Chapter 2

2.1-1 Let us denote the signal in question by g(t) and its energy by E,. For parts (a) and (b)

2w 1 2n 1 2w
E, = sintdt = = dt - = cos 2tdt=x+0=m
/] 2 0 2 1]

4% 1 4r 1 47
(¢) Eg= sintdt = = dt — = cos2Adt=n+0=n
a
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(d) E, = / (2sin )2 dr =4 [-,;/ dt — ;,-/ cos 2t dt] = 4[m + 0] =4r
[ 0 < Jo

Sign change and time shift do not affect the signal energy. Doubling the signal quadruples its energy. In the
same way we can show that the energy of kg(t) is k°E,.

21-2 (a) Ee=0)2r=2  Ey= [J7dt+ [ (-1)%dt=2

1 2
Eryy = / (Q)Zdt =4, E;-, =‘-/ (2)2111 =4
0 1

Therefore Ex4, = Ex - E,.

2 r n/2 g In,2 ) 2x
(b = / (1)2dr+/ (~1)%dt = 2x. E, =/ (1)2(”4-/ (-J)’d:+-/ u)‘m+/ 1=1)% = 2n
Jo - 0 Jmf2 B JAR2

/2 Iw/2 2%
Ez,,=/ (2)7dr+/ (0)’dr+/ (-1)%dt = 4n
o] ” 3

/2 /2

Similaily. we can show that E;_, = 47 Therefore Exz, = E. + E,. We are tempted 10 conclude that L., =
E. ~ £, in general. Let us see.

re/d ” ”
(¢) E: =/ (1)2dr.+/ (-1)%dt =% E, =/ (Wt ==
0 r/4 0

n/4 ar ~/4 »
Eiv, =/ (2)°dt +/ 02dt =% E.-, =/ (0)%dt +/ (—=2)%dt = 3r
<] n/4 [+] nsd4

Therefore. in general Ez3, # Ex + E,
2.1-3

1 To 2 2 CZ To
= w— ! t [*) f = w— 2 t 29 dt
Py s [) C* cos*(wot +8)d T, '/o‘ {1 + cos (2wot + 26)]
C'J Ta T . C2 C_\?
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2.1-4 This problem is identical to Example 2.2b. except that w; # w2. In this case. the third integral in % (see p. 19
is not zero. This integral is given by

T/2
3C, s ‘
Iy = lim 2¢, "/ ¢0s (w1t + 01} cos (wit + 82)dt
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_ T/2 T/2
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= lim

;] = {77 cos(f) — A7)} + 0 = C1C3 cos(fy — B2)
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Therefore

)
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P, = + + C1C2 cos{f, ~ 82)
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2.1-5
1 ? . 1 [?
Po== | (M2t =64/7 (a) Poyg=2 | (—t*)dt =64/7
4/, 3/,

2 2
(b) Pzy = % f (2t7)%dt = 4(64/7) = 256/7  (c) Peg = 1_ / (ct®)2dt = 642 /7
-2 -2

Sign change of a signal does not affect its power. Multiplication of a signal by a constant « increases the power
by a factor ¢?.

2.1-6
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(a) Po=—= | ("2t == e"tdt= =1 —e77]
" T T
‘ o [}
1 ” 1 n/2
(b) Po==— | viit)dt= dt = 0.5
LN 2 J .
i Ta/2 1 To/2
() Py== wi(t)dt = = [ dt =1
To Joror2 To J 12
(d) P,:l/ (£1)%dt =1
4 -2
2r ~
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(e) -P,--Q-;-‘/o (2—;) dt= 5
2.1-7
1 T/2 1 T/2 s
Py = lim ?/ alh)g’indt = lim T/ S bupteet et at
—_— . e % -

Ti2 T/2 k=mr=m

;;, The integrals of the cross-product terms {(when k # r) are finite because the integrands are periodic signals
(made up of sinusoids). These terms. when divided by T — oco. vield zero. The remaining terms (k = r) yield

1 . -
Py = ,lgnjj Yo iDldr= 3 1Dkl

-T/2 k=m k=m

2.1-8 (a) Power of a sinusoid of amplitude C is C?/2 [Eq. (2.6a)] regardless of its frequency (v # 0) and phase.
Therefore. in this case P = {10)?/2 = 50.
(b) Power of a sum of sinusoids is equal to the sum of the powers of the sinusoids [Eq. {2.6b)]. Therefore. in

this case P = U902 4 082 — 178,
(c) (10 + 2 sin 3t) cos 101 = 10¢os 10t + sin 13t — sin 3¢. Hence from Eq. (2.6b) P = Q—gﬁ +3+3=5L
(d) 10cos 5t cos 10t = 5(cos 5¢ + cos 15¢. Hence from Eq. (2.6b) P = %2-2- + 5—?: = 25.

