Solution of EE 503 Test #2 Su03

(4 pts) A CT systemisdefined by y’(t) = x(t).

Isit BIBO stable? No

The impulse response is the unit step, u(t). This function is not absolutely integrable.
Therefore the system is not BIBO stable. A constant excitation produces an unbounded
response.

(4 pts) A CT systemisdefined by y”(t) + y(t) = x(t).

Isit BIBO stable? No

The impulse response is a sinusoid after time, t=0. This function is not absolutely
integrable. Therefore the system is not BIBO stable. The response of this system to a
sinusoid of 1 radian per second is unbounded.

(4 pts) A DT system has animpulse response, h[n]= > §[n-2m]|-&[n-1-2m|.
m=0

Isit causal? Yes
Isit BIBO stable? No
Its impulse response is ot absolutely summable. Thereforeit isnot BIBO stable.

(5 pts) Sketch the impulse response of the system described by
y[n]+y[n—1]= Xx[n]- x[n-1] wherex|n] isthe excitation and y[ n] is the response.

Firss find the response of the system, hy[n]+h,[n-1]=4d[n]. Then

h[n]= h,[n]-hy[n-1].

By the usual method of finding the homogeneous solution, the eigenvalueis-1, h,[0]=1and

ho[n]=(=1)"u[n] = h[n]=(-D"u[n] - (-)""u[n-1]
hn]=8[n]+ (=" un-1- (1" un-1=&[n]+ ()" {1~ (-1 }u[n-1]

h[n]=d[n]+2(-1)" un-1]



5. (12 pts) A CT system has an impulse response, h(t)= rect(t;zl). It is excited by a

signal, x(t) = cos(2xf,t)u(t). For any time, t> 2, the response of the system is zero. Find two
different possible numerical valuesfor f,,.

Theresponseis

x(t) = h(t) = T cos(27f,7) u(z) rec:t(t — ;_ 1)dr

—oo

x(t) = h(t) = Tcos(Zn:fof) rect(t — ;_ 1)d1

For t> 2, rect( ) iszero for <—% orfor t>t. Itisonefor t—2<7<t. Andit

iszerofor 7 < t—2. Thereforetheintegral can be written as

X(t) #h(t) = _t[ cog(2rf,7)dt

t-2
If thisintegral isto be equal to zero, thetimerange, t—2tot, whichis2 seconds long must be an
integer number of periods of the cosine function. So

mTO:f—:2:> fozg , many integer.
0

Thisresult is also easily seen by sketching the graphical convolution, letting the rectangle function
be the function flipped and shifted.

3
6. (5 pts) Sketchthesignal, x(t) =tri(2t) * > 8(t— n) over thetimeinterval, -5< t<5.

n=0

X(t)
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7. (4 pts) If the response of an LTI system to the excitation, u[n]—u[n— 4] is

rampin+1] , n<4
yln]= In+1
4 , h=>4
what is the response of this same system to the excitation, 8[n]—6[n— 4]?

8[n]-8[n - 4] isthefirst backward difference of u[n]—u[n-4]. Therefore the response
isthe first backward difference of

- fyieed
whichis u[n]-un-4].

8.  (4pts) A CT system has a response to a unit step of h(t)=(1-e")u(t). What is its
impulse response, h(t)? Theimpulse response isthe derivative of the step response. Therefore

(=S (1-e)utr) =e u(y)

9. (10 pts) Write the differential equation for the system described by the block diagram
below. (Be sureto observe the signs on the summers.)

x® ) j I Ty(t)
p 0.1
-0.3

Isthis system stable? No
y”(t) = x(t) - 0.1y’(t) + 0.3y(t)
y”(t) +0.1y’(t) — 0.3y(t) = x(t)

A +0.11-0.3=0

The characteristic equation is

Theeigenvaluesare A =-0.6 and 0.5. The second eigenvaue has a positive red part. Therefore
the system is unstable.



10. (3 pts) Any arbitrary CT signal convolved with the unit CT impulse, §(t), is unchanged.
That is, x(t)*46(t)=x(t). What is the generd mathematica relationship between x(t) and
x(t) = u(t)?

0o t

X(t) *u(t) = J. X(t)u(t—7)dr = J x(7)dt

—oo —oo

X(t) #u(t) istheintegral of x(t).






