Midterm 1 Solutions EECS 206 Feb. 20, 2002

Average Score = 80/100 , Standard Deviation = 16.3, High Score = 101.
Average Scores on each problem:

1 2 3 4 5 6 7 8 9 10 11 12 EC
6.0/7 5.8/7 3.4/5 4.2/5 7.6/8 4.5/7 73/8 6.1/7 4.7/6 5.2/6 13.8/16 10.7/16  .6/1

Grade Ranges: A =100-90 (72 A's), B =90-75 (60 B's), C= 75-55 (60 C's), D =55- (14 D's)

1. (7 points) Which signal has average value =% AND average power =% ? The time interval of
interest is [0,1] for all signals.
1/2 - l -
@ 1 M=12 P=14, (0 13 I M=13 P=13
1_
(© i M =12, P=13 correct answer
1_
(d) 2 1 M=1/2,P=1/2 (e) None of these signals.

2. (7 points)
1.
Let x(t) = t
1

t
Which of the following shows y(t) = 3x(3 -1)?

T T T =t -
0 1

@ -1 cxE),® 1 T 6 & a0
] |
(©) 6 1 ' & 5 T 4 =3x(% -1) correct answer
1T ]
@ o ' 1 bl saxeen) © 6 T LT 2T ' oaxer2)

3. (7 points) Continuous-time signals x(t) and y(t) each have support interval [0,3] and average value
2. Their (unnormalized) correlation is C(x,y)=1. If z=3y+2, then C(x,z) equals

(@ 7, (b) 9, (c) 12, (d) 15 correct answer, (¢) Not enough information given.
3 3

3
Cx2) = | x®z)ydt = | x®) @Gy@®)+2)dt = 3| x®y)dt + 2 | x(t) dt
0 0 0 0

3
= 3C(xy)+63 ] x(t)dt = 3C(xy) +6M(x) = 3x1+6x2 = 15
0



4. (5 points)

5.

6.

Consider the signal/no signal detection system shown below:

decision
decision statistic | Stalistic_ | decision
calculator “ | maker

input

signa r(®) »

— decision

Two histograms for the decision statistic are shown below. Each histogram is based on 10,000 decision
statistic measurements.
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Assuming we want to minimize the number of decision errors, when the decision statistic is 5, the
decision maker should output

(a) "signal is present" (b) ""no signal is present" (c¢) Not enough information to make this decision.

Notice that for the value 5, the "no signal present" histogram is much larger than the "signal present"
histogram. This indicates that the decision statistic value of 5 is much more likely to occur when no
signal is present than when signal is present.

Alternatively, the mean of the decision statistic when no signal is present somewhere around 2. The
mean of the decision statistic when signal is present is approximately 9. If we set a threshold halfway
between these means, the threshold will be approximately 5.5. Since 5 <5.5, we should decide "no
signal present".

(8 points)  Which signal formula describes the signal shown below

-

! !
[¢] 0.5 1 1.5 2

(a) 4 cos (4nt+n/2), (b) 2 cos(4nt-n/4), (c) 2 cos(4nt+ n/4)  correct answer
(d) 2 cos(4nt-w/2), (e) 2 cos(2mt + w/2)

(7 points) The signal

X(t) = Imag{ -3 eJ
equals which of the following signals.
(a) 6 sin(50t)correct answer, (b) 3 sin(50t), (c¢) 0, (d) 3 sin(50t - n/2)
(e) None of the above.

(50t+1) i3 ej(50t-Tr/2) }

i (50t+ i(50t-T02
j(50t+m) +j361( )

X(t) = Imag{-3 e }

j (50t+ jTv2 _ j(50t-1v2
ej( ™ +eJ 3ej( )

- j 50t j50t
=Imag|{eJn 3 ) J

} =Imag{3e +3e }

j 50t
= Imag{6€ "'} = 6 sin(501)



10.

(8 points) What is the period of the function f(t) = cos(25) + cos(4t) + cos(6t).
Answer = (d)

f(¢) =cos(2t) +cos(4t) +cos(6t) = cos(ix 27) + cos(ix 27e) + cos(ix 271)
2 2 2m

Thus, T, =m,T, =m/2,T, =11/3.
Lemof (1,,T,,T;) =m0 Tof f(t)yism. U Ans:(d)

(7 points) Consider the magnitude spectrum depicted below. The phase spectrum is entirely zero.
What signal expression matches this spectrum.
Answer = (a)

B _. B ..,..1 ., 1 .
[4 + Bcos(wt)]cos(w,t) =[4 +Ee st +Se"w1’][—e M —e™™

2 2
= A y A L > phase w, =25, A 30 4=6
2 2 2
+£e‘j(w1+wz)l‘ +§€‘/(W‘+W2)’ o> phaser + w, = 30 O w, = 5’ E:l (0 B=4
4 4 4
+§e'f(w2'wl” +§ej(w2_w‘)’ ----->phasew, —w, =200 ok, %=1 O ok.

