EECS 206 Midterm Solutions to Exam 1

June 10, 2002

Answer

(1) (@) (b) (c) (d) (e) (d)

(2) (@) (b) (c) (d) (e (b)

(3) (@) (b) (c) (d) (e) (c)

(4) (@) (b) (c) (d) (e) (d)

(5) (@) (b) (c) (d) (e) (d)

(6) (@) (b) (c) (d) (e) (e)

(7) (@) (b) (c) (d) (e) (b)

(8) (@) (b) (c) (d) (e) (d)

(9) (@) (b) (c) (d) (e) (a)

(10) (@) (b) (¢) (d) (e) (c)

Subtotal

(11) 8.6972 cos(wot — 2.85)
(12) Co=0and Cp =j/kfor k#0
Total

(1) The normalized correlation Cn(z,y) of the following two signals with the support interval [0, 1]

(a) —1
b) -
©
(d) 1
(e) None of the above
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is



Therefore, Cn (z,y) = 1.
(Alternative approach) Note that y(t) = $z(t). Then they are positively (completely) correlated.
The answer is (d).

(2) The average power of z(t) = Ael(“0t+9) over the interval [0, 7], where A > 0 and wy = QT—Z, is

(a) A%cos? ¢

(b) A2
(C) A2T0
(d)  A?[cosg|

(e) None of the above

The average power

1 T AL , 1 o ,
il ‘x(m? dt = 7/ Aea(wot+¢)(AeJ(wot+¢))* di = — / Aed (wot+¢) go—i(wot+) g4
To Jo To Jo To Jo
1 T
= A% dt = A%
TO 0

The answer is (b).

(3) For signal z(t) given below, the signal y(t) = 2z( — 1t + 1) looks like

x(t)

2
g -0 g
(d)
2
t 0 2+

(e) None of the above

The answer is (c).

(4) The distribution of signal values of z(t) over the support interval [—1,1] looks like



a(t)
~1 0 1 P
(a) (b)
-1 0 1 B —!1 0 J i
(c) (d)
-1 0 1 ) 0 1

(e) None of the above
Note that the signal has the maximum value of 1 and the minimum of 0.

The answer is (d).

(5) The following graph of a signal is best described by

-2
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(a) 2cos(2m2t — I)
(b)  2cos(2wdt — I)
(¢c) 2cos(2m2t+ %)
(d) 2cos(2m4t + )
(e) 2cos(2m4t + 1%)

Let x(t) = Acos(wot + ¢) = Acos(wo(t + ¢/wp)). Then A = 2.

M:\M:‘

First, the period T is found, for example, from observing the same pattern ¢; = 0 and t; = 0.25. Then
To =ty —t; = 0.25 or wy = 2& = 274 rad/s. Secondly, the time at which the first negative maximum occurs

To

is about —0.03 = ¢/wp ~ 0.03. Or ¢ =~ w0.03 = 87 - 0.03 = 0.247. The closest phase that is given is

7 = 0.257.

The answer is (d).

(6) The signal
%{3ej(6t+g) +j4ej(6t+%)}
equals

(a) 2v2cos(6t — T)
b) 2\[COS(6t+
(6t —
(

\=| Mﬂ

( )
() 2v3cos(6t — o)
(d)  2v/2cos(6t + 3”)
(e) None of the above
§R{3ej(6t+%) +j4ej(6t+%)} — %{ejst(gejg +j4ej%)}
= R{e% (3¢5 + j4-j)} = R{e%(3 cos(g) +73 bln(g) 4)}
= R{e’%'3.6056€7> 2370} = 3.6056 cos(6t + 2.3370).

The answer is (e).

(7) The spectrum below describes signal

5ej7r/3 5e—j7r/3

—120—100 : 0 19
0 100 120 f Ha

a) 5+ 5cos(2m100t — ) 4 2 cos(2m120t)
b) 5+ 10cos(27100t — %) + 4 cos(2w120t)
¢) 5+ 5sin(27100t — 7) + 25sin(27120¢)
d) 5+ 10sin(27100t — %) + 4 sin(27120t)
(e) None of the above

The signal is, by collecting all the spectral components,

54 be IT/3i 2100t | 90i2m120t | 5eim/8p=i2m100t | 90 =52m120 — 5 4 10 cos(27100t — g) + 4 cos(2m120¢).

The answer is (b).



(8) A real signal z(t) with the following spectrum
Co=10, C; =572 (Cy=1eT,

and Cy = 0 for k > 3, has the average power of

(a) 16

(b) 100
(c) 126
(d) 152

(e) None of the above
The power is given by

D ICk? = CF + i + [Caf* +[Ca* + |C_af? = 152.

k=—o0

The answer is (d).

(9) Given a periodic signal z(¢) with the fundamental period Ty and y(t) = ¢’ 2”%6’5, the unnormalized correlation
C(z,y) over the interval [—22, 10] is given by

(a) CkTO

(b)  CiTy/2
(c) [CklTo
(d) [Cx|To/2

(e) Insufficient information given

where CY, is the Fourier coefficient of signal x(t) at frequency T% Hz.

Note that
1 .
Cy = —/ x(t)e 2R/ To gt
To Jr,
= — z(t)e 2R To g — —o(z, y).
To ),/ (t) T (2, 9)
So,

c(x,y) :/T x(t)e 2R To gt = O Ty,
0

The answer is (a).

(10) For a real signal with the Fourier coefficient C_4 = 5¢7% | the value of Cy is

(a) 5el?
(b) —5el?
() be i3
(d) —beI2

(e) Insufficient information given
For a real signal, C_; = C};. Therefore, C;, = C* . Then Cy =C*, = Se=I7.

The answer is (c).

(11) (15 points) Simplify the following signal in the standard sinusoidal form.

x(t) = —4 cos(wot) + 5 sin(wot — g)



Note that the two component signals are sinusoids of the same frequency and hence we can use the phasor for
the reduction.

—4 cos(wot) + 5 sin(wot — g) = 4 cos(wot + ) + 5 cos(wot — g - g)
Then the phasor sum is
467 + 5eI0T/6 = _8.3301 — j2.5000 = 8.6972¢ 728500,
The corresponding sinusoid then is
8.6972 cos(wot — 2.85).
(12) (20 points) Find and plot the (two-sided) spectrum of the following periodic signal
z(t)=t—m, 0<t<2m.
x(t)
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Note that /(at +b)etdt = (at +b)e’ /e — aet/* + K.

Note that Cy = 0, the average over one perioid [0, 27] is zero by inspection. Now CY for k # 0,

I o b e ,
Cr = %/o (t —m)e 2m2xt gt = %/0 (t —m)e ¥ dt
_ 1{(75#)63'1@ ~ e—ikt rﬂ
2m —Jjk (—7k)% ]
_ i {(t—ﬂ)ejkt N ejk:t]Zw
27 —jk k2 |,




