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ELECTRICAL ENGINEERING

SIGNALS & SYSTEMS

Volume-1 : Study Material with Classroom Practice Questions



Signals and Systems

(Solutions for Volume-1 Class Room Practice Questions)

[[ 1. Introduction ]]

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 1 | —>{
-1 2 -2 1
x(£+1] x[—i i lj
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,
b
= 0 other wise

(a) to = 4 is out of the limit so value =0

04.

Sol:

05.

Sol:

06.

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

1
d _et—Z
()2

1
t=2 2

T

(e) tsint

=
tzi
2

x(n) =1 -[d(n—4) + 5(n-5) + ----- ]

4+ x(n)

""" il

=) -1 0 *n
x(n) = u(-n+3) =u (Mn — ny)
M=-1 n, =-3
(a) 'y X(t)
1
0 Tt
-1
(b) 4x(t)
I
V.| LN >t
2 1| 1r 2
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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

07.

SO E, ., = Y Jx, ()]

0 0

=3 (0.5 => a?(0.25)"

n=0 n=0

o0 2 2

=’ (0.2 &3
= T1-025 075

E, o=l m) =1.5+1.5=3

Given E =E

Xy (n)

X, (n)

2
a

0.75

o’ =225

oa=1.5

(ii) Ans: (a)
xi(t)=t;-1<t<1
xt)=1-]t; -1<t<1

=3

T =0.25 secs
x1(t) X,(t)
< !
T o 1 g -1 |0 !
x;(n)
| 1
HTTITTT“ ) d

-1-0.75-0.5-0.2500.25 0.5 0.75 | T T T T

n

-1 -0.75-0.50.25 0 0.250.50.75 |

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

Energy of the first signal
= 2(12+0.75> + 0.5* + 0.25%)
=3.75
Energy of the secondary signal
=1+ 2(0.75°+ 0.5 + 0.25%)

=2.75
Eom >Exm
08.
Sol: x_.(n)= x{n)=x"(n)
2
1+J7’O,—1+J7
2 2
09.
Sol: x(t)
2
o 1 Jo 1 "t
10.
1 1
Sol: (a) T,=—,T, =—
(@) 27
T2 em=3
T, 3
To=LCM xT; =1/3
® T =21, =15
11
h_1
T, 11
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LCM =11 (j) multiplication of one periodic &

T() =LCM XT] =15

21 2
)Ty =—.,T, =—
(©) T 30273
E = 5_7c irrational number
T,
So a non-periodic.
2T W
d) Ty=—=—
DTo=75773

(e) It is extending from 0 to oo

So non-periodic

X(t)+ x(-t) 1

x (t) = =—cos 2mt
(H) x.(1) 5 5
Tozﬂzz_nﬂ
(DO 27‘C

(g ©o _ 3. rational, so periodic
2n 6

No :Engm
(ON) 5
Nop=6

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

N LN,
N, 2'Nj
LCM =2

No=LCM x N; =16
(1) Qo _T . rational, so periodic
2 2

N, =2—nm=zm
®q 7

N0:2

non-periodic is non-periodic

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

2 X(n)

M

11.
Sol:
(A) x(nTs) = 2cos(150xmxnxTs +30°)
= 2005(3—nn + 30°j
4
o 3T
074
No = 2rn = §m
®o
No =8
(B) Ans: (a)

Nl :§m3N1 =2

N2 =%m:>N2 =2
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Ny = Em Ny =4 | is non linear
25 (1) |x1(n)+ xz(n)|¢|x1(nl+|x2(nl
&_ ,&:l’LCMZQ is non linear
Ny Nj Nk 50 :
(g)ax (n);t ox (n) is non linear
No=LCM x N; =4
5 (k) non linear (median is a non linear
T W
Wy = ) operator )
x(n) = cos(6(90n)+ sin(l4w0n)+ cos(S(nOn) ) xi{n)+xa(n) # xiln) + x2(n)

so 14™ harmonic

12.
Sol: (a) [Xl(t)+ Xz(t)][xl(t —2)+x,(t ~2)]

# X, (t)xl (t — 2)+ xz(t)xz(t — 2)
is non linear

(b)sin[x, (t)+ x, (t)]# sin[x, (t)]+ sin[x, (t)]

1s non linear

(C)%[axl(t)+ Bx,(t)]= adx, (1) n Bdx, (t)

dt dt

is linear
(d) 2fx1 (t)+ x2(6)]+3 # 2[x, (1) + x ()] +6

is non linear
© Jlox (+px. ke
= o [ x,(t)de+B [ x,(t)dr is lincar
(0 [xr(0)+ x2 (OF = x7(6)+x3(t)
is non linear

(2 [axl(t)+ sz(t)]cos ®,t

= ax,(t)cos w,t + Bx, (t)cosm,t is linear

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

xl(n—1)+x2(n—1) xl(n—l) xz(n—l)

is non linear

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

(n) e® a0 2 en e s hon linear

13.
Sol: (a) tx(t—t )+3=(t—t )x(t—t, )+3
time variant
(b) e*) = (") ime invariant
(c) x(t—t,)cos3t = x(t—t,)cos3(t —t,)
time variant
(d) sin [x(t-to)] = sin[x(t—ty)] time invariant
o St do) gy

time invariant

() x*(t—t,)=x>(t—t,) time invariant

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

(h) 2X(“_“°)x(n -n,)= 2X(n_““)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
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14. 16.
Sol: x,(t) = x;(t) — x;(t-2) Sol: (a) present output depends on present input
y2(t) = y1(t) — y1(t-2) -static
x3(t) = x1(t+1) + x4 (t) (b) present output depends on present input
y3(t) = yi(t+1) + yi(t) -static
(c) present output depends on present input
15 -static
Sol: (a) Preset output depends on present input- (d) present output depends on presel?t input
-static
causal D x(3 out d q
(b) preset output depends on present input- @y =x@3)p resen? oupu eper‘l son
future input -dynamic
cavsal d ic(differentiati ti i
(c) preset output depends on present input- () ynam?c( fiierentiation operation 18
dynamic)
causal B ‘
(d) preset output depends on future input- (g) present output depends on p as(‘; 1nput'
- dynamic
non causal (y(—n) = x(0)) y
(e) preset output depends on present input- .
causal ) ) ) )
. Sol: If a system expressed with differential
(f) preset output depends on present input- ) y . .
| equation then it is dynamic.
causa
The coefficients of differential equation are
(g) n>ng causal, n <ngynon-causal i 4 o ]
function of time then it is time variant.
(h) non - causal(present output depends on . . ) i
) (a) linear, time variant, dynamic
future input) ) V . )
. (b) linear, time invariant, dynamic
() y(0)= k; x(k) present output depends (¢) linear, time invariant, dynamic
. (d) non linear, time variant, dynamic
on present input - causal
) y(— 1) = z X(k) future input non causal 18.
k=0
Sol: If a system expressed with differential

(k) non-causal for any value of ‘m’

(1) o =1 causal, o # 1 non causal

(m) causal(present output depends on past
inputs)

(n) non causal(present output depends on
future input)

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—35)

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

(d)nonlinear, time invariant, dynamic(d—4)
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19. So, non invertible
Sol: (a) y(t) =u(t).u(t) = u(t) - stable (f) xi(n) =38(n) = yi(n) =0
(b) y(t) = cos3t u(t) = —1 <y(t) < 1 stable X2(n) = -6(n) = y»(n) =0
(¢) y(t) =u(t-3) stable So, non invertible
(g) So, non invertible
(h) xy(n) = &(n) = yi(n) = u(n)
Xa(n) =—3(n) = y»(n) =—u(n)
So, invertible

(d y(t)= dl;—it) = §(t) unstable

(e)y(t)= ju(r)dr = r(t) is unstable

(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
Dx(n)=1=ym)=n—-np+ 1 = y(w)=00

21.
Sol: Given

x(n)

Unit delay > y(n)

= unstable

20.

Sol: Two different inputs produces same output

Convert to Z-domain

X(2)

then it is non invertible. 71 - Y(2)
Two different inputs produces two different £
outputs then it is invertible.
(@) x1() = u(®) = y1(0) = u(t) . Vg
Xa(t) = —u(t) = ya(t) = u(t) X(2) 112 z+1

So, non invertible

() x(n) =25 (n);
(b) x1(t) = u(t) = yi(t) = u(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
(dxi)=A=yi()=0
X(t) =-A = y(t)=0
So, non invertible
(e) xi(n) = 8(n) = yi(n) =0
Xa(n) =—-8(n) = y2(n) =0

= Y(z)=—X(2)

z+1

1 1
Y(iz)=—-1=——
(Z) z+1 z+1
Y(z)= -1_Z
(Z) z 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....... ]
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(i) x(n)=u(n);
o
=Y(z) = Z+1X(Z)
1 z
Y(z)= ——
(Z) z+1z-1
Y(z) 1 A B
= = +
z (Z+1)(z—1) z+1 z-1
L
_ 2+ 2
z+1 z-1
1 z 1 z
Y(z)= —= -
() 2z+1 2z-1
1 n 1
s{)= 217 )+ Lo

22. Ans: (b)
Sol: 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

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-1I): h(n)=203(n)+4d(n—1)
h(n)={2,4}
N
Impulse response h(n) has only two finite
nonzero samples. This is the condition for
stability.
2 (S-IT) 1s True.

