Math. Methods and Techniques for Signal Processing - 1 Assignment #01

Assignment #01

1. (True/False) A causal LTI system cascaded with a non-causal LTI system is always non-
causal.

2. (True/False) Ideal delay system defined as y[n| = T'(x[n]|) = xz[n—k]| is linear.

3. (True/False) A discrete LTI system has an impulse response h[n]|. If the input z[n] is
periodic with period N, i.e. z[n + N] = z[n], the output is also periodic.

4. Consider system A that performs the first order difference operation y[n| = z[n| —z[n—1] =
Vz[n] on the input. System B with impulse response h[n] when cascaded with the first order
difference system can recover the input. What is h[n]?

O hln] = é[n]

5. A discrete LTI system takes an input z[n] and yields y[n]. The impulse response of the
system is given by h[n]. What is the necessary condition on h[n| so that max|z[n]| >
max|y[n]| is satisfied for all z[n]?

O % [hk]|=1

k=—o00

O Y |hlK]>1

k=—o00

O Y |hlk][=0
k=—o00

o0

O > [hkl <1

6. The following data is measured from a third-order system:
y = [0.3200, 0.2500, 0.1000, —0.0222, 0.0006, —0.0012, 0.0005, —0.0001]

Assume that the first time index is 0, so that y[0] = 0.32. The explicit form of the system
is given by
O y[n] = 0.5046 x (—0.2964)™ — (0.0923 4 j1.0855) x (0.0605+ 50.1892)" + (—0.0923 +
71.0855) x (0.0605 — j0.1892)"
O y[n] = 0.5046 x (—0.2964)™ +(0.0923 4 j1.0855) x (0.0605+ 50.1892)" + (—0.0923 +
71.0855) x (0.0605 — j0.1892)"
O y[n] = 0.5046 x (—0.2964)™ — (0.0923 4 j1.0855) x (0.0605 + 70.1892)™ 4 (0.0923 —
71.0855) x (0.0605 — j0.1892)"

O y[n] = 0.5046 x (—0.2964)" — (0.0923+51.0855) x (—0.0605+50.1892)" +(—0.0923+
71.0855) x (0.0605 + j0.1892)"

1 2

9 1 } Which among these

7. Let the state space representation of a LTI system has A = [

can also represent the same system?
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A= 12 10
VA= |1
D= o

8. Let an LTT system be described by

ot = |7 g |xale | T sk vl =[ -1 8 ]xin

What is the transfer function H(z) = }/8 of the system?
-5
. z+2
-2
. z—1
—2
O (z—1)(2+2)
—1
. (2—1)(2+2)

9. Let an auto-regressive system with output y[n] for the forcing function f[n] be given by y[n+
2] = 3y[n+1]+2y[n] = 2f[n]. Which among the following gives a state-space representation

of the system?

2 3] (1 0.5
DA__O 1] b__J, c—[O.S], d=0
2 3] (1 0.5
oA 3, b__l], C_[_‘J, d=0
2 3 (1 0.5
DA__() 1—, b__l]’ C—|:0'5:|, d=20
2 3 0 1 0.5
OA=1(01 0f, b=|1|, c¢c=]|-05|, d=0
0 0 3 1 0

10. A LTT system with forcing function f[n] and output y[n] is represented using two state |1.5 points
variables u[n] and w[n] as follows:

uln 4+ 1] = 2w(n] + fn], w[n+ 1] =3uln] +2f[n|, y[n] = 4u[n] + 5w[n| — f[n].

What is the transfer function of the LTT system?

6z 2—z"141
O 1-62—2

5272—1
1—-62—2

232724102142
1—62—2

372724142711
1—62—2

11. Let & and Sy be two arbitrary vector spaces. Then, which among the following are vector
spaces?
O S5 USy

o o d
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O S NSy
[l {(Vl,Vz) ‘ V] € Sl,Vg € 82} with (ul,ug) + (V1,V2) = (111 + Vi, Uus —|—V2)
O S\ S
12. Let A = {w,w?,---,w"N} be N roots of unity, where w = 3N . We define addition

operation as viHvy = vivy Vv, vy € A. Eg: w?Bw? = w’. We define scalar multiplication
as a-v =av,Vv € A, where the scalar a € A. What is the additive identity for the defined
operations and the sets?

00
O1
O Does not exist

O Any element in A

13. (True/False) For the sets and operations defined in Problem#12, is A a vector space?
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