3) The signal v(r) is periodic with period T = Ty/w.

1 AT k. o i+ P
Yy = Ff y()e 1T = Ff xlatye T ' dt
[ b Jp
1 He+Ty
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where we used the change of variables v = ar.
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Problem 2.42
1 >t 1 pethe 2 dan _itam
= x()y (dt = — Y xe ™' Y yre T ar
T Ja Ty Ja A=—t0 m=—g
= 4] [= 4] F
| a+ Ty [2xin—mi
- T % o [
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H=—0C0 R=—00
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Problem 2.43

a) The signal is periodic with period T, Thus

| T | fFr
X = = | eleHdi == | Ui,
TJy T Jy

T
it _;EUER?HJ: ____]___ [e—{j23u+T}_ |]
T(j2n%+1) 5 j2an+ T
1 - T — j2an
= e L e S ] g
jl?rn+T{ ¢ T3+4373n3“ e

If we write x,, = ﬁ';?-’i'f- we obtain the trigonometric Fourier series expansion coefficients as

2T dmn

: T2+4ﬂ2n2[1 _E—T]‘ by 511 —e’ ']

[ — ——
of T2 4+ 472n?
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is periodic with period 27, Since the signal is odd we obtain xp = 0. Forn =0
T 1 i 3

— —iIat gy =
T t=aT
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1 [T 7o R ] L8
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ieonometric Fourier series expansion coefficients are:

2
a” = {}1 b‘" — (—I ::|.”+] —
mn

he signal is periodic with period T. Forn = 0
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x, = 0fornevenand xy 4 = m (—1)'. The trigonometric Fourier series expansion coefficients

2

i = 3, o 13 =Cr, s a2y = m{—”f, ,b,, =0, ¥n

'l| signal is periodic with period T. Forn =

Xp = — f x(r }d.!'
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If n # 0 then

Tt : I P
= — _Jhi" — fize "'_jzl'l'*id
i Tfn xi(r)e dt T£ T:e 1'
et . e 1
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The trigonometric Fourier series expansion coefficients are:
4

3 2rn
dap = dy = m[cos{T} —1], b, =0, ¥n

51
€) The signal is periodic with period T'. Since the signal is odd xy = ag = 0. Forn # 0
T
1 % ) .
Xy = —f x(ndt = 1[ —e 12 gy
F 8 0
E . S
+lf iJre.-‘ﬂ"l”4r-fr+ lf eIt dy
G 4 TJ:
g 4 i —i2n i T = j2m i
== g (?Jrn‘e +4H2ﬂze g
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1 £e~m;r) 2 (3T pags
T \2mrn - T \2an E

o b i) el g sl
= [{ 1) T]* [(—l} smc{i}}

mn an

For n even, sinc(5) = 0 and x, = ;r-’; The trigonometric Fourier series expansion coefficients are:

|
- = 3]
a, =0, Yn, 'bn = I x‘!{ 2(=1Y - *
sl + el n=2+1

f) The signal is periodic with period T. Forn =0
1 %
Xp = —f x(dt = |
Tt
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Il

t+2)e A+ — f 'I——r +2)e iy

1 {
Xn Ff

T
0
e i _T —H:z-}.l e r’ E—jErr-}r
T2 \2xn 4min? A
&
___-_3_ iT re i 4 _e g rad ] e
T2 \2xn T T 0
. 0
+2IT 2T |’
T 27n T2nn" 0
3 1 2rn . 2mn
— = — cos(——} | + — sm{——
m2n? [2 E 3 ]] : 3 )

rigonometric Fourier series expansion coefficients are:

ap=2 a,= 2[ ? 5 (1 — ms{?:‘m }) + L sin{h—n}] . by,=0,V¥n
E 3 mn 3

T=n 2

ohlem 2-44
{f] = ]ﬂl'[[ ). The system is bandlimited with bandwidth W = 2. Thus at the output of the system
frequcm:le*a‘ in the band [—2, 2] will be present. The gain of the filter is 10 forall f in (=2, 2) and
cedges f = 2.
Since the period of the signal is T = 1 we obtain
y©) = 10[% +ajcos2mr) + by sin@rr)]
+5[a2 cos(2mw 2t) + ba sin(2m 21)]

s dmrn

L] by =

a4, = — =—  [1—¢"
" 14 4nin? 1+ 4:12”3' !