Statement I is false but Statement 11 is true

24. Ans: (a)
Sol: A
y(t) depends only on x(t) and not on past or

system 1is memory less if output,

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 I

[[ 2. LTI (LSI) Systems ]]

“X(’E) 4+ h(t-1)
1 -
»T
> T t—2
Case (1) t-2<0 y(t)=0,t<2
— -3(t+2)
Case (ii) 250 y()= T e dr = 1—633 )
0
1— 673(t+2)
y(t)=—=—u(t-2)
b
® 4 xm $h(t-1)
. 1
| 1 o’ t >z
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Case (1) t<0 y(t)=0 04. Ans: (b)
¢ 2 t
Case (if) 0<t<1  y(t)=[wdt = % Sol: s(t)= Jh(c)dr=u(t-1)+u(t-3)
0 —o0
| s(2)=1
Case (iii) t>1  y(t)=[tdt= %
' 05.
Sol: Assume —t+a =A =-dt =dA

02. Ans: 0.5
Sol: x(t) * h(t) = Tx(r)h(t —1)dt =y(t)

—00

y(2) = Tx(t)h(2 —1)dt

o0

h(2—
X(T) (A T)
A
1
1 ______
o 1 " o 2
1 2
T 1
2)=|tldt=—| ==
y(2) j =5
03.
Sol: 4
0 x(T) h(t-t)
3__
1__
| »T
1 72 6 |t
5
y(4)=[1dt=1
6
6
y(1J= jx(t)h(l—rjd =§+4 5.5
2) 1s 2

06.

Sol:

07.

Sol:

08.

Sol:

0= [x0(-a-2h0n= (1)

—0

(a) x(t— 7 + 5) = x(t — 2)

o0 g)= ()

() x(t)*[28(t +3)+ 28(t - 3)]
= 2x(t+3)+2x(t-3)

(@)eu(1)s(t—1)=¢"'8(t 1)
[From product property]
(b) e t=1

(c)e " u(t

=e ' [From sifting property]

- 1) [From convolution property]

d);—it)=8(t—3)—8(t—5)

), b 0) = h(e—3)—h(t-3)

dt

| ACE Engineering Publications yderabad | Delhi | Bhopal | Pune | Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




Eﬁsm{émcg’ubhcaﬂons :10: Signals & Systems
09. i) T=2
w (ii) o
Sol: (a) Ay Ap=A,, j S(atudt = - |
S o
L O [ [ } [ :
“a o 4 2 P 2 4 ¢
1
A=— y(t)
a 1
=~ =2, [sincadt=— /\/\/\ )
oa o o i 3 1 1 3t
A=t
o
) 11.
(©) Ix1 = A2 [edt=1 Sol:
e (a) “X(t) 4
A=-L 1
\/5 1
(d) 7 x T =2Am J‘l%dt=7c % Tt !
it 1y(@®
A== /—Z
2 \
R B
10. V4~
Sol: (i) T=4
+h(t) (b) Ans: (¢)
! ta(t)ult -1) > 5 S—
______ S S
e ® 1 2
. =—— o —(t=1)"u(t-1
% 4 0 4 8 t 53 2()u()
c A
1y(O=x(*h(0) ©  th
>t
5 31 13 5 ¢ 0 !
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1 15.
h(t) = [u(t)-u(t-T)]
Sol: y(n) =———+ x(— 2)g(n + 4)-|— x(— l)g(n + 2)
x(t) = u(t) +x(0)g(n)+x(g(n -2)+x(2)g(n —4)+——-
y(0) = x(0)*h(t) = (1)~ (e - T)] xm)=8(m2)=1 n=2
=0  otherwise
12. Ans: (a) y(n) =g(n—4)
Sol: To get three discontinuities in y(t) both
rectangular pause must be same width. To 16.
get equal width h(t) = x(t). It is possible | Sol: y(n) = x(n)*h(n)
only =2(0.5)"u(n) + (0.5)™ u(n — 3)
a=1 y(1)=1,y(4)=5/8
13. Ans: (a
S ® $h® 17. Ans: (a)
) X(t) 2 {2 1, Sol: y(n)=[a,b,c,d,a,b,c,d-- N times]
s T N y(n) is a periodic function with periodic ‘4’.
N-1 .
Y L So h(n) must be h(n)= Y. 8(n - 4i)
-1 1 t -2 0 2 i=0
18. Ans: 31 X
10 ) 1 Y
Sol: x(n) = {1,2,1} 1 Xy
10 10 10 h(n) = {1,x,y} 2 [ 272x %y
__________ ! %
3 1 1 3 >t y(n) =x(n)*h(n)
ty(®
10 y() = {1, 24x, 2x +y + 1, x + 2y, y}
- y(1)=3=2+tx=>x=1
L

y(t) =10 for all ‘t’
14. Ans: (d)

Sol: x(t)«h(~t)= [ x(sJh((t—)kie

[’e]

Ix(r)h(’c —tht

—00

y2)=4=2xtytl =>y=1
ym)={1,3,4,3,1}
10y (3) +y(4)=10x3+1=31

19. Ans: (d)

ih(n)= ia“ + ib“ <
n=—oo n=0 n=-—o0

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

Sol:

| ACE Engineering Publications yderabad | Delhi | Bhopal | Pune | Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

b ACE
_ ‘:EnsmeenngPubhcauons

3
9

Signals & Systems

20. Ans: (b)
o) 0 0

Sol: j|h(t)dt|: [e“dt+ [e™dt <o only when
—o0 0 -0

a<0,3>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 |a| < 1, except oo =0

22.

Sol: (a) (%)nu(n)—A(%jn_lu(n—l)=8(11)

Whenn=1,A=1/5

1
(b) H(z)=—
1-=gzt
5
H (z)—l—lz’1
mv 5
1

23.

24.

Sol:

25.

Sol:

26.

Sol:

27.

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, Ojo

00

h(t)|dt = T|sin c)ot|dt =00
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

Ans: (a)
s(t) = u(t) — e *'u(t)

()= W= 5() e 5(0)- e (1]

k=—o0 k=—0
a (1)
= —| n=0
53
=0 n<o0

x(n) = u(n), y (n) = 8(n)
u(n) —u(n—1) =3(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) So, fourier series does not exists.
=nd(n) + n(n—1)
=u(n-1) 03.
Sol: (P) Ans: (b)
28. Hidden symmetry ay, b, exists
Sol:  hy(t) = hy(t) * hy(t) (Q) Ans: (b)
¢ " Half wave symmetry a,, b, exists with
[h.(de= [h(R)dush, (o) odd harmonics
- - t (R) Ans: (b)
=h,(1) [ h,(v)dre Odd symmetry & HWS —> sine terms
- with odd ‘n’
Se(t) = s'(t) x5, (1) (S) Ans: ()
= 5,(t) *s', (1) Even and odd HWS — ay, cosine with
Se(t) # s1(6) # sat) T N
(T) Ans: (d)

3. Fourier Series ]]

01. Ans: Zero

Sol: T ==, T, ==
2 6
T
—1 -3 Ty= LCMxT, ==
T, P
(0():4

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

second harmonic amplitude = 0

02. Ans: (d)
Sol: (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.

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

04. Ans: (b)
Sol: f;=5Hz, f,=15Hz
The signal lying with in the frequency band

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

2
p:%:S Watts

05. Ans: (b)
Sol: At wot = 1/2
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Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

EEngné%nncgElz’ubhcanons 114 : Signals & Systems
Ans: (¢) 11. Ans: (b)
© :2_75(21()’ K=1,2,...... Sol: Odd + HWS — sine terms with odd
T harmonics
The above frequency terms are absent.
The above frequency contains even
. ) . 12. Ans: (a)
harmonics and also gives that sin terms are ;
absent. only cosine terms are present Sol: (RMS :l J' x*(t)dt
Finally odd harmonics with cosine terms T3
are present so, x(t) it is a even and _T " 5 .
halfwave so, =% [ (_letj dt+ 364t
x(t) = x(T-t) even 0 :
x(t) = —x(t-T/2) halfwave N R
T
- =L / 361, }
T T 0
Ans: (a)
20 1[144] T3 T
= === = —| —|—|+36] —
T1 I,Tz 107‘C T3 87’[ T 3 T T_T2 |:24:| (2j:|
To=40m
’ ) - %[6T+18T]
0, = =T — 0.05rad/sec
0 =24
RMS = /24 =2./6A
Ans: (a)
13. Ans:
5 U+ 03) 5 s 0)
Averagevalue = 6 6 Sol: Average value = 1 J' 10sin tdt = —
27
2 F .
Ans: (a) a, = —IlOsmtcostdt =
1 2n
a, =— [ f(t)dt 2 F
O o ) ( ) b, = E}[lOsmtsmtdt =5
ap= Average value =0 d = m _s
Ans: (d)
To = 4msec f, = 1250wz 14. Ans: (@)
T, Sol: wy=7
> fo=1250 Hz x(t)=a, + Zan cos(nnt)+ b, sin(nnt)
n=1
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x(t) = A cos (mt) co=1/2
2 . a,=c,+c_ =0
A=a = Ix(t)e‘lﬂtdt
. -1
0 bn:J(Cn_C—n)__
L ) | 4 nm
_ j te ™ dt +j(2— e ™dt= - —
T
’ ‘ 18.
Sol: (i) y(t) =d, =e "¢, =e"c,=c, (-1)"
;5-1 5 (i) ) = x(t) ~(t)
T d,=c,~(=1)c, =¢,[i-(-1)|
b, =I105innnt dt :M
0 nm
19. Ans: (b)
a,=0 . .
Sol: d =e "¢ +eM™he =2cos(no,t, )
20 . 20 . ! n n n
x(t) =5+ =sint + —sin 3t + — —— T
T ol Assume t, = —
AH((D)
1 d, =2c, cos(ﬂj
2
d,= 0 for odd harmonics
471 4r "
20.
dx(t
y(t)=5+§sin nt+§sin3nt Sol: y( )2&
T 3n dt
d, = jnwec,
16. o d
Sol: ©, =— " jno,
3 T/2 jnent
—Jn®
x(t) = 2+ cos(20,t) + 4sin(5e,t) d = (Blerar2)=s(t=ar2)le =
1 j2m,t 1 —j20,t 4 St 4 —j5myt .
X(t)=2+56' +—e’ +2—jeJ —2—je J :ﬂSin[n(DOdJ
I 4 4 T 2
co=2,c=1/2,c,=—,cs=—,Cs=——
2j 2j d
Co==—
T
17.
1 ) 1 ) .
Sol: ¢, = [te™dt = [te™"dt =
0 0 2nm
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21. -2
T | cn|oc |—{=|n""| forwaveform W,

1 A
Sol: a, = [ x(t)e " dt 1

T 0

1ML e 2 _ylm, 23.

