EE 20N: Structure and Interpretation of Signals and Systems

Department of Electrical Engineering and Computer Sciences MIDTERM 2
UC BERKELEY 19 March 2015
FIRST Name _ Sefuliens LAST Name

Lab Day & Time: SID (All Digits):

e (10 Points) Print your official name (not your e-mail address) and all digits of
your student ID number legibly, and indicate your lab time, on every page.

e This exam should take up to 80 minutes to complete. You will be given at
least 80 minutes, up to a maximum of 90 minutes, to work on the exam.

¢ This exam is closed book. Collaboration is not permitted. You may not use
or access, or cause to be used or accessed, any reference in print or electronic
form at any time during the exam, except two double-sided 8.5” x 11” sheets
of handwritten, original notes having no appendage. Computing, communi-
cation, and other electronic devices (except dedicated timekeepers) must be
turned off. Noncompliance with these or other instructions from the teaching
staff—including, for example, commencing work prematurely or continuing beyond
the announced stop time—is a serious violation of the Code of Student Con-
duct. Scratch paper will be provided to you; ask for more if you run out. You
may not use your own scratch paper.

The exam printout consists of pages numbered 1 through 8. When you are
prompted by the teaching staff to begin work, verify that your copy of the
exam is free of printing anomalies and contains all of the eight numbered
pages. If you find a defect in your copy, notify the staff immediately.

e Please write neatly and legibly, because if we can’t read it, we can’t grade it.

For each problem, limit your work to the space provided specifically for that
problem. No other work will be considered in grading your exam. No exceptions.

Unless explicitly waived by the specific wording of a problerr‘l, you must ex-
plain your responses (and reasoning) succinctly, but clearly and convincingly.

’ -

e We hope you do a fantastic job on this exam.
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LAST Name

FIRST Name

Lab Day & Time: ____ SID (All Digits): .

MT2.1 (60 Points) A discrete-time LTI system G whose impulse response is given
by g(n) = d(n) + d(n — 1) for all integers n is placed in a feedback configuration

to create a causal LTI system H, as shown in the figure below. Throughout this
problem, you should assume that 4 is a real-valued scalar.

+
x(n) (- > [ > y(n)
>

LTI System G
g(n)=6(n)+8(n-1) (<

LTI System H

(a) (4 Points) Show that the input-output behavior of H is given by

VneZ, yn)= /\[y(n - 1) +$(ﬂ)], where )\ = % f T- -l—%

g =4 [ x(r) + g(m) = y(n-1)]
«3_(“) [| —/3] =/6 X(m) +—)5 }('n—l)
| Y(my = .l_-ﬁ/.s. [x(»n)»r?,(n-l)l

(b) (8 Points) Determine a rézisonably simple expression for h(n), the impulse re-

sponse of H.

finy = A [ Smy+ [As(n-1) + ALS(n-2)r -

mefled |

Q0 k_'_
obsove tat  Amy=/ A lz(«n-k) = A
k=0

method & Cousal => A =0 Jou m(O
se R(0Y = »[ sCo) + AL~ ()]

’9\('5 >\[$C\)+43(o] Yy
m+|
Almy = > o (N am)
2
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FIRST Name : LAST Name
Lab Day & Time: SID (All Digits):

(c) (8 Points) Determine a reasonably simple expression for s(n), the unit-step re-

sponse of H—that is, the response of H if the input z(n) = u(n), the unit step.
m-k >0 ’

o
léf(’“) = (R * xX%) = E_.&U")*“«(’h~k) kem _ i %(k)
h=-se k= -2
n o K4 = Kt
offon s - = 7 Aly =T A ;Z(_f_>
— cwmulalive sum , - fep i l./é
o 6;# SeMe &n)w‘lf's amd (mduce .
(d) (15 Points) BIBO Stability and Frequency Response
(i) (5Points) Determine the values of § for which the system H is BIBO stable.
e meed A(n) fo be aESaéuh% SumunALE 3
+r0
L [ﬁm[ < w
J ds o l,ﬁ_ l <
ne —or { ﬂ | —'F
] =% ( 1@<
(ii) (4 Points) Suppose S is chosen to make H BIBO stable Show that the
frequency response of H is given by
Vw € R, H(w)=T_;\\?, where/\zjé{ : T‘f? _
rmelpe : my = o m ‘
mefied | > ORI )y
Hﬁ)/é - ) [t'w%w* H (») +/eyé_]
[ _miJ H(w . )\
' H) = _/\—"}T
N
rrathed 2 e iw(m—k) ""'° kH _‘m\g / x /
%(m) = (R wx\)('n) = L R (k) e i <—-—> H ()
k= —po
> = A Z(Ae
3 ) sine | ol
= ==t
) ~ Ae
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FIRST Name LAST Name