(e) 10sin 5t cos 10t = 5(sin 15/ — sin 5¢t. Hence from Eq. {2.6b) P = Q%Z + 1;;)—2 = 23.
(f) ~®' coswot = 4 [r'-’(°*""°)' + ("'(""’°)']. Using the result in Prob. 2.1-7. we obtain P = (1/4) + (1/4) = 1/2.

~ o
E, = / (e dt = ] e = oo
-~ -

1 ty2 1 [T
Py= i -~ .~ ¢ It 1 - e~ dt = oc
=T /:T/._,(r ) T /;1./.., o

2.2-1 For areal n

For imaginary 2. let a = jr. Then

y [T ' | [T
/ (e dt = lim = / dt =1

P, =llimiran =
T J. 12 T—~T [ 12




Fig. $2.3-2

Clearly. if o is real. ¢~°! is neither energy not power signal. However. if a is imaginary, it is a power signal with
power 1.

2.3-1
(N =gt -1 +g:(t=1). ga(t)=g(t —-1)+g{t+1). g¢(t)=9(t=035)+g(t+0.5)

The signal gs{t) can be obtained by (i) delaying g{f) by 1 second (replace t with t — 1), (ii) then time-expanding
by a factor 2 (replace t with 12). (iii) then multiply with 1.5. Thus gs(t) = 1.59(% -1).

2.3.2 All rhe signals are shown in Fig. $2.3-2.

2.3-3 All the signauls are shown in Fig. §2.3-3
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Fig. 82.3-3

2.3-4
. 1y ¥}

E.y= / [—g(t))? dt =/ A(t)dt = Eg.  Eg(-y =/ lg(-1)]* dt =/ g lr)dr = Eg
o ew da ¥ - -
. a - » 2 o 2 1 . 2
Egie-my =/ lalt = T)"dt =/ g*(x)dr = Eg.  Egan =/ lg(at))” dt = ;/ g°(r)dr = Eg/0
Y ] ~ " ~) N
Egat-6).= / {g(at - n))?dt = - / g {r)de = Egfo. Fguray = / lo(t/a))* dt = a/ 9*(r)dt = aE,

e X ~
Eapey = / iag(t))® dt = a“/ ¢*()dt = a°E,
-

2.4-1 Using the fact that g(r)4(r) = g(0)(7). we ha‘vc
(a) 0 (b) 34(w) (c) 3a(1) (d) -$8(t-1) (e) go(w+3)  (f) kd(w) (use L’ Hoépital's rule)

2.4-2 In these problems remember that impulse #(r) is located at z = 0. Thus. an impulse 6(t - 7) is located at 7 = 1.

and so on.
(a) The impulse is located at = =1 and g(7) at 7 =t is g(t). Therefore

3




2.4-3

2.5-1

2.

2.

[

5-2

5-3

.5-4

/ alT)b{t — 1) dr = g(t)

LY

(b) The impulse A(7) is at 7 = 0 and g(! — 7) at 7 = 0 is g(t). Therefore

/"' 8(r)g(t - T)dr = g(t)

~

Using similar arguments. we obtain

()1 (d)0 (e)c® (£)5 (g)g(-1) (h) —e?

Letting n? = 7. we obtain (for a > 0)

/_ o(1)a(ar) dt = é/m #(2)8(x) dz = i—¢(0)

~ -

Similarly for a < 0, we show that this integral is —£-¢(0). Therefore

/ o(1)b(at) dt = —-6(0) = _1_/ o(1)b(t) dt
.y lal lal J_..,
Therefore
1.,
blat) = —8(¢t
) o] )
Trivial. Take the derivative of {e'? with respect to « and equate it to zero.

(a) In this case E; = fol dt = 1. and

1 n 1 [}
,'=-E-z-./o g(f):r(!)dt::;[) tdt =05

(b) Thus. g{t) = 0.57(¢). and the error r(t) = t — 0.5 over (0 < t < 1). and zero outside this intervai. Also Ey
and E. (the energy of the ervor) are

1 1 1
E,-_-/ g"’(f‘)dt:/ t*dt =1/3 and £.=/(r—0.5)’dz=1/12
0 o} o]

The error (t - 0.5} is orthogonal to r(1) because

)
/ (t=05)1)dt =0

[¢]

Note that E, = ¢®E; + E.. To explain these results in terms of vector concepts we observe from Fig. 2.15
that the error vector e is orthogonal 10 the component x. Because of this orthogonality, the length-square of
g ienergy of g(1)] is equal to the sum of the square of the lengths of ex and e [sumn of the energies of < () and

().
. 12 1.2
In this case E, = [ g*(Ndt = [/ 1?dt = 1/3. and

1 H
,,-_—__]-/ ;r(t)g(t)df.—.(i/ tdt =15
Ey i} [}

Thus. 7(¢) = 1.5g(¢). and the error e(t) = 7(1) — 1.59(t) = 1 -~ 1.5t over (0 < t < 1). and zero outside this
interva). Also E. (the energy of the error) is E, = fol(l ~-1.51)%dt = 1/4.

