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ECS 332: Principles of Communications

HW 4 — Due: Not Due Solution
Lecturer: Prapun Suksompong, Ph.D.

2017/1

Problem 1. Consider the DSB-SC modem with no channel impairment shown in Figure
4.1. Suppose that the message is band-limited to B = 3 kHz and that f. = 100 kHz.

m(t) : (<) \: x(®) Channel Y(t):/ ) v(®)

i

Message 1
(modulating signal) :
i

i

i
3cos(27ft) |
;

—

Mmodulator -D-C;II-O;l;ll-a-t(-)I'- o

Figure 4.1: DSB-SC modem with no channel impairment

(a) Specify the frequency response Hpp(f) of the LPF so that m(t) = m(t).

MLF) is assumed Yo be bond -limited 4o B= 3 ke, con draw ory M)
Therefore, MiFr=0 $or 1F) 7 3 kha : share in hee N’/\f/\

=3k l 3 7?6 (ne)

yit) cacltd 2Lby = md) »3 cos (274 ¥)
V(b = Yyl » cos (A4 = acltr=cos (arkt) = s m(t)cos (arAt) = 3m()~ -}(‘H coslwl’-ﬁ)u)

= i‘”“-'b" %mLfJGOJU”ll"g)t) Given +he r‘-;‘\'uu of MU a\»vl.l

VI£) N 2N (Fafo v 2R L), e o dam tne corvesfonding | VIA|:
2m (Fr ke
Heve, £ =400 kHZ JM (\," 2 /kﬂ"‘f'\ CEMA 270\
N,
_T‘,:E 3k |3k 200k 7[‘

To sliminote the terms ZMUF-27) md ZMIF12L), we set M (A =0 for 117 200k -3k =4a% kna.

To allor 2 MUF) Yo pass through, we set B, (F) = c For 1£1 <3kn2  for some constamt c.

With sveh H L L5, we r A .
Lr » %l— m(t) = Cx-}vnu?) %) ‘;‘ $ 3“\'\2'

Ao < Ay
Because we weed wn(b) = m(k), Hu(;‘) = o, 11 2 1a® kHe, i ‘\. .
_ Z — 13T Y
we have Yo se¥  2c ey Dc ':&' 41 "cm}': Otherwise. ~ta9 3|3 49 [herte)

2/3, 114100 kie,

\./s
An " \ \ b “
example would be H, (A { o, otherwise —L_f__,;\?f[“""*l

~400
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(b) Suppose the impluse response hpp(t) of the LPF is of the form asinc(ft). Find the

constants a and 3 such that m(t) = m(t). on ;
servation:

The frequency of the sine wave in the sinc

s function fives the boundaries of the
= Y7135, rectangular function in another domain.
A~
o lﬂl_fL‘l:)—(XSV\C (ﬁt) H(,ﬁ)
t -Frub. o+ He sthe weawve )[ )C > )C

Se ;r?od = 27 B ° °

— - F A

7 width = 24,

fo:Od: F
—h.\.;, - Pev:aizf Avea = \nLPLo) =R
wi 2

(oF - L\G?ﬁh"’x 2.)[. =oL

VLL"‘E»&U,OI fUlSL)/ A =
igh = X _ &© _7
width = £ heigh+ S xss

7 / 27
tre qain ot the Ler

Fromwm +ie rreviovs f“"-/ we need 3 £ A <197 kHz.

»

3
)

: 2 77X =L o= 28
Sa e N 2 = z 3 3”.
Se, Fist we choose /; Ther, we have P A ond o= .2';—4-

7
An example would Le 7[;-.-.100 kHz = £ - 2210° 7 vad/y ond = = 2%10°X = i;;dos

Alfum'\';vcl” one moy uLse Ao =®=1 kHa. Then, B = WA = 27xa ke = bx10° 7 vadys

2 2 B« >
— < 10 = 0.
(0 8 A= -k R = 400

Problem 2. Consider the two signals s;(¢) and s(t) shown in Figure 4.2. Note that V' and
T, are some positive constants. Your answers should be given in terms of them.

