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Chapter@

Introduction

(Solutions for Text Book Practice Questions)

01. Ans: (¢)
Sol: The maximum value of
A. x(n) +2x(-n) = {-1,-1,3,1,1} is 3
The maximum value of
B. 5x(n)x(n-1)= {0,5,5,-5,5,0} is 5
The maximum value of
C. x(n)x(—n-1)={0,-1,1,1,-1,0} is 1
The maximum value of
D. 4x(2n)= {4,4,-4} is 4
B>D>A>C

02. Ans: (a)

Sol: x(t)} X(m)‘

T | ! ;t ! I T 't
-1 2 -2 1
x(i+lj X —£+1
2 2 }
t | | >t
—4 2 ) 4

Non zero duration = 6

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

1
d _et—Z
()2

2
/I

(e) tsint

T =
t=—
2

04.
Sol: x(n)=1-[d(n—4) + d(n-5) + ----- ]

4+ x(n)

2 1o 1 2 3 ™
x(n) =u(-n+3) =u (Mn — ny)
M=-1 Ny =—3
05.
Sol:
(a) A X(t)
1
T 0 1t
-1
(b) $X(0)
1
f | | >t
2 -1 r 2
06.

Sol: (a) as t— oo, amp — 0, Energy signal
(b) Constant amp — Power signal
(c) Power + energy = Power signal
(d) Periodic signal — Power signal
(e) as t — oo, amp—o0, NENP
(f) as t >0, amp— oo, NENP
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07.
Sol:
(M
E = Z|x )| = Z((x(O.S)“)Z =3 0(0.25)"
n=0 n=0
2 0~2
e 2(025) T1-025 075

B o= =15+1.5=3

n=—o0

Given E =E

Xy (n) Xy(n)

(ii) Ans: (a)
Sol: x;(t)=|t|; -1 <t<1

x)=1-]t;-1<t<1

T =0.25 secs
xi(t) Xy(t)
N h
T T 1 T o T
. x;(n) |
TTFTITTTTE o d

~1-0.75-0.5-0.25(00.25 0.5 0.75 | T T T T
I { .o

-1 -0.75-0.50.25 0 0.25 0.5 0.75

Energy in x(n) = i |X(Il)|2

Energy of the first signal
= 2(1+0.75° + 0.5% + 0.25%)
=3.75

Energy of the secondary signal

=14 2(0.75*+ 0.5 + 0.25%)
=2.75
Eiom >Eqm
08.
Sol xoc(n)=x(n)_X (—n)
2
1+j7 0 —1+37
2 772
09.
Sol: x(t)
2
-2 -1 0 1 "t
10.
1 1
ol: (@) T,=—,T,=—
@ T, 9°?% 6
0 _20m=3
T, 3
To=LCM xT; =1/3
15
b) Tj=—,T, =15
(b) Ty 1 2
h_t
T, 11
LCM =11

T() =LCM XTl =15

21 2
)Ty =—,TH) =—
© T 302773
T
il 5_n irrational number
T,

So a non-periodic.
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2 @
d) Tg=—=—
(d) Ty 0" s
(e) It is extending from 0 to oo
So non-periodic

X(t)+ X(— t) _ 1

X (t)= —cos 2wt
() x ()= =
Tozﬁzz_nzl
(DO 27

(2) Qo _ 3. rational, so periodic
2 6

No :Engm
(O] 5
Ny =6

(h)N1=8m:N1=8
N2: 161’1’12N2 =16
N3=4m:>N3=4

N _ TNy
N, 2'Nj
LCM =2

N():LCMXNl =16
(1) Q0 _ 7. rational, so periodic
2n 2

=

2
N, = m:7m

®o
No=2
(j) multiplication of one periodic
non-periodic is non-periodic
(k) u(n) + u(-n) = 1 + 3(n) is non-periodic

4 X(n)

(M

&

11.
Sol:

12.

Sol:

x(n)

(A) x(nT;s) =2cos(150xmxnxTs +30°)

= 2003(3—nn +30°j
4
L
074
Ny =2—nm =§m
COO 3
No:8

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

N2 =%1’1’1:>N2 =2

20

N;=—m=N; =4

3 25 3
NN L ves
N, 'N; 2
N():LCMXN1:4
ol <= _T

074

x(n) = cos(60)0n) + sin(l4coon) + cos(S(oon)
so 14™ harmonic

(@ [x,(t)+ %, (0)]x, (£ -2)+ x, (- 2)]

* xl(t)xl(t — 2)+ xz(t)xz(t — 2)
is non linear
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(b) sin[x1 (t)+ X, (t)] # sin[x1 (t)]+ sin[x2 (t)]

1s non linear

d B adx,(t) Bdx,(t)
(C)a[axl(t)'i'ﬁxz(t)]_ dt + dt

is linear

(d) 2[x (6)+ x2(0)]+ 3 # 2x (6)+ x2 ()] + 6
is non linear

© _j[axxrwxz(r)]dr

t t
=a le(t)dr + BIXZ(T)dT is linear

(0 [x1(0)+x2 (OF # %7 (1)+x3 (1)

is non linear

€ [axl(t)+ sz(t)]cos ans
= ocxl(t)cos 0yt + sz(t)cos o,t is linear

(h) log[x; (n)+x, (n)]+ log[x, (n)]+ log[x, (n)]
is non linear

(i) [xq(n)+x2 () = [x; (n) +[x2(n)

is non linear
(G) o"x*(n)# ax™(n) is non linear

(k) non linear (median is a non linear
operator )

Xl(n)+X2(n) o Xl(n) + Xz(n)
A VU ) Ry Sy My P
is non linear

(m) linear (no non linear operator is present)

(n) ¥l 2 enl) L e%0) g non linear

Postal Coaching Solutions
13.

Sol: (a) tx(t—t )+3#(t—t, )x(t—t_ )+3
time variant

(b) %) = X% time invariant

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

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

d(t—t,)  dt—dt, dt
time invariant

© dx(t-t,)] dX(t_tO)—i[x(t—to)]

() x*(t=t,)=x*(t—t,) time invariant

(g) x(2t — to) # x(2t — 2ty) time variant

(h) 2x("_“°)x(n -n,)= ZX(“‘““)x(n -n,)
time invariant

(1) time variant (time reversal operation is
time variant)

(j) time variant(coefficient is time variable)

(k) all coefficients are constant
- time invariant
14.
Sol: x3(t) = x;(t) — x;(t-2)
y2(t) = y1(t) — y1(t-2)

x3(t) = x;(t+1) + x;(t)

y3(t) = yi(t+1) + yi(t)

15.

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
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16.
Sol:

17.
Sol:
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(d) preset output depends on future input-
non causal (y(—n) = x(0))

(e) preset output depends on present input-
causal

(f) preset output depends on present input-
causal

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

(h) non - causal(present output depends on
future input)

(i) y(0) ix(k) present output depends

k=-o0
on present input - causal

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

k=0
(k) non-causal for any value of ‘m’
(1) oo =1 causal, a # 1 non causal
(m) causal(present output depends on past
nputs)
(n) non causal(present output depends on
future input)

(a) present output depends on present input
-static

(b) present output depends on present input
-static

(c) present output depends on present input
-static

(d) present output depends on present input
-static

(e) y(1) = x(3) present output depends on

future input -dynamic
(f) dynamic(differentiation  operation is
dynamic)

(g) present output depends on past input

- dynamic

If a system expressed with differential

equation then it is dynamic.

18.

Sol:

19.

Sol:

The coefficients of differential equation are
function of time then it is time variant.

(a) linear, time variant, dynamic

(b) linear, time invariant, dynamic

(c) linear, time invariant, dynamic

(d) non linear, time variant, dynamic

If a system expressed with differential
equation then it is dynamic.

The coefficients of differential equation are
function of time then it is time variant.

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

(c) linear, time variant, dynamic (c—1)

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

(a) y(t) = u(t).u(t) = u(t) - stable
(b) y(t) = cos3tu(t) = —1 <y(t) <1 stable
(c) y(t) =u(t-3) stable

(d) y(t)= dl;—it) = §(t) unstable

() y(t)= }u(rﬁr = 1(t) is unstable

—0

(f) sin (finite) = finite. stable
(g) y(t) = tu(t) = r(t) unstable
(h) y(n) = "= finite stable
(1) y(n) = u(3n) bounded stable

) x(m)=1=ym)=n-ng+ 1 = y(0) =00
= unstable
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20.

Sol: Two different inputs produces same output

then it is non invertible.

Two different inputs produces two different

outputs then it is invertible.

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

(b) x1(t) =u(t) = yi(t) = u(t)
Xa(t) = —u(t) = ya2(t) = u(t)
So, non invertible

(¢) x1(t) = u(t) = yi(t) = u(t - 3)
Xa(t) =—u(t) = ya(t) = —u(t - 3)
So, invertible

(d) xi() =A=yi() =0
() =-A=y() =0
So, non invertible

() x1(n) = 8(n) = yi(n) =0
x2(n) =—-8(n) = y2(n) = 0
So, non invertible

() x1(n) =8(n) = yi1(n) =0
X2(n) =-3(n) = y2(n) =0
So, non invertible

(g) So, non invertible

(h) xi(n) = 8(n) = y1(n) = u(n)
X2(n) =-3(n) = ya(n) = —u(n)

So, invertible

21.
Sol:

(1)

(i)

Given
x(n)
Unit delay > y(n)
Convert to Z-domain
X(z)
z! > Y(z)
Y(z) B z! 1
X(z) 1+z'  z+1
X(n) =8 (n);
1
Y(z)= X
= ()= L x@)
1 1
Y(iz)=—1 =——
(Z) z+1 z+1
Y(z)=2"-2
(Z) “ z+1

Taking inverse Z — transform

ym) = (1" u(n-1)

ifn=0,1,2,3.......
Theny(n)=1[0,1,-1,1,-1....... ]

x(n) = u(n);
_ 1
=Y(2)= Z+1X(Z)
1 z
Y =
(Z) z+1z-1
Y(z) 1 A B
= = +
z  (z+1)z-1) z+1 z-1
R
__ 2.2
z+1 z-1
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22.
Sol:

23.
Sol:

V()= ity i 2
2z+1 2z-1
1 n 1
y()=—L 1 ulo)+ Luto)
Ans: (b)

Constant added - non linear
So, statement-I is true.

Time varying term - time variant

So, statement-II is true.

Both Statement I and Statement II are
individually true but Statement II is not the
correct explanation of Statement I

Ans: (d)
(S-D: 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)+4 d(n— 1)

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.

Statement I is false but Statement I is true

24,
Sol:

Signals & Systems
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) is
the correct explanation of (S-I).

