SIGNALS AND SYSTEMS TEST |

Number of Questions: 35 Section Marks: 90
Directions for questions 1 to 35: Select the correct alterna- (A) 1- Q ,2-P,3-S5,4-R
tive from the given choices. B) 1-S,2-R,3-0,4-P
1. The step response of the system © 1-§, 2 R,3-P,4-0
y[n] = Pyln— 11 +x[n] , -1 <p<1 (D) 1-R.2-P,3-0.,4-8§
If the initial condition is y[—1] =1 6. The correct relation is
) (1+p"7) . (A) x(bt) <=L bX (w/b)
—u[n
(1-B) (B) x(bt) <= bX(bo)
(1-p"?) (C) x(1/b) <= bX (w/b)
T (D) x(bt) <15 1/b X(w/b)
1 7. Match list I & List 1T
© ( 1-B ) [n] List -1 List- 1l
+1 (P) |yn+4)+yn+2)+yn) |1 | Linear time -
(D) B u[n] - +p" [n] = 4x(n + 4) + x(n) invariant, dynamic
I_B Q | (n2+1)y2(n) + 2 Non - linear, time —
2. Ifacosine signal is multiplied with a sinc signal then the y(n) =4x2 () variable, dynamic
resultant frequency characteristic look like . R |y +3)+yn+1) 3 | Non - linear, time —
(A) Band pass filter (B) Low pass filter =4x(n+1) variable, memoryless
(C) High pass filter (D) All pass filter (S) | y(n+3)+ny(n) 4 | Linear, time -
= 3nx(n) variable, dynamic

3. A random variable is known to have a cumulative
2

distribution function F, (x) = u[x]{l _x_} its density
a

5 Non - linear, time —
invariant, dynamic

Codes
function is . (A) P-2 Q-3 R-5 §-1
X 2 B) P-2 O0-5 R-1 S-4
(A) ulx)=—0(x) B) ulx)—e - (C) P-3 0-5 R-2 S-1
(D) P-3 Q-2 R-5 S-4
2
(©) u(x) [1 _x_} d(x) (D) (x)- (Z_xju (x) 8. A linear system has the transfer function H(jw)
a a 1
4. The impulse response of a discrete time system is given - (jo+2)
by h[n] = l[ [n]+d[n- 4]] When it is subjected to an input white noise process
4 with a constant spectral density ‘A’ the spectral density
The magnitude of the response can be expressed as of the output will be
A A
A TN B) T,
1 w+2 244
(A) Z|cos 4Q)| (B) |cos4Q)] Y ) @
1 © (D)
(©) 5|cos 2Q)| (D) |cos2Q) (a) +4) (a) +2)

. . o o
9. Consider two signals x (f) = e”"and x,(f) = e/

5. Match list — T & list — 11 Which one of the following statement is correct.

List - | List -l (A) Both x (¢) and x,(¢) are periodic.
B) x,(¢) is periodic but x (7) is not periodic
" | p P p
1. | 0dd signal P XM= (Ej u(n) (C) x,(¢) is periodic but x (#) is not periodic
(D) Neither x,(#) nor x,(#) is periodic
2. | Energy signal Q| x(=n) =—x(n) 10. Period of the sinusoidal signal
3. | Periodic signal (R) | x(t) u(t) x[n] =10 cos[0.5mn]is .
4. | Causal signal (S) | x(n) =x(n +N) (A) 3 (B) 4

© 2 (D) 1




3.6 | Signals and Systems Test 1

11.

12.

13.

14.

15.

Which one of the following is a Dirichlet condition?
@A) Jlx(0)<e

(B) signal x(#) must have a finite number of Maxima
and minima in the expansion interval.

(C) x(#) can have an infinite number of finite disconti-
nuities in the expansion interval.

(D) x*(f) must be absolutely summable.

A random sinusoidal signal x(¢) = sin(o ¢ + ¢) where a
random variable ‘¢’ is uniformly distributed in the

7
range iE . The mean value of x() is

2cosm,t 2sin®,t
(A —— (B)
2
(C) zero D) —
n

Consider the following statements regarding a linear
discrete time system.

22 +2
(z+1)(z-0.2)

(1) The initial value A(0) of the impulse response
is —10.

(2) The system is stable

(3) The steady state output is zero for a sinusoidal dis-
crete time input of frequency equal to one — fourth
the sampling frequency.

The correct statements are

(A) 1,2and 3 (B) land2

(C) 2and3 (D) land3

The discrete time system described by y[n] = x(n?) is

(A) causal, linear and time varying.

(B) non — Causal, linear and time — variant.

