PROBLEM sp-04-Q.2.1:
A periodic signalx(t) is represented as a Fourier series of the form

x(®) = Y (108[K] + k? — 15) el 107K

k=—o00

(a) Determine the fundamental period of the sigxdl), i.e., the minimum period.

To = sec. (Give a numerical answer.)

(b) Determine the DC value of(t). Give your answer as a number.
DC =

(c) Define a new signal by adding a sinusoidxi®)
y(t) = 12 cog30rt — 7/2) + X(t)

The new signaly(t) can be expressed in the following Fourier Series with new coefficiepis

yt) = Y beel 10Tkt

k=—00

Fill in the following table, givingnumerical values$or each{by} in polar form..
Hint: Find a simple relationship betweén} and{ay}.

by Mag | Phase




PROBLEM sp-04-Q.2.2:
For each short question, pick a correct frequér(épm the list on the right only) and enter the number in
the answer bok

Question Frequency
(a) If the C/D converter output ix[n] = 7c0g0.57n), and the 8000 Hz
sampling rate is 2000 samples/sec, then determine one possible
value for the input frequency of(t): 4000 Hz
X(t) Ideal x[n] 2000 Hz
ANS = — C-to-D —
Converter 1600 Hz
=1t 1200 Hz
1000 Hz
800 Hz
500 Hz
400 Hz

(b) If the following MATLAB code is implemented, what is the fre-
guency of the sound that will be produced at the output of the
computer’s D-to-A converter.

soundsc( cos(1.6*pi*(0:9999)), 2000);

ANS =

(c) Determine the l_\lyquist rate for sampling the sigrél) defined
by: X(t) = He{el 12007t 4 i2000rty

ANS =

1Some guestions might have more than one answer, but you only need to pick one correct answer.
2|t is possible to use an answer more than once.



PROBLEM sp-04-Q.2.3:

Pick the correct output signal (from the list on the right) and enter the number in the answer box:

System Description and Input Signal

(@) X[n] =1+ cog27n/3) foralln
andh[n] = 8[n] 4+ 8[n — 1] + §[n — 2]

ANS =

(b) X[n] = 8[n—1] —8[n — 2]
andy[n] = x[n] 4+ x[n — 1]

ANS =

(c) yy = conv([0,1,0,-1], [0,1,0,0,0])

ANS =

(d) X[n] =68[n— 2]
andy[n] = x[n — 1]

ANS =

() y[n] = d[n — 3] (8[n] — 8[n — 2])

ANS =

(f) Plot the signas[n] = u[n + 2] — §[n — 2].

| Label Carefully | s[n]

Output Signal

yln] = 8[n — 3] — 8[n — 5]

y[n] = 3sin(27n/3 — 57/6) foralln

y[n] = 8[n — 2] — §[n — 4]

y[n] = 8[n— 1] — §[n — 3]

y[n] =3 foralln

@ y[n] =0 foralln

y[n] = [n — 3]

8] None of the above

4 4 4 4 4 4 4 4 4 4
+ + + + + + + + + +

4 4 4 4 4 4
+ + + + + +



PROBLEM sp-04-Q.2.4:
Pick the correct frequency response (from the list on the right) and enter the number in the answer box:

Time-Domain Description Frequency Response
(@) yIn] = x[n] + x[n — 1] + x[n — 2] HE? =1-¢e%
ANS =

H(el?) = 26712 cogd)

(b) y[n] = x[n] + x[n —1]

H(e®) = 2je 1% sin(®)

ANS =

o sin(@) .,
H(eJ )ZWS;))Q 10/2
2
(c) h[n] =48[n— 1]+ §[n— 3]

ANS =

H(el®) = e 1%(1+ 2 coga))

[6] H(el) = 2D o jaie

(d) h[n] =4[n — 1] —é[n — 3] sin(3&)

ANS =

H(el?) = e 1®

(e) {bk} = {1’ 0’ _1}

None of the above

ANS =

(f) Selectall systems (from the list on the right) that
null out DC. Enter all numbers that apply.

ANS =




PROBLEM sp-04-Q.2.1:

A periodic signal x(¢) is represented as a Fourier series of the form

o0

x(t) = Z (108[k] + K2 — 15) oJ 10kt

k=—00

(a) Determine the fundamental period of the signal x(¢), i.e., the minimum period.

Ty = '/5" sec.

(Give a numerical answer.)

We = [OTC PaA/scc

= Tlo = Wy = Won = Ve

(b) Determine the DC value of x(¢). Give your answer as a number.

DC = ~&

At k:O

n 5edv
ag= 108[x] +k*-15 = j0+0-(S= -§

(c) Define a new signal by adding a sinusoid to x(¢)

y(t) = 12cos(30mt — m/2) + x(¢)

The new signal, y(z) can be expressed in the following Fourier Series with new coefficients {b;}:

oo
y(t) — Z bk e]lOJTkt

k=—00

Fill in the following table, giving numerical values for each {b;} in polar form:.