Both Statement I and Statement II are
individually true and Statement II is the
correct explanation of Statement 1.
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Chapter > LTI (LSI) Systems

01.
Sol:
@ y(t)= Jx(th(t-t)de
“x(r) 4 h(t-1)
1_
> »T
"1 -2
Case (1)) t2<0 y(t)=0,t<2
.. =2 _a3(t+2)
Case (i) t-2>0  y(t)= | e¥dr= N0
0
1 e—3(t+2)
y(t)= 3 u(t-2)
b
( ) 4 X(’C) A h(t—’f)
O S 1
" t
Case (1) t<0 y(t)=0
t t2
Case (i) 0<t<l  y(t)=[tdt= A
0
L 1
Case (i) 1 y(t)=]tdt= 5
0

02. Ans: 0.5

[’e]

Sol: x(t) * h(t) = [x(Dh(t-)dt =y(t)

—00

0

y(2) = j x(h(2-1)dt

0

2
x(7) h(ii )
A
1
1/2'__|
1 I : #T
ol 2 6 0 2

04.
Sol:

0s.
Sol:

06.
Sol:

2 15 2
Ans: (b)
s(t)= Jh(t)dr=u(t—1)+u(t—3)
s(2) =1
Assume — t+a = A =>-dt =dA

00

z(t)z J.X(k)h(t +a —X)dk = y(t + a)

—00

@) x(t-7+5=x(t-2)

(b) X(t)* if)(t + Ej - ix(t N EJ
2] a) |a| a

(o) 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 A h(t)
(@)eu(1)s(t—1)=¢"'3(t—1)
[From product property]
(bye™| = e [Fromsifting property] |
>t
(¢)e""u(t 1) [From convolution property] -8 4 04 38
o 1¥(@=x(1*h(D)
Sol: Ldx(t)
dt
. 1
3 "t :
l -5 3 rs s
-1
) _5(c-3)-5(c- ) (i) T=2
dt +h(t)
9x{), b (0) = n(t—3)- h(e—5) |
dt ______ [ [ } [ ------
09. R
* | 4 2 0 2 4 ¢
Sol: (a) Ay An=A,,  [d(at)dt=—
o ¢ y(®)
11_A 1
oa o / \
1 >
A=y SV 8- 1 3
o
I 1 A OO 1
b)—.—=—, i t)dt =—
( )oc o o J;Osmc(oc) o 11.
A 1 Sol:
= a (a) 2 X(t) Iy
(c) Ix1= A2 je_atzdt =1 1 L
1 > >t
A=— 3 1t -1 1
V2 ty(@®
o
(d) txt=2An J;mdt:n /_Z\
A= n |4 I 7|‘ >t
2 - -2
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(b) Ans: (¢)

1 e

w(t)*u(t-1) o —

S

:es—3<—>—(t—l)2u(t—l)
© the
/T
0 T !
(0)= - [ult)-u(t-T)]
x(t) = u(t)
y(1)= x()* h(t)= = [r(t) (e~ T)
12. Ans: (a)
Sol: To get three discontinuities in y(t) both

rectangular pause must be same width. To
get equal width h(t) = x(t). It is possible

only
a=1
13. Ans: (a) Ah(t)
Sol: N
x(t)
5 2 “2 2
> L
-1 ot 2 02
+y()
10 10 10
3 - 1 3 ¢
ty(®
10
>t

y(t) = 10 for all ‘t’

14. Ans: (d)

%(t)*h(~t)

Sol:

x(t)h(=(t — 7))t
x(t)h(t - t)t

I
I

15.

Sol; Y(1)=———+x(=2)z(n+4)+ x(-1)gln+2)

+ X(O g(n)+ x(l)g(n - 2)+ x(Z)g(n - 4)+ -——=

x(n) =8 (n-2) = 1
=0

n=2
otherwise
y(n) =gn-4)
16.
Sol: y(n) = x(n)*h(n)
=2(0.5)"u(n) + (0.5)™> u(n — 3)

y(1)=1, y(4)=5/8

17. Ans: (a)

Sol: y(n)=[a, b, c,d,a,b,c, d---- N times]

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

So h(n) must be h(n)= ¥.5(n - 4i)

18. Ans: 31
Sol: x(n)= {1,2,1}

h(n) = {1.x,y}

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

y(n)={1,2+x,2x+y+ 1,x+ 2y, y}
y(1)=3=2+tx=>x=1
y2)=4=2xtytl =>y=1
y(n)={1,3,4,3,1}

10y (3) +y(4)=10x3+1=31
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gﬁvéﬂg% 12 Signals & Systems
19. Ans: (d) 1\ 101 n-1
i i - h.(n)*h,(n)=|=| uln)—-—| = u(n—1
Sol: Y h(n)=>a"+ > b"<xm 1( ) 2( ) (2) (n) 2(2] (n-1)
n=-o00 n=0 n=-o
\R
only when |a| < 1, |bj>1 = (2] 8(n)=38(n)
24,
20. Ans: (b) Sol: 1. The convolution of one causal, one-non
o w 0 causal system is may be causal or non-
Sol: [ |h(t)dt| = ({ e”dt+ [e"dt <o only when causal. So, given statement is False.
2. h(t) = e”u(t-1) is causal, un stable
a<0,>0 So, given statement is false.
3. h(t)=sino,t, T h(t)|dt = T|sin c00t|dt =00
21. table. S i ttiwt't
Sol: (a) h(n) = o u(n) + B o™ u(n-1) unstable. So, given statement is true
N | 4. y(t) = x(t-2) — causal
(b) h(n) =0 n<0 causa x(t) = y(t+2) — non causal.
System stable for any value of ‘B’ So, given statement is false
except B # oo and |a| < 1, except o =0 25. Ans: (a)
Sol: s(t) = u(t) — e *u(t)
7. h(t) = dz_(:) = 8(0)= [ 5(0) - e u(t)]
n n-1 _ —at
Sol: (a) (%) u(n)— A(%j u(n = 1) = S(n) —aeu(d)
26.
Whenn=1,A=1/5 n n (1)
Sol: s(n)= Zh(k): Z(Ej u(k)
(b) H(z)= } o o
1- g 271 n (1] k
=3 = >0
&) »
I_Imv(z)_l__z_l :0 n<0
n+l
s(n) = 2[1 —(%) :lu(n)
g(n)=8(n)-8(n-1)
23, 27.
Sol: x(n)=u(n), y (n) =03(n)
1 u(n) —u(n-1) = 3(n)
Sol: h1 (1’1) = 8(11) —56(1’1 - 1) y(n) = X(l’l) _ x(n—l)

X0 OB 03 T T R R OIS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




<<

& ACE E

X(n) = nu(n) se(t) = s'(t) *s,(t)
y(n) =nu(n) — nu(n—1) + u(n—1)
=nd(n) + n(n—1) =5,(1)*s", (1)
=u(n-1) Sc(t) # s1(t) * so(t)

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

jhc(r)dr = jhl (t)dt=h,(7)

=h,(7)* j- h,(t)dt
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Chapter@ Fourier Series

01.

Sol:

02.

Sol:

03.

Sol:

Ans: Zero

T TT
T =—,T, =—
27 6

L3 1= LeMxT =8

T, 2

Wy = 4

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

Ans: (d)
(a) Given signal is periodic.
So, fourier series exists
(b) Given signal is periodic.
So, fourier series exists.
(c) Given signal is periodic.
So, fourier series exists.
(d) Given signal is non-periodic.

So, fourier series does not exists.

(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’

(S) 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’

Q

(R)

(T)

04.
Sol:

05.
Sol:

06.
Sol:

07.
Sol:

Ans: (b)
f1 = SHZ, f2 = 15Hz
The signal lying with in the frequency band

10Hz to 20 Hz is 4sin(30nt + gj

2
p= (42) =8 Watts

Ans: (b)

At oot = 1/2

x(t)zl—%+%—%+___
=tan '(1)= %

Ans: (¢)

0=2 0K, 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)

T1 = 1, T2 :107'5, T3 = 87'5, T4 = ?TE
T() =40r

®, = 2n 0.05rad/sec

0
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fﬁ éﬂ., 2 15 Postal Coaching Solutions
. Ans: f
08 ns: () 1 a, =ij.105intcostdt:0
S@W+W)+0)3) -
2 x
Sol: Averagevalue = 5 =% b = ilesintsintdt _s
' 2n 0
09. Ans: (a) d; = aj +b =5
2n
Sol: a, = —— [ £(t)t 14. Ans: (d)
2y Sol: wo=m
8= Average value =0 x(t)=a, + Zan cos(nnt)+ b, sin(nnt)
n=l
10. Ans: (d) 1 x(t) = A cos (mt)
Sol: Ty =4msec f, =— =250Hz % .
T, A=a = Ix(t)e”” dt
51, =1250 Hz 0
1 2
B . 4
11. Ans: (b) :Ite det+J.(2—t)e ] tdt: —?
Sol: Odd + HWS — sine terms with odd ’ 1
harmonics 1S.
Sol: ap=5
1 n
12.  Ans: (a) b, = [10sinmt di = 1001 -(=1)"]
Lt 3 nn
Sol: (RMS)’ =— [ x’(t)dt a,=0
Ty 20 . 20
- x(t) =5 +=—sin t + —sin 3xt + — ——
T 3n
(=12 2d T36d
= —| || ==t | dt+|36dt
T J; ( 0 ) l tH(o)
L %) 1
_ 1144 ¢ }
T T2 3 .
A1t 4n @
1]|144| T T
=T F{g}f%(gﬂ y(t):5+%sinnt+%sin3nt
l[6T +18T] 16.
T T
=94 Sol: o, = 3
RMS = +/24 = 2./6A x(t) = 2 + cos(2m,t) + 4sin(5w,t)
X(t):2+le.i2®ot +l —j2mpt +i. jSo,t - —jSm,t
13. Ans: (¢ 2 2j 2]
Sol: Average value = LJIOsin tdt = 10 c=2,c=1/2, c, =l, c, :i’ c_ :j
27 T 2 2] 2j
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gﬁvéﬂg% 16 Signals & Systems
17. 21.
L L . 1k N
Sol: ¢, = [te™'dt = [te™"dt = 1 Sol: a, =— j x(t)e *dt
o ° 2nm Ty
Co = 1/2 _Ak27n 2 L
a =c +c_ =0 :l|:J‘eJ 3tdt+j—ej 3tdt
n n -n B 1 5 f
bn = J(Cn _C—n)__
nn L L
18. _ e 3‘1_‘3 3‘2
Sol: (i) y(t) =d, =e "¢, =e™c, =c, (-1)" 3 _jk2£ 0 _jk2£ !
(if) £(0) = x(6) ~y(®) 3 3
dn =C,~ (_ 1) ¢, =G ll - (_ 1) J 1 i _jkz?n { —jk% _jk%n
_ _ e 1l e
(iii) g(t) = x(t) + ygt) i ikon
d, =c, +(-1)c, =c, I+ (=1)] :
L[ T
19. Aans: (b) a = — I1-2¢ % +e 3
o g jk2m
Sol: d, =e™"c +e" e =2cos(nwyt, e, -
T
Assume t, = 7 22. Ans: (¢)
Sol: W, is a periodic square waveform with
d =2¢ cos ¢ period T and it is having odd symmetry and
! ! 2 also odd harmonic symmetry (or Half-wave
d,= 0 for odd harmonics symmetry).
W, is a periodic triangular waveform with
20. period T and it is having odd symmetry and
d also odd harmonic symmetry (or Half-wave
Sol: y(t)= % symmetry).
t
d—i .. Only odd harmonics: nfy, n =1, 3, 5 etc
n = JA®oCn of sine terms are present in wave forms W,
. - d, and W in their Fourier series expansion.
Jn®, Note that waveform, W, can be obtained by
L T2 inent integrating the waveform, W.
—_ _s(t_ o
dn = T_Tj/z(S(Hd/z) S(t d/2))e d If c, is the exponential FS coefficient of the
n™ harmonic component, ¢, """
2j . n(DOd 1
-, |caloc |- = |n"'| for waveformW,
d
Co T | Cq | oc L =|n"? | for waveform W,
n?2
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23- 1 —jk —jk2 —jk
= T-l-le T -
Sol: _ _]kZTC [ ( )]
(a) Polar form of TFS 1
k
: = — [y ey]
=d, + Zdn cos(nw,t+¢,) jk2n
n=1
2 K
- cxk=——|1—(-1
=2, <= o= ]
do=2,d1=4,d,=4,d;=4 ck = 0 for ‘K’ even (K=10)
polar form = 2 + 4cos(wet + 30°) Power =0
+ 4cos(2mot + 60°)
+ 4cos(3mpt + 90°) 25,

