ECE 300

Due Date: Tuesday September 25. 2007 at the beginning of class

EXAM #1, Thursday September 27

Problems

1. ZTF Problem 2-19 (use the method from class, solve the DE).

2. ZTF Problem 2-20.

3. ZTF Problem 2-24.

Signals and Systems
Homework 3

4. Consider the following two subsystems, connected together to form a single

LTI system.

x(2)

Determine the impulse response 4(¢) of the entire system if the impulse

h(@)

v(¢)

responses of the subsystems are given as:

a) h(©)=8(t) hy(t)=2e"u(t)

b) h(t)=e"u(t) h()=256(t~1)
C) h()=e"u(t) h)=e"u(t)

d) 1(6)=25(t-1) k() =356(t-2)

e) h()=26(t-1) h()=u)

Simplify your answers as much as possible.
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5. Consider a causal linear time invariant system with impulse response given by

h(@t)=e " Pu(t-1)
The input to the system is given by

x(®)=u(@)—-u(-1)+u(-3)

Using graphical convolution, determine the output y(r) for 2<7<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(z— 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 Ve -1] 2<t<4
ya)= e ~1]+e V[ ~¢’] 4<t<5

6. 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(2) = 2[u(t) —u(t = )]+ 3[u(t - 3) ~u(t - 4)]

Using graphical convolution, determine the output y(¢) . Specifically, you must

a) Flip and slide (¢)

b) Show graphs displaying both A(t— 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 to compute y(z) Do Not Evaluate the

Integrals

Fall 2007 2



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 2, in
terms of unspecified components R and C. Determine the time constant for the

circuit.
VW
Vi +1 J c1
Vout

Figure 2. Simple RC lowpass filter circuit.

b) Find the step response of the circuit (the response of the system when the
input is a unit step), and determine the 10-90% rise time. ¢ , as shown below in
Figure 3. 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 ¢, =7In(9)

14
9O, @ f—
0.87

U.E:
rise time

t, = too-tyo

Figure 3. 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 unit pulse of length T (, i.e. a pulse of amplitude 1 starting at 0 and ending at T)
is given by

Youse @ = A=) = A= yu(t ~T)

e) Plot the response to a unit pulse (in Matlab) for r =0.001 and T =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) If the input is a pulse of amplitude A and width T, determine an expression for

the amplitude of the output at the end of the pulse, y . (7). Assume that Z<<1
T

(the duration for the pulse is much small than the time constant of the circuit) and

use Taylor series approximations for the exponentials. Under these assumptions,

show that the amplitude of y . (¢) attime T is approximately the area of the

pulse divided by the time constant, thatis y . (T) = AL
T

Fall 2007 4



2TF /)/oéém R =19

. Lo

+~O £ l/z,fé) = /[ /é’
X&) rR ‘3{-&)
) - /4/{;’) = Fre) ‘? &

G = 1Y

So D -a D= LY
Y %

;;L:é B (&) + 1o = )
\9(9 + A }@ z = 'x[e)

' 742 /)7/)«/!»5’ //j)o@/,}_ﬁ wae) = Sre)
‘ 912) G 2)

12 744/(&;4 /ZZ@;I v 2eV0

%@);L KAy =K<
- L

fﬁ g,l; /é
jjﬁ@eh): ec* Zgﬁ)




2T~ //&/é/’? R =20,

@ | @
° é = xw £ . 7(__‘;{1\
%le} 3R 2

[ )

trpulte (aspose ) > S e
%(t\ - 0\(6’3




= Lol 2-2Y

27
AN
£ [
il
| o 41+

i

145, B \
Dz cCdre = Vi rdy = 9 (¢
P > i o (2D g

c %(—‘e\f"@_@\:c}
AL R

J—%‘iﬂ o xX(E) =0
A

ke

| 7[0/ 077/)%[@’//(/%7!)2 ) —> Srg)
) — S

/ /
(h/'%;/fm%%b)?f&@ 2o rd

(24

%ﬁé) f’/éc g/t) — 0

M~ ) See)

é V7

é
f Sy = (1 Sooch

— ]

{ K =L a/[e)l]

0
y/f) — D) x 1) = ) B 12 D =

M
é |

-~ (>/
Z&/f) =~ ) AWep

[y
5 —) ) AN
R(

¢ “oo



L
4 ST AW -

ST == [/ )

Kl ) =L ¥ Kee)
%/f) = %@) XVre) = «gb/é>)('/‘4/g«) %X/f-)) = /%[ﬁ)% Lw))xy&
o /gw} = 4/:5‘*)*144!*)