(a) Find the energy in each signal.

oo T
E, - jmu,pat - SV"Jt =viT,.
RN ° same @'o’tau chcfg)/
oo T
E"z . le,th‘Jt - j vidt =viTe .
e °
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Sl(t) Sz(t)

\% \%
T
b t t
0 0 Ty
-V

Figure 4.2: Signal set for Question 2
(b) Are they energy signals?
Be cav-e V ond -‘--L ore ro,: *‘-v. C"‘Sh‘\"d re lknow thot V..Tb is ros: +:V¢ ond ‘c:h.l"'ﬁ .
There Fove h O ( EA' , EA: & o ., Hence, both A, ond A, ove energy S\';M\s = Yes
(c) Are they power signals?

Neo. Becavse they are eneroy siana\s, they con not be power siam\s.

(d) Find the (average) power in each signal.
Al energy s:anals have O (avtvaﬁe) pover-

[See the comment 1 at the end)]

(e) Are the two signals sq(t) and sy(t) orthogonal?

oo T/l TbL
2
<A|,A,.> = SA.L‘?)AthJ At = ]V-VJ* + 3(-V)-Lv) At ev Tb -V‘T_zb = 0.
2
e [+ TL,z

Becavse <A,)A‘> =0, we lenowy that A' ond At are Oy']'kot)gm\_

Problem 3. (Power Calculation) For each of the following signals g(¢), find (i) its corre-
sponding power P, = <|g(t)|2>, (i) the power P, = (|z (t)|2> of z (t) = ¢ (t) cos (10t), and
(iii) the power P, = (|y (t)|2> of y (t) = g (t) cos (50t)

(a) g (t) = 3cos (10t + 30°).
Assome A A0 A=23.
2

(a-d) 9L = Acos (274t +8) = Py= 5 Gy = ‘l}_} =3 =S,
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ECS 332
rloduc\' }o-svm '('Olhﬂ.l‘a o. consta~t
m
(a-éd) elt) = 5(.*) cos (a0t) = b cos( 1ot +a0° ,) (,_,, (Wh) (cos (zot +30 )+ cos(36° ))
AN

corrment 3 m»ovc"ﬂff:‘) e e -Fuo‘. demaia

Yo G) ). 3(4+2)-1(2)-
Pe=(3) (%*(%) ) - o(2v5) == %)
[See comment 2 and comment 4 at the end] pro duct - Yoo sum Formula

(o) YLEY = gLEI cos(30%) = (3 cos(10k 4 30°)(cos (sot) ) = -';— (cos(eot+20”) + cos (wot =167 )
J:”tvm‘\' 'Fn-cs.

ACICAE

[See comment 5 at the end]

~ 2.213

M

[See comment 6 at the end]

(b) ¢ (t) = 3cos (10t 4 30°) + 4 cos (10t + 120°). (Hint: First, use phasor form to combine
the two components into one sinusoid.)

10t
(b.4) 3Lt) = 3 cos (10t +26") ¢ qycos (1ot +120° ) = Re (‘3 /_‘3° + ‘-rLuo ) c" \S
ho sasq F"q“!“) @L-

=@cos[1o1’. t)
Note Ywot we do mot need te rho:c ?3.13 t+o

coleu lare ¥re average power, Alse, we com get

e Moljn'.'\'dt"e ¢g" s-mr\)/ B)/ hohcu‘\s +he qo

%
Py = S« s differmnce between 3 L35 ond « Luo
N [3eqt =S
AN
3

(b.éi) sek) =3(t) cos (10%) = 5cos(tot +§3.13° ) ces (10t)

:.'5{.. (co:Lw‘t +93.‘\3°) + Cc:(%').‘l‘). )>

E N E N 2 > ~
= 4 A)) = Z5 cos(§3.13) % 3.214
5 (f) (z"' cas(?&‘l‘s)) : (1+2¢e08’(

(b.4¢) Note Thet™ LA s stil ot ;!‘,1:—” Qs ia por¥ (@a.i).

Thcn@on, 6("' 5_;) ord 6(./* ‘;;') s+l do mor overlap 1~ re '(:«.x domarn .

J.P = %,6.25 4-4

Py‘zg



ECS 332 HW 4 — Due: Not Due 2017/1

(¢) g(t) = 3cos(10t) + 3cos (10t + 120°) + 3 cos (10t + 240°)

(c.4) Leok at the three comporents of 3(."-') in their Fkasof

vepresentation,

Wwe have 22 0° + 232120 v+ 3L240° =o0 ‘>a

c|cm when oV
draw  +he theee vecYors

Tl—-uccwe) 3L‘t) =0. IHence, Pg 0.
(c.#) x(t) =0 = P =0

(c.e%) Yyl =0 = f =0

Extra Questions

Here are some optional questions for those who want more practice.
Problem 4. This question starts with a square-modulator for DSB-SC . Then, the use of

the square-operation block is further explored on the receiver side of the system. [Doerschuk,
2008, Cornell ECE 320]

(a) Let x(t) = Acm(t) where m(t) S M(f) is bandlimited to B, i.e., |[M(f)| = 0 for
F-1
|f| > B. Consider the block diagram shown in Figure 4.3.