(a) In this case E; = fo1 sin®2xt dt = 0.5, and

1 1
o= —E%;/; g(t)x(t)dt = -0-13/0 tsin 2wtdt = ~1/n

(b) Thus. g(t) = —(1/a)r(t). and the error e(t) = t + (1/7)sin 27t over (0 < t < 1). and zero outside this
interval. Also E, and E. (the cnergy of the error) are

4
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2.5-5

2.5-6

1 1 1 ) 1 1
Eg = /0 gi(r) dt = /o t?dt=1/3 and E. =/0 [t = (1/m)sin 2xt]* dt = 357
The error |t + (1/x)sin 2%} is orthogonal to x(f) because
1
/ sin 2xtft + (1/7)sin 2nt]dt =0
0

Note that Eg = ¢*E, + E.. To explain these results in terms of vector concepts we observe from Fig. 2.15 that
the error vector e is orthogonal to the component cx. Because of this orthogonality, the length of f (energy of
g(1)] is equal to the sum of the square of the lengths of ¢x and e [sum of the energies of cx(t) and e(t)].

(a) If v(t) and y(t) are orthogonal. then we can show the energy of z(t) £ y(t) is Ez + Ey.
/,, () £ y(OP dt = /m jr(t))? at + /w lw(t)? dt & /,.. =)y (t) dt :t[ 77 (t)y(t) dt (1)
- [ e de+ / " R e (2)

The last result follows from the fact that because of orthogonality, the two integrals of the cross products
x(#)y*(t) and " (#)u{t) are zero [see Eq. (2.40)]. Thus the energy of =(t) + y(t) is equal to that of (¢} — y(¢) if
x{t) and 5(f) are orthogonal.

(b) Using similar argument. we can show that the energy of c;x(t) + cay(t) is equal to that of o1 z(t) — cay(t) if
2(t) and y{t) are orthogoual. This energy is given by ey [2E, + f"2|25y-

(c) If z(t) = 2(t) = »(t). then it follows from Eq. (1) in the above derivation that

E= = E: + Ev j: (E:y + Ey:)

g1(2.-1). ga(-1.2). gal0.~2), g4(1.2). gs{2.1), and ge(3,0). From Fig. 5§2.5-6. we sec that pairs (g3.g¢).
(g:.84) and (g2. gs) are orthogonal. We can verify this also analytically.

'

X;G
-

gig. 82.5-6

grgs=(0x3)+({(-2x0)=0
€ ga=02xD+(-1x2)=0
g Bs=(-1x2)+(2x1)=0

We can show that the corresponding signal pairs ave also orthogonal.

/"“ ga(Ngs(t) dt = / .[——:rg(f)][3:171(t)]d' =0

w -

/‘* g1(t)ee(t)dt = /)“ (273 () = r2()}[r1(2) + 272(t)}dt = 0

e

/m g2(t)gs(t)dt = /»,& [=x3(t) + 2ra(t))f27: (1) + m2(1)]dt = 0

s ~

o




2.6-1

1)

(3)

2.8-1

In deriving these resnults, we used the fact that f:“’m 22dt = f_’; r3(t)dt = 1 and f:; mi(t)za{t)dt =0
We shall compute ¢, using Eq. (2.48) for each of the 4 cases. Let us first compute the energies of all the signals.
1
E:= / sin?2rxtdt = 0.5
0

In the same way we find Ey, = E,, = Egy = Eg, = 0.5.
Using Eq. (2.48), the correlation coefficients for four cases are found as

1 1
1 . 0 . p = . - &l ] ’ - _1
N ] ./(; sin 27tsin dntdt =0 (2) m‘/o (sin 27¢)(~sin 27t) d
! 0.3 1
707 si t= 707sin 27tdt — | 0.707sin 2nfdt| = 1.414/7
m/; 0.707sin 2mtdt =0  (4) m[/o 0.707 sin 27 /M ] /

Signals () and g2(t) provide the maximum protection against noise.

