BALAKRISHNAN
FeB 9, 1999

EE301 Midterm #1

1. Enter your name, student ID number, e-mail address, and signature in the space provided on
this page, NOW!
2. This exam has two parts.

Part I consists of three questions, whose answers you need not justify. Enter the answers to
Part I on Page 2, which is provided to you separately for your convenience. When you return
your exam, simply place Page 2 between pages 1 and 3. You may staple it in place, if you
wish (this is not necessary).

Make sure you enter your name, student ID number and e-mail address in the space provided
on that page, NOW!

Part II consists of two problems. Unless otherwise instructed, justify your answers to these
problems completely. Please note that answers provided without justification to those prob-
lems requiring a full justification will be given zero credit.

3. You have one hour.

4. There are 11 pages in the exam booklet (including Page 2). Use the back of each page for
rough work, if necessary.

5. You are not allowed the use of crib sheets.
6. You are not allowed the use of calculators.

7. Tip: Make sure you read through the exam once before beginning. Work as quickly and
efficiently as you can. If you get stuck on a certain problem, move on to others.

IMPORTANT!

Enter the answer to the questions in Part I on Page 2.

In Part II, whenever a certain space is provided for the final answer, be sure to
enter your answer there.

Name:

Student ID #: l< E \/

E-mail address:

Signature:




Enter your answers to Part I here

Problem 1: (30 points)
For items (a) and (b), enter the numerical values of F., and P, respectively. For items (c)

through (j), enter one of the the letters “A” through “H”.

Table I
(a) | (b) | (c) (d) | (e | (D () (h) (i) ()

Foo | Poo | Teven(t) | Toaa(t) | z(t+1) | z(t=1) | z(2t+1) | z(2t+2) | z(1-2t) | z(2-21)

3ol E | A Rl c [ H

G\>

Problem 2: (20 points)
Enter “Y” in the Table if you can conclude that the property listed on the left in each row

holds for the system listed at the top of the column. Enter “IN” if it can be concluded that the
property does not hold. (For each case, there is sufficient data to make this decision.)
Every entry in the table is worth 1.5 points. You will get two additional points if all the entries

are correct.

Table 11
H |! System I ‘ System 11 ||

Memoryless N N
Invertible N N
Causal N N
Stable \J \Y;
Time-invariant N M
Linear \J N

Problem 3: (10 points)
In the second row of the following table, enter “Y” if the signal corresponding to the item

label listed at the top of the column is periodic; enter “N” otherwise. In the third row, enter the
fundamental period, if appropriate.

Table 111
Item label (a) | (b) | (¢) | (d) | (e)

Periodic? y N )\l \ \/

Fundamental period
(if periodic) '2"/5 - |- 1€ ,6
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Questions for Part I

o Enter your answers on Page 2.
« Do not justify your answers.

« No partial credit will be given for any questions in Part . Therefore work
as carefully as you can.

1. (30 points) A continuous-time signal z(¢) is shown below.

Signal z(t)
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(a) (4 points) What is the energy in z(t) over the infinite interval, that is, what is Fu.”?

E_.= hmw &T |x(9)°dt q x(+)-.-+{m+>-u(+~nz
Tow =T

\ \
So E‘a=\°+1d+:-§3)°= ,/3//

(b) (2 points) What is the power in z(¢) over the infinite interval, that is, what is Py?

P = dim \T WO dt pue Jee thet ] Ba<os
-7

TR

AT 'rhfﬂ PdQ > O//



Eight signals labeled “Signal A” through “Signal H” are shown on the next page. Match
these signals with the following eight signals, and enter your answers in Table I. Each entry
must be a letter from “A” through “H”. Each answer is worth three points.

(c) The even part of z(t), that is, Zeven(t).

Xoven ()= x(}) +x(=+)  should be ddmmefn"c wrt dhe
a
Y axis =2

(d) The odd part of z(t), that is, Zoq4(t).

Xodd (+) = x(+) = x(~+) Jhould be &Jmmefﬁc wrt the
] 2
oNng => @)

(e) z(t+1).

Shijt x(4) to Fhe lejr &y 4 = )

(f) z(t - 1).

Jhi{}— x(t) tfo the r7<jh+ bd 1 =0

(g) z(2t +1).

