(c) We have L i
aln)« ) gl = (3) "+ 8= 3

(zfn] » gln]) » h[n] = 0« hin] =0,

(el) + M) gl = ()" 1) » ol = .
k=0

(d) Let h{t) = ui(t). Then if the input is =, (t) = 0, the cutput will be g (t) = 0. Now if
z3{t) = constant, then (t) = 0. Therefore, the system is not invertible.
Now note that

¢ 0 ifzalf) = oWt
1£”"(’)“l={ o iz #0

t
Therefore, if lf Mti # o, then only z3() = 0 will yield ya(t) = 0 Therefore
- [T

the system is invertible.

2.72. We have L
alt) = Eu(t} « [6(t) — 4t -7
Differentiating both sides we get
d Leomy Lt
ot = U@« 6(t - T))
= %sm o [808) = 8(t = 7))
1
- E{&(t] - &(t-T))
273, For k = 1, u_1(t) = uft). Therefore, the given statement is true for k = 1. Now assume

that it is true for some k > 1. Then,

() = ult) su_xlt)

- [ = f;u_t(v)ﬂv
,rl—]

= j:(k__l—ﬂ, 120
7‘

3
= %ull).

k=1, 30
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3.5. Both z1(1 — t) and z,(t — 1) are periodic with fundemental period Ty = 2%, Since y(t) i8
» linear combination of (1 —t) and z,(t — 1), it is alsa periodic with fundemental period
Ty= :: Therefore, wy = wy.

Since z(t) 5, o, using the results in Table 3.1 we have
zy(t +1) cﬁl'ogcﬂﬂ‘”‘l
(e -1 &5, ape 2T o 2 (24 1) £, g_yemiMM)
Therefore,
sy(t+ 1)+ 21— 1) &S, g, k05T 4 gy 20T = ek (a; +ay)

3.6. (a) Comparing z,(t) with the Fourier series synthesis eq. (3.38), we obtain the Fourier
series coefficients of z)(t) to be

ﬂk:{ l'.i.ﬂk' 05 k<100

otherwise

From Table 5.1 we know that if =;(t) is real, then ax has to be conjugate-symmetric,
ie, ax = a',. Since this is not true for z,{t), the signal is not real valued.
Similarly, the Fourier series coefficients of z4(t) are

_ | cos(kx), 100 < k < 100
%=1 0, otherwise

From Table 3.1 we know that if z(f) is real, then a; has to be conjugate-symmetric,
i, ap = ab,. Since this is true for z5(t), the signal is real valued.
Similarly, the Fourier series cocflicients of z3(t) are
_ [ jsin(kaf2), 100 <k =100
PRS0 otherwise
From Table 3.1 we know that if z3(t) is real, then ay has to e conjugate-symmetric,
i, ap = a7, Since this is true for z3(¢), the signal is real valued.
(b) For a signal to be even, its Fourier series coefficients must be even. This is true only

for z5(2).
3.7.  Given that
(1) o
we have
dz(t =
olt) = _Z.(:—) o= ,k%c,.
‘Therefore,
GE = —L k#0
3{2x/T)k’
BT

Chapter 3 Answers
3.1. Using the Fourier series synthesis eq. (3.38),
z(t) = oy ETH 4 c-m“ﬂhﬂh + a2 4 age IHM/TI
= 2=/B) | g —i(2x/E) 4”58(?!.!‘)1 — 4femIUTx/BY

mas(E:) —sm(%‘is}
= 4ms(%t) + sm(:%'s + %)

3.2. Using the Fourier series synthesis eq. (3.95).
2in) = a0+ NIN 4 g og INININI 4 o GHEINN 4 g_ (g HHINIY
o] g HA) 2SIy =il 4] 252N 8
2SN 5 =3x/D) g =34(2n/N )
4n L 8 4
= 1+2Zoos(nt 3 +4ooe(Tn +3)
. Aw Ix . B7 G

= 1+ 2sin( 3 n+ T) +4sm(?n + -ﬁ—)

3.3, The given signal is
z(t) = 2+ %Cj(!-ma + %e-j{hmr N 25;&,1.'.:;:): + .b-e-,'(s.;.;};

. %,:m-mr 5 %e-nn-m: — 2B/ . gje-saRIO:

From this, we may conclude that the fundamental frequency of z(t) is 2xf6 = #/3. The
non-zero Fourier series coeffcients of z(t) are:

a=2 oe=a-2= as=aly = -2

L
3
3.4. Sineewy =, T = 2x/wy = 2. Therefore,

1
ay = = fs(l]e""'dt
24

Now,
_lf'lsdx ‘flm—u
o Biol vl i as v (St
and for k# 0
1 kmt 1f? jkt
= = o - o
ax 2101,5: dt 2,[11‘5’ dt
e, ij[l-—e—jkw]
3 ke g kT
T sin()
86
When & =0,
1
a = ?f—r :(g]a=% using given information
<>
‘Therefore,

o { 3 k=0
= b s
R k#O
3.8. Since z(t) is real and odd (clue 1), its Fourier series coefficients a; are purely imaginary and

odd (See Table 3.1). Therefore, ax = —a_y and ag = 0. Also, since it is given that a, = 0
for |k] > 1, the only unknown Fourier series coefficients are gy and a_;. Using Parseval's

relation,
1 o
B L = 3

for the given signal we have

2 1
3 0P = 3 ol

k==l
Using the information given in clue (4) along with the above equation,
jorff +leaf=1 = 2o =1

Therefore, 3
1
a = -a_ = ‘_._-ﬁj or a1 = =a-y = ___“Ji_;

The two possible signals which satisfy the given information are

1 . 1 )
1) = —— @A N (2
z1(t) 7% \/'Eje V2 sin(xt)

and
z(t) = —ﬁLjamf’" + -;%_e-ﬂ’*m' = VZsin(xt)

3.9. The period of the given signal is 4. Therefore,
1 5]
Sk -1 kn
ax q"z_:__n:[n]c
= i[ws«""?*]

This gives
a=3 a=1-2, ea=-1, a=1+2%
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3.10. Since the Fourier series coeffiecients repeat every N, we bave
ay =85, a;=a ,and goy=ay

Furthermore, since the signal is real and odd, the Fourier series coefficients a; will be purely
imaginary and odd. Therefore, ag = 0 and

8] = =Gy, ag=-a_z ay=—a_y

Finally,
6.1 ==j, aa=-23j, a3=-3

3.11. Since the Fourier series coefficients repeat every N = 10, we have a; = a;; = 5. Further-
more, since z[n) is real and even, ay is also real and even. Therefore, a; =a_; = 5 We are

also given that
1<
16 3 lelnl? = 50.
n=0
Using Parseval's relation,
z }0.&'3 = 50
k=<N>
s
Yl = 0
k==}

A
lail +laiP+af+ 3l = 50
k=2
L]
a+3 lal* = 0
k=2
Therefore, ax = 0 for k= 2,--- 8. Now using the synthesis eq.(3.94), we have

&
z] = 3 agel ¥An = Zu.e"ﬁ‘""
E= NS Es=a)
= 5t 4 gemitin
= wooe(-'sin)

3.12. Usiog the multiplication property (see Table 3.2), we have

3
ninfzaln) b5 mh-r=zdrh4
k=0

i=cN>
L aobe+ aibeoy + agby-g +asby_y
EE byt 2y + Wy 42

From the given information, we know that yln] is
5 x
cos(n+ 7)
” -
= m(§n+ :J
B %,Jt}uﬂ +§ ~i§a+5)

)

1 1
= elint§) 4 _J8Fn-3)
2:" i +2e-'
Comparing this with eg. (53.14-1), we have
H() = H(&™) =0

and
H(e'Y) = 2%, and  H(eMF) =271

3.15. From the results of Section 3.8,

vit)= 3 aiH(jkwg)e™ !
k=-co

where wy = ¥ = 12. Sinee H(jw) is zero for |w| > 100, the largest value of [k| for which
Jklwy < 100
This implies that |k| < 8. Therefore, for |k| > 8, o, is guaranteed to be zero.
3.16. (a) The given signal =, [n] is

ag is nonzero should be such that

Smub.'-Ii'nrl!lnlmofk.ithlhrthﬂb.+2h,_:+%._a+2b..3wiﬂbeﬁhlﬂ
values of k. Therefore,
zilnzafn] £5 6, for all k.