Here Ty = 2. so that wp = 27/2 = 7, and
2 V)
q(t) = ao + Za,. cosnwt + by sinnwt -1<t<1
n=l
where
1
A 1 2 1, 4§-1)" 2 2 . _
no=§/:li dt=§. nn=§/_li cosmridr—Tz-;—z—. bn—‘,—; ~lt sinnwtdt =0
Therefore

=
1 4 = (=17
9(1)=§+;§l —5— cosnt —1<t<1
n=

Figure $2.8-1 shows g(f; = 12 for all t and the corresponding Fourier series representing g(1) over (-1.1).

get) | P
z

- | +> -3 =2
Fig. $2.8-1

The power of g(t) is

Moreover. from Parseval's theorem {Eq. (2.90}]

~ 2 " o ‘ n\ 2 w
=2 G (1Y 41 A=nm\ 1 81 1 8]
P”‘C°+ZT’(§)+22(1:2"2 _9+1r‘2:xn4 37905

1 nael n=

(b) If the N-term Fourier series is denoted by #(/). then
N-1
1 4 - ..
r(f)=§+-1ﬁ = cosnt -1<1t<1




For N = 1. Py = 0.1111: for N = 2. Py = 0.19323, For N = 3. Pz = 0.19837. which is greater than 0.198.
Thus. N = 3.
2.8-2 Here To = 27. so that wo = 27 /27 = 1. and
g(f)=ao+2a,,cosnt+b,.sinnt —-a<tsmw
n=1
where
L3 " . L4 2 _1\yn+l
ao=-l- tdt =0, a..=—2- tcosntdt =0, b,,:-z— tsinntdt:-(—-—l-z—
2r J_. 2z J_, 2 J_. n
Therefore
9{r) = 2(— 1)"“2—5\:1171 —r<t<w
n=l
Figure 52.8-2 shows g(t) = t for all ¢ and the corresponding Fourier series to represent g(t) over (—, 7).
g ) PLed
19 IR
“K < t>
T
Fig. S2.8-2
The power of glt] is
1 T w2
T —— t = —
P ” ‘/_,r )d 3
Moreover. f1om Parseval's theorem [Eq. (2.90))
2 Iv= 4 — 1 =
= 2 4 - = = —_—= 0 — i —
v £E TS
{b) If the N-term Fourier series is denoted by r(t). then
T{t) = 2{~ ""’lz—s-nn-rt ~n<t<n
n=l
The power P, is required to be 0.90 x %’?- = 0.372. Therefore
1%~ 4
=3 m*
For N =1 Pr=2for N =2 P =25 for N=5 P:= 2927 whichis less than 0.372. For N = 6, P; =
2.9425. which is greater than 0.37%. Thus. N = 6.
2.8-3 Recall that
To/2
ag = T g(t)d (1a2)
~To/2
2 To /2
ap = —/ g(t) cos nwot dt (ib)
To ~-To/2
To/2
by = — g(1) sin nwot dt {1c)
To -To/2

-
{




Recall also that cos nwol is an even function and sin nwot is an odd function of ¢. If g(t) is an even function of
t. then g(¢)cos nwot is also an even function and g(#)sin nwot is an odd function of 1. Therefore (see hint)

2 To/2
= = t) dt 2
=2 /0 s (2)
4 Ta/2
Ny = == / g(1) cos nwot dt (2b)
To J,
bn=0 (2¢)

Similarly. if g{t) is an odd function of t, then g(¢) cos nwot is ar odd function of t and g(t)sin nwet is an even
function of ¢. Therefore

ay=0n=0 (3a)
4 To/2

b = —/ g(t) sin nwet dt {3b)
To o

Observe that. because of symmetry, the integration required to compute the coefficients need be performed over
only half the period.

2.8-4 (a) To = 4. wo = £ = Z. Because of even symmetry, all sine terms are zero.
o 2

g(t) = ap + f:a,, cos (%I)

n=xl

ao = 0 (by inspection)
1 2 -
,.,"=ﬂ cos (Tir) dt — cos(ﬂf) dt =—2’Siﬂﬂ
41/ 2 \ 2 nmT 2

Therefore. the Fourier series for g{?) is

(f'—i(c()sx_'-lc ?—ﬁ.f.l-c élt-_-l.COSZ-ﬁ'.-.)
=z 7 T3 TR T Fes T T

Here 4, = 0. and we aliow C,, to take negative values. Figure S2.8-4a shows the plot of Cn.
(b) To = 107, wo = % = % Because of even symmetry. all the sine terms are zero.

gty =ao + Zn.. cos (-;-r) + hn sin (%f)

n=}

ap = (by inspection)

