EECS20n, Solution to Mock Midterm 2, 11/17/00

1. 15 points Write the following in Cartesian coordinates (i.e. in the form = + jy)

(@ lpointj®—j2+j—-1=0
. - _6'127\'/6
(b) 2 points YjL, e77/0 = L=et — 0

() 2points(1+ j1)/(1 —j1) =34
(d) 2points/cos /4 + jsint/4 = Vei™/* = £eI™/8 = +(cos /8 + jsin7/8).

Write the following in polar coordinates (i.e. in the form r¢/%)

(@ 2points1 + j1 = v/2e7™/4

(b) 2points (1 + j1)3 = 3v/2e/™/4

(c) 2 points[cos /4 + jsinm/4]/? = £1.e77/8
(d) 2 points (1 + j1)/(1 — j1) = 1.e7/?



2. 15 points Which of the following discrete-time or continuous-time signals is periodic. An-
swer yes or no. If the signal is periodic, give its fundamental period and state the units.
Suppose that for a discrete-time signal, n denotes seconds, and for a continuous-time signal,
t denotes minutes.

(@) 2pointsvn € Ints, z(n) = ¢/V2"  Periodic NO

(b) 2 pointsVt € Reals, z(t) =e/V2  Periodic YES, Period = 27/1/2 min.

() 2pointsVn € Ints, x(n) = cos3mn + sin(37n + 7/7) Periodic YES, Period = 2
SEC.

(d) 2pointsVt € Reals, x(t) = cos3t+ |sin3t| Periodic YES, Period = 27 /3 min.

(e) 2pointsVn € Ints, xz(n) = | cos3mn| + sin(37n + 7/7) Periodic YES, Period =
2 sec.

5pointsFind A, 6, w in the following expression:
Acos(wt +80) = cos(2m x 10,000t + %) + sin(27 x 10,000t + %)
= V/2cos(2r x 10,000t)

S0, A = v/2,w = 20,0007, 0 = 0.
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Figure 1: Plots for Problem 3

3. 15 points On Figure 1 plot the amplitude and phase response of the following frequency
responses. On your plots carefully mark the values for w = 0 and for one other non-zero
value of w.

(@ 4pointsVw € Reals, Hi(w) =1+ jw.
So, |Hi(w)| = [1 + w?|V2, /Hi(w) = tan"'w. |[H1(0)] = 1,|Hi(1)] = V2,
LHy(0)=0,/H(1) =m/4.

(b) 4 pointsVw € Readls, Ha(w) = 15 S0, [Ha(w)| = [1 + w712, /Hy(w) =
—tan"'w. |Hy(0)| = 1, |H2(1)| = 1/v/2, /H3(0) = 0, /Hy(1) = —7/4.

(c) 4pointsVw € Reals, Hs(w) =1+ cosw.
So |Hz(w)| =14 cosw, /Hs(w) = 0. H3(0) = 2, Hz(7) = 0.

3 points Which of Hy, Ho, H3 can be the frequency response of a discrete-time system?
Hs. Sinceitis periodic with period 2.



Figure 2: Impulse and step response for Problem 4

4. 15 points A discrete-time system H has impulse response 4 : Ints — Reals given by

1, n=-2,-1,0,1,2
hin) = { 0, otherwise

(d) 2 points Sketch h.

(b) 5 points What is the step response of H, i.e. the output signal when the input signal is
step, where step(n) = 1,n > 0, and step(n) = 0,7 < 07 You can give your answer as
aplot or as an expression.

(c) 5points What is the frequency response of H?

(d) 3 points What is the output signal of H for the following input signals?

i. Vn, x(n)=cosn
ii. Vn, x(n) = cos(n+ m/6)
iii. Vn, x(n)=sin100n

(ab)Figure 2 shows h and the step response y. An aternative way to calculate y is

o
Vnelnts, y(n) = Z h(m)z(n —m)
m=—o0
= z(n+2)+z(n+1)+z(n)+zn—1)+z(n—2)
0,n<-31,n=-22n=-1;3,n=0;4,n=1;5,n>2.

(c) The frequency responseis

Hw) = _Z h(n)e™3«m

2

-y e
n=-—2

= 14+ 2cosw + 2cos2w
(d) Usethe fact that the response to asignal z(n) = cos(wn+0)isy(n) = IH (w)] cos(wn +
0+ /Hw)).
i.Vn, y(n)=HQ)z(n)=[1+2cosl+2cos2]cosn
i.vn, y(n)=H1)z(n)=[142cos1+ 2cos2]cos(n+ m/6)
iii. Yn, y(n) = H(100)z(n) = [1 + 2cos 100 + 2 cos 200] sin 100n



5. 15 points

(a) 5pointsFind the frequency response for the LTI systems described by these differential
eguations (input is x, output is y)
i. g(t) —0.5y(t) = x(t)
ii. (t) — 0.59(t) + 0.25y(t) = &(t) + x(t)
(b) 5 points What is the response of the second system above for the input V¢, x(t) =
I (100t+7/4) o

