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NAME: 25 February
EE301 Signals and Systems Exam 1

Cover Sheet

Test Duration: 75 minutes.
Coverage: Chaps. 1,2

Open Book but Closed Notes.
One 8.5 in. x 11 in. crib sheet
Calculators NOT allowed.
This test contains TWO problems with multiple parts.
All work should be done in the space provided.

You must show ALL work or explain answer for each problem to receive full credit.
WRITE YOUR NAME ON EVERY SHEET.

Prob. No. Topic(s) Points
1. Continuous Time Signals and System Properties 50
2. Discrete Time Signals and System Properties 50

If you want to refer to the input signal and output signal for one part of a problem when
solving a later part, use that part’s letter as a subscript, e.g., you can refer to the input signal
and corresponding output signal for part (d) of Prob. 1 as z4(t) and y4(t), respectively.

For the relevant parts, you must indicate which of the formulas below you are using to solve
that particular problem — just list the formula letter, e.g., “Formula A”

e™u(t) + 5 i aebtu(t) (1)

Formula B: a™uln] x fMuln] = ” g ﬁo/”u[n] + B—-_ﬂ—_—&ﬁ”u[n] (2)

(t)  then: ax(t—t1)xbh(t—t2) = aby(t— (t1+1t2)) (3)

Formula A: e®u(t) x ePu(t) =

a—2b

I

I

Formula C: if z(¢)xh(t) =y
Formula D: if z[n]*h[n] =y[n]  then: a z[n—ny]*b hln—ns] = ab y[n—(n1+ns)] (4)
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Prob. 1. [50 pts] Consider the LTI system characterized by the I /O relationship:

t
System 1:  y(t) = / x(r)dr
t—4
(a) Determine and plot the impulse response of the system, hi(t).

I, R E w () = wle-4D
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(b) Ts the system causal? Justify your answer using the impulse response.

\1?5 . \ﬁ\(k): ) "\“ov t<b

(c) TIs the system stable? Justify your answer using the impulse response.

\[es= 5\\/\(£>\'&1€: 4-)—_4
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(d) You should solve each part of this problem using known convolution results
in conjunction with linearity (homogeneity and superposition) and time-
invariance. You do not need to simplify your answers. Determine and write a
closed-form expression for the output (y(t)) of System 1 for the input

o(t) = 4 e *u(t)

A% (D= 4 e‘llcuu@ iﬁ(u(t\— b\(t"‘*>>

2 &

; . 4 e*'ufuco*—u&ﬁv— e w (e Fut

z(ﬁwéme“\aA wiFh a==7 and h=o
-2 k=6

%(-t-)—:. 4z (&) - 3 Z'CJ°“4)

(e) Determine a closed-form expression for the output (y(t)) of System 1 for the input

z(t) = de > u(t — 4)
8
ye (&)= 46—3 6‘2(&-'4)(&(&‘4) =e Xd(t_4)

Thus, Fovmaula C

Yo (67 €4 (=9
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(f) Determine and write a closed-form expression for the output y(t) of System 1 for the
input
z(t) = de” " {u(t) — u(t - 4).;_}% 2 C‘t"4‘) _ 4)
X(£)= 4e ue)—
f —_— ;
Xy (B = Xe (¥

AN

Y ()= G ()= et

C \A P \ O‘)—
(2) Determine a closed-form expressien—for the output (y(¢)) of System 1 for the input

“ 2(t) = 3{u(t — 2) — u(t — 6)} X (&)= )\(t’o

”C{): <u(’c3— ‘*(‘E"4)> * 3’("\(‘:*1>)

L\TZ)

dotime + Z ()= NESEIIS.
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(h) Consider a second LTI system described by the following difference equation. Deter-
mine the impulse response for System 2, denoted ha(%).

t
System 2: y(t) :/ e~ 2"y (7)dr

-\
EARTACS

KW(E)= €

(i) Determine a closed-form expression for the output y[n] when the input is

z(t) = 6e*tu(t — 2)

..g{-u (_'E*ZD

-3 H:—Du(‘c-‘é)

—

9@0)% e T s €

it -6
et vy e C©

_ - -
PQ{‘\"\Q Z2()z Fovmaula A with &= "= b= -3

9 (€)= e & =(tV



(j) Determine and write a closed-form expression for the output of System 2, y(t), for the
o a(t) = {u(t) —u(t —4)}
(%)= Q”lljcu(t) ® ((ACE)“ “ (kgé’))
? ) 6“%"‘(4({-_)3*0&(*\“ 6-—_1.,_-’?“ (Q-yq(‘(:“#)
Lo A Ly L Q= -

-

—Z.‘,t)-—- JoOvVvimMmQyvs

%Q‘c)" 2 (£) - = (£-4)

(k) Determine and write a closed-form expression for the output of System 2, y(¢), for the
input
a(t) = 2{u(t) — u(t — 4)} — 3{u(t — 6) — u(t — 10)}

O‘? Vv \ - . —_ '('E—é
SRVVe ’X&(f§- Z,’XL)(‘%.) R )

T"\U\&‘.