X(t) U(t) { . }2 V(t)= HBP(f) y(t) >

J2 cos (27 f t)

Figure 4.3: Block diagram for Problem 4a

Assume f. > B and
]-7 |f - fC| S B
Hpp(f)=4 1, [f+[f|l<B
0, otherwise.

4-5
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The block labeled “{-}*” has output v(t) that is the square of its input wu(t):

Find y(t).

elt) A md) —> X(F) =AM £ Se x(r) ©s also Lond limited 1o 8.

wle) = s2le) v /7T cos (w t) we =277

wlh sl lt) = (2l +VTcoslwet) = 2t + 2/Z &lt cofut) vz cos fw, )
———

= 1+ ) v 27 wtt) cos(LTrLt)+ ccs(_zﬂ'u.aﬁ)t) A+ os(im 'i:)
(4

BrF Vi) BPF
F ; XA /;\ " y .
or example _A__)f - 1 / \ :/:\ 1 s £

-® B _zf‘c -zs-bl B 29 ’[‘ zf‘

Nete 1: oeit) A X(#) # X(£). So, &’LE) s Le._.al:mw.a o 28,
Becone £ P8, te speetvum of 'ty will ast be ia tve passbond
of e BrFf which ceatevs avouvad 7€.

Note 21 The tww cos (2w b)) s ar Fvg%uw/ 2+2 vhich qvq'm is outside
tre passbend of tre BPF.

Thve.;on/ o‘n\/ he termm 202 el¥) cos (z;r#;k D will suvvive e BPFE,

yl) = RPF i\,.u,)}e 27 ;elt)cosw .t = 7_/{/\‘ m(E) cosw b

[See comment 7 at the end]

(b) The block diagram in part (a) provides a nice implementation of a modulator because
it may be easier to build a squarer than to build a multiplier. Based on the successful
use of a squaring operation in the modulator, we decide to use the same squaring
operation in the demodulator. Let

z(t) = Aem (t) V2 cos (27 f.t)

where m(t) % M(f) is bandlimited to B, i.e., |[M(f)| = 0 for |f| > B. Again,
assume f, > B Consider the block diagram shown in Figure 4.4.

4-6
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SO, %)—» (-}

\/5008(272’ fct)

He(f) L(t),

A 4

Figure 4.4: Block diagram for Problem 4b

Use
L [fI<B

Hip(f) = { 0, otherwise.

Find 3/(t). Does this block diagram work as a demodulator; that is, is y!(t) propor-
tional to m(t)?

‘JLt; cos (2w b)) s

'3 N L
Vi) = (&Lt) r /2 cos(w,,‘c)) e 2Cos (w,t) kAcmu-)H) centwed @ “(‘.

2 L ond eredore
= 14 cos(zw,_{') (A,'m L)+ +zA,_mLt)> =g lt) +Mt)
— v J > will net pasy though
Lana-\imﬂ-sd bﬁa ‘l:m;*&é T LPE.
Yo 2p Yo B
~ e

—_—
Pefine tnis pact o 3(_{-)

T This feem Ve spectrom
yIt) <urF few )= LrF l9toJc 4 v2 A mier + LPF ] beyord 1B.

So, On\/ o partion of

T H oA ™ .
7 L) is mol "°’°'+'° ol fo 2 1+ Wil 33 'l-hllv.oh e LPF

Hence, this block A{ajmm oer ao¥ work as a demed  \lator.

(c) Due to the failure in part (b), we have to think hard and it seems natural to consider
also the block diagram with cos replaced by sin. Let

z(t) = Aem (t) V2 cos (2m f.t)

where m/(t) %‘ M(f) is bandlimited to B, i.e., [M(f)| = 0 for |f| > B as in part (b).
-
Again, assume f. > B Consider the block diagram shown in Figure 4.5.

As in part (b), use
[ lf<B
Hep (f) = { 0, otherwise.