3.18. Let us ﬁmevﬂmthem:uiumeﬂiﬁmud:(:), Clearly, since z(t) is real and
odd, a, is purely imagicary aad odd. Therefore, ag = 0. Now,

i f' (L) eIk gy
8Jy

e d f' eseemig, 1 ° ianmng,
8y 8Js

= mEl=e
Clearly, the above expression evaluates to zero for all even values of k. Therefore,

a‘t={0, k=0,£2 44 ...

25 k=£1,43,45,..
When z{t) is passed through an LT[ system with f quency H(jw), the output
u(t) is given by (see Section 3.8)
o0
Vi) = 3 aH (Ghug)eitent

k=-oo
whﬁtwc-?,'e-%. Since ay is non zerv only for odd values of k, we need (o evaluate the
above summation only for odd k. Furthermare, note that

, )
Hijhn) = Hiik(r/4) = T

is always zero for odd values of k. Therefore,
y(t) = 0.

3.14. The signal z[n] is periodic with period N = 4. Its Fourier series coeficients are

E)
e = %Z:En]c'j¥h
n=l

1
= for all k

ﬁomtbermulnpmmedlnsmimuwekmwthuttheoutputy{n]isgivenby

3
yln) = E“H{,iﬂ'ﬂ)i}cﬂ(hﬂln

= 1He0)en 4 yareemyeem
+£H(e,{:'ﬂ|)‘ﬂ‘3.ﬁ] + %H(eﬂ']]eﬂ')

(83.14-1)
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Thudnn.lhmﬂ:whoukwmda[n}intbemgeogks 15 are
=1, a3=-(j/ g, (/e
Using the results derived in Section 3.8, the output y[n] is given by
18
win] = zuﬂtesmﬂs}’amﬂc)
=t
= 0-(j ;g},:'(-m,vt!-mx:)n' + It ﬂ)e-ﬂ’vmcxl‘?lﬂﬂmln

. 3%
= an(?n+%)
(c) The signal za[n] may be written as

o = [(3)" ot « & -4 = st

where g[n] = (1)" u[n] and rfn] = E §[n — 4k]. Therefore, y3|n| may be obained
k==oo
by passing the signal rn] through the filter with frequency response H(e), and then
convolving the result with gin].
The signal r{n] is periodic with period 4 and its Fourier series cocfients are

a = % for all k (See Problem 3.14)

Th::utput gln] obtained by passing r{n] through the filter with frequency response
H{e™) is




3.18 (a) By using an ﬁmihrmthmmdioplﬂ(nja[tbepuv'nmpmhhm.u
conelude that S is defintely not LTL
(b) The output in this case is gn] = £O7/7" = &-I(%/2m_ Clearly this violates the eigen
function property of LTI sy Therefore, §; is definitely not LTI
(¢) The output in this case is yafn] = 2l /2 — 203(x/2I%_ This does not violate the cigen
function property of LTI systems. Therefore, S5 could possibly be an LTI system.

3.19. (a) Voltage across inductor = L4,
Current through resistor = i%ﬂ
Input current z(t) = current through resistor + current through inductor
Therefore,
L dy(t)

z(t) = i +ylt).

Substituting for R and L we obtain
dylt) -
S ylt) = =(t).

(b) Using the approach outlined in Section 3.10.1, we know that the output of this system
will be H{jw)e?™* when the input is it Substituting in the differential equation of
part (a), ) i

JwH ()t + H{jw)et = &
Therefore,
1
1+ jw

(¢} The signal =(t) is periodic with period 2x. Since z(f) can be expressed in the form

H(jw) =

2(t) = Lednrann g Le-sansonn,
2 2
the non-zero Fourier series coefficients of z(1) are
ay=a = 1
1 -1 = 3

Using the results derived in Section 3.8 (see eq.(3.124)), we have
wlt) = e H(EE +anH(=jle™
| : N
- (lﬁ)(meﬂ + I_-'Ju )
(1/2VB) (e T+ e
(VB cost - )

n
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322. (a) () T=1l.ao=005=4gL k0.
-2<t<-1

(n) Here,
t+2,
() =1 1, —1<t<l

2-t, 1<t<2
T =6, 89 = 1/2, and
0, k even
‘”‘“{ A sin(3)sin(%),  kodd
(i) T = 3, @ = 1, and

o = g P sialhn /) + 2 Psalhn 3, k0

()T =2 00=—1/2, ax = § = (=1)*, K #D.
(v} T =6, wp = w/3, and ;
oy = SO5(2k/3) = conlkr/3)
Jkn 3
Note that ap = 0 and ag even = 0-
(vi) T = 4, wy = 7/2, a9 = 3/4 and
et gin(kn/2) + e=it*/4 sin(kn /4)

Gy = = k.
(b) T =2, 05 = gizbmyle =] for all k.
(¢) T=3wy=27/3,a0=1 and
—jwk(3 —fnk
on = 2 gin(2nk/3) + —— sin(rk).
nk wk
3.23. (a) First let us consider a signal y(t) with FS coefficients
_ sin(kx/4)
-0
From Example 3.5, we know that y(t) must be & periodic square wave which over one
period is
o =12
ve) —{ o, 1/2<li<?’

Now, note that by = 1/4. Let us define another signal z(t) = —1/4 whose only nonzero
FS cocllicient is ag = —1/4. The signal p(t) = y(t) + z(t) will have FS coefficients

o {0, k=0

4"_““"{ sar/t)  otherwise. |

Now note that ay = die’"/3%. Therefore, the signal z(t) = p(¢ + 1) which is as shown
in Figure 52.23(a).

3.20.

(a) Current through the capacitor = C{1.
Voltage across resistor = RC' g,
Voltage across inductor = LC—.I:’-P.
Input‘wlt.ags = Voltage across resistor + Voltage across inductor + Voltage across
capacitor.
Therefore,
dy(t)
z{t) = LCW'
Substituting for R, L and C, we have

LU O | ) = 50

d;
+ RC%‘) +ylt)

(b) We will now use au approach similar to the one used in part (b) of the previous problem.
If we assume that the input is of the form /!, then the output will be of the form
H{jw)e™, Substituting in the above differential equation and simplifying, we obtain

1
Hijw) s —————
() —w? 4 w1
{c) The signal 2(t) is periodic with period 2. Since z(¢) can be expressed in the form
Ly 1
o = Ladtamsme _ 1 —jienjany
=z(t) 3 25° )

the non-zero Fourier series coefficients of z(t) are

011“:|=2—j-

Using the results derived in Section 3.8 (see eq.{3.124}), we have
w(t) = aHG)E" —a H(=j)e™
= Gt - e
(=1/2)( + &)

= —coslt)
3.21. Using the Fourier series synthesis eq. (3.38),
2t) = BT 4o HETI 4 g 4 g _yeaS(0/T
- je-"[“"'m‘ [ je"‘"""':" 4 e A 4 Qeinl2n /BN
- _z;in(-}tnem{%"n
Tl o S
= 2@3(41 =/2) + 4 cos( ] 1),
94
x) 2ty
3y 1 ] - e
o H
‘0|‘£lq;‘puk ou':.'iqr'i.?-t*
A [4*)]
Figure 53.23

(b) First let us consider a signal y(t) with FS eocfficients

. in(kr/8)
* Qbew
From Example 3.5, we know that y(t) must be a periodic square wave wlich over one
period is
_Jy2 It] < 1/4
"m_{o, a<l)<2 *

