ECE300 Hw 6 Solutions W0809

Tuesday, January 27, 2009
9:22 AM

1. Assume x(r), which has a fundamental period of 2 seconds, has the following
spectrum (all phases are multiples of 45 degrees)
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a) What is x(1) 7 Your expression must be real.
b) What is the average value of x(r)?
c) What is the average power in x(1)?

e b‘éw,;\:

A) To be "real' Mmeams,  me N GXP(\E§§‘61A Lor X(%). Do use

X(ﬁ = (, + ia'{/c,‘] Coﬁgkw,,% 1’191:)
K=

S

Lromn Hu SPec#um: Also Jrven L=as — w"=0?7?:77r/5
t,= 38T =3 | xt)=-3+3)6] cos(mt +8) + 2lea] cos (ant +8,)
6= o éb™ = 3 s oos(-90°) + Acosland +15°)
C, =1ei[/5
05 (=0
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His is easiest b Lnd Lu/ Cy valuea

e = 32022 +2l)* = F 4§ ra = )T W |

hwosol Page 2



2. Assume x(r) has the spectrum shown below (the phase is shown in radians) and a
fundamental frequency)
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Assume x(7) is the input to a system with the transfer function

Fo Ve : o Prew Bllee
H(w)={2¢7" 3<|a|<5 — 0‘14\\/ I{ 1,2 *ems ?&% H/WLL
1 0 else

Determine an expression for the steady state output y(r) . Be as specific as possible,
simplifying all values and using actual numbers wherever possible.

y(b) =2 & [ He| cos(ut + G *19%») +ale) ’WJ”")/ cos (Gu + Gy + H/wa)>
= QA1) cos(@t-1-3) + K(D() cos(H -2 - §)
= 4 cos(aé—:%) + 12 cos( Yt - /0)
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3. A periodic signal x(r)is the input to an LTI system with output y(¢). The signal x(r)

has period 2 seconds, and is given over one period as
x(=e' 0<r<2
x(¢yhas the Fourier series representation
W0-¥ 0.4323 .,
1+ jkr

The system is an ideal highpass filter that eliminates all signals with frequency content
less than 0.75 Hz.

a) Find the average power inx(r).

b) Determine an expression for the output, v(r) . Your expression for y(r) must be real.
(Answer: vif)=e' —0.4323-0.2622 cos(zr —1.2626) )

c) Determine the average power in v().

d) What fraction of the average power in x(¢) is contained in the DC and fundamental
frequency components?

G.) To find /ZM in X/LL)
Te
be = 7 [ ) dt = Sl
Note Hat becanse 0 40 for all F, His route woudd require  an

infini ke Sumt . S use hwe dewain Mﬂ-ead.
(P :’—L— 'L‘lb _ _L ’ Ukjbb :)— 60_ ébl = }_é{ = DJL}SU
e 01 06 0“7 . Lll c th ¢

(\e\ An Theal L\\zga\\:)m Q(Wer hon 2ecs phase shiflt and @ hec{'an:\wlav
W\Mov»i%/ude response 0t ¥ CLW\.(D‘\\‘\'WOLQ of L. S it 5}M)3[\/ selects
cectoin hacwmonics +o pass Proonets s T His case He endoff
1Cre7 is 015 He and § =0.5 Yz 30 He Lfitec eliminaken
k-o & k=1 lecms Prown x(4).

(0433 (- ?’f’j—‘ff— SR

%&\ = XY - (F - Q)¢ cos(wt +8) = - p 4323~ 0.0 cos (T - 7,?”)J
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(C) To find Qvemje Power 1% 9(%) we ajrt’M[/ Anm He powec bor
)ngu e‘i ferm.  We JM,SJL need fo subptract e fawdf From Ho
ko § kel lerms 5/ xtt) .

Re =0.095 - Je}) - 2/e/]" = 00041 W (

) W hat ‘p(hO”l(n/L a’f) ﬁv*e/(‘aié powet " XZ% £ fom"alhé‘p( m  DC amﬂz
Lundamental?

