(t)*y(-t)=e"u(t)*e’u(-1)

1 1 1/2 1/2
r(t)eo————=—""+-—"3
I+jo3-jo 1+jo 3-jo

r,(t)= %e’ru(r) + %e“u(— 1)

50.

Sol: Given x(t) = sinc 10t

. 0)
Sinc t <> rect
[275)

sinc(10t) <> irect &
10 207

X(oa) = L rect(&j
10 20m
H(o)= 3rect(£}e’j2“’

8n
2 Y(o)=X(o) H (o)

1 0] O ) _ig
= —rect| — [3rect| — e
10 207 81

1/10 3

107

3 w -j20
=—rect] — e
10 87

.. output energy

L%
P “Y(w]zda)

179
y(t)=e™u(t)*e*u(-t) 27 5 100
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36
Output energy = —1J
p gy 100

51.

Sol: $X1(o)
(a). ®n=200T1

os = 400 7t rad/sec

200n T 2008

(b) ®On = 400 “XZ(O))
o, = 800 1t rad/sec

| |
—4007 400

(©). x,(t)= %[cos(SOOnt) + cos(30001ct)]

®n = 5000 7
s = 10,000 7 rad/sec

(d). X,(o)= ! .rect(ﬂj

_6+j(o 2a
Om—a
f =2
271
f=2f =2Hz

T

(e). ®n =120 &, f,, = 60Hz
(f;) =2, =120 Hz

(f) Ans: 04
Sol: Xi(o)

T
sin—t 2
2

> (D

it -m/2 /2

iS(t—nTJ(—) f, iéi(co—noos)

n=—o0 n=—o0

n:Z;S(t - IOn) > %ni 6(0) — ngj

X, (t)* ié(t—lOn) <—>X1(co)110 i co—n:j

n=—aw

X(w)= % 3 Xl(%]f)(w—ngj

X (@)=~ —==+X,(0)8()+ X, Z |of 02 |+
10 5
AR5 X35
5 5 5
x| Zl=2.x[ 2=z
5 5
() )
5 5
X(w)
1 > (O
2n/5 -n/5 0 w/5 2nr/5
The maximum frequency in above signal
is
O®m = 21/5
2nf, = 21/5
fm=1/5
Nyquist rate = 2f,, = 2/5 = 0.4
52.
Sol:
X()
| "
2 2
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(a). X(w)+efj°’_X((o) no change in frequency axis 54. Ans: (d)

(©¢)min = 20m = 9 Sol: Given x(t) = 100 cos(247 x 10° 1)
1
®). d);Et) o joX(o) 0. = o f,= 12000Hz & f, = op - 20KHz

l (o

3o,

0y =2x%

1 1
(d). 5X(03+ w0)+§X((o+coo)

=nfs = fm = 12K, 8K, 32K, 52K, 28K,------

| | The above frequencies passed through a
—3wg 3w filter of cutoff from 15K.

2 2 So, output is 8KHz, 12KHz only.

‘ The frequencies in sampled signal are
| |

=30,

55. Ans: (a)
Sol: f,,=200Hz, f; = 300Hz
The frequency in sampled signals are =

! ! 200, 100, 500, 400, 800. Cutoff frequency

3
(9_20 % of filter is 100 Hz.
30 Output frequency = 100 Hz
0y =2x—" =3,

2 56. Ans: (b)
53. Sol: The sampled signal spectrum is
Sol: 1 X, (f) = Ti STX(F - nf,)

@ x,(2t)o-X|2 A .
2 2 If f=f,—>The spectrum is constant spectrum

In this operation maximum frequency
becomes double. So, f, = 4k, f; = 2f,=8k

b) x,(t-3)e e X, (0)

57. Ans: (a)

In this operation maximum frequency does | 58, Ans: (c)
not change double. So, f,, = 3k, f; = 2f,, =6k Sol: f,=100, f, —f, = 150

(C) X](O))+X2((x)) fs =250
In this operation maximum frequency is T = 1 — 4msec
max(2k, 3k). So, f, = 3k, f; = 2f, =6k Cof

(d) Xi(@)*Xx()

N

In this operation maximum frequency is | 59. Ans: (d)

2k + 3k. So, fin = 5k, f; = 2f,, =10k Sol: f _ 1 1_3 —10° = |kHz
(e) X (w).Xa(w) , 10

In this operation maximum frequency is 1, . (nm

min(2k, 3k). So, fn = 2k, f, = 2f, =4k 16 S 75

| C, = [3e7™dt 3
() 51X, (+10007)+ X, (w~10007) To 5, nm
6
£ = 2.5kHz, (£)min = 2fu= SkHz 5. Ch=0forn=3,6,9.....
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C#0forn=0,1,2,4,6,7,8,10......

L EfE3f,  +fE6E.... F@=X©OH©)

Are not present in signal

+400+3(1000)=434K,+2.6 K : !

So options with 3.4 K and 2.6 K are wrong 7150'07C 0 150'07C o

So (c) and (a) are wrong.

3.6 K is out of the given range [ 2.5 to 3.5] The maximum frequency in y(t) = 1500 «

So (B) i

o (B) is wrong o = 1500 7
So (D) is correct.
fn =750
(fS)mil‘l = 2fn = 1500 HZ
60. = 1500 samples/sec
(i). Ans: (b)
Sol:
$ X(@) (i) Ans: (a)
Sol: x(t)= cos(l Omt + gj
“1000m 10008 > fs=15 Hz, o = 2nf, = 30 tHz

Output of multiplier is = X(t). cos(1000mt)

_ %X(m—lOOOn)+%X(m+ 10007

4 Output of multiplier
2000 0 2000m ©
sin(15007mtt
ht) = Sn(1500m)
it
H(w)
~1500n O 15000 ©

h(t)= (sm L ] cos(40nt - E)
Tt 2

sin it 1
—>
Tt >
T T
sin Tt T . T
h(t) = cos(407tt) cos —+sin 40mt sin—
it 2 2
sinmt .
h(t)= .sin 407t
it
_ 1| sinnt Q0T _ sin 7t oo
2j| mt it
A H(CO)
112
—41n -39 .o
39w 41m
~172j
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X(t) = cos(l Ont)cos% - sin(l Ont)sin%

x(m)=Lz[n(s(m+10n)+s(w_10n))]
—%{%(S(m—IOn)—S(erlOn))}

Sampled signal spectrum

X,(0)=f, 3 X(o-no,)

n=0, on, —On=-107, 107

n=1, os— Oy 0s + oy =207, 401
n=2,20s— On, 205 + ®y = 507, 707

only 40n frequency is allowed output of
filter is

Y(co) =

15

V2
3
V2

15

2

15

NG

15

2
+ gS(co —40m) + g?)(oo + 40n)}

[Z—J (e +40m)+

g I §(w— 40n)}

J

S mGer

J

{— £ 8(w+401)+ £ (e — 4071)}
2] 2]

