
Chapter 2 

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

4 r  4 r  4 r  

(e) ~ ~ - ~ ~ s i n ~ r d r = f ~ ~ d t - ~ / ~ ~ s ~ ~ d t = n + O = ~  

2 n 

(d) E. = 1 ( ls in  t12 dt = 4 [i 12" dt  - ; 1. cos 2 dt ]  = Iln + 01 = 4n 

Sign change and time shift do not affect the signal energy. Doubling the signal quadr~iples its energy. In the 
same way we can sllow that the energy of kp(t) is k2&. 

Sirnilally. we can show that E x - ,  = 4n Therefore Ex*, = E:, + E,. Mre are tempted to conclude thar C,*, = 
E, - t', in general. Let us see. 

Therefore. in general Eli, # El $ E, 

2.1-4 This prob!em is identical to  Example 2.2b. except that ;u.i f a. J n  this case. the third integral in Po (see p. 19 
is not zero. This integral is given by 

Cl Cz 
T/? 

= T-,r. lim T [ ~ T , 2 c o l i ~ l  - O 2 ) 0 t  + c o s ( 2 ~ l t  + (9, + 8 2 )  rlt I 



Therefore 

2.1-5 
2 

( ~ ' ) ~ d t  = 64/7 (a) p-y 5 f 12( - t3 )2d t  = 64/7 

1 '  2 
? 2 (b) Pz. = J 2 ( 2 t  ) dt = 4(64/i) = 256/7 (e) Peg = $ /_2(ct')2dt = 64r?/l 

Sign change of a signal does not affect its power. hfultiplication of a signal by a constant r .  increases the power 
by a factor 2. 

w2 (t)  rlt = - dt = 0.5 

T;2 T/2 r~ 

Py = !kn= ; J ,q(t)g4 i t )  dt  I 
z D ~ D * , ~ J ( - A - - ~ ) ~  dt 

T i 2  - 7 / 2  k=m rrm 

The integrals of the cross-product terms (when k # r )  are finite because the integrands are periodic signals 
Onnde up of sinusoids!. These terms. when dh~ided by T - oo. yield zero. The remaining terms ( k  = r . )  yield 

k e n :  

2.1-8 (a) Power of a sinusoid of amplitude C is c 2 / 2  [Eq. (2.6a)l regardless of its frequency (4, # O j  and phase. 
Tllerrfore. 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 IEq. (2.6b)j. Therefore. in 
this case P = + = 178. 

(c)  (10 + 2 sin 3t) cos 10t = locos lint 0 sin 131 - sin 3,. Hence from Eq. (2.6b) P = + 4 + 4 = 51. 

(d)  locos St cos lot = 5(cos St + cos 1 3 .  Hence from Eq. (2.6b) P = a f + e& = 25. 
(E) IOsin i tcos 101 = 5(sin 151 - sin S t .  Hence from Eq. (2.6b) P = % + = 23. 
( f )  rtat C0S40i = 4 [ p-~(a+-ro)t  + cJ("-"o)']. Using the result in Prob. 2.1-7. we obtain P = (1/4)  + (1 /4 )  = l j 2 .  

2.2-1 Foi a real n 

T / 2  

P, = l i~n - (c-")~ rlt = lim - 
FOI irnegina~ y o.  let n = j r .  Then 

( p J f ' ) ( r - ' f t ) d t  = lim - tlt = 1 



Fig. S2.3-2 

CIlearly. if o is veal. r-"' is neither energy not power signal. However. if a is imaginary, it is a power signal with 
POH'CI. 1. 

The signal g s ( t l  can be obtained by (i) delaying g ( t )  by 1 second (replace t with t - 1).  (ii) then time-expanding 
by n factor 2 (replace t with 1,.'2). (iiij then ri~ultiply with 1.5. Thus p s ( t )  = 1 . 5 g ( i  - 1). 