Therefore, the signal is [6 + 4cos(5t)|cos(25t). [1 Ans: (a)

(6 points) The Fourier series representation of a real periodic signal x(t) contains the following
Fourier coefficients:

C,=2C, =10C,=0C; =...
What is the avreage value of the signal x(t)?
Answer = (¢)

Average (x(t)) = C, by definition of C,.

C, = TL Ix(t)dt 00 Averageof x(t)=20 Ans:(c)

0 <7,>

(6 points) The Fourier series representation of a real periodic signal x(t) contains the following
Fourier coefficient for the third harmonic:

C,;= 0.5e7™3
What is the value of Fourier coefficient C.5?
Answer = (a)

* .
C_, =C, asprovedin class.

Thus, C, = O.Sej? O Ans:(c)



11. (16 points)
Express the following signal in standard sinusoidal form
2 T T
343 cos (100t +5 ) - 2 cos (100t -3 )

You must show your work for this problem. You will be graded not only on the correctness of your

answer, but the correctness of your approach. You will obtain partial credit for partially correct
answers and/or approaches.

4 m
Answer: 33 cos(100t +75)

2 LS LIS
Approach 1 §\/§ cos (100t + ) - 2cos(100t-73 )

corresponding phasors:

2 6 _ w3 2
V3 -2e)"" = 53 (cosTUB +j SN TUB) - 2 (cOS-TU3 + ] Sin -TU3)

3 .1 1 3
= 3\/§ \/_ﬂz) 2(2'1\/_

A3 4 4 72
=(L-1)+j(3 +\B8) = j3V3 =3\3 ¢

2 4 _ jm2 jloot
finally: 53 cos(100t+5 )-2c0s(100t-3) = Re{3V3 € - & '}

4 Tt 4
=343 cos(100t+3) (= 2.31cos(100t + 1.57) = -3+/3 sin(100t))

(the last answer is not in standard sinusoidal form)

Approach 2: % 3 cos (100t+% ) -2 cos (IOOt-g )

= % 3 cos(loot+%)+2cos(100t-§+n)

2 T 21
= 3/3 cos(100t +¢ ) +2cos(100t+ 3 )
corresponding phasors:

2 - e jom3
23 d™ +2d™ = 2B cos 6 + ] smTr/6) +2 (cos 213 +] sin 2173)

3\/5 \/_+J 2) +2( \/2_ ) = (1+].577) - (1-j1.73)

(GBI - (143) = (- D+IC2 +1B) = | 243

from here the solution is the same asin Approach 1.

Some people attempted and some succeeded at longer approaches, for example expressing each
sinusoid using Euler's formulas or using trigonometric identities. These approaches are harder, longer
and more prone to errors.



12. (16 points) Consider the following signal defined over -co <t <oo, where it is assumed that w; < w:
x(t) = A cos(wt) sin(wyt)

Draw its magnitude and phase spectra (2 plots), for -co < W <oo. You must show your work for this
problem. You will be graded not only on the correctness of your answer, but the correctness of your
approach. You will obtain partial credit for partially correct answers and/or approaches.

mo_A, R o L
x(t) = Acos(w,t) cos(w,t —5) = Z(e Mt MY (e 2 +eMe T 2)

A . R _ I _ R
= 7[e_j(W1+W2)tejz + e-j(Wz-w])teff +ej(W2+W1)fe 77 + ej(“’z_“’l)’e j?]
4
T R T IT
- ée’Ee—j(wﬁwgz + ée‘lze_/(wz‘w)f " ée_‘/?ej(wl‘fwz)f + ée_‘/fej(Wz-W)t
4
Mag
/4
-(wl+w2)  -(w2-wl) w2-wl wl+w?2
Phase
/2
-(wl+w2)  -(w2-wl) wl-wl wl+w?2

-77/2

Extra Credit (1 point) How many bits are used per sample when music is encoded on a compact disc?
(a) 8 (b) 16 correct answer (c)32

Each sample, whether it comes from the left or the right channel, is encoded with 16 bits.