= §|:J-e 3 dt+j—e 3 dt Sol:

L 2T L 2T
i 1 eﬂk?t ‘1 e_Jth ‘2
o g
3 3

a =
© o jkn|
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

jnogt

th -
n" harmonic component, c_ e

|en|oc = = |n7"| for waveformW,

(a) Polar form of TFS
=d, + Z d, cos(nw,t+¢,)
n=l
dh=2|c,
d0:2, d1:4,d2:4,d3:4
polar form = 2 + 4cos(wot + 30°)
+ 4cos(2wot + 60°)

+ 4cos(3mpt + 90°)

(b) x(t) <> cy

x(at) <> ¢, , ®9 = awy

x(t) > ¢y

X(t —to) <> e "o,

dx(t)
dt

A4 (jn(’OO )Cn

24.

Sol: (a) C, =a, :%

C, = a,—jb, _ _—J(oddn)
2 nmw
a, =0,b, = E(Oddn)
nm
Power up to second harmonic

P

n=-2

2 _0.45W

C,
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4 4 5
1 e—Jth i e—ijt ‘8 P =)(:Z_;Cn
T . T4
81 - sz — sz = (0.5)*+(1)*H(2)*+(4)+(2)*+(1)*+(0.5)*
=26.5 Watts
_ 1 [ ke _q _ (e—szn jkn )]
—szTC (b) X(t): chejnwot
SLE () S W P o |
jk2n ‘ Lo B ,
=C_ye M4 C e Ple 2 1 C e e 4 £ C_ e
_ 2 k jm jn
ek~ jk?_n 1- (_ 1) ] +Cy +Cei™ 4+ Czejz“’(’te7 + C3ej3°’°te7 +C et
ck = 0 for ‘K’ even (K=10) _ 0,56 Moot le*j3w0t*§
Power =0 . — . .
+2e g st 43¢ 4

25.
Sol: (a) All periodic signals are power signals.

For power signal E = o [given is false]

(b) Cyp =32 (average value) [given is false]

(© %ixlmdt _p2

T
%le(t)dt =2 1is possible only when
0
xj(t) is constant. So given is correct
1 T _] T
(d) Co= — [ xp (Odt+- [ x,(t)dt
T 0 T 0
=0+j2
1 T
¥J‘XR(t)dt =0 only when x,(t)is odd
0

given is in correct

26.

0

2

n=-—w

2

C

n

1 oo
Sol: (a) Power = ¥I_w|x(tl2 dt =

. n . m
+ 3 g —j2mgt—— 2ogt+—
= (0.5)[e oot 4 eJ4°)°t]+ 2{6 Tdye 4}

—PBagt—r Bogt+s
e Z+e 2|+4

= x(t)= cosdw,t +4 cos(ZoaOt + %)

+2 cos[Smot + gj +4

X *(— t) = X(t)

So even symmetry

(c) fo=10 Hz
oo =271 fy =20 nt rad

x(t) = cos(80mt )+ 4 cos[40nt + %)

+2 cos(607ct + g) +4

(d) Cut off frequency = 25 Hz
=50 wrad

So output of the filter is
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T Waveform symmetries (Even, odd, Half-
y(t)=4cos 40nt+— |+4 T .
4 wave) simplify the evaluation of FS
coefficients.
27 So, statement (3) is true.
Sol: A. Fourier transform of periodic impulse Statements 1, 2, 3 are correct.
train is also periodic impulse train
. P Pt 30. Ans: (d)
- Sol: For a real valued periodic function f(t) of
B. For a full wave rectified wave form
frequency f
2A :
c = ,niseven ="
() Cu=C,
B 1 Statement (I) is False but Statement (II) is
C s 3, True because the discrete magnitude
. . . spectrum of real function f(t) is e2ven and
D. Given signal satisfied half-wave 4
g phase spectrum is odd.
symmetry so only harmonics are present
D—>4 4. Fourier Transform ]]
28. Ans: (b) 01.
Sol: Frequency is constant. So, S; is LTI system, -
. > —j2mft
frequency is not constant. So, S; is not LTI Sol: X(f) - _{O x(t)e Tt
system. x(t) units are volts and dt units are sec
So, Unit of X(f) is volt-sec (or) volt/Hz
29. Ans: (d)
Sol: Fourier series expresses the given periodic 0
waveform as a combination of d.c. ) B
component, sine and cosine waveforms of | Seol: (a) X(0)= Ix(t)dt = area
different harmonic frequencies as -
o0 o0 — 1 —
f(t) =1, +Z:an cos(nm, t) + an sin(nw, t) - (4X 2)—(§x1x2j =7
n=1 n=1
= Ay + A, cos(noot + ¢n) (b) 2nx(0) = 2nx2 =4n
So, statement (1) is true.
A, and ¢, (Amplitude and phase spectra) 03.
occur at discrete frequencies. Sol: (i) x(t) _ e’atu(t) n eatu(— t)
So, statement (2) is true. 1 1 2
X((;)) = — + —=— 5
at+jo a—-jo a +o
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(i) ¢ *ult)-e"u(-t) > — iJ;‘) i) aijt & 21 u(-o)
Asa—>0 ol
5 iii) — 2 o 2me
u(t)—u(=t) <> = a
Jo 1 .
V) — <> —] sgn((o)
2 Tt
sgn(t) & —
jo
08.
04. t
. Sol: x,(t)= rect[—j X, () = Sinc(r)
Sol: G(w)=1+— 1
o"+9
. . _ 1 _ —jnf
Apply inverse Fourier Transform X(t) N X(t —~ Ej X(f) =< X(f)
_ -3
glt)=3(ty+ 2 FT[(0) + x(-)] = X(D + X(-
= 2cos (nef). Sinc (f)
0S. Ans: Zero
Sol: x(t) = rect(t/2), X(w) = 2sa(w) 09.
y() = x(Ox(12),  Y(0) = X(0) +2XQ20) | Sol: ult)<> 1d(w)+
. . jo
Y(co): 2sm0)+4sm20) |
® @ —+718(t) > 2mu(- o)
f=1=0=2m Y1) =0 It
%S(t)—% o u(o)
06. Ans: (d) Jemt
Sol: Y(w)=3X(2w) 10.
x(at) < lX(QJ Sol:
B \a B x(t)=ey(t—1)
t
X| — <> 2X(2(D) el
(2j X(m) e e 1o
lx(iJ < X(20) i) w LA PN 2Sa(o)
2 \2 2
y(t) = 3/2 x(t/2) 1 -
M —— | > 2e Sa(w)
07. TR —
Sol: i) 1< 2n8(w) 4+o
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4720

4+’

-2|t-2|

11.
Sol:
(a) fi(t) = f(t — 1/2) + f(-t-1/2)
F(0)= e_?F((o) + e% F(- o)
EN
(b) £,(t)= 2f[2 1}

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_jmot} - Tc[S((u+ w0)+ 5((»— (DO)]
1) sinm,t <> E_[S((o ~®,)-8(0+o,)]

1

2J{a+j(01>—mc)_a+j(olo+mc)}

Arect L cosm,t = AT| Sa OF B 74 5al 2= |7
T 2 2

ii) ¢ sin o tu(t) &

1v)

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)

e +'x(t/4) <> 4X (4w +3)
(Time scaling property)
Le 4% (t/4) o X(d+3)
(ii) Ans: (a)
X(o) = 2718(w)+ 1[8(c— 47) + 8(co + 47)]
x(t) = 1 + cos(4mnt)

16. Ans: (d)
Sol: X(f) = &(f — fy)

X(t) — ejZTI:fOt

in
X(t]tzi =@
8%,
T
Zx(t)==
="
17. Ans: (b)
Sol:
° 1X(D
2
2 7t

X(t) cos 2m t <> %[X(f —1)+X(f+1)]

2

1

-

30 -1 1 3
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18. Ans: (d) el o —4](02
Sol: Output of multiplier (coz + 1)

= %X(t)cos(hoct + 9)+%X(t)cos 0 Apply duality property

. % o 2njoe
Output of the filter is = Ex(t)cos 0x2 (t * 1)
=x(t)cosO
© 22.
. . — -2jo _ 2jo _
19. Ans: (¢) Sol: (i) X,(0)=e"X(-n)+e X(-0)
1 ()
dx(t % -~ o 2iox| @

Sol: y(t) = di ) (i) X,(w)=—e X[ 3j

Y() = joX(o) (i) X;(0) = (jo) ™ X(o)

It x(t) is even function, then y(t) is odd ' d ..

function. (i) X,(0) = j-~[joX(o)]

It x(t) is triangular function X(®) is Sinc?

function, it is real. 23

y(t) is odd function, Y(®) is imaginary. So.l: X(t) = rect (t12)

-1

2n

20.

Ans: =

Sol: x(t)= L{ ojoX(o;))ej‘”tdo)}
21|
dx(t) 1 =, -
T =~ JjoX(o)e™
i 2 cho (0)e™ dw
_dx(t) =Lw'mX(co)do)
dt |, 275700J
119, . L.
ZT[JJCO(—J\/E)d@ﬂJ@(J\/;)d@}
T 0
-1
2n
21.
Sol: te—l i[ 2a }: —4jam
o te <_)Jd0) az+(02 (a2+w2)2

X((,O): 252;1(0

@).y,(t)=x(t-1)= Y,(0)=c"X(o)
(). = y2(t) = x(t) * x(t)
Ya() = X(0) X(0) = 2sin® 2sin ®

sin’ ®
(1)2

Y, (0)) =4

©. y,(O)=tx(t) Yy(0)= -2 [x(0)]
(d)- y, ()= x(t)sin nt %[X(m— 1) - X(w+7)]

J
©). v, (t)= d’;—?)