2.3-2 All the signals are showri in Fig. 52.3-2 

2.3-3 All the signals are shown in Fig. S2.3-3 

Fig. 52.99 

3.4-1 Using the fact that g ( r ) h ( . t )  = g(O)O(r). we haw 

( a )  0 (b) $A(&)  ( c )  i h ( t )  (d) - A t  - I )  is) h h ( ;  + 3) ( f )  k d ( u )  (UX L' Hirpital's ride) 

1.4-2 In these problems ternember that impulse h ( n : )  is located at 3. = 0. Thus. an impulse 6 ( t  - :) is located at 7 = t  
and so on. 
(a) The impulse is located at : = t  and g17)  at s = t  is g ( t ) .  'Therefore 



(b) The impulse b(r) is at T = 0 and g(t  - s )  at r = 0 is g ( t ) .  Therefore 

Using similar arguments. we obtain 
( c )  I (d) 0 (e) r v f )  5  (g) g ( - 1 )  (h) -c2 

2.4-3 Letting n t  = 2.. we obtain (for n > 0) 

Similarly for n < 0 .  we show that this integral is - 3 @ ( 0 ) .  Therefore 

2.5-1 Trl\.lal Take the derivative of lei2 with respect to c and equate it to zero. 

2.5-2 (a)  In this case El = $ dt = 1 .  and 

(b)  f111rs. q t t )  e 0.5 .7(!) .  and the error r ( t j  = t - 0.5  over (0 5 t 5 1). and zero outside this intc~.vai -Also E, 
and E .  (the energy of the el rorj are 

Eg = 1' g 2 ( t j d t  = 1' t 2 d +  = l j 3  and E. - (I  - 0.5)'df = 1 / 1 2  1' 
'I'hc error ( 1  - O..5) is orthogonal to . r ( t )  hecause 

Sote that E, = r 2 ~ ,  + E,. To explain these results in terms of vector cotacepts we observe from Fig. 2.15 
that the e r ~ o r  \-ector e is orthogonal to the component 12. Because of this orthogonality, the length-square of 
g jo)e:gy of g ( t ) l  is equal to I he sum of the square of the lengths of EX and e isurn of the energies of r , r ( t )  and : 

r ( t ) l .  

2.5-3 I n  this case E, = g 2 ( t ) d t  = ,/: t2rlt = 1/3. and 

Thus. r ( t )  2' 1 .5g ( t ) ,  and the error ~ ( t )  = ~ ( t )  - 1.5g(t) = 1 -- 1.5t over (0  5 t 5 1).  and zero outside this 
inte~v:rl. Also Ec (the cnerglv of the error) is E, = S,'(l - 1.5t)'dt = 1/4. 

2.5-4 (a) In this case E, = J, sin2 2 s t  $t = 0 .5 .  and 

(h) Thus. p(t)  zz - ( l / n ) r ( t ) .  and the error ~ ( t )  = t + ( I / t ) s i n  2ni over (0 _< t 5 1). and zero outside this 
itlterval. Also E, and Ee (the cnergy of the error) we 



I 

I' 1 1  
Eg = jdl q 2 ( t )  l t  = & t 2  dt = 1/3 and El = It - ( I / r )  sin ?ntl2 dt = - - - 3 2x2 

The error [ t  + ( I  /s) sin 2st)  is orthogonal to ~ ( t )  because 

l1 sin 2rrlt  + ( l / r )  sin 2r t ]  Jt = 0 

Note that Eg = v 2 ~ 1  + EC. 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. &cause of this orthogonality, the lengoli of f [energy of 
g ( t ) i  is equal to the sum of the square of the lengths of cx and e [sum of the energies of cr ( t )  and c(t)j .  

2.5-5 (a) If r ( t )  and ~ j ( t )  are orrhogo~lal, rhen we can show the energy of z ( t )  f y ( t )  is Er + E,. 