e obtain

20 407
; = (1—-eNH]2 ; i
yir) (1—e) [_ﬂ + T an3 cos(2mr) + T 42 sin(2xr)

+ ——— cos(2m2t) + —— sin(2w2t
BT s TR vl ]]

b) Since the period of the signal is 27 = 2 and a, = 0, for all n, we have

x(t) = E by sin(ln%r}

n=]




The frequencies § should satisfy || < 2 orn < 4. With b, = (—1)"*' % we obtain

TR

2 2
¥ = -&Esin{;)—;—ﬂsin{ﬁﬂr}
W, 2a¥k 10
+§Sll’l{ 3 }—ESIH(ZJ‘TEI}
¢) The period of the signal is T = | and
G S e (-1, ,b, =0,V
0 = Uy =, 1 J+]_JT{2¢I+]] + 1 By = U, f

Hence,

3 (o +]
x(t) = 3 + ;ugm] cos(2m (21 + 1)

Al the output of the channel only the frequencies for which 2/ + 1 = 2 will be present so that

3 2
¥i(t) = 10=+ 10— cos{2m1)
2 T

d) Since b, = 0 for all n, and the period of the signal is T = 1, we have

4]
Ll
x{) = = + Zaﬂ cos(2mnt)

With ay = % and a, = F%T[CDS{:'}’_“’T"} — 1] we obtain

20 30 2
Yy = S _Z[CQS(—H) — Dycos(Zxt)
3 ox; 3
15 4
TR — ) = i 2
+4H2(cn@( 3 } = Dcos(2m21)
2 45
— ?D — Fcus{.’!nr} — ;Tﬁlcos{hrir}
e) Witha, =0foralln, T = | and

il n=121

brr — l Irzlr -1y
sl trprnl #=2+1

we obtain

¥ty = 10b;sin(2me) + by sin(2m12¢)
2 2
= 10—(1+ —)sin(27t) — 5—!— sin(2m12¢)
T 4 T




ilarly with the other cases we obtain

2
y(t) 10410-2 [i{l — cns{—} + l sin{z—ﬂ}] cos(2mt)

R [: = {— - cos{——} + 5!— sm{—}-J cos(2m21)

3 3
10 420 [% ﬁ] cos(2me)+ 10 [— - £] cos(2m 21)
i3 2 4

}’[f} = Z an{.;)eﬁn;r

n=—ce0

he DC component of the input signal and all frequencies higher than 4 will be cut off.
For this signal T = 1 and x, = {5725 (1 — e™'). Thus,

1 — jz}f — . jmwe . jlﬂ'i -1 PO . ot
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+I+4H29[ £ +I+4Jr11Er{ €)=
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14 j2n3 e oty 14 j2m4

1 +4n 29“ ¢ e +I+4 216

it}

eyl
“ — ]).“3 J2m4t

= Z M;M{mntinm‘} — 2ncos{2mnr))

n=1

yWith T = 2 and x, = ;‘%{— 1)" we obtain

8 .
y(r) Z—{—n (—j)e™ + Z —i D" je'™

=1 r:-——S

8

Z{.;:I}ir ;_””_1_ Z ___{_” Je;rm:

n=I n=—§

¢) In this case
1

BT LT TR L i
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xy =10, X4 =




Hence
. 1 .
y@) = —IH{—j]EJ'z” | =
T 3w

+L(_l}j£—;hi+ 1 je—jzrrll'
=K =3

Jas L ..
— E-;sm(ht}—asm(h?rt}

d) xy = % and x, = ﬁ[cu&;[%} — 1). Thus

imgn ] 2 :
Y0 = Y 5 (eos(50) = D(=i)e ™™

n=l

=1
3 2mn A T
+ Z m[ﬂﬂﬁ(T} s ]t'_.'n‘l"iz

n=—4

e) With x, = L ((—1)" — sinc(%)) we obtain

4 -1
s ' f g I | L
(0 =3 — (=1 = sine(3) + Y —(=1)" = sine(3))

n=l1 n=—4

) Working similarly with the other cases we obtain

4
3 | 2mn | 2mn ;

o S PR ] Eltig - itk W [ G Pl L
¥y = E [nﬂnz (2 cos( 3 })+:rm sin( 3 ]]{ Je

n=1
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3 1 2mn S T O e
+ 3 [ (5 oo # s 33 L
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Problem 2.45 :

Using Parseval’s relation (Equation 2.2.38), we see that the power in the periodic signal is givenby 37 |x, [
Since the signal has finite power

1 a+ Ty

— lx()*dt = K < o0

To Ju

Thus, > |x,]* = K < oo. The last implies that |x,| — 0 as n — oo. To see this write

n=m—00
a0 -M M -]
Z I-xu'l2 = Z |-1'ch||1 + z |xﬂ|1 i = Z |'xi'l|2

A=—00 H=—00 == A n=M

Each of the previous terms is positive and bounded by K. Assume that |x, I* does not converge o zero asn
goes to infinity and choose € = 1. Then there exists a subsequence of x,, x,,,, such that

=6 =1, form, = N=M
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lerll }lenl }leﬂ*| = o0

= =N [

adicts our assumption that Ef:‘::#, |, |? is finite. Thus |x,|, and consequently x,, should converge
A — OO,

sing the Fourier transform pair
e [ .. .

¢ PTErTrT fai  RRT
a*+ (2n f)? 4n2fTE+f2

the duality property of the Fourier transform: X (f) = Flx(1)] = x(—f) = F[X(1)] we obtain

@z
4 #4_:2

et = 2 we get the desired result

Flx(n)] = FII{t —3)+ I +3)]
sinc( fle 2 4 sine( f)ef*"?
2sinc f)cos(2x3 f)

FIA2E+3)+ A3t — 2)]

3
-’FIM2U + —}) (3 — %)]

2L inp3 2. L —jamf§
sn sinc”
5 nc[ e +3| [3}e

 F[IT(1/4)] = 4sinc(4 f), hence F[411(1/4)] = l6sinc(4 ). Using modulation property of FT we have
FI4T1(1/4) cos (27 for)] = 8sinc(4(f — fo)) + 8sine(d(f + fo)).

|We use a combination of scaling, time shift, and modulation properties to obtain the result. [4T1(52)] =
'J 1 fsinc(4 ) and

F[4]'l ( T 2) cﬂs{irfgr}:l = Be /U Pginc@(f — fo)) + 8¢/ ginc(d(f + fo))
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6) T(f) = Flsinc*(1)] = Flsinc(t)sinc(1)] = A(f) « [1(f). But

For
For
For
For
For
Thus,
.

The same result is obtain if we recognize that multiplication by  results in differentiation in the frequency

domain. Thus

8)

(s %] 1 _,I"+%
[(f) * A(S) = f ME)AS —8)do = ] " A - 030 = f Ay
= g -

3
f£*§=>1"{f}=ﬂ

3

1 1+ I
—5<fs=3=T(= [ Cw+ndv=Gt+v)
2 oy 2

F+i

2 3 9
so g Sl TR Lo
_2f+2f+s

1 1 0 f+4
——{f£~=>Tlif}=f (v+l}dv+f (—v+ Ddv
2 2 __* 0

1 , i 1 4 ik 353
_{iu +u]j__i+[—§v +u}l':1 =-f +E
| 3 ! ' I el
= e T B s o i
z{f 1=,~. (f)= f_{u+l}dv [21: +v]f—i 2f 2f+8
3
0 f£=s
i +3f+g —3<f=—3
T(f)={ -r*+} -i<f=}
P -§f+§ d=f=d
0 gt f

i L s Ny aer_1
Fltsine(t)] = H.?'-'[sm{m}l - [ﬂf + 2} a(f 2}]