“9)”4 Y #L (= Qe‘if(ﬁ)
, i i >
4@) = JﬂQ‘ (+-> QWOJA = g&é»» 2e wmo/)\
e o

- (\? e_éu ft» = Qe

no @ «@\@%S@—:Qw) (he raecddo %%mm‘US

@ ”g\t%) = 63”{\(,( ) &2\_&) = 2&/-};—B

EAD R v b 1) :\E e '(H\q (6-0) :QZ}
uizké LTI (DVU{U/"WZ

Q> ‘Q«Hh = U 'Q\L W) = tu)
ol i -3 -
D= Chubowr= § e Tunn e «(D

- e’“”‘fu/g—AM()\\o//\ = e‘*fo o/ ’\ié/imﬁ

0@ Q, @) = 28040 B2 8 =35 6-2)
7

Ly = By sl =le Se- AR E S

e)%((‘{f) = Zé({*”‘) “e‘z(t) Zu(.g,z/‘—/——\

Hd _ Q2w ~ 2= - L | edos ST C



I

KT\\

/
@ By = Pye) ) = cted ~are=) £ gre-z

3
SALFIALE

(48

| ’e\(k\) AT
\ Dty = Ye- »

o \
¢ z } V= ko //
L = o) —

——

Q]
[
yv/

R
PTSENEN T eaeN
(2&):' g‘ o/( + (: e J
(3 v
i} ~(t- D[ '1 (D [elzt !
‘ 2
e SN e ]
- e e ° |

x ) ey (U —eD T
o ¢ ‘




N

:
]

<M L) = e

— (é%/)
t/(é#)

) = 2] wce) - c//é~/)] + 3[4(/5— ~2) ’“[é“‘/)]

" o o ) -9\(6"‘%) AL /gx:{f\, S — '3
D AT = He-N ‘/q n
;\ - = &= ] | $
; ., \ N b / | N it IS S
/ ~— S }‘ 4| o !f 2 vy £t
-1/ . o |
3
FA ) cauh =
o
S
41
» 4 ! f ~\gtkzo0 \9(7:\ = g e,(e—NO 24
S L °
= 1 RN
& &y L
l ~net)
g{ | o Lts 2 “© = ge'& 2 A
2 E / ( - Y o
IR ’ \ ix', l ;\'
! ! +y ? Y A
3 ts
Lt r—"? S \ o
l \ N ..({~7\M\
L1, e e (e
j \ 2ty o 3
&)
3 (‘ﬂ
1T)7 | - tZ3
] b
I} _ b7 | i k
e ‘y»» 1 i i ) ,(_é»}.}h J ( , ({—Mb
= 24N+ 290
O{ ( 2 \‘f tre P 9('&3 go 3g




FARN
RN
3
N
N
A
o
E\ T+
N

Vin ~qulé - aﬁ’{'g«f’ <R (,/V@a/’ e lonl = U
g Pta AE

}}i &5/—/_ L el = AL Cn &//Q /r?c_%“f = /. Ly & ke
gg 7 A Lc A £
Ry

A

- wdd

& n A
g ' ¢ RC .
j,}eé//e k%«f(&))p/f = e /&%yj = j L < iy /))p/;
—

é/ (/7,/;@{,4? /Pymﬁﬂ? o ce)= Scz)  Yonfc?) ’:‘fv/ﬁf)

*ﬁ/?c/ z Q/ea
e A :/74/75 & SN = L o)
e 2

e\
e o \’
;/g/%) = £ 6’— 'eccug) - e
/% ,,,,,,,,,,,,,,,,,,,, S
RS ng‘_f_/’;() = /éﬁf - N - 1 | = D‘ D=Ll e »
Lrn 1D &+ '/_/,f Reg |~ Re cﬁf’/& Re

Q D) = ‘}{e“t/m W) <y .
& s
(é (+£) 1,Q(@¥mc> = g PR G(E-R) = g "-‘E@’ /TJC: ~eT

. —*:/1 \
\ I T )
2\\?0('!} ,U e “
-t ’cox/
o ©ise tone oq = |~e b//t o o \z e’ '%:17
o\ = \"’8"\[’1 o o0 T el =
(- % ot bl
. ’{Taidl\; f‘a'}:("os C( - @ & ab (= ~ e(bl T &

S
vQV\O\Z J‘:r/r(, \{:f”' /C,Q,,\a\




.

@ -

@ /r”/(@';%/t)-c(az»f)

;

,
¢ 7._

O

For  ae) = ared ;/t) = Z;'e’é/quzf)

e

A
b CTE 557 re) = ~dl 147, [7%) =//-e ]mf) =) /-e

@ See 00/0'/5

@ for e = A[(MQ -U\ng\l' %J Ov\\}CpuO(‘{s

07 Ao s - AT e P
W = A%e’“@l

-~
-FOF h— P e /’C /-v

e AE\” \‘*\/\1 :\/j_; *%LT\?

~

19}




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

1 of 1

%
““—step TESPonse plot for homework 3 (prelab for impulsée response 1ab)

%

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 (£*1000,y1,':',t*1000,y2, " '--',t*1000,y3,'-"'); grid;

legend('T=3 m8','T=1 ms','T=0.1 msg');
xlabel ('Time (ms)');

figure;

orient tall

subplot (3,1,1); plot(t*1000,y1l); grid; ylabel('T
title('Results for Problem 8e');

subplot (3,1,2); plot(t*1000,y2); grid; ylabel('T
subplot (3,1,3); plot(t*1000,y3); grid; ylabel('T

title('Step Responses for Problem 8e');

3 mg');

1l ms');
0.1 ms');

xlabel ('Time

xXlabel ('Time (ms)');

xlabel ('Time (ms)');

(ms) ') ;
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