2 hi n 1 /78y . /n
o= Tor / oo (31) a= 5 (3)sn (59)

~
bp = —— sin (%t) dt =0 (integrand is an odd function of t)
-

" 2 (mr)
= —sinf{—

- TN 3

Here b, = 0. and we allow C, 10 take negative values. Note that Cn = an forn =0, 1, 2. 3, - - -. Figure 52.8-4b
shows the plot of Cy.
(c)To=2m. wo = 1.
~
g(t) =a0+ ancosnt + bpsinn?  with ag =05 (by inspection)

nx=l

' 2m 2
t 1
a,.=—1~ — cosntdt = 0. h,,=l/ —t—sinmdtz—-—
T Jo 27 T J, 27 tn

and

]
g(t)=05~ (sinr + Lsin‘Zi + 1sin3t + Zsin4t + )

1
P 2 3
1
P

Ll 1 L4 1 LS
=05+ , [cos(1+5)+§COS(2f+§)+§CO=(3i+§)+'»"]
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Fig. $2.8-4

The reason for vanishing of the cosines terms is that when 0.5 (the dc component) is subtracted from g(?). the
remaining function has odd symmetry. Hence, the Fourier series would contain dc and sine terms only. Figure
$:.8-4¢c shows the plot of Cy,, and 8,.

(d) To=7.wo=2and g4{t) = -;‘;I.

ap=10 (by inspection).

a,=0 (n>0) because of odd symmetry.

4 w/4 4
by = ~ —fsin2ntdt=-—2—(—2—sinﬂ—cosﬂ
L 7 nn \nn 2 2

4 . 1 4 1
g(f):”—,.;sm'llo;sm4f—§—”—25m6t—§;sm8t+---

-4 n 1 I 4 m 1 T
= - - - - f o = | b e t 4 - - -
7r,_,cos(?t 2)+7rcos(4r 2) fngcos(ﬁ + 2)+ﬂ_cos(8r+2)-¢»




2.8-5

Figure S2.8-4d shows the plot of Cy, and 8,.
(e) To = 3. wo = 27/3.

2 ! 2nw 3 2an  2rn , 2nn
n= 7 { —t gt =2 —— — L Sip e — ]
a 3 /0 cos = dt I {cos T+ 553 ]

2 [! nr 2rn 2mn 2nn
by = = { Sin ——idt = - - —
h 3/0 Sin —=tdt = 5=y [sin 3 3~ C08 3 ]
Therefore Co = é and
3 / 4n2n? 9nn  dnn . 27n | L 27% ¢os 218 _ gjp 322
Cn = =5 2 + - 2 —— e cm— S]] — n =t 1 = 3 s K]
Inin? [\ 5 T3 T3 I J and fn = tan (cos 75+ Ltsin 52— 1,

(f) To = 6. wo = 7/3. o = 0.5 (by inspection). Even symmetry; b, = 0.

3
0n = 4 Q\'l)(‘OSﬂllf
"6y T 3

2 ! ns 2 nx
= - -— it -— o —t et
3 [/0 cos =3 d +/1 (2~t)cos 3 d

. [cos T cos2mr]

T x2p2 |3 3
'I‘h--O’w'i(coslt—gcosrf‘ 1cosév'—'{ icc:sEl-lr---)
hEEeT 3T T T 3

Observe 1hat even harmonics vanish. The reason is that if the dc (0.5) is subtracted from ¢(#). the resulting
function has half-wave symmetry. {See Prob. 2.8-6). Figure $2.8-4f shows the plot of Cn.

An cven function g.i1) and an odd function go{1) have the property that

celt)=gel—t) and  eo(t) = —go(~1)

Every signal g(t) can be expressed as a sum of even and odd components because
g(t) = 3 ja(t) + g(=t)] + F{g(t) — g(~1)]

v

e v
even odd

From the definitions in Eq. (1). it can be seen that the first component on the right-hand side is an even
function. while the second component is odd. This is readily seen from the fact that replacing ¢ by —1 in the
first component yields the same function. The same maneuver in the second component yields the negative of

that component.
To find the odd and the even components of g(t) = u(t). we have

9(t) = ge(t) + go(t)
where {from Eq. (1))
gelt) = & () + u(=1)] = ;

N~

and
90(1) = § [(2) = (=)} = Fsgn()
The even and odd components of the signal u(t) are shown in Fig. 52.8-5a.
Similarly. to find the odd and the even components of ¢(t) = e”%u(t), we have
g(t) = 9 (t) + qo(t)
where
ge(t) = % [F_”u(f) + r“u(—!)]
and

