SIGNALS AND SYSTEMS TEST 2

Number of Questions: 35

Directions for questions I to 35: Select the correct alterna-
tive from the given choices.

1.

The final value of X(7) if X(s) = P 435435 —
(A) 2 (B) zero
©) 1 (D)

If the system is causal and stable, the system poles must
lie

(A) on the jo axis

(B) on the left half of s — plane, with negative real part

(C) on the right half of s — plane, with positive real
part

(D) both (a) & (b)

If the step response of a causal, LTI system is s(¢). Then
the output of the system is, if the input is step function

A) jds u(t+7)dr

(B) j u(t+7)dr+u(0)s(z)
©) s

(D) (a) & ()

The signal x(f) = £ u(¢) is

(A) power signal

(B) energy signal

(C) neither energy nor power signal
(D) None of these

Invertible systems are those systems where

(A) input signal can be uniquely determined by
observing output signal.

(B) system output is always constant

(C) output can be uniquely obtained from the knowl-

(D) A & C both

edge of input
Z and laplace transforms are related by

Inz
(A) s=Inz (B) SZT
©) s=z (D) s=Tlnz

If X(w) is fourier transform of a real signal x(7), then
(A) (o) =—¢(w) B) [X(-o)=X(w)|
©) ¢(=0)=d(w) (D) both (a) & (b)

The inverse fourier transform of

_ 1
o) = 2-0" + j30
(A) [e" —e” ]u(t) (B) [e’ —e” |u(t)
© [e_t —e™ ]”(t) (D) None of these

9.

10.

11.

12.

13.

14.

15.

16.

Section Marks: 90

If x[n] is real and odd then its discrete Fourier series
coeflicient C, will be
(A) real

(C) imaginary

(B) even
(D) B&C

If the continuous time signal X (1) = sin (2500m¢) is
sampled at sampling frequency 10Hz, then the discrete
time sequence x[n] is
(A) sin (500 ©tn)
(C) sin (2507n)

(B) cos (5000mn)
(D) cos (250mtn)

Nyquist rate for the signal x(7) = sin16077 s

S

Tt
(A) 160 Hz (B) 320 Hz
(C) 640 Hz (D) None of these

If the lower limit of ROC is less than upper limit of

oo

ROC for X(z) = 3, x[n)z™",

n=—oco

then series

(B) converges
(D) zero

(A) diverges
(C) can’tsay

Fundamental period of the signal x(#) = cos (2¢) + sin

(Zﬁt) is

(A) 7 ®) =
2
(C) Not periodic (D) 2n
For a finite sequence x[n] =[3, 7, -1, 0, 3, 2]

The z — transform & ROC is

(A) 3z2+7z1-1+322+23,0<|z] <o
(B) 322+ 7z—1+322+2230<z| <0
(C) 322+ 7z—1+322+2z3 |z <o
(D) 3z2+7z'-1+322+22%z| >0

-1
Ifx(z) has poles at z = 3 and z = 1. Also given that x[1]

—

2
=1&x[-1]= 7 & ROC includes the point Z =7 , then

\S}

the time signal x[#n] is ,
_1 n+l

(A) u[n]+— ( u[-n—1]

;)
o o+ ()
]

(C) uln] ——[

(D) None of these

If the impulse response of the system is given by
h(f) = e, Then the system is

u[-n—1]

u[-n—1]
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17.

18.

19.

20.

21.

(A) causal only
(B) Not causal but not “BIBO stable
(C) causal but unstable

(D) None of these

An LTI system is described by H(s) = T
The system response y(¢) is, if input

x(t) =2 cos (3t +25°)
(A) 0.17 cos (3t +73.4°)
(C) 0.17 cos (3t + 25°)

Wrong relationship is

(B) 2cos (3t+48.4°)
(D) None of these

(A) h[n] x u[n] = Z h(k)u(n—k)

(B) h[n] * x[n] = ﬁ h(k)x (n—k)

(C) {x[n] * h,[n] * h,[n] =x[n] * {h [n] * h,[n] }
(D) Y, h(k)x(n—k)=Y x(k)h(n—k)

-

k=—co

The impulse response of a discrete time LTI system is

given by h[n] = (%)n u[n].