[78(03 40n)——6(w+ 401:)}

{—18(03 +407)+ 1_8(03 —40m)
2] 2]

Y(0)= % E [5(c+ 407)+ 5(c0 4011)]}
+ % [5(c0— 407)— 5(co+ 4011:)]}
15

—{l cos40mt + %sin 40nt}

Y(t): 212

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

y(t) = %005[401?[ - %)

Postal Coaching Solutions
61. Ans: (¢)
Sol: 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 1s the highest
frequency component of m(t))
%(t) = m(t)e(t)
Where f (t) is Hilbert transform of f(t).
For the above problem c(t) = sin(nt —%J
and m(t) = _\/E(sm(nt/S)j
mt/5
Complex envelope
= [x(0)+ jx(0)le "
=—\E{m(t)sr( ) Jm(t)co{ ﬂ ~2mict
S= \/Em( )[cos[m = Ej + Jsln(m H —j2nfct
4 4
. 1
\/_m( ) +J[T[t j .e—JZTE[E]t
i in
= Wam(t)e 4 =+2m(t)e 4
_ \/5[ sin(mt / 5) jejz
nt/5
62. Ans: (b)
Sol: Givens(t) =e™ cos[(®, + Aw)t]u(t)
Complex Envelope §(t)=s, (t)e'™"
E(t) . [efatej(coc-#Aw)t u(t)]e—jmct
Complex Envelope =™ ¢ u(t)
63. Ans:8
Sol: Y(»)=X(w) H(®)
AX(m) AH(w)
2 —]
Im o >
e
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Yw)=-2) 0<o<2n 65. Ans: (¢)
2] 2m<w<0 Sol: Aliasing occurs when the sampling
" |« frequency is less than twice the maximum
J|y(t)|2dt =— j|y(03)|2d03 frequency in the signal, and it is
e 2m =, irreversiable process.
112" 0 So, Statement I is true but Statement II is
=—[I4dco+ J‘4dm} false.
27[ 0 -2n
= 4 or+2n] 66.  Ans: (b)
2n Sol: Sampling in one domain makes the signal
_lémn to be periodic in the other domain. It is
Coon true.
-3 Multiplication in one domain is the
convolution in the other domain.
64. Ans: 10kHz Both statements are correct and statement
Sol: m(t) > band limited to SkHz (Il) is not the correct explanation of

m(t) cos(40000rt) — modulated signal we
require least sampling rate to recover
m(t) > 2x5kHz = 10 kHz

statement (I).
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Chapter

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:
(a).

5 Laplace Transforms

_ 1
e u(t)e>——,0>-a
s+a

-1
e'u(-t)<>——,0<a

, -1
e "u(-t)«>——,c>-a

s+a
1 1
1) X/ (s)=—+——,0>-1
M 1() s+1 s+3
1 1
2) X, I8)=——-— —2<0<4
@) 2() s+2 s—4
(3)no common ROC so no laplace
transform  for x3(t).

(4) no common ROC, no laplace transform
(5) no common ROC, no laplace transform

1 1
6) X (s)=———,-1<0o<l1
©) 6() s+1 s-—1

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

The possible ROC’s are
c>2,0<-3,-3<o0<-1,-1<c<2

—3s —3s
Y =
(S) s+1 s+2
y(t) = e_(t‘S).u(t - 3)— e‘z(t‘S).u(t - 3)

x(t) = et = 1)e o X(s) = S
B ' ) " s+5

,0>-5

(b). g(t)=Ae "u(—t—to)

06.

Sol:

07.

08.

Sol:

09.

Sol:

10.

Sol:

_ (s+5)t0
Gls)=—2 " 5.5
s+5

A=-1,t=-1

x(t)="5r(t)—5r(t —2)-15u(t — 2)+ 5u(t — 4)

-2s -2s —4s
X(S):iz_Se2 _ 15e +Se
S S S S
Ans: (a)
Ans: (¢)
1

X(s)=——

) 5+1)5+3)

1

Gis)=X(s-2)=—++——

6)=X(s=2)= =5
G(w) converges means ROC include
Jo axis
-1<o <1

G(s) = X(s) + aX(-s), where X(s) = B

s+1
G(S)ZBS—B—ZOLﬁS—Otﬁz 2s
s —1 s*—1
af-p=-1,-B—-apf =0
a=-1,p="%
dy(t) _ _ dy(t) _
T 2y(t)+5(t) i = 2x(t)

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

solving (1) and (2)
2 S
Y(s)= X(s)=
) s?+4 ) s’ +4
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11. 1
Y(s)=X(s)H(s)=
Sol:(a)X(s)=_4+ 43— 42+4 b=XOHE) s+3
s+2 (s+1) (s+1) s+l y(t)= ¢ u(t)
x(t)= e u(t)+ 41 e u(t)
2 15. Ans: (d)
—4te " u(t)+4e " u(t) 1
o2 Sol: X(s)=——+e ™ H(s)=~
(0) X()= - 2 :
o V)= X)L
()= (t-2) e y(t=2) PIS SEAREE s(s+2)+ s
2
1 2t
2 1 y(t) =— [u(t)— e .u(t)]+ u(t - 6)
—¢ u(t)(—) 3 2
2 (s+1)
16. Ans: (b)
12. Sol: H(s) = ,
Sol: y(t) + y(t) * x(t) = x(t) + o(t) s+5
Y(s) +Y($)X(s) = X(s)+1 SR |, 2
Y(s)=1 s+3 s+5 (s+3)s+5)
y() =50 Xg- YO _ 2
H(s) s+3
13. x(t) =2 e u(t)
e—25
Sol: xl(t—2)<—>s+2,c>—2 17. Ans: (b)
s S V(s) 1 Y(s) 1
Xz(_t+3)<_>_es+3’c<3 Sol: X(s)_s+1 V(S)_S+1
263 Yis) 1 1 1
H(s)= - =~ = —
Y(s)zse+2._es+3,—2<c<3 ) X(s) s+1's+1 (s+1)
h(ty=te™". u(t)
14.
18.
Sol: sY(s)+4Y(s)+ 3@ =X(s) Y(s) 1
S Sol: (a) =— given statement is false
1 3 X(s) s
~ s 2 2 (b) x(t) =u(t)
H(s)= (s+1)s+3) s+1 T3 y(t) = r(t) is unbounded

h(t):%le‘t.u(t)+%e_3t.u(t)