(C) causal, non — linear, and time varying

(D) non — causal, non — linear and time — variant.

volts
1

0 1 4

H(z) =

>

t sec

The Laplace transform of the waveform shown in the
figure is

(A) %[He’s —25”] (B) E[He" —2e‘”]
() %[1 +e 7t =2e™ ] (D) %[1 +e™ =2e7" ]

16.

17.

18.

19.

20.

21.

22.

The sum of two or more arbitrary sinusoids is

(A) Periodic under certain conditions

(B) Never periodic

(C) Always periodic

(D) Periodic only if all the sinusoids are identical in
frequency and phase.

The Nyquist rate for the signal
x(#) = cos10007z + 4sin30007¢
(A) 2KHz (B) 3KHz
(C) 6 KHz (D) 1KHz

Magnitude & phase of the given network is

x(t) —> y(®

A = B s

1 1
© 77 D) —0
If a LTI system s is given with impulse response A[7]
and Z — transform H(z) and
(1) h[n] is real
(2) h[n] is left sided
(3) H(Z)has one of its poles at a non — real location on
the circle defined by |Z|=2

(4) H(Z) has two zeros

Then the system S is

(A) non — causal & unstable

(B) stable & causal

(C) non — causal & stable

(D) unstable & causal

If x(7) be a signal with Nyquist rate o . Then the Nyquist
rate for the signal y(¢) = x*(¢) cosot + x*(?) sin ¢ is
(A) 8w, (B) 20,

©) 3o, (D) 4o,

Two systems S| & S, are cascaded and their input — out-
put relationship is given as

S,y [n]=3x, [n—-2] +4x [n—4]

S,y [n]=5x,[n=3]+3x,[n-5]+7x,[n-T7]

If the overall system is S, then the overall impulse

response A[n] for the system S'is ___.
(A) [0,0,0,0,0,15,20,9,21, 12,0, 28]
T

(B) [0,0,0,00, 15,0, 29, 0,33, 0, 28]
T

(C) [15,0,29,0,33,0,28]
T

(D) [0,0,0,0, 15,0, 33,0,29, 0, 28]
T

A signal x(¢) is given as

x(f) = sin(%t + 30°)+ cos(%t + 45°)



23

24.

25.

26.

27.

28.

is periodic. The harmonics present in x(f) are
(A) Only 1% Harmonic

(B) 1% and 2" Harmonic

(C) 2" and 3" Harmonics

(D) land and 3" Harmonics

Time delay of a sequence x[#] is given by

i nx|[n] .,
D= "*~=————_Forx[n]= (5) uln],
2, x[n]

n=—oo

valueof Dat® =01s

(A) 2/3 B) 1
(C) 12 (D) 2
N-point DFT of x[n] = u[n—N] is
(A) X[K] = {0 Jork#0 o X =0 for all k
N fork =0
N fork#0
(C) X[k]=N forall k (D) X[k]= {0 Jor k=0

A signal x(7) has a duration of Sms and an essential
bandwidth of 25KHz and it is desirable to have fre-
quency resolution of 125Hz in the DFT. The period N,
for discrete signal x[n] is .
(B) 200

(A) 100

(C) 400 (D) 800
The phase spectrum of a function is
(A) discrete function

(B) odd function

(C) symmetric function

D)
x[n] is a real periodic sequence, with period N and fou-
rier co efficient of x[n] is given as
C,=a,+jb, ifa, b, are real then
(A) a ,=-a,b ,=b, B) a
€ a,=-a,b ,=-D, D) a,
The equation for the waveform shown in the figure
is

anti — symmetric function

=a, b—k:7bk
=4, b—k: bk

k k

X(t)
""" 3

(A) 3(t+2)u(t+2)—6(t+ 1) u(+1)+3(t—1Du-1)
+3u(t-3)

3¢+2)u(t+2)-3(t+ Du@+1)+2(t—Du(t—1)
+3U(t-3)

3¢+2)u(t+2)+ 3+ Du(t+1)+3(—1)u(t—1)
—2u(t-13)

None of the above

B)
©
D)

29.

