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PROBLEM sp-04-F.1:
Circle the correct answer to each of the following short answer questiongravide a short justification

for your answer.

1. Pick the correct frequency response for the FIR filign] = x[n — 1] + x[n — 3].

(@) 2codw)

(b) 27115 cog1.50)
(c) 267115 c0q0.50)
(d) 2e71%* cog®)

(e) none of the above

2. A sinusoidal signak(t) is defined byx(t) = Re{(1+ j)ej’”}. Whenx(t) is plotted versus timét),
its maximum value will be:

@ A=1
(b) A=1+j
) A=V2
(d A=0

(e) none of the above

3. Determine the amplitudéA) and phasd¢) of the sinusoid that is the sum of the following three
sinusoids: 10 cast + 7/2) + 7 cog6t — 7/6) + 7 cog6t + 77/6),
(@) A=10andp = = /2.
(b) A=7andgp = /2.
(c) A=0and¢ = 0.
(d) A=3andgp = /2.
(e) A=24 andp = /2.

4. Evaluate the complex number= %
72+
(@ z=0
(b) z=]
(€) z=—]
d z=1

(e)z=-1



PROBLEM sp-04-F.2:
For each of the following time-domain signals, select the correct match from the list of Fourier transforms
below. Write each answer in the box provided. (The operatox denotes convolution.)

(@) xt) = O™ 54 g
_ sin(5rrt)

) xt) = 2"

© xt) = 257V cogant)

(d) x(t) = sin(5rt) . sin(3rt)

mt mt
(e) x(t) = / S(A+3)8(t — A —7)dx
f x@) = Zsin(nt) cog4rt)

wt

(@) x(@)

dt t

E {sin(Snt) }

Each of the time signals above has a Fourier transform that can be found in the list below.
[0] X(jw) = u(w+ 57) — u(w — 57)

[1] X(jo) =€ *[u(@ +57) — u(w — 57)]

[2] X(jw)=u(w+ 37) — u(w — 31)

[B] X(jw) = jolu(w+ 57) — u(w — 57)]

[4] X(jo)=e*

[5] X(jo)=0

[6] X(jo)=e*[jnd(w+m)— jas(w—n)]

[7] X(jo) =[jru(®+7) — jru(e — )] * §(w — 4)

8] X(jw) = 2u(w+7) — 2u(w — ) + 78(w + 47) + 18 (o — A7)
[9] X(jw) = U(w+57) — U(w + 37) + U(w — 37) — U(w — 57)



PROBLEM sp-04-F.3:
The three subparts of this problem are completely independent of one another.

(a) When two finite-duration signals are convolved, the result is a finite-duration signal. In this subpart,

h(t) = t?[ut — 17 —u(t —10] and x(t) = 9u(t — 7) — u(t — 30)]

Determine starting and ending times of output sigy@) = x(t) * h(t), i.e., findT, and T, so that
y(t) =0fort < T, and fort > To.

T = sec. |Tp= sec.

(b) A system has the following impulse response:
h(t) =ut —2)

Determine whether the system is stable and causal (circle your choice for both answers).

STABLE? YES NO CAUSAL? YES NO

(c) For the convolution
y() =3[ut —9) —u(t —2)] xu(t — 2

determiney(oco) = tIim y(1), i.e., the value of the signai(t) ast — oo.

y(o0) =




PROBLEM sp-04-F.4:
Two questions that involve common operations done in the Lab:

(a) Suppose that a student enters the followingTMaB code:
nn = 0:3480099;
xx = (5/pi) * cos(2 *pi *1.2 *nn + 6.02);
soundsc(xx,20000)
Determine the analog frequency (in Hertz) that will be heard. (There might be folding or aliasing!)

FREQ= Hz

(b) Suppose that a student writes the following™AB code to generate a sine wave:
tt = 0:1/12000:10000;
XX = sin(2 *pi * 1000 * tt+pi/3);
soundsc(xx,fsamp);
Although the sinusoid was not written to have a frequency of 1900 Hz, it is possible to play out the
vectorxx so that it sounds like a 1900 Hz tone. Determine the valdsashp that should be used to
play the vectoxx as a 1900 Hz tone. Write your answer as an integer.

fsamp = Hz

(c) Consider the following piece of MrLAB code:
tt = 0:(1/16000):36;
XX = c0S(2 *pi *440+tt);
soundsc(xx,8000);
Determine the duration (in seconds) of the final played tone. (Assume that the computer has an infinite
amount of memory so that we don’t need to worry about running out.)