Lab Day & Time: SID (All Digits):
(ili) (6 Points) Determine the values of , if any, for which the system H is a
filter of the following type:
\ [ )
o Low-pass Hey- 2o = —— =

],.}.é;w L':ﬁ-glu) (‘F"")_Z;w

/_’] _ F
w Leb \z(w)\:l(i;—l)éu\:wug?/“ s

Nofe : | H(w)| Jinvmscaj, ]%(w)\
Crmpare. |z(mihe |200)]

«y
|2 () Renpass whom [e(m)|< 1200)

e High-pass Loy 28
=
= p<o U ﬁ?!
\_fi 2| Righpass wbn [3(m)] 7 [200)
g
=7 04g<). |
B d !H’(w)l & e orfosﬁ——e Zg / .!:L v 4? < 0‘5-
e Band-pass : H ()
O.AA. Qm\s\'mm" ﬁ(D,S \ }if_ '54 0
X

(e) (5 Points) Suppose S is such that the system H is BIBO stable. Determine a rea-
sonably simple expression for the response y(n) if the input z(n) = 1+ (=1)"
for all integers n. ,

iDn ATn
Xny=¢e + €
On r'rn.
=) é(’n) = H(o)eo + H(m)e
= __2\‘ + A C—\\m-
b X [+

! \

i "
— =1y = __l_~ "
f, ) (F 1) +1

depemddy m\/& , e fhe &wjr?w,m% (0) =~ He J“"‘ZJ" ffjwng (T
compenamt olominaks  and Iﬁ« ofar s alborusted .
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(f) (10 Points) Provide a well-labeled plot of |C/(w)|, the magnitude response of the
system G.

c&('f\) = o(n) + S('n~l>

_.iu - -":2 1-(:‘) - '.B G’f(w)
= Gly= l+e = e * (c . ’“) I [
w . ,

= |G|

(g) (10 Points) The system G does not have a BIBO stable inverse, but we can con-
struct a reasonable approximation to an inverse by using the feedback config-

uration H.
Suppose we're interested only in signals whose frequencies w are in the interval
[-27/3,+2m/3]. Determine the values of g for which the system H is BIBO

stable and 0.98 R 1
|Gw)| ~ |G(w)|

|G| = Ja(-)] =1

Regn o1 [

1'_4|G(a)[é,1

= o [, ]

e {

0.9
Wi 1, = £ W] 4 - .
ﬂo\l"& i w
e } |
S s s, BRI HD) a0 ‘Smc(am "\G) (n(w) »&(\ZF B(ac\d-fs garm.ﬂg:

ot 2| —F—< L

| G(@)| | =G LGl

ce lnao ot B 15 @ digh pase fitkn from dhe fogue s PO, LE Pl aff l
0,38 ¢ p 160 ¢ _
T " JeyBol glowl s #lew)
uslry '{nlcw\@h,‘ ‘mq,uouq ywe Rove ]Wi T 15’ | G|
.98 £ play]

[+ ¢ |G 0s) l .
o 55 o1 60] 241 n pLs
/{') ’IE__'_ also _
T ]
A3 5 S belfor Ly Rlerboud) |
£ (o) o 43 | &Y C 4
/g é‘ mf’(l(u(w)’) g F {
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Lab Day & Time: SID (All Digits):

MT?2.2 (45 Points) Aspects of Continuous-Time LTI Systems

(2) (10 Points) Consider a continuous-time BIBO-stable LTI system F whose im-
pulse response is given by f(t) and whose frequency response by

40

Flw) = / F(H)e= L.