Now note that ag = bye’™. Therefore, the signal z(t) = y(t + 2) which is as shown in

Figure 52.23(b).
(¢) The only nonzero FS coefficients are ¢y = al; = and a3 = a*, = 2;. Using the FS

synthesis equation, we get

() = a2 ,,_w—;':hﬂ'}n + agd T 4 g e= J2{2n/TH
J-e,i(il'ﬂ)l = je-j(h,’qn + Eje'“?"“" i 2J-=—)2(2’,t’ﬂt
B sin(-;-:) — 4sin(mt)

(d) The FS coefficients ax may be written as the sum of two sets of FS coefficients by and

cg, where
=1, for all &

and
{ 1, k odd
qn

0, keven
The FS coefficients by correspond to the signal

el
vty = 3 alt-4k)

k= =00

and the FS coefficients ¢, correspond to the signal

2(t)= Y IAG(e - 2%).

k=-o0
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Therefore, (c) Using the multiplication property, we know that

2(8) = y(0) + plt) = i Bt - 4k) + f: S/ — 2%), 2(t) = 2(0)y(t) D e = T aby

k=-oo k==c0 (==

5% (a) We b ‘Therefore,
3.24. (n ‘e have 1 1
1 2 ex=apeby = —48[k—2] - —d&[k+2]
ao-—%f tdt+%j (2—t)dt = 1/2. 4 e 4 W
o 1 This implies that the nonzero Fourier series coefficients of z(f) are 3 = ", = (1/47)

(b) The signal g(t) = dz(¢)/dt is as shown in Figure 53.24. (d) We have
2(t) = sin(4¢) cos(4t) = —sm(ﬂ:)
‘a&‘ 1 1 Therefore, the nonzero Fourier series coefficients of z(2) are ¢y = c.a = (1/47).
o 3.26. (a) If z(¢) is real, then z(t) = z*(t). This implies that for z(t) real a; = a* . Since this is
3 T z 3 TE not true in this case problem, z(t) is not real.
(b) If z(t) is even, then z(t) = z(—t) and oy = a_;. Since this is true for this case, r(t) is
P - - even,
(e) We have
dr(t ir
glt) = { ) 4246 _J.k“_r—llg.
i 83.24
Figure Therefore,
i 0, k=0
d as follows: = X
The FS caefficients by of 9(t) may be found as follows bx { ~k(1/2)¥l(2x/Tn),  otherwise
bn=%fldl—%fzﬂ’o Since by is not even, gt} is not even.
0
3.27. Using the Fourier senes synthesis eq. (3.38),
d
v e 172 2] = ag+ a4 g o mRRERININ 4 g ETNIN g emI42R /NI
by = E[ P Ef P = 24260 8m L g —ynfE —pldviSn o /3 g(BefE)n L —yu/3, (e 00
0 1

= Li-einy = 2+ 4dcas|(dxn/5) + /6] + 2cos|(8xn/5) + 7/3]
T 3 * g = 2+ 4sin[(4wn/5) + 2x /3] + 2sin|(8xn/5) + 5=/6]
() Note that

dz(t
glt) = { ) &5 = by = jkmay. 328 (a) N=T,
17447 gin(5nk/7)
Therefore, 1 ol 7 sin(xk/T)

S 1 - ink
b = =gl - e ™)

ag = ——
% k= (b) N =6, g, over one period (0 < k < 5) may be specified as: ag = 4/6,
3.25. (a) The nonzero FS coefficients of z(f) are gy ma_; = 1/2. 1 sin(23%)
—e-Tkf2
(b) The nonzero FS coefficients of z(t) are by = b7, = 1/2;. = ge % 1<k<s.
a7 98
(c) ¥=6. (d) We have
ar = 1 + 4cos(xk/3) — 2c08(2xk/3).
(d) N = 12, o over one period (0 € k < 11) may be specified as: a1 = § = af;, z[n] = Sln(—n+4)+sm(—n+ ) ( )
as == ‘——c,.m-!)olherm e w
7 = sin —n+—)+- sin{ n+-}+sm[ )
(e) N =4 : iy
& X! oy
ap=1+2(-1)(1- 72:)“{?)» This implies that the ponzero Fourier series coefficients of z[n] are co = cos{x/4)/2,
® a=cl,=e 2 g=cl,=e M4,
N=

3.31. (a) gln] is as shown in Figure 5$3.31. Clearly, g[n] has a fundamental period of 10,
o = 14+(1- —-f]hxx{—-] +2(1- 75)0:-{_)

k Ll
- 2(:+72-)m(T)+2(—1) +20m[ 5 ). g N I
s

3.29. (a) N =8 Over one period (0 Sn<T),

z[n] = 48[n — 1) + 4d[n - 7} + 4jd[n - 3] - 43é[n - 5).

(b) N = 8 Over one period (0 £n £7),

1 [ sin(d(p + 51} €'V sin{f(T - -”] .
% [ sin{3(F + §)} * sin{3(F - §)) Figure 53.31

zin] =

(b) The Fourier series coefficiennts of g[n] are by = (1/10)[1 - ¢~ 2(37/1018%]

N=80 riod (0 Sn<T), :
i verone pe ( : (¢) Since g[n] = z[n] = z[n = 1], the FS coeffcients ay and by must be related as

n 3xn
z[n] = 1+ (=1)" + 2eas(—) + 2oos(—=). by = o — e~HERNOK,,
(d) N =8 Owver one period (0 €1 <7), Therefore,
L3 B _ (/101 = i
Tn -
z[n] = 2+2m(?) +m(?) + EM(T) "1 - emazm0 1 — e-7an/ 10}k

3.32. (a) The four equations are
3.30. () The nonzero FS coefficients of z(t) areag =1, 01 = ey = 1/2.

(b) The nonzero FS coefficients of z(t) are b = b, = e™7*/4/2. fectorhez b=l aokiou—dre=juym)

(e} Using the multiplication property, we know that so—ay+a3—ay=2, ag-ja; —a;+jag= -1
2 Solving.wgelnn=1{2.01=-’—P.c;=—1.a;=--'-§1.
Fs,
z[n] = z(nrjy[n) — a = Z“l"&-!- (b) By direct ealeulation,

==2 oy = —J:ll + Qe Yhm _ e—jkal,.f:]_
4

This implies that the nonzero Fourier series coefficients of z[n] are cp = wos(n/4)/2,

oo e[, oy = et e/ yg This is the same as the answer we obtained in part (a) for 0 < k < 3.
A L, p=cly= .



3.33. We will first eval the freg of the system. Consider an input z(t) of |l_se
form &', From the discussion in Section 3.9.2 we know that the response Lo lhuf mput will
be y(t) = H{jw)er". Therefore, substituing these in the given differential equation, we get

H{jw)jwe™ + 46" = .

Therefore, i

H{jw) = ;u|_+_4
From eq. (3.124), we know that

o0
wt)= 3 o H (jkuwn)e?®t
k=—00
when the input is £(t). z(t) has the Fourier series coefficients a and fundamental frequency
wy. Therefore, the Fourier series ooefficients of y(t) are axH (Fkwn).

