Name Prapun ID35 5

ECS 332: Principles of Communications 2017/1
HW 3 — Due: Sep 27, 4 PM Solution

Lecturer: Prapun Suksompong, Ph.D.

Instructions
(a) This assignment has 6 pages.

(b) (1 pt) Work and write your answers directly on these provided sheets (not on other
blank sheet(s) of paper). Hard-copies are distributed in class.

(¢) (1 pt) Write your first name and the last three digits of your student ID on the upper-right
corner of this page.

(d) (8 pt) Try to solve all non-optional problems.

(e) Write down all the steps that you have done to obtain your answers. You may not get full
credit even when your answer is correct without showing how you get your answer.

Problem 1 (M2011). The Fourier transform X (f) for a signal x(t) is shown in Figure 3.1.

Figure 3.1: Plot of X (f) for Problem 1.

= x(-2(t-2))
Let g(t) = (—2t) and y (t) = x (4 — 2t). Carefully sketch |G(f)| and |Y'(f)].
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The main purpose of this problem is to see the spectrum of cosine pulse.

Problem 2. !

(a) Consider the cosine pulse Lm(s)t D freg. 25 D From 2=t o kst
—— we shedd have [1-1-D)*5 =10 cyel
() = cos (10mt), —1<t<1 ’ ve l ) e
PR=19 o, otherwise

pL-1) =cos(1071-1) = cos (~107) = 4
crra o P L\i)= coslhomir) = cosliorm) =)

(i) Sketch p(t) for =3 <t < 3.

Here is a plot from MATLAB.

Of course, the instruction says to
sketch, so, your answer should
be hand-written. However, it
should be similar to this.

|
—
—

(ii) Find P(f) analytically.
Thot) ¢t
cos(274 %), t, 4% &%, s cos(amht) x vib>

In general, consider the pulse of the form pL¥ =
o, Otherwise. L

Writing it in this form makes it clear that we may view p(t) as a modulated signal where r(t) vit) is the vee vlor fvhc
is the message. on the kime h’h'“l‘ t,‘t;].
Now we apply what we know about modulation:
1
. . . _mt
CL Fime Aomn, rle s md'\’-'\'d b’ cos(wht), t, te
Tn frugg. domaia , RLA) is shibted to 14 (ond wealed by 1)

In pwbador,  PLE) = L (RU-A) 2 R(AAY). K

Heve /=$ X.=-4, ond .21 L 4
’ ° s 0 ’a"' e a le):z_sinc(_l”h)f)@ P(?‘) = Shc(z#[?“S))
(1 S1»x22 <
T + sinc [w(fes))
= i) VL*) - pg,ﬁd‘: .L,q_ =1
7 > 1 s 4
St _ }F"V = =y
LI ™ !
« > X' &
(iii) Sketch P(f) from -10 Hz to 10 Hz.
Here is a plot from MATLAB. B O T o 1
Of course, the instruction says to
sketch, so, your answer should 04 !‘:"r%-]- 5.5
be hand-written. However, it D - (R ST P /i
should be similar to this. 3 [ o
v UU AT NEAAVH & v rd
= n ? N L=
kS fuss “prayte
10 B 4 -4 2 2 4 a8 B 10

nspired by [Carlson and Crilly, 2009, Q2.2-1 and Q2.2-2].
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(b) Consider the cosine pulse

[ cos(107t), 2<t<4
p(t)= { 0, otherwise

(i) Find P(f) analytically.
Start with ePr.«-‘od‘ ot siae = axd

1 v / = (”6‘6 of sine —_r-f
ele) = f — 5 F = XUF) = ﬁ'\(l-ZF-ztf)

T
&>
..%_ ’/t‘

4
Heve, T2%,-%,.

¢t rbe
Observe +hat rldd is e Yime-shitted version of the wtt) obove: vit) = ‘kt_ ‘T_)
By v F¥ime-shitt pruﬁyJ