4-7
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A 4

He(f)

2 %)—» (-}

\/5 sin (271' fct)
Figure 4.5: Block diagram for Problem 4c

Find y@(t).

Let of—Lt)=A‘mLtﬁcos(m‘t) as in {Gl‘l' (b).

e L) I
,_ . -G‘@—*L_J
oy = (.eu.-) s aiq@o‘b)) =2 (A,,.mm cos Lw, t) ¥ s;.\(woﬂ)

Es'm(w,,t)
2
=2 (A:'m1(t) cos(w ) + A,mLe) Cos(wc'\') sSin(wek)t Siat(w t) )
—_ .

ngcus/& sin = sianlé )
e z%:m"u;y cos"(ua,_t) t sh'(w,_t )) ¥ Ao L) 3ia (2w, )

=1~ coszwat

e 2 (@ L -1) cosLact) £ 1) # A mLE) sintw, )

LeF LPF
=2 * (A-:'m.‘u') “1) (4 + cas}A&)) * Al %d‘)
() [

7°m = 2+ LR AL L0} -1 = urE JAGt ] 41

tT\«e Ou'\'fo'l' olorne is .c.,“ Lom \,dnb ‘>r0(0r+Ioe\u\ Yo »m(b).
So, this block A,tc.jram also does mor work as a demodolator,

(d) Use the results from parts (b) and (¢). Draw a block diagram of a successful DSB-SC

demodulator using squaring operations instead of multipliers.
Observe that

ylth -/@Lb = 2A, ()

New block Aﬁaorcw\

vt

z
\ w‘ni:l{s‘ s {.} ) Ler
. e ired output
from (1) from (¢ oF o :“"c“’:i‘:']’ elt) JZcos(emf t)

pPsSB~sC de modulator.

LeF

4-8 [T sia (LTTEE)

-

+

),0. (8 2)

l’\enul tHhe FO“ON;A’ black Av@avﬂ”\ would work :

7 )
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Problem 5 (Cube modulator). Consider the block diagram shown in Figure 4.6 where
“{-}3” indicates a device whose output is the cube of its input.

m(t) @xm AT El

V2 cos (27 t)

Figure 4.6: Block diagram for Problem 5. Note the use of fj instead of f..

Let m(t) % M(f) be bandlimited to B, i.e., |M(f)| =0 for |f| > B.

(a) Plot an H(f) that gives z (t) = m (t) V2 cos (2r f.t). What is the gain in H(f)? What
is the value of f.? Notice that the frequency of the cosine is fy not f.. You are supposed
to determine f. in terms of fj.

3 L)
(v = (m(b */z cos[zﬂ'/. t)) = mgu.-) r 3am () Zcos wel ram (v 2 costw,t 1—(._/2') cos:t»,‘b
Y . AN =

t s < = 3mie) (14 cos zwd-’)
2cos (H) = 1+ cos (20
ce ; ) = 1 cos (20) =3m(t) + 3m(t)cos(awit)
2.€087(6) = O3B + cosOcos 26 = \
= cos@ + JicosOhiiccs:ie Aot () + }‘i‘-’"’(?”bf)

3
=—c°
30 + Loy 20

We want 2(2:=wmlb) [7 cos(w t). We see thal the on\/v term )/(t) et hay Pe form

(NN

constont x m x cos( )" is awm(b Cﬂzwzf)-

Theve 'Fn'el we will centesr e passband Yo coves this fat ond odjust e qun te make e ouipT
e same os 24

In fa.-Hcdw’ We wneed %Yo wcalhe Z’co "‘;' So, A ‘;ﬁ

g, lf‘fg‘se, \ H(f) i J-i
Let  Pop(£)= {9, PIYARY) The goie is
0, ot wise, N 1-&' /
‘ _‘ 3
Then, alb) 2gx 3 mLb) cos (ewot) r . l ' I ;][‘
— a _ [ 0 «®
o % & | o A
l 3 /3 /i ‘ by W2 W
ne X3 =y 2 = e /&
We meed g o5

4-9
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(b) Let M(f) be
1, |[f|<B

M{(f) = { 0, othe;Wise.

(i) Plot X(f).
e Lt) = m(® +/T cos (274, t)

wry | T
PR VI 1
ri? —l ‘\"I £
-4, -8 YA >7 [ne]

(ii) Plot Y(f). Hint:

2B —|f], |fl<2B
M(f)«M(f)= { 0, otherwise.