X(s)=L4+1=3*1
S S

given statement is false
(c) x(t) = u(-t)

y(t) = oo is unbounded

given statement is false
(d) Given true
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19. k
Sol: s*Y(s) + asY(s) + a’Y(s) = X(s) Y(OO) - slito SY(S) - R =1=k=8
1
HGs)z= ——— -4 12
© s*+as+a’ H(S):s+2+s+4
2
G(s) = = H(s) +sH(s) + oH(s) h(t) = —4e'u(t)+12¢* u(t)
S
2 2 1 1
G(s){a i mﬂ[ . 2}— 23.
s s“+as+a s 02
. jo—
Number of poles = 1. Sol: H(jo)=
umber of poles (J ) (j(O)2 Fdjo+4
20. Ans: (d) o N x(t) = 8 cos 2t, mp=2
Sol: Change the initial condition to —2y(0) :
) : . j—-1 1 1.
and the forcing function to —2x(t) H(jo,)= y W + 7 j
J
21. 1 P
H =——,/H =—
Sol: (a). x(0)= Lt sX(s)=2 [H(co,) 2.2’ () 4
X(OO) =Lt SX(S) =0 t)= icos(2t + E) =22 cos(2t + Ej
(b). X(s)= ST improper function
24. Ans: (a)
3 3
X(s)=2+ = —o° +1
2s+1  2s+1 Sol: H(j(x))=2+
neglect the constant ‘2’ in the above —0" +2jo+]
function. oo = 1 rad/sec
x(0)= Wts. 3 H(wo) =0
o0 2s+1 2 y(t) = 0 for all o,
4s® +5s
x(oo) =Lt sX(x) =Lt =0
520 20 2s+1 25. Ans: (d)
(©).-x(0)=0 , 2 1
Final value theorem not applicable, Sol: (i) H(S) - s _g-2 X(S) - S
because poles on imaginary axis. )
= Y(s)=X(s)H(s)=—F——
(@ x(0)=0 ) =XEM6)= )
X(e0) =-1 S = 2 pole lies right side of s-plane
22. y(o0) = oo unbounded
Sot: H(s)=—<EF)_ yy ]
(s+2)s+4) S 26. Ans: (d)
Sol: For an LTI system input and output
Y(s) _ H(s).X(s) _ k(s + 1) frequencies must be same, there may be
s(s+2)s+4) change in phase.
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27.

Sol:
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Given that input is a;sin(oit + ¢;) and 28.
corresponding output is a;F(w,t + ¢2). 2 6
Sol: H(s)= Shs=2

From the above condition F may be sin or
cos and ®; = ;.

Given X(s)=s+2
s—2
2 2t —t
y(t)——ge u(—t)+—e u(t)
2 1 1
Y L _ - oot
(s) T 373° u(t)
N AREILENE I
3s-2 3s+1
U
c<2 o>-1

0<2,6>-1,6>0

_ 3 (5-2)s+1) U

o>-1

(b). The input is ¢’ Vt

.. the output = H(3) X input

3.
y(t)= 20°

29.
Sol:

30.

Sol:

31.

Sol:

s+3

1 s+3

AT R ) ey

o > +1 causal unstable

Does not exist in this case a causal & stable
system

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.

(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.

Ans: (a)

1 s—1
Y(s)=——,H(s)=——
(S) s+2’ (S) s+1

Y(s) s+l 2/3 1/3

X(S):H(S)_(s—l)(s+2)_s—1+s+2

Stable input 2 <o <1

x(t)z—%e‘u(—t)+%e_2‘.u(t)

Ans: -1.19

4
YE=1 s+6
y(t) = 1-4 ¢ *.u(t)
y(0.1)=1-4¢"°
=-1.19
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Chapter
01. . 1 4
Sol: Y(ejo)z 13
11191 h(n) ¢1 I--
. 1 4
{ . sm(m(Nl + ZD w
APEN (b) X(eJ(”)z > x(n)e "
—Ni Ni sin— n=-o0
O=T7
. o0
sin(mj X(eJ7T = > x)-1)" = cos>(3n) =1
n=-o0
H(o)= —~2 : - - i
@ 1 sin(mj (c)H(eJ‘”)= 142e 710 437200 4 4¢7300
Here N, = 3 DC gain H(¢!®) = 1+2+3+4 = 10
19191 h(n) ¢1 03.
[ | { Sol:
. Lo () XE)=l+e” +e™ 4 [1+cos20]
h(n) # 0 n <0 — non — causal 2o | 2o
X(e*)=1+e" +e" A PP
(b) 2 2
Here N; =1 _ _ 03 3,003
After applying time shifting property KEDS1 +eTHo" + 9 * 4 " 4 J
1 1 1 X(ejw): ix(n)e—jmn
x(0)=1+>=> x(1)=1,x(-1)=1,
012 " 22
3 3
h(n) =0 n <0 causal x(2) = 1 X(=2) = N
(c) h(n) = 8(n-3) + §(n+2) - non causal [3 5 3}
x(n)=|=,1,=—,1,=
02 4 2 4
. 1 T
Sol: (a) a” u(n) <> — — (i)  x(n)=28(n+ 3)-38(n-3)
1 0 X(e](n) — 2e3jm -3 e%jm — 2[e3jco B ef3jco] B ef3jm
y(n) = [Zj u(n) X(e®) = 4jsin(Bw) — e I®
Y(e j(o): 1 Given X(¢/°) = asin(bw) + c&'*®
-1 -jo a=4j,b=3,c=-1,d=-3
4
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04. N
sin(Zn] jEn [ —n/\n >
Sol €2 © o 2 2
nn R A
b I
sin(:fC nj i [ /‘1 2 2
e ?2 o "
mn -3n —Tc| "o L V] n3_n03
- _ 2 2 2
4 ' j
4 Y(E) =1, Y™ =1
Y(€) 06
‘ : Sol: (lj u(n)<«> +
3n - |z 3n i =ye
4 4 4 4 From time scaling property
i Tj < B (l)”u(i) Ao d
Y(n) = {ejzn +e zn} 2 10 1= Le-oo
- 2°
m
sin 4} » 07. Ans: (b)
y(n) =2 Cos(j SOl: X(2n) — {19 39 1}
n 2 T
N x(2n) = 8(n +1) + 38(n) + d(n—1)
Sol: | 8(n—n,) ¢>e ™
@ tH(S?) FT [x(2n)] = 3 + 2cos®
08.
o o > Sol: X(Ej AN X(ejmk)
g(n)=(~1)"h(n) @) X[Ej o X(e"?)
o)< (et :
G(e") (i) x(2n)e X[e”]
| 09.
0
-0 T Tto Sol: o"u(n) <> 1 T
Ideal HPF I-oe Sio
. : i a ©
(b) Y(e*)=X(e )+ X(e') @’ um-3) © 1—oe ™
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in® e—Sj(m—n/S) :| 1
e Sa" u(n-3 e =
( ) |:1 _ —j(0-n/8) B 1 + \/5
T -3j(0-n/8)
) 3 i 6317 L jON _ 3
ne’ $a"”u(n- )dem{l P ) DC gam—H(e])—3oc—1+\/5
10. , 14.
Sol: tH() .
jo)_ b+ e J®
Sol: Hle'" |=——
1—ae™J?
— 0 IH(&)]* = 1 = H(¢").H*() =1
6 6 - b+e )® | b+el® 1
Input signal frequencies are 3 ,Z l—aeJ® || | —aed® B
Then the output is y(n [gnJ i o
15. Ans: (a)
11.

