ECE 300
Signals and Systems
Homework 3
Due Date: Tuesday March 25. 2008 at the beginning of class

EXAM #1, Thursday March 27

Problems

1. Determine the impulse responses for the following systems:

a) y(t)= —;—[x(t —D+x(t+1)] b) y(t) = j e Mx(A+3)dA
c) y(1) = j e Ix(A-DdA  d) y(O)+2p(r) =3x(t~1)

e) (1) -3y(t) = x(t+2) f) y(£) = x(2)+ j eIy (A)dA

—~0

2. The continuous-time I - interval moving average (MA) filter is given by the
input/output relationship

Y= }j *(A)dA

a. Determine the impulse response of the system. Write your answers in terms of
unit step functions.

b. Determine the step response of the system, that is, determine the output when
the input is a unit step. (Answer: y(¢) =%[tu(t)—(t—l Yu(t-1)])

c. Determine the ramp response of the system, that is, determine the output
when the input is a unit ramp.

d. Show that for a ramp input, in steady state(s > 7) the delay between the input
and output is-g— Hint: Draw pictures of the integrand and look at what happens

as the interval [z,7 -] varies.
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3. Consider the following two subsystems, connected together to form a single
LTI system.

x(1) X0 v(?) By (1) y(®)

—»

Determine the impulse response 4(¢) of the entire system if the impulse
responses of the subsystems are given as:

a) h(0)=5(t) hy(t)=2¢"u(r)
b) h(n=e"u(t) hy(1)=25(~1)

C) h(H)=eu(®) h(t)=e"u(r)

d) (1)=26(t-1) h,(1)=356(1-2)

e) h()=2u(t+2) h(t)=u(t-1)

Simplify your answers as much as possible.

4. Consider a linear time invariant system with impulse response given by
h(t)=e " Pu(t+1)

The input to the system is given by
x()=e " ur-1)

Use both graphical convolution and analytical convolution to determine the
output y(¢) (i.e. find the answer two different ways). Specifically, for the graphical

convolution you must

a) Flip and slide a(r)

b) Show graphs displaying both #(z- 1) and x(1)for each region of interest
c¢) Determine the range of ¢ for which each part of your solution is valid

d) Set up any necessary integrals and then compute y(¢)

(Answer: y(¢)=te”u(t) )
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5. Consider a causal linear time invariant system with impulse response given by
h(t) = e Dyt —1)
The input to the system is given by
x(O)=u(®)—u(t =1)+u(t-3)

Using graphical convolution, determine the output y(z) for 2<¢<5. Note the
limited range of t we are interested in |

Specifically, you must

a) Flip and slide A(z)
b) Show graphs displaying both 4(s—~ 1) and x(A) for each region of interest

c) Determine the range of ¢ for which each part of your solution is valid
d) Set up any necessary integrals to compute y(¢)
e) Evaluate the integrals

You should get (in unsimplified form)

- e e 1] 2<t<4
A= e Ve -1]+e Ve -€'] 4<1<5

6. Consider a causal linear time invariant system with impulse response given by
h(t)=e " Du@t-1)
a) Show that the step response of the system (the response to a unit step) is

y, () =[1-e -1
b) Using linearity and time-invariance, determine the response of the system to
the input
x()=u(t-1)-2u(t-2)

c) Use graphical convolution to determine the output of the system.

d) Show that your answers to b and ¢ are the same.

e) Compute the derivative of the step response and show that you indeed obtain
the impulse response.

Spring 2008 3



. 7. Pre-Lab Exercises (to be done by all students. Turn this in with your
homework and bring a copy of this with you to lab!)

a) Calculate the impulse response of the RC lowpass filter shown in Figure 1, in
terms of unspecified components R and C. Determine the time constant for the
circuit.

