ECE 300
Signals and Systems
Homework 4

Due Date: Tuesday September 29 at the beginning of class

Exam 1, Thursday October 1

Problems

1. Determine the impuise responses for the following systems:

a) y()=x(0)+ ].e'z(";‘)x(/i)dl

-

c) 2y(1)— y(t) =3x(t+2)

d) y(n)=

b) y(t)= [e M x(A+2)dA

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

LTI system.

x(t) h(2)

—_—

v(t)

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

a) (=06 h()=2e"u(t)

b) h(t)=e"u(t) h(1)=25(t~1)

c) h)y=e"Mut+1)  h(t)=e " u(r-1)

Use analytical convolution when evaluating the convolution integrals in this

problem.
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3. 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
() =u(t)—u(t=1) +u(t-3)

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

Specifically, you must

a) Flip and slide a(r)

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(r)

e) Evaluate the integrals

You should get (in unsimplified form)

e e -1] 2<t<4
y(t) = —(t~Dp | —{=Dr =l 3
e e —1]+e e —€e’] 4<51<5

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

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

c) Use grthlcal convolutlon to determme the output of the system

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

e) Compute the derivative of the step response and show that you indeed obtain
the impulse response.
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5. Consider a causal linear time invariant system with impulse response

h(#) =[1=0.5¢ [u(t +2) —u(t = 1)]
The input to the system is

x(D=u(@+D-u(t-1)-2u(t-2)+2u(t-3)

These two functions are plotted below:

1.5 7 T T T T
1 . -
0.5F -
£ 0
=
0.55 -
R .
_15 i ; 1 L J
-4 -3 -2 -1 0 1 2
Time (sec)
T T T
ne |
0
k3
1+
2t -
[ i 4 i
2 -1 0 1 2 3 4
Time (sec)

Using graphical convolution, set up the integrals to determine the output y(r)

Specifically, you must

¢ Flip and slide A(t)
e Show graphs displaying A(z— 1) relative to x(A) for each region of interest.
e Determine the ranges of for which each part of your solution is vafid. —
e Setup any necessary integrals to compute y(¢) . Your integrals must be complete
and simplified as much as possible (no unit step functions)
e Do Not Evaluate the Integrals!!
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6. For the interconnected feedback system below, determine a relationship
between the input x(+) and the output y(¢) in terms of 4(r) and A,(¢). Your final

answer will be of the form
Y(O*[6()+ A@)] = x() *[B(1)]
You need to determine A(r) and B(r).

Hints: e(t) = x(t)—v(¢) and v(¢) = y(t)* h,(¢)

x(t) + e(t) ()
—*@\‘—’ h () >

v(t)

N R —

7. (Matlab/Prelab Problem) Read Appendix A, then
Download Fourier_Sine_Series.m from the class website.

a) If you type (in Matlab’s command line) Fourier_Sine_Series(5) you should get
a plot like that shown in Figure 1. As you increase the number of terms in the
Fourier series, you should get a better match to the function. Run the code for
N=100 and turn in your plot.

b) Copy Fourier_Sine_Series.m to a file named Trig_Fourier_Series.m and
implement a full trigonometric Fourier series representation. This means you will
have to compute the average value a4, and the 4, , and then use these values in

the final estimate.

c¢) Using the code you wrote in part ¢, find the trigonometric Fourier series
representation for the following functions (defined over a single period)

= ”’:/j.’alf-m,/’,afvfe*,:?gitlﬂier( I{m,::/];(’)mo’\/? Y?Zésaé/?ép,&‘),” D e e e e P S

V,sin(2r fot) 0<t <ng
x(f) = T
0 ?OSK T
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Full-wave rectifier (V,, = 10052 volts, f, =60 Hz )
x(1) =V, |sin(2r )| 0<t < T,
Use N = 11 and turn in your plots for each of these functions. Also, turn in

your Matlab program for one of these.

Number of Terms = 5
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Figure 1. Trigonometric Fourier series for problem 3.
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Appendix A

In DE 1l you learned about representing periodic functions with a Fourier series
using trigonometric functions (sines and cosines). In this appendix we will
determine how to determine a Fourier sine series series for an odd periodic
function using our knowledge of numerical integration in Matlab. The only new
thing we will need is the idea of a loop.

Trigonometric Fourier Series If x(¢) is a periodic function with fundamental
period T, then we can represent x(¢) as a Fourier series

x(t)=a, + Z a, cos(thw t)+ Z b, sin(kw,t)
k=1 k=1

where o, :27” is the fundamental period, «, is the average (or DC, i.e. zero

frequency) value, and
1
a, :-T— Lx(t)dt

a, = 52; L x(t)cos(ka, t)dt

b, = % J x(¢)sin(ka, t)dt

Even and Odd Functions Recall that a function x(¢) is even if x(¢) = x(~¢) (itis
symmetric about the y-axis) and is odd if x(—¢) = —x(¢) (it is antisymmetric about

the y-axis). If we know in advance that functions are even or odd, we can
determine that some of the Fourier series coefficients are zero. Specifically,

Ifx(t) is even all of the b, are zero.

