EECS 20. Solution to Midterm 1. 5 March 1999

1. 24 points Fill in the blanks:

(@) IfA={1,2,3}, B={3,4,5},thenAn B = {3} andAU B = {1,2,3,4,5}

(b) If the predicatesP, @, R all evaluate to true then the predicdteP A -Q] V (—R)
evaluates tdalse

© Iff:X—Yandg:Y — X,thenfog:Y —-Yandgo f: X —- X

2. 24 points
Fill in the blanks:

(a) Euler’s formula is:xp if = cos(f) + isin(0).
(b) The four distinct roots of the equatiaft = 1 arel, —1,4, —i.
(c) IfVt € Reals cos(t +7/2) = Re[Aexp(jt)] thenA = j.

3. 20 pointsFind the period and the fundamental frequency of the following functions and then
give their Fourier series representation as a sum of complex exponentials. All functions are
denotedr : Time — Comps, and time is in seconds.

(@) Vt € Time x(t) = 10sin(27t) + 10 cos(27t)
_ (5 o 5j)€j27rt + (5 + 5j)efj27rt.
The fundamental frequency is 1 Hz and the fundamental period is 1 sec.

(b) Vt € Time z(t) = (1 + 1) sin(2nt) + sin(nt)
= —i/2x ™ +i/2 x e 4+ (1 —4)/2 x ™ — (1 —4)/2 x e 27,
The fundemental frequency is 0.5 Hz and the fundamental period is 2 sec.

4. 20 pointsFill in the blanks:

() LetD, be the system that produces a delay oketx : Reals — Comps. Then
Vi [De(@)]|(t) = a(t — 7)
(b) Let H be the frequency response of the systers D1 + Do. Then
Vw € Reals H(w)=e 7% 4 e 2%,
To obtain this result, consider an exponential inpu L,
Vt, x(t) = exp(iwt).
Let the response be= L(z) = D;(x) + Dz(x). Then
Vt,  y(t) = [e™ + e 2] exp(iwt)

and soH (w) = e~ 4 ¢=2w,



5. 20 points Supposé. : Inputs — Outputs is an LTI system, wherénputs = Outputs =
[Ints — Reals]. Letu denote the unit step function:

0 t<0

Vt € Ints u(t)—{ 1 =012

Suppose; = L(u) is given by:

0 t<0

Vt € Ints y(t):{ f =019 ...

Consider the input signal

1 t=0

Vt € Ints z(t)—{ 0 t£0

Letw = L(z).
(a) Plotthe signals, y, z.

(b) Determinew and plotw.

Carefully mark the appropriate time values and magnitudes in your plots.

Figurel gives the plots of the four signals. The plotaugfy, z are obtained directly. The plot
of w is obtained as follows. We observe that v — D;(u) so

w=L(z) = L(u— Di(u)) = L(u)— Di(L(u)) byLTI
= y—Di(y)
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Figure 1: Figure for Problem 5