DURATION = sec.




PROBLEM sp-04-F.5:
The system below involves a multiplier followed by a filter:

X(jo)
1 " x(1) v(t) | LTI System | y(t)
—————>»

h(t), H(jw)

ey

Wb 0 @b cos(wm,t)

The Fourier transform of the input is also shown above. For all parts below, assumg th&0r, and the
frequency of the cosine multiplier is,, = 100 rad/s.

(a) Make a sketch o¥ (jw), the Fourier transform af(t), the output of the multiplier, when the input is
X (jw) shown above witlw, = 207 rad/s.

V(jw)
w
(b) If the filter is an ideal HPF defined by
. 0 < 1007
H(jw) = !
1 lw| > 1007

Make a sketch o¥ (jw), the Fourier transform of the outpytt) when the input isX(jw) shown

above.
Y(jw)

SV



PROBLEM sp-04-F.6:
Suppose that two filters are cascaded. The system functions are

Hi(2) = y and Hy(z2) =8-—4z1

(a) Determine the poles and zetasf H1(2)

POLESs=

ZEROS=

(b) Determine the poles and zerosté$(z)

POLES=

ZEROS=

(c) The cascaded system can be combined into one overall system and then described by a single differ-
ence equation of the form:

y[n] = ay[n — 1] + Box[n] + Bix[n — 1] + Box[n — 2]

Determine the numerical values ®f Bg, 81 andgs.

o= Bo = B1= Bo =

Lif necessary, include poles and zerog at 0 and atz = oo, and indicate repeated poles or zeros.



PROBLEM sp-04-F.7:
A periodic signalx(t) is represented as a Fourier series of the form

x(t)= Y (108[K] + K? — 15(—1)¥) el 57Kt

k=—00

(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 filtering(t) through the LTI system whose frequency response is
H(jo) = joe 1%t
The new signaly(t) can be expressed in the following Fourier Series with new coefficibpis

yo = Y beel Kt

k=—00

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

by | Magnitude| Phase




PROBLEM sp-04-F.8:
Consider the following system for discrete-time filtering of a continuous-time signal:

|
X(t) | Ideal x[n] LTI [n] Ideal V(9
—n C-to-D System > D-to-C b
: Converter H(2) Converter :
s 2, (T i
T  Het(jo

Assume that the discrete-time system has a system funidtiandefined asH (z) =z * + z 3
(a) Determine the frequency response of the discrete-time filter and plot its magnitude response versus

frequency: H(ei)|

NEN
INIEES
>

(b) Assume that the input signalt) is a sum of cosines:
X(t) = 2cog40xt + 7 /4) + 7 cog180rt + 7/3)

For this input signal, determine the Fourier transform of the output sigihalvhen the sampling rate
is fs = 120 samples/sedVake a plot ofY (jw), the Fourier transform of the output signal.

Y(jow)

SY



GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL of ELECTRICAL & COMPUTER ENGINEERING

FINAL EXAM
DATE: 30-Apr-04 COURSE: ECE-2025
NAME:  Answen Key aT# Versvom — |
[AST, 7 FIRST

Recitation Section: Circle the date & time when your Recitation Section meets (not Lab):

L03:Tues-Noon (Ji) LO4:Thur-Noon (Bordelon)
L05:Tues-1:30pm (Ji) LO6:Thurs-1:30pm (Bordelon)
L11:M-3pm (McClellan) LO7:Tues-3pm (Fan) L12:W-3pm (Bordelon)

L09:Tues-4:30pm (Fan) L14:W-4:30pm (Bordelon) GTREP: (Barnes)

Write your name on the front page ONLY. DO NOT unstaple the test.

Closed book, but a calculator is permitted.

One page (8%" x 11”) of HAND-WRITTEN notes permitted. OK to write on both sides.

o JUSTIFY your reasoning clearly to receive partial credit.
Explanations are also required to receive full credit for any answer.

You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Circle your answers, or write them in the boxes provided.
If space is needed for scratch work, use the backs of previous pages.