If y[n] is the output of the system with input

x[n] = [n] + 30[n-4] then y[2] & y[5] are
244 1
(A) 243 and 9 (B) 3 and zero
244 244 1 244
(©) o and a3 (D) 9 and 243
Consider the system in figure
Multiplier
x(t) ? y(t) = x(t) cos (wct)
I
cos (oct)

The system is
(A) memoryless & causal (B) LTI
(C) Stabel (D) A&C

A continuous time signal x(¢) is shown in figure
x(t)

—2 0 2 3t
Sketch of the signal y(¢) = x(¢)[u(f) — u(z—1)] is
¥t v
3
(A 2 (B) 2

0 1 t 0 2 3 t

22.

23.

24.

25.

y(t)
2 ..
©) 1

(D)

0 1 3 t 0 1t

The equivalent bandwidth of a filter with frequency
response H(w) is defined

1 T 2
=———||H d
eq |H(a))|jm _([| (a))| ®

If the filter is low pass RC filter and magnitude spec-
trum is given as

5

by ‘o

[H)l
1

“©
Then the equivalent bandwidth ‘®’eq is

B) ¢

T
(A) 2RC

©) (D) None of these

2(RC)’
In a definition it is given that the bandwidth for a signal

x(¢) is the 80 % energy containment bandwidth W,
defined by

H )

Where E_is the normalized energy content of the signal
x(t)=e*u(t),a>0

The W, of the signal x(¢) is

(A) 3. O77a (B) 6.15a

(C) 2.33a (D) None of these

The Fourier series coefficient C, of the periodic square
wave x(7) is (for odd k value =2m + 1)

85’

[ do=03E,

dw——“x

X(t)
A
A
m A
A) (-1) — B) —
(VI B)
(-D)" ———
© GmiDn (D) None of these

The discrete fourier series coefficient, C, for the given

T
signal x[n] = €OS 7 nis



26.

27.

28.

1 1
(A) C =E,C71 =—5and all other C, =0
1 1
B) ¢ =E,C7 =5 and all other C,= 0
C ] C ]
< 4 =55 —Eandall other C,.# 0

(D) None of these

If a discrete time LTI system with impulse response

()
S| —n
")

n

h[n] =

x[n]

n
-7-6-5-4-3-2-101 2 3 4567 8 9 10 1112

is given then what is output y[n] ?if the input x[n] is
a periodic sequence with fundamental period N =7 as
shown in figure

(A) 1 (B)

D)

<20 LW

5
© 7

A discrete time LTI System is given in figure.

+@ yIn]
—>

The frequency response H(Q) of the system is

X[n]

A 26% cos (Ej B e% sin (Ej
(A) > (8) ;
(C) 1+e?] (D) BothA & C

An A/D converter is cascaded with the discrete time
filter having frequency response

H(jo) = “——
I—-—e™”
2
Discrete
O T Ao P Time Fitter | Y1
[Hw)]

If the input x(¢) = sin (1257f) and sampling frequency
is 500 Hz. Then output y[n] of discrete time filter is

29.

30.

31.
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(A) sin(%—102.34°) (B) sin(%—40°)

nrw o
(D) cos (T -40 )

sin2t.sint
——5 Is
An’f

nri
(C) cos (T - 77.64)

Fourier transform of the signal x(7)=

>
8 1 9 2 3
2 2 2 2
AX(w)
2

(B) >
A X(o)
1
2

© 3 4 0+ 30

(D) None of these
A discrete time signal is given as x[n] = u[n] —u[n-5]
The even part of the signal is
uln]+u[-n—1]-u[n—5]-u[-n+5]

2
®) u[n]+u[—n] u[2n 51-u[-n-15]

© uln+4]- u[zn —5]+9d[n]

D) 1+d[n]— u[nz— S5+ u[n+4]

The final value of the signal x[n] is; whose z —
z™! (1—2_4)

(l -z )2 (l +z! )
B) 1
(D) infinite

(A)

transform is given as X (z)=

(A) zero
©) 2

Common data for Questions 32 and 33:

A real and odd periodic signal x(f) with period 2 has Fourier

1 2
series coefficients X[k] =0 for || > 1 and 5.|'|)c(t)|2 dr=1
0

32.

Then the Fourier series coefficient at £ =0 is
(A) zero B) 1

1 1
© 5 (D) 3
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33. The signal x(¢) is

(A) —~2sin(xt) (B) +~/2sin(nt)
(C) ! cos (nt) (D) +Lsin(nt)
= 5

Statement for linked Answer Questions 34 and 35:

The system formed by connecting two systems in cascade.
The impulse response of the systems are given by /,(¢) = e

u(t) and h, (t) = e u(t)

35.

