ECE 3793
Test 1

Thursday, March 14, 2002
7:00 PM - 10:00 PM

Spring 2002 Name: S OL—UT / ON

Dr. Havlicek Student Num:

Directions: This test is closed book and closed notes. You have 180 minutes to complete
the test. All work must be your own. There are five problems. Work any four of them.
Only four problems will be graded. Below, you must circle the numbers of the four problems
you wish to have graded. Formulas appear at the end of the test.

SHOW ALL OF YOUR WORK for maximum partial credit!

GOOD LUCK!

Circle the numbers of the four problems you wish to have graded:
1. 2. 3. 4. 5.

SCORE
1. (25)
2. (25)
3. (25)
4. (25)
5. (25)

TOTAL (100):




1. 25 pts. A continuous-time LTI system H has impulse response

h(t) =

Wl

1
[u(t) — u(t — 1)] - g5(t - 2).
(a) 4 pts. Is the system H memoryless? Justify your answer.

Note, This 1S5 text pro blems 2.225)) given on Hw 7.

A continvovs-time LTI system H ie mewmory less (€€
the impulse response \s KPMH), a constant Fives +he
Dirac Delta. Thats not the case here.

Therefore, H is NoT MEMORYLESS

(b) 4 pts. Is the system H causal? Justify your answer.

AR
4 X ¢ The system is Ca\JSa‘),
o 1 L_;ﬁ’ Swee A= 0 W teo.
3

(c) 4 pts. Is the system H BIBO stable? Justify your answer.

Smlk(t]la\l’ = Sw;i‘[uu)— ute-1] + 58 (¢-2) At

-— O

‘ 0o
- ‘Wd’c*%S $t-2) dt

3 ),

-4, 0 - 4T L
=ttty = et
- 4 .‘_:5_<00.

Therefore H 1S BIBO sable.
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Problem 1, cont...

(d) 13 pts. The system input is given by z(t) = at + b, where a,b € R are constants.
Find the system output y(¢).

h(T)

X 7[{): x(t) ¥ h(t) = aﬁwx(t)k(t-r)clt
3 2 T 0
T o = () {Aluten)-ule-ten]
h(t+T) , =34 (t- t—l)} 4T
T :%“S aTth AT - —S (aTtb) ¢ (4-T-2)dT
-t -t+l iy t i
h(t-T) AN —§an S@M)d"([t )~
) L t-1
2 _ 441 52 \
nl ol = ':?[lt’ ]tl+4 T"( “"[at b]t t-2

- %[{l-(t-n)‘}c%[t -(+-1) -4 [att- 7-)+!>]
= 4 Lo (eate)] e 2] §[at- 2 vb ]
- %[n—l]* %'%“f*%“_%}’

41 _ L Z,. -1
=“§at"7'§'“'§L jat +3a -3b
&) _L
- %qt—éqt—%a-\'%a'\' 'gl: BL
= a’f*L

= x(¥). MU/:aH—LJ
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_/Lo() JTHER. WA,
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o= 0o Xt = S o) % (£-T)T

h(T)
43, g |
~ ;7 f - - g,{g{uct}-utt—'):,‘%d"ét’?-)gf“&‘t)
| __I/S . +L§d’&
Ao = {$o-wed)aene] do
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2. 25 pts. The input z[n] and output y[n] of a discrete-time system H are related by :
n o qynek This s text pro blem
n| = — k. N .
= 507 et

(a) 4 pts. Is the system H memoryless? Justify your answer. Hw 3
O (L)-k
ytel = E:_: z2) X[k}, which depends an the
Pt input x [-1].

Therefore, the system is not mewscyless ,

(b) 4 pts. Is the system H causal? Justify your answer.

y[n) depends on inputs X Tk] for ke (-a0,n).

> Therefsre YT depends on +he present mput and on
all past inputs, but not on future inputs,

= Theeloce the system s causal |

(c) 5 pts. Is the system H linear? Justify your answer.

Let v} =HixCsTf = f_({)"«x.[k),

bef U] = H{% D] = z‘lka(;)o""‘x,m.
Kz~

Let %,[n] = ax, ra3 thXaln] where a and b are constunts.

Then yiTnd = H{noad = 3 (4% 4]
K=~

20

N e
= 2 @™ {ax v +ixna

Kz~o0

- dLEh: (é)“‘km[ﬂ + Q;(é}"'kxz [}

K= ~e0

= ay, I+ by, ] / " The systew is linear,




Problem 2, cont. ..

(d) 6 pts. Is the system H BIBO stable? Justify your answer.

Let x[n) be a bounded wput. Then FBeR, B0, such Haat
Ixfa3| ¢ B Yne Z.