Jhi;,}— x(+) to the le#bd 4 § contract
59 2 = ©

(h) z(2t +2).

QSK;JJ' x($) To the /e7t7L cSJ a2 d Conect F
bya =20

(i) z(1 - 2t).

Shift X(4) to the lefF Oy 4, lip, d contrect
+ &J XN = @

(§) =(2 - 21).

ShTlF x(+) to The ’%“’ ‘BZX L) J;”Pl e Contract
Fog 2 = ®



Signal A

Signal B
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2. (20 points) Determine if each of the following systems (with input « and output y) is memo-
ryless or with-memory; invertible or non-invertible; causal or non-causal; stable or unstable;
time-invariant or time-varying; linear or nonlinear.

Enter your answers in Table IT on Page 2. In each entry in the table, write “Y” if you can
conclude that the property listed on the left holds for the system listed at the top of the
column. Enter “N” if it can be concluded that the property does not hold. (For each case,
there is sufficient data to make this decision.)

Every entry in the table is worth 1.5 points. You will get two additional points if all the
entries are correct.

(a) System I:
y[n] = z[n] + z[-n].

° Lmeéf;g . X, - d.: X'[n)fﬁ("ﬂ)
X1+ Yr= Xa(ad+%xL-n])
AX,+OX o — - 33 = @Lx,tr\h bx,_tnl) + (ax,(=n) -)-5)(1(-,,))
Is Yilmd = a«a,*rbm_ ves =D kinéor
o Causan Ifla : e+ n=-1. ’lhen,j(-lj = x(-1) +x('\%u+we
we sec the+ the Jd)afm i) nfoncau.)c.'

g ——
_‘>
—_—

(b) System II:

. )\ihem‘g X "'D"J = X (F) % (=+)

LS

ax, thxy ——FYs =[ax, ) +5xy)) [ax, () $5x, (1))
|
Is YsH=ay (+)+542(+) No =D Non lheer

. CauJalig: Lot +=-1 =D noncaulc|
. Time mvenonce + Similor rcmav»ngj Yo (@) => TV

. —>



A [ (a) cont' d -
. T/—mc hverience X|'—'D-€3l(n) = X(ﬂ)"‘)((-n)
xy (n-00) — ﬂ,(n)= x(n-no)+x (~n-ny)

Ts d.'(n)=d.(n-no) =>x(n-no)+x(-[n~ﬂol)5;]:(n) NO
= TtV hime VoMY .
. Memo . Ae}— N=1 =) &(/): X“)'Fx(—))
.In/)u)" at n=~1 1) e to (OWVUJ‘C, Ouf'auf'dl‘n:]
=> with memonq.
. éﬁ’obilféj: )a(n)l = ))((n)-)—x(-n))
< e (D+HIx=n))
< B+Q =21

So I)f Ix(n] < B then léﬁn)K 28 =) JSieble

. Inverv‘;bilf)g] : we obene thet (n):a(%). Ht?n(e/
the Jd)ﬁ’m D nol mverhble

e —————

(L) cont'd -
Proceeding dimle—to pertic) (e 7mw( thet +he
ddo&em I with memw& d not Mmvertisie .

' &msm»a : \a(ﬂ] = | x(+) x (-1 |
= lx ) | 1 (=4
<8R
Iy [x (P, thes lamu gt => Skedle




3. (10 points) Classify the following signals as periodic or non-periodic; for periodic signals,
calculate the fundamental period. Enter your answers in Table III on Page 2.

(a) (2 points) z(t) = e,

Periodic => T = Q“)S‘//

(b) (2 points) z(t) = te’®.

Product 07L o pen“od:’c d nonpen’odfc Jdnai
=) not ﬂ\?fl‘oa/fC//

(¢) (2 points) z[n] = e/™.

QTT/WO = [y = aw Yretione |

=> not periodic g

N

(d) (2 points) z[n| = e’38".

3, < BTfn)g =16 = T=IE

(e) (2 points) zfn] = e/ FneiEm,

avifuw, = 8%[wjy => T =8

arfw, =2av[w)y = T2= 16
7= lc.m(8)16) = \6//

7



Questions for Part II

Justify your answers completely. Answers provided without a complete
justification may be given zero credit!