(a) Here, wy = 2r and the nonzero FS coefficients of z(t) are a; = a_; = 1/2. Therefore,

the nonzero FS coefficients of y(t) are
b =aH{j2n) =

. 1
by = g1 H(=j27) = @3

. Vi

2(4 + j2n)’

(b) Here, wy = 2x and the nonzero FS coefficients of =(t) are a; = a%y = 1/2j and
a3 = at, = ei"/*/2. Therefore, the nonzero FS coefficients of y(t) are

. 1 " g A
b= HUI) = gy b2 e RN = T

w4 y eIt
by = agH (j6r) = T 6’ by = a_sH(-jbm) = BT
4.34. The [requency response of the system is given by
Hio) = [ e Hetar = bk M
—co 44w 4 juw

(a) Here, T =1 and wy = 27 and ax = 1 for all k. The FS coefficients of the output are
" 1 1
be = aH Gkwn) = Tyt T g2k
(b) Here, T = 2 and wp = x and

_Jo k even
2% =11 kodd

Therefore, the FS coefficients of the output are
k even

0
bl _{ )
k= arfl (k) T i kodd

101

$.37. The frequency mponuoflbemmwhmﬂy:bvnwl_n

" 1 . 1
Hie*) s o= T~ T-2em
(a) The Fourier series coefficients of z{n] are

g i for all k.

Also, N = 4. Therefore, the Fourier series coefficients of y[n] are

i 1 1 1
b = ol = 5 [1 oy e i e e
(b) Tn this case, the Fourier series coefficients of z[n] are
= %[; +2cos(kn/3)], for allk.

Also, N = 6. Therefore, the Fourier series coefficients of y[n] are

; 1 1 1
b = apH(@2Y) = s+ 2cos(kn/3)] [1 TJeR - zc_,,,m]

3.38. The freq ¥ TESp of the sy may be evaluated as
H(e™) = P T P
For z{n, N = 4 and wy = 7/2. The FS coefficients of the input z[n} are
1
a =g for all n.
Therefore, the FS coefficients of the output are

by = ﬂjH(ch) = i[l - ei‘*'.lf= +¢—)'h'!?l_

3.39. Let the FS coefficients of the input be ax. The FS coeffients of the output are of the form
b = axll (G’M).

where wp = 27/3. Note that in the range 0 S k= 2, H(@*) =0 for k= 1,2. Therefore,
only by bas a nonzero value among by in the range 0 < kK < 2.

3,40, Let the Fourier series coefficients of z(t) be ag.

(c) Here, T = 1, wp = 2x and

1/2, k=0
a=4 0, keven k#0 .
malt/l)  kodd
Therefore, the FS coefficients of the output are
1/4, k=0
by = axH (Gkan) = 4 O - keven k#0
St/ (b + ), K 0dd
3.35. We know that the Fourier series coefficient of y(t) are be = H(jkuo)ax, where wo is the
fundamental frequency of z(t) and ay are the FS coefficients of z(t).
If y(t) is identical to z(t), then by = oy for all k. Noting that H(jw) = 0 for |w| > 250,
we know that H (jkwo) = 0 for |k] 2 18 (because wo = 14). Therefore, o, must be zero for
1k =18

3.36. We will first evaluate the f P of the system. Consider an input z{n] of the
form e“", From the discnssion in Section 3.9 we know that the response to this input will
be y[n] = H(e?")e?*™. Therefore, substituing these in the given difference equation, we get

H(E)e™ ~ T e (o) = 4.
Therefore,

. 1
HGu) =TT
From eq. (3.131), we know that
y[ﬂ] = E O*H(c;hk,rﬂ}e;}gz:m)n
k=<N>

when the input is z[n]. z[n] has the Fourier series coefficients ay and fundamental frequency
2 /N. Therefore, the Fourier series coefficients of y[n] are agH(e /Ny,
(a) Here, N = 4 and the nonzero FS coefficients of z|n| are a3 = e = 1/2;. ‘Therefore,

the nonzero FS coefficients of y[n] are

1 -1

2j(1 — (1/4)e-13=i4)’ 2j(1 = (1/4)ed¥=14)’
(b) Here, N = 8 and the nonzero FS coefficients of zln) are a; = a_; = 1/2 and a3 =

a2 = 1. Therefore, the nonzero FS coefficients of y(t) are

by = ﬂlH(C”"’r‘] = boa= d_|H(f_—9’"“J =

_ My _ 2 | - i _ 1
b=l = ey b1 = o = i ameT
1

iy
by = agH{e!™'?) '—""""'__(.l = (1jd]e_f’f=)'

T 1
ber = 0-e () = G
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(a) z(t = to) is also periodic with period T. The Fourier series coefficients by of z(t — to)

are

b = % f z(t — to)e P/ Thtgy
T

=3k{2= [T}ty
= £ T jx(r):“j"u'm"dr
T

e L

Similarly, the Fourier series coefficients of z(¢ + to) are
ey = M Moy,
Finally, the Fourier series coefficients of z(t — f5) + z( + to) are
di=b+e= c_'”ﬂ’ﬂ.lhﬂg + t'*m"n““oag = 2cos{k2rto/T)ax
(b) Note that £v{z(t)} = [z(t) + z(—1)}/2. The FS coefficients of z(~t} arc
1 )
= _pye—tki(2m Ty
by 7 .[r z(—t)e dt
-k f (r)ek T g
Tlr
= 0.4
Therefore, the FS cocfficients of £v{z(t)} are
=ty
===
(c) Note that Re{z(t)} = [=(t) + =" (t)]/2. The FS coefficients of z*(t) are

ag + Gk

1
= L[ pe(pyemiktz=rn
by 7 fr z"(t)e di.
Conjugating both sides, we get
= l]z(:)e"‘"m*m =a
Tir

Therefore, the FS coeflicients of Re{z(t)} are
_mktbe ok t+oly
- e 2
{d) The Fourier series synthesis equation gives

z(t) = i age! BTN,

k=-o0
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3.41.

3.42.

Dz&nmuh;buhﬁdum!t'iz,-egu

dz(t ot dxd
——-;£ ] = Z '-‘.’,-T-,a—qgt,thm“,
k=—og
By inspection, we know that the Fourier series coeflicients of d%z(t) /de? are ‘—kw‘;:—d*.
(e) The period of z(3¢) is & third of the period of z(t). Therefore, the signal z(% - 1)
is periodic with period T/3. The Fourier series coefficents of z(3t) aze still a;. Using
the ?m]ys'u of part (a), we know that the Fourier series coefficients of =(3¢ - 1) is
e~ ik(En/Th,,

Since ag = a_y, we require that z(t) = z(—t). Also, note that since g, = Giy, We require
that
z(t) = z(2)e=Ttn/ae
This ia turn implies that Z(¢) may have nonzero values only for ¢ = 0,£1.5, %3, +4 5,
0.5
Sinoef z(t) = 1, we may conclude that z(t) = &(t) for ~0.5 € ¢ < 0.5 Alsa, since
-0.5
/"':{z}m = 2, we may conclude that z(t) = 26(t — 3/2) in the range 0.5 = ¢ < 3/2
o s
Therelore, =(t) may be written as

() = i 5t — k3) +2 f: d(t — 3k - 3/2).

km oo k=-s0

(2) From Problem 3.40 (aad Table 3.1), we know that F§ coefiicients of z°(t) are a*,
Now, we know that is z(t) is real, then z(t) = z*(t). Therefore, a; = al,. Note that
this implies ag = ag. Therefore, ag must be real.

(b) From Problem 3.40 (and Table 3.1}, we know that FS coefficients of z(~t) are a.p. If
z(t) is even, then z(t) = z{—t). This implies that

ag = a.g. (83.42-1)

This implies that the FS eocfficients are even. From the previous part, we know that
if z(t) is real, then

a =al,. (53.42-2)

Using eqs. (53.42-1) and (53.42-2), we know that a; = a;. Therefore, a, is real for all
k. Hence, we may conclude that a is real and even.

(¢) From Problem 3.40 (and Table 3.1), we know that PS coefficients of z(—t)area.y. If
z(t) is odd, then z{) = —z(—t). This implies that

8y = —a_y, (83 42-3)
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wit)
1
S Az g
-1 ) I\J?. w +
=]
Figure 53.43

(d) (1) If a; or a_, is nonzero, then
2(t) = gu T L

and
2(t + to) = agyet? Flrw) 4

The smallest value of |to| (ather than [tg| = 0 for which e %% = | 1 the funda.
mental period. Only then is

z(t + o) = ay VT 4 = 2(p)

Therefore, ty has to be the fundamenta) period.