Ifx(¢) is odd all of the a, (including a,) are zero.

For Loops Let’'s assume we want to generate the coefficients 5, = % for k=1
E

to £ =10. One way of doing this in Matlab is by using the following for loop

T b(k) = ki(1+k"2);
end;
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In this loop, the variable k first takes the value of 1 until the end is reached, then
the value 2, all the way up to k = 10. In this loop we are assigning the coefficients
to the array b, hence b(1) = 5,, b(2) = b,, etc.

Similarly, if we wanted to generate the coefficients a, =7€% and b, :;;2—1 for
+ St

k=1to k=5, we could do this using for loops as follows:

for k=1:5
a(k) = 1/(k+1);
b(k) = 2/(k"2+1);
end;

Note that Matlab requires the indices in an array to start at 1, and that for loops
should usually be avoided in Matlab if possible since they are usually less
efficient (Matlab is designed for vectorized operations).

Fourier Sine Series Now we want to generate the Fourier series for the periodic
function

0 2<t<-1
x(t)y=4t -1<t<l
0 1<¢t<2

This is clearly an odd function, so we will only need to generate a Fourier sine
series. The following program will generate the required Fourier sine series:

Fall 2009 7



%%
% This routine implements a trigonometric Fourier Sine Series
0,
Yo
% Inputs: N is the number of terms to use in the series
%
function Fourier_Sine_Series(N)
G
Yo
% one period of the function goes from low to high
%
low = -2;
high = 2;
Yo
% the difference between fow and high is one period
Yo
T = high-low;
w0 = 2*pi/T;
%
% the periodic function...
%o ’
X = @(t) 0.*(1<-1) + t*((-1<=t)&(t<1)) + 0.%(t>=1);
%
% find b{1) ta b(N)

%
fork = 1:N
arg = @(t) x(t).*sin(k*w0t},
b(k) = (2/T)*quadi(arg,low,high);
end;
%
% determine a time vector over one period
%o
t = linspace(iow,high,1000);
Y
% find the Fourier series represantation
%
est=0;
for k=1:N
est = est + b(k)*sin(k*w0*t);
end;
Y%
% plot the results
%

plot(t,x(t),"-',t,est,’--'); grid; xlabel('Time(sec)),
legend('Original’,'Fourier Series’,'Location’, NorthWest'),
title(P’Number of Terms =, num2str(N)});

Fall 2009



R W R IR T

P % o «QW) R ,,,,,,, _ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -

,,,,,,, “’}’ ‘9\ (6*36 " = 2 6 gu.—;-x) g e 8( s z)
_
e ’z = 2¢ S = delued




2(&) Sre) 4@) *Zé a/:)

__.,,.—-——-—'-"“""""-' }

AL dae s A |
—

i @ ’Qi(f>icgf_ (f ‘“"“"“’3 /Q_:;.Jm} =& - ) Uy ~é~s> ‘ _
, Q‘iﬂ :9‘(1 £) ¥ 4},.,(6\) = <\“O\\.,¢(I). ‘Q“L (-3 0{ )y e
("]
IS O S 4A"Z(%’_’ \r,,,,,,, e e - ; e a1 . e oA st e St it ot e eeme s o
R | g € ) efﬁ,,ju (- M\v 04 N
-3
_ 0;&:‘_, - +.,.;\,. R - . e “\ N
Wigafif '\ *&aﬁ-Ee*“&>”%ﬂﬁ
— ‘ e -
,,,,,,,,,,,,,, RO ey Biwee
k 'QQ;QM»%Q:j%wkw&ﬁj;;fj;fW‘

= OQ oo ,’},O : = "‘~>Q

’S A» = g ‘ojA = étmf\ — 4 W) :/Q\&#Q -




’4@2 T e ) i) = HrE) — w(E=1)~(d=3)

Ait)
N "Qx_(j:\ ‘ ) B

l O t

=1

”9\(\3 ;»Q(({"/\\ L-x=y + -\ =;>\ -_/{




,,,,,,,,,,,,, 5 A - 7 _
e e d I T P e P
- ] =
p )
—
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :/// € e /5(/{-/) = fe)
C - Z
® @ for am) = crs) —are-), g (6)= Ys(2) = Ys (41
U M
e e e e P oy
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g = Jye e Juey = [rm e e |
,,,,,,,,,,,, ‘@‘ _(b\) — H-,m%\’w,_-:g\.m,,«\—-\—&
,,,,,,,,,,,,,,,,, ol N L) ™)
,,,,, R )
2 o v - _
S | I S— R oy , ) -\
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I R D W PRS2
D e e
Ve T et T e

[f?ff%hm/
et free



e Mé st / o

e ) e “ ‘> B

_ e-(g,z)_mg-(z‘ﬂ) e éo/%ﬂmfwf ant .

vl

e e e e — e - - .




