ELLG3175
Introduction to Communication
Systems

Instructor: Dr. S. Loyka

Solutions

Assignment #2




=

T
._..]
e
™,
LRG0
&:{
v
ml
™
©n
~
BEd
B
ot
H_
“
i
e
m
Ly
b

Cri_
-1
£
| . _ﬁb.__ il g
£
o |
—
h
S}
(1
,,.\.
i

A

S

4 Mp— r-‘-..
u ""—"'(‘fa

I PV ) I S S
%

|

i i
P
T &
b
] ]
- l L
; 1 =! % Y
| H i . "
‘..l : i I i : ' :- : {A B f i
i} 5 " e T 1 el = ; v - -
ENTEEERERLET | D e ol
e e ey : - — - -
R S SRR RS R N L : e ! i }
- . E) . " H . L]
TS ST R e G T T S S s e T T = -
e d il LE L L INEEEE L L b
] ll : ' : H i
. —-L---—L-—-!-—' ;_-_l . Eog ! 1 i _I !
: H | I a A I :
o A P S I R S PO e e e 2 =5 = : L
q & '
o L e - S s b S 8 S —i s SR o T B = : i
i i e e e
1 5 ‘ { |
e = 3 (B a3 = = e —
_ 1
= o = e i e i -t — e n e s ——— — - _.__.___l.__
: = : = !
e e > - L in B " I _L._
: i




Problem 2fiiv
&) We can write z(t) as z(t) = 2II(%) - 2A(3). Then

Flz)] = FIZ)] - FRA)] = Ssine(4f) — dsine*(25)
d) We can write z(t) as z(£) = A(t+1) — A@t —1). Thus |
X(f) = sinc®(f)e”™ — sinc®(f)e9*" = 2jsinc? (f) sin(27 f)
e) We can write z(2) as z(2) = At + 1)+ A(t) + A@ — 1). Hence,
X(f) = sinc(7)(1+ 7 4 ¢} = sine?(£)(1 + 2eos(2nf)

Problem 88 3
We have

Flz(@)«y(@)] = f\oo [ j r\ooz('r)y(t -7) d'r} eIty
—o0 -0
= ./(\oo:c(r) { ooy(t — T)e"?”f et dt] eI dr
Now with the change of variable x =1 — 7, we have

/R ooy(t =) .}.)e—ﬂwﬂl—f)dt — /‘\00 y(u)e-;ﬂrrfudu
- -0

Fly(t)]
Y(f)

and, therefore,

Flz(@®) *xy@)] = j: Eooz(T)Y(f)e_ﬁ”f"dT
X(H)-Y({)




Problem #l® 9

(Convalution theorem:)

Flz@)+y@)] = Fle@IF () = X(NY ()

Thus
sine(t) xsine(t) = F~![Flsine(z)*sne(?)]]
= F{Flsnc(t)]- Flsinct)]
= FHI(AHN()} = F )]
= sinc(t)
Problem JlB 5
1) Clearly
21(t+kTg) = i I(t-i—kTo-nTo) = i .'.."{t— (ﬂ—k)Tu)

= E z(t — mTo) = z4(2)

m=—

where we used the change of variable m =n —k.

2)
@) =2®)x S 8t —nTo)
This is because
j_‘: 2(r) 3 8@t -7 —nTo)dr = _fj ﬁ 2(ep -7 -nTo)ir= S 2t nTa)
3)

Fes®)] = Fe@s > S¢—nli=FEOPL S 56-nb)

n==030

- Xty 3 8- =g 3 x@u-g)
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where we have used cos?t < 1. Therefore, £,(t) is energy type. To find the energy we have

fma‘ﬂ'cmzzdt = ifmt!.“"‘4:Et+lfme:"’“cc\sitt!.til:
0 2/o 2Jo

s s B T
= 4+2[ ¢ eos(21)+4—e s:n(%f.}]n

|
| o

2)

]

jir”ﬁ(z)&-;-ffr%@@)&

— s 3 :’[
= /D € cos?(t) dt + =

= :zg(t)&

3 3 e -
= g5 tim g (2005"() +ein) + 1)
e‘i.‘.
= i—w?f{t}

where f(t) = 2cos?(¢) +sin{2¢)+1. By taking the derivative and setting it equal to zero we can find
the minimum of £(t) and show that f(£) > 0.5. This shows that lim e 5~ F{2) 2 Limiese 55 = c0.
This shows that the signal is not energy-type.