(c) 5 points Find the frequency response for the LTI systems described by these difference
eguations (input is x, output is y)

i. y(n) —0.5y(n — 1) = z(n)
i. y(n) —y(n—1)4+0.25y(n —2) = z(n) + z(n —1)

(8) Using y(t) = H(w)e/* isthe response to z(t) = ¢/“*, we get

1
jo—05

i B _ jwt1 _ 1+4j
I H(w) = —wQ—%U-J5jw+0.25 = 0.25—w2jfo.5jw
(b) TheresponseisVt, H(100)el (100t+7/4)

(c) Using y(n) = H(w)el*™ isthe response to z(n) = ¢/“", we get
; 1
1-0.5e—I%
i L
" 1-e Jw+0.25e20% "
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Figure 3: Periodic signals for Problem 6

6. 15 points Figure 3 plots two continuous-time periodic signals = and y both with period 1
second, and two discrete-time signals v and v both with period 10 samples. The plots are
given only for one period. Suppose the exponential Fouriers Series representations of these
signals are given as.

)
VteReals, z(t)= = Y Xpeltw!
k=—o0
0 .
k=—o00

Vn € lInts, wu(n) = ZUkejk“’“”

9
Vnelnts, on) = Y Vieltn
k=0

(@ 3 points Give the values of w, = 27 rad/sec, w, = 27 rad/sec, w, = /5 rad/sample,
w, = 7/5 rad/sample.

(b) 4 points Calculate the values of the coefficients Xy, = 0.25, Yy = 0.25, Uy = 0.4,
Vo =0.4.
These are just the average values of the signal over one period.

(c) 2 points Suppose the signals = is measured in Volts. What is the unit of X;? Volts.

(d) 4 points Calculate the values of the coefficients X; = [>2° e=i2mt gy = =1

t=0 2
_ (075 _—gont g, _ —14j
Yi=JZos€ dt = —7
_ 19 —jn/bn _ 1 3 —jm/bn __ _1—ed47/5
U, = 10 ano w(n)e gm/on = 10 Zn:Oe g/5n — 10(1—e—37/5)

_ 1 <6 —jm/5n _ ,—j3w/5_l—e—d*7/5
Vl — 10 Zn:,?) € =e€ 10(1_efjrr/5)

(e) 3 points Expressy asadelayed version of x and v as a delayed version of w.
Ve, y(t) = z(t — 0.5), Vn,v(n) = z(n — 3).



(f) 4 points Express the FS coefficients {Y; } interms of { X}, } and {V}.} intermsof {Uj}.
Vk, Y, = Xpe Ik Yk, Vi = Upe I837/5,
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Figure 4: Feedback systems for Problem 7

7. 15 points Figure 4 shows two feedback systems. In these figures, Hi(w),k = 1,2, 3 isthe
frequency response of the three LTI systems.

(8 9 pointsCalculate the closed-loop frequency response H (w) of thefirst feedback system
in terms of the H;.. Hint: Use the fact that the two systems are the same.

By thehint, H, = Hl/(l — Hl) So,

HyHy HyHo
1— HyHyHys 1— H, — H H>H;

H= (1

(b) 6 points Suppose Hy(w) = 1/(1 + j2w) for al k = 1,2,3. Caculate H(0), H(1) and
limg, 00 H(w).
We have Hy(0) = 1, Hi(1) = 1/(1 + j2), lim,, o Hi(w) = 0. Substitution in (1)
gives,
1 )
H(0) = ~1, H(1) = —— 2 = —

1 . .

limy—ooH(w) = 0.



Figure 5: Impulse response for Problem 8

8. 15 points A continuous-time LTI system has the impul se response

1, |t|<1

Vt € Reals, h(t) = { 0. otherwise

(d) 3 points Sketch the impulse response, and mark carefully the relevant points on your
plot.

Thisisshown in Figure5
(b) 3 pointsisthissystem causal? Answer yesor no. NOT CAUSAL.

(c) 3 pointsWhat isthe step response of this system, i.e. the response to step(t) = 1,¢ > 0
and=0,t < 0?

The step response is the integral of the impul se response,

. 0, ¢t
y(t):/ h(s)ds =4 t+1, —
s=—00 2.t

IV = IA
= A
~ =
IA
—_

A sketch of y isin thefigure.

(d) 3 points What is the ramp response of this system, i.e. the response to ramp(t) = ¢,t >
0,and =0,t < 0?

The ramp response v isthe integral of the step response,
) t<—1

(t+1)2,-1<t<1,
T 24 2(t—1), t>1

o~ O

(e) 3 points What is the respone of this system to the input signal impulsetrain, where

Vvt € Reals, impulsetrain(t) = > 4(t — 2k).

k=—o00

Theresponse is

Vt, w(t) = hximpulsetrain(t)

= / h(t — 7)impulsetrain(7)dr

=—00
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