30.
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The impulse response of a continuous time LTI system
is h(t) = e*u(4 —1)

The system is

(A) stable but not causal

(B) causal but not stable

(C) causal and stable

(D) neither causal nor stable

The discrete time signal x[3 — n] shown below
The signal x [3n] is
\ [3 - n]

n

-7-6-56-4-3-2-1(01 2 3

—— o

-2

-18 -15-12 9 -6 -3

(A) ——. n
03 6 9121518
-2
6
-6 -5 -4 -3 -2 -1 H ‘{
S S *—o 5 - n
(B) 012 3 4
-6
A
| ‘
©) - >n
-6-5-4-3-2-1 (012 3456
2
(D) ,
7-6-5-4-3-2-1 0123458
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31. Consider the three LTI systems with impulse response

h (1) = u(t)

h(t) = =25(1) + Se*'u(t)

hy(t) = 2te, u(t)

The response to x(f) = cost of above systems are

Yi(0) = x(2) * h (1)

V(1) = x(2) * h(1)

Y3(0) = x(2) * hy(1)

which of the following gives same response

(A) »(1) &y, (1) (B) »,(1) & y,(1)

(©) yy(0) &y (1) (D) Ally(0), y,(1) & y(1)
Common data for questions 32 and 33:

The frequency response H(jo) of a continuous time
filter is shown below.

HG o) M H(o)
N4 2
-3n
> >
-3 3n ® 3n
-1/2

32. If the input to this system is
x(t) = cos(2mt + 0), then output will be

-2
(A) ?sin (2nt +90) (B) 2?nsin (27t +0)
2 .
(©) 3, Sin (27t +0) (D) None of these
T

33. Ifthe input to the system is x(f) = cos(4nz + 0). Then the
output will be

(A) —%ncos(4nt+9) (B) %4c0s(47zt+9)

(©) %cos (47t +0) (D) 0

Statement for Linked Answer questions 34 and 35:
An LTI system is given below for n > 0

y3[r1]
yin]

34. Transfer function H(Z) for the system is

A e —
(A) 2272 +4z7° 48
__ 1
22 =272 —4z+8
_
2 +22°+4z-8

Z—3

1-2z7"'—42z72 -8z

(B)

©

(D)

35. If x[n] = 8[n] then y,[n] is
1

11 1
(A) [1,2,8,16] (B) {5§16§ ....... }
0 T
(©) [....iiil} (D) [0,0,0,1,2,8,16...]
3216 16 8 T

ANSWER KEYS

T
- AwwemKes___________________________

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

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

HINTS AND EXPLANATIONS

1. By taking z — transform on both sides,
Y(z) =Bl Y(2) + (D] + X(2)

1
(1 P=) ¥6) = B+
B,
1-Bz" (I—Bz_l)(l—z_l)

By taking Inverse z — transform

[ x[n] is unit step]

Y(z) =

yin] =B . B uln] + %u[n]

= ﬁ”“u[n]+(l_'[)m“]u[n]

1-p
el

(1-5)

2. Fourier transform of cosine signal is delta function.

Choice (B)

= Fourier transform of sinc signal is gate function.

= We know that multiplication in time domain is
equal to convolution in frequency domain.



= When delta function is convoluted with gate sig-
nal then the gate signal will itself present at the
frequency where delta function was present.
Let cosine signal is cos o ¢
F. T. of coswt is

_ ®
o, 0 ®,

t
Let sin ¢ signal is CO—smC(wm )
2n

o)

So after convolution
Resultant will look like

—(,l)0 - (Dm —(DO —(,00 + 0)0 0 —(1)0 - O)m (,00 0)0 + O)m ©
So like band pass filter. Choice (A)
2
. CDF=F (x)= u[x][l—x—}
a
We know that
d
—(CDF) =
- (CDF)=pdf
d d x’
2 F == 1-2—
dx * (x) dx {M[X]( a ]:|
d x d x
=|— I-— |+ — | 1-=
{dxu(x)}{ a} u(x)dx( a]
x2
2 — —_—
~ 5(x) [1—"—}“{()5) (ﬂ) | 07 =0
a a atx =0
2x
=0 (x)——u(x) Choice (D)

4.

10.

. odd signal
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hin] = [5(n)+5(n 4)]

Taking z — transform H(z) = —[1 +27']
Putz =&

1 .
Hee) = [ 1+e ™ ]

_ %e—jx)[ +,zg+e_,zg]
He) - % “129 0520
H(e®) = | 72| lcos 20|
- E|cosz§z| Choice (C)

= x(n) = —x(—n)

Energy signal is absolutely summable

SEC

periodic signal satisfies x(n) = x(n + N)

Where N = Fundamental period

Causal system is one which output at any time depends
only on present and/ or past values of input.

>

n=0

(e o]

Choice (A)
By scaling property
1
x(by) T S X (%j Choice (D)
Choice (B)
2 .
Sj) = [H ()] Si(w)
o 4 = Choice (C
T +a)|" T (049 0ice ()

x,(?) is periodic with perlod but x,(f) is not periodic.