10




2.8-6

05| Del® 9,1t)
, .5

(2

0'5 9‘_‘*) o .5 5’ L*)

(o] >
(o) -&5

Fig. 52.8-5

90(t) = & [e7%tu(1) = e*u(=1)]
The even and odd components of the signal ¢™*u () are shown in Fig. $2.8-5b.
For g(t) = ''. we have
e/t = ge(t) + go(t)
where

ge(l) = [f"" + ".-j'] = cos !

i~

and

golt) = 4 [ = e#] = jsint

(a) For half wave symmetry

o =-s(1= )

and

2 To 2 To/2 To
and ftn = —/ g{t) cosnwot dt = —-/ g(t) cos nwot dt +/ g(t) cos nwot dt
To Jo To Jo To/2

Let r = t — To/2 in the second integral. This gives

r r70/2 To/2.
/ g(t) cos nwot dt + / q (.-r + 22-9) €08 NwWo (:r + -7;2) d:r]
L/o (] -

r pTo/2 To/2
/ g{t) cosnwot dt + / —g{z)|- cos nwoz} d.-n]
0 °

P To/2
= — / g(t) cos nwot dl]
0

L

Sl

[

2
To |

In a similar way we can show that
4 To/2
by = = g(t) sin nwot dt
o J,

(b) (i) To = 8. wo = 5. a0 =0 (by inspection). Half wave symmetry. Hence

11




4 4 nn 1 2, nmw
n=z t —_—tdt] = = - —_— dt
a 8[/0 9()COS4 d] 2[‘/; 505

4 .
(cos 2 o+ 2l sin LA l) (n odd)

fl

nin? 2 2 2
4 nn nn
w753 (—2- sin 5 ]) {n odd)
Therefore
Az (F-1) n=159.13.
an =
- (F+1) n=371115
Similarly
2
1 t . nw 4 . nn an nr 4  [n7
by = 5/.: §smTtdf == (smT - —2—-cos—2-) = 5 sin (—2-) (n odd)
and
— nw . nw
g(t) = & a,,cos-—4—t-+—b,.sm-4—l

(3i) To = 27. wo = 1. ao = 0 (hy inspection). Half wave symmetry. Hence

e ¥

g(t) = E Ay cosnt + by sinnt
n=1,35. -

”
/ 10 cogmt dt
0
”

o-t/10 )
{m(—o.]cosm+nsmm)]o (n odd)

-n/10
2 [-’-—-——-(0.1) --—1-——(—0‘1)]
kol

ERES

i
E NN

It

ne+0.01 T nis00l
2 _ 0.0465
- n/10 _ =
= Ton(n? + oo " V=700

and

') ”
bp = -:-/ e~ sinnt dt
T Jo
2 p—-t/lO i b
== [m(—o.lsmnt -n c:oswt)]0 (n odd)
- 2n ((’-”/10 _ ) = 1.461n
(n2 +0.01) n? 4 0.01

2.9-1 (a): fo=4.wo = /2. Also Do =0 {by inspection).

1 X3
, = -l- p AN gy eI gy = —2—sin or fn} 21
2z -1 N xn - 2
(b) To = 107. wo = 27/107 = 1/5
= 1 " ] nn 1
= %! - S YDV B G ST L0 R R
(1) = Z Dpel37, where D, o ./; e dt Trm ( 2/ sin 3 ) pa sin

n=- "N




I r'- I ‘ ' | 1
ot LS By LY o a»
y I ' iy QL ! 3 l 3 l
-er -4 a 12
3 3 3 ‘5I - a2
90
o5 oh
N
TR 1A~
'S 3 | 773 iy
Fig. 52.9-1
(c) -
int F- 1
g(t) = Do + Z Dnc'™.  where. by inspection D¢ =0.5
2« : X 0
Da = -1—/ Loty = | sothat |Dal= 1 and D.= {3 e
2r fo 2m 27n 2mn 5 n<0
(d) To=7.wo=2and Dn=0
-~ n/4 -
g(t) = Z Dne'®™, where Dy = %‘/_”/4 ::Tfa"z"' dt = ;r—nj. (;2;'- sin 122- - €OS f—;)
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(e) To=3.wo = 2—.;'

~ . 1 _ 9 zen /i
g{t) = Z Dn P o where D, = %/ te= 338 gy = ypc [(’ %y (32;"' + 1) - ]]

[

r=o

Therelore
3 2p2 mCosgﬁ — gin 222
|Dal = +—5—3 \/24-4" "2 9cos 2R _ATR in 2T | and £Dn = tan” TS LT l;‘ 3
4rin 9 3 3 3 cos £52 4 2 sin 2 - ]