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

@3,0)=y[ 3 |>2v,00)

o jox(o)
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(h).ys(t) = y2(2(t+1)) —y2(2(t=1)) (@).0<or<or Y(0)=X(0).H(w)
o) e g | e
y(t): ZSIHCOft 2
= le 9 ejm _le 9 e_jw TCt
2 2 2 2 g0
-Of f
:le (gj[e-]m eijm]
2 2 (b). ) <0<
(). v,(t)= X(ij ~Ly.6) 1Y ()
2) 2 2
¥,(0) = 2X(20)- Y, (0) :
2 . o
-0 -0 0 o
0. )= 5,20 | f
t t
Yo(®) = (1+2cosm) Z(w®) 5 %
sinmt  sinm,t
(). > y(t) = +
it it
24. Ans: y(t) = cos 2t
in 4
Sol: h(t)= sin 4t H(o)= rect(gj 26.
8 Sol: (a). X(®) =8 (®) + 8(0=5) + (o)
tH() x(t) =1+ +e™
1 e‘j"‘:>Tl=E=2
T
-4 4 " e_jSt:Tzzﬁzz_Tc
5 5
y(t) = cos 2t % _£ is irrational
, W
25. So, non-periodic
(b).h(t) = u(t) —u(t-2)
Sol: X(w)= rect e P
20, 20, h(t)1
) X((D) “H(O))
1
1
> © g0 >t
-2 - O o -Of O 0 2

| ACE Engineering Publications /HydembadlDelhi|BhopallPune|Bhubaneswar| Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




27.
Sol

Engineering Publications 123

Postal Coaching Solutions

o)
sin —
rect (t) <
2
rect[i - o.s} o 20 SO
2 o
= H(w)=2e™ She
0

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

X(o)H(w) = [3(w) + 8(w — 5) + 8(c — n){zejm ?

= () Lt 2gio SN S(w—5)2e ™ sind
x ®
+ 6(0))26'“‘ s
I
— 25(w) + 2¢ 5 513 5o 5)[ N o}
5 X7 X

X(0)H(w) = 25(w)+ 2¢ 7 S0 (¢ - 5)
= x(t)*h(t)=2+2e " LLERSY

= Periodic

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

signal

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

rect(t) < Zsin & { Y(0)= Ty(t)e’j““dt
o 2

—0

2
rect(t
®
/rc RS
2n
rect(t) <> sinc =2
2n

cosm <> 1 [ O(w—m) + 0 (o + m)]

Y, ()= sin c(%j s« f5(— )+ 8(0+ )]

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

=£sin9xn6(m—n)+zsin9xnES(m-l—n)
o 2 ®

=2 sin — (o — 1)+ 2 sin(_—njnS(m +7)
T 2 -7 2
=20 (o—m) + 20 (o + m)
Y, (co) = 2 n[S((D - n) + 8(0) + n)]
T
Taking inverse fourier transform
Sy (t)= 2 cost
T
(b).y2(t) = rect(t) * cos 2mt
Similar to above

Y, (w)= % sin % x 71[8( — 27) + 8(c + 27))|

_2 sin(?}nS(@ —2m)+ 2 sin[;)chS((n +2n)

(O] (O]

= isin(z—n)rcéi(w —2n)+ 2
2 2

T — LT

}Q(t) =0

sin[ _jnj.néi(m +2m)=0
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. . t i3t . o — 37[
(c). y3(t) = sin c(t) * sinc | — e”™ sin c(t)<—> rect
2 2n
rect (t) <> sin ¢ (gj
T _
sinc(t)* e”™ sinc(t) < rect(m) X rect(m 3
. t 2n 2n
sinc [—J o 2nrect(— )
2n
. t 1
sin c[—j © 2mrect (o)
27
©
sinc(t) & rect(ﬁj x
2m
¢ o - 0 T 0 2n 41
sin c(—j 2 rect(—j
2 i
<0
. ® ®
- Y;(®)=rect| — [2rect| —
() (27:) (nj S Y4(0)=0
Y A — y4(t) =(
1 2
X 28.
Sol: s
> > Xl(()))
- 0 T —-1/2 0
T /2 1/8
2 »
—8n st
-1/2 0 n/2= ®

T

Y, (0)2 rec{ﬁj

T

Y, (0)=2 rect@

Taking inverse fourier transform

y,(t)=sin c(%}

(d).sinc(t) <> rect (gj
2n

(a). sinc(8t) <>

H(o)=8e "X, (w)=¢™ ~8n<0<8n

=0

otherwise

Y(0)= e [8(cw+ 1)+ 8(c0 — 7))

y(t) = cosm(t— 1)

(b). Ans: (d)

G(f) — e H(f) _ o
Y(f)=G(F)H(f)=e >
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29- A H 1 0 2
lls2 (C) 2 E=_— j|X(w)2d(o:—a:3
Sol: e™ <e™ 27 T
From frequency shifting property
x(t)=e""e™ 33,

-conjugate even symmetry

30.
Sol: (2. Y(o)= 3 [X(0-0,)+ X(o+ o,

(t) _ sint n sin(t / 2)

b).
(b). x it it
X(0)= —{rect(gj i nrect(—ﬂ
T 2
X(o) =
1/2
| I I 1 >
-3/2-1/2| 172 3/2
31.
sol: | x(0hdt > 2@ 1x(0)5()
e JO
rect(.(n/47t) N TCS((D)
jo
32.
Sol s1n(a )<—> rect[ﬂj
it a
1X(@)
>
-a a

34.
Sol: Ey=1/4
2 1
X ()] =
| ( )| 4+
SYY((”):|X(@){2 |H((’3)|2:m,—(ﬂC <O<O,
1 % 1 1 1 (o @
EY(I) = g__[osyy(o‘))d(D = g = ﬂatan I(Ej B
o, = 2 rad/sec
35.
Sol: ¢! HZL
o +4

) 8 o 4 2
j(m2+4)2 dmz2__‘I@2+4J do

—0

Lo Tl
=3 (271):Ue dt
_T
2
36. Ans: B= 2.302
a
2a
Sol: t)=
(t) a’ +1t°
We know ¢ ' <> 22a 5
a‘+o
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37.

Sol:

38.

Sol:

39.

Sol:

3
:5

EEngné%nncgElz’ubhcanons 126 Signals & Systems
By duality property ——— <> el t, (0)=— ) =t,
a~+t do
B o] Tl alol|? Both are constant
Given [l do=0.99 || do
0 B 0 . 40.
= J.eza‘*’dco+ Je’zamdw = 0.99{ Jezamdm+ ‘[e’za‘”dm Sol:
B 0 —0 0
2am 0 —2am B 2am 0 —2a0 % (l) AHS: (C)
(& (§] (§] [§]
= } + } =0.99{ } + } H(f)= — !
2a |, -2a] 2a | -2a] _1+j27chC
= L[l_e—ZaB]_i[efZaB —1]2@[14-1] |H(f1: 1
2 2a 22 V1+4n’f?R2C?
=2 -2 =2x 0.99 ()| 2095
—1-e2P=0.99 b
_2aB f] =52.2 Hz
=0.01=¢
= In (100) = 2aB (i) Ans: (a)
_ 5 /n(100) _ 4605 _ 2302 0(f) = —tan”' 2nfRC)
2a 2a a ((f)=2 do(f) 1| 2mRC
) df  2xn|1+(2nfRC)
Ans: (a)
. 5 tz(100) = 0.71 msec
E= [[X,(f) df ==x107
o 3 41. Ans: (¢)
Ans: (¢)
o Sol: y(t)= ﬁcos(lOO(t ~10*))cos(10°(t ~1.56x10*))
ZH(o)=— -30n<o<30n
60 ty =107°t,=1.56x10°
wo =10 [H(10m)|=2, £H(10n)="—"
6 42.
wo =261 |[H(26m)=1, LH(26TE) _ —13n Sol: The condition for  distortion less
transmission system is magnitude response
y(t): 4 cos(lOnt _Ej n sin(26nt _13_7’5} is constant and phase response is linear
6 30 function of frequency. These two conditions
are satisfied in the frequency range
20 to 30 kHz. So, from 20 to 30kHz no
0(w) = oo distortion.
-0lo
tp (('0) = ( ) = t0
®
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43. Ans:8 45.
Sol: Given input signal frequencies are 10Hz, T
20Hz, 40Hz. Only 20Hz is allowed. Sol: R, (T) - .([X(t)x(t —Tdt
1 T . 2
So, Y(t) = 5 x & COS(onCt + Z 20 j RXX (’C) _ A?COS(OJO’C) _ 18COS(67I’E)
=Mm{ému+%—20) Power = Ru(0) = 18
Power in y(t) = 4y 8 46.
2 Sol: 1 (t)=x(t)*x(~t)=e"u(t)*e’ u(-t)
F.T 1 3l
44. rxx(r (_)SXX(O)): 9+0)2 = XX(T)z 3‘ ‘
Sol: The condition for distortion less
transmission system is magnitude response 47.
is constant and phase response is linear Sol:
function of frequency. (@) |H(0312 7 W . X(O)Y _ 1 :
For =200 < ® < 200, there is no amplitude I+ 4+o
distortion. Syy ()= |X(o))|2|H(co]2
And For — 100 < ® < 100, there is no phase (b) y(t) = x(t) * h(t) = [t e_zt]u(t)
distortion o Oﬂ (txzdt 1
xi(t) 0 = I T
® =20 and ® = 60 E 1
So no phase distortion and no amplitude Wy
i ion. 1
distortion Ey(t) _ " Ey
Xa(t)
03=29, 032.140' 48.
Amplitude distortion, do not occurs. Sol: i) Ans: (b)

Phase distortion occurs.