. The impulse response A(f) of the over all system is
given by
3¢ —t E =3t -t
(A) I:e +3e ]u(t) (B) 2|:€ e :lu(t)

(©) %[67' —e™ } u(r) (D) None of these

The over all system is
(A) stable (B) unstable
(C) causal (D) Both (A) & (C)

6. B 7. D 8. C 9. C 10. C
16. D 17. A 18. A 19. D 20. D
26. C 27. D 28. A 29. C 30. C

1. B 2. B 3.C 4. C 5.D
11. A 12. B 13. C 14. B 15. A
21. A 22. A 23. B 24. A 25. B
31. C 32. A 33. A 34. C 35.D

HINTS AND EXPLANATIONS

5. Choice (D) |
6. If x(f) is sampled at a rate Fthen x(f) can be

1. As we know that final value theorem is
Ax(t) = His X (s)
2
s*+35+3

2s B
+3s+3

Lim
= 550 2
N

Lim
= 507

0  Choice (B)

. If the system is causal and stable, both then the poles
will lie only on the left half of the s — plane & for sta-
bility ROC must contain the jo. axis that is ROC is of the
form Re (s) > o Choice (B)

. Ifthe step response of a causal, LTI system is s(¢).then
ds(t)
dt

Impulse response A(f) =

And input x(¢) = u(t)

ds
So output response y(f) =

a w0
_pds(o)
,J;, " u(t—7)de
= J‘dS(T) drt zs(t) Choice (C)
-

r

. Energy= E= ["_ f|x(t)|2 dt
T
2

= T

T—eo = o0
3

T 3
Lim (2)

T
i)
Power P = ?i”,w% J |x(t)|2 dt = 15— =
T
2

T TY
— .2
Lim Jtzdt= Lim

0

1
T 3

So x(#) is neither energy non power signal Choice (C)

8.

+oo

represent as x(f) = Z x(KT)o(t—KT)———(1)

k=—c0
By taking Laplace Transform of equation”(1)

oo

X(s)= 2 r(KT)e_KST

oo

Ife""=Zthen X(s)= Y, r(K)z™" = X(z2)

J=—oo

So Z=¢e"

lnz )

Inz=sT = T Choice (B)
. Since x(¢) is real function so

By duality property

If x(¢) > X(®)

X(f) © 21 x(—m)

and the magnitude of |X (—CU)| = |X (a))|

and phase ¢(®) = tan! (function of ®)

50 p(w) =— (- ®)

or d(—m) =— ¢p(®) Choice (D)

1 1
X(w)= X =
©) = 2+ j30 2+ (jw) + 30
1 _ 1 1
(14 jo) 2+ jo)  (I+jo) 2+ jo)
By taking inverse fourier transform of x(®)
x(t)=[e” =e Jutr) Choice (C)

. If x[n] is real & even then its discrete Fourier series

coefficient is real
= If x[n] is real and odd then its discrete Fourier
series coefficient is imaginary Choice (C)



10.

11.

12.

13.

14.

15.

x(f) = sin (2500 7f)

. [ 25007tn
x[n] =x[nT] = sin
1
Where f = -— =10Hz
K TS
. [ 25007n .
So x[n] =sin 10 = sin (2507n)
Choice (C)
o, =160
Sow =2x160r =320% = 3207
/=160 Hz Choice (A)
ROC is defined as range of values for which Z — trans-

form converges
Choice (B)
x(f) = cos (2¢) + sin (NEt)
Here x (¢) = cos2t, is periodic with period
2n

I=-—=m
2

And x(f) = sin (2J§t) is periodic with period
2n _ m

LETE

i L_m _p5. .

ince T,z NG is not a rational number

So x(f) is not a periodic signal Choice (C)

+o0 +3

X[z] = Z x[n]z™" = Z x[n]z™

n=-—oco n=-2
=372+ 7z - 1+322+223
Since both positive & negative powers of z are included

so ROC of X(Z) will be 0 < |z] < oo Choice (B)

2
Since ROC includes the point z = 3
So ROC will be

Im(2)
/ ROC
- -1 i
1 o / Re(2)
L

1
So ROC will be 3 <[z| < 1

1
and X (z) has two poles at z = 73 andz=1

16.

17.
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_4 B
-1
(112 =)
3
1
s0 X(z) = |Z|>§ |z[<1
Left sided signal Right sided signal

sox[n]=—4 (_?lj u[-n—1]1+ B[1]"u[n]

As given that
x[1]1=1=1=8B

&x[—l]:—A(?)_ 1

=u[n]+ %(_?1)" u[-n—1]

h(t) = 3!

h(t) = e u(t) + e u(—t)

we can see that e*u(—f) # 0 for # < 0, so given system
is not causal.