(b) x(t) ¢>cn
x(at) <> ¢, , M) = awy

x(t) &> ¢y
X(t—to) <> e "o,
dx(t) .
< (jnw,)c
dt (.] 0) n
24.
Sol:
10 :
(@) C, =— j x(t)e Ot dt
TO 0

1
C =~ [1.edt
2 0

C :1—(—1)
2jnm
e, 1

CO_EJ‘dt:—

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

(b) Co =j2 (average value) [given is false]

© %!xlmdt )

T
%J-xl(t)dt =2 is possible only when
0
x1(t) is constant. So given is correct
1 T - T
(d) Co= =[x (0t + L [x, (t)dt
T 0 T 0
=0+j2
1 T
= j X, (t)dt = 0 only when x, () is odd
0

given 1s in correct

26.
Sol:
1 o £
(a) Power = ¥J-_w|x(t)2 dt= n;OCn ?

2

C

n

=
= )EE)_.5)2+(1)2+(2)2+(4)2+(2)2+(1)2+(0.5)2
=26.5 Watts

) x(t)= icnej“‘“o‘

in jn
—j4o,t —j3ogt . o —j2mt . 4 —jmot
=C_e 1 4 C e Ple 2 1 C e ™le 4 £ C_ 7™
jn jn
joot 200t . 4 3ogt L 2 j4wot
+Cy +Cel™ 4 C et +CuelP™e2 4 C et
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{@u éﬂg@_ 18 Signals & Systems
} 3ot C—->3
— —j4ogt et 2
=0.5¢ tle D. Given signal satisfied half-wave
06 P ) st lejmowg N Zeﬂwot% symmetry so only harmonics are present
D—>4
- (O.S)[e’j“”“t + gt ]+ 2{6_@0(_4 + ermOH“}
28. Ans: (b)
Bop-t Pogt A Sol: Frequency is constant. So, S; is LTI system,
© e * frequency is not constant. So, S, is not LTI
system.
= x(t)=cosdo,t +4 cos(2m0t + Ej
4 29. Ans: (d)
. Sol: Fourier series expresses the given periodic
+2 005(3(’°ot + Ej +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,+) a,cos(nw,t) + Y b sin(nw,t)
n=1 n=1
(¢) fp=10Hz = Ap + A, cos(nmot + ¢p)
00 = 27 £, = 20 7 rad So, statement (1) is true.
A, and ¢, (Amplitude and phase spectra)
x(t) — cos(SOnt) 14 005(40,“ n Ej occur at discrete frequencies.
S So, statement (2) is true.
+2005(60nt +Ej 4 Waveform symmetries (Even, odd, Half-
2 wave) simplify the evaluation of FS
coefficients
d t off fi =25H . :
(@) Cuto requency_ g So, statement (3) is true.
=50 m rad Statements 1, 2, 3 are correct.
So output of the filter is
- 30. Ans: (d)
y(t)=4cos| 40mt+—- |+4 Sol: For a real valued periodic function f(t) of
4 p
frequency f
27. =G
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
) spectrum of real function f(t) is even and
B. For a full wave rectified wave form phase spectrum is odd.
2A .
c, = Sy.niseven
nil —4n ’
B —1,
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Chapter > Fourier Transform

01.
Sol:

02.
Sol:

03.
Sol:

04.

Sol:

0s.

Sol:

X(F)= [x(t)e 2 dt

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

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

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

=(4><2)—Gx1><2j=7

(b) 21x(0) = 2nx2 =4n

() x(t)=e™u(t)+e™u(-t)

1 1 2a
X((o)= —+ — == 2
a+jo a-jo a 4+

-2jo

b5 —at _ pat _t
(1) e u(t) e u( )(—) T o
Asa—0

u(t)_u(_t)H%

sgn(t)(—)_i
]j®
12

G =1

(©) +0)2+9

Apply inverse Fourier Transform
g(t)=58(t)+2e™"

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

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

06.

Sol:

07.

Sol:

08.

Sol:

Y(co)z 2sin ® N 4sin2m
® ®

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

Ans: (d)
Y(o) =3X(2w)

x(at) <> lx(ﬂJ
o \a

X[%j & 2X(20)
%x@ o X(20)

y(t) = 3/2 x(t/2)

1) 1< 2n0(w)
. 1
i) —

a+jt

o 2me™ u(- o)

—a|-0|

111) <> 21e
a’+t?

1v) 1 < —jsgn(o)
it

x,(t)= rectG) X, (£) = Sinc(f)
x(t)= x(t _ %} X(F) = e X(F)

FT[x(t) + x(-t)] = X() + X(-£)
= 2cos (xf). Sinc (f)
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09.
Sol: u(t) > 73(w)+ ——
jo
,lt+ 78(t) > 2mu(- )
J
1 1
=dlt)——
2 (® j2mt ©ufo)
10.
Sol:
i) x(t)=eMu(t-1)e
_oing3 1
X(m) e e 1o
i) n(éj < 2Sa(w)
n(t—_lj « 2e°Sa(o)
N 4
1) e <> PP
2Jt-2] 4e0
4+
11.
Sol:
(a) fi(t) = f(t— 1/2) + f(-t-1/2)
_o Jo
F(o)=¢ 2F(o)+e? F(-o)
3.t
b) f,(t)==f] =—1
(b) £,(6)=3 (2 j
F,(0)=3¢"F(2w)
12. Ans: (a)
Sol: g(t) = x(t-3) — x(-t+2)
G(f)=e*X(f)-e ™ X(-f)
13.
Sol:

1) cos ot = %|:ejw0t + e_jwot} © Tc[S(er m0)+ 8(0)— (DO)]

i) sinw,t <> —[5(w -, )-5(0+o,)]

! ! 1
111) e gin o tu(t) <> — B
¢ sino. ()(_)2j|:a+j((0_(‘0c) aﬂ("”‘”c)}

V) Areef L coscx)otzﬂ Sa| 7% |74 gl =% i1
T 2 2 2

14.
Sol:

Sinc(t) <> rect (f)
Sin c(t)cos(10mt) <> % [rect (f—5)

+rect (f+5)]

15.

Sol: (i) ¢ ”'x(t)<> X(w+3)

(Frequency sifting property)
.3

e “x(t/4) o 4X(40+3)
(Time scaling property)
.3

ieﬂ“tx(t /4) X(4o +3)

(ii) Ans: (a)
X(o)=278(w) + 7[8(w—47) + 8(w+ 47)]

x(t) = 1 + cos(4mnt)

16.
Sol:

Ans: (d)
X(f) = &(f - fo)
X(t) — ej27'tf0t

X(t]t:i =¢

8f,

i
4

Lx(t):%
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17.
Sol:

Ans: (b)
tX(®

i) 7 o

X(t) cos 2m t <> %[X(f —1)+X(f+1)]

2
’L
300 -1 1 3
18. Ans: (d)
Sol: Output of multiplier

= %x(t)cos(cht + 6)+ % X(t)COS 0

Output of the filter is = %x(t)eos Ox2
= x(t)cos O

19. Ans: (¢)
dx(t)
t = 7
yo=—
Y(0) = joX(w)
It x(t) is even function, then y(t) is odd
function.

Sol:

It x(t) is triangular function X(w) is Sinc?
function, it is real.

y(t) 1s odd function, Y(®) is imaginary.

-1
20. Ans: =——
2n
Sol: x(t):L[TX(w)ejmdw}
21| “»
dx(t) 1

i 2. T joX(w)e do

2T o

dx(t) 1 .
=— X
at |, " 2n 03¢ (o)t
1]9. . L.
= 2—[!&(— i ko + JJ@(J\/;)C’CO}
TUL-1 0
_ 1
24n
21.
- d 2a —4jam
Sol: te ! —[ } = L
0 © (_)Jd(,l) 3.2+(Dz (az+0)2)2
te 1! —4jo
(0)2 + 1)2
Apply duality property
_ 4t < —27‘cj0)ef‘w‘
(t2 +1)2 ‘
o
Sol:

(i) X,(0)=e™X(-0)+e " X(-0)

(i) X,(0) = % e_Zj"’X(%j

(i) X;(0) = (jo) ™ X(o)

(V) X,(0) = i [joX(o)

23.

Sol: x(t) =rect (t/2)

X((Q): 252;1(0

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

Ya(w) = X(0) X(0) = 2sin® 2sin ®

sin’ ®
2
®

Y, (0)) =4
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©. v:()=tx(0) Yy(0)= - [x(0)]

do
(d).

(0= 2 jox(o)

ye(t) = (t+1) x(t) + 2u(t-1)

n(0)=3 3] 0210

ya(t) = y2(2(t+1)) —ya2(2(t-1))

(e).
(.
(8)

(h).

v (t)= x(t)sin xt <> 2Lj[x(co_ 1) - X(w+7)]

1 ®) oy 1 O i,
Yg(ﬂ))zng[Eje i 1)—5Y2[3Je o)

:le @ eim_lyz i/
2 2 2 2

). y,(t)= x[i]—lyz(t)

2) 2

Y, (0)= 2X(2m)—%Y2 (0)

)= 3(2)

yio(t) = z(t+1) + z(t) + z(t-1)

()-

Yio(®) = (1+2cosm) Z()

24. Ans: y(t) = cos 2t
Sol: h(t)= sin 4t H(o)= rect(g}
Tt 8
“H(Q))
1
4 4@

y(t) = cos 2t

25.