Choice (B)

x[n] = 10cos [0.57n]

27

— =0

N
Where N = time period

2n
So, N= 0 4. Choice (B)

. Choice (B)

. m =sin(wyt +¢)

+oo

= J. sin (ew,t +(p)J(0(q))d(p

—oco

+7/2
j sin (a)ot + (p) do

-n/2

T
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1 i
= —| —cos(w,t+¢) |2
LL-eosont+o)%
= —| —cos| wyt +— |+ cos| w,t ——
n 2 2
1,. . 2sinwyt .
= ;[sm a)ot+smw0t] = Choice (B)
7

13. (1) Roots of H(z) are at z=—1 and z = 0.2 so the one
root is inside the unit circle and second root is on
the unit circle. So system is marginally stable.

(2) Initial value of A(7) by Initial value theorem

Limh(l) — LimH(z)
t—0 Z—>o00
2
_ Lim—E*2
Z—e (z + 1)(2 — 0.2)

I+
Tz .
= Iiirg( 1)( 0.2) 1. Choice (C)
I+= || 1-—=
z VA
14. y[n] = x[n?]
(1) Forn=-2,y(-2)=x(4)
Since, y[n] depends on future states also, it is a non
— causal system
(i) letx,[n] = ax,[n] + bx,[n]
y[n] =[]
= ax [n*] + bx,[n’]
= ay,[n] + by,[n]
system is linear
(iii) x,[1] = y, [n] = x,[]
Letx,[n] =x [n—n]
= y[n]=x,[n]
=x [n*—n]
y][n - n()] = xl[n - no]z
yz[n] iyl[n - no]
The system is time variant. Choice (B)
15. Letv(f) =u(t) + u(t— 1) —2u(t—4)
By taking laplace transform

1 e 2"
V(s)=—+
s s s
1 -5 —4s .
= ;[1"'6 —2e ] Choice (A)
16. Periodic under certain conditions. Choice (A)

17. x(f) = cos10007s + 4sin30007¢
Maximum frequency component

_ 300 ok
In= 2n z
fNyquisr = 2-];1

=2 x 1500 =3000Hz or 3 KHz.
Choice (B)

18.

19.

20.

21.

22.

1 1
Hs) = H(s) % Hys) = X5

. _ LxL _ 1 _ 1 +jn
H(jo) = jo jo T —w* ¢
. 1
So [H (jo)|=—
w
And H(jo) = . Choice (C)

= Since A[n] is left sided sequence so system S is
non-causal because ROC is inside the circle.

= For stability, ROC should include unit circle & if
it is left sided sequence & one of its poles at

|Z | =2 s0 ROC includes the unit circle so stable.

Choice (C)

W(t) = x*(t) cos o t + x*(f) sin w ¢

Let x2(2) = Z(¢)

Then Z(f) will have double frequency in comparison to

x(7)

Let maximum component present in Z(¢) is ®, then

0.=0,=20

Where @ = maximum frequency component present

in signal x(7)

1 |
Ho) = 5 120, + 0,) + Zo,~0) 1+ T 20, +0)
(0 -0)]

Maximum frequency component present is Y() is
(0 + o)

&o,=0,
Soo,  inY(o) =20,
Nyquist rate = 4w, Choice (D)

y[n]=3x[n—2] +4x [n-4]
y[n]=5x,[n—3]+3x,[n— 5]+ Tx,[n—T]
Y [2] =327 X (2) +4z* X (2)
Y(2) =527 X(2) +32° X (2) + 727 X (2)
H(z)=3z°+4z*
H(z)=52°+32°+7z7
H \(z) & H (z) are cascaded
H(z) = H (2) H,(2)

=Bz2+4zY (53 +3z°+727)

=15z°+9z7+21z°+20z7 + 12279 + 28z !!
H(z)=15z°+29z7+ 3327 + 28z
h[n] =1[....0,0,0,0,0,15,0,29,0,33,0,28,0,0...]
h[n] = [0, 0, 0, 0, 0, 15, 0, 29, 0, 33, 0, 28]

Choice (B)

" x(f) is periodic, so x() is periodic with fundamental

. 33
period o,= LCM of (?Zj

3
Fundamental period o, = 3



23.

24.

wl w,

and —
W, @,

So Harmonic =

= 1*and 2™ Harmonics. Choice (B)

Let X (ef‘”
From the differentiation in frequency property of DTFT
= _ idX (e’
Y nx[n]e " _Je ) ( )
oo dow
J.dx (ej“’)
dw

)<—f—>x[n]

=0

So, X, nx[n]= S

—jon

DFTF of x[n] is x[e"”] = ix[n]e

ix[n]zX(ejo) — 2

for x[n] = (%)” uln]

X(e) F{(l)n []} 1
ev) = — | unly = —
3 1—%6_’“

Choice (C)
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N-1 N-1
And X[0] = Doy =21 =Nfork=0.
n=0 n=0
Choice (A)
25. f,=125Hz
SoT, = 125~ 8ms
Since signal duration is of 8ms. So for 3ms, we use
padding.
Bandwidth B = 25KHz
So sampling frequency f,= 2B = 50KHz
S N—£_50X103—400 Choice (C
o "_fo 25 . oice (C)
26. Phase — spectrum of a function is symmetric function.
Choice (C)
27. Choice(B)
28. at¢=-2, the slope of the signal changes from 0 to 3, for

29.