R1
AWV

Vi e

(E) A Vout

L

Figure 1. Simple RC lowpass filter circuit.

b) Show that the step response of the circuit (the response of the system when
the input is a unit step) is v, (1) =(1-e"")u(t), and determine the 10-90% rise
time. ¢ , as shown below in Figure 2. The rise time is simply the amount of time

‘ necessary for the output to rise from 10% to 90% of its final value. Specifically,
show that the rise time is given by ¢, = rIn(9)

1 l g

0.84 f/

D.Bj /
! rise time

0.4- t = too-tio

0.2

10% Qt
LA T A 't'a 8 10
to tso

Figure 2. Step response of the RC lowpass filter circuit of Figure 1, showing the
definition of the 10-90% risetime.
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c) Specify values R and C which will produce a time constant of approximately 1
msec. Be sure to consider the fact that the capacitor will be asked to charge and
discharge quickly in these measurements.

d) Using linearity and time-invariance, show that the response of the circuit to
a pulse of length T and amplitude A (| i.e. a pulse of amplitude A starting at 0
and ending at T) is given by

Ypuise @) = Al =€ Yu(t) = 41— Yu(e - T)

e) Plot the response to a unit (A=17) pulse (in Matlab) for 7 =0.001 and 7 =0.003,
0.001, and 0.0001 from 0 to 0.008 seconds. Note on the plots the times the
capacitor is charging and discharging. Use the subplot command to make three
separate plots, one on top of another (i.e., use subplot(3,1,1), subplot(3,1,2),
subplot(3,1,3)).

f) Assume the input is a pulse of amplitude A and width T, and use the results
from part d to determine an expression for the amplitude of the output at the end

of the pulse, y,,.(T). Next, assume that r < 1 (the duration for the pulse is
T
much small than the time constant of the circuit) and use Taylor series

approximations for the exponentials to show thaty,,.(T) ~ ﬂ. This means the
T

amplitude of the output at time T (the end of the pulse) is approximately the area
of the pulse divided by the time constant.

Spring 2008 5



®
2) ;’/t) - L [fm DR »x/t,u)] p,ﬁ) w‘[S[é N +§/4+:3:( f
{

(é >)
NI P

é) /,,L) - g e

/ o N "”_ Ce+3)

’&H‘:B = g Q_-(-E- g[){_vbsjk = ge U\({':J—"\} :-‘O\N:)E
B ’:>

redl &Y >-3 0 -

&3 ?’1>
<) ?ze) = S‘ e (#° =1 AN

t+3 - 3
Ay = | o (62 Cin-NdN = E“ g>o(/é¢2> :ﬁv‘é’j

rucol 43 > |/ ‘%M,#,mwvf”j\

£ -2 " -

) & (e) Py = 2o
L IS R

¢ =
e'?,éj /f> - f3€2g/75"/3//\ - 3e L{r’é——l)
-2¢ [ ‘“‘(tv'\)uzg»,) = e ‘3

4&6) - Ze e “werd =13e

Q> "Q(g 29(*&) /X(t+1)
o«‘ki@ 'glit)x = 6 g('&+)’) T e g&u;)
e“"‘{l@ug = 5{56 8(7\4‘25&0)\” e ©Lt+)

L) = & BESCL ) = Fté+23u1++13 "Q/\ U:}Vj

YRS

+
‘F) 2(0 = Alt) + f e ACAYAD
A )

\J

3 \ ., )
Ke) + ‘(we'ﬂé‘ 3§/>~>/h = @/f) £ e‘#w!f) = ‘Qw) l\




: #“
O //’f)*}ﬁ 200)A)

&z

a> /)77/);,/;10 [ESpa, R

&
Hee) = L f SrneD

wa

&7 R T
bi T
[ K™
=L /6\‘/ £ OO0 ank £-T<0
T
= fov 290 pnsd 4T
e
B = _/,/A//g) ’é(/z“.l’f]
z
5) am'g 5 fffﬁ/*”'?w
@ o
//f) 7%4)3«1//2‘) = f%(ﬁa/{—)ﬂd/)
— S =3 a3y