For checking the system to be “BIBO stable”

Choice (A)

We know that
[ h(e)de <o
+oo oo 0
So j h(t)dt :fe‘3’u(t)dt+ j e u(t)dt
oo 0 —
Ir 5 1r 1 1 2
= —g[e 3 ]0 +§|:€3 :Iio 25[0—1]-{-5 :§<<>°

So the system is “BIBO Stable” Choice (D)

x(f) = 2 cos (3¢ + 25°) can be expressed as real part of
complex exponential with

§=3j

X(t) = 2R€ (e j(3r+250))

So H (3j) =
o H () (3/) +(3%3/)+1

o 1
—9+9j+1 ~ —8+9j

50 = 0.083 ¢*34°=(.083¢l*84°

so Y ()= 2|H(3))| cos (3t +25°+LH(3)))
=2x0.083 cos (37 + 25°+48.4°)
=0.17 cos (3t + 73.4°)

Choice (A)
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18. hln] 2 h(k)u(n—k) Choice (A)
f=—o0
19. y[n] =x [n] * h[n]
= (9[n]+30[n—4]) =* G) uln]
~(3) ones( 5] wr-s
yln]= 3 uln] 3 u(n—4)
So J[2 —(1)2 2 3(1)2 2
o y[2]= 3 u[2]+ 3 u-2) &
1y 1
y[5]=(§j u[5]+3( ) u[l]
1 244 _
= (5) +1 BEYTY Choice (D)

20. For memory less
Y1) =T{x()} = x(t)cos o ¢
Since the value of output y(¢) depends on only the pres-
ent values of the input x(¢)., The system is memory less
= For causality
Since y(f) does not depend upon future values of
the input x(7), so system is causal
= for LTI
Y (#) be output produced by the shifted input
x,(6) = x(t-t,).
Theny (1) = T {x(t-t,)}
=x (1)) cos o ¢
But y(¢—t,)) = x () cos w (£ —
So system is not LTI

= for stability
Since cos @ ¢ < 1

NOE

Thus if the input x(7) is bounded then output y(7) is
also bounded. So system is BIBO stable
Choice (D)

1) #,(0)

A < )

21. As we know that
. 0<t<l1
t t—
u()—u(t=1)= 0 otherwise
2 0<t<l1

0 otherwise

So x(O[u(t)-u(t-1)] = {

y(t)

Choice (A)

22. for a low pass RC filter H(w) =

1+ j wRC
Lo v
RC ( b ]w)
RC
As we can see that maximum value as |[H(w)| =1 at
o=0
17 1
So Weq =— do
1! RCY ()Z +(o)
C
1 7 dw
Weq = (RC)Z -[ ) 3
0 () +w2
RC
RC =
- [tan™ wRC] = "
(RC) °* 2RC
Choice (A)
23. x(t) = e u(r)
So X(w) = 2a+ jow
Energy E = J- |X (a))|2dt
J’e%at dt — L
) 4a
Now by the given equation
1 Wso on
— da) = — [ —
T ;[' | '[ 4a’ + @’
Ltan‘1 I:&} =0.8Ex
2na 2a
2| W 0.8%x27a
= fan |~ |=——" =040n
2a 4a
So W, = 2a tan (0.47) = 2a x 3.077
=6.15a rad/s Choice (B)
- 2
2. x()= 3 Ce™ 0, =7

—oo o
7,2

1 — jkaw,t
- [ xtoe o dr

o -T,/2

o L
= —_kA 7 X—[ejk —w°4T° —e/k%“)
—jka

o"o

= 4 X — e_gm —ejan = isin(k—”)
—Jjk2n km 2

C, =




25.

26.

27.

Thus C,= 0, k=2m # 0

T,
T, 2
1 A
= — = — A = —
C, 0 }[x(t)dt - ! dt =
A
Hence C, =7 G, =0,m#0
m A
(-1)
2m+1 (2m + 1)
A A < _1 ! j(2m+1)o,
x(0= S+ Z —;mil S, Choice (A)
The fundamental period of x[#] is No
So.q = =2
PN TN, 4
SoNo=8
By using Euler’s formula
1
COSZ}’I — l e _ +j§lon efjﬂon
4 2 2
So fourier coefficients for x[n] are
1 1
C :E’C—] =C_3=G :E
And all other C, =0 Choice (B)
nn
sin—
As we know that Fourier transform of i[n] = is
nn
|Q|<n/8
H(Q)=
0 % <|Q|<n

2r  2xm .
And Qo= —= = and filter passes only frequencies

in the range | < %

So only D.C term will pass and discrete fourier series
No—

coefficient C, =— 2 x[n]
o n=0
1 5
=-Y1== Choice (C)
74
From the figure y[n] = x[n] + x[n — 1]

By taking Fourier transform
Y(Q) = X(Q) + e X(Q)
r(€2)

—— = +eR

S0 HO) = J o

28.

