EECS 206, Final Exam Solutions and Statistics 4/26/02

Average Score = 72.7 , Standard Deviation = 20.6, High Score = 101.

Average Scores for each problem:

1 2 3 4 5 6 7 8 9 10 11 EC
25/5 27/5 46/5 4.0/5 28/5 4.3/5 48/5 13.8/17 8.8/15 12.3/1611.1/17 .8/1

Grade Ranges. A = 100-85 (70 A's), B = 84-67 (58 B's), C = 66-46 (46 C's), D = 45- (25 D's)
Note: Problem solutions are not consecutive.

1. Answer: (b)

Ecty) = [((O+YD) 7t [ (xO*2x(y(®) + y© ot = EK) +2 Cxy) + E).
Since E(x+y) =5, E(x) =1, and E(y) = 2, we have 2C(x,y) =2 and C(x)y) = 1.
3. Answer: (a)
xo[n] =4 cos(g n- %TS =4 cos(g (n-1) - %[) = %xl[n—l]
Therefore, by linearity and time-invariance,
yalnl = yaln-] = 3930053 (V1) = 573 cos(§ n-5)

7. Answer: (e
By direct convolution.
8. (17 points) The continuous-time signa
X(t) = 4 cos(2m(2)t) + 6 cos(2r(3)t) + 2 cos(2m(11)t)
issampled at rate fs= 10 samples per second creating the discrete-time signal  x[n].

(@ (5) Find and plot the magnitude spectrum of x(t).

With frequency measured in hz, the plot shows spectral lines with the heights given below at the
frequencies given below:

2@-11 3@ -3 2@ -2 2@2 3@3 2@11

Alternatively, with frequency measured in radians/sec, the plot shows spectral lines with the heights
given below at the frequencies given below:

2@-22n1 3@-6 2@-4nm 2@4m 3@6IT 2@ 221
(b) (4) Find an expression for Xx[n]

X[n] = x(nTg) = X(lo) =4 cos 4T[ 10 + 6 cos 61'[% + 2 cos ZZH%

211 3m 11t
=4 cos 5 n+6cos = 5 n+2cos—r- 5 n

2T 3n 1L . 111 T
= 4 cos 5 n + 6 cos 5 n+20035n since 5 - 21 5



(c) (8) Find and plot the magnitude spectrum of x[n] for & between 1 and -TU
The plot shows lines with the heights given below at the frequencies given below:

3n 2n n n 2n 3n
3@-5 2@-5 1@-5 1@5 2@5 3@5
Note that the cosine cos(2m(11)t) has the same samples as cos(2rt). Thus the spectral ine at
frequency 1U5 isdueto diasing.
(15 points) Consider the filter described by the difference equation
y[n] =2 x[n] + 2 X[n-1]

A periodic input signal x[n] with period 4 is applied to this system, resulting in output y[n].
The 4-point DFT of y[n] is:

Y[0] =0 v[1]=v2e™ Y[2] =0 v =v2¢d™
Find an expression for the input x[n].
Answer: Xx[n] = cos('zln)

N

Approach 1: The filter has frequency response H(Q) = 2+2¢e .

Weknow Y[K] = X[K] H(24Jk). Therefore, X[K] = L?{KL . We find
H(ZK)

X[0] =0, X[1] =3, X[2] =0, X[3] = 5.
Taking the inverse DFT of X[K], or using the DFT synthesis formula gives
T

1 pn _ W
+ze = COSZn

Approach 2: Taking the inverse DFT of Y[K], or using the DFT synthesis formula gives
: -TU .TT : . TU . Tt
y[n] = V2 e-JTd4 d2" + gl2ny2 eJTd4 =792 (el Gnmd) | e’ (in'w"’))
= 2V2cos(an-7)
21 — T T
= 2|Y[1]] cos(In + angle(Y[1])) = 2V2cos(zNn-7)

Now, since the output is a cosine with frequency 172, we conclude that the input is a cosine with
frequency 172. Supposetheinputis x[n] A cos (’5 n+ @) . Then we know

X{rl - yInl = HE)| A cos(z n+ @ + angle(H(2)))

. -2 . T4 _ m
Since H(%[) =2+2e =22 =2J2e" ", wehave |H(g)| = 2V2 and angle angle(H(%) =-7.
Therefore, y[nl = 2V2 A cos(zn+ - D
Since also y[n]:ZT/ZCos(gn-g)

weseethat A=1 and ¢@=0. Hence, x[n] = cos(gn)
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(a) H1 (=)= z+ |

=
Ha= Y& _ 5 _ 52
$ L+o.21 27* 22 + 0.3

H(z)= Y@ - Him-Huz) =

X(2)
(b) Zevos ’ZM-—O Zra = -1

24+ 0.81 = (2 + O‘qd) (2 “'0-79)
- 2M= 0O-94
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#1l a-=t ., b2
He= Y& _ 2 _
X("—) |+_3L2*I
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( a) From labtes

P\(«): 2, (ézl)“ urmjl

(b) Onse f"ﬂ" oA ZP' = "’:3'_ = nsvde ot Cinele
= FRF exwrsts
H ) = H (cjw) = 2e9” B
e N
ed” 3
x[mj = w» (-2—: 7‘) =) IA) = Tf/z‘
C\v\a wm D &M ol
= vrn\:]; IH(’%_)I -Cas(“;’n + L?‘r’("’/,,))
— a’ ‘T/z. i .
H( M/L.): J\er/ - 20 - él‘ _ écd 3
eﬂ R | O‘.’... !/3 I*SJ‘ WO__ cj ‘fa:'(g)
'?—\l (‘/L)I: __é_ = [ ga’?
Vie
LHCR) = &~ a’'(3) = 0.3218
Y= ¢ . wfEn+ I - ~(3 ))
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