Problem | Value| Score

1 25
25
25
25
25
25
25
25

O N OO Ok~ WD




PROBLEM sp-04-F.1:
Circle the correct answer to each of the following short answer questions, and pro
for your answer.

1. Pick the correct frequency response for the FIR filter: y[n] = x[n — 1] + x[
b=%01,01%
. A ‘&
H(ei®)= €7+
—120 L
= g3 (e* re

= e“iz':’ ( 2 cos

(a) 2cos(®)

(b) 2e715% cos(1.50)
() 2e7715% cos(0.50)
(d) 2e7%* cos(d)

(e) none of the above

13
eJ

2. A sinusoidal signal x(¢) is defined by: x(¢) = Re{(1 + j)ej’”}. When x(1)

its maximum value will be: .
. ™,
|+y =2 ed’*

(a) A=1
00 et )
(d A=0

(e) none of the above

3. Determine the amplitude (A) and phase (¢) of the sinusoid that is the su
sinusoids: 10 cos(6t + m/2) + 7 cos(6t — m/6) + 7 cos(6t + T /6),
(@) A=10and ¢ = 7/2. Vo - e
10ed"% 4 797+
(b) A=7and ¢ == /2. .
(c) A=0and ¢ =0.
(d) A=3and ¢ = /2.
(e) A=24and ¢ =n/2.

iv

vy

vide a short justification

n — 3].

_JLC:)
&)

is plotted versus time (z),

m of the following three

le )77

10y-3.5;-3.5; +6.0b
-6.06

-7,

._1_ ._2
4. Evaluate the complex number z = %
J7o g7
(@ z=0 . . . .
k) N :
. - -3 4+ | -3{(1+31) .
(b) z=j £=J_ 2 :;_:L = ( J = =)
T
dz=1

(&) z=-1




PROBLEM sp-04-F.2:

For each of the following time-domain signals, select the correct match from the list of Fourier transforms

below. Write each answer in the box provided.

[

by xy = 30670 FT_ y(w+5ew) —ufw+ST)

wt

0

Tt

(The operator x denotes convolution.)

. 5 .
(@) x(t) = w x8(t —4) _id'_e_,?_-l.’, [u{w+5’7r) —u(w~§rr)] e—‘JM

© x0) ,SinGre) cos(4nt) [ ulw+m) —u(w—-n‘)] [27r£(ou+41r) +2m$ln- 47:')]

5 Since +he delos are outside Hie passbad,

(d) x(®)

sin(5mt) . sin(3m¢)

+he amswer Is RERO-

- wi > [ulw+5m) — ulw-5m) ) [ a(w3m—uluw-3m)]

2.
B A — X _[;tj,
00 =T ! S 3r { 3mr

keep Hea

Shorfenr ona

(e) x(t):/&()»+3)8(t—)»—7)d)»: g(_£+3-))<_ é(é”?_): 8({._4)!—;}; e~)4w

—0Q

4

©® x(0) = 2sm(rrt) COS(ATTt) —ay [u[w.nr).. u[u_y—-[r)] shy F+d:£K+°
9 m Tl m
d (sin(5nt) U 4rsy >
® x0) = { = deriv ‘
3 ]?mP¢r+\j )= [u(w-l-sﬂ -U(w- & )]

4

—4T

Each of the time signals above has a Fourier transform that can be found in the list below.

(0]
(1]
(2]
[3]
[4]
[5]
[6]
[7]
[8]
191

X(jw) =u(w—+ 5m) — u(w — 57)

X(jo) = e *[u(w + 57) — u(w — 57)]

X(jw) = u(w + 37) — u(w — 31)

X(jo) = jolu( + 57) — u(w — 57)]

X(jo)=e /%

X(jo)y=0

X(jw) = e [jrd(w+m) — jrd(w— )]

X(jo) = [jru(w+7) — jru(w — 7)] * §(w — 47)

X(jw) =2u(w+ 1) = 2u(w—m) +n8(w + 47) + 78(w — 47)
X(jw)=u(w+ 57) —u(w+37) + u(w — 3mw) — u(w — 5m)



PROBLEM sp-04-F.3:

The three subparts of this problem are completely independent of one another.