Sol: X(w)= rect(

0) 0]
+ rect
20, ] (2032 J

So, non-periodic

, 1X@) (o)
1
1
> (0 >
-0 -0 01 o -0f of
(@). 0<or<or Y(o)=X(w).Ho) tHw)
2
2sin®,t
y(t)=—"—""
Tt >
-Of (O
(b). o <or<m
MY((O)
2
1
> (0
-®Of -0 01 of
(t) _sin ot y sino;t
Tt Tt
) y(t) _sin o,t N sin m,t
Tt Tt
26.
Sol:
(a). X(0) =38 (w) + §(—-5) + 8(w-)
X(t) _ 1 + e—]5t+ e—]rrt
e ™M =T, _2T_,
T
e_jSt :> T — E f— 2_7-c
5 5
T 5. . .
—L == isirrational
T, =
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(b). h(t) = u(t) — u(t-2)
h(t)

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

. O
sin —
rect (t) <>

2
rect(l - 0.5) e o SO
2 )
= H(w)=2e™ She

x(t) * h(t) <> H(®) X(o)

X(0)H(w)=[58(w) +8(w—5)+ 8w - n){zeim Sm“’}
()
= 8() Lt 2¢ 7 202 1 50— 5)2e Bl
x—0 ®
+ (o) ST
T
= 28(03)+ e % 8((1) h 5{ Lt smnx _ 0:'
X7 X

Xﬁ@H@ﬂ:%ﬁ@+2aﬁﬂ%§am—ﬂ

= x(t)*h(t)= 2+ 2¢ 5 S0 s

= Periodic

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<m>=iy(t>ewdt}

rect(t)(—)
®
(ZJ
sin(n.
27
o ———~2
0]
ni
27

=

T

rect(t

rect(t) <> sin c(

cosT <> T [ O(w—m) + 0 (® + m)]

¥, (@) =sin 0(2_‘*;} 150 — 1)+ 5(0 + 7]

Y, (o) zsin% w23 — )+ (0 + )]

®

=£sin2xn8(m—n)+ ESiHQXTES((D-FTE)

® ®
L sin = (o — 1)+ ¢ sin(%jr@(m +7)

T -

=208 (0o—m)+ 235 (o +m)
Y, (m)zin[a(m 1)+ 80+ 7))

Taking inverse fourier transform

SOy (t)=£cos it
T

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

Similar to above

Y, (0)= % sin 2 8 - 27+ 80+ 25

_2 sin[mJRS(w -2m)+ E Sin(m)TES((x) +2m)
) 2 ) 2
= isirl(z—ﬂ)rtﬁ(co —2n)+ 2 sin[ — 275]%8(@ +21)=0
2n 2 -2n 2
Syt =0
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X

(c). ys(t) =sin c(t) * sinc (%j 1
rect (t) <> sin ¢ (gj ©
T
0 2
Slnc[ t ) ©2n rect( ) -m 0 T - n
smc[ j(—)anect ) <0
"~ Yi()=0
sin c(t) e rect[ j )= 0
t
sinc Ej 2 rect( j ’8.
Sol: R
Xi(w)
Y, (0)= rect[ 27:}2 rect( nj »
1 > y
—8n ]
" (a). sinc(8t) &>
(O]
- ’ w0 oar 0 o2

H(o)=8¢""X,(0)=¢ —-8n<m<8n
) =0 otherwise
Y (o) = me *[8(cw + 1) + 8(0— 7))

y(t) = cosm(t— 1)

- 0 n/; Q) (b). Ans: (d)
G(f)=e™ H(f)=e™
Y, (0)) =2 rect(gj
m Y(f)=G(F)H(f)=e >
Y, (0)) 2 rect(gj
i 29. Ans: (¢)
Taking inverse fourier transform Sol: ™ e
. t From frequency shifting property
y,(t)=sin C[_J x(t) = eP7e
' . -conjugate even symmetry
(d). sinc(t) <> rect (Ej 30.
Sol:
Bt -3
e”™ sinc(t) <> rect( (DZn n} (a). Y(o)= %[X((o —0,)+ X(o+ o, )]

sneye sl 2 Jere( %) |00 20"
2n 2n it it
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X(co) = {rect(gj * nrect(gﬂ
T 1
X(w) =
1/2
— N
-3/2-1/2| 1/2 3/2
31.
Sol: }x(t)dt<—> ( )+nX(0)6( )
HM'FTCS((D)
jo
32.
Sol: M(—)rect[ﬂj
it 2a
1X(®)
>®
-a a
2a a
X = — ——
ZTE—'[J ] T T
33.
1 -1/2 1/2 5
Sol: E=—{j ndo+ | Tdo+ jndw} =
2n Ry 172 8
34.
Sol: Exy=1/4
1
X(o) =
| ((D)i 4+
1
Syy () ‘X( X | H(o)| FIpeL ®, <0<,
_ 111 fo)"
Ey(t)—27T S J(0)do :8—2n2tan [J

®. =2 rad/sec

_1 7 —2M2
—5(27'5):!;6 dt
_r
2
36. Ans: B 2.302
a
2a
Sol: t)=——
&t a’+t°
We know e !l < 22a -
a-+o

37.

Sol:

—a[a

: 2
By duality property — 2 soe
a +t

2
—alo|

B 2
Given He_a‘“"

:J‘ 2amdm+j 2204y = 099[J' Zamdm+Te—2amdw
0

2a0 0 —2a® B
=S |+ —] =099
2a | —2a

e2am 0 e—Zam ©

2a }w+—2al}
1 2] 1 [ 099

:Z[l_ezB] [ 2aB 1] - 1 1]

228 — 7% 0.99

= 1-e%8=0.99
= 0.0l =¢ B
= n (100) = 2aB

=2 2e

_ 5 /m(100) _ 4605 _ 2302
2a 2a a

Ans: (a)

E= T|X1(f)|2df =§><108
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38. Ans: (¢) 42.
—® Sol: The condition for distortion less
Sol: AH((D) “ 60 30m < <30m transmission system is magnitude response
is constant and phase response is linear
wo=10n [H(10m)|=2, £H(10%)= - function‘of frequpncy. These two conditions
6 are satisfied in the frequency range
_ _ _ —13m 20 to 30 kHz. So, from 20 to 30kHz no
wo =26m [H(26m)|=1, ZH(267)= distortion.
T . 131
t)=4 10wt —— |+ 26mt ———
y(t) 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: B(w) =-mty
So, y(t) =
t (0))=_e((0)=t 1 i s
P ® 0 —x8cos| 20mt + ——20° | =4 cos| 20mt + ——20°
2 4 4
—d6(e)
ty ((D) = =1 ! (4)2
do Power in y(t) = ~——=38
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 +4AT QN And For — 100 < ® < 100, there is no phase
[H(f1)| = 0.95 distortion
fi=522 Hz xi(t)

41.
Sol:

(ii) Ans: (a)
0(f) = —tan '(2nfRC)

B —de(f)_ 1 2nRC
tg(f)_ df _%{W}

tz(100) = 0.71 msec

Ans: (¢)
y(t)= % cos(100(t =10 )Jcos(10°(t—1.56x10°))
ty =107° t, = 1.56x10°°

® =20 and ® =60

So no phase distortion and no amplitude
distortion.

Xa(t)

o =20, o=140

Amplitude distortion, do not occurs.

Phase distortion occurs.

[ ©=140]

x3(t)

o =20, ®»=220,

Phase distortion and amplitude distortion
occurs

[ ®=220]
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BACE
45.
T
Sol: R_(t)=|x(t)x(t—T1)dt
W
R _(1)= Tcos(mor) =18cos(6m1)
Power = Ry(0) = 18
46.
Sol: r_(t)=x(t)*x(~t)=e"u(t)*e* u(-t)
F.T 1 34
L (DeSy(w)=c—s =)=
+ o
47.
Sol:
1 2 1
H(o) =——, [X(o)* =
@ | (0)) l+o®’ (0)1 4+
Syy (03) = |X((Dl2|H(sz
(b) y(t) =x(t) * h(t) = [~ ¢ *Ju(®)
0 2 1
1
E .=—
x(t) 4
1
Ey(t) - gEx(t)
48.
Sol:

i) Ans: (b)

x(t):e—&u(t)*e—&u(t):% &t
X(Lj __ 1

16) 164e

ii) Ans: (¢)
2 1
SGG (('0)_|G(0‘)1 - 64+(D2
1

SGG (0) - a

iii) Ans: (b)
y(t)=e™u(t)*e*u(-t)

_ 1 e
ylt)=1ce
1
0)= —
¥(0)= ¢
49.
Sol: 1 (1)=x(t)*y(-t)=e"u(t)*e u(-t)
L, (‘C) o 1 1 1/2 1/2

+j03—jo 1+jo 3-jo
1 . |
rxy(r)=5e u(t)+5e3 u(-1)
50.
Sol: Given x(t) = sinc 10t

; ®
Sinc t <> rect | —
(271]

sin c(l Ot) © li rect[%)
T

A

—-10m

3 (co} e
=—rect| — |e
10 8n
.. output energy
1 7 2
=— ||Y(o) do
21t'[0| ( ]
1% 9

=271 100

4
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{@u £ ﬂg% 28 Signals & Systems
19 e
—Eﬁ ;OS'[ nT, (—)fZ;OSO) Il(J))
Output energy = %J Z 8 t— IOn Z 8(03 n—]
ZB(t 10n) > X, (@ Z ®-n j
51. o
Sol: X (w) X(o)= 15 Z X, (E)g(w - nﬁj
(a). ®n=200T7 10 =, 5 5
1 T T
= 400 7 rad/sec o X(m)=ﬁ ———+X,(0)8(w)+ X, 3 S o< |+
-2007 2007
| o253
s = 800 1 rad/sec T 21
X|=1=2,X,|—|=2,
5
| b
—400% ' 400m X, (3_“] _X, (4_“) "
5 5 5
(©). x,(t)==[cos(500mt)+ cos(3000mt)]
2 X(m)
®m = 5000 7 4
s = 10,000 7 rad/sec
®
d). X,(0)= rect > ©
@ 4( ) 6+ jo (Za) 2n/5 —w/5 0| w5 2n/5
(Dm =a
P2 The maximum frequency in above signal
m o 1S
f,=2f, =2 Hz i
T 2nfy, = 27/5
fn=1/5
(e). om =120 7, f, = 60Hz Nyquist rate = 2f,, =2/5= 0.4
(fs) =2 =120 Hz
52.
(f) Ans: 0.4 Sol:
Sol: X () X()
sin—t 2
X, (t) =2 R B | >
i “n/2 w2 % %
2 2
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(a). X(oo)+e_j“’,X(m) no change in frequency axis 54. Ans: (d)
(©¢)min = 20m = 9 Sol: Given x(t) = 100 cos(247 x 10° 1)
1
(b, d);Et) & j0X(o) 0= o f,= 12000Hz & f, = op 20KHz
) The frequencies in sampled signal are
®
(©). x(3t) & E'X(?j = nfs + fm = 12K, 8K, 32K, 52K, 28K -
I — The above frequencies passed through a
o =9 30, _ 3 —309  30g filter of cutoff from 15K.
S 2 0 2 2 So, output is 8KHz, 12KHz only.
1
(d). =X(o+ o, )+=X(o+o,)
2 ’ ’ 55. Ans: (a)
Sol: f,,=200Hz, f; =300Hz
. . The frequency in sampled signals are =
| m' 30') 200, 100, 500, 400, 800. Cutoff frequency
70 TO of filter is 100 Hz.
3 Output frequency = 100 Hz
®,
0y =2 X =3,
2 56. Ans: (b)
53. Sol: The sampled signal spectrum is
I: =
>0 1 X,(H = Y X( -nf)
(a) x1(2t) =X, 4 K ¥ .
2 2 If f=f,,—The spectrum is constant spectrum
In this operation maximum frequency .
becomes double. So, f, = 4k, f; = 2f,,=8k 7. Ans: (a)
(b) xz(t—3)<—>e’3j‘”.X2(m) Sol: f,<f.<f,—f, = 5<£,<9
In this operation maximum frequency does 58. Ans: (¢)
not change double. So, f,, = 3k, f; = 2f,,=6k Sol: f,, =100, f, —£, = 150
() Xi(m)+Xs(w) f; =250
In this operation maximum frequency is T = 1 — 4msec
max(2k, 3k). So, fi, = 3k, f; = 2f,, =6k -
(d) Xi(0)*Xs(o)
In this operation maximum frequency is | 59. Ans: (d)
2k + 3k. So, fi, = 5k, fy = 2£, =10k Sol: f. _ 173 _10° = 1kHy
() X (w).Xs(w) , 10
In this operation maximum frequency is T, (nm
min(2k, 3k). So, f, = 2k, f, = 2f, =4k 1 & S 5
| C, = [3eT™dt -2~
® E[Xl(m 10007)+ X, (0 —10007)] 0T, nm
6
fn=2.5kHz, (£)min = 2fn= 5kHz 5. Ch=0forn=3,6,9.....
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Signals & Systems

Cz0forn=0,1,2,4,6,7,8,10
R =) +f+6f....