—jpwf ke ~37F L¥ rts)
R(F) = ¢ T o x(H) =e (toty)sine (7FLEmt0)  Ppe
Becouwe | %) =1, we knew that |RUAI = |XG2).
= A
) e TF

Here, 7,25 (same) | t,22, nd L2q. Thes fore, RLF) = e 2 sinc (7))

ond PLF) = JJ‘W") Sinc(a2CF-8)) + Pl Gl (a7 (#+9) ) #
(ii) Use MATLAB. Mimic the code in specrect.m to plot the spectrum of p(t). Follow
the settings below:
e Consider the time ¢ from 0 to 10 [s] when you set up the time vector.
e Use the sampling frequency of 500 samples per sec. So, the sampling interval
(the time between adjacent samples) is T = 1/500.

e With the above sampling frequency, plotspect will plot the magnitude spec-
trum from -250 to 250 Hz. Use the function x1im (or the magnifier glass GUI)
to limit your frequency view to be only from -10 to +10 Hz.

(iii) Also in MATLAB, add the plot of your analytical answer from part (i) into the same
figure as part (ii).
e Print this figure and attach it at the end of your HW.

e On this attached page, compare the two plots. (Write some description/ob-
servation. Are they the same? How can you tell?)

Caution: The built-in sinc function in MATLAB is defined using the normalized
version. So, you will need to remove a factor of 7 from the argument of each sinc
function found in part (i) when you type it into MATLAB.
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Q3.b.ii The magnitude spectrum plot from the modified specrect.mis provided in the
bottom part of the figure below.
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Q3.b.iii In addition, the analytical expression in part (i) is plotted using the “x” marks on top of

the provided plot from specrect.m.

The two plots generally agrees. However, small difference can be observed. The plot from
plotspec seems to be shifted to the left by a small amount from the analytical prediction.
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Problem 3. You are given the baseband signals (i) m(t) = cos 10007t; (ii) m(t) = 2 cos 10007t+
cos 20007t; (iii) m(t) = (cos 10007t) x (cos 30007t). For each one, do the following.

(a) Sketch the spectrum of m(t).
(b) Sketch the spectrum of the DSB-SC signal m(t) cos(10,0007t).

[Lathi and Ding, 2009, Q4.2-1] .
Recal that re gpectrum of costJ:‘of) is 3:nn b, Recall hrat e spectrom of ML&)C“(W{,*) is 3""""}'

:.?L Amlf-A) v L 1lFE)
r = > £ T nitr MmUA) to ame lefr by £

shitt M(F) to +he right by fe.

T
- | £

(4.-a) m k) = cos 10007t = cos (27 soot ) Here, #, = 5000Hz

L7/;- 500 H3

(6-b)
i 1_1
T 1\" T >f[|'|i-] T T v .TT >/[_Hi—]
~ 500 | 500 S .5 | 3 $ 3
ngs Fel
» ¢ !
(Gh.a) wnL¥) =2cos(A0007 %) + Cos (2000 7¢)
= 208 (27 00 t) + co3 (27 100 ¥ ) (é.b)
A A
i
[
1/4
I 4l

.;‘? > £ [n2]

[ o
—>
—
-
E
[+)
>
-
§[
/
N
™
x
L
L
= 6,000 4
-5,§00 {—>
-8§,000 _L
-w,000 41>

- &4,500

(4é.b) Here, we muH‘;"/ AT;A \a/ cos (zl scoo t).
s°, the $’¢C’\'IUM From (r.00) 0

from (4.b) , woltiplication \.): cos (27 (15009t ) in e Fime hitred Lf rgoooHs od
in is the tame oy shiffing e spechuom led vertically by L.

content \,/ 24500 K3 ond verticaly sm\:nj

A L)' '5‘ 4
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Problem 4. Given a system with input-output relationship of
y(t) = 2x(t) + 10,

is this system linear? [Carlson and Crilly, 2009, Q2.3-10]

One requirement for a system to be linear is that

"proportional changes in the input should give the same proportional changes in the output”
In ocur case, we have y =2 +0.