jo,n Sol: H(ejm)= 1+ae 1 + Be_zj(’)
e 0

x(n) = I+4cosnm

Sol: For an LTI system input isx(n)=

then output is y(n) = eJ®" H(ejw‘) )

xin)=1w=0
H(e") = ;h(n)eﬂ"’“ H ()] = 1+ o+ B £H(e") =0
H(ejw)=8\/§cos2w—4\/5cosco SUaE T
P Xp(n) =4cosnt =T
4 ) H(E™)| =1 - a+p LHE) =0
H(ejmo ): 4 y( )_ _4eJnZ ya2(n) =4 (1-o+B)cosnm
ym)=(1+a+p)+4(1 -oa+p)cosnn
12. y(n) =4 only whena =2, =1

Sol: (a) y,(n)=x7(n)it is not an LTI system.

(b) Input frequency and output frequency 16. Ans: (a)
are same. So, it is LTI system.

2
H(e) =2 Sol: ( ) z Z —15LB
(c) y3(n) = x3(2n) it is not an LTI system. n=0  n=

13. 17.
Sol: H(e") =2 o cosw + P Sol: y(n)=x(n) +2x (n—1) + x(x-2)
He") .. =0 Hle")| . =1 Y(@°) = X(&°) [ 14270 + ¢
" T H(e®) = [ 1+e7° P
oa=p ov2+pB=1 =[ 1+ cos ® — j sinw]”
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() H(E") = (1+ cos )"+ sin’ (@) Loy Lo
ZH() = 2tan™ 2 LT
- 1+cosm® :_e—Jm[eJm+e—Jm]+_e—Jm
1050=0 = |H@E")=1 13 1 3
ZH (") =0° = ge_j“’[Z cos w]+§e‘j‘”
m.,T = o) = A A
4cos£ 5 +4j—>w 2:>‘H(e l 2 H(m)zge”‘”cosw+%e”m
= £ H(®) = -90° 1
m o H(w)=—=e[1+2cosw]
(b) Output of given input 10 + 4005(7 + Z) is 3 .
H(®)=0= ~e*[1+2cosm]=0 only
10+4(2)cos| ==+ =T 3
cos 4 4 2 when
m [+2 cos®=0
=10+8cos| ———
[4 4) cos=—l=cos E)
2 3
18. Ans: (b) o
Sol: anti symmetric, k =-2 W= 3 2.093 rad
0(w)=—"2m
Slope = -2
22.
19. Ans: (b) Sol: _
AX e]m
Sol: x(n)=cos 5—ﬁn = cos| =n 0 =I )
2 2 2 1
H() = 1 4H(ej°°o ): -3 ,
g >
—M¢ (O
y{n) = cos("?“ _ gj Ceo
E=— J.ldw =—=<
21 s T
20. Ans: (a) ‘ ‘
Sol: X(¢'”) =2 + 2cosm +e I + 2¢7H® 1
in 23. Ans: —
X4 |21t 40
2 Sol: By plancheral’s relation
S 1 T jo jo
LX(ej“M): tan~! 1/2 T z x(n)y(n)zﬂ IX(eJ )Y(eJ )dco
1/72) 4 == -
sin(mj sin(nnj
21. 4 1 4
S - 2 - x(n) 2m 2| m
Sol: H(w)= Z h(n)e " = Zh(n)e”‘”“
n=-ow n=0

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




[ L ]

<<
St
cezl’

Engineering Publications 141 :
172 fix(ejm 2dco= 27{ » |nx(ll2}
Sln(nnj (f) - d(D n=—o0
1 4 o =158x2n=3167
2 n
; N-1
/4 A (g). AX(eJ(D ): —0m = —(Tjw =50
sin| 2T 25. Ans: (d)
1 3 Sol: f(n) = h(n) * h(n)
)= 2
™ 1 2 2
r s
2 /2/ / /4/
2 /2/ / /4/
y(n)
—1/3 /3 f(n) = {%, 4,8, 8,4} = causal
o sin ™" sin 2" 3 g(n) = h(n) * h(-n)
_ 4.3 _1 I(lj[ljdm
= 2mn St 2m (25 h(-—n)={2 2 %}
4
1 T
40 h(—n) ranges fromn=-2 to n=0
h(n) ranges fromn=0 to n=2
24. .g(n) ranges fromn=-2to n=2
Sol: 1 2 2
. oo
(a). X(ejo): ZX(H) =6 2 /}/}/
n=-o 2 /2/ / /4/
L 1 / /2/ /9/
®). X(e")= 3 (~1)x(n)=2
g =12,6,9,6,2]
). | X(ej“) )dco =2nx(0) = 4n = g(n) is non causal and maximum
o value is 9.
(). an(ej‘” podw=2mx(2) = 0 2.
n 21 x 5k 2 x 10k
o) do =271 2|2 Sol: <o<
(e). _jnx(ej | do _2n[nz_w|X(n1 } =28n of: = Sos—
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Fg =21, 28. Ans: 2.25 kHz
. jo)_ —jo
0k Sol: H(e™)=0.5+0.5¢
T .
— 40K o= 2 is 3 - dB cutoft frequency
T T ®= 2nf _x
—<o<— Tt 2
4 2 2
2nf n
9kHz 2
27. Ans: (a) f=2.25kHz
Sol:  x(t) =cos(Q2,t)

x(nT, ) = cos(Q,nT, ) = cos(lQ

Given x(n) = cos(r%j

By comparing (1) & (2)