The last result follows from the fact. that beca\isc of orthogonality, the two integrals of the cross products 
. r f t ) ! / * ( t )  and s g ( t ) ? , ( t )  are zero [see Eq. (2.40)]. Thus the energy of + ( t )  + ! / ( t )  is equal to that of r ( t )  - :/it) i f  
~ ( t  j and y ( i )  are orthogonal. 
( b )  Using similrr argument. we can show that the energy of clt ( t )  + r : 2 y ( t )  is equal to that of pi+(!) - rx? / ! t )  if . 
n j t )  and y ( t )  are orthogorial. This energy is given by I C ~ ( ~ E ,  + ( c . 2 / 2 ~ , .  

( c )  I f  i ( t )  = ~ ( t )  f ? l ( t j ,  then it follows from Eq. (1) in the above derivation that 

2.5-6 g1(2.-1). gz( -1 .2 ) .  g?(O. - 2 ) .  g d ( l . 2 ) .  gs(2. I), and g6(3,0). From Fig. S2.5-6. we sec that pairs (g3.g6). 
(g,. g4) and (g2. g5 1 ale orthogonal. Ct'e can verify this also nnalytically. 

IVe can show that the corresponding signal pairs are also orthogonal. 

J- .% J -  .r 

L 

[ 1 m ( t ) q 5 ( t ) t 1 t  = 1 * 1 - ~ ~ ( t )  + 2 = 2 ( t ) ] l 2 r , ( t )  + r 2 ( i ) l t i t  = 0 



In deriving these results. we used the fact that S-L tTdt 5 J-L ~ $ ( t ) d t  = 1 and j;: r l ( t ) r ? ( t )  d t  = O 
2.6-1 

We shall compute V ,  using Eq. (2.48) for each of the 4 cases. Let us first c0mput.e the energies of all the signals 
1 

& = 1 sin22rtdt  = 0.5 

I:I the same way we find E,, = E,, = E,, = E,, = 0.5. 
('sing Eq. (2.48). the correlation coefficients for four cases are found as 

* 1. sin 2r t  sin 4nl tlt = 0 (2) 

I 0.8 I (3) 0.707 sin 2nl tit = 0 4 - [ 0.707sin 2rt  df - O.7Otsin = 1.4141. 
. . 

Signals ~ ( t )  and p2(t) provide the maximum protection against noise. 

2.8-1 Here To = 2. so that 40 = 2x12 = r. and 

Therefore 

n s l  

F1gul.e S2 6-1 shows ~ ( t ;  = t 2  for all t and the corresponding Fourrer serles representing q ( t )  over I - 1. 1) 

Fig. S2.6-1 

The power of ( t )  is 

hlor.eove~. from Parseval's theorem (Eq. (2.90)] 

(b) If  the 'V-tern~ Fourier series is denoted by x ( 1 ) .  then 

The power Pz is required to he 99%Pg = 0.198. Therefore 



For N = 1. P. = 0.1111: for .V = 2. P. = 0.19323. For N = 3. P. = 0.19837. which is greater than 0.198. 
Thus. N = 3. 

2.8-2 Here To = 2n. so that wo = 2n/2n = 1. and 

Clu 

g(t) = a. + En, cosnt + h, sinni - n < t l n  

where 

Therefore 
1 

q ( i )  = ? ( - 1 ) " " ~ ; ~ n n t  - s < t < n  
n3 1 

Figure 52.8-2 shows g(t) = t for all t and the corrmponding Fourier series to reprewnt g(t) over (-n. n). 

Fig. S2.8-2 

The power of q f t )  is 

I\lo~.eovet. f~on l  Porseval's theorenr [Eq. (2.90)] 

( b )  I f  the S-rerm For~riel- series is denoted by ~ ( t ) .  then 

The power P. is required to be 0.93 x $ = 0.3n2. Therefore 

F ~ ~ .  .y = 1. pz = 2; for s = 2. pi = 2.5. for N = 5 ,  p. = 2.927. which is less than 0.3n2 For N = 6. PZ = 
2.9625. which is greater tllarl 0.3n2. Thus. N = 6. 