-

Assume that f(t) — 0 as |¢| — co, and show that if g(t) = /(¢) £ df(t)/dt is a
BIBO stable system, then its frequency response G(w) = iwl"(w).

g‘(t) - f(t) Ml.\/ —~
—lwk (L
Gle) = j’ Ozmc rlf = f %(C)G m Mze \/v: ¥4%)
e —uw\’:m v’z ;f(/r)

6;‘“ =[fo: ‘“t] f w et g

Sunex, ;rFCt)——-)O as }tl—)do omd E:ul’ Lowrw(tc(,
G (w) = t'a/] g = T ()

(b) (10 Points) Consider a continuous-time LTI system F whose impulse response
is given by f(t), its input by z(t), and its output by y(t). We know that y(t) =

(z * f)(t). Show that P
302 29 _ i 1)) = (@ DO
i S P g
4 ()= }E()c rti)(f) &(ﬂ "()I— (x)&j)[f)
:%(; j“z);{u-;)dz, = fE(px)U’)
. o (% D)
= .J; X (2) f‘{‘tﬂé‘z) I <f
= f”obe) j‘(é' z)dr
b )
6
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Lab Day & Time: SID (ANl Digits):

(c) (25 Points) Consider the first-order 11 -circuit, shown below,

‘)‘//// ; e
C Yc

Py

| S " - ; ,  d—

The signal z represents an input voltage. Each of yy, and y¢ denotes 'thc volt'ab;;]{e
drop across the resistor and capacitor, respectively, an’d represents a pOS.Sl,h e
choice of an output signal. The signal denoted by 7 is the loop current that
passes through the resistor and the capacitor. '] he resistance /7 and thc capaci-
tance C are real constants having units of Ohms and Farads, respectively.

The linear, constant-coefficient differential equation (LCCDE) governing the
input-output signal pair (z, ye) is

dyc:(1)
dt

Here, we have made implicit use of the fact that z(t) = [z(t) — y(t)]/ R for all ¢.
The corresponding frequency response is

Rc +yolt) = (1)

4 1, ) 1 (I{/C'
fweR, Holw)= II_'JJ_’T/—I/TIQE)_

The LCCDE governing the signal pair (z, 1) is

dyn(t) ) ,dx(t)
22N Ly = e
RC g ,I}/L(L) IC It
and the corresponding frequency response is
iw

Vo €R, Hyle)= o tarmms.

Recall that if the impulse response g of a BIBO stable LTI system is given by
VLER, g(t) = e *u(l),
then its frequency response is

1

YweR, Cw)=- .
W+
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SID (All Digits):

Lab Day & Time:

(i) (5 Points) Without any tedious work, determine a reasonably simple ex-
pression for hg(t), the impulse response of the RC-circuit corresponding

to the input-output pair is (x, yr). 12,2 =)

V
: . ; rvats
Hﬁ_(_‘ﬂ) = A .‘ aRene. :F‘i—(’, Wm‘\ﬁ&n %@w} L= djfdmw ‘
(w4 ‘ unfneg c\mu:\,vn
= sy (—[-) = e MC‘I‘)
So vﬂﬁ(‘l’)—'- A(E(\:J‘-H'y F(w) luJ + ol N f
3t ey 4
_«t Gilw) = (o F @) 7s

= - xe M(ﬂ -fc %(_t)
e A(+) + 5 (t)

= = f‘{c ).,l_Ur] + 56‘&)

(ii) "(10 Points) Determine a reasonably simple expression for si(t), the unit-
step response of the RC-circuit corresponding to the input-output pair is

(z = u,yr = sg).

.L.Z
s ) =(x * A ) (t) = Jﬁ (D)w(t-T)dT f( “L”° +%CT)>»Cz)uct-Z) dz

A

L{_W\_o_d’i cl jvmf‘&-*(usrb& . L— _Lt'
L ‘ ="
qurcnst_{\ ’*f'-éEc /e’ dc +—j SCeydt = [c: RC] + 1 = ¢ — o+
DT cumflare sum o : o ' B
= &

(iii) (10 Points) Suppose RC > 1. Use this to make reasonable approxima-
tions and provide a well-labeled plot of the frequency response Hg(w).
Also, determine the output yr(t) for the input z(t) = 1 + cos(2nt) for all

real t.
TR G
Hews= ——— Hp )
) twRC + |
Lu)+0
}'\914)‘(-\/\’.}1, f&;r w=0 ) 'H’R[O) =0 \LU

0

_“(_:‘k_ AM'+Mfra aboul

x(#) = |+ (2Tt
( I""(H'K(u)) artund W=0

:&;ot"_ J_CFm-+:LZEa2II’t
Hg (o oF e e T
= 49 0 BT ) [
o 4
8 DC mnfcvwr\f .
-g,{?}vwol oub
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