Are not present in signal
+400+3(1000)=+34K,+2.6 K

So options with 3.4 K and 2.6 K are wrong

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

So (D) is correct.

60.
(i). Ans: (b)
Sol: A X(0)
—10007 10007 c=o

Output of multiplier is = x(#). cos(1000t)

_ %X(m—IOOOn)+%X(co+ 10007)

4 Output of multiplier
2000 0 2000 ©
sin(15007tt
h(t) = —( )
Tt
H(w)
-1500r O 1500% ;0)

Y(®) = X(»).H(o)

15000 ©

—-15007 0

The maximum frequency in y(¢) = 1500 &t
o, = 1500 1
fn =750
(f)min = 2/, = 1500 Hz
= 1500 samples/sec

(ii) Ans: (a)
Sol: x(t) = cos[l Ot + gj

fs= 15 Hz, ws = 2nf, = 30 tHz

h(t)= (sm L J cos(40nt - Ej
Tt 2

A

sin it 1
—>

Tt

> (D
-1 T

h(t) = ~ {cos(40nt) cosE +sin 40mt sin E}
it 2 2

h(t) = Siggt .sin 407t

Tt
:i sin Tt Q0% _ sin 7t o0t
2j| mt mt
A H((D)
1/2i
—41n 391 R
300 4ln O
—172j
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T . . T 61. Ans: (¢)
x(t) = cos(l Ont)cosz - sm(l Ont)smz Sol: x(t) = m(t) c(t)
1 Where c(t) is carrier signal and m(t) is a
X(o)= _2[ n(3(w+10m)+8(w—10r))] base band signal and f. > fy (where f; is
| carrier frequency, fy 1is the highest
. |r _ _ frequency com t of m(t))
~(8(w—10m)-8(0+107 quency component of
5| lo-t0m)-slovius)] | e
Sampled signal spectrum Where f (t) is Hilbert transform of f(t).
03): f, ;X(‘D_ no‘)s) For the above problem c(t) = sin(nt—%)
n=0, ®n, —On =-107, 107 in(rt/5
=1, 0~ Om O + On = 207, 407 and m(t) = —ﬁ[—smﬁt T )j
n=2,20s— On, 20 + ®n = 507, 707 Complex envelone
only 40r frequency is allowed output of 4 ” P _ionf.t
filter is = [X(t)"‘ JX(t)]e ¢
- —j2nft
Y(o;)) = %[2— 8((0 + 4071:) X 6(&) < 40n)} ‘—\E[m(t)s '( ——j Jm(t)CO{ ﬂ ¢
J J
, — T —j2nft
_EL 276( _40}.5)_%(2;J6(m+40n)} == \[im( {cos[nt - Z) + Jsm(nt - ZH ¢
+j -2 —-j2n 1 t
_13 — 2 5(c+ 40m) + — 8( — 40m) = —V2m(t)e ( 4)'6 )
V2l 2] 2j i n
_1_5[—6((0 40n)——8(a)+ 40r) o S
V212 _ ﬁ( sin(t / 5))65;
mt/5
_ T (4 40m) + L 5(c0— 407)
V21 2] 2] 62. Ans: (b)
. ES(@ _40n)+ ES((O+ 4071)} Sol: Givens(t) =e™ cos[(o®, + Aw)t]u(t)
2 2 Complex Envelope §(t)=s, (t)e'™'
| _ ra—at . j(o.+Ao)t —jot
Y(o)= 15 {E [8(e + 407) + (e = 4011)]} S =[e¢’ u(le” .
V212 Complex Envelope =e™ & u(t)
T
2 oo 05) -0+ 405 & Ans:s
s Jl | Sol: Y(»)=X(w) H(®)
y(t)= ﬁ [E cos40mt + ) sin 40nt} AX(0) AH(o)
y(t)= ] {cos 40t cos = + sin 40mt sin E} 2 j
2 4 4
> > ©
y(t) = Ecos(40nt - E] —2n 2m
2 4 - —
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Yw)=-2) 0<o<2rn 65. Ans: (¢)
2j 2n<w<0 Sol: Aliasing occurs when the sampling
o . frequency is less than twice the maximum
J.|y(t)| dt =— I |y(0))|2d03 frequency in the signal, and it is
s S irreversiable process.
1 [ 0 So, Statement I is true but Statement II is
:E|:J‘4d(0+ J‘4d(,0i| false.
0 -2n
= 4 rv2n] 66.  Ans: (b)
2n Sol: Sampling in one domain makes the signal
167w to be periodic in the other domain. It is
on true.
=3 Multiplication in one domain is the

64.
Sol:

Ans: 10kHz

m(t) — band limited to SkHz

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

convolution in the other domain.

Both statements are correct and statement
(II) is not the correct explanation of
statement (I).
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Chapter > Laplace Transforms

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:
(a).
(b).

_ 1
e u(t)e> ——,0>-a
s+a

-1
e'u(-t)<>——,c0<a

, -1
e "u(-t)«>——,c>-a

s+a
1 1
1) X/ (s)=—+——,0>-1
o 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 x;(t).

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

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

ROC=(c>-5)n(c>Re(-p)=0c>-3
Imaginary port of ‘B’ any value, real part of
‘B’ is 3.

The possible ROC’s are
c>2,0<-3,-3<o<-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) = e 0D u(t—1)e " > X(s) = S
- ' i " s+5

g(t) = Ae u(—t —to)

,0>-5

06.

Sol:

07.

Sol:

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):i_Se _15e +Se
S S S S

2 2

Ans: (a)
x(t) = r(t)—r(t=1)—r(t-4)+1.5r(t-6)-0.5r(t-8)

1 e® e 3e® 1e™
X($)=———— = ——
®) s s 87 28 2%
So,D=-+=-05

2
Ans: (¢)

1
X))z — —
) (5+1)s+3)

1

Gis)=X(s-2)=—-+——
(6)=XG )(s—l)(s+1)
G(w) converges means ROC include
Jo axis
-lI<o<1

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

G(S)zﬁs—ﬁ—aﬁs—aﬁ __s

s -1 s* -1
af-pB=-1,-B-apf =0
a=-1,="%

HO_ oy Y o

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

Y6)- 2 X6

dt

s* +4
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11.
. -4 4 4 4
Sol: (a) X(s)= 5" G Grl) ]
x(t)= _4e2au(t)+4§et uft)
—4te " u(t)+4e " u(t)
o e—ZS
(b) X(S) - (S 4 1)3
x(t)=—(t—2) e u(t-2)
2 . 1
—¢ u(t) A (s N 1)3
12.

Sol: y(t) + y(t) * x(t) = x(t) + 5(t)
Y(s) +Y(s)X(s) = X(s)+1

Y(s)=1
y(t) = 8(t)
13.
e—2s
Sol: x,(t-2)« ,6> =2
s+2
e—3s
Xz(—t+3)(—)_s+3,(5<3
—2s —3s
Y(s)=————,-2<0<3
s+2 —s+3
14.
Sol: sY(s)+4Y(s)+ 3E =X(s)
S
13
S 2 2
H = =
(S) (s+1)(s+3) s+1+s+3

h(t):_?let.u(t)+%e3t.u(t)

s+l

X(s)=L+1
S

S

15.

Sol:

Ans: (d)
1 —6s _ l
X(S)—H—2+e ,H(S)—s
1 e
Y(S) = X(S)H(S) = m + T

y(t)=%[u(t)—e‘2t a()]+ut-6)

16. Ans: (b)

_

Sol: H(s) = "

o Wl 2
Y(S)_s+3 s+5_(s+3)(s+5)
= YO 2

H(s) s+3

17.

Sol:

18.

Sol:

x(t) =2 e u(t)

Ans: (b)

V(s) 1 Y(s) 1

X(S)_S+1 V(s)_s+1
Ys) 11 1

HE) X(s) s+1's+1 =(s+1)2
h(t)=te™. u(t)

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

(b) x(t) =u(t)
y(t) = 1(t) is unbounded
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) - in>t0 SY(S) N g =1=k=8
1
H(s) = ) =4, 12
s +as+a S)=
o s+2 s+4
G(s) =—H(s) +sH(s) + aH(s) h(t)=—4e'u(t)+12e ™ u(t)
S
487 +s 1 1
G(s){“ ° “}{ _ 2}— 23.
s s +as+o s )
. jo—
Number of poles = 1. Sol: H{jo)=
p (i) (jof +4jo+4
20. Ans: (d) o N x(t) = 8 cos 2t, g =2
Sol: Change the initial condition to —2y(0) 11
and the forcing function to —2x(t) H(jo, )= 14— = + 7 j
J
21. 1 T
Sol: (a). x(0)= Lt sX(s)=2 [ Hlo, ) 1= -, | \5’4H(‘”o)= 2
x(e0)= slito sX(s)=0 y(t)= A N 005(2‘[ + Ej =22 cos(2t + EJ
4s+5 22 4 4
(b). X(s) = improper function
2s+1
24. Ans: (a)
Xs)=2+ 2= o4l
2s+1  2s+1 . Sol: H(j(n)=2—_
neglect the constant ‘2’ in the above -0 +2jo+l
function. oo = 1 rad/sec
x(0)= Lts.——=2 H(wo) = 0
e 25 THRN2 y(t) = 0 for all o,
2
x(00)= Lt sX(s)= Lt T\ ELN 0
0 =0 25+1 25. Ans: (d)
(C). X(O) =0 . 2 1
Final value theorem not applicable, Sol: (i) H(s)= < _s_2 X(s)= S
because poles on imaginary axis. 5
d) x(0)=0 Y(s)=Xl(s)H(s)=————
()X((; | () () () s(s+1)(s—2)
x(o0) = —
S =2 pole lies right side of s-plane
22. y(o0) = oo unbounded
Sol: H(s)= k(s+1) X(s)= 1
(s+2)s+4) 5 26. Ans: (d)
K ( 1) Sol: For an LTI system input and output
Y(s)=H(s)X(s)= _ 8+ frequencies must be same, there may be
s(s +2)(s +4) change in phase.
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Given that input is a;sin(mit + ¢;) and 28.
corresponding output is a;F(mat + ¢2). 2+s—2
. . Sol: H(s)="—""=
From the above condition F may be sin or s+3
cos and ®; = ;.
1 s+3
H.  (s)= =
7. RO
Sol: Given X(s)= 5+2 o > +1 causal unstable
5—2 Does not exist in this case a causal & stable
y(t)=—Ze™u(-t)+=eult) system.
29. Ans: (¢)
2 1 1 Sol:
Y(s) 352 3° u(t) (a) A system to be stable & causal all the
poles of the system should lie in the left
Y(s):z. L O O half of s-plane.
3s-2 3s+l (b) Any system property like causality,
U stability doesn’t depend on the location
6<2 o>-1 of zero’s. It depends only on poles
location.
Y( ) (c) There is no necessity that the poles lie
(a). . H(s):X—S within |s| = 1
S All the roots of characteristic equation
1] 2(s+1)+s=2 means all the poles of the system should
3| (s-2)s+1) N 2’3 k@l lie in left half of s-plane.
l s*2 c>-1
52 30. Ans: (a)
1 s—1
Sol: Y(s)=——,H(s)=—
:l 3s () s+2 () s+1
3(s+1)s+2) Y(s) s+l 2/3 1/3
X(s)=2) 23,
S H(s) (s—l)(s+2) s—1 s+2
= ,o0>—1 .
(s N 1)(5 N 2) Stable input 2 <o <1
2
x(t)= —ge‘u(—t)+%e_2‘.u(t)
(b). The input is ¢’ Vt
.. the output = H(3) X input 31. Ans: -2.19
3, Sol: Y(s)= 1-—+—
= 45 ¢ s+6
A y(t) = 8(t) — 4 e *u(t)
-0.6
t)=—¢ y(0.1)= —4e
=25 — 2.19
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DTFT

01.
Sol:
19191 h(0) ¢1 |
X { sin((D(N1 + )]
- 2
I »n &
N N sin &
. (70))
Sin 7
(a) H((D)—ﬁ
sin| —
2
Here N; =3
1 r { ] h(n) { 1
3 y
h(n) # 0 n < 0 — non — causal
(b)
Here N =1
After applying time shifting property
1 ol ol
012 °
h(n) = 0 n <0 causal
(¢) h(n) = 8(n—-3) + d(n+2) - non causal
02.