Then \YC,\-J, - Z_ (z) 'XCK]! l) XCV-])
IOPAOR \mq} < (4" z:w g - Leurr ™

K-~$ K-_—,-”

- B R 2= BUP e T2y ppe

Then YTrY is bounded — Every bounded input produces
a bounded outpul. Therefere Tthe Systewmn LS g'ncgu;

(e) 6 pts. Is the system H invertible? Justify your answer. If it is, then construct
the inverse system. If it is not, then find two distinct input signals that produce
the same output signal.

ym =3 (] = L) (B xcx?

k=-¢ K=~ o0

:(‘-?;)" [(L) XInJ + Z_( xtﬂ]
k=n term ;;'“’\—/

resf
< (W e« (4)(4)" 2 (W x0
Lo ek
= xX[n)+ 3% (3 w[k) = xr_n‘)+‘7_y[a-13
\K::-oo L

JTa-) = So XTx) = yTad-FyTa-]

Then the T/0 celation $or the
Mverse system is given by

) )'E'\']-XC"'J ‘\‘th-ﬂu




3. 25 pts. A discrete-time system H is formed by cascading two discrete-time LTI systems
H, and H,, as shown in the figure below:

x[n] —| h,[n] |—m h,[n] —— y[n]

The unit pulse response hy[n] is given by
hy[n] = sin 8n,

while the unit pulse response hy[n| is given by

where |o| < 1. Find the system output y[n] when the input is
2ln] = [n] — adln - 1].
The gverall system H has jmpulse response A[n):L‘Cn]:FLz ()
But h Tad is ugly and wil] probably make fhis a difeeult
calewlation. For the same reason, we would ke to avoid
kavinj fo caleuate $nd = bl ¢ X[nJ
Lock Lor  anot her approach :

Yo = (X0 ¥ hTnd) kb, Tno
= éﬁff\] ¥ ‘—\ZD\]) * hy [w)

maybe this will be easier.

-

(XE“"‘ *1\1[“3) = <A‘[‘n’) - dé\tv\"j ) ‘)"‘ﬂz[“}
= "‘z ['"-) - d\6l\z ]:h-l-}
- o("utﬂ'l - A (c‘“-l,utm—ll ) —



More Workspace for Problem 3. ..
(xend ¥ hy, Ta ) =+ = d“Ut"-B - d“uc.\-;j
= " [:utnj— utn—t'J]

=" 0T = w0 P ] =47

So VIn) = Qccn#kztn ) ¥ h, [n]

= 0Tn) ¥ b, Cw)
= h,[n]
= SIn8n .

tygm) = sin 80]

g
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4. 25 pts. The discrete-time system H is formed by connecting four LTI systems H;,
H,, H;, and Hy as shown in the figure below.

- HI + +
H, ﬂ@ﬂy[n]
x[n] - H, A + A-
- H

The impulse responses of the four LTI systems H; through H, are given by

minl = o,
holn] = u[n+2] —u[n],
hs[n] = én—2],

[

>

4

]

Find the unit step response s[n] of the system H.

H s an LTI SyS{’cm w1l }MPu,jc résponsé
"‘["l = (l‘l E".]"'l\z [")) # 1\3 [n] - L4D\)
n
z (“U\j + UT,n‘tZ]-'u[n‘)) yAn-2)- GZ) utn?)

= ubnt2) ¥ gn-27] - (1) ucnd
T utnd - (1) 'uted = [\—(%.)“jucwj .

The step response 15 3:‘Vevx l;y

n
o= T = Y D=4 ) uek)

K=~ k=-o° n
€=0

—7
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More Workspace for Problem 4. ..

‘\(: n<o, ‘H\er& are  wo ‘\’erw\s in the Sum
and  STn) =o.

{F V\7/0) “"\/\CV\

n oK
sCn) = ii— I___O@)

=0 ‘ At
) - (Y
= N\ - LL) LL)
\— Vo
AP
N 1= (k)" - nel-2+ (3
VL
= h-fl'l'&'_)n

Al "W)j&‘f%(‘ A

[ SCn‘f[h«H (%)“] utn) 3

P e




5. 25 pts. Consider a discrete-time LTI system H with impulse response
1 -n
h[n] = <Z> u[—n + 2].

The system input is given by z[n] = (%)n u[n + 2|. Find the system output y[n).

Kk

L) nzez —> N<O

ht2

e ll k yIn) = Z h[ kD xCTn-k)
xCk) ML(4)-K(Z.) (L) 2(4 (z

K-;’\?:Z. - n+7..
_J.l.LLu.\mé-u——)k = ) (L) ‘ () Z_ 8K
- P .
xCntk J C L Ly 37A— g ) n

“ ) »{-? () —s L "(3 )8 6

-I-zu“”““>k - §7f‘_ 2—n23n _ 5';_ 22,., _ 5‘,;_ 4"’
xCn-k)

) w70 :yzm= v (AN "-(%)h)f 8"

| a3 £ cp
~A -
N 1 T3 < BT )
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@ other way

hLk]

a—u-l.uu-l-uél.——yk
WIn+k7)

ol

2-h

WCr-K3

JlU.uumL

-

'yCléj

,lﬂumst-

-3
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All

n<«o

yTnd= Z— xCOhCak) =

W\

Taij\

Yin) = {

5(14,
b’ll(t)