4. (20 points)

The impulse response of a discrete-time linear time-invariant system is given by
1 ifn=0,
hin]=¢ =1 ifn=1,
0 otherwise

A plot of h[n] is shown below.

1

0.8}

0.8

0.4}

0.2

0 ) (o3 &) o o) o o €

-0.2r-

—04f

-0.61

-0.81

1 ¢ L L L L L L L
-5 -4 -3 -2 -1 0 2 3 4 5

(a) (5 points)
Let z[n] be an input to this LTI system. Let y[n] be the corresponding output. Find
real numbers «, § and ~y such that

y[n] = az[n + 1] + Bzn| + yz[n - 1].

hin)= §(n)=8C(a-1) o
A(n): x(n) ¥nia) = x(n) *[J(n)- S(n-l)J ﬂ -
= x(n) = x(n-1) h/’—"\//

(b) (5 points)

Is the LTI system causal? Completely justify your answer.

® d(n) onlJ defends on post ¢ predent velves =>C_f'_“_:\“l
oR

® h(m=0 Jor n<O = Couel

8



(c) (10 points) The input to the LTI system is

1 ifn=-1,
zn)=4q¢ 1 ifn=0,

0 otherwise

A plot of z[n] is shown below, for your convenience.
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Find the output y[n], and plot it in the space shown below. Show all work.

we wnow thet a(n) = x(n) — x(a=1)
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5. (20 points)

For a discrete-time LTI system, you are given that when the input signal is

1 ifn=0,
zn]=< 1 ifn=1,
0 otherwise ,

the output signal is
0 if n <0,

y["]:{ (4)" ifn>0.

(a) (10 points) Find the output y;[n] of the system when the input is

1 ifn=0,
0 ifn=1,

=9 1 =2
0

otherwise.

we oee thet xla)= xlnd—xln-1)
e 0“'23)‘]’6’/'1 D ATI, we know Fhet

31["3 :)Cnl—J[n-‘l
(ayu(r)) (;) ' wln- l)//

-L,)L (.jo% p}@ LoiTh Thn Expréddion, then <70‘« Corv

o J Cnd (.\) u(n)-—étfiy—lu(ﬂ)—lf(n)g
2

:(_) u(n) - .L)".au(n) +2ad(n)
b)

- 28 -(4) 4y

10



(b) (10 points) You are given that the impulse response satisfies
hin] =0, for n <0.
Find the numerical values of

B0, K[, k2, A[3), and h4].
e xn) = 6(n+ 5Ca-1) , we Unow thet

(M) = x(N*hia) = [6(~) i-(Y(n-l)J* hin)
d = \r\('\)-)'\“\(/\"l).

Let's P)ud M G ,]Lew vc.olue) 7&)(‘ n

neo ° <u)(o) h(0)$h(-1) ‘//
o a(;)-\/\(l)ar\'\(o)- b= h=-y
n= )
FhO) = Yy =) k(2= 3y,
N

,.)

>
)

>
()
L W
Cc
&
S’
]
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(b) (10 points) You are given that the impulse response satisfies
hin] =0, for n <0.
Find the numerical values of

0], A[1], A[2), R[3), and A[4].

= Another ww to aolve This proslem .

Tn order tu 7tmd hin) we need to hove d(n)
a> the Mmput. To it possible to o5tem d(n) Hr0 o~ The
x(n) Jignel of pert (¢) 7

x(n) ~xla~1) x(n)-'x(n-l)-kx(n-l)

-.a -2 n v —
0| ¥ n 0 |V 0‘&3

In the Mmf where. e talie J /Vw'% termy :

Slh) = 2( -1) “x(n-w)
k=o

o
Se hl)= > (-\)\‘d(rhk) Ice the Jdo‘rem LTI,
=

oO B k (e a(’)):o ,j—(l\f' Nn<O
»\(O) -~ 2 ﬂ( \‘() ‘d(o) = //
k=0

I z

nwi) = a(l ~-W)- (-’)-3“) 3(0)"/ -l = '/1,/

S

W(Q) = ZU‘Q"*”"‘) 3(2%30)%!0)
W=o = Hy=~Yr+1 = 3/.1// etc..

|t ¢