[ ©=140]

X3(t)

o =20, o=220,

Phase distortion and amplitude distortion

occurs

[ ®=220]

x(£)= e *u(t)*e ™ (t):%e_gt

X(—l )_— 1
16 ) 164/¢
ii) Ans: (¢)

So6 () =[Glo) =—

T 6dt o
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1 3 o)
Sil0)=— = —rect| — [e
s(0) 64 10 (8nj

iii) Ans: (b)
y(t)=e™u(t)*e*u(-t)

_ L
ylt)=1ze
1
0)= —
¥(0)=¢
49,
Sol: r(t)=x(t)*y(-t)=eu(t)*e’u(-t)
1 1 1/2 2
xy( . .= 4 Y
I+jo3-jo I+jo 3-jo
| W -
rxy(r)zge u(r)+5e3 u(-1)
50.

Sol: Given x(t) = sinc 10t

. 0)
Sinc t <> rect | —
(275}

sin c(l Ot) < irect Bl
10 207

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

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

1/10 3

10~ 10m —4r 47

.. output energy

=
=2—RJ|Y((o]2d(D

—o0

1 %9
=3 | 100

—4n

36
Output energy = —1J
p gy 100

S1.

Sol: (a). On =200 7 1 X1(w)

os = 400 7t rad/sec

200m | 2000

(b)(Dm =400 X2(0))
o, = 800 7 rad/sec

>

400 | 400

(c). x5(t) = %[cos(SOOnt) +¢0s(3000mt )]

on = 5000 7
s = 10,000 7 rad/sec

(d). X, (o) = P 1, .rect(gj

+jo 2a

On=a
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oA The maximum frequency in above signal
" 2r is
£, =2f, =ZHz O = 2/
T 2nf, = 2n/5
fn=1/5
(e). om =120 =, fr, = 60Hz Nyquist rate = 2f,, = 2/5 = 0.4
(f,) = 2fn = 120 Hz
(f) Ans: 0.4 52.
Sol: Xi(w) Sol:
A X(O))
sin—t 2
Xl (t) - 2 > (D
g /2 /2 -
oy | o
29 2
28 t—nT,) < f, 26 ®—no,) (a). X(w)+e ' X(w) no change in frequency
n:w B axis (0s)min = 20m = Mo
Z 5(t— lOn Z SL(D n—j (b). d)i )<—> joX(o) s = W
(9% 35-100 X, o) 3§ o-n ] ©). x(3t) & %x@ ‘
| |
I & nm ! !
= — —pd — — - 3 3
@) 1onz_wx‘( 5 jﬁ[(” ! j 0= 25 23y, 0 20
2 2
X(0) = | === +X,(0)8(w)+ X,[ Z |6 0—T | + 1 1
10 1 s 5 (d). EX(O)-I—OJO)-i-EX(O)-l-(DO)
oo
5 5 5 5 ——
) ©o 309
XI[E}LXI(—R}Z 2 2
5 5
3m,
— =3
Xl(?’_ﬂ:J:Xl(ﬂ):_———:O ®s @0
5 5
X() 53.
1 ®
ol: (a) x,12t)> =X,| —
@ x 2o 2% (2]
| >
2n/5 —w/50  7w/5 2m/5
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54.
Sol:

55.
Sol:

3
9

b ACE
¥ Engineering Publications
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Signals & Systems

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

(b) x,(t-3) e X, (o)
In this operation maximum frequency
does not change double. So, f, = 3k, f; =
2f, =06k

(¢) Xi(0)+Xs(m)
In this operation maximum frequency is
max(2k, 3k). So, fi, = 3k, f; = 2f,, =6k

(d) Xi(0)*Xa(w)
In this operation maximum frequency is
2k + 3k. So, fi, = 5k, f; = 2f, =10k

(e) Xi (w).Xx(w)
In this operation maximum frequency is
min(2k, 3k). So, f, =2k, fy =2f,, =4k

® %[X1 (0+10007)+ X, (0 —10007)]

£ = 2.5kHZ, (£)min = 2fu= SkHz

Ans: (d)

Given x(t) = 100 cos(24w x 10° t)

f,= 12000Hz & f, = 1 o0kHz
50n

The frequencies in sampled signal are

=nfs = fm = 12K, 8K, 32K, 52K, 28K,------
The above frequencies passed through a
filter of cutoff from 15K.

So, output is 8KHz, 12KHz only.

Ans: (a)
fm=200Hz, f;=300Hz

56.

Sol:

57.

Sol:

58.

Sol:

59.

Sol:

The frequency in sampled signals are =
200, 100, 500, 400, 800. Cutoff frequency
of filter is 100 Hz.

Output frequency = 100 Hz

Ans: (b)
The sampled signal spectrum is

X, (f) :Ti iX(f —nf)

s N=—0

If f=f,—>The spectrum is constant spectrum

Ans: (a)
fn <fe <fs—fi, = 5<£.<9

Ans: (¢)
fmn =100, f; £, = 150
f; =250

1
T, =—=4msec

Ans: (d)
f, =L= 173 =10’ =1kHz
, 10
2 sin(nnj
;A e
&l " [3e7mdt __\3)
0 -T, nm

6
5. Ch=0forn=3,6,9 .....
Ch#z0forn=0,1,2,4,6,7,8,10......
R =) +fE6f....
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 (c) and (a) are wrong.
3.6 K is out of the given range [ 2.5 to 3.5]
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So (B) is wrong

So (D) is correct.

60. (i). Ans: (b)

Sol: A X(0)

v

—10007 10007 ®

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

_ %X(O)—IOOOTE)+%X((D+IOOOTE)

4 Output of multiplier
220007 0 2000 ©
sin(15007ct
ht) = S 500t)
Tt
H(w)
“1500n 0 15000 ©
Y(®) = X(»).H(w)
~15007 0 1500m

The maximum frequency in y(t) = 1500 &t
on = 15001t

fn =750
(fs)min =2f,= 1500 Hz
= 1500 samples/sec

(ii) Ans: (a)
T
x(t) = cos(l Omt + Zj

fy=15 Hz, os = 2nf, = 30 tHz

h(t)= (sm i ) cos(401tt - E)
Tt 2

A

sin 7t 1

—>

Tt > (D
- b

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

h() =S gin 40mt

Tt
_ 1| sinmt Q0 _ sin 7t oo
2j mt it
'y H((D)
112
—41In -39 .o
39 41n
—1/2j

x(t) = cos(l Ont)cosg - sin(l Ont)sin %

x(w)=Lz[n(s(mmn)m(w_mn))]
_%E(a(m_mn)_a(mmn))}

Sampled signal spectrum
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x (0)) ¢ i X ((o e ) Where c(t) is carrier signal and m(t) is a
s it ) base band signal and f. > fy (where f. is
n=0, Om —oOn=-101, 107 carrier frequency, fy is the highest
n=1, o, — oy o+ o, =207, 407 frequency component of m(t))
n=2, 20, — On, 20, + On = 50T, 707 X(t)=m(t)(t)
only 40n frequency is allowed output of Where f () is Hilbert transform of f(t).
filter is . T
For the above problem c(t) = s1n(nt —Zj
Y(m):%[%6(@+40n)+%6(m—40n)} o
J ] and m(t) = _ﬁ[51n(nt )j
15[n 1 n( -1 mt/5
——= | Ex—8(0—40m)—— | — [5(w-+40m)
V20 2] A Complex envelope
£ )+ ix(t —j2nf.t
BT S0+ 40m)+ = (e 40m) [x(t)+ = (ke
V2| 2] 2 ) N o
15 =_\2 m(t)sir(m—zl—jm(t)co{m—ij e JMe
: ﬁ[%‘ 3o 40m)- Zo(o+ 40n)}
— \/Em(t{cos(nt - EJ +] sin(nt - %He—ﬂnfct
:%{—%8(w+40n)+%8(a)—40n) 2]
+]j| mt— —j2m — |t
J J _ —\/Em(t)e J 2 A ] )
+Z5(w—40m)+ = 8(c0+ 4071:)} T _in
2 2 - jx/zm(t) e 4 — \/Em(t)e 4
15|« . N
Y(0)= ﬁ {5 [8(e + 407) + (e — 4075)]} _ \/E[ sin(mtt/5) Jej4
nt/5
+ 2ﬂ [5(c0— 40)— 5(c0+ 401r)]}
: 62. Ans: (b)
y(t) = %[% cos40mt + %sin 40nt} Sol: Givens(t) =e™ cos[(®, + Aw)t]u(t)
15 . - Complex Envelope 5(t) =s, (t)e '™
y(t) = ? {cos 407t cos Z +sin 407t sin Z} () = [e,atej(mcﬂw)t u(t)]e_jmct
15 P Complex Envelope =e™ e u(t)
y(t) = —cos[40nt - —j
2 4
61. Ans: (c) 63. Ans:8
Sol: x(t) = m(t) c(t) Sol:Y(w) = X(w) H(0)
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. Ans:
AX(w) AH(w) 66 ns (_b) ) ) )
Sol: Sampling in one domain makes the signal
2 - to be periodic in the other domain. It is
o >0 true.
2n 2n ' Multiplication in one domain is the
B convolution in the other domain.
Both statements are correct and statement
(I) is not the correct explanation of
Y(@)=-2] 0<w<2n statement (1).
2] 2n<w<0
oo ) L * , 5. Laplace Transform ]]
t) dt =— ) do
UY( | d=— j [y(o)
L [ 0 01.
=—| [4do+ [4do » 1
2n| 5 P Sol: e “u(t) <> ——,0>-a
s+a
_ 4 -1
- 2_n[2n +2n e"u(-t)«<>——,0<a
_lé6n t -1
B ) e u(-t)<>——,0>-a
2n €D s+a
- (1)X(s)—L+L c>-1
s+l s+37
64. Ans: 10kHz 1 1
Sol: m(t) > band limited to SkHz 2) XZ(S) - s+2 s—4 —2<a<4
m(t) cos(40000ntt) — modulated signal we (3)no common ROC so no Ilaplace
require least sampling rate to recover transform  for xs(t).
m(t) > 2x5kHz = 10 kHz (4) no common ROC, no laplace transform
(5) no common ROC, no laplace transform
65. Ans: () ©6) X6(S)=L—L,—1<G<1
Sol: Aliasing occurs when the sampling s+1 s—1
frequency is less than twice the maximum
frequency in the signal, and it is 02.
irreversiable process. Sol: ROC=(c>-5)N(c>Re(P))=0c>-3
So, Statement I is true but Statement II is Imaginary port of ‘B’ any value, real part of
false. ‘B’ is 3.
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03. 09.
Sol: The possible ROC’s are Sol: G(s) = X(s) + aX(_s). where X(s)= B
6>2,0<-3,-3<c<-1,-1<6<2 s+1
Bs—PB—aPs—ap s
G = =
04. ®) s* -1 s* -1
e e ap-PB=-1,-p-ap=0
Sol: Y(S)_s+1_s+2 a=-1,p="%
y(t)= e‘(t‘S).u(t -3)- e‘z(t‘S).u(t -3)
10.
05. sot: YO _ oues) Yoy
dt dt
Sol:
. sY(s) =—=2Y(s)+1 ----- (1)
(a). x(t) =e S(H).u(t - 1).<=f5 o X(s)= es ——,06>-5 sY(s) =2X(s) ------ (2)
). o(t) = A u(=t—1to) solving (1) and (2)
_ (s+5)t, Y _ ,X _ S
G(S)ZL,cK—S ) s? ) *+4
s+5
A=—1,t=-1
Y 11.
—4 4 4 4
Sol: X(s)= _
06. ol: @ X(s) s+2+(s+1)3 (s+1)2+s+1
Sol: X(t)= 5r(t)—5r(t—2)—15u(t—2)+ 5u(t—4) £
9 e ” x(t)=—4e u(t)+4—e"u(t)
X()_i_5e25_15625+5645 2
VT s s? S S —4te " u(t)+4e " u(t)
-2s
(b) X(s)=-———=
07. Ans: (a) (s+1)
2
w(0)=- 1= o)
08. Ans: (c) 2
Sol: X(s)=— L L et o> —
(s+1)s+3) 2 (s+1)
1
Gis)=X(s-2)=———
(6)=X(s-2) G-1)s5+1) b
G(w) converges means ROC include Sol: y(t) + y(t) * x(t) = x(t) + 8(t)
jo axis Y(s) +Y(s)X(s) = X(s)+1
-1I<o <1