(a) When two finite-duration signals are convolved, the result is a finite-duration signal. In this subpart,
h(t) = t*[u(t — 17) —u(t —10)] and x(z) = [u(t — 7) — u(t — 30)]

Determine starting and ending times of output signal y(¢r) = x(¢) * h(t), i.e., find T} and T; so that

y(t) =0fort < T, and for t > T».
=] =47 ‘Q(ﬂ stonds ot t=10; ends ad t=17
X(4) stonds ad t= T ends at t=30
= y(+) stoaks af =17 ends ot t=47

(b) A system has the following impulse response:
h(t) =u(t —2)

Determine whether the system is stable and causal (circle your choice for both answers).

STABLE? YES (I\To) CAUSALT YES ) No
E— L)=0 for +<2z

/
§ |R(b)]dt- i | dt—e0 = czusal
- Z

(¢) For the convolution

y(t) = 3[u(t — 9) — u(t — 2)] % u(t — 2)

determine y(00) = lim y(¢), i.e., the value of the signal y(¢) as r — o0.
=00

yoo=—21|  Plot 3[ult4) —u(t-2)]

| = 2 >t
Sz

As + o0, '7(oo)=ma. = (-3)(7)=-2]|

O g1 3 ule-a)s ulb-s) = 3ulb-)x utt-2)

= 3(t-u)ult-n) —~3(t-4)ult-4)
As £ —>=2, ylt) —> 3/t-1)-3(t-4) = -33+12= 2]



PROBLEM sp-04-F.4:

Two questions that involve common operations done in the Lab:

(a) Suppose that a student enters the following MATLAB code:
nm = 0:3480099;
XX = (5/pi) * cos(2+pi*1.2*nn + 6.02);
soundsc (xx, 20000)
Determine the analog frequency (in Hertz) that will be heard. (There might be folding or aliasing!)

FREQ =4 D00 |Hz (:) = 21\'(!-2—\ aﬂiases -\-o 211'(0.2)

w = ok = 2 (0.2)(20,000)

- (.'.\-)- = . =
1(’ 2 0.2 X 20,000 4)000 Hz

(b) Suppose that a student writes the following MATLAB code to generate a sine wave:
tt = 0:1/12000:10000;
XX = sin(2xpi«1000*xtt+pi/3);
soundsc (xx, fsamp) ;
Although the sinusoid was not written to have a frequency of 1900 Hz, it is possible to play out the
vector xx so that it sounds like a 1900 Hz tone. Determine the value of £samp that should be used to
play the vector xx as a 1900 Hz tone. Write your answer as an integer.

fsamp =22 B OO |Hz XX is Sin(.?n’(lobb)f +1T/3>
SGMP\-CA aX fs = 12,0600 Hz
= &= 2w (1000) /2 000
Qoor = Gfs => 271 (1900) = 2m(1000) £

2000
= -r Hoo ———=x 14,000 = 22 300 H=

(c) Consider the following piece of MATLAB code:
tt = 0:(1/16000) :36;
XX = cos{2xpi*440=xtt);
soundsc (xx, 8000) ;
Determine the duration (in seconds) of the final played tone. (Assume that the computer has an infinite
amount of memory so that we don’t need to worry about running out.)

DURATION = '/,2_ |sec. XX is C—OS(QW (440)t) SFMP’&) ot
dorakion % xx. = Db sec. s= 6, Co0Hz

?\’c»jma oot at Pooo Bz s Playing slower

=) dMT(V"‘lGV\ s lov\gﬂfl “’oc’b x3b= 72 secs.



PROBLEM sp-04-F.5:
The system below involves a multiplier followed by a filter:

X(jw)
1 x(1) v(t) | LTI System

h(t), H{je)

y(@)
——

_Y

—®b 0 @b cos(wmt)

The Fourier transform of the input is also shown above. For all parts below, assume that w, = 20, and the
frequency of the cosine multiplier is w,, = 1007 rad/s.

(a) Make a sketch of V (jw), the Fourier transform of v(¢), the output of the multiplier, when the input is
X (jw) shown above with w, = 207 rad/s.

V(jw)
\
' \/7_ A /2_
' ]
/(<\<‘\ }
—120m  -lcop ~ROMT o 2r  joor 201 @

V(ju): -'i'X:(j(u-aoo;rﬂ + ';_X(:l(wﬂomr))

(b) If the filter is an ideal HPF defined by

0 |wl < 1007

H(jw) =
(o) [1 | > 1007

Make a sketch of Y (jw), the Fourier transform of the output y(z) when the input is X (jw) shown

above.
Y(jow)

3 '/ 2. :
\." \

~jon  ~loor O joor- 20




PROBLEM sp-04-F.6:

Suppose that two filters are cascaded. The system functions are

343772

Tz od  Hh@=8- 477!