[
7 NAr- L Su{%—ﬁkw—)\/}
= /f[a/a),u/g,njmé,;),f) :_L\(M())u(«é— Ay L
Z

I —hD
—3
uDd =\ Ao i
ui4-N=1 tA2o L2 1“:,70 ﬁj%
u(A-D¥=) AI>e A>T ")Qoﬂ Y

p

7" ’I / o *f/z/ = [fa/gt)/— (2 ~I) el r)]

e Y
M i

~ L /)
Slp joSpom i€ = L] bt =~ (% ) wre Ij |
% Lp regp £/ |

,,,,,,,,, B ——




()
<) T@ry> fe5parie

/ W)= A) ¥ ree) = j o) 4 (= FD

= (Quiny L [er(e-») = aré~L =D 52

>0 o
A K’Rwﬁa/#%\)/) - L f;‘””")""ﬂ’zw)\)/)
= _300 L Yoo
£z

NEEN

= _Lf A - J—fﬂo/;» = 4 £ wuw — 4 (d-D) e rt-T)
+ =z T2 r 2
- ]
FV%*/ N&pens€ = _L//f 2ete) = fb‘“l') L{ft"l'j i

_— | ;

| — (2 'z)i(

a/> /g? Z 7L ALy Bpons€ = I’1

:4/;’2, /zzfsz ,‘,_7;2)]

=L QéJ"I] & -Z
2L z

c)v/)pdé‘; o W: é"I/,_ L ‘42’ -/'I/z ‘

J




|

Ele 30C ‘ /7/077/@/0'/,5# 2

@ttt

‘ N - i/ﬁ) _,L / %/?‘)ﬁ/}’ T>O o7 /}/”66/2‘/"5/}}6 //‘7&//;;'
c’ -z Pt rASC [y 7 ;
-~ t
/47) S eri? )€ '7{/i§> = g/ﬁ‘) <o A (z‘:\) = 1 5;/;«) Of}\ l
L 2 T > |
,[ 4 =T !
[GRGR I
G i con ’
255 de cyiche 0 =L § Saom
e § T ¢ NN
=EE I O ¢ > ﬂ»ﬂ { %{ m Zj/ nteqeTion |
AN A - Ei_ﬁ_ - :
& = peteT
> \ lt\ = I
g Xé ﬁ | = 4 2:{54)-%/&1)1
‘@"‘» ‘\ (_ i
2 \ I
,,,,,,,,,,,,,,,,,,,,,,,,,, .
(9 X SSUmL Ky :‘v(((‘b S o (9 (t\ = 1 < ¥ {7)50;\
T 0
’ ‘ [ -
‘ i OQWCVD e \;:; el e
‘ VE)
J’ \{ v\. ,,,,,,,,,,,,,,,,,, S,
| J e
1 kT O & A
[[ \“, e i \\
? | o+« L

|

. l t=2l =

|

J ‘ e obse J

| (.&
@agmw D 2t so YY) T L Audd
L/ T J-é*f

I D) o '\r't(/&b e | \ .{: | {-Z
] ‘ ‘}"'af O<teT %f‘\:\)’:‘g_ 57\10(}\:: ;E_‘
i [ - .
| i ] t 2 _ o, D2
J’ K// } ‘Fﬂf "tb_L 5’{5 - L S f\‘ J;\ = t ?(§ IB
L 2 """""""" LA o T Jlr »
- o e
l’ | §$ o «t L L
; (t‘} = W tl (< ”‘LB & 2 r

;T e




" i~
@ i >5“9\.M\ \._L/_fb\ ) k—\sg@

PO/ ‘f(/\f? §T'@,\M \/({‘\ :Q\‘(f\ ¥ \K(%\ %(f\ = Ql{t\)ﬂ—\/({:s
leam‘mg Heore (4 (€) = Bod* [ Aiox Ym\_) = [ %Q\M\lx )
So ‘!%r Jc,’éw (ng G /D/\(’«\ = Q( () % ‘Q\l H:\

&) 4, 1) =S57¢) —42 ) = ze” f{/t) - _ .
ra8) = /Ofg, A WA fg(gv\);)e"\wo\)/)s = i;‘ep wd b
o RN

b)%, 1) = @_’éz{/é) #2 1) =287 d~1)
Qw2 o0 _ \
%M’) "f"‘g//é'» *41/,\)0/) = S € H >‘L(/zé' ») 2 S/A’/X&/)