Y(s)=1
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y(t) = 8(t) 16. Ans: (b)
Sol: H(s) = b
s+5
13. 1 1 )
e—Zs Y(S) = — =
Sol: x,(t-2)«> ,6> -2 s+3 s+5 (5+3)s+5)
s+2 Y(s) 2
X(s)= 2=
X,(—~t+3) > ,6<3 H(s) s+3
o +3 x(t) =2 ¢ u(t)
Y(s)=2— = —2<c<3
5+2 —s+ 17. Ans: (b)
Sol: V(s) _ 1 Y(s) _ 1
14. X(s) s+1  V(s) s+l
Y(s) Yis) 1 1 1
oL s (S) (S) S (S) (S) X(S) s+1 s+1 (S N 1)2
-1 3 h(t)=te™. u(t)
s 2 2
H = =
) (s+1)s+3) s+1+s+3 18
1w Al '
h(t)_Te 'u(t)+56 Lu(t) Sol: (a) Y6 _1 given statement is false
X(s) s
X(s)= % +l= STH (b) x(t) = u(t)
\ y(t) = r(t) is unbounded
Y(s)=X(s)H(s) = 3 given statement is false
. (c) x(t) = u(-t)
t)=e"u(t
y(t)=eul) y(t) = o is unbounded
given statement is false
15. Ans: (d) (d) Given true
1 65 1
Sol: X(s)= =—
0 (s) <o +e ,H(s) S o
Y(s)=X(s)H(s)= L, ™ Sol: s*Y(s) + asY(s) + a’Y(s) = X(s)
s(s+2) s 1
HG)=—5———
1 Y s +as+a’
(0= )~ w0} s -6)
2

G(s) = & H(s) + sH(s) + aH(s)
S
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G(s) = o’ +s’ +sa 1 _1 H(s)= —4 n 12
s s> +as+a’| s s+2 s+4

Number of poles = 1.

20. Ans: (d)
Sol: Change the initial condition to —2y(0)
and the forcing function to —2x(t)

21.
Sol: (a). x(0)= Lt sX(s)=2

§—>0

x(e0) = Lt0 sX(s)=0

4s+5 . \

(b). X(s)= il improper function
X(s)=2+ 2 _ &
2s+1 2s+1

neglect the constant ‘2’ in the above
function.
X(O)= Wts. y = 3

soo 2s+1 2

4s* +5s
= LtsX(x)= Lt =0

X(OO) s—>OS (X) =0 2g+41

(c).x(0)=0
Final value theorem not applicable,

because poles on imaginary axis.

(d)x(0)=0
x(00) = -1
22.
Sol: H(s)= % X(s)= i
_ B k(s + 1)
Y(s) = H(s).X(s) = m
Y(°0)=SI;1:OSY(S)=§=1:>1<=8

23.

Sol:

24.

Sol:

25.

Sol:

26.

h(t) = —4eu(t)+12¢ ™ u(t)

jo—2

Hljow)=
(i) (jo) +4jo+4

x(t) = 8 cos 2t, =2
. j—-1 1 1.
H == =—+—
(J‘Do) 4] 4+4J
1
H =——,/H =
| ((’30)| 2 (‘Do)

T
4

y(t)= 235 cos(Zt + %j =22 cos[Zt + %j

Ans: (a)
2
. -0 +1
Hijo)=————
(jo) —0 +2jo+1
oo = 1 rad/sec
H(O)o):()

y(t) = 0 for all s

Ans: (d)
0 H(s)=ﬁ X(s)=§
Y(s) = X(s)H(s) = ——2

- s(s + 1)(s - 2)
S = 2 pole lies right side of s-plane

y(o0) = co unbounded

Ans: (d)
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Sol: For an LTI system input and output
frequencies must be same, there may be
change in phase.

Given that input is a;sin(mit + ¢;) and
corresponding output is a;F(w,t + ¢2).
From the above condition F may be sin or

cos and ®; = ms.

27.

Sol:

2 1 1
Y(S)—g.s_—z'i‘ge u(t)
Y2l 11

3s-2 3s+1

U
c<2 o>-1

——5——~ |6<2,06>-1,6>0
- U

o>-1

(b). The input is e’ it
~. the output = H(3) x input
3
4x5

28.

Sol:

29.

Sol:

30.

Sol:

3

)= e
y(t) 20°
s?+s-2
H(s)=3+5"2
(S) s+3
1 s+3
(8)=—~=

CH(s) (s+2)s-1)
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

stability doesn’t depend on the location

system property like causality,

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)
Y(s)=— Hs) =31
S+2 s+1
X(S)_Y(s) s+1 2/3 1/3

- H(s) (s—l)(s+2)_ s—1+s+2
Stable input 2 <o <1

X(t):—getu(—t)+%e“.u(t)
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31. Ans:-1.19
Sol: Y(s)= 1-—+—
s+6
y(t) = 1-4 ¢ "u(t)
y(0.1)=1-4¢"°

=-1.19

[[ 6. DTFT ]]

(7o
(a) H(co)=M

)

Here N; =3

ey

3 3 0

h(n) # 0 n <0 — non — causal
(b) Here N; =1
After applying time shifting property
1 ol ol

01 2 ™

h(n) =0 n <0 causal

(c) h(n) = 6(n—-3) + 3(n+2) - non causal

02.
Sol: (a)a" u(n) < —
1—ae™
(m) = Hnu(n)
Y 4
Y(ejw):;
1_le—j®
4
| 1 4
Y(ejo)_—l_l :5

(c)}{@j“)=1=+2e‘Jm-+3e‘2ﬂ”-f4e‘3ﬂ°

DC gain H(¢/®) = 1+2+3+4 = 10

03.
Sol:

(i) XE™)=1+e™ +e™ +%[l +c0s20]

) ) ) 2jo —2jo
X(e”’)=1+e'””+eJ‘”+i 1+ e
2 2
X(e®)=1+¢7 +e! + ERNENCT %e““’