In fﬂr*?tu o, )

So, if e=a 22% #10 =12.
if k=4 corvesponds to y=2, 4 4

For \inear sys‘\‘w, when 222, we expect Y +o be 24.
then ee34%2  shovld go"earoné o nguz [STR

(Doubling +re input couses Y output Yo dovble .) Howewer, V i definition, when © 72, our syskm gives

Y = 2%2 410 =4 F 241
A Therefore, tre s)'s‘hm is not \linear.
Problem 5. Signal z(t) = 10 cos(%iuz X, 10° x t) is transmitted to some destination. The

received signal is y(t) = 10 cos(2m X\[,x,10° x @ : We assume that the delay is

o caused by the propagation time of
(a) What is the minimum distance between the source and destinatiothé signal.
}aK-) In tre lecture, e Lse
}l(l‘) =10 ¢°3L17"¢t - 6') 240 cos [_2’7/ Lt"' w; ) z o denohe propuaption Jc‘a)'

A-’: honce

The amount of time delay can be calculated from A““)’ =
Cw speed of \83%‘\'.

Therefore, ‘one pus'-u:An'hancc valve s

ww;\&\s""‘ of
e covvigr
A:;‘\'oncc = c:éola/ = Cx..é. >\ .é = Z=10 -*Mz ¢ ° ioc 3.5 m
'y €7 2K x #x10 23

Because the cosine function is periodic,
the calculation above gives only one of the many possible distance values.
See the discussion in the next part for the proof that 3.57 is the minimum distance.
(b) What are the other possible distances?
By periodicity of cosine,

Cos(zlftt -8) = cos (alr A¥-6« wk) fo any i-\-lcgu le.

So, in part (a), we should have considered

- & _
cos (wht -6 +azk) = cos (2///, (ﬁ"(%-— 7) > = dittenee =cxT = = ( l‘) = A lu, k)
S o

[
Diteme i o positive okwm"'ﬂ'/. So, we need Kk <& ;3 = \:'_‘.‘/;‘ = ;‘;-
In otrer wovés/ k can be O, -1 -2, -3, ...

The greater the value of k, the smaller corresponding distance value. Here, "0" is

. the largest value for k. Therefore, the minimum distance can be found by
[Carlson and CI‘llly, 20097 Q23_14] plugging-in k = 0. The resulting distance is the same as what we (naively) found in

part (a).
3-5 ek
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From the Fourier transform properties reviewed in lecture, we have seen several interesting integrations.

In particular, oo e
o *x T oA hepric
j GLhdS - qto) , jgme‘t e Glo), Iacu-);tbc\'t e thf) Y &7,
ECS 332 HW 3 — Due: Sep 27, 4 PM 2017/1

In this question, we use them to evaluate integrals involving sinc functions. Note that direct integration of a sinc

function is difficult. However, its Fourier transform is a simple rectangular function which is easy to evaluate or

integrate. Problem 6 (M2011). Use properties of Fourier transform to evaluate the following integrals.
(Do not integrate directly. Recall that sinc(x) = SIHT(I)) Clearly state the property or

properties that you use. First note that Note that although "x" is used as the name of the variable

(a) 701 sinc (\/5:6} da here, we can easily change it to "t" or "f".
“oo .
i& Th anoiner Aom.n/
= w7

Y ® €, @E
‘sr ¥ gl ‘s

@ ) Qz«* 2ero intweept = “-& ?eﬁ“' L‘

als

=T
‘/ < s >“)L
©®=L > widih=I&
< wt 7 d Ao e
oo ﬁ'@ x of tre vech. fuac. 1=‘An.q.=‘ﬂ"—”":
-snc-‘ac L’?d)éd’. = h= -I% in onoYrer domaina % - 7’1—?