)+ I = 907}
0,45
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4, Assume x(n)=r -x<t<x with Fourier Series representation

x(t) = Zt X.e"
where
| = k=0
3
k :{ }
|2CD° k#0
[ &

a) Assume x(7)is the input to a system that eliminates all signals with frequencies
outside the range 0.5 to 0.7 Hz. What is the output of the system y(r) and what fraction
of the average power in x(¢) is in v(¢) ? (Note: your answers must be real, no ¢"terms.)

b) Assume x()is the input to a system that eliminates all signals with frequencies in the
range 0.5 to 0.7 Hz. What is the output of the system y(¢) and what fraction of the
average power in x(t) is in y(r)?

(o T,=ar f, = OT;T 20059 e —=3 o filker wil] cm\\]f Pass

He Lked leewn ot 4L = 0.43L Hz 3£ < 0.5 Ha
5';\0 >O"ZH%

theal) Ao
e T 3 2
w0y = 8|6 eos(Yat +8)) = 2 (3) es(4t) = f cos (4t)

foa

TAx -
0

hwosol Page 6



(E) Now Q’})Ler Qlfm)nm oﬂ}[\LMA ked Lerm H/X/é)
o = X) - i os(4#)

Tle avemge Buwer in 1/0[%5 com loe  Lownd \QK
R =195 - b = 1947 w

P = 115W

t
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5. Assume two periodic signals have the Fourier series representations

I{f}: Z)(je."'cw.,-' J(f}: Z}rgl:,’#'““
For the following system (input/output) relationships:

a) v()=bhx(t - a)
b) v() = bt —a)

c) vty =bx(rcos(m ) (Answer: ¥ =%(X,._ FX LD

-

d) #1)+ 28w, (1) + @ y(t) = Ky x(1)

i) write ¥, in terms of the X,

i) If possible, determine the system transfer function H( j)

iii) A system must be both linear and time-invariant to have a transfer function. If

you cannot determine the transfer function, indicate which system property is
not satisfied (L or TI).

0 ye) = by - b T % B = Thy gikne oot

i }J{wa
Y [:)Xk ~JB’«JQ
H[(}AJ} = d\é_ - beﬂf.é%a

X

(L} 6(% b %t -a)
Lxtt-a)
b st -a)

iLXE éa'kwoa 83 koot
2 bk, X gikua gkt o sy et

b, = fbke, X g i

9]

i

_»_’/4_ — (} Lkao éékﬂad
X =
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() '6(75) = b x(y) cos(w, b
?(e,}mof+ e—(jwpf) Zxk Q}'kwaé-
Z é%k [@}(k»bwﬂ— ) eﬁ[k«l)w,—l—')
- ngk-m Gékwajc 4 Z% Xien Ehe
ew,t
Z% [Xk-l ¥ X}:—H} 6‘8\(
Yk - %D(k-: * ka
Ye

Thin o« Lonesn SW ble we cam  wukte
Xk-\+)(k+(
1"' ‘\S ‘!’lwu’_ VM"'&’ZM%1 So We czu/muL wride YH/ X

f

1

1)

@ 2Ty r oy - x K2
= 0 g Y, e G- TG Vet

Z E(kwoﬁl + g}wn (J'}gwa> +w:;}Y)<Cékwa% - ka:\’Xk eél&w,?’.‘
[—(my L iba C(gmgw,}] Y= ke X,

Y_E . kwa
Yoo (g - (ki) + 94 kw,
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6. A periodic signal x(r)with period 7, has the constant component ¢, =2. The signal
x(1)is applied to an LTI system with transfer function

(1 s x Lo = & The filfer eliminates
. JIO@"'"’ | |>— o~ T
e o ’ D but sasses
[L 0 otherwise —— | ’ ¢ We \D
T every Hhive else
The output of the system y(r) can be written {\/j 3
Ld/ 3 e TF

vy =axit—b)+c

Determine the constants «.bh.and c.

- -1 k  kw = x 'kwo -
Ud(-l:\:‘ ) ICZHH(J'[@,\ 6&5 %eak S /ng‘ck\@? (t-2)

k= -co
kio
= /o[x({—-g)—co*] = /o x(z‘-5> - 20

O= [0
L=5
C =-d0
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