X@%:iqmwm

n=-o
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x(0)=1+3=§,x(1)=1,x(71)=1, sin(nnj
2 2 y(n)=2 cos(nnj
x(2) = 3 x(-2) = 3 ’
4’ 4
x(n){i,l,i,lﬁ} 0>.
4 2 4 Sol: :
T AH(e]O))
(a)
(i) x(n)=28(n + 3)- 35(n - 3)
X(e](u) — 2e3j0J _ 3 ef3_]'03 — 2[e3j0) _ e73j0)] _ ef3j(x) >
jo f —3jo —¢ ®¢
X(e"”) = 4jsin(Bw) —e ™
Given X(¢/°) = asin(bw) + c&'®®
a=4j,b=3,c=-1,d=-3 g(n)=(~1)"h(n)
G(e“")= H(ej(‘”‘“))
04. .
[ G(e"”)
(=
sinf “n| .z
5] s ; N
Sol: ———~2e¢2 & | p B ) \
mn Z P ! ! -
4 I 1-0, T Ttw
Ideal HPF
sin( nj _i"n [
e PR g (b) Y(ej‘” ) F X(ej‘” )+ X(ej(“’_“))
mn -3 -7 | o R
4 4 oF 1\
L "
‘o 2
Y& PN
‘ ejw E 3_TC "o
> Y( ) 1 2 2
R d
4 4 4 —n 0 T p 3_n= (O]
2 2 2
0y Ty
(’Tj o Y(@) = 1, Y™ = 1
Y(n)= [ejzn + e_Jzn}
nn
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06. 10. .
1)" 1 Sol: “H(é )
Sol: [_j u(m) o> — 1
2 1 —jo
1-—e™
2
>
From time scaling property -n r
n 6 6
SR
2 10 | enilte T T
2 Input signal frequencies are — S
Then the output is y = (E ]
07. Ans: (b) 8
Sol: x(2n) = {1, 3, 1}
0 11.
x(2n) = 8(n +1) + 38(n) + 3(n—1) Sol: For an LTI system input is x(n) = el
8(n—n,) <>e then output is y(n) = eJoon .H(ej(’)0 )
FT [x(2n)] = 3 + 2cos® A © :
H(")= Y h(n)e ™
08. \_ @
, H(ej(”): 8+/2 cos2m— 4+/2 cos
Sol: x(—j VRS X(ej‘”k)
k W
®, =—
4
) x(ﬂj o X(e?) |
2 o jn—
H(eJ 0 ) 4 y(n)=—4e" 4
(ii) X(Zn)<—> X[ 2)
12.
Sol: (a) yl(n) = xf(n)it isnot an LTI system.
09. (b) Input frequency and output frequency
Sol: o" u(n) <> | ! — are same. So, it is LTI system.
— ae .
e H(e) =2
o u(n-3) & " © — (¢) y3(n) = x3(2n) it is not an LTI system.
—oe
T -3j(0-n/8)
e sa"u(n-3) o Lej(mm)} 13. |
ae Sol: H(e'”) =2 a cosom +
n® -~ d e—Sj(m—n/S) io _ jo _
ne fa -3 (Il 3)<_).]d(0|:1ae(mn/8)j| H(C 10):237( =0 H(e 10):28“ =1
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o= o2 + B=1 17.
1 Sol: y(n)=x(n) +2x (n—1) + x(x-2)
142 V(&) = X(e) [ 142¢7° + 7]
. " 3 H(®) = 1+¢7° 12
DCga1n=H(e')=3a=l+ﬁ _ [ 1+ cos & — j sino]?

14.

b+ e_j“)

j®

Sol: H(ej(”):
l1—ae™)

IH(&)[* = 1 = H(¢").H*() =1

b+e I | b4el® 7
1—ae73® | 1 —aed®

Only when a=-b

15. Ans: (a)

Sol: H(ejm): 1+ ae 1@ 4+ Be 21
x(n) = 1+4cosnmn
xi(n)=1w=0
H (%) = 1+ a + p £H(") =0
yim)=1+a+p
Xa(n) =4cosnmt ® =T
H(e™)|=1-a+p ZH(E™) =0
y2(n) =4 (1-a+p)cosnw
yn)=(1+a+p)+4(1 —a+p)cosnn
y(n) =4 only whena =2, =1

16. Ans: (a)

. 2 4
Sol: Y(eJO)z > x(n). Y h(n)=15LB

n=0

(@) [H(™)| = (1+ cos ®)* + sin® (o)

sin ®

ZH(¢®) = —2tan™"
1+cosm

105>0=0 = |HE) =1
ZH(@°)=0°

4005{%4_%) %m:g:‘H(ej“’} =2

= £ H(®) = -90°
(b) Output of given input

10 +4cos n—n+E is
2 4

10+ 4(2)005(%1 + I fj

4 2
= 10+800$(E—E)
4 4

18. Ans: (b)
Sol: anti symmetric, k = -2

0(0w)="2m

Slope =-2
19. Ans: (b)

I
2

Sol: x(n)= cos(577T nj = cos(g n) 0y =

HE@) =1 zHleio )= _
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20. Ans: (a) 1 ®
. y 5 4 E=— J.ldw=—°
Sol: X(e'”) =2+ 2cosw +e ¥ +2¢® 2n - T
") °
2 23. Ans: —
40
LX(ej”M ): tan—l(ijgj _ % Sol: By plancheral’s relation
1 T jo jo
> x(n)y(n) = [X(e"” ¥ (e ko
e T
21. nw nw
" ) sin(4j 1 sin(4j
Sol: H(w)= Y h(n)e ™ = h(n)e " - -
( ) n:z—oo ( ) ; ( ) X(n) 2nn 2 mn
L Lo Lo
3 3 12
1 1. oy O
=—e e +e|+—-ec ——
3 [ ] 3 1 s1n( 7 )
1 1 2| m |©
= —e¢[2cosm]|+ = T
3 —n/4 /4
H(w)= %e‘j“’ cosm+ le_j‘”
1 . . (nm
H(w)=—=e"[1+2cosw] S5
3 yln)=—
1 5 n
H(w)=0= —e¢ [l +2cos®]=0 only
3 1/5
when
1+2cos =10
1 (2n)
COS = —— =Cos| —
2 3 y(n) —n/3 /3
o= 2n =2.093 rad
3
sin sin H
Ses e
A jo _— X — = — J— — 0]
22. X(e") nzz_oo 2nn * Sorn 2m [[(2 5
Sol: 1 4
L
-0 ™ " O 40
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24, 1 2 2
. e}
Sol: (a). X(ejo)= Zx(n) =6 /}/}/
o )//;//é//
®). X(e")= 3 (~1)"x(n)=2
g ={2,6,9,6,2]
©)- _LX(GM )dco = 2nx(0) = 4n = g(n) is non causal and maximum
r value is 9.
d). [X(e* kP do=2mx(2)=0
. , . 26.
(@ J[x(e”) do =2“[Z|X(n)| } 2nx5k __ 2mx10k
bt n=—o Sol: SOS———
40k 40k
=28n
) Fs =~ 2fm
®. jJ% X(ejmi do= 2n[ni:w|nx(1)|2} — 2x20k
=158x2n =316 =40k
T T
. _ —< < —
(2). éX(eJm)z —0m = —[%)m =-5m 4 ®= 2
25. Ans: (d) 27. Ans: (a)
Sol: f(n)=h(n) * h(n) Sol:  x(t) =cos(Q,t)
12 2 _ — coql S
x(nT, )= cos(Q2,nT, )= cos| —— | ----- 1
i (0T = coslT )= cos 12| - 1)
. nm 9mn
/2/ }/ }/ Given x(n) = cos(—j = cos[—j ------ (2)
o NS
By comparing (1) & (2)
f(n)={%,4,8,8,4}:>causal Qo _n Q, =9_TE
L e 1000 4 ° 1000 4
&(n) = h(m) ¥ h(=n) Qy=250m,  2250m
h(-n)={2 2 %}
1 28. Ans: 2.25 kHz
h(—n) ranges fromn=-2 to n=0 Sol: H(ej‘”): 0.5+0.5¢7™
h(n) ranges fromn=0 to n=2 T
® = — is 3 - dB cutoff frequency
.g(n) ranges fromn=-2to n=2 2
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cl)_2_7tf_£ (b) o <P Z.T is exist
f, 2 (c)a=PnoZT
2nf
9kHz 2 05. Ans: (¢)
f=2.25kH -
‘ Sol: X(z)= 11/2 312
-1 -1
[[ 7. Z-Transform 1- 57 I+ 57
11y 3(-1Y)
x(n)=——=| = | uln)+=| — | .uln
w)==5(z) o33 ) o
. .0 z 1
Sol: a'u(n) < ,\Z| > |a| x(2) = —
z—a 4
n z
—au(-n-1)e ,z<|a|
2 06. Ans: (d)
ROC=(z|> 1) n(jzl<|a))=1<|z <2 Sol: poles =j, —j, zeros =0, 0
Only when o = £ 2, ‘ny’ any value kz?
X(z)=—
z"+1
02. X(1)=1=k=2
Sol: (a) finite duration both sided signal 0 < |z| < oo 25
(b) finite duration right sided signal |z| > 0 X(z)= 7|
(c) infinite duration right sided signal Given right sided sequence so ROC is
(Iz| >12) (|z| > 3/4) = |z| > 3/4 |Z| S |i J| = |Z| ¥
(d) (Jz>1/3)(z|< 3)(|z| > 1/2) =1/2<|z|<3 5
z
X(z)=———, ROC i 1
(z) = is|z| >
03. Ans: (a)
Sol: ROC = (|z| > |a]) M (|z| < [b*]) common ROC
exists only when |a] < |b?| gy- 2=s-
0 31’1
Sol: X(z)= m
@ nzz(; 2+n “
04. i) Ans: (b) |
Sol:  ROC = (|z| > [a]) N (|z] > [b) (2] < lc[) = +Z 4z e
=[b] <lz] <|c|
ii) ROC = (|Z] > |a) (|Z] <
YROC =)= o (21<I6) S e
X(z)= - 4 2
Z-a Z-B 0
(a)a>p no Z.T
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Now consider (a) option If zero=-1
© (9 n 1 T
Yi(z) = (—j z" TS
Z(; 3 4 2 br
I+r
2 )
=l+—z +—z " +----- r -5 . .
3 5 =— =r=-5/2 is not valid
Z x(n)y,(n) #0 Because given as |r| <1
Now consider option (b)
Yoz)=z"'+4z +------ 09. Ans: (a)
yz(n) = {O, 1> 0> 4> ______ } 4
w Sol: H(z)=—2 1
> x(n)y,(n)=0 z* S
H(z) > H(z’l)
08. Ans:r=-1/2 h(n) = h(-n)
Sol: H(z) = ; b T So h (n) is real for all ‘n’
1-—z" 1+=-z"'
2
{ 10.
l+-z" +r(l—--z") -1
= ; Sol: (-3)"u(n-2)« Jz>3
(I-—z"H(1+-z™")
2 4 . 9z 1
Consider the numerator (=3)"u(-n-2) & 7143 |zI< 3
l+lZ_1 +1 l—lz"1
4 2 11.
(+1)+ [1 B LJZ_I Sol: g(n) = 8(n) — §(n—6)
4 2 G(z)=1-=z"%,]z>0
_(l_rJ
Zero = —14 2 12.
+7r 27
. -2
If zero =1 Sol: X(z)—z +2Z+Z_2
1r x(n) = 8(n+2) + 28(n+1) ~ 2 (2)"u(-n-1)
42,0 roy,
l+r 4 2 13. Ans: 0.097
—T3r _3 r=_1] Sol: The poles of H(z) are
P, = Lexp M k=1,2,3,4
V2 4
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in 14.
SN I B SR RS n
NG 2 2 5 10
Sol: x(n)=|=| u(n) u(n)
T 4 7
Py=—e* =—+2
2 2 2 5) z
, | un)e 5. lz[>5/4
o L Vo1 * 2
SN 272 4
7 7Y 7
e (—j u(n) < 7> —
Py=—F—e* =——= 7
10
4
(2) 7\ ] -1
(z— P)( P)(z P)(Z ) 0 u(—n) < 7 ‘z >E
_ k' 10
2+l Y 1
4 1 10
, —|u(-n) o2 [4<—
Given H(1) = 5/4 17 7
5 k z 10
FRy 1
25 X(@z)= ——+—2_— ROC
5 BN
16 Ny Y
4 z 10
25 ,
16" (|z|>§m|z|<ﬂj
H(z) = L1 4 7
“ 7y 10
: n ROC = —<| |<
Given g(n) = (j)" h(n) 4 7
G(2) = H(z/j)
’s 15.
25 z* Sol: X(z)=z"'+2z>-2z+2-3z"
G(z) = 161 _ 16" 5
N1 z4+l H(z) =2z
(Jj +Z 4 Y(Z)ZX(Z).H(Z)=22+22_1—4Zz+4Z_3—6Z_7
y4) =0
G(z) = 25 25 4,2 sy
16 64 256
16.
(8)—£—0097
256 z’ 1
Sol: x,(n+3) 1 |z > —
1-—z" 2
2
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Xz(—n+1)<—> I Jz|<3
1- 3 z and it is FIR Filter because h(n) is finite
22 | duration.
Y(z): ,—<z|<3
-1 1-12) 2
2 z 3 z 20.
Sol: (1) x(n) =2¢" , y(n) = z," H(z)
17 y(n)=(-2)" . H(-2)=0
) H(-2)=0
Sol: H(z)= !
l—lz_lj l—lz_lj 1
) 3 l1+a : I
_Y@)_ 4"
X(Z)Zl—lZ_l (2)H(z)= X(z) 1
1 1- 1 7!
Y(Z) = H(z).X(z) = 2
P (@) H(=2)=0
2 9