Hint: Find a simple relationship between {b;} and {a;}. /3""\‘ kafw;:;:

by | Mag | Phase yi)= 6 e Jn/:_ +be > +x(4)
b_3 éJ—i 3"—/4' 60, QK——: bK eXC.CF'{' 'Fbr k= 3

b_ 11 —7C -

> bS: q.s + ée’v"
b_1| 14 -1 ~)3T,
C Qs —bj= ~t=b; = ({7877
bo g m
\>3 =a, + bed _ ~L46) = b*
by | 14 T
= 12-15= -4 = I
o | 1) - b, 14=14e
by | LNz |34 b= 2*-15= -n=ne"




PROBLEM sp-04-Q.2.2:
For each short question, pick a correct frequency’ (from the list on the right) and enter the number in the
answer box?:

Question Frequency
(a) If the C/D converter output is x[n] = 7cos(0.57n), and the 8000 Hz
sampling rate is 2000 samples/sec, then determine one possible
value for the input frequency of x (¢): 4000 Hz
x(t) Ideal x[n] 2000 Hz
ANS = 500 —— CtoD |—
Converter 1600 Hz
Ir. =z 1200 Hz
A
b= QW'F/;; 1000 Hz
= — - O 800 H
0.5r= QW'F/:woo = f- -;E,( 2006 = S00 Hz z
d 500 Hz
400 Hz

(b) If the following MATLAB code is implemented, what is the fre-
quency of the sound that will be produced at the output of the
computer’s D-to-A converter.

soundsc( cos(1.6*pi*(0:9999)), 2000);

ANS = 4060

Ww=théxr olias Yo W=tlér g2

re g =to.4r
=W . 04, 2000 -
:en‘C‘ o~ 40%0 = 400 He

(c) Determine the Nyquist rate for sampling the signal x (¢) defined
by: x(¢) = Re{e/ 120071 4 oj2000mey

ANS = 2000

wa'—'- 20007(: raJ/s

fw«‘— jooo Hz

Stupling Thwn = f5 2 2 func= 2000z

1Some questions might have more than one answer, but you only need to pick one correct answer.
2Lt is possible to use an answer more than once.



PROBLEM sp-04-Q.2.3:

Pick the correct output signal (from the list on the right) and enter the number in the answer box:

System Description and Input Signal Output Signal
(a) x[n] =1+cos(2rn/3) foralln y[n] = 8[n — 3] — 8[n — 5]
and hin] = §[n] + 8[n — 1] + 6[n — 2]
ANS = 5’ RUYW\W\S Sum 86-5
|—3 yln] = 3sin(2wn/3 — 57/6) foralln

cos( 2nu/) —> 0

(b) x[n] =8[n — 1] — 8[n — 2] ylnl = 8[n — 2] — 8[n — 4]
and y[n] = x[n] + x[n — 1]
ANS =
o1 -1 4 (4] yin] = 8ln — 11— 8[n — 3]
11 °"""(°1‘/°J'l—)
Olo-*ll |
(¢ yy = conv([0,1,0,-1}, [0,1,0,0,01) y[nr] =3 foralln
/
ANS= 3 sz', by one
O\’Ta[Dx o, [) O, -)_) @ y[n] =0 foralln

(d) x[n] =46[n— 2]

and y[n] = x[n — 1]/:\6\33 \;) owe y[n] = é[n — 3]
ANS= 7

None of the above

(e) y[n] = 8[n — 3] x (8[n] — 8[n — 2])
ANS = | delay by 3
S[h-—’ﬂ* S[v\—S-]

(f) Plot the signal s[n] = u[n + 2] — 8[n — 2].

| Label Carefully I s[n]

—~10 10



PROBLEM sp-04-Q.2.4:

Pick the correct frequency response (from the list on the right) and enter the number in the answer box:

Time-Domain Description Frequency Response
(@) ylnl =x[n] +x[n — 1] + x[n — 2] H(ejﬁ’) ] — %
ANS= 5 H(e®)=1-1= 0
YY1 A
|+ e e | + 205

H(e'®) = 2¢77% cos(@)

N A . A
= s oW +14 é_'-‘u .
(e ) ) H(e¥®)= 2 ws(o)=2

() yln] = x[n}+x[n —1]

H(e/®) = 2je™7% sin(&)

ANS = Length-2 rumning s
--d:,4 ? . " om H 5°}~ o sw(e=o
[+ Sin(LWA) _:\w(L-l)/z_ (e- -
sin(W/4) € @] H?) = 30D o
sin(3& )

(©) hn] = 8in Z]+a[n—3] H(ei?)20 ¥~ Divichlet

ANS = - g

\j SyoD )20 . Jw) H(e!*) = e7%(1 + 2 cos(@))
".) e S (Q '
¥ H(e))= 1+2=2
2605w 2%)
oy _ SIN2D) sy

d) h[n] = 8[n — 1] - 8[n — 3] 6] He™ = sin(}&) =

ANs= 3 A8/ WA VA H(elﬂ +0

R T L P B g g

et V0. -5 )= e

2)siwids H(ed%)=|

(© {h} ={1,0, -1} None of the above

ANS = |

[§ — 330

(f) Select all systems (from the list on the right) that
null out DC. Enter all numbers that apply.

ANS= |, 3

Look for H(e®)= o