2.8-3 Recdl that 

nn = - g(t) cos nvrot d t  
/"I2 -To12 . 

b,, = - q(1)  sin n;ot dt ( l c )  



Recall also that cos ndnt is an e m  function and sin nwot is an odd function o f t .  If g(t) is a n  even function of 
t. then ~ ( ~ ) c o s  ndot is also an even function and g(t)sin nuot is an odd function of t. Therefore (e hint) 

To/2  
nn = - g( t )  cos n s o t  RI. 

To . 

Similarly. if g(t) is an odd function of t. then g(t)cos nwot is an odd function of t and g(t)sin nwot is an even 
function of t .  Therefore 

T o l l  
q ( t )  sin r u o t  dt b n = $ L  . (3b) 

Observe that. because of symmetry. the integration r e ~ u i r e d  t o  compute the coefficients need be performed over - 
only half the period. 

2.8-4 ( a )  TO = 4. JO = = 3. Because of even symmetry, all sine terms are zero. 

no = 0 (by inspection) 

4 . 177t  .,, = 2 [l' cos (yt) lit - [eos (yt) d t ]  = z s l n  
4 

T h e ~ e f o ~ e .  the Foul.ier series for g [ t j  is 

Here tjn = 0. and we allow C, to  take negative values. Figure S2.8-4a shows the plot of C,. 
(b) To = 10:. i o  = = 4 .  Because of even symmetry. all the sine terms are zero. 

1 
no = - (by inspect in^^) 

5 

1,. = 1 /" sin ( t t )  dt = 0 (inlegrand ir an odd function of t )  
Ion -" 

H e ~ e  I ) ,  = 0. and we allow Cn to take negative values. Note that Cn = n, for n = 0, 1. 2. 3, . . .. Figure S2.84h 
shows t tle plot of C, . 
(c) To= 22n.CV.O = 1. 

2. 

(I(t) = no + En. cosnt + hn sinnt  with a0 = 0.5 (by inrpection) 
n r l  

and 



Fig. S2.8-4 

Tllr reason foi vanishing of the cosines terms is that when 0.5 (the dc componel~t) is subtracted from ) ( t ) .  the 
mnaining function has odd symmetry. Hence. the Fourier writs would contain dc and sine terms only. F~gcre 
S2.8-4c shows tlie plot of C, and 8,. 
(d) To = n. ..ro = 2 and g ( t )  = tt. 
no = 0 (by inspertion). 
o n  = 0 ( 7 1  > 0) because of odd symmetry. 



Figure S2.8-4d shows the plot of C, and 0,. 

Therefore Co = and 

( f )  To = 6. d o  = 713. 110 = 0.5 (by inspection). Even symmetry; b, - 0. 

2x11 4rir 2 x n  - 2 cos - - - sin - 
3 3 J 

d 

Ohsr~.ve 11121 even h;r~.monics vanish. The reason is that if t,he dc (0.5) is subtracted frorn r l ( t ) .  the re:;k~lrlt~g 
' - 

function has half-wavc symmetry. (See Prob. 2.8-6). Figure SZ.8-4f shows the plot of C,,. 

cos p - sin 9 
and 0, = tan 

c o s v  + % s i n +  - 1 ,  

2.8-5 
An cven fut~ction g,rt) and at1 odd function go(#) have the propel.ty that 

s,.ft) = qe( - t )  and o d t )  = -go(-t) 

Evet \. sig11;il , q ( t )  can be expressed as a suln of even and od? components hecallse 
!,(I) = 4 [ .d l )  4- d - t ) ]  + 4 1.9(t) - d-1);  

- '  - I 

cvcn odd 

From the definitions in Eq. (1). i t  can be seen that the first componellt on the right-hand s ide  is st1 evsn 
f~~nc t ion .  while the second component is odd. This is readily seen from the fact that replacing t by - f  in the 
first component yields the same function. The same maneuver in the  serond component yields the negatis? of 
that component. 
To find the odd and the (?\.en compoilents of g ( t )  = u(t ) .  we have 

u.he~.t. [fro111 Eq. ( I ) ]  

and 

The even and odd compo~lents of the signal ~ ( 1 )  ale shown in Fig. 52 8-5a. 
Sln~llarly. to  find the odd and the even conlponellts of y(t) = c - " ' l ~ ( t ) ,  we have 

g(t)  = ! l e f t )  + o o ( f )  

whe~c. 