Q) _n Q, 9
1000 4 1000 4
Qo =250m, 22507
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Z - Transforms

Chapter
01. 06. Ans: (d)
Sol: poles =j, —j =0,0
Sol: a"u(n) <> > |a| % poles =l j’ #eros =%
. X(z)=—
—a"u(-n—1) < |z <|a| z +1
z—a X(1)=1=k=2
ROC = (|z]> ) N (|7 <fa) =1 <]z <2 ,
Only when o =+ 2, ‘ny’ any value X(z) = 2z
z°+1
02. Given right sided sequence so ROC is
Sol: (a) finite duration both sided signal 0 < |z| < o0 |z| > |i j| — |Z| S 1
(b) finite duration right sided signal |z| > 0 )
(c) infinite duration right sided signal X(z) ? %L , ROC is |z| >1
(|| >1/2) (|z| > 3/4) = |2| > 3/4 2%
(d) (|z>1/3)(|z|< 3)N(|z| > 1/2) =1/2< |z|<3
07. Ans: (b)
0 31‘1
03. Ans: (a) Sol: X(z)= 22+ 7"
=2+n
Sol: ROC = (|z| > [a]) N (|z| < [b*]) common ROC 1 ’
exists only when |a| < |b7| Sl ~ NS _
04. i) Ans: (b)
Sol:  ROC = (|z] > fa)) ~ ([z] > [b) (12l < ) X() = {————,2.0,1,0,-
= [bl <z| <|c| 4 2
T

05.

Sol:

ii) ROC = (IZ| > [aD (1Z] < [B])
__Z _Z

Z-o Z-B
(A)a>p noZ.T

(b) a <P Z.T is exist

X(z)

(c)aa=PnoZT
Ans: (¢)
X(z)= —11/2 N 3{2
l-—z" 1+=2z"
2 2

x(n)=_%(%J“u(n)%[‘?lfu(n)

X(2)="Ya

Now consider (a) option

Yi(z) = i@jz

n=0
e P
3
D x(n)y,(n) %0

n=-—oo

Now consider option (b)

0

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

n=—oo
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08. Ans:r=-1/2 10.
-1
Sol: H(z)= } b Sol: (-3)".u(n-2)« 9z Jz[>3
1—5Z71 1"'1Z71 Z+39 1
: . (-3)"u(-n-2)< _lZ Jz|l<—
1+—z"+r(1--2z") z"+3 3
- 4 2
PP -
(I=2z)1+727) Sol: g(n) = 8(n) — 5(n—6)
G(z)=1-=z°,]z|>0
Consider the numerator »
1 1 '
l+—z" 41/ 1-=2"
4" r( 2” ) Sol: X(z)=2"+2z+ 22
Z_
(+1)+ G _ %)Z X(n) = 5(nt2) + 25(n+1) — 2 (2)'u(-n-1)
(1 r} 13. Ans: 0.097
Jor0 = 14 2 Sol: The poles of H(z) are
+1 .
P, = Lexp M k=1,2,3,4
If zero=1 2 4
L i« . .
4 2 I or S S S I G |
T <=l —T==1% P e == ==
l+r 4 ! 2 2. 22
_—3r:§:>r=—1/2 Y 8 g
2 4 Py= Lot =T1yd
NE) 22
If zero=-1 .
1 P 1
1 r P3 =__ ¢4 = ___i
4 9 2 2 2
%:—1:1—3}14 V2
+r jn .
T _5 . . P4 =] Le 4 =l_i
E=—:>r=—5/2 is not valid 2 2 2
. 4
Because given as |r| <1 H(z) = kz
(Z_P1)(Z_P2)(Z_P3)(Z_P4)
09. Ans: (a) kz*
4 =
z* +l 4
4 :
Given H(1) =5/4
H(Z)=H(Z 1) W)
h(n) = h(-n) 5_ ko
So h (n) is real for all ‘n’ 4 5/4
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1
16 __z z
N X(z) Z_§+l_l ROC
224 4 z 10
H(z)zL1 5 10
a 1 2> =nlz<—
z 4y 4 7
5 10
Given g(n) = (j)" h(n) ROC= 7 <lf<=
G(z) = H(z/j)
. 15.
ZS(ZJ ézéx Sol: X(z)=z'+7z"-2z+2-32"
_16\j) _ 16
G(Z)_ Z 4 - 4+1 H(Z)=2Z73
Sk
(Jj +Z 4 Y(z)=X(2)H(z) =2z +2z" — 42> + 42> — 62~
y4) =0
G(z) = 25 23 9 N
16 64 256 16.
3
o(8) = 22 —0.097 Sol: x,(n+3)>—2—|z|>—
256 1 1
——7Z
2
Z—l
X,(-n+1) < —lzl<3
14. 1-—2
5Y 10 ]
. 2 LU 2
Sol: x(n)_m u(n)+( . j u(n) Yla)- ; T
1 LY. 1 )2
n (I_ZZ j(1—32j
G) u(n)ez_is, 1z|>5/4
4 17.
; 1
7 z 7 Sol: H(z)=
(wj ume T g (1-%1)(1_121]
1
2\ s T X(z)=1-=z"
— | u(-n)e ‘z >— 3
10 T 10
. Y(2) = HEX(e) = —
n — 1_72—1
1 10 2
(—J u(-n) < ] Z 7 |z|<7 )
. 1
2 10 3Y(n)=(5j u(n)