a=

=(0)=( 3] uto .
(b) y(n) = (1)" . H(1)

18. Ans: (a) =
Sol: G(e)=oae™ +Be™ y(n)= _Tl(l)n
G(e™)=e ™ (ae’ +pe ™)
Let us consider a = f3 21. Ans: (a)
G(e™) = ae (2 cos(w)) Sol: y(n) =h(n) * g(n)
When a = [ it gives linear phase. Y(e'”) = H(e"”) G(e)
- Y(ej‘”)z ﬂ
19. Ans: (a) {1 - lej“’}
Sol: H(e" ) =2 g7 ?
H(Ep = G() = Y(¢'°) - %ej‘” Y()
HPF

= o) =y - 2 y(n-1)

Putn=1

>

0 T
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Seh =y y O =2~

2
g(1)=0

22. Ans: (¢)
Sol: H(e®) = 1-e ¥ = 0 only when

60w=2nn(n=1)
T
®w=—
3
?_nxf_E
9k 3
f =1.5k
23.
0.5
Sol: X(z)=—-,|2|<2
@) 1-2z7"

x(n) =-0.5(2)". u(-n-1)
x(0)=0

24.

1 neven
Sol: x(n)= 0 nodd

= X(z)=1+z2+z2*....

—_—

- (l—z_lx1+z‘l)

x(oo) =Lt (1 -z )X(Z)

z—1

Lo

L o) )
1
2

25.

o(n)+3d(n—1)+d(n—-2)

Sol: (a) h(n) = 0

l+z'+27 Z2+z+1
10 102
2 finite poles, 2 finite zeros
(b) Given x(n) =u(n)
1

XO= 1

¥() = HZ) X(2) = Qﬁozl_iy}

y) = Lt(1-7" ¥ (2)

-1 )
:Lt(l—z_l 1+z +z 171
21 10 -z

I+1+1 3

10 10

H(z) =

y() =

26. Ans: (a)
Sol: The output of the sampling process is
x(nTs) =2 + 5sin(100xwxnxT)
1

e =
5400

x(n):2+55in 100><7r><n><L
400

. (nm i
x(n)=2+5sin| — |, ©®,=—
(0)=2-ssin( 2%, 0, =
No = Fm=2"m
®, n
4
N0=8m

Ny = 8 is the No. of samples per cycle

Y(Z)ZL{I—Z_N}

X(Z) N|1-z"
N=38
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Sol:

28.

Sol:
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(-1 =2 x) o
81—z Sol: (a) An LTI system is stable if and only if

Final value theorem

yier)= Lifi-2)¥()

y(o0)= Lt(1-z2" )1[1 -z }X(Z)

z1 8 1-z"
1—78
o)=Lt =7 X(0)
y(0)=0
Ans: (¢)
Y(Z)= H(Z).X(Z)
A 1
= 3 +
-z (1—;Z1](1—Zl)
y()= Li{1-z 'V (2)
= A +g =0
2
A3
2
Ans: (¢)
_ Bz-2z°
H(z)= 277 —a

Pole = i\/E
2

JE
2

<1 = |a| <2, any value of ‘j3’

30.

Sol:

31.

Sol:

ROC includes jo axis.
—0.5<Re {s} <2

(b).For an LTI system to be stable, all the
poles must lie left side of the jo axis
S = 2 is the pole in the right half of s-
plane.
So it is not possible.

(c).Re {s} -3
Re {s}>2
—3<Re{s} <-0.5
— 0.5 <Re {s} <2 are the four possible
ROC’s

Ans: (d)
Z—ZC Z—Ze
H(z) [
Z_i
3

Numerator order > denominator order

. 4
s0, anti-causal system & |z| < 3" stable

Ans: (d)

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

Zeros = 1-2z"'=0=z=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.
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2. Ans:
’ e 1 1 2nf ZRXZS T
z — - —
Sol: H(z)=——+— Blo=——"m-= =5
) 2 22z-2 f fo 2
Given stable system. So, ROC includes unit . | T
H(e™)=— — ato=—=0
circle. ROC is |z < 2 (e +0.5)(e™ -0.5) 2
h(n)=="3(n) -2 @) u(-n-1)
2 2 36. Ans: (¢)
Sol: A causal LTI system is stable if and only if
33. Ans: () all of poles of H(z) lie inside the unit circle.
Sol: Poles z = +2j So, Assertion (A) is true but Reason (R) is
poles| = 2 false.
ROC = |zl < 2 because system is
stable (ROC includes unit circle). 37. Ans: (b)
In this case system is non-causal Sol: H(z) = z’ =27’ +z _ N(z)
Z°+—z+—
34. A i $
| ns: (©) As N(z) is of higher order than D(z), the
z .
Sol: H(z) = — Isa stable system because system is not causal, as 8(n + 1) is one of
Z+y the terms in the output for the input d(n).
1 If the N(z) is of lower order than the
pole z = —— is inside the unit circle. .
2 denominator, the system
The poles of H(z) should be inside the unit () may be causal or
circle for a stable system. (i) may not be causal as it depends upon the
.. A'is True but R is false. ROC of the given H(z).
So, Both Statement I and Statement II are
35. Ans: (c) individually true but Statement II is not the
2 correct explanation of Statement I
Sol: H(z) = z2r
(z+0.5) (z-0.5)
38. Ans: (a)
(1) The system is stable because poles Sol: Both Statement I and Statement II are

z= =1 0.5 are inside the unit circle.

(2) h(0) = Lt H(z) =1

individually true and Statement II is the

correct explanation of Statement [
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39. Ans: (b) _ -
P, +PZ" +P,Z" HZ(Z):Z_IB—S.Z‘I}
Sol: H(z)=-"— — '
1+d,Z"
Direct F -1
trect Form 41. Ans: (a)
1
Sol: Hi(z)= 1
( ) 1-0.7z7 +0.13z° M
From the given plot
a
H(z)= 2 2
) l-az"' —a,z” @
By comparing (1) & (2)
ap = 1, ar = 07, a =-0.13
42.
1
Sol: H(z)= a
l-az
No. of delays =6 h(n) — (a)nu(n)
Direct Form — 11 .
—~ > " |h(n)| < oo stable
X[n] () . @ N
Py = oo unstable
Z—l
o —-a
O— > © °
) : =00, |a] > 1
-
So, the b, ¢ & d are unstable.
O :
0 0
71 43.
Sol: From signal flow graph
—d; Ps 1-=z"
H(Z) "
No. of delay’s = 3 1+§Z_1
Pole = || <1
40. 3
Sol: y(n)=x(n-1)=Y(z)=z "' X(z) k| <3
H(z) =z "' =H(z) Hy(2)
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44. Ans: (¢) 24412
= = — = +
Sol: From signal below graph reduction k=2=z2 2 1£43
—~1 =14+
H(z)= 2+z_1 1£1.732
1+2z outside the unit circle
_ 2z+1 Here k =[-1, 1/2]
z+2
47.
45. Ans: (b) 0.544 7"
-0.54+z
) jo Sol: H(Z) =
Sol: H(ei)=25 ! 1-0.54z"
e’ +2
o
HE) = 1 SO 5™
HE™)| =1 . 054 T
H(™) =1 31
So, All pass filter z
46. Ans: (a) 0.;4 1=

Sol: 1-k[z'+z7%]=0

Z2—7k—-k=0
- +k +Vk* +4k
1,2 —

’ 2

For causal & stable |p01es|< 1

1445 142236
2 2

(outside the unit circle)

k:12>21,2:

By comparingd=1,b=0.54,c=1
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