Sol: (a)a" u(n) <> —

y(n) = (ﬂlu(m
1

Y(ej(”)=
1— 1 e io

(b) X(ej“)): ix(n)e_jmn

O=T

X(ej7t )= ix(n)(— 1)" = cos®(3n) = -1

n=-—oo

() H[eI® )= 14+ 267 4 36210 1 ge 30

DC gain H(¢"®) = 1+2+3+4 = 10

03.
Sol:
(i) XE™)=1+e +e™ +%[l +¢0s20]
; | ] 2jo -2jo
X(e®)=1+e" +e" $3 e
2 2

X(e“)=1+e™ +e + 3 + éezj‘” + ie‘zj‘”
2745 Ty

X(e™)= ix(n)e‘j“’“
x(0)=l+% :%, x(1)=1,x(-1)=1,

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

3.5 .3
n)= _713_713_
x(m) [4 2 4:|

2
(i)  x(n)=28(n+ 3)-38(n - 3)
X(&®) =2e¥° — 3 e U° = [0 — ¢ O] H®
X(¢") = 4jsin(3w) — ¢ ®
Given X(¢/®) = asin(bw) + c&'*®
a=4j,b=3,c=-1,d=-3

3
4
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":ﬁv éﬂg% 38 Signals & Systems
04. I
sin(n nj . 1 — n/\ > ()
4 ) ion -n n
Sol: e © | p 3 @ 5 5 1
nn ad il
4 4 - 7'5/\37[ > Q)
(T Y(e) ) 5 S
— .T[: -
sin 4 n e_rn . [ /
o —3n —Tcl " I TR T
L 7 2 2 2
YE)=1,YE"=1
Y(e®
") 06.
- Sol: [lj u(n) & +
Sx - |x 3" 2 1- e
4 4 4 4 From time scaling property
sin ilnj » . (ljwu 1) A 1
Y(n) = |:e—12n Le Jzn:} 2 10 1 1 —jl0w
nr Y €
. mm
Sy m 07. Ans: (b)
y(n)=2 COS(—J Sol: x(2n)= {1, 3, 1}
nw 2 A
X(2n) = 6(n +1) + 38(n) + 3(n—1)
05. / W
Sol: _ d(n—n,)<>e™
(a) tH(™) FT [x(2n)] = 3 + 2cos®
08.
vy 0. 2 Sol: X(Ej o X(ej“’k)
=(-1)"h .
g(n) ( ) (n) (i) X(%j AN X(ejwz)
G(ejw): H(ej(w*ﬂ))
G(e") (i) x(2n)<> X(ej2]
o 09.
| T-0 ™ nl+o§c Sol: o' u(n) < | ! —
—oe
Ideal HPF ; g 3o
. . . o un-3) < .
(b) Y(eJ‘” ) = X(eJ‘” )+ X(ej(“’*“)) u ) —ae
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@ éﬂgg 39 Postal Coaching Solutions
in® _ e73j(o)fn/8) 1
e %o 3,1,1(11—3) |:1ae(‘”“/8):| :1+\/§
j"g d e—}j(m—n/S) ‘ 0 3
ne So"”u(n— 3)<—>J£W DCga1n=H(e])=3oc=1+\/5
10. . 14.
Sol: tH(e) e
Sol: H(ejw)z L
1—ae ?
— 0 IH(&)[ = 1 = H().H*() =1
6 6 T b+e 1 | b+el® 1
Input signal frequencies are g Z 1—ae—3® || | — qed®
Then the output is y(n (gn] Only when S8
15. Ans: (a)
11. : . .
. é T Sol: H(ej(”)= 1+ae™ 1+ [36_2J(D
Sol: For an LTI system input isx(n)=el®
: : x(n) = I+4cosnn
then output is y(n) = eJ(’)On.H(eJ(DO ) @
w Xl(l’l) =lw=0
H(e") = D h(n)e™" H (&%) = 1+ o+ B ZH(”) =0
H(ejm)=8x/§cos2co—4\/§cosm R ol P
o = Xa(n) =4cosnmt ® =T
0~ 4 . .
4 H(e™)| =1 o+ B ZHE) =0
H(e jo, ): 4 y(n)=- " z y2(n) = 4 (1-a+B)cosnn
ym)=(1+a+p)+4(1 —a+p)cosnn
12. y(n)=4 only whena =2, =1
Sol: (a) y,(n)=x7(n)itis not an LTI system.
(b) Input frequency and output frequency 16. Ans: (a)
are same. So, it is LTI system. b
H(e) =2 Sol: ( ) Z 2 =15LB
(c) y3(n) = x3(2n) it is not an LTI system. n=0 n=
13. 17.
Sol: H(éf”) =2 0 cosm + B Sol: y(n)=x(n) +2x (n-1) +x(x-2)
He") .. =0 Hle") .. =1 Y(e®) = X(®) [ 142¢7° + ¢39]
’ ¥ H() = [ 1+e7 ]
a=p (1\/5*‘[3:1 =[ 1+ cos @ — j sin®]*
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":ﬁv éﬂg% 40 Signals & Systems
() [H()| = (1+ cos )’ + sin’ (@) DR RPN T
ZH(®) = 2tan” —— 5
' 1+cosm :le—jm[ejco_i_e—jm]_i_le—jm
10>0=0 = [H@E")=1 13 1 3
ZH()=0° = ge*j“’[Z cos m]+§e*j“
™., T _T jo) = ‘ ‘
4005( 5 +4j—>c0 5 :>‘H(e l 2 H(m)z%e_J“’costr%e_J“’
= £ H(e®) = -90° 1
m H(w)=—e[1+2cosw]
(b) Output of given input 10 + 4cos(7 + ZJ is 3 .
H(0)=0= ~e [l +2cosm]=0 only
10+4(2)cos| ==+ =T 3
4 4 2 when
m [+2 cos =0
:10+8005[———) 1 21
4 4 cos =—— =cos| —
2 3
18. Ans: (b) 2
Sol: anti symmetric, k =-2 W= B> 2.093 rad
0(w)=—"2m
Slope =2
22.
19. Ans: (b) Sol: _
MX e_](,O
Sol: x(n)=cos 5—nn = cos| =n 0 =X <)
2 2 2 1
HE) =1 zmfeio )< * o
8 — 0.
y(n) = cos(% _ gj o
E=—— [ldo="2
2n W T

20. Ans: (a)

Sol: X(&/®) =2+ 2cosm +e 1° + 2¢ H®
n Lo
X e4 :ﬁ
J2
4X(ejn/4)= tan ! M .
1/2) 4
21.

Sol: H(w)= n_zz h(n)e " = gh(n)ejm

23. Ans: i
40

Sol: By plancheral’s relation

> x(lyln)= 5 [x(e* (e ko

n=—oo

X(n):@_l ﬂ

27n 2 mmn
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172 T iX(er 2d(:) = 27{ i |nx(1)2}
Sin(mj (f)' — d(D n=—oo
l 4 o =158x2n=316n
2 mn
; N-1
/4 —a (2). LX(eJm)z -0 = —(Tjw =-50
sin nn 25. Ans: (d)
1 3 Sol: f(n) = h(n) * h(n)
yo)=1| 2
m™m 1 2 2
s 1 )/ }/ /V
2 /2/ / /4/
2 /2/ }/ /4/
y(n)
-n/3 /3 f(n) = {%, 4,8, 8,4} = causal
LI L g(n) = h(n) * h(-n)
i Wi 0
= 27nn St 21 <2 A5 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
. o0
@. X[P)= T xn)=s6 2y
n=—o0 2 /2/ / /4/
®). X(e")= 3 (~1)x(n)=2
o gm)=1{2,6,9,6,2}
(. | X(ejm )doo =21x(0) = 4n = g(n) is non causal and maximum
o value is 9.
H jo |, 2jo _ —
(). _an(eJ podw=2mx(2) = 0 2.
n oy © . 2mx5k 2nx 10k
(e). JTJX(eJ l do :2nL=Zw|X(n]2} =281 Sol: 40K Sos 40K
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":ﬁw éng% 42 Signals & Systems
Fs =21, 28. Ans: 2.25 kHz
. jo)_ -jo
0k Sol: H(e"*)=0.5+0.5¢
T .
— 40k o= 5 is 3 - dB cutoff frequency
T T 0= 2t _ @
<<= Tf 2
4 2 L2
2nf
9kHz 2
27. Ans: (a) f=2.25kHz
Sol:  x(t) =cos(Q2,t)

Q.n
x(nT,) = cos(Q,nT,)= COS[IOOOJ ------- (1)

Given x(n) = cos ) _ cos "l
4 4

By comparing (1) & (2)
Q _m | Q, _9r

1000 4 ~ 1000 4

Q= 250m, 22507
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Chapter@ Z - Transforms

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

VA
a"u(n) < ,
z—a

z

>[d

z
—a"u(-n—-1) < ,
z—a

V4

<a

ROC=(|z| > 1) N (|z| <laf) = 1 <[z <2
Only when o = £ 2, ‘ny’ any value

(a) finite duration both sided signal 0 < |z| < oo
(b) finite duration right sided signal |z| > 0
(c) infinite duration right sided signal

(|z| >172) (|z| > 3/4) = |z| > 3/4

(d) (|z>173)N(|z|< 3)N(|z| > 1/2) =1/2< |z|<3

Ans: (a)

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

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

if) ROC = (|Z| > |a) (IZ] < [B])

V4 V4
XO)=,=0" 75

(a)a>p no Z.T
(b) a <P Z.T is exist

(c)a=PBnoZT
Ans: (¢)
X(z)= —11/2 3{2
1-—z" 1+-2z"
2 2

x(2) =Y

06.

Sol:

07.