29.
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—jQ jQ —jQ
e? |e? +e?

—JjQ
= 2e ? cos( j Q<7 Choice (D)

x(7) = sin (12577)

. (IZSnn) . (nn)
x[n] = sin = sin| —
500 4

—jo
—e

(i M)

Magnitude |H(j0))|w n =
4

J— ﬁ
C(V2-2+2))
N
< Hijw) = tan (—zwij_ 7 (NE—IJ

So, output of discrete filter H(jo) is
y[n] = sin (n%— 102.340) =-73.67-28.67 =—102.34°

Choice (A)
x(t) _ sin2t'sint
2nt 27t
sin Et
At 2
& As we know that ——F——~—F.T
(3]
2
3
A
- )
2 2
T
sin 27 At sin E.t

So by comparing / function =

2nt (an.tj
2

L
2=
1—2
= 5=
1
t=4and —=—
Vi1
4oL
= 473
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30.

T
sint At SmEt

omt 2n (rt)
2

By comparing II function

2 2n 27 2
So X (®)

A X () X, (o)

1 1

2 2

2 0 2 0 3 0 a1 °°
dX,(w)

Let Y (w) = WXZ (w)

=[d(w +2) —d(® —2)] X (o)
Y, (©) =X, (@+2) - X, (0-2)]

;
2
X()= [ y,(w)do.
X(®)
1
2
-3 —% 0 +‘1 3 E)

Choice (C)
Given that x[n] = u[n] — u[n-5]
Even part of signal x[n] = x [n]
x[n]+ x[—n]
2
x[-n] = u [-n] — u[-n+5]
u[n]+u[—n]—u[n—5]—u[-n+15]
2

1+ 0[n]—u[n—5]—u[-n+5]

2
l—u[n—5]—u[-n+5]+d[n]

2
~ A{l=u[-n+5]}—uln—"5]+3[n]
B 2
~ u[n+4]- u[n—5]+9[n]
B 2

So x [n] =

xe [n] =

Choice (C)

32.

33.

(22 +1)(z=1)z+1)
z* (z—l)2 (z+1)

(22 + 1)
1

T (-

)

By Appling final value theorem
Lim (Z _ 1)X(Z)

n—co

i (z—l)(22 +1)
=g (z-1)

__Lim
Tzl

x[n]

Choice (C)

Since x(f) is real & odd, so x[k] will be always odd

imaginary.

Since x(7) is real x* (f) = x(t)

Again if x(7) is an odd signal

So x(t) = —x(-1)

X[k] = — X[-k]

X [~k =—X[ -]

for real & odd signal & also x[0] = 0 for an odd sig-

nal because in odd signal there must be zero at £ = 0
Choice (A)

Since XTk] =0 for |k > 1

&X[0]=0

So Fourier series coefficient will present only at £ = 1

&—1

& By parseval’s theorem

%ﬂx(z)r di="3 |Xk]

f=—oco

2 +
%j|x(t)|2 dt = 21: |X[K] =1
0 k=-1
Since Time period =2
So [X[-1] +|x[o] +|x[1] =1

2|x[-1][ =1
> 1 X =|x[-1]
|X[—1]| —_ | | | |
2 X()=0
fourier series coefficient is imaginary & odd
J
So X[1] = E
—J
=

W, =—

SO x(t) — i X[k]e./kwar (...



_ ] Jjnt —jnt

= =" —e
ke
2j.j|e™ —e ™ s

= == | ——— | =—~/2sin(nt
75 =0

Choice (A)
34. Since two systems are cascade so over all transfor
H(s) = H (s) H, (s)
1 3 3 3

s+3 (s+1) ~ 2(s+1) 2(s+3)

3 ~t -3t .
So h(f) = E[e —e™ ] u(r) Choice (C)
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35. for stability [ h(f)dt <o

oeo-(3]-

So overall system is stable and causal also because it

depends upon past & present values.

Choice (D)
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