(2) The period of z(t) is the least common multiple of the periods of e1%(¢/T) 4n4
H@/TE. The period of e™3%/TH js T/k and the period of NI 4y T/l Since
k and | have no comman factors, the least common multiple of T'/k and T/ is T

The only unknown FS coefficients are ay, a-1, a3, and a_g. Since z(t) is real. a; ~ 0", and
@z = a%,. Since a; is real, gy = a_y. Now, z{t) is of the form

z(t) = A, cos{wyt) + Ag cos(Zwot + 6),
where wy = 27/6. From this we get
2(t — 3) = Ay cos(unt = 3up) + A3 cos(2unt + 0 — Gup).

Now if we need z(t) = —=z(t — 3), then Jwy and 6wy should both be odd multiples of .
Clearly, this is impossible. Therefore, G2=a_3=0and

2(¢) = A, cos{upt).
Now, using Parseval's relation on Clue 5, we get

O 1
Z lael? = Jay | + ooy = 7

k= oo
Therefore, |o;| = 1/2. Sinee 6, is positive, we have @y = a.y = 1/2. Therefore. z(t) =
coc{xt/3).
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This implies that the FS coefficients are odd. From the previous part, we know that if
x(t) i5 real, then 2

ay =al,. (53.42-4)

Using eqs. ($3.42-3) and (53.42-4), we koow that @y = —ai. Therefore, a, is imaginary
for all k. Hence, we may conelude that ax is real and even. Noting that eq. (53.42-3)
requires lhuue=~aq.wemyahumndudethum=l].

(d) Note that £v{z(t)} = [z(t) + 7(~t)}/2. From the previous parts, we know that the FS
coefficients of £v{z(t)} will be [k +a_s]/2. Using eq. ($3.43-2), we may wrile the FS
coefficients of Ev{z(t)} as [ex +af)/2= Refag}.

(e) Note that Od{z(t)} = [z(t) - z(~t)]/2. From the previous parts, we know that the FS
coeflicients of Od{=(t)} will be [ay — a_,]/2. Using eq. (53.43-2), we may write the FS
coefficients of Od{z(t)} as {ax — a1]/2 = jZm{a,).

3.43. (a) (i) We have
z(t) = Z apert ¥
odd &
Therefore,
H+ T/ = F gt F it
odd &
Sinee 7t = —1 for k 0dd,

2(t+T/2) = —=(1).

(i) The Fourier series coefficients of z(t) are

2 T
ay = if a(t)e=Thnt gy o lf Z(t)e™ 1ol gy
Tl Titr
1
= F/ [z(t) + =(t + T/2)e™ 4% | 1kwet 4
o

Note that the right-hand side of the above equation evaluates to zero for even
values of k if z(t) = —z(z + T/2).

(b) The function is as shown in Figure §3.43.
Note that T = 2 and wy = =, Therefare,

k even

0
°"={-J-},—+pz,1 k odd

(e) No. For an even harmonic signal we may follow the reasoning of part (a-i) to show that
z(t) = z(t + T/2). In this case, the fundamental period is T/2.

, e may lude that the FS coefficients of z(t) are

ag, k=0
Te = § By + iCy, E>0 .
By — jCy, k<o
(a) We know from Problem 3.42 that if z(t) is real, the FS coefficients of Ev{z(t)} are
Re{re}. Therefore,
a = ag,
We know from Problem 3.42 that if z(t) is real, the F§ coefficients of Qd{z{t)} are
JIm{m}. Therefore,

@ = By

- _{iG  kso
=5, 3“{-;‘0., k<o

(b) oy = @ and f = -g_,

(c) The signal is
u(t) = 1+ Evlz(t)) + %zu{zu)} - 0d{z(t)).
This is as shown in Figure $3.45.
Fi i
th " .
PP e ¥ x
v
- Ty = B % %
Figure 53.45

3.46. (a) The Fourier series coefficients of 2(t) are
1 y ;
G = = nﬂﬁ‘c":""b"'c_"‘""'dt
a2
= F X T eabnblh — (n 4 1)
"

Eﬂnbt—n



(b) (i) Here, To = 3 and wp = 2% /3. Therefore,

in(k27/3
- [%au: - 30) 4 36(k + 30)] » L’;:E%-’-
Shlition _ sin{(k = 30)2r/3) _ sin{(k + 30)27/3}
= T3(k - 30)2%/3 3(k + 30)2/3

and e430 = 1/3.
(i) We may express z2(t) a8
Zg(t) = sum of two shifled square waves x cos(20xt).
Here, Ty = 3, wn = 2n /3. Therefore,
1 _(k-sojianjn 80k — 30)2x/3} % o ika3002e/3) sin{(k + 30)2n /3}

A 9P (k — 30)2x/3 (k+30)27/3
1 _jtk-sayemsin{(k = 30)=/3) 1 (e+30)(x 3y Sin{ (k + 30)=/3}
+ 3¢ D T3 e+ 30)27/3

(iii) Here, To = 4, wg = n 2. Therefore,

Gk + €7 {sin kup — cos kuwo |
2N +{M):] -

- Em— - 40) + %J(k + m}] .

Simplifying,
Jl(k = 40)wg + ¢~ {sin(k — 40)uwn = cos(k — 40)uwn}]
B 41+ {(k - 40)wn}?]
51k + 40}y + e~ {sin(k + 40)wo — cos(k + 40)wo}]
41 + {(k + 40)q}?]

() From Problem 3.42, we know that by = a’,. From part (a), we know that the F3

coefficients of z(f) = z(t)y(t) = z(t)z*(t) = |=(2)]® will be

os o0
= Z by g = ): Galnak-
= -0 n=—00
From the Fourier series analysis equation, we have
1 2_-3(3n/Tolkt % .
ox = —] o ()@ Tkt = 5" anafke
ToJo nm-00
Putting k = 0 in this equation, we get

o[ -
%) EOFd= 3 o

n==o0
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(b} Here. i
vle] = Slefn) + (-1
Far N even, :
b= E{“&"‘“t—f;l-
For N odd,

oo | Hex+assn], Kk even
qk)_{zu. 2 o

3.49. (a) Th= FS coefficients are given by

1N'—l
e = ﬁzz[nlev’lw
n=0

(Nf2)-1 N=1

= e znje-i +le 2 zlnjei 5
N = n=Nf2
(~¥/2)-1 , - jei(M/2=1 an
= % z: ;[n]e"“’?! +¢N Z :[n+Nf2|¢'JLFL =0
n=l a=0
(Nj2)-1 e
1 - e”? —gizgh
= = z[nje g _ S z z[nje™?
N ,,Z_.n NS
= 0, for k even.

(b) By adoptiog 2n approach gimilar to part (a), we may show that

-1

il -4 = oy e

> moay ["z-u“ _ IR g itk _ 1R Y a(n)e J‘ﬁ‘l
0, fork=drrel

(¢) If N/M is au integer, we may generalize the approach of part (2) to show that

B-1 tad
—_— A Z{] _ eI g g +C-ﬂ'(M-I}'}:[n]g_JL.‘F'
L et

where B = N/M and r = k/m. From the above equation, it is clear that

ag=0, ifk=rMrel

3.50. From Table 3.2, we know that il
zn] LA
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3.47.

3.48.

3.51.

3.52.

Considering z(¢) to be periodic with period 1, the nonzero FS coefficients of z(1) are a; =
a_y = 1/2. If we now consider z(¢) to be periodic with period 3, then the the nonzero FS
coefficients of z(t) are by =b_3=1/2.