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




R ACE |
'.a v Engineering Publications 146 : Signals & Systems
18. Ans: (a) 21. Ans: (a)
Sol: G(e)=oae ™ +Be Sol: y(n) =h(n) * g(n)
G(e) = ¢ 2 (0™ + Be ) Y () = H(e"®) G(e)
. _ A jo
Let us consm_iSr o= N Y(e Jm)= G(e )
G(e') = ae™’ (2 cos(w)) |:1 _ le_jw}
When a = f it gives linear phase. 2
joy _ joy l —jo jo
19. Ans: () = G(*) =Y(") 5 e’ Y ()
Sol: H(ej‘”)z e~ = g(n)=y(n) - %y(n - 1)
IH(e) Putn=1
: 1 1 1
| HPF —o(1)=y(1) = ~ y(0) =~
i g(l) =y(1) 2y() )
§ g()=0
—> D
0 T 22. Ans: (¢)
and it is FIR Filter because h(n) is finite | Sel: H(¢'®)= 1—e ¥ =0 only when
duration. 6w =2nn (n=1)
T
W= E
20. o
Sol: (1) x(n) =2z", y(n) = 2" H(z) ’;k - g
y(n) =(-2)" . H(=2)=0 e
H(-2)=0 3
| 23.
Tra—— Sol: X(z):L_l,zd
Y(Z) 1- ZZ 1 - ZZ
(2)H(z)= BN : x(n) =-0.5 (2)" . u(-n-1)
z . x(0)=0
1-—z"
2 24,
(a)H(-2)=0 1 neven
-9 Sol: x(n) =
a=—_ 0 nodd
8
=>X(z)=1+z"+7"....
(b) y(n) = (1)". H(1) _ 1
H(l)=-1/4 1-z7
1 _ !
Y(n) = T(l) (1 _ ! xl 4 )
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x(oo) = Ltl(l -z )X(Z) No=8m
“ Ny = 8 is the No. of samples per cycle
1
= Lt (1 ) = (Z)
z-l1 (1 +z XI e/ ) (Z)
_1 N=38
2
1/1-2"°
Y(o)- g{l_ }x@)
25.
Sol: Final value theorem
d(n)+d(n—-1)+d(n-2 -
@ =) y(o)=Le(1-2")(2)
l+z"'+z7 Z2+z+1 1|1-2"°
H = = = —7z )=
(2) 10 102 y(oo) ZI;tl(l z )8 [1_ = X(Z)
2 finite poles, 2 finite zeros .
(b) Given x(n) = u(n) y(oo) <Q -z % (Z)
1 z-1 8
X(2)=—=
N S Y(0) =0
+z +z
Y(z) =H(z) X(z) =
(1) = H@2) X(2) =i N\
_ili— g . Ans: (¢
y() Z—)l( g )Y(Z) Sol: Y(z)=H(z)X(z)
N1+z'+2z7 1 A 1
= Ltl( —7Z 11: 10 :“:1_ _1:| =] = +
7 z 1-z (1—1z"lj(1—z‘l)
(c0) = 1+1+1 i 3
Y 1010 y(o)= L=z )v(z)
26. Ans: (a) S A+3_0
Sol: The output of the sampling process is 2
x(nTs) = 2 + 5sin(100xwxnxTy) A= ‘73
T, = B
28. Ans: (¢)
=2+5sin| 100 xTxnXx—— _
( Oj Sol: H(z)= Pz - 22
27" —a
=245
sm( j Pole = * \/%
Ny = 2—Tcm = —nm
° ®, ks ‘\/% <1 = |a| <2, any value of ‘f’
4
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29. 32. Ans: (a)
Sol: Sol: H(z)= —l+l z
2 2z-2

(a). An LTI system is stable if and only if 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
30. Ans: (d)
(z—iejej(z—ie_ﬁj
Sol: H(z)= 7
7 R
3

Numerator order > denominator order

. 4
S0, anti-causal system & |z| < A stable

31.
Sol:

Ans: (d)

Poles=1-057"'=0=2=0.5
Zeros=1-2z"'=0=2=2

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

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.

Given stable system. So, ROC includes unit
circle. ROC is |z| <2

h(n)=="3(n) -2 @) u(-n-1)

33. Ans: (¢)

Sol: Poles z = +2j
|poles| = 2
ROC |zl < 2 because
stable (ROC includes unit circle).
In this case system is non-causal

= system is

34. Ans: (¢)
Sol: H(z) = — is a stable system because
Z+—
2
pole z = —% is inside the unit circle.
The poles of H(z) should be inside the unit
circle for a stable system.
. A'is True but R is false.
35. Ans: (¢)
2
Sol: H(z) 2+l

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

fS
wmt 2, n
f £ 2
) 2jo
H(e'") = e+l w="=0

o o oo At
(e +0.5)(e™-0.5) 2
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37.

Sol:

38.

Sol:

39.

Sol:

PR ACE . .
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Ans: (¢) No. of delays =6
: A causal LTI system is stable if and only if Direct Form — 11
all of poles of H(z) lie inside the unit circle. N
So, Assertion (A) is true but Reason (R) is X[n] \\ZJ > @
false. Py
Zfl
Ans: (b)
3 h0 ) N (s Z>
H(Z):Z 2z° 4z _ N(z) (/ 0 . \
, 11 D(z) 1
Z°+—z+— o
4 8 Z
As N(z) is of higher order than D(z), the <Z> < - CZ)
system is not causal, as 6(n + 1) is one of 0 0
the terms in the output for the input d(n). 71
If the N(z) is of lower order than the
denominator, the system @ . .
(i) may be causal or —ds P;
(i1) may not be causal as it depends upon the , W
ROC of the given H(z). No-ofidelay’s 53
So, Both Statement I and Statement II are
individually true but Statement II is not the | 40.
correct explanation of Statement I 5
Sol: yn)=x(n-1)=Y((2Z)=z X(z)
Ans: (a) N €
Both Statement I and Statement II are H(Z) Sz, sS4 (2
individually true and Statement II is the 1= 0.62"
correct explanation of Statement I H, (Z) . R Z,
1-0.4z"
Ans: (b)
P, +PZ'+P,Z>
H(z)=—"—"=—3 41. Ans: (a)
1+d,Z |
Direct F —1 Sol: H(z)= 1
frect Form ) 1-0.727" +0.132 M
y(m) From the given plot
a
H(z)= 0 2
( ) l—alz’l —azz’2 @
By comparing (1) & (2)
ap — 1, ar = 0.7, a) = -0.13
42.
Sol: H(z)= 1 ~
l-az
h(n) = (a)"u(n)

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




: 50 Signals & Systems
X 46. Ans: (a)
Z|h(n)| < oo stable Sol: 1—k[z'+22]=0
= oo unstable 2 —7k—k=0
< 1
@ =—,a|<1 +k+vVk> +4k
r l-a Zi,2=
2
=oo, a2 1
So, the b, ¢ & d are unstable. For causal & stable [poles|< 1
+ +
43. | k:1:5Z1’2:1_\/§:1_2.236
Sol: From signal flow graph 2 2
k
1-—2z" (outside the unit circle)
1+3271 k=2:>Zl,2= _2 Zli\/g
-k
POICZ‘T <1 =141.732
k| <3 outside the unit circle
Here k =[-1, 1/2]
44. Ans: (¢) 47
Sol: From signal below graph reduction g
i Sol: H(z) = —054+2z"
H(z)= 212 1-0.54z"
1+2z™
2z+1 x(n) 1 y(n)
= () 4 — ()
o —2)
2+2 -0.54
45. Ans: (b) Zil
. jo
Sol: H(ej“’): 26. *l
e’ +2 ) -
HE") =1 0.54 1
HE™) =1
HE™) = 1 By comparingd=1,b=0.54,c=1
So, All pass filter
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Chapter