Hi(z) =

(a) Determine the poles and zeros! of Hi(z)

_ 3(2%+1)
POLES = —'5_—-._) './z H ()= :}—E—EE‘%
ZEROS = +) , =) 224 =0 => Z'=1"—J

2=V =0 = B=t),

(b) Determine the poles and zeros of H,(z)

PoLes= O H,(2)= g(Z""/z)
ZEROS = Vz_ =

(c) The cascaded system can be combined into one overall system and then described by a single differ-

ence equation of the form:

y[nl = ayln — 11+ Box[n] + ix[n — 1] + Box[n — 2]

Determine the numerical values of «, 8o, 81 and B;.

a==~"'%||Bo= ¢ Bi= O ||B=4

a 34+32° ) Lz
R Hale) = 205, - 8(-527)

:_(3"32—2)8 é‘}__éz‘z
4(1+%27) T+ 42)

11f necessary, include poles and zeros at z = 0 and at z = oo, and indicate repeated poles or zeros.



PROBLEM sp-04-F.7:

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

x(t) = Z (105[k] + k- 15(_1)k) oJ Skt

k=—o0

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

To = 9-/5" sec. (Give a numerical answer.) W= S => 7; =< - 25-___

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

DC=-5| Q= 10S[0]+ &= 15(-1= 10-15 = -5

(c) Define a new signal by filtering x (z) through the LTI system whose frequency response is
H(jo) = jwe /1
The new signal, y(¢) can be expressed in the following Fourier Series with new coefficients {b;}:

y(t): Z bkean'kt

k=—o00

Fill in the following table, giving numerical values for each {b;} in polar form:.
Hint: Find a simple relationship between {b;} and {a;}.

by | Magnitude | Phase by = Qk H(J kwp)= Qi (_jkﬁre_—j 05/"")
by | 1O |- C'_z: lg 5;[:’_]_'?;2-)::'5(")1

b_1| Qo O ‘2.2:("“)("‘:)'071'6‘)”-)2 ~j 1o

L] O O | b=\b,Y = jnor

by | QOm O b, - a, H()'o)-; -

b | llow | Tl

a,= IDED I+ 1 ~15(-N)= | +15=)b
b=1¢(;5mre’™) = o



PROBLEM sp-04-F.8:

Consider the following system for discrete-time filtering of a continuous-time signal:

L}
x(t) | Ideal x[n} LTI y[n] Ideal Loy
— C-to-D > System > D-to-C .
'| Converter H(z) Converter |}
sy Ay
o T T HeGo) T T T

Assume that the discrete-time system has a system function H (z) defined as: H(z) = V4273

(a) Determine the frequency response of the discrete-time filter and plot its magnitude response versus

frequency: |H ()]
2
{ !
! '
3 :
—:‘n' _'% 0 z 4 o
H(ed®) = 3% 4+ 937 ”
28 = HE= 2 ]ed)]
= e ( 2cos w)

(b) Assume that the input signal x(¢) is a sum of cosines:
x(t) = 2cos(40mt + 7 /4) + 7 cos(180xt + 7 /3)

For this input signal, determine the Fourier transform of the output signal y(¢) when the sampling rate
is f; = 120 samples/sec. Make a plot of Y (jw), the Fourier transform of the output signal.

. gv Y(]a)) -—, 5_"_/'2-
.:L’ﬂ.'eJ = Qnej
\ .
—4orr o 4o
X[V\]:: 2@5 (4;0'2-'[0'\ +‘TI/4_) + 7@5 )_?TQ;_"[;’_\ +'TT/3‘)
&:1{ O = IS aliases +o -
H(,C')“/’7: e—ij32 cos(™) H( e—)ﬂh) =0 so Hhis

: —r— CDMFOHCM.?L is nvlled out
_ i_é‘)aw} 2.xYo=|

Yin)= 2ees(Fn+74 -2, < 2c05(%n- 5

Convedd W to w! w= 0= L x120= 41 vady,