(a) The FS coefficients of z[n — ng] are
e :
&y = N E z[n— no]c_ﬂ'"""w
n=l -

N=1
1 Iwmgh .
- e =j2ank/N
e E_oz{n]c

= edmkm/N

(b) Using the results of part (a), the FS coefficients of x[n] — z[n — 1] are given by
Gy = ap — eIIEINgy = (1 - a~IT Mgy,
(¢} Using the results of part {a), the FS coefficients of z[n] — =[n — N/2| are given by

aw-ali-em={g, ki

(d) Note that z[n}+{n+N/2] bas a period of N/2. The FS coefficients of z[n|+x[n - N/2]
are given by
i

b = %Z [z[n] +zfn+ %]] e AEnkiN _ 9p,

n=0
for 0 < k < (N/2-1).
(e) The FS coefficients of z*[—n] are

N=1
gl . —jammk N _ e
ar = ﬁgo: [—nje 2N = o,
(f) With N even the FS coefficients of (=1)"z[n] are

N-1
. 1 o %
=g 3 an]em itz 5 =apwp

n=0

{g) With N odd, the period of (—1)"x[n] is 2N¥. Therefore, the FS coefficients are
N=-1 N=1
= % [E,iﬂ]e—;!ia{!—gzi + Z:[n}e"zi"'*izin-ﬂ!t"”)] )
n=0 n=0
Note that for k odd 52 is an integer and k — N is an even integer. Also, for & even,

k = N is an odd integer and e~7"(5=N} = _1. Therefore,
&= { awy,  kodd

0 keven
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then
(=1)"zpn) = IRV () FS, 6, o

In this case, N = 8. Therefore,

(~1)"zfn] 5 ay_s.
Since it is given that ep = =@x-4, we have

zln] = —(~1)"z|n].

This implies that z[0] = z[£2] = z[x4] = -+~ = 0.
We are also given that z[1] = (5] = --- = 1 and z[3] = 2[7] = —1. Therefore, one period
of z[n] is as shown in Figure 53.50.

?- Lg
sJ'
-1

Figure §3.50
We have +
e;df.!:fﬂnx[n] = & zln] = (—1)"z{n] 12} Bg—g
and therefore,
nal F$
(=1)"""aln] <= —ar_y.
If ay = —ag_y, then (0] = af[#2] = az[&4] = -+ = 0. Now, note that in the signal

pln] = zn — 1], pl+1] = p[+3] = --- = 0. Now let us plot the signal z[n] = (1 + (—1)")/2.
This is as shown in Figure 53.51.

Clearly, the signal y[n] = z[nlp[n] = pln] because pln| is zero whenever z{n] is zero.
Therefore, y[n] = z{n = 1}. The FS coefficients of y[n] are age 1@,
(a) If z[n] is real, z|n] = £*[n]. Therefore,

o=y zin|e PN = af.

From this result, we get b_p = b and ¢_p = —c;.
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o N
" o 1 z 3. 4 J n
Figure 53.51

(b) If N is even, then
anj = lez:[n]s”j"' = %Z{—l)"z{n} = real.

{e) If N is odd, then

(N-1)f2
zin] = z: qgc’.ﬂ"m']h
k=—(N=1)/2
(N=1)2 (N=1)2
= 2 el /N L ape”/2/NIR (From (a))
k=0 k=t

(N=1)/2 _ (N=1}/2
= &+ Z (b,,+3'q}e’“"m‘h z {b;-jck)e'-"(z"r“]""

k=1 k=1
(N-11f2
= ag+2 3. bycos(2mkn/N) = cxsin(2nkn/N)
k=1
If NV is even, then
=1
z[n] = zme"rhm’h

k=0
(v-2)/2 _
ay + (‘”““m:*‘z ‘Z ote;[‘br,f.l\ Jen +n~_.eﬂ"r"“"“' -kin
k=1

(N=2)/2
= ap+(-1"ane+2 z ﬂkej{z"m”n - dic-’(h‘m}k" (From (al)
k=1
(N-1)f2
ag + (=1)"apys + 2 z by cos(2mkn/N) = c sin(2mkn/N).
k=1
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(&) 1f N is even, then i

1 1

Bpppe = = :{n]c_’“ == zln)(=1)"
e N(;} N-§5

Clearly, ayys is also real if z[n] is real.
(b) If N i5 odd, only ag is guaranteed to be real.

3.54. (a) Let k= pN, p€I. Then,

N-1 N-1 N=1
alpN] = Zgj(h‘r"w“ = Ee’"’“ = ZI = N.
n=0 n=l n=0

(b) Using the finite sum formula, we have

1= e’i‘tk i’ N 7
a[k]=l—_-mi—_=l), ifk#pN.pel.
(c) Let
geN=1 i
alk] = H(Im/Nkn
b3
where g is some arbitrary integer. By putting k = pN, we may again easily show that

N1 CgeN-1 R
afpN] = z BT /N)pND _ Z R Z =N
ym; n=g n=q
Now,
N=1
alk] = ,_.:{?'rNJMEgtzrmu,._
n=0

Using past (b), we may arguc that a[k] =0for k #pN,p € &

3.55. (a) Note that

0, otherwise

Zm|ntmN] = { otherwise

Therefore, z(y[r) is periodic with period mN.

(b} The time-scaling operation discussed in this problem is a linear operation. Therefore,
if z|n] = vin] + wln], then, zm[n] = vmin] + wea[n]

(=) Let us consider

m—1 m=1
_ 1 jax fmN ko N _ L it2x/mN]kon (2x fmiin
gl = —3 ¢ = ¢ I};ﬂ,r‘
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;l§+N]‘ n=0%m, - ={:[%]. n=0Em

(d) If 65 = Axe™, then by = Acos(0;) and ¢ = Asin{f;). Substituting in the resull of
the previous part, we get for N odd:

(N=1)/2
aln] = ap+2 3. Acos(8)cos(2rkn/N) ~ ey sin(6y) sin(2kn/N)
k=1
(N=-1)/2
= a+2 Y, Agcos{z—--f;k + 6},
k=1
Similarly, for N even,
(N=1)f2
zfn) = ao(=1)lanp+2 3 Acos(Ok)cos(2rkn/N) - cisin(@k)sin(2rkn/N)
k=1
(N-2)/2
2rnk
ag+(~1\app +2 $ Ay cos{ ’:r‘ 48},

[}

{e) The signal is:
ylnl = defz[n]} — d.c{z[n]} + Ev{z} + Od{z} - 204(z}.

This is as shown Figure $3.52.

L/
[n) .
3’ 3 ]ﬂ; 2 1
"'-34_11 Rl R .
. o I 2 % A F n
=lh -
"t =Sy = e 119
Figure 53.52
3.53. We have 1
ax = 5 3 alnjen i/,
<N>
Note that ;
a = 3 zln)
<N
which is real if z[n] is real.
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This may be written as [From Problem 3.54]

et e)("f"‘")‘ﬂ“‘ n=0,+N 2N,
0, otherwise.
(83.55-1})

Now, also note that by applying time-scaling on z[n], we get

= {n]={ J2r/mN}een = 0, LN, X2N, -
{m} 0, otherwise. (53.55-2)

Comparing eqs. (53.55-1) and (S3.55-2), we see that y[n] = Z(my[n).

(d) We have
miN-1

1
by = — z :{m)[nle"’ﬂ"'m")h.
n=0
We know that only every mth value in the above summation is nonzero. Therefore,

N-1
1 :
= - 'mN kmn
b = _ﬁ“{n:,(m}[nm], 3(2x/mN)

N-i
- ;n'lﬁ 3 2y [nrmle 2/

n=0

Note that z(m){nM] = z[n]. Therefore,
1 N=1 Pradpre i
i ~j(2n/N)kn _ O
by =y E:[n}e =

n=0

3.56. (a) We have
z[n] £5 ay and z'[n] & &

Using the multiplication property,

afnla’ ] = el > Y ani.