(f) To=6. w0 =7/3 Do=05
g)=05+ Y Dpe’¥

n= - o

1 -1 nt ! nne 3 jxnt 3 nw 27n
=1 t+ e T - te e | = ( nro_ __)
D 6[/_2(+ Ye dz+/_lr d'+/1( t+2)e df] T \Cos g — s 3

:HI Cn (D!
1

1'5
‘ | - t 3 osp 1‘ -
8 -5 -~Ijy 5 s n->

ar {®n ] "1y I
> 5 -8 4,+, 5
-3 V]| 4% < Nn-»
1 2 > 1
Y5 1 ce) 1 -2 4
3 >
Fig. 52.9-2

2.9-2

9(?) = 3cost +sin (5: - %) - 2cos (St - %)

For a compact trigonometric form. all terms must have cosine form and amplitudes must be positive. For this
reason. we rewrite g(f) as

T W ”

= t f e o o - - -

g(t) = 3cos +cos(5 8 2)+2’co:'s(8t 3 1r)
=3rosl+cos(5t—g§{)+2cos(8t—2£-)

Figure $2.9-2a shows amplitude and phase spectra.

(b) By inspection of the trigonometric spectra in Fig. §2.9-2a, we plot the exponential spectra as shown in Fig.
§2.9-2b. By inspection of exponential spectra in Fig. $2.9-2a, we obtain

o(1) = S 4077 4_;) [,,1(51-15”—) + ,,--j(sz—@)] + [,,j(u—%;) +(,—j(s¢—5,'-)]
= g("' + (%r—ﬁf) b (r”ja-"') o8 4 %n-” + (%,,JJ!‘) eI (ej‘-"') PRt
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T e e e

2.9-3 (a)
9(t) = 2 + 2cos(2t ~ 1) + cos(3t — g)

=2-2cos2t +sin 3t

(b) The exponential spectra are shown in Fig. §2.9-3.
(c) By inspection of exponential spectra

a(t) = 2+ [ 4 gmimom] 4 _;_ [P 4 (i8]

=2+2cos(2t—1r)+cos(3t—%)

(d) Observe that the two expressions (trigonometric and exponential Fourier series) are equivalent.

2%. 1D,
. ! ‘. “
. ‘a0'5

.,

-4 e APY 123 4

Fig. $2.9-3

2.9-4
] To/2 To/2
n= = {/ f(t) cos nwot dt — j/ f(t)sin nwot dt}

° To/2 -To/2

If git) is even. the second term on the right-hand side is zero because its integrand is an odd function of 1.
Hence. D, is real. In contrast. if gf7) is odd. the first term on the right-hand side is zero because its integrand
is an odd function of t. Hence. D» is imaginary.



Chapter 3

3.1-1 - ) ~
G(w) =/ 9(‘)0—1“' dt =/ 9(t) cos wt dt —j/ g(t)sinwtdt
- - -
If g(1) is an even function of 1. g(¢)sinw¢ is an odd function of t, and the second integral vanishes. Moreover,
g(t)coswt is an even function of 1. and the first integral is twice the integral over the interval 0 to oc. Thus
when g(#) is even
o0
G(w) =2/ g(t) coswt dt (1)
)
Similar argument shows that when g(t) is odd
Glw)= —‘Zj/ g(t)sinwtdf (2)
()
If ¢lt) is also real (in addition to being even), the integral (1) is real. Moreover from (1)
x
G(-w)= 2/ g(t)coswtdt = G(w)
0
Heuce G ) is real and even function of w. Similar arguments can be used to prove the rest of the properties.
3.1-2
gty = __1_ b (;(_b.),,.w..ac do = _1_ > lC(.u)lr”’(")r-“‘*‘ do
) n J_. 2= J_ '
= —l;r- [/ IG(w)! coslwt + Bg(w)] dw +j/ |G(w)|sinjwt + 0,(..;)](1..)]
- Rl 8
Since |G (w)} is an even function and 4(w) is an odd function of w. the integrand in the second integral is an
odd function of ... and therefore vanishes. Moreover the integrand in the first integral is an even function of w.
and therefore
1 Lz V)
g(t) = ;/ |C(w)j cos|wt + By(w))] dur
"t Jo
For g(t) = r~%"u(t), G(w) = zi=. Therefore |G(w)| = 1/VwT + a? and 6,(w) = — tan™*(2). Hence
et [ e (9)]
Y= - —g— €08 |wi — tan =i dw
™ 0 wé <+ a- a
3.1-3
Glw) = / g(t)e 3 dt
-
Therefore
e 7}
G*(w) =/ g (e dt
-~
and

ta S
G (-w) =/ g (Bt dt

~
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3.1-4 (a)