B - N
= e'& l>u(é~:) 2 = @ﬁu(é-/) = A i\

b ) = & Fur) b, = Cur) -

O&
B _
He) = ( L, 1d- 2 By 1A = je”/é M- e i o
Bl )

e

‘ = e'tJ:;/é :‘/;e’fc((t) = fo) k

OO ’4/6) = 2 $re-1) —Qz ) = 2 g/.,_:.->.>
Ay = § Bk DN = yz Srg-r-1) 2 6(»-k

- t(_o g(é'3> :M\H:\}

@) AQ,H'B: 2u(4;+>-) —chg = L&(g—(\
Ol

D
«M\ = g DulE-2eD) WA= A) U= = Fou Mo AT
) U2 D =t oo d-3y12o 43D A

*l;n\rl

’akf\ = &\’2 Ad = 2276:‘17'I]u(ﬁ f—z~/> :@)&(éf—/) = f@tt)_{




(&4 — (f—
4/é)" e )&{(fw) at) = & ¢ })‘4/15“’)

@ EFre &ﬁka/(my9/«2[/ﬁw .
> _ S (€=>+) -(a~
//ﬁ) f%/r{ -V atet) = jwe U(L-2r) € o \u()«-(\a})

_ I e N A
= S € € €C e (fe-rDulrDd)

Lold =241 = [ fov £=DHI2 0 EriD )

Uld-1) =1 for A-ive 2%
. +r/
- - £ — MJ&;/)Q‘))
= & N = © [[éﬁ):/] ﬂ/zﬁ'> O £ >v

Ly €)= ge'éwzf)l/

@ ? ra/)Lf(a ( con Uo}m%‘m (‘F\‘vm"és“’@ Q\(a\) ‘} N

> z
“ ) 1543\(#» x> . 2
- B} = Kok 2

=V k-2 w4l

By

» ¢ (2

D
| 4+t S
\/08;0£ Fu/‘ t}o

N ) S e fH ¢ !
— - - - % -
élf ,g e” e 2 = el

|
:e““‘f&:(\ et Lo £SO ,Lﬂw,,q m




g
t
N et e e e et e b et e e

g'/é' By =Py 0 =

SN

Doy = Hie-

N JUIR S

£

|
L) =) £ ogrE-3)

NTEPN

ed
8

el




@ ’g/é) e {6“00({»5—1)

or) %Zézmz;}/%o 5@,» m/oon»eﬂg/z) —
~ (A=)
7 Ae) ,%/,g)lﬂ(,({{,) = f—%//ﬁbr/é AN = j “

a1 e 13 okA
- . o . ‘___\
'::Q\gefop%r e‘z—e [“]:‘eie -elf"‘?( ’
-t%fzrzmgm///// £222) or £21, SO
{/z?) = V- e % Ajﬁ(ﬁ."{)

RS L
e s

.5) /)7//\%//" Fe) = it (=) = 244[{-7.)

Oetoud = %/t) W = o
e ]u(#g“li\ - ]uH:B ?\f

|
J
C) R ‘1 »@k(ﬁ =k 2) ok
Ls b-x Yo = S-Q\u»)) 3 A
\ } > T k=) N
Ualidf -Fm {:‘72 " N \ l _(&-2)
- (4=t - = |- &
(e e (e e [

Ua\iog Fof £>3 L-t
4o &'2_6-“‘}-‘\}% bg e'(v)-\\ (-Ned>

2 iy

~ (4= A
‘e?a}/\ —_— glﬁ pj>

(W%//ﬂu/ o mefW



W;éﬂ/b & ¢, (mf//;m//)
y/{) = e O[e - el e_({"/>[€£-'— ezl

o) e — 4-3)
= C - - /| +&

@Z»’/t/ @5/&73‘%&«/47 Fo e Thoin o ¢ FHe Stopt con THo GirScr e 4o
/“,/ 4 o5 Fo ﬁo/&/a”/rﬂﬁ//z,f/

—r&-3) - (- ol
y/f):e/é ~e" ) e ’63>;~/—/
e
= L

:(' SEAAE (=< 5. tz3

7o o ther oy Yo oo #4.5 s o Mao/?}/ e S pafiver A %)
>3 N
o ;m) :(/~ e ) -2(/- —[é*3)>