01.
Sol:

(@ He) =L2

(b)

(¢) Y(s)=H(s).X(s)=

04.
Sol:

8 Digital Filter Design

S+
1

e—aTS Z—]

H(s) =L:>H(z) =
s+a 1-
Where TS:l:l
FE 2
a=2
Hz)=— =~

l—-e'z?' z—e!

h(t) = e *.u(t)

h(nTy) = ¢ 2™ u(nTy) = e ™ u(%)

G0

s(s+2)_ s

y(t) = %[1 —eJu(t)

yoity) = i L{gj

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) o1
1.57
H'(s)=
=157
157 157
H = =
@) = e 0,7~ 120 2087

S+2

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

05.
Sol:

(2)

! H@)|,, =1.98]

1.98
1.57(1j
IS ET

H(z)=
&= 02087

HE) =HE), 1)

T| 1427}

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

l+z!

H(Z): B 17 > 1
[4 I_ZIH +3H1_21ﬂ+3
_1+Z_ 1+z
B i+ ]
H(Z)—16:1—2‘1]2+12[1—z‘2]+3[1+z‘1]2

(b) Gain of H(s) at ® =3 is

. 3
H(jw) =

U0) = o 130+ 3

. 3
H(jo)| =
i) JB-0*) +(Bo)’

3 3

H(jm)w=3 - 2 2 - 2 2
He) J3=97+(6) +(6) +(6)

3 3 1
J72 62 242
Given =20 Hz

o 2nxf  2nx20kHz T
fs 80kHz 2

=2.828

H(e")= e )

C16(1—e ) +12(1—e ) +3(1+e %)

| ACE Engg. Publications >Hyderabad|De]hi|Bhopal | Pune | Bhubaneswar | Bengaluru | Lucknow |Patma|Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata |




Q)Y Engineering Publications

152 Postal Coaching Solutions
1 2 B ]
He?) = U _ togl (10" =1 10—
o3 16(1+j)> +12(2) +3(1- ) \10v0 0% 1
3(-2)) —6j N>—-= =
16(2j)+24+3(<2j) 26j+24 i} oglV3) oglV3)
B . . log [9999 }
= R
2| = — —
Hie )= e = 1 = 0.169 o V1258 | log[y794833]
(26)* +(24) >
logl3) — loglV3)
06. . logl89.15]
Sol: log(1.732)
1.950
S
= N >
(@) Hes) s’ +s+1 0.238
j ' N>8.19
. jo j®
H(jo) = = _
(je) —o’ +jo+l 1-0° +jo N=2
H(jo) = © Tchebyshew filter:
2 2
\/(1 ® )2+w oo
. cosh o
o | [H(jo) 10%'%r —1
010 N >
|0 cosh‘{gs}
Band pass filter Q,
_ cosh™'[89.15] 5.183
07. ~ cosh'[1.732] 1.146
Sol: o,=1db, fp=4kHz N >4.52
os=40db, fs =6 kHz N=35
FS =24 kHz
Butter worth filter : 08.
101 _ 1 Sol: o,=0.5db, f,=12kHz
1 TooTw 1 os = 40 db, f; =2 kHz
(1) order N > Fs =8 kHz
log QS} Butter worth filter:
Q, © _anp_2n><1.2_3_n
o o2ty _2nx4 _n " F g8 10
] 24 3 of, 2nux2 m
W, = = —_-—
o 2t _2mx6 =z R 8 2
AP od [T
tan| O | tan| © 10%' —1
& _ 2 _ 4 _ 1 _\/E N >
2 tan P tan(n] L log{ﬂs}
2 6 ﬁ Q,
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6
o (%) (2 cou| 197
—= = = =0.509 _ 107 -1
Q, tan[ o j tan(zj cosh [1.202]
N=D8_y536
1091640 _q 0.625
log W N=26
>
log(1.964) 11.
3.949 1 i
N Z . = — 3
0.293 Sol: z, 5 e
N> 1347 R
N=14 zZ,=2, —Ee 3
Tchebyshew filter: z,=2] = 2e’j3

O.lag
cosh™ 71001 L
10%'er —1
N>
cosh"{gs}
QP
cosh'[8911] 9.788

" cosh™'[1.964] 1.295

N=7.55
N=8

09.

Sol:
o,=1db, ®,=037
o = 60 db, ms = 0.357n

Butter worth filter:

COSh_l[ 100.1(15 _ 1 :|

order N > o
cosh{s}
QP
0.35m
a. "5 ) o062
= = =— =1.202
Q, (0.3nj 0.509
tan T

12. Ans: (a)
Sol: H(z)= [ 1+2z'+227] G(2)
Liner FIR has symmetry (or) anti symmetry
So,G(z)=3+2z"'+z"
H(z)= [1+2z '+2z7][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'+22°+ 2"
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"'-277%+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:_332]
(C) h(n) = [ 27 _37 47 1a Oa 1a 4a 31 -2 ]
(d) h(n):[29 39 47 19 19 _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) B 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[1+zf6]+ b[z_1+z_5]+ c[z_2+ Z_4]+ dz
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DFT & FFT

Chapter
01.
3
Sol: AF - Fs _ 1010
N 1024
02.
I 1 1 1]0 6
Sol: I -3 -1 ;3|1 _ -2+2j
I -1 1 -1}2 2
1§ -1 —j|3| |-2-2j
X(k)=1{6,-2+2j, 2,-2-2j}
03.
ik Tk
Sol: i) X(K)=>x(nk N
n=0
N-1
X(0)=Xx(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)

= X(O)—x(l)+ X 2)+ ..... —X(N—3)+ x(N—Z)—X(N—l)

04.

Sol:

0s.

Sol:

06.

Sol:

07.