— =

-1

i

R |

o < <

£4+72

B
e
R Y . —

2@ - g f) o5 (41D ]Ax + f[/'a s () Z]J)

r}..

R
"\
o 2cts3

] Zeeey % ) = S Ci-ose 02 dn



’guﬂ = [l — O é‘l [ U4 +2) — = »\:} B 7
,,,,,,,,,,,,,,,,,,,,,, A = Ul +D) = (=) ~2 e~ 2) F 2 (- 3)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ] ) DS S T W CE S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e A s b caslo A=
/ }
o | /Q\c&r% )
,,,,,,,,,,,,,,,,, N
4+ - +r 2
Nk o :
,,,,,,,,,,,,,,,,,, B —\ = 3 ~
® - e
o L.,
N
=N oz }
T R e I
-\

st g UD-eseyl0LD



1 ; /f> o f < ”3
(/} /é) ,j é+z[/-a SEH) J,d//\

L T3sES

=

@/f) {[/ ~o, C/c’~>)2]aé\

LA

e

4

/£

;)/f) = f/ [-/ OfféA)Za/)‘ 2 Q{/ 05@‘(4) ]0'(\ 9

o2 { Leenrls - j Lrssundh

s | @A

. ¢
e gy = Z_g [ [ ToS#=N) ]0/ N 2zé&23 00
i} e ‘*’2( /- 0.5 /¢ ))]’/\ g &L B
&
= U = o ‘2 ~
v




. S |
Fa) || SOED e S 0o ARTAES) ~
= IR y
VE) ’ T
\ ‘\—X-‘@\Lb&\ le ] . e
S

Cce) = W) — V) L) = g/é)&‘%?,(%\

O k) ¥ 4 (4) >y ¢) = Y’X@ ~yié) \M@f{) y-ﬁ, [£)
4 L= /4

U 1) = Are) ¥ H 1e) — %mwﬁm ¥/2¢+)
/74 74

D+ 908) sy, ()% H tt) = | /wff) %) Se) 10 ¥ ity = i) *44»

,,,,,,,, 2

)

[yl 5o dorid= i |




Number of Terms = 11
180 T T T T T T T T

Original

160 S N Fourier Series

awob N AT S T S S -
1201 ; | | S SR SRS L o |
100l ; 5 g ; S T R SV |

gof - fo o SUN U T e L U PR -

sob o i
40 .
sobf i
0 ]

20 | | i ; | , |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Time (sec)




Number of Terms = 11

180

160

140

120

100 -

80

60

a0

T ! !

Original e

————— Fourier Series| /N

0
0

0.002

0.004 0.006

0.008 0.01 0.012

Time (sec)

0.014

0.016 0.018




9/30/08 8:59 AM C:\Documents and Settings\throne\My Documents\ECE-...\homework5.m

1 of 2

B
5

Thsir routine implements & trigonometric Fourier Series

for a full and half wave rectifiad signal

rputs: N i1s the number of terms to be used in the series

i

function homeworks5 (N)

9
%

K S0

setl up the Hundamentals
f0 = 60;

TO = 1/£0;

Vm = 120*sqrt(2);

one period of the function goes from low to high

low = 0;
high = TO;

the difference bhetween low and high is one period

T = high-low;
w0 = 2%pi/T;

the periodic function

X = @(t) abs{(Vm*sin(wO*t)).*(t <= T); % full wave
¥o= @) Varsin{w0* ) Y {t<=T0/2)+0.%(t>T0/2): % half wave

find al
a0 = (1/T)*quadl(x,low,high);
for k = 1:N
arg = @(t) x(t).*sin(k*wl0*t);
b(k) = (2/T)*guadl(arg, low,high) ;
arg = @(t) x(t).*cos(k*wl*t);
a(k) = (2/7)*quadl (arg, low,high);
end;

determine a time vector over one periocd

t = linspace(low,high,1000);

1er séries rapres

est = est + a(k)*cos(k*wO*t)+b(k)*sin(k*wl*t) ;

slon the vesults
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o
S

. plot(t,x(t), '-',t,est, '~-'); grid; xlabel( Time {(sec): ) ;
legend('Originai’, 'Fourier Series','Location', 'NorthWest ' ) ;
title([ 'Number of Terms = ', num2str(N)]);




