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2)

1) [25 pts.] Let the DT system be

MKT 2812 Signals and Systems

(5 pts.) Time-invariant? Prove it.
b) No

a) Yes

Final Exam

y[n] = cos(20mn — m/3)x[n]

Total

y[n — N] = cos(20mn — 2n10N — /3)x[n — N]

Delayed response = cos(20mn —m/3)x[n — N|

Both equal if cos(20mn — 210N — /3) =cos(20mn — w/3) VN € 1. YESitis Time Invariant.

[20 pts.] Find the Fourier series representation of periodic signal x(t), with period of 4 sec. and one period
() =ult—1) —u(t—3).

a)

b) (13 pts.) What is the amplitude of the second harmonic (4 in A cos(2Q,t) term)?
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3) [25 pts.] Let system be defined by

t
y(t) = SJ. e 2Dy (r — 1)dr

(5 pts.) Describe methods to find CT LTI system response to an arbitrary input?
(20 pts.) Find the system response to the input x(t) = r(t) — 2r(t — 1) + r(t — 2) using Laplace transform

a) Find the impulse response h(t) = S[§(t)] then apply the convolution integral in time domain

y(&) = [h*x](©)
or Laplace transform input X (s) and impulse response H(s) multiplication’s inverse laplace
y(@) = LH{H(s)X(s)}
Direct approach y(t) = S[x(t)]
b) h(t) =5 f_tooe_z(t_f)(?(r —1)d7 = 5e72¢t-D f_too §(t — 1)dr = 5e 2Dyt — 1)

H(s) = =S
(s) s+ 2 ¢
1—2e 5+ 2e %
X(s) = ——
Y(s) =HX = L(e—S —2e7 % +2e7%)

s2(s+2)
Define the core term (without the delays)

Z(s) =

s?2(s+2)
PFE for simplified terms
Co €1, C

Z(s) = = + =+
() s?2(s+2) s+2 s? s

Find the coefficients

5 5
Co:(s+2)Z|s=—2:@:Z
, 5 5
c; =S ZlSZO:W:Z

d 5 s
Cz=£{5 Z}lszOZ@Z_Z

5
z(t) = Z{_l +t+e 2}u(t)
Using the LTI time shift prop.

y(t) = Z{—Z(t -1 +2z(t—2)+z(t—3)}



4) [10 pts] Find the convolution sum of (x®h)[ | where
= 0.2"(u[n] —u[n — 2]), h[n] =0.5"(u[n+ 1] —u[n —1])
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—»| hy[n] > h,[n] hy[n] = 2(u[n] —u[n —3])

h,[n] = 0.4™u[n]
hz[n] = 8[n] — 6[n — 1]

5) [20 pts.] What is the equivalent impulse response of the overall system shown above?
In time domain:

h[n] = hy[n] * (hz[n] + hs[n]) = (hy * hy)[n] + (hy * h3)[n]
a) Note that we have general terms of u[n] * r™u[n — a] forr € R, a € I, the convolution sum

(o]

_ rn+1) B (1 _ ra)

uln] * r*uln —a] = z uln—kjr*ulk —al = u[n—a] Y r* =u[n—al {(1 .

T 1—r
k=—o00 k=a
ra rn+1 ra
uln] *r*uln—al] = {—}u[n —a] = {1 —r™1Yy[n —d]
1—r 1—r
b) u[n + a] = 8[n + b] for a, b € I, the convolution sum
) n+a n+a-b
uln+al*8[n—>b] = Z uln—k+als Z5k b] Z 6[m] =u[n+ a — b]

k=—o0 k=—c0 m=—oo

These general results may be reused for various problems. Apply this for the final question where

(hy * hy)[n] = Z(u * (0.4™"u[n]) —u[n — 3] * (0.4nu[n]))

ul[n] * (0.4™u[n]) = ﬁ(l — 0.4"*Yu[n] (r=04,a=0)
\ 4-3
u[n — 3] * (0.4™u[n]) = 06 c (1-04"2)un—-3] (r=0.4,a =3)

}

(1)

(2)

(hy * hy)[n] = ?((1 — 0.4™u[n] — 0.473(1 — 0.4 ?)u[n — 3])

(3)

The second term
(hy * hg)[n] = 2(u[n] —u[n = 3]) * (6[n] — 8[n — 1])
May be computed using the general template (2) as
u[n] * 8[n] = u[n] (a=0,b=0)
uln]*én—1]=un—-1] (a=0,b=1)
uln — 3] * 8[n] = u[n — 3] (a=-3,b=0)
uln—3]*8n—1]=uln—4] (a=-3,b=1)

(hy * hy)[n] = 2(u[n] + uln — 1] —u[n — 3] + u[n — 4]) = 2(8[n] — 6[n — 3])

| ()




In z (frequency) domain, the solution would have been shorter
H(z) = H,(2)[H,(2) + H3(2)]

hi[n] = 2(u[n] —u[n—3]) = 28[n] + 26[n—1]+26[n—2] > H;(z2) =2(1 +z7 1 + z72)
hy[n] = 0.4™u[n] - H,(2) = T

—0.4z71
hs[n] =6[n]-6n—1]->H;(z) =1—2z"1

1
H(z) = H1[H2 +H3] =2(1 +z71 +Z_2) m+ 1 _Z—1]
H —2( 1 et . _3>
@ =21 0417 104177 T-0477 z

Inverse z-xform
hin] = 2(hy[n] + hy[n — 1] + hy[n — 2] + 6[n] — &[n — 3])



