Problem 1 (15 points)

Determine whether or not the system described by the difference equation
y(n) =sin(0.117m)x(n) + x(n +1)

is linear, time invariance and causal. Prove your statements using the definitions.
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Problem 2 (15 points)
A LTI system has an impulse response

h(n) = S5(n—1)+0.55(n—3)

Draw the block diagram for this LTI system. Compute the output using convolution when
the input is x(n)=d(n—-4)+356(n—-5)+46(n—-06) .

Kw)
ia*] N
—Tﬁ \>

3 a

:’}(Mh %057 W=¢
j(u)zéxo.?—z =4

3(\/\) =0 A $LD

J. Principe, 3135 Fall 2008

OR GRAYHICAL YL ETHOD

h &) 1
o.%
[ ﬂ
4 . £ ;r
xcM)T? 1 ;
Y
"‘61“"’“# | l ¢
n-dp = 4 ,L; n=5\ TFiasT pontero
' ouTFPUY
wn= ¢ 3(57 1

{t . 3(6):3

ISR 4 T ] 4 (#)=4+0.5=

. a q' S

' 4 3

L S 1 ! 3(?) =3xp.y=

. 3 " i . "
n=9 /Liij@) 24x0.5

=L

J ( M)=0 u3ID

~—9 .




Problem 3 (15 points)
A FIR is described by the difference equation
y(m)=x(n)+2x(n-1)+3x(n-2)
%) 3a) Determine the frequency response of the system wice pov Grab & THE

(5) 3b) Sketch the magnitude and thg phaseresponses—— _ Prre VLOT o
5) 3¢) Determine the response of this system to x(n) =10+ 4cos(0.57m + 7/ 4)

~

55

3a): ’?\(‘h) 2 8(1«.)1-.7. 5(%-1) T3 §(u-z) .

. ) A C A R\e
4 yw Jo o -2 32
>0 H(P‘)ZE—rze‘) £3 o~ = A¥TET

z%+28~3 Roots = -2 L a-lz
& —-tijE_
2
e g = V3

3 b) H(z)= 1t 227'¢32°°

Yove 2ero Yeor

pe (50
W
| WD)
LN S o
T/ - : }
n 217
4
ﬁ(ﬁ—. Wice poT 6RADE THE
Pt s PLoT"[,
) I,

J. Principe, 3135 Fall 2008 6



<A .
A -W -2 W
H(,e)\;: 4112) +3 @ )

Xtwrz 1o+ 4 cos (0SAM+E) = x 1t Xy ()
OuvtPut o X (W)
A

)e =
w0 =5 H(p ) T AtT+s = é

go )’,(M)-? o

OUTPUT OF X,(u)

w=Z§z o H{+’

)L -5
Z

) (+ 20 + 3 eJ-l,%q-3~—(z+z_\)
,.-4(\-1—))-—2\&@ ‘f %@)

{ns ’ﬁi

6= 43—0
S'o jz(“)‘--g\/z cm(o.fﬁm_i-,.?;)

Gol Y hld va\L«h(Nf £L

D(“): Co-Vs cos [ osiTm tiT 3

J. Principe, 3135 Fali 2008 7



Problem 4 (15 points)

For the cascade system

_x(m) e y(m)
| LTI, LTL
where 1) =1- z72

hy(n)=26(n)+6(n—-1)+6(n-2)+6(n-3)

(10) 4a) Determine the difference equation that relates y(n) to x(n).

() 4b) If you flip the order of the two blocks does the difference equation change? Justify
your answer.

(3) 4¢) If you use finite dynamic range arithmetic (i.e. a preset of bits to represent the results
of the calculations) the response of the cascade system to arbitrary inputs is NOT
invariant to the ordering of the blocks because of saturation in the arithmetic calculations
in one of the blocks. By observing the filter types (Hi(z) and Hy(z)) construct an input
signal that will demonstrate this statement by showing saturation in one of the orders and
not in the other.
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Problem 5 (20 points)

7
For the 8" point (L=8) running sum averager H(z) = Zz’_'k
k=0

5a) Determine a close form solution for its transfer function.

5b) Show its pole-zero plot and interpret it as a pole-zero cancellation of two filters that
you need to specify the transfer functions.

5¢) Sketch the magnitude of the frequency response H(z) labeling the frequency nulls and
showing the magnitude value at zero frequency.

5d) Using the result of 5b), write the transfer function of the bandpass filter with center
frequency at /4 and which has real coefficients.
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Problem 6 (20 boints)

A continuous signal s(t) has a spectrum between 0-150Hz. During data collection, a
sinusoidal interference (v(t)) with frequency 250Hz gets added to the signal to create the
signal x(t)=s(t)+v(t). The signal x(t) is digitized to be further analyzed.

3 6a) Select a sampling frequency that obeys the Nyquist theorem for x(t) and show the
3) - Lo
spectrum of the digital signal x(n). .

7 6b). Design a digital FIR filter to attenuate the noise interference v(n) and leave s(n)
undisturbed. Note: there are many possible FIR filtets, so choose a simple one.

7 6¢) Another alternative is to sample x(t) at the Nyquist frequency of s(t). First specify this
sampling frequency. Then find the digital frequency of the interference for this new
sampling frequency. Finally, design a bandstop filter to null the interference v(n) and
specify its transfer function.

6d) Compare critically the solutions outlined in 6a&b and 6¢ in terms of preserving the
structure of s(t) and also in terms of computation complexity (number of operations and
number of samples created).
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