T T i
Glw) = / pata=dwt gy o emUwtakt gy — 1 = o~ GwtalT
¢ o jw+a
(b)
T T —{(jw—a)T
G(u.l) = / Ot Iwt dt = / l’.-(jw_‘) &t = 1—-¢ G )
¢ 70 jw-a
3.1-5 (a)
‘ ? 42070 Qe
Gw) = / 4 gt + / 20~ 1%t gy = .
0 ' o
(b)

° t Tt 2
Gw) = Lo 4 —e 7t dt = —=|coswT + wrSinWT - 1}
T o T Tw?

-r

This result could also be derived by observing that g(t) is an even function. Therefore from the result in Prob.

3.1-1
2 [T 2
Giw) = = tcoswtdt = m]cosu‘r + wrsinwt — 1)
0
3.1-6 (a)
1 e it wo 242 _ 9) sin wot + 2wol €05 wo!
o) = — e = e [~ - 2t + 2 = {ws 2)5")“’01 Zwol cos v
2 o 2n (jt)? oo ot

2 G (w) Gy (W
i ' i

1
-2 =1 o2 -2 ° 2 -y e

Fig. S3.1.8

{(b) The derivation can be simplified by observing that G(w) can be expressed as a sum of two gate functions
G1(w) and G2{w) as shown in Fig. $3.1-6. Therefore

2
g(t) = 511';/ [Gl(d)*‘G:(w)]l’Ju'dd:-;?{/
-2

2 3
A o + o dw
. -~ xt

}__sin 2t +sint
1

3.1-7 (a)
®/2 '
1 juwt
g(t) = 5= cosw et dw
27 )2
it . . /2
= m {JtCOSuI +!ln;d}_.*/2
_ 1 cos (wf)
T or(1-13) 2
(b)

1 [ - 1 - “°
q(t) = 5 Clw)r™ dw = 3 [/ Gw) coswt dw +j/ G(w)sinwt dw]

=0 J e - ~wo

Because G(w) is even function. the second integral on the right-hand side vanishes. Also the integrand of the
first term is an even function. Therefore
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1 [ w =+ twsin kw10
g(f) - —“J—cosf,;.)dy = _1_. [Sﬁt_“}_.?‘_d———-]
* Jo wo wWo t [+

[coswat + wot sinwot — 1]

7l'..:of2
3.1-8 (a)
1 -0 F . l -0 .
9(1) = 5= eIt I g = _/ pelt=t0) g,
o P
~wo o
S S (O “ i t—t .
= o ’o)pJU(! to) = Sll':r&?;)f- '0)0) = ‘%’-smc[wo(t — 1))
(b)
q(’) = l [/o ;'-',.IU' 'iu+/w° _jejut dd]
) 2r oy A
= _l-pj“’"o - _I__rjwt - - 1 - coswopt
27t -wg 2nt 0 nt
4] tect(E)
-1 [ ] - -
(C\\

sne(E)reet (%)

AR

Fig. §3.2-1

3.2-1 Figure $3.2-1 shows the plots of various functions. The function in part (a) is a gate function centered at the
origin and of width 2. The function in part (b) can be expressed as A (-,-“‘3‘7‘) This is a triangle pulse centered

at the origin and of width 100/3. The function in part (c) is a gate function rect(}) delayed by 10. In other
words it is a gate pulse centered at t = 10 and of width 8. The function in part (d) is a sinc pulse centered
at the origin and the first zero occurring at 52 = x, that is at w = 5. The function in part (e) is a sinc pulse
sinc(¥) delayed by 10%. For the sinc pulse sinc(%), the first zero occurs at g=r.thatisatw= 5. Therefore
the function is a sinc pulse centered at w = 107 and its zeros spaced at intervals of 57 as shown in the fig.
§3.2-1e. The function in part (f) is a product of a gate pulse (centered at the origin) of width 10m and a sinc
pulse (also centered at the origin) with zeros spaced at intervals of 57. This results in the sinc pulse truncated

beyond the interval 3= ([t} > 57) as shown in Fig. f.
3.2-2 The function rect (1 — 5) is centered at t = 5, has a width of unity. and its value over this interval is unity. Hence

5.5

5.5
Clu) = / et gy = _ L et _L[r-'j‘.Sd = 383w
‘ 48 Jw 4z 4¥
L _ - % 4
= — [,,Ju/2 - (,~w/2] = L_._ [2] sin —':)i]
Jw Jw 2

sine (:;-) P

-
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