Do not attempt to make an accurate plot or calculation for the Fourier transform
of m3(t).
From (T,/( 2\)2 Vhave
y t) = w2 £ 3 (e)+ 3/2 m’-ltygos(w,,\') ¥ 3ImlE) cos (2mt) 1-/{ cos (3w t)
z

+-2- cos pr'k)

£ T youo went to kaow
. the shaze of M(F) sMlAHeMbD
Without *"h) to male on accweic yoo con toy ?lofr;nj it ia m;‘n.hg
fl"" fo- M‘Ll‘)/ we know rhot it i3 veing this code :
R w=ones(1,10);
bmd limiYed +o 38. iAo
@y = conv(nr,w
plot (<3
s Y s )
A PY; ‘f;i P "
’ﬂ ----o-‘ !-4:——- 36 ‘fz
oot - - - - o - - oo
T rﬂ N N A } 1.\ >/
/ \ ‘ = / g -'\ , ) \ i >
Q
L I Y ,-,"‘a-;‘s-: b
‘ I S U Lo X e @
g o z w X W o

(iii) For your filter of part (a), plot z(¢).

2(6) =IO [Z 05 l2TA ). Thue_l:wc) Yo plot z(v, £irst e need Yo find m L),

ovee = 1X2.08 316

ms) o) >t
_% %

4-10
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2(e) s +he obove smec. fuaction woltiflied \-rﬁeos(trﬁ*)\ &S[ix2e

Because £, 20  , we know ot L D L
8 %

period of sine iaside sinc Lf:riod of cosine

So, the Isi-\cl furction becomes e c_nv‘-\o{e of e cosine cerrier.

[Doerschuk, 2008, Cornell ECE 320]

Problem 6. Consider a signal g(t). Recall that |G(f)|? is called the energy spectral
density of ¢(t). Integrating the energy spectral density over all frequency gives the signal’s
total energy. Furthermore, the energy contained in the frequency band I can be found from
the integral [ LG(f f)|?df where the integration is over the frequencies in band I. In particular,
if the band is simply an interval of frequency from f; to fo, then the energy contained in
this band is given by

f2
/f Gf)df. (4.1)

In this problem, assume
gty =1-1<t<1].

(a) Find the (total) energy of g(t).

=3.\5|_ﬂ|" at = 5.(1]_-1 stSnj)"éJ. = '3 13 = 2.
ol e |

Remork: We can also Ty Yo [iad EJ from e -Fn?. clomo-'n.
Tn Pa-f\ UO) we will show that G(f) = 2 Sinc ('l}r’[).
'Tkm"'ou o T

3\3(.-\—)\ R - : §|G(7[)l I = J(r.s'mc(z;;/})b,t

)

Parsevalys Yeeorean

PERY 54 oo Ex. 2.4r4.b
(J/, =Z/7'¢J7£ =‘2i”x "TSS‘AC’-/«)J/«, =zi”>\' x 7 =2

-

(b) Figure 4.7 define the main lobe of a sinc pulse. It is well-known that the main lobe
of the sinc function contains about 90% of its total energy. Check this fact by first

4-11
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NN AN

>
Main lobe
(null to null)

Figure 4.7: Main lobe of a sinc pulse

computing the energy contained in the frequency band occupied by the main lobe and
then compare with your answer from part (a).

Hint: Find the zeros of the main lope. This give f; and f;. Now, we can apply (4.1).
MATLAB or similar tools can then be used to numerically evaluate the integral.
First, we hezd GL") r("'o*‘“ ovees A 1‘-'!»6"'6'00““»

q w d"‘l.“d‘l %. d"f"‘t"— _E - $’a ‘.ﬂ-,{ f}
Recall that i ks > 7 CAT sinc (TFT)
—
< 3

Heve, T=a. So elF) = 2sine(27F)

4

f:--l =—J£ ‘\'0 £=11=‘|-.L-

The wmoin \aLg occvpies oan iﬂ'\'lfvﬂl‘ O‘F ‘Fvw;gnsv -Pr.,..—. 1 ol T 3
v

So, the energy contained in the bomd &= LA,A7] 3:\»“ \-,/ j(_zﬁnc(zﬂ'f))" 37/ = a10%6
-2

Compared with ¥ ontwer Fowm par ¥ (as, ¥his s 3, 07 of T totel eneigy.
(¢) Suppose we want to include more energy by considering wider frequency band. Let
this band be the interval I = [—fo, fo]. Find the minimum value of f; that allows the
band to capture at least 99% of the total energy in g(t).