’?&(ﬁk 2 /23 (&)- 2 21). ({-é)




(1) System 1 and System 2 are in series along with a third system (all three in series)
which is a differentiator as described below. Determine a closed-form expression for
the overall impulse response, denoted ho(t), for the series combination of all three

systems. If you invoke properties of convolution and remember a similar homework
problem, this problem should be quick.

d
)
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/- (LD . (g 3 -z uct) ¥
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System 3:  y(t) =

g
3

v‘-\‘- 7 \—
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- 6 eu(.e) * (,\((-:3-—&/\('6“4)> >
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Problem 2. [50 points| Show work in space provided.

(a) Consider the causal LTI System characterized by the difference equation below. Write
an expression for the impulse response of this system, denoted h[n].

System 1:  y[n] = ——%y[n — 1] + z[n]

4
hoav= (340D

(b) Is the system causal? Justify your answer using the impulse response.

’\/€>"> L(—y\j:O 'f‘o./ Nn<~a

(c) Is the system stable? Justify your answer using the impulse response.

|
Z_) INeSIE <2> = = &2

h=o

(d) Does the system have memory or is it memoryless? Justify your answer using the
impulse response.

I+ ase me \rv\ovf Svance L‘G’Q Z(: !CO(DD




(e) Determine and write a closed-form expression for the output y[n] of System 1 for the

input .
ofn) =4 (3) wl

/a(-m—s ( >u(‘ﬁ)>\< 4( ) «“tr)

= 4 2w

. - 32 - —
Zlnw) = Fovmalo B whrTh o= = and /3

~ (f) Determine a closed-form expression for the output y[n] of System 1 when the input is

zln] =4 <%>n uln — 4]

4

<) = 4 <—}L>h-4 Uln=4) Q‘%:}

KeCr) = 4 (%‘)L’-,Xe Cn-4)
/9+Tn'): ‘1%“’;'19/[“"@
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(g) Determine and write a closed-form expression for the output y[n] of System 1 for the
input .
o) =4 (3) {uln] — vl — 4}
- " \ A
KOs 43wt = 4 (D «Th-9
[ < <

- /)<e CV\D -7(;_{-}’\-7

’7g(‘h‘): %e Cﬂ,- J&JL{ )

(h) Determine a closed-form expression for the output y[n] of System 1 when the input is

a[n] = 4{u[n] — uln — 4]}
90\‘}'—: A { uCn)- qu\JD} X (’2—)14 w(n)
3\"
=4 Luln) 4 (”2‘)“(&0\) — 4 uxfh—éD*( z;) wln)
2 4 20h) — 4 z2(n-4)

' - -3 h\\ = 4
2Tn)= Fovmala B v Th oLF T MNP
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(i) Consider a second LTT system described by the following difference equation. Deter-
mine the impulse response for System 2, denoted hy[n|. You can write your answer in
sequence form, using an arrow to denote the n = 0 value.

System 2:  y[n| =y[n — 1]+ z[n] — z[n — 4]

owi= (1Y (utn')—' U&U\“‘U> ’(b D >}

v\:o

(j) Determine and write a closed-form expression for the output of System 2 ,y[n], for the
input below. Write answer in sequence form, using an arrow to denote the n = 0 value.

= {uln] —u[n — 4]}

9(1«-—]:— {)>§>)>\ZS {))\> > %

r\=0
h=0

Il
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(k) Determine and write a closed-form expression for the output of System 2 ,y[n], for the
input below. Write answer in sequence form, using an arrow to denote the n = 0 value.

z[n] = 2{u[n] — u[n — 4]} — 3{u[n — 6] — u[n — 10]}

/><CV\_): ZXJChj—gy)C\’\‘Q
2 {)31)3>4>5 )Z)\}}

"5\
\o 3{1,2,3,4,3, 23&
/)\
n= o
Z {Z )4 )'é )8>€> 4) -1 )_,Q )_q‘)\z)_q‘)é 3_3>
/r

Nn=6 onl
Va' ’\* U«L.Q'/?

Fhey oV®Y VP

(1) Determine a closed-form expression for the output y[n| of System 2 when the input is

aln] = 20[n] — n — 1] |
N T T S
0 ' . WG] — L\C"v\-D

n=o

22{>\>‘>\j ‘_.{z>z>z>23
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(m) Determine y[n] as the convolution of the two sequences below. Write your answer in
sequence form indicating with an arrow which value corresponds to n = 0. You can
use next page as well as the space below to show all your work.

o] = 8 <l)n (ufn] —uln— 4} hln] =16 (-%)n {uln] — uln — 41}
| o
X(n)= B [) = “9'} L\Lv\_)--(é{)‘) z> 95 ©
A

jL e

L

® > ' J k=0

1¢> 2 = {1ey =859,y
Tl | |

~ o 1 2 2 4 < f£
XY [ 128 | -¢F | 32 | —I6 o 0 S
XO) Lth-D| O 4 |31 16 | - O o)

X@ h(w-5)| © o |22 |-l | & | 7

XD h(h 2] © o O { &
D
%Cn 'z8 © 3T © & o -z
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(additional épace for work for part (m) if needed:
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