g,(t) = f [ ~ - ~ ' r l ( t )  + ra'1l(-f)] 

arid 



~ . b  > 
Fig. S2.8-5 

T h e  evrn and odd components of the sigl~al r - " t ~ ( t )  are shou-n in Fig. S2.8-5b. 
For q f t )  = r " .  we Iiave 

P" = . 9 C ( f )  + q o ( f . )  

where 

,(,*(I) = f [PI'  + .-ji] = cos t 

and 

q o ( t )  = 4 [CJ'  - C - J ' ]  = j sin t 

2.8-6 (a) For half wave symmetry 

Lct 7 = t  - To/2 in the second integral. This gi\*es 

g ( t )  cos nuot dr + 1"'" .I (. + $1 cos n.0 ( r  + 3) d r ]  

q ( t )  c o s n ~ o t  dt + /0T0'2 -~J(T)[- cosnwox] drr: I 

In a similar way we can show that 

q ( t )  sin ndot tlt 
To 

(b) (i)  To = 8. ;,-, = 3. no = 0 (by inspection). Half wave symmetry. Hence 



4 RB n~ . n r  = - ( + - n - - 1) (n odd) 
nZn2 2 2 

4 nn nn 
=- ,,znz ( i n  - 1) tn odd) 

Therefore 

( - 1) n = 1,5.9.13 . . . .  
0" = { -* (y  + 1) n=3 ,7 .11 ,15 , . . .  

Similarly 

2 t  n A  4 nn n7r 4 
b n = i l  - d n - t d t = - ( ~ i n - - ~ ~ ~ - ) ~ - s i n ( ~ )  2 4 nzx2 2 2 2 n2nz (nodd) 

and 
Y 

nn nn 
g(t) = an cos - t  + b, sin - t  

4 4 

(ii) To = 27. d o  = 1. no = 0 (by inspection). Half wave symmetry. Hence 

and 

= ;? 1- r-'rlOsinnt dt 

(-0.1 sinnt - n cosnt) 

2n 1.461 n - (p--rlo - 1) = - - (n2 + 0.01) 112 $- 0.0)  

2.9-1 (a): ro = 4.do = a/?.  Also Do = 0 (by inspection). 



Fig. 52.9-1 

q ( f )  = Do + Dndn'. when.  by inspection Du = 0.5 

(d) To = n. 40 = 2 and Dn = O  



(e) fi  = 3 . ~ 0  = + 
... 1 

= J where Dn = 5 1 t P-'l0.'& = 

Fig. S2.9-2 

q ( t )  = 3cost +sin 

Fol a compact trigonometric form. all terlns must have corine form and mplitudes must be pmitive For this 

Figure S2.9-2a shows amplitude and phase spectra. 

(b) By inspection of the trigonometric spectra in Fig. S2.9-2a, we plot the exponential spectra s shown in Fig. 
S2.9-2b. By inspection of exponential spectra in Fig. S2.9-la, we obtain 



(b) The exponential spectra are shown in Fig. S2.9-3. 
(c) By inspection of exponential spectra 

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

Fig. S2.9-3 

f ( t )  cos ndot dt - j f ( t )  sin nuot dl 

I f  9 ! t )  is fverl. the second term on the right-hand side is zero because its integrond is an odd function of t .  
Hence. D,, is real. In contrast. if g ( ~ )  is odd. the first term on the right-hand side is zero because its iqregranrl 
is  an odd function o f t .  Hence. Dn is imaginary. 