30.

31.

a change in slope 3.

At t =—1, the slope of the signal changes from 3 to -3,
for a changes is slope of —6

At ¢ =1 the slope becomes 0 for a change of 3

At t = 3, the function steps from —3 to 0 for a change in
amplitude of 3,

Hence equation for x(¢) is

3t +2)u(t+2)—6(t+ )u@+1)+3¢—Du@—-1)+

Bu(t—3) Choice (A)
Not causal because A(f) # 0 for £ <0,

unstable because j | (¢)| dt = o Choice (D)
Let x[3 — n] = v[n]

n=0,x[3 -0]=v[0] = x[3]=Vv[0]=2
n=1,x[3-1]=v[l]=x[2]=v[l]=2
n=2,x[3-2]=v[2] = x[1]=Vv[2] =2
n=3,x[3-3]=v[3] = x[0]=Vv[3]=0

Let g[n] = x[3n] = g[0] =x[0] =0

gl1]=x3]=

gl-11=x[-3]= Choice (D)

X(jo)=n[0(0+ 1)+ d(®w—1)]
0) = —+75(®)
Hl(]w):jw o\

Y(,m)—[]lw—ms } [6(w+1)+6(w-1)]

=jo [6(mw+1)-d(w—1)] (at®=1 & ® =1 only)
»,(t) = sin(?)

. 5 1-2jw
Hy(jo) = 2+ja)_ 2+ jo
Y,(jo) = {1 2](0} [6(w+1)+6(w-1)]
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32.

33.

=jn{d(®@+1)-6(w—1)(at®=-1 & o =1 only)
»,(t)=sint

0 ol

Y, (jo) = ﬁn{é(w+l)+5(w—l)}

2n 2n
d(w+)+——
(1-j) (1+))
=jm [8(®+ 1) —-d(w— 1}, y,(¢) = sint
(at @ =—1 & ® =1 only). Choice (D)

d(w-1)

i
—e?,
3n

—w ot
Te 2 —3n<w=<0

0 otherwise

0<w<3n

H(Jw) =

Jo.
= H(jo)=13n’
0 otherwise

x(t) = cos(2nt + 0)

X(jo)=e° 1 d(o—2n) + e nd(w + 27)

This is zero outside the region -3 < ® > 31

Thus Y(®) = H(jo) x (jo)

jo

= gx(jw)

3n<w<3n

w1t = i d);it) = %Zsin (2nt+0)

x(t) = cos(4nt + 0)
X(jo)=€° 1 8(w —41) + 7 1 8(w + 47)
The non — zero position of X(jw) lie outside the range
=31 < ® <37, This implies that
Y(jo) = X(jo) H(jo) = 0, therefore y(£) = 0.
Choice (D)

Choice (A)

34. y[n]=yln—1]

— D
y[nl =y [n-1] 2
y[n] =x[n— 1]+ 2p,[n - 1]+ 4y [n — 1] = 8y,[n — 1]
3)
4

yi[n] =y [n-2]
=x[n—-3]+2y[n-3]+4y,[n—-3]- 8y3[n -3]
By eq (4) & (2)
yylnl=x[n—=3]+2y,[n—1]+4y,[n—-2] =8y,[n - 3]
By taking z — Transform
Y(2)=[1-2z"-4z2+82°] =22 X(2)

3

EC —242-2 +82°
= 7 57 4218 2221_ P Choice (B)
CHO= 5T 4
KO- T
1

22 =272 —4z+8

Since given LTI system is for n > 0 so it is causal sys-
tem (Right sided sequence)
72-272-47+8

z2 4227 4827 +1627°....

1-2z7' -4z +827
+2z7' -4z 4827
2z =4z 4827 +1627*
8—2z%—-16z7"
8-2z7-32z"-16z" +64z7
+16z7° +16z7 — 6427
Y(2)=Z3+2Z*+8Z°+16Z° .......
y,[n1=10,0,0,1,2,8,16, ....]

Choice (D)



	PART III: ENGINEERING MECHANICS
	Unit I: Signals and Systems
	Signals and Systems Test 1