Fltsinc] = E_E neH =L [tﬂf +=)—8(f — —‘.l]
Fltcos(2mfyt)] = J:r;f ( 8(f — fo) + 5[f+fu])

— 4i[5{f fo)+8(f + fo)
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Fle " cos(Br)] = : o + £
2{e2+@r(f— £ a2+ Qrf+£))

Flre ™" cos(Br)]

d o

mdf (a2 + fzntf -"”—n* @l + 2u(f + {L—nl)

[ 2am(f — -‘”—} i 2am(f + £) ]
+Qr(f —£9%) (@ +@x(f+ L))

blem 2.47

th= —x(t)+x(1) cos(2000m 1) +x(r) (1 + cos(6000m 1)) or x, (1) = x(r) cos(2000m 1 ) +x (1) cos(60007 7).
ag modulation property, we have X, (f) = X (f —1000) + X (f +1000) + 5 X (f —3000) + 3 X (f +
). The plot is given below:

Fl= (5{1 + -} + &t — —]}] f E{E{I + EJ+5{.* — 5”*’”'”’()’.’

(= 4]

A :
= S + e /™) = cos(n f)
Using the duality property of the Fourier transform:

X(f) = Flx()] = x(f) = FIX(-1)]




we obtain
| 1 1
Fleos(—mt)] = Flcos(nt)] = E[E[f ik B )

Note that sin(r) = cos(¢ + 5). Thus

1 1 1 1,
Flsin(r)] = Fleos(r(t + )1 = 5@(f + ) +5(f = Ene*””

2
1J el 1 TR 1
= —pdWE o I Ly g
=4 o 5{f+2}+2e S(f 2}
o B B, |
= zﬁifﬂl-z} 2SU" 2}

Problem 2.49
a) We can write x(¢) as x (1) = 2I1(%) — ZA(5). Then

Flx()] = f[zm_fal:u = J—'lzﬁ{%}l — 8sinc(d f) — dsinc?(2f)

b)

- zn(gy — A(D) = Flx(0)] = 8sinc(4f) — sinc2(f)

c)

Xy = f -rtiﬂe‘”“f’dr=f (r+ I)e'-”“f"d:+f (t — 1)e ™" "dy
: x :

=

; 0 ’ 0
sz il ! g i3St d_g-iamp
2o f 4m? f2 sy AT o
. 1 . 1
J 1 —jnfi J iy
=y e - —
+(znf +4fr3f3) T

b
= Hf(l sin(zr f))

d) We can write x(t) as x (1) = A(t + 1) — At — 1). Thus

X(f) = sinc*(fle!™ — sinc?( e ™ = 2jsinc?(f) sin(27 f)

e) We can write x{(r) as x(1) = At + 1) + A() + A{r — 1). Hence,

X(f) = sinc*(f)(1 +e/* + e 1) = sinc*(f)(1 + 2cos(2n f)

S0




gan write x (1) as

x(1) = [l'l (Ef'n{f - 4qu}) o | (qu(f = 4%})] sin(2m for)

 [iesine (L) et = e (L) o]
| X(f) [lﬁ,mm(iﬁ,)e 2ﬁ;51m ifu} e

*%Eﬁlif + fo) = 8(f + fo))