Sol:

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.

x(n) = {6, 5, 4, 3}

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

If x(n) 1s real X(k) = X*(N-k)
X(5) = X*(3)=0.125 +j0.0518
X(6) =X*(2)=0

X(7) = X*(1)=0.125 +;0.3018

Ans: (a)
[pqrs]=[abcd]@[abcd]
DFTof [pqrs]=[aBy 8].[aPByd]
DFT of [p qrs]=[a’ B> y* &°]

(@) X(0)= gx(n)= 3
(b) Nx(0) =6x1=6

(©) 2(-1)"x(n)=21
(d) N{i]x(n)r} =546
(@) Nx(n3:; =6 (—4) =24
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08. Ans: (a) B -
Sol: X(k) = X" (N-k) Q(0)=x(0)= ;X(n)
X(1)=X'(5)=1+jl s
X@)=X2)=2-j2 =Y x(n)=4+3+2+1=10
5 n=0
x(0) = 1 z X(k) = 18 =3 5 —j2mn(2)
6= 6 Q) =X(2)=2 x(n)e °
n=0
09. 5 mELN
Sol: :nZ:(;x(n)e ’
(i) According to given signals we can say o it
X2 (n) =x; (n—4) =x(0)+x(1)e * +x(2)e 3 +x(3)e*"
o (k)es 2T
X,(K) =X, (K)e ¥ 4K :4+3{_1_J£}_2{_1+J\/§} |
. 2 2 2
X,(K)=e7"X,(K)
X, (K)= (-1, (K) oo W PPELERS
2n 2 2 2
—j—4k
(i) Y(k)=e ¢ 5 V3.
y(m) = x((n-4))e =12, 1,0, 0,4, 3} A)=3-7
5 ~jomn(4)
10. Q(2)=X(4)=>x(n)e °
1 N-1 ~2—nnk n=0
Sol: x(n)=—)» X(k)e'N , n=0toN-1 5 —j4m
()= 2 X0 S )
n=0
11' —j4mn —j8n
3 3 3
Sol: (a) A f, _ 20><10 20 Q(2)-X(O)+>i(l)e +x(2)e
N 10 @
For k = 150, f= 20x150 = 3kHz +x(3)e
For k =800, f= (16 —20) kHz =—4 kH 1 i 1 s
. ( L ‘ :4+3|:—1+£:|+2|:—1—£:|+X(3).(1)
2 2 2
12. Ans: (a) .
Sol: Q(K) - 3 point DFT _4_%+J*/§2(3)_1_j%\/§+1
1 N-1 j2mK
q(n)=—-> QKe ™ 5 3.
e =3ty
n=0
13 0)+Q()+Q(2 5 3. 5 43
Rt 3 q(O)— 2 2 2 2 _1D_g4
3

Q(0) = X(0), Q(1) = X(2), Q(2) = X(4)
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13. From (1) and (2)
7 A=-5B=-2
Sol: X(0)=) x(n)=A+B+27=20
n=0
A+B =7 (1) 14. Ans:3
7 N Sol: X(k) =k +1 for 0 <k <7 — 8pt DFT of
X(4) = (-D)"x(n)
n=0 X(n)
X(4)=A-2+3-4+5-6+7-B=0 Using Signal Flow Graph of IDFT based
AB=-3meee @) on inverse radix-2 DIT-FFT

x(0) = 36

X(0)=1 © © »8 o

X(1)=2 \ /® \/® >1< L8 o x(4)=;
. — 8

X(2)=3 s>\<>/</@ ><>1<@W B SR x(z):%
X(3)=4 /@ A@W—X T X@ﬁ%
s XXX G
Q N~
PO

4

—

y

;

>

X(5)=6 >
o ? /\\ g g
— -

X(7)=8 -
3 A A A .
Value of zx(zn):X(0)+X(2)+X(4)+x(6):36 4 484_] 4+4J:%:3

n=0

OR

X(k)=k+1 0<k<7

N N

N-1 —i %k - —i2%(2n)k - Si2™ (2n4)k
X(K)=Y x(me N X(k)=Y x@n)e ¥ +> x2n+le N

n=0 n=0 n=0

%_l 2T[(2 )k ang_l 2n( )k

—j—(2n —j— —-j7—(2n

X(K) =Y x@n)e N 4e N Y x@2n+1le N

n=0 n=0
Given N =8

3 .2m T3 .2n
—-j—(2n)k —-i—k —j—(2n
X(k) =Y x@me " e S x@n41pe
n=0 n=0
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3 3
X(0) =Y x(2n)+>_x(2n+1)
n=0 n=0
X(4) = Z:x(Zn)e"Jz’m + e‘“‘Zx(2n +1)e ™
n=0 n=0
3 3
X(4) =) x(2n)-Y_x(2n+1)
n=0 n=0
3 16. Ans:
X(0) + X(4) =2 x(2n) ns: (a)
n=0 Sol: W(k) = X(k).Y(k) = [176, 12+4], 0, 12-4j]
2 X(0)+X(4) 1+5 6
> x(2n) = O+Xx4) _1+5 6 12, 152
por 2 2 2 w(2)=— 2 (-1)W(k)=—==38
N k=0 4
=3
18.
15. Ans: (a) Sol: fm =100 Hz
Sol: (A) For 8 point DFT , value at fs=200 Hz
n =9 means value atn=1 Af<0.5Hz
we know (2) DFT Af= %
-1 Six(c
x(n)=—
N & N=ds =200 400
Af 0.5

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

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

w(n)=x(n)+(-1)"x(n)

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

(b) radix — 2FFT
N=2"=512 samples (at N =400)

Af= g’ _ 0.39 Hz
512

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 % =125

Both frequencies are not relating.
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(b) N=128 22.
800 Sol:
Af= — =6.25Hz
128 () t=1lps
25 N=1024, total time to perform
25Hz — 625 4V multiplication using DFT directly
100 = (1024)* x1us = 1.05 sec
100 Hz > —— =16V N
6.25 (b) by FFT, T = Elog2 N |1us
20. _ | 1024
Sol: X(K) = [1,-2,1-3,12.0.-] - { y e 1024} s
(a) X(K) — X*(N*K) =5.12 msec
X3)=X85=X3)=-2
X(6)=X'(2) = 14] X3 ]
X=X (1)=-2 Sol: f,=10 kHz, N = 1024, Af= >
(b) y(m)=(-1)"x(n) : . .
Y(K) = X(K-4) last four sample will shifted Over all time required for processing the
to beginning
n entire data = v __ 102 - = 102.4 msec
(c) g(n):X(Ej f. 10x10
Zero interpolation in time domain Complex multiplications
corresponds to replication of the DFT = 4 times real multiplications
spectrum
21. Ans: 6
Sol: Interpolation in time domain equal to

replication in frequency domain.

x,(n)= x(gj

Xi(k) = [12, 2j, 0, -2j, 12, 2j, 0, -2j, 12, 2j,
0, -2j]

X(8) = 12, X;(11) = 2]

X,(8)] |12

Nl
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