Using MATLAB, we can look ot He frection of eneryy os o Fumetion of #,.
We found that ot avound #4 = 5.4 1+H ‘(:mL'HO"\ "‘3‘."’ to evceed qaz.
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Comment 1: Additional proof for Q2d:

All energy signals have 0 average power

T2
= lim f l9tentdt .

=271

Coansider Poy

Note  $hat \‘3(1‘)]" T a‘wo-ys nva'wﬁq,‘\':ve. Thctc'coa,

T/ g(t) is an energy signal;

o S\%Lt})l J'l‘ 4 ]]j(.*’\te‘t =g, S° this is a finite

3 number.

"T/l ]
T

o4 }\3&:\"4‘\’ ¢1Egy

o £ f, 40
T l‘lcve‘FOVel rﬁ z 0.

Comment 2: Additional comment for Q3.a.ii:

Nete tnat altmovah slf) oLty cos(7at) , we com't Lt Pe= 3l
becae G(A-Fo) ond GLE+A.) overlas ta ¥ ‘(:nasumt/ domain .

&lA+ 5D
1" , GLE
_%)c
=10 4
vir ri;,
Comment 3: A property that we frequently use in power calculation

Let vi(t) = e (k). Then
P, = {7 = LoD =la) et 7 = lal* B,

Comment 4: More comment for Q3.a.ii:

I~ ‘3&%"“’ for elt)y=a cos(274et +8) cos (W7[o+ *ﬂ))

ovcr\arﬁ-\s

@;C-_o.

-22

affl)ﬁns e f/oA,oc:\'-"'o -Suom 'Fp/w\clq, 6:1143
elt) = %. (cos (zi/(,zfo)'l: +&+ D) x cos Lé-—}b))

When ;‘e‘;éoJ Yle Fwo cosine components de Aot o\/cf\a’ N Tie
-‘—fq,obuuu/ domanin . Hence, the powe- ot Yrelr sum
is He same oo Hhe sum of Helr power.
Thoehore, o = 1% ( 4+ cor(o-82).

H&"'/ 0'531 é= o, ¢=3°" T S
meaten, b () 4 o) <3l (80 - (3020

Comment 5: comment for Q3.a.iii:

Nete that P), =--1' l’a because é(f—- ::-%) ord G (F+ 5—?,) do ot ove-lap.

a(£) (4 5) \“‘° overkeeeins rl o g2 )
~N AA——
tly o TR At L,
-2 | 40 - . v 1 T ge <

¥ 8 27 i 7



Comment 6: Alternative solution for Q3.a

a.4) 9k =3cos(1ot +20°) =3
2

j Lot *30°) -j Lot ¥30°)
(1

. © o -
J3° jiot -j3e° =yt
=2e e’ + 2 e e
2 2
r =[(2) . 2)’=2xﬂ.=ﬂ-=*.s
3 (z) (2 4 2

390" jeot 330" -jeet Jjsot  _jsot
(&-4é) yu)sau)cos(,sot) s%(& e +e e )-}.LG re )

. % (‘J:J&Jso‘lf 6.3”.65 -tot* 05 ”‘c-bﬁo‘t . e:):o'&-:,‘o't)
AN of Ye complex cx(vnm\-:u‘ functions heve ditimet ‘Ltcsvmcir..s .
fy =L2‘,‘)‘ ( 11-& S 1‘01‘) = 1'.:-1 = 3.'- % 2.28
(&a&) yit) = 3(%) cos(sot) = -} (.05”.‘5“’*’ &‘3”;‘5'“) '}- (_'-J“t"'é’) sot)
. % (&J:o'&:,co'l' S5t &ho’c-;,no-t . &—)n'&—:,‘o‘t )
AN of e complex exgonentiol $onctions heve ditine 'Lt%vmcics .

L 3 2 °® % *
3 141 +9q = A ..-ﬂ-'u.zs
Fy =L'1) k-' v ) Fri 1
Comment 7: Remark for Q4.a

More qemerally, if tre aa"n of e Filter is “9° ond the omglitude of e carrier is c
then yib = zcxgxﬁnpu\- signel ) x cos(w b
Heve, c=/2, =1, ond  iapot s'.sna\ = Acmibd.
Tmc‘(-'oa, }/Lk)e 2(2 A, m (k) cos (Wt