=<N>
(b) From above, it is clear that the answer is yes.
3.57. (a) We have
N=IN=1
alnlyin} = 3, 3 axbie’ /M
k=0 l=0
Putting I' = k + 1, we get
(N=1) (E+N-T) _
syl = 3 Y exbeosed @,

k=0 =k
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But since both bp_y and ef37/N¥7 are periodic with period N, we may rewrite this as

N-LN=} N-1 [N=1 :
znlyln} = 3 3 axbrose @M = 5 [Em«.. (B INYn,
ey ' Lm0
Therefore,
N-1
= Eﬂh_»
s
By interchanging aj and by, we may show that
N-1
o= Zhﬂl—a-
k=0

() Note that since both a, and by are peroidic with period N, we may rewrite the above

summation as
=y obox = 3 o

EN> <Nz
{c) (1} Here,
N-ll
o= YWl -3+o-N + Blak-t-
=0
Therefore,

1 1
Gk = 30k-3 + FOke3-N-

(i1) Period=N. Also,

b = %. for all k.

Therefore,

p N

g = 1_\' 2 ar.
=0
(iii) Here,
By %{1 e IATKIY 4 it/

Therefore,

N-
1 = i
%= S+ e g e IRy
=0

(d) Perivd=12. Also,

zln} €5 0 = a0 = 1/2, Allothera =0, 0<k<1l

{c) Here, n = 8. The nonzero FS coefficients in the range 0 < k < 7 for z[n] are a3 = a =
1/2j. Note that for y[n), we need only evaluate by and bs. We have
by = b =
== ey

Therefore, the only nonzero FS eoefficients in the range 0 < k < 7 for the periodic
convolution of these signals are ¢y = Baaba and ¢s = 8aghs.

(d) Here,
5 1 [1 = eitamfT-mkjaid | _ gi(anfTemk/a)
zlﬂ] — g = E 1= e=3an/T—wkA) e 1 — e-ii3x/T4xk/a)
and e /2
FS, 1-1{1
D b = | ———
ylnl k=3 [1 = (1[2]3'-’"1”]
Therefore,

z{n] = znjy[n] £ Bauhy.

3.59. (a) Note that the signal z(t) is periodic with period NT. The FS coefficients of z(f) are

ut:..!_/ﬂr iz ]J(E-FPT) amilBnINT IRy
NT Jy =

Note that the limits of the summation may be changed in accordance with the Limits
of the integration so that we get

o = _Lf"r ﬁf:{ﬁ}ﬁ(t—,ﬂ"} o i(2R/NT Ik gy
Wk p=0 ;

tion and the integration and simplifying

Interchanging the

Nl

NT ‘
(1/NT) z:{p] f 8(t — pT)e~12n/NT)it gy
=0 b

®
[

N-1
(1/NT)Y " z[ple =/t

p=0

N-1
(/) [(UN)‘Zslple"“”"”*] :

p=0

Note that the term within brackets on the RHS of the above equation constitutes the
FS coefficients of the signal z{n). Since, this is periodic with period N, a must also
be periodic with period N.
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and
1 sinTxkf12 °

FS.
vinl & b = () ez

D<k<iL
Therefore one period of ¢ 15,

1 [sin{?sr(k - 2)/12} |, sin{7x(k = 10)/12} 0<k<ll

= 31 | snfr(k —9)/13) T sn{x(k—10)/12}

{e) Using the FS analysis equation, we have
N z agbe_t = E z[n]y[n)eH@x Nk,
=N <N>
Putting k = 0 in this, we get

N Z ab_y = E:in]y[ﬂ],

I=a N> N>
Now let y[n] = z*[n]. Then b = a?,. Therefore,
N Z o) = z z[n]jx"[n].
I=<N> <N
‘Therefore,
N Z jal? = E l=m)l".
t=cN> <N>
3.58. (a) We have
aln+ Nl = Zx[r}y[n +N-1].
<L>
Since y[n} is periodic with period N, y[n + N — r] = y[n = 7}. Therefore,
zln+ N]= Zzlr]y]n = 1] = z[n).
<L
Therefore, z[n] is also periodic with period N.
(b) The FS coefficients of z[n| are

a5 T T abeae

n=dN>katN>

== L 2 a“-ﬂaw\r z bn_gc'jz'["'”"w
k=<N> nroi s
1

= =N
N ﬂiNbi

= Naby.

118

(b} If the FS coefficients of z(t) are periodic with period N, then
Gy = Ap-N-
This implies that
2(t) = ()P /TIN,

This i5 possible only if z(t) is zero for all ¢ other than when (27/T)Nt = 27k, where
k € T. Therefore, z(t) is of the form

o0
z(t)= 3 glklé(t = kT/N).

k==oo

o0
(¢} A simple example would be 2(t) = 3" &(t — kT).
k==00
3.60. (a) The system is not LTL (1/2)" is an eigen function of LTI systems. Therefore, the
output should have been of the form K(1/2)", where K is a complex constant.

(b) It is possible to find an LTI system with this input-output relationship. The frequency
response of this system would be H (™) = (1— (1/2)e=3)/(1—(1/4)e™?*). The system
is unique.

(c) It is possible to find an LTI system with this input-output relationship. The frequency
response of this system would be H(e/™) = (1 - (1/2)e™%)/(1 = (1/4)¢?'). The system
is unique.

(d) It is possible to find an LTT system with this input-output relationship. The system is
not unique because we only require that H(el/®) =2,

(e) It is possible to find an LTI system with this input-output relationship. The frequency
response of this system would be H(e**) = 2. The system is unique.

(F) 1t is possible to find an LTI system with this input-output relationship. The system is
not unique because we only require that H(e/™/?) = 2(1 — &77/7).

(g) 1t is possible to find an LTI system with this input-output relatinnship. The system is
not unique because we only require that H(e™/) = 1 = jv/3.

(h) Note that z[n] and yy[n) are periodic with the same fundamental [requency. Therefore,
it is possible to find an LTI system with this input-output relationship without violating
the Eigen function property. The system is not unigue because H(e’*) needs to be have
specific values only for J(e/37/13%). The rest of H(e™) may be chosen arbitrarily.
Note that z[n] and y;[n] are not periodic with the same fundamental frequency. Fur-
thermore, note that yp[n] has 2/3 the period of z[n). Therefore, y[n] will be made up
of complex exponentials which are not present in z(n]. This violates the eigen function
property of LT systems. Therefore, the system eannot be LTL

—

3.61. (a) For this system,
() = - z(t).

Therefore, all functions are cigenfunctions with an eigenvalue of one
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(b) The following is an eigen function with an eigen value of 1:
z(t) = 3 5(¢ - kT).
k
with an eigen value of 1/2:

=(t) = 33048t~ kD).
k

The following is an eigen fi

The following is an eigen function with an eigen value of 2:
z(t) = 3 (2)*6(t — kT).
%

(&) If k(¢) is real and even then H{w) is real and even.
& o [HGw) |+ H(w)e™

et 3 | H(jw) |_, H{—juw)e™ ! = H(jw)e ™"

From these two statements, we may argue that
1, s = = .
cas(wt) = gle™ + e - [HGw)] - Hijo) cos(et)

Therefore, cos(wt) is an eigenfunction, We may similarly show hat sin{wt) is an eigen-

and

function.
{d) We have
e) - — Aglt).
Therefore,

'
Adlt) = j ${r)dr.
Differentiating both sides wrt £, we get
A¢'(t) = #(t).