Chapter 3 

If g ( t )  is on even function of 1 .  g ( t ) s i n ~ t  is an odd function of t ,  and the second integral vanishes. Moreover, 
q(t)co3&t is an even f u n c t i o ~ ~  of t .  and the filst integral is twice the int.egrd over the interval 0 t o  oc. Thus 
when g ( l )  is even 

'U 

G(4)  = 2 6 g ( t )  cos wt dl 

Similar argument shows that when g( t  ) is odd 

If q f t )  is also real (in addition to  being even), the integral (1) is real. Moreover from ( I )  

Hence G;;) is ~.eal and even furlction of J. Sin~ilar arguments can be used t o  yl,ove the I.esr of the properties. 

Since !C(;)/ is an cven ful~ction and B,(J)  is an odd function of LJ. the integrand in the second integral is an 
odd function of ;. and therefore vanishes. Moreover the ir~tegrand in the first integral is an even function of d. 
and therefore 

For g ( 1 )  = r-"ir(t) .  G ( J )  = &. Therefore IG(w)l = l /JGf  and B,(w) = -tan-'($).  Hence 

Therefore 

and 



3.1-4 (a) 

(b) 

3.1-5 (a) 

(b) 
0 2 

r - ~ ~ ~  dt + lT L C - J W ~  dt = - ka  ST + WI sin 4 7  - 11 ~ ( u )  = l7 -; 7 7 ' 2  

This lrsult could also be derived by observing that g(t) is an even function. Therefore from the result in Pmb. 
3.1-1 

3.1-6 (a) 

1 -O 1 r'-I 
(&t2 - 2) sin ~ o t  A 2 ~ 0 1  cos JC 

= s /*o 
u2,rdt (id. = - - [ -&2t2 - 2 , . ~ t  + 2 

2~ ( ~ f ) '  
x i7  

Fig. S3.1.0 

(h) The derivation can be simplified by olsrrrirrg that C(;) ca11 be expresvd aa a sum nf two gate hlncrions 
G I  (Y.) nnd G2!d j R S  sllou,n in Fig. S3.1-6. Therefore 

3.1-7 (a) 

,,.1ut 
= { j t  cosd + ~ i n d ) f / , 2 / ~  

2n(l - tz) 

= - c06: 
r ( 1  - tZ) 

Because G(u) is even function. the second integral on the right-hand side vanishes. Also the i~~tegrand  of the 
first term is an even f1111ctio11. Therefore 



1 [COS tu 3; sin LJ " 
.(,) = ~ C O s t a 6 - ,  = - 

TWO 10 

= A ( c o s ; o t  + uot sin uot - I]  
lry'otZ 

3.1-8 (a) 

Fig. 53.2-1 

3.2-1 Figure S3.2-1 shows the plots of various functions. The funct,ion in part (a) is a gate function centered at the 

origin and of width 2. The  function in part (h) can be expressed as A . This  is a triangle pulse centered 

at the  origin and of width 100/3. The fuliction in part (c) is a gate function rect (6) delayed by 10. It] other 
words it is a gate pulse centered a t  t = 10 and of  width 8. The f~inction in part (d) is a sinc pulse cen te ld  
at the origin and the  first zero occurring a t  9 = r ,  that  is a t  w = 5. The function in part (e) is a sinc pulse 
sine(%) delayed by 107. For the sinc pulse s inr(g) .  the  first zero occurs at : = a. that  is at  w = 5n. Therefore 
the function is a sinc pulse centered at j, = 10n and its zeros spaced a t  intervals of 5x as shown in the fig. 
S3.2-le. The function in part ( f )  is a product of a gate pulse (centered at the origin) of width 10n and a sinc 
pulse (also centered at the origin) with zeros spaced a t  intervals of .5n. This resrllts in the sinc pulse truncated 
beyovol~d tibe interval k5n ( I t )  2 5n) as shown in Fig. f. 

3.2-2 The function rect ( t  - 5) is centered at  t = 5. has n width of unity. and its value over this interval is uait?.. Hence 

- I &  p-3% - - L k 1 ~ 1 2  - ,, - jwI21 - [2 j  sin ;] 
, j ~  jw - 
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