5 (1)

k=2

) N<O

n>0
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Formulas from Trigonometry:

sin? A +cos?A =1
cos(A + B) = cos A cos B F sin Asin B
sin2A = 2sin Acos A

_ 2tan A
tan2A4 = Totans 7
COS% — :t 1+cosA
sinA=1_— —cos2A

s1nA+smB—281n (A+B)cos (A B)

cosA+cosB—2cos (A+B)cos (A - B)

sin Asin B =
sin Acos B =

2{cos(A B) — cos(A + B)}
+{sin(A — B) +sin(A + B)}

Differentiation Formulas:
d dv

E—z—(uv)—ua—i-—v

thaln rule: & & = —u%‘;z
—cosu——smua—-

Lsin~ly = \/11—u§;, (—% <sinTlu<Z
%tanluzljuzz’;, ~I<tan'u<Z
%lnu: %%

Integration Formulas:
Integration by parts: /udv = uv — /U du
d
/“ In Ju|
u 4
/ a du = ,
Ina

/cosudu:sinu

a>0,a#1

in2 _ u _ sin2u 1 o
/sm udu =3 4 Q(U sin u cos u)
/COSQUdu =5+ Sm42u = %(u + sinu cos u)
/tanQUdu:tanu_u
__dL—_l_ln(u—a)
ul—qg2 20 uta
du . ;
= In(u+ Vi @)
Vu? + a2
/xsinaxdm:m%-w
a a
in? _z _ sinZa
/Sln ardr = 3 =
2 .
/3:2cosa:zdx:%gcosax+(%_a%)S1nax
2 __ tanazx
/tan axdx___a__x
/lnzdx:xlnx_x

—
—

sin(A £ B) = sin A cos B + cos Asin B

__ tan Attan B
ta‘n(A + B) - l:FtanA%anB
cos 2A = cos? A — sin? A

i A l-cos A
sin 5 = i\/———z

A __ sind
tan 2 7 l14cosA

cos? A=+ Lcos24

smA—smB = 2cos 3(A + B)sin
cos A —cos B = 2s1n%(A + B) sin
cos Acos B = 2{cos(A — B) + cos(A + B)

3(A—B)
2(B—4)
}

i (5) =

dismu = cosuj—

f Tu
tanu = sec? y %

d -1 1 (

da:
o CcoSs

idu/dx) u(dv/d:l:)

dz
— log, e du
u dx’

a#0,1

U

Ydu=e

<

sinudu = —cosu

—— —

tanudu = —Incosu

u
e

= =In(u + Vu? — a?)
u

sinazx dx = 2 2 sinax + (

[
!
=)
[

= — L) CoS ax
a

8

8
o
o
@
]
8
au
8

cos ax zsinaz
a? + a

2 _z sin 2ax
cos“axdxr = 5T 4
1
(z-3)
1
(lnm — 5)

a

T
€ dr = <<

8

8
=)
8
L
8
I
o[y, ®



Summation Formulas:

N Ny Na+1 00
kot —a? 1
k§1a~ v a#l kz::()ak—m, lal.< 1
ikak:—a—— la| < 1 Zn:ak:ﬂtl— a#1
k=0 (l{“a)(y ) oy k=0 l1—a’
"kk:al— n+ 1)a™ + na™*!
e (P
Signals: d
6(t) = Sult) 8[n] = u[n] — u[n — 1]
(1) 22(0) = [ w3t dt (miln),zalnl) = 3 wflazlol

n=—oo

Ev{z(t)} = 3{z(t) + 2(-1)} Od{z(1)} = 3{z(t) — =(-1)}

Complex Exponential Signals:

erot ejwon
Distinct signals for distinct wy Identical signals for values of wq separated by multiples of 27
Periodic for any choice of wy Periodic only if wy/(27) = m/N € Q
Fundamental frequency wg Fundamental frequency wg/m
Fundamental period: Fundamental period:
wg = 0: undefined wy = 0: one
wo # 0: 27 /wg wg # 0: 2mm/wy
Systems:

System H is linear if H{ax,(t) + bzo(t)} = aH{z1(¢)} + bH{zo(t)}

System H is time invariant if H{z(t — t5)} = y(t — to).

System H is memoryless if the current output depends only on the current input.
System H is invertible if distinct inputs produce distinct outputs.

System H is invertible if an inverse system G exists which “undoes” the action of H.
System H is causal if the current output depends only on the past and present inputs.
LTI system H is causal iff A(t) =0V ¢ < 0.

Bounded: z(t) is bounded if 3 B € R, B > 0, such that |z(t)| < BVt € R

System H is BIBO stable if every bounded input produces a bounded output.

LTI system H is BIBO stable iff / 7 h()] dt < oo

y(t) = 2(t) « h(t) = [

z(T)h(t — 7)dr = /oo z(t — T)h(r) dr

y[n] = z[n] * h[n] = ki zlk)h[n — k] = ki z[n — k|hlk]

s(t)= [ h(r)dr h(t) = &s(t)
sin] = Y hlk] h[n] = s[n] = s[n — 1]

k=—o00
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