W PN W Frdey. L o ff—Ry (. F—1
= zfu“““( 2 )5'" (“ 20 ) sz'"“( 5% )“'“( 2fo )

lem 2.50
yolution theorem:)
Flx(r) = y(1)] = Flx))Fly)] = X(HY(f)

sine(r) wsinc(r) = F'[Flsinc(r) » sinc(1)]]
= F '[Flsinc(r)] - Flsinc(1)]]
= FUMAHNH] = F I

sinc(r)

lem 2.51

:&: n
Flx(n)y(t)] = f x(t)y(t)e ' dy

o0

- f (f ijeﬂ“”'da)y{z]e'ﬁ“ﬂm
-0 -0

f xw}(f y[r}f"ﬂ“”'”“dr)dﬂ

— —

o f X@)Y(f — 0)d8 = X(f) * Y(f)

(e )
pblem 2.52
a(+kTp) = Y x(t+kTy—nT)= Y x(t—(n—KT)
= —
= Z x(t —mTp) = x(1)
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Thus

I
ey | =0
gzt >0

Inthe case of o = 8

I
1
Tt < 0= yit) = e_‘”f et = Ee"”

—o
i i
ft<0=y@l) = eVt g § ey
—o [
_y ]
a eh;ezur + fe~
= Ea &
) Using the convolution theorem we obtain
0 3 <Ifl
Y()=INHASf)=1 f+1 —3<f=0
-f+1 0=f<}
Thus
|
3
Yo = Fril= [ rineas
0 ' : |
= f%{f+1}e””f’df+f (—f + DT figy
- o
= ( ! fgjh_ﬂ' + ! Ejzrr_,f'r 3 + 1 ejz:u_f: ’
Jj2me 4w 2t? 1 2 £
1 |
| S 1 3 3 1 3
2 J2mf1 2af J2mfr
(jsze # 4H2I2eur ) i ok jz:.-rrf i
1 1
= m[l —cosimi)] + %sin{m}
Problem 2.60

Let the response of the LT1 system be /(7) with Fourier transform H{ f). Then, from the convolution theorem

we obtain

Y(f) = H{(HX(f) = A(f)=TI{HH(f)

However, this relation cannot hold since TT{ f) = 0 for % < |f| whereas A(f) #0for 1l < |f| = 1/2.
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'.. I-' l
input T1(7) has a spectrum with zeros at frequencies f =k, (k # 0, k € Z) and the information
ctrum of the system at those frequencies will not be present at the output. The spectrum of the
rt) consists of two impulses at f = =1 but we do not know the response of the system at these

Ri(t) «TI() = TT(e) « TT(g) = AQt)
ha(t) = [1(t) = (T1(t) + cos(2me)) = [1(r)

1 1 i
Ar) + E'F_I [8(f — D)sinc®(f) + 8(f + Dsinc?(f)]

Alt) + %F" [8(f — Dsine®(1) + 8(f + Dsinc*(—1)]
Alt)

.fg;-- signals are candidates for the impulse response of the system.

w_(r)] = %5{ I+ ;:,I 7 Thus the system has a nonzero spectrum for every [ and all the frequencies
system will be excited by this input. Fle ™*'u_,(r)] = ﬁ; Again the spectrum is nonzero for all
response to this signal uniquely determines the system. In general the spectrum of the input must

h at any frequency. In this case the influence of the system will be present at the output for every

j
[sen(— )81 + fode’™ 5 — sgn(— f)d(f — fore /% |

: e . 1 SRTR —imf
FlA sin(2x for + 6] —Jsgn(f)A [—,—j.ﬁ(f + foye'™ T + 5730 — fole ’ Im}

A el s — 2T f
= ~Z[5 + e 4 a(s ~ fore 5]
= —AF[cos(2m fyt + )]

hus, A sin(27 for + 6) = — A cos(2m fot + 6)

_;__I e 2.63

Taking the Fourier transform of /27! we obtain

Flel2fit] = — jsgn(£)8(f — fo) = —jsgn(f)8(f — fo)

et = F[— jsgn(f)d(f — foll = —jsgn(fo)e ™"
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