oo
(b) [ sinc (\/Sx) Sinc*(ﬁx) d}\ The function is real-valued. Therefore, we can freely add the
—0o0

conjugate operator.
Fvem rat“' La), chluc€45 the number rs B}’ an G'L:"”ﬁ")' constest C we hove

7,
{ /c
"s_
sinc () — PP Ao A
; /7 >
‘I‘\«cw.{:c;mJ Heve ey =f5 ad ¢, 3. The function is real-valued.
So, in oor am..:asf we will Qstume i d) Therefore, we can freely remove
o eav ¢y = the conjugate operator.
. b A& X
. d X % d
J StacC ( c“') Sinc [C‘&) e = (19 \f ;
-0 - -Cp c, ¢ -
’\ l;‘ z% 1.'7_;' '-7“
e Z % wia {C,,C,_} = Z wmia {C..‘,}‘
c,C, z Gt
C= G -
P "/ N = A Interestingly, this is the same answer as
c¢= ,3 E f_; /; o0
00 ]xw(ﬁ‘)J«. .
(c) (Optional) [ e~2/*%2sinc (2 f) (e=27/*%2sinc (27 f)) " df -
—00

(d) (Optional) _T sinc (7 (z — 5)) sinc (7 (z — %)) dx
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(ec) The in‘\‘cavu\ ) a\veaéy of the -For-n jX(f) Y*(,[) A;[ where

- 224 w2 ] T SwFw
XLFr = e Y2 sinc (275D = e’ GG

-27¥x ) -y23£ (%)
Y(Ff) = e 2sinc (27F£) =€ &M

/

sinc (27F)

From Ak ( Parseval’s Yheorgm) , we lenows that we tan evaluatre the

]n*cgfd\ from 3&(&) )/"('b dt. So, we will fiest Gind 2zlt> ord )'{.\').

-

B/ +re ¥ime -shiftia rvofer‘\'/) w: lermowe  Hodt

-] (XY)

x(F) = 6‘“” 1¢3) j——:' cLt) =3Lt -2)
-y2 7/ (5> -

Y()C) = es)z 71 6(7‘) _L }/(_t) = 3(-\;-5),

So, we maust Gy ‘c:v\c) j('\.’).

3 &« rg
A(£) = sinc (2FF) woidth ’ L
h PN = 1 1 1
-~ ‘-K J';_ i 4 < 1 3 / L‘
pesie .-1= c:.na.:z,x\,\-.-..z.g =1
Trevefore, gLEr s vea\-volued. g Lt-2)

C*f ey R
[M*Jy"tt) dt = Xﬁ(t-z) 9 t-5)dt

- —— 7\’_/ | ;_ ;-

T non-sevo pacts of these fonctions do not overlap.

s Thcve'Fon‘, Fheir rvoa\oc'\' = 0O.

= Jo e‘t =0 ,
- LAy Y¢S
1 0l %
(J) Stort witw ﬁ('“') =¢inC (FJL) S | L
% 250 Lo (ﬁ
Next, recall oY (with c=4q)

Sinc (7(x-1,)) — 77 a8 by b SHime -shibting progecty.

By st (Prusevals treovem) , e :n-\-eoam\ undes consideration js 1 some as
L _ -]

- P - ] - . ( -%,
I e’.)zl ';G(.*') (&)zrq\' é(/:> c\f =5c yarm (%% )7‘47[
- -on l same ‘FOo e 6(‘) O‘OVC

Note that the layt inteqral \nam:j (A e 327 (%%, ”37[

same 03 tre javerse Fourey FTromsform of GUF D
evalvated ot )L,K.L-JC1. -on

= s;nc(ﬂ' (&‘_-ae'))

. )
Sin L——”) 1
‘-—s—- M v H = - - .
Heve, o - = 3—1; = " So, e m'\'ca al s T” =-1—”.__ 337-’_
- - z

(I‘F x,-#, is an inYeges, ten i«'\\'.ya‘ ¥ D.>