— — -T2 e
= ot )_2+2€ (-3 )

—&-2) -
- -l -e r2e ' ) o seme pascelfef

é( Vi + c

0 1
© 2l 55/{?*@’“"" “)

-0
- (»/)f/(fl/z{/{,/) R //* e ) g/ﬁ"/) P

e

= & ({’Jar{u) ro Sr-r) =



O

A/’ /};,/,/pf/éf’ /é’)/*)aw,,@? %):fﬁf)’f 5/8) /oxf,/?) ?’Z[t]

z
+ e <
e 44/1) = /»4 & 9A>d/>t =/ Cere)
Yo B 2z
ZoN =/ TR Ly | T -
-G = L& &) {/t” - Re
e (

Ve .
, , S

127 I

o Ao
; e
) g ‘{://?C, \ .

fe - / e
A7 e LAY,
I ¢ N ¢
| /é/e %ﬂf/t))&/f S /W/ = | e 2y /5) 24
" ~ s

o Loatrd) — ~
Losy D Pr Yt Kesrl ~ R Yi2c.
s _trc
@ “»)Mt\)z l{e ’ WD, ~ ,
. : - _ ~%
Y (D = L) wur) = SR - = ( i e = - -
% S 3p T
W——w—\‘ “\
T ‘a
\ - _t ’} |
g = me” Fu |
B ———
=Y by
For ©ise tme 09 = |~& b//“ e o\t e Jf
N — (/l@
o\ = | —e" (= ov O % T
{/7\ - (t[ - {":} //t ({:6!- {‘;(} ‘1/7‘" ‘Ef/(
Tl vetios Ci - @ - e -
4
L0 = beje \hps Tl




| |
!

;

|

@ ;%7)774)%07/)

() e you bS @ A L sy

@ A A ek T)

Y -

- w I ;.)
" T
O
, C ]

r el = ored Z )= ftme” Ry . -
- i), [po) =7 o e ~f 1 P by
Sihaw CTIZ ﬁ Hrp) = CevE) ”[f”’/>/ }7 ct) =/ e et /€ éf[#*?’)!j

R — D S WY
@ Sce ép/ o} '}‘5

~\£/ %/ KD = A{uté} —%Cﬁ—ﬁq& _X%J om)ép(/o( 5
o= AL _o e
9

Ll ‘

S lwd) T AE\ - e (&’TNTZ{’“LL’TB

"FD(" T,

\/’C‘“’l ep’r/’cﬁ \__,’T//C
‘éﬁﬂ& AE\‘b*‘/ Y :‘a\/j;_i :u/jé;\zi
- C




12/15/06 8:42 AM C(C:\Documents and Settings\throne\My Documents\ECE. . .\homework3.m 1 of 1

%
.: step response plot for homework 3 (prelab for impulse response lab)

t = linspace(0,0.008,10000);
tau = 0.001;

%
T = 0.003;
yl = (l-exp(-t/tau}).*unit_step(t,0)-(l-exp(-(t-T)/tau)).*unit_step(t,T);
T = 0.001;
y2 = (l-exp(-t/tau}).*unit_step(t,0)-(l-exp(-(t-T)/tau)).*unit_step(t,T);
T = 0.0001;

y3 = (l-exp(-t/tau)).*unit_step(t,0)-(l-exp(-(t-T)/tau)).*unit_step(t,T);
orient tall

plot (t*1000,y1l,':',£*1000,y2,'-~',t*1000,y3,"'-'); grid;
legend('T=3 ms','T=1 ms', 'T=0.1 ms');
xlabel('Time (ms)'); title('Step Responses for Problem B8e');

figure;

orient tall

subplot (3,1,1); plot(t*1000,yl
title('Results for Problem 8e'
subplot (3,1,2); plot(t*1000,y2
subplot (3,1,3); plot(t*1000,y3

; grid; ylabel{('T = 3 ms'); xlabel('Time (ms)');

; grid; ylabel('T
; grid; ylabel ('T

1 ms'); xlabel ('Time (ms)');
0.1 mg'); xlabel('Time (ms)');

)
)
)
)
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