Sol:

Ans: (d)
poles =], —j, zeros =0, 0
kz*
X(z) =
(Z) 7z’ +1
X(H=1=k=2
27°
Xlz)=
( ) z°+1

Given right sided sequence so ROC is
g > [ j|= |2 >1

27*

X(z)= — .2 ROCis 2> 1
Ans: (b)
00 31‘1
X = 2n
@ HZ:(; 2+n “
L LY

Now consider (a) option

Yi(2) = i(gjz

n=0

2 x(m)y,(n)#0

n=-—oo

Now consider option (b)

0

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

n=—oo
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":§~ éﬂg% 44 Signals & Systems
08. Ans:r=-1/2 10.
1 1 -1
. I+—z" +rl-=z") . (A2 _ 9z
Sol: . _ i e 2 Sol: (-3)".u(n 2)<—>2+3,|z|>3
I-—z" 1+-z" (I-=z")(1+-z") 9z 1
2 4 2 4 (=3)"u(-n-2)e> ——|z]<=
Consider the numerator z +3 3
1+lzl+r(l—lzlj 11.
4 2 Sol: g(n) = §(n) — 5(n-6)
a5 G(z)=1-2°,[z|>0
4 2
( 1 r) 12.
Zero = 4 2) Sol: X(z)=2z"+2z+ 22
I+r z-2
If zero=1 x(n) = &(n+2) + 28(n+1) — 2 (2)"u(-n-1)
I r
) 13. Ans: 0.097
4 2 1 T,
I+r 4 Sol: The poles of H(z) are
-3r 3
—=—=>r1r=-1/2 (2K —
2 4 Py = %exp{@jk =1,2,3,4
If zero=-1
jir .
1r b L i 1 i 1+
u=_1:>l_£=_1_ 2 2 B 42
I+r 4 2 4
3r .
5——:>r——5/2 is not valid 2 NG e
Because given as |r| <1 Wy 1
BTRS T
09. Ans: (a)
z* 1
Sol: I‘I(Z)= P4:_e4 :E_E
7t + - 2
H(z)# H(sz) @) kz*
h(n) # h(-n) (z— Pl)(z P, )(Z P, )(z P4)
.. h(n) is not even. kz*
X(Ej © X" . 7+ 1
m 4
4 1 n/4
Z o (— —) u(ﬂj Given H(1) = 5/4
74 +l 4 4
4 S_ k.
4 5/4

So h(n) is real for all ‘n’
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o:ACE B
1

k:é
16 _ Z z
. X(z) Z_§+l_l ROC
Ez4 4 7z 10
H(z) = I 5 10
a1 2> =Nl <—
4 +4 4 7
5 10
Given g(n) = (j)" h(n) ROC= 7 <lf<=
G(z) = H(z/j)
15.
25( j ézéx Sol: X(Z)=Z4+Zz—2Z+2—3Z_4
_168i) _ 16
G(2) = B H(z) = 27
L L AR
j 4 4 Y(z)=X(z)H(z)=2z+2z" — 42> + 427 — 62~
y4) =0
Glry= 2254 22 55
16 64 256 16.
25 z’ 1
8)=——=0.097 Sol: x,(n+3)< Jz > —
8(8) = (( )111||2
-
2
-1
(—n+1) Zl Jz|<3
14. 1--z7
3

4 5
4 17.
\ 1
A z a Sol: H(z):
(wj ey Fr g (1_1[1](1_12—1)
0 2 3
1
-n -1 X(z)=1-=z2"
(lj u(-n) <> —2 ‘z“ > L 3
10 T 10
. Y(z)= Hz)X(z) = —
n — 1—*271
(Ej u(—n)(—)l_zl |z|<§ o
2 10 =>.‘/(n)=(5j u(n)
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gﬁvéﬂg% 46 Signals & Systems
18. Ans: (a) 21. Ans: (a)
Sol: G(e)=oae +Be Sol: y(n) =h(n) * g(n)
G(e") = (ae +Be ™) Y(°) =H() G()
. _ ' jo
Let us consu_iSr oa=p N Y(e Jw): G(e )
G(e') = ae™’ (2 cos()) |:1 _ le_jw}
When o = f it gives linear phase. 2
joy joy l —jo jo
19. Ans: (a) = G(*) =Y(") 5 e’ Y ()
Sol: H(ej‘”): e~ = g(n)=y(n) - %y(n -1)
H(e) Putn=1
: 1 1
+ HPF =o)=y(1)=- — v(0) =———
: gD=y(H)->y(O0) ==-7
§ g(1)=0
0 T 0
22. Ans: (¢)
and it is FIR Filter because h(n) is finite | Sol: H(¢'®)=1-¢ ¥ =0 only when
duration. 6w =27 (n=1)
T
N
20. .
Sol: (1) x(n) =2" , y(n) = 2" H(z) ’;k - g
y(n)=(-2)". H(-2)=0 A=
H(-2)=0 '
| 23.
I+a—] . Sol: X(z)=L_l,z<2
Y(Z) 1- ZZ 1-2z
(2)H(z)= X(z) = T x(n) =-0.5 (2)" . u(-n-1)
x(0)=0
1
1-—z"
2 24.
(@) H(=2)=0 I neven
—9 Sol: x(n)=
a=—- 0 nodd
8
=>X(z)=1+z22+z"....
(b) y(m) = (1)". H(1) _ 1
H(1)=-1/4 1-27
1 _ !
y(n)=—7-0) (= i+2")
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X(oo) =Lt (l -z )X(z)

z—1

o)
L o) )

1
2

25.
Sol:
o(n)+d(n—1)+3d(n—-2
@ (n)+8(n=1)+5(n-2)
10
l+z"'+z7 Z2+z+1
H(z) = = >
10 10z
2 finite poles, 2 finite zeros
Given x(n) =u(n)
1

XO=1T0

h(n) =

(b)

(l-l-Z +z )

y(ZO) thl(l z )i (Z)
2 ‘: : :|
1- Z_l

N1+z ' +z
10

1+1+1 3

10 10

Y(z) = H(z) X(z) =

= Lt(1-z

z—1

y(e0) =

26.
Sol:

Ans: (a)
The output of the sampling process is
x(nTs) =2 + 5sin(100xwtxnxTy)

1

T.=—ro
5400

x(n)=2+55in 100><ﬂ;><n><L
400

27.

Sol:

28.

Sol:

Postal Coaching Solutions
N() =8m

Np = 8 is the No. of samples per cycle

X(z) N|1-z
N=8
V)= 4 -2 )

Final value theorem

y(oo) = ZI;tl(l -z )Y(Z)
y(oo) =Lt (1 -z )é

Z—l1

1-z"

y(oo) =Lt

Z—1 8

M) =0

Ans: (¢)
Y(Z) = H(Z).X(Z)
A 1

Pole = + \/E
2

JE
2

<1 = |a| <2, any value of ‘j3’
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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 unit circle.

05<|z|<2
(b). For an LTI system to be causal & stable, all
the poles must lie inside the unit circle.
z =2 is the pole lying outside the unit circle.
So it is not possible.
(c). 1z|>3
|z|<0.5
05<|z|<2
2 <|z|< 3 are the four possible ROC’s
30. Ans: (d)
(Z —iejej(z —ie‘jej
Sol: H(z) =
4
Z B
3
Numerator order > denominator order
s0, anti-causal system & |z| <§ - stable
31. Ans: (d)
Sol: Poles=1-05z"'=0=2=05

Zeros = 1-2z"'=0=2z=2

If 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):_?léi(n)—%@)“u(—n—l)

33. Ans: (¢)

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

= is

system

34. Ans: (¢)
Sol: H(z) = — is a stable system because
Z+—
n N .
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

~ (2+0.5) (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

f
2mx =
2nf
3 O=—= = —
®) f, f, 2
) 2jo
H(e'") = ¢+l ®=2=0

= e o oot
(e +0.5)(e™ -0.5) 2
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@éﬂgg 49 Postal Coaching Solutions
36. Ans: (¢) No. of delays = 6
Sol: A causal LTI system is stable if and only if Direct Form — 11
all of poles of H(z) lie inside the unit circle.
So, Assertion (A) is true but Reason (R) is X[n] \Zj > @
false. Py
Z—l
37. Ans: (b) N ~
3277 hX - > b3
Sol: H(z) = ~ 21 z2* lz - N@ C/ 0 9 \>
Z2+ZZ+§ D(Z) Z,]
As N(z) is of higher order than D(z), the (D— ()
system is not causal, as d(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 @ : .
(1) may be causal or —ds P;
(i1) may not be causal as it depends upon the N
ROC of the given H(z). Dbgfiliie!2ys = 3
So, Both Statement I and Statement II are
individually true but Statement II is not the | 40.
correct explanation of Statement I .
Sol: y(n)=x(n—-1)=Y(z)=z X(2)
38. Ans: (a) o
Sol: Both Statement I and Statement II are H(z)=z" =H(2) Hx(2)
individually true and Statement II is the 1 0.62"
correct explanation of Statement I H, (z) =z {_—Zl}
1-04z"
39. Ans: (b)
P,+PZ"'+P,Z7
Sol: H(z)=-—"—"—=—23 41. Ans: (a)
1+d,Z 1
Direct F —1 Sol: H(z)= 1
reet Form )= oo O
x(n) J_ Py \z> <Z> y(@) From the given plot
7] 2] Hlz)= g ()
—-a,z —a,z
P, <Z> (Z) 0 By comparing (1) & (2)
_ZT _Z: 30:1,211:0.7, 212:—0.13
- S [~ |
0 CZ) ( 0
L L 42.
s 71
T T Sol: H(z):1 ! 5
( z) ( Z) —naz
P, —ds h(n) = (a)"u(n)
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":§~ éﬂg% 50 Signals & Systems
2 46. Ans: (a)
Z|h(n)| < oo stable Sol: 1-K[z'+2%]=0
= oo unstable 2~ 7k—k=0
Z(a)n=L,a|<1 +k £k’ +4k
=0 l-a Z1,2=
2
=oo,]a 21
For b, c, d cases system transit from stable For causal & stable |P01€S|< 1
to unstable system.
o, o 1EN5 122236
43. b2 2
Sol: From 51gnall{ flow graph (outside the unit circle)
1-—z"
+
H(Z)= k k=2:>zl,2=2_\/5:1i\/§
1+ g Z_1 2
_k =1£1.732
Pole= |—(<1 . o
3 outside the unit circle
k| <3 Here k = [-1, 1/2]
44. Ans: (¢) 47. |
Sol: From signal below graph reduction Sol: H(z)= —054+z
2 + Z’1 1 - 0.54Z_1
H(Z) - 1+2z™ d 1 (n)
y(n
2741 X(0) >(5)— —QO
Cz+2
71
45. Ans: (b)
. jo
Sol: H(ej“’): 2? *1 < R
e’ +2 b
|H(eio)| =1 From the above block diagram
‘ _ d+dcz
[H(e™) =1 Ho =
IH( ejn)| -1 By comparing
1
d=-054,c=——,b=0.54
So, All pass filter ¢ 0.54
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01.
Sol:
1
a) HG)=——-
(a) H(s) 12
1 1
H(s)=——=H((@Zz)=—F—
s+a l-e "¢z
1 1
Where Ty=—=—
FE 2
a=2
1 z
H = =
@ l-e'z"' z-¢’
(b) h(t)=e¢*u(t)

(¢) Y(s)=H(s).X(s)=

04.
Sol:

h(nTy) = ¢ 2™ u(nTy) = e ™ u(%)

G

)

s(s+2)_ s

y(t) = %[1 —e Ju(t)

y(nT,) = % e ]u(lzlj

H(s) = —— = H(z) = ———
s+a 1—eTs?
f,=200 Hz, . = 50 Hz
_2nf, _m
“Tf 2
S
H'(s)=H L
(5)=H(s) o187
1.57
H'(s)=
=157
1.57 1.57
H = =
) = 0,710,208,

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[1198j
H(z)=———°2

" 1-0.2082""

H@) = HO), e

T| 1427}

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

l+z7!