Let ({0} = ¢y. Then
#(t) = doet?.
3.62. (a) The fundamental period of the input is T' = 2. The fundamental period of the input
is T = m. The signals are as shown in Figure 33.62.
{b) The Fourier series cocffients of the output are
o 2D
k= - Ak
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Therefore, the system is linear.
Now consider
z4(t) = z(t = ta) = wa(t)-

We have
dlz(t - to) dz(t to)
= 1 —
wlt) =" — g #y(t —to)
Therefore, the system is not time invariant.
(¢) For inputs of the form $x(t) = t*, the output is

y(t) = K5 = K (1)

Therefore, ¢x(t) are eigenfunctions with eigenvalue A, = .
(d) The output is
ylt) = 103710 + 3¢ + BLL
365. (a) Pairs (a) and (b) are orthogonal. Pairs (c) and (d) are not orthogenal.

(b) Orthogonal, but not orthonormal. Am = 1/wn.
(c) Orthonormal.

(d) We have = (imene 1)
+ m=n)2r _
iy = grangT g . Gim-mleote T -
L e il T )

This evaluates to 0 when m # n and to 3T when m = n. Therefore, the funclions are
orthogonal but not orthonormal.

(e) We bave
T 1 T
[ et = 5[ lst0r+ -l - st
- =T
17 17,
= i'[_rzz{t)df = aj’_Ti (=t)dt
= 0
(f) Consider

f J;r"*“’ ﬂﬁ (t)dt = \,n- f j s8] (1)dt.
This valuates to zero for k ¢ I For k=1, it evaluates to Ag/Ax = 1. Therefore, the

functions are orthonormal.
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Figure 53.62

(c) The de component of the input is 0. The dc component of the sutput is 2/m.

3.63. The average energy per period is
A 24 — 2 _
- fr J()f2dt = E‘:|ak| =3e

We want N such that

N=1
Yl =001

-N+1
This implies that
1-20%" +20° _ 1+0?
1-a? Tl1-a?
Solving,
N= log[1.45¢® + 0.95]
2loga '
and
L2 SR o) L8
1 4

3.64. (a) Due to linearity, we have
ylt) = ¥ o dedill):
k

(b) Let
i (t) — g(t) and  za(t) — walt).
Also, let
z3(t) = axy(t) + bra(t) —+ yalt).
‘Then,
wl(t) = Clar"(t) +bra"(2)] + tlazi(t) + 422 ()]
= aylt) + bya(t)
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(g) We have
L]
f lz(0)Fdt = f 2(t)z" (t)dt
i f Sadi()) o (0)dt
L )
b
- 33 i j A6 ()t
[} .
= Yl
(h) We have

W) = [ KT

[ amsyinrar
= S;—1fori=jand0fori#j

3.66. (a) We have
'] N N
E= f [:(t) -3 a,,mq] [:'{8}— ¥ a;¢;(r}] dt
“ k==N k=-N
Now, let a, = b; + je;. Then

% =0= f¢;(z)={:)d¢ + 2 - ]jﬁ,[t]z‘(t)d:
and . N
% =0= ;f@(:):‘(:)a + 26 —5L S ()z()dt.
Mutliplying the last eq; by § and adding to the one before, we get
2b; + 2jei = Zfz{t}qi'(!)d!,
This implies that

«= [=oe e

{b) In this case, a, would be
1t
= 1 [ =0 a.



(e) Choosing

1 To fhsot
G = — :(t]e_’ dt,
ToJs

Y

E:[ z(t) - inwei“""'l dt.
Ta

k==N

we have

Putting $£ = 0, we get .
= — | z(t)e irde.
Es

(d)ag=2/m,ay =63 =0,82= 2(1 - 2v/2)/m, ag = (1/7)2 ~ 4 cos(x1/8) + 4 cos(37/8)].

(e} We have

/0 . D feil0))I=(8) ~ > aidilt)]dt

Tai [ s

3 0

pREE / g0 (t)de
Eﬂ:'ﬂn = Z‘l" a =0

1 1
(f) Not orthogonal. Example: j; dalthda(t) = ./; ti=1#0.
(g) Here, .
a,u—_-f e'gp(t)dt =e~1.
o

(h) Here, (t) = ap + e1t. Therefore,
i
E= j (¢! — ap — ayt){e' — ag — ayt)at.
0

Setting OE/8ag = 0 = 8E{8a, we get ag = 2(2e — 5) and a1 = 6(3 — ¢).
3.67. (a) From eq. (P3.67-1) and (P3.67-4), we get

Z j2rnby(z)e? ™ = k’ E a"’“(‘iénm

n= -0

Equating coefficients of &*™™* on both sides, we get
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¥
<

@ @-ii)

@- Figure S3.68

(e) We have

‘E fzln)? = }:m{rnlzamg[nl

n=MN n;-.-N'. =1

- zzqaizéilnl¢.{nl

t-ll— n=MNy

= ‘ZZM,‘A 8li — K] = zla.lzﬁ-,

kmli=1

(d) Let g, = & + jei. Then

E = z [z{n]l* + }:(h’ + A - E xlan(h - je)eiln]

.._n, =1 n=hy =l
- Z :r'[n]z{b,' + je)ilnl
n=Ny =l
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(b) Since s* = 4xjn/k?, 1
2/mnel/t
= —
k
Forn >0,

_ V2rn(l +3)
=—
is a stable solution. For n < 0,
_W2xn|(1 - J)
k
is a stable solution. Also, b,(0) = a, and

ane—VIm(I+ie/k n=0
balz) = { "e—JlenTm—ﬂ:f‘ll nel
(<) bo =2 by = (1/27)e A" by = —(1/2j)e= 1=,
T(k\/x]2,t) = 2+ e " sin(2xt — 7).
Phase reversed.
3.68. (a) 2(6) = r(f) cos() = r(0)e’® + 4r(0)e". If

oo
z(8) = 3 b,
=0

then be = (1/2)arsr + (1/2)ae-1-
(b) 2(8) <2 by Then z(8) = r(8 + x/4). The sketch is as shown in Figure 53.68.
(¢) by = ag. Rest of by is all zero. Therefore, the sketch will be a cirele of radius ag as

shown in Figure 53.68.
(d) (i) r(6)=r(=8). Even. Sketch as shown in Figure $3.68.

(ii) r(6 + kx) = r(8). Sketch as shown in Figure S3.68.

{iii) (8 + kw /2) = 7(0). Sketch as shown in Figure S3.68.

N N
3.69. (a) E éelnldiim] = 3 dfn — klé[n — m]. This is 1 for k = m and 0 for k # m.

=—N
Thmiorc oﬂhugon;]
(b) We have
rEN=-1

. aermrceom [ 1= e2eEmm 0, k#m
> Sulnlénfn] = /@ /Nira-m) [ml ={ N

Therefore, orthogonal.

Set OE/3b, = 0. Then

N
b= 247 {E {zlnldi[n] + = [ﬂ]o‘&[ﬂll] Re { 2 tlﬂld':[rll} :
n=Ny n=Hy

Similarly,
1 !
G=Im { > ={f_q¢:;n]] 2
1 n=N;
Therefore,

o = b+ jei = --_- z z[n¢i[n]-

n=N

() ¢i[n) =8[n - i]. Then, .
=Y zlnjéln -1 = =il

n=N;
3.70. (a) We get
g 1 gty
= L L
Gy Tlr'!L -/0 z(ty, t2)e € dtydt;
(BY(i) i =1, Te=x a, =1/2, a_;_, =1/2 Rest of the coefficients are all zero.
(ii) Here,

» 1/(m*mn), m,n odd
o= , otherwise ~

3.71. (a) The differential equation f,(t) and f(t) is

Toar A= ).

The frequency response of this system may be easily shown to be

j 1
109 = TR

Note that for w = 0, H(jw) = 1 and for w = o0, H{jw) = 0. Therefore, the system
approximates a lowpass filter.
{b) The differential equation fy(t) and f(t} s

dfn(‘) g f (1) = :ﬂ(t}
The frequency response of this symm may be mnly shown ta be
A Ju
RG) = k7B

Note that for w = 0, H(jw) = 0 and for w — oo, H{jw) = 1. Therefore, the system
approoximates a highpass filter.
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