To check if the signal is power type, we obviously have limr .o, % J7 =% cos? £ &t = 0. Therefore

o= T%%fenmn@#
o YASTees(TD) +1/4 T co(T) sin(T) +1/8 ()" -5/

T=s00 T
= 00

Therefore z4(t) is neither power- nor energy-type.

3)
E., = f_:{sgn(t))w = / “1a

= 00

and hence the signal is not energy-type. To find the power
" 1,7
Po = Jim o [ (o) e
WL A
= Jmg [ v

Tmoo ﬁz




4) Since xy(t) is periodic {or alinest periodic when fy/f2 is not rational) the signal is not energy
type. To see whether it is power type, we have

T a
P:‘ = /;T(.‘l Cﬂsgffit + B Cﬁsg'n'fgt)- dt

- 1
A o
T
m e j (A2cos? 2xfit + B cos? 25 fat + 24 B cos 2w fut cos2a fat) dt
Te—ec 20T T
A4 B?
i 2

]

Problem J x

1) z(t) = e~*fu1(t). The spectrum of the signalis X(f)= F:E and the enermy spectral densicy

. o 1
Ox(f) =Xl = e

Thus, 1
Rx(r)= F'(6x ()] = e




The energy content of the signal is k
Ex=Rx(0)= 3

2) z(t) = sine(t). Clearly X(f) = H(f) sa that Gy (f) = |X(f)|? = B2(f) = NO(f). The energy
content of the signal is

Ex= [ zn{f)df= f_: T(f)df =1

3) z(t) = T 7e_ At —2n). The siznal is periodic and thus it is not of the energy type. The power
content of the siznal is

Fr

f {x(t]Pdt—-fo(Hn?dt-{-j {(—t+1)%dt

= 2( tﬂ+t9+:)’_l (—ta—t"'-H)‘

0

3
The same result is obtain if we let

Sx(f) = z | 5(!‘-—)
Nn=—=0o
with 7o = {. 29y = 0 and 29y = ﬂ'}%ﬁj {see Problem 2.2). Then

i Jzaf?

o —0g

Py

1 1
_ -EZ:(‘JIH)-l 1TE% "3

4)
Ev=— hm/ g (t)dt = nmf dt = lim

Thus, the signal is not of the energy type.

1T
llm ﬁ I'H [(f)l dt = —E= 3

Heure, the signal is of the power type snd its power content is 4. To find the power spectral density
we find first the sutocorrelution Ry(7).

'QI ;|

I =

1 ¥
Rx(r) Jim Tf u_y(Euca(t = 7)dt

= h_m“_f dt
= Jim (z-m)=3
= g =5

Thus. Sx(f) = F[Rx(7)] = 33(f).




T
5) Clearly (X (f)i? = =2sgn?(f) = 72 and Ex = limp_o [ 7 w2dt = oo. The signal is not of the

energy type for the energy content is not bounded. Consider now the signal
1Lt
zr(t) = TH(T}
‘r(f) = —gmsan(f) * Tsine(fT)

and
7 12 s 2
Sx(f) = 'Il—r?éc l}i—ﬂ-gl“ = Th'_lnm:rzT f 4 sinc(eT)dv — fj sine(¢eT)de

However, the squared term on the right side is bounded awsy from zero so that Sx(f} is oc. The
signal is not of the power type cither,




Prohlem ' 7

o0

Y at-nT) = z@)* 3 - nT)_._z(t)* z S Ft
= 55 [X(f) )3 6()‘—-—-—)]

= gF Laz_wx( )E(f-_)]
- 7 3 X(g)

If we set ¢ = 0 in the previous relation we obtain Poissan’s sum formule

o0

> waty= 5 2(mT.) = o 5 x( )

n=-—00 m=—co ' = —00