H(Z): N 1777 : 1
[4 I_Z_IH +3H1_Z“ﬂ+3
_1+z 1+z
B i+z'f
H(Z)_16:1—2“]2+12[1—z‘2]+3[1+z‘1]2

(b) Gain of H(s) at @ =3 is

. 3
H —
)= o 30+ 3
. 3
H(jo) =
(o) JB-0*) +(Bo)’
3 3
H(jm)w=3 - 2 2 - 2 2
HG) JB-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 H°) + 3(1+e )
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‘o 3(1-17)? i 0.1(40) _ e
H(e™) = — (1-J) = log 10" -1 log 107 -1
°  16(1+))" +12(2) +3(1-)) 10%'® 1 10%' -1
3(-2)) -6] Nz— -
= = 1 3 1 3
16(2))+24+3(=2))  26j+24 logl3) ogly3)
. 6 6 log 9999
= -
H(e?)|= : = =0.169 V1.258 | 10g[y794833]
J26)* +(24)* 3538 N>—L -
log(\/g) log(\/g)
0. N log[89.15]
Sol: log(1.732)
1.950
__ S >
@ H)= s> +s+1 0.238
; i N>8.19
: jo jo
H(jo) = = =
(J) —0’ +jo+l 1-0’+jo N=9
|H( i O))| _ ® : Tchebyshew filter:
\/(1—(02) +o’ 0la
o [1077% —1
X cosh PN
o | [H(jo) 10%'% —1
010 N >
o |0 cosh™ {QS}
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=5
FS =24 kHz
Butter worth filter : 08.
100»1% -1 Sol: Op = 0.5 db, fp = 1.2 kHz
logl\[Tome —¢ o = 40 db, f, = 2 kHz
(1) order N > 5 Fs =8 kHz
log[Qs} Butter worth filter:
? C2nf, 2nx1.2  3m
o = 2Xh _2mx4 = TR s 10
p
K 24 3 © _27tfp_2n><2_E
S:2nfo:2nx6:£ TR 3 )
E 24 2
o - 1 100.1(xs _1
tan| —> | tan| -~ e T
Q 2 4 1
2% = —— =3 N>
Q, ®p (nj 1 Qg
tan| — tan| — —= log| =%
2 6) 3 Q,
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;@u éﬂg% 53 Signals & Systems
6
tan| ©* | tan 2" cosh™!| 10 =1
Q 2 20 10" -1
Z7s = = = 0509 =
Q, tan( o j tan(zj cosh[1.202]
15.85
N=—"—=2536
1091640 _q 0.625
log W N=26
>
log(1.964) 11.
3.949 1 i
N2> . —— 3
0293 Sol: z, > €
N> 13.47 .1 -
N=14 zZ,=72, :Ee 3
Tchebyshew filter: z,=2]" =2e B
B 100.1(15 _1 . E
cosh ll: 100'1(1"—1:| zZ,= [Z1 Il :2CJ3
N >
12. Ans: (a)

cosh™ {QS}
QP
-1
_ cosh'[8911] 9.788

" cosh™[1.964] 1.295

N=7.55
N=38

09.

Sol:
op,=1db, ®,=03n
o = 60 db, s = 0.357n

Butter worth filter:

0lag
cosh™ 100 -1
100.1(1p _1
order N >

cosh™ Qs
QP

0.351
a. ™, 0.612
2 _0012 o0

Q, tan(osnj 0.509

Sol: H(z)= [ 1+2z 42 2% G(2)

13.

Liner FIR has symmetry (or) anti symmetry

So,G(z)=3+2z"'+z"

H(z)= [1+2z 42z °][3+2z '+ 2]
=348z '+10z *+8z *+3z*

Sol: (a) H(z)=1+2z"

H(z)|z=1 =2 Band stop filter type — |
H(z) __ =2

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

H(z)|Z:_1 =0

(c) H(z)= 1-z~
H(z)|Z=1 =0 Band pass filter type — III

H(z)_ =0

(d) H(z)= —1+2z'-227%+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]
(byh(n)=[2,-3,4,1,1, 4,-3,2]
(c)h(n)=12,-3,4,1,0,1,4,3,—-2]
(dh(n)=[2,-3,4,1,-1, 4,3,-2]

16.

1 i o sin ¥ (n-3)

Sol: h,(n)=— J'e*“”’.ej“’“d(o:—

2n 7, n(n—3)

T4

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

®(n)=0.54-0.48 005(6) 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 | 0.77 d=0.25
5 0.159 | 0.31 c=0.173
6 0.075 | 0.08 b=0.049

a=6x10"

H(z) = Zﬁlh(n)z_4

=a[l+z *[+ b[z 'z J+ [z + z ]+ dz
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Chapter@

DFT & FFT

01.
3
sol: ap = 21019
N 1024
02.
1 1 1 10 6
1 -3 -1 |1 —2+2]
Sol: ] ] = ]
1 -1 1 -=1|2 2
I 37 -1 —j|3 -2-2j

X(k)=1{6,-2+2j, 2,-2-2j}

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:

05.

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) is real X (k) = X*(N-k)
X(5)=X*(3)=10.125 +j0.0518
X(6)=X*2)=0
X(7)=X*(1)=0.125 +j0.3018

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

DFT of [pqrs]=[aPy d].[aPyd]
DFT of [ p qrs]=[a’ B*y* &7

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

© (-1)"x(n)=21
(d) N{i|x(n)|2} = 546
(e) Nx(n3:)0 =6 (-4)=-24
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08. Ans: (a)

Sol: X(k) = X (N-k)
X(1)=X'(5)=1+jl
X4 =X(2)=2-j2

x(O):%gX(k)=%:3

09.
Sol:
(i) According to given signals we can say
X2 (n) =X; (n—4)
i2m

X,(K)=X,(K)e™ = 4K

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

—ji=Lak

(i) Y(k)=e °©
y(n) =x((n—4))s={2,1,0,0,4, 3}

10.

N- 27r
Sol: x(n) = %Z:X(k)eJ N n=0toN-1
k=0

11.

3
Sol: (a) Af= s =20x!0 -20
N 10
(b) For k=150, f=20x150 = 3kHz

For k = 800, f= (16 — 20) kHz = -4 kHz

12. Ans: (a)
Sol: Q(K) — 3 point DFT

]2nnK

ZQ(K)e

_13 _Q(0)+Q()+Q(2)
_EZ:‘)Q(K)_ 3

Q(0) = X(0), Q(1) = X(2), Q(2) = X(4)

N-
= X
n=0

5
=Y x(n)=4+3+2+1=10

n=0
5 —j2mn(2)
Q)=X(2)=3 x(n).e °
n=0
5 —izm
=Zx(n)e 3
n=0
—j2n —j4n

=x(0)+ X(l)e 3 +x(2)e 3 +X(3)e_j2“
:4+3{_—1—j£}-2{_—1+£}+1
2 2 2 2

3 B3

=4 1+ +1
2 2 2
_5 A3
Q(l)—2 A
5 —JZnn(4)
Q(2)=X(4)=> x(n)e ©
:ix(n)eﬂ;m
Q)= x(0)+x(1)e > +x()e *
—j4n(3)
+x(3)e 3
B 1 _]\/_ 1 ]\/_
=4 3{— 2} {2 } (3).)
4 3,030 2
=4 St 1 12\/§+1
5,3,
)
“”;‘f 50 s
a(0)- 3 -Sos
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13. From (1) and (2)
! A=-5B=-2
Sol: X(0)=) x(n)=A+B+27=20
n=0
A+B = —7 (1) 14. Ans:3
7 . Sol: X(k) =k +1 for 0 <k <7 — 8pt DFT of
X(4)= > (-1)"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 = 3ccmmeee ) on inverse radix-2 DIT-FFT

8 o )36

X(0)=1 © © >

D™ L0 N o O s

N e SRS et
o - -

X(4)=5 - o

X(5)=6 %g \/

X(6)=7 / K@ /\

-1

X(7)=8 =

3 —4-4-4j- j
ValueofZx(zn)=X(O)+X(2)+X(4)+X(6):36 4 484J 4+4J:%4=3

n=0

OR

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

2 N,

|z

2n 2m
-k 2 —EX(2n+1k
x(2n)e N +Z x(2n+1)e N
n=0

MI\)

X0 =3 x(me N X(k) =

Il
(=}

n

|z

N
-1 -
ELI)

27 T 27
-j—(2n)k -i—k —i==(2n)k
x(2n)e N +¢ N E x(2n+1)e N

n=

MI\)

X(k) =

Il
(=}

n

Given N = 8

7j2—ﬂ(2n)k

3 S emk -k
X(k)=>x2n)e * " +e * Y x(2n+De ®
n=0 n=0
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X(0) = ix(Zn) +Z3: x(2n +1)

+ e’”Zx(2n +1)e ™

n=0

X(4) = ix(zn)efﬂfm

X(4) = ix(Zn) —ix(2n +1)

X(0)+X@4)=2 23: x(2n)
Zx(Zn): X(O)42-X(4) _ 1-;5 :g
=3
15. Ans: (a)

Sol: (A) For 8 point DFT , value at
n =9 means value atn =1

we know

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

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

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

(O)Y(K)=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]

Me

w(2)= 2

152
— 3y (=1)wW(k)=—2=38
S ) W)=

0

18.
Sol: f,=100 Hz
f; =200 Hz

Af<0.5Hz

(a)

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

Af= gL/ 0.39 Hz
512

(b)

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

Af= s = &2
N 8

25Hz corresponding to % =3.125

100 Hz corresponding to % =12.5

Both frequencies are not relating.

X0 OB 03 T TR P IO IS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




@éﬂgg 59 Postal Coaching Solutions
(b) N=128 22.
800 Sol:
Af= — =6.25Hz
128 (@) t=1ps
25 N=1024, total time to perform

25Hz - —— =4
6.25

100 Hz —» 100 _ 16
6.25

20.
Sol:

(a)

X(K)=1[1,-2,1-,j2,0,---]

X(K) = X" (N-K)

X(5)=X'(8-5)=X'(3)=-2
X(6) =X'(2) = 14

X(7)=X'(1)=-2

y(n) = (-1)" x(n)
Y (K) = X(K—4) last four sample will shifted
to beginning

(b)

(©) g(n)=x(3j
2
Zero interpolation in time domain
corresponds to replication of the DFT
spectrum
21. Ans: 6
Sol: Interpolation in time domain equal to

replication in frequency domain.

x,(n)= x(gj

Xy(k) = [12, 2§, 0, -2j, 12, 2j, 0,2j, 12, 2i,

Xi(8) =12, X,(11) = -2j

\x—@\

|12

_2_]

X,(11)

multiplication using DFT directly
=(1024)* x1us = 1.05 sec

(b) by FFT, T = [g log, N} Lps

= {1024 log, 1024} lus

=5.12 msec

23. Ans: 61.44 ms
Sol: f;=10kHz, N=1024, Af= f_I\SI

Over all time required for processing the

: N 1024
entire data = —= 3
f  10x10

S

=102.4 msec

Complex multiplications = 4 times real
multiplications

With a radix - 2 FFT, the number of
complex multiplications for a 1024 point
DFT is approximately 512log,1024 = 5120.
this means we have to perform 5120x4 =
20480 real multiplications for the DFT and
the same number of for IDFT. With lus
per  multiplication, this will take
t = 2x20480x10 ° = 40.96 ms.

The time remaining after DFT and IDFT is

102.4 —40.96 = 61.44 ms.
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