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CHAPTER 2
P.P21
1 | 1§ 4 1
P=lim— I y*()dt =lim — | 4cos® ztdt =lim — I —(1+cos2xt)dt
T—wo QT o T—o QT “r T—% QT o 2
_lim—+2L
T—ow 2T 2

Since 0<P<oo, i.e. the signal has finite power, it is a power signal.

P.P.2.2

3-(2-1), 1<2-t<3 |1+t, ~—l<t<l |4-2t, 1<t<?2
21+1/3),  0<l+1/3<1 [2+2¢/3, -3<1<0
3—(1+¢/3), 1<1+t/3<3 | 2-t/3, 0<t<6

These are sketched below.

2(2-1), 0<2—t<1 |4-2t, 1<t<?2 1+¢, —-1<t<l1
(@ t2-n-= = =

(b) y(1+t/3)={

y(2-t)

2
-1 0 1 2 t
(a)
y(1+t/3)
2
3 0 3
(b)
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P.P.2.3

Comparing the given signal with the square wave in Table 2.2, we notice that

A=1T =2,w,=27/T = . Hence,
f(l‘)=iz“21 1sm(2n l)m‘—izlsmﬂnt n=2k-1
V4

n=1 411 T k=

P.P.24

We comparing the given signal with the triangular wave in Table 2.2, we notice that

A=4,T=2 w, =27 /T =r. Hence,

0

4 cos(2n—1)rt 16 & cosnrt
h(t)=—-— Z( ) >

, n=2k-1
=1 (2}’[ 1) 72'2 k=1 l’l2

The phase spectrum is zero, while the amplitude spectrum is shown below.

An
2
1.62
0.18
O.|06
s 21 ’1|‘rc 41 Sm m
P.P. 2.5
T=10,0, =27/T =7/5
T/2
. 1 ‘ ‘
c, = 1 J' f(t) - jna, tdt — lee jna, tdt .;eﬁnwot _ 1 (efjnwo — " )
T -T/2 —jno, -1 —jnw,
3 2 ejnwt,_e*jnwo _251nna)0 _2811’11172'/5
na, 2j nw, nrl5

Fo=2% %”’, 1:%
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P.P. 2.6

o

_ 1y - jant _2r_
Cn = ?J-O f(t)e dt, (1) —7—72'

C = lr te "™ dt
291

Using integration by parts,
u=tand du = dt

dv = e?™™dt which leads to v = —[1/(2jnm)]e™™™

1

1

t 4 1
Ch= ——e " —— j e "M dt
2jnx L 2jnm !
. 1 1
_ % e—jnﬁ+ejn7rt:|+ S o
nx 2n°(—J) B

[i/(nm)]cos(nr) - [1/(2n°1%)] (e — &™)

C, = JED - 2J >sin(nr) =

Jj(=1"
nrw 2’ nw

Thus
- inw, t - n j jnmt
f(t) = Ce"" = -)" —e¢e’
o= >c, 20( )=

n=—o0

The amplitude and phase spectra are shown next.
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0.32

0.16

A1
0.8

(a)

n

90

(b)
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P.P. 2.7

15 1% I
P=—|f*0dt=—|)*dt=—=0.5
T!f (1) 27[{() -

15 Ixm
C =—|f(dt= =0.5
T -([f( ) 2
w,=2r/T=1
1 . e 1 :
C =—|f@®e"dt=—|De"dt =——— (""" -1
) T!f() 27[!() prrmpnd )
j - —L n=1357,.
:2—(cosn7r—]s1nn7r—1) =4 nrw
i 0, n=2,46,..

b n=1,3,5,7

[N
0, n=2,4,6,..
The power spectrum is shown below.
ICal’
0.25
0.2 0.2
0.022 0.022
(|).008 0i008
-5 -3 -1 0 1 3 5 n
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P.P.2.8
L . 1 ) 1 .
@ X()=|Qe ™ =——|e " -1|=—|1-e"
Je e ] i-e ]
(b) Flo@t—t)=e""
Let 7, =-3.
X(w)=e"

jot —jot
X(0)=2F [%}

=27[6(w+w,)+5(0-,]

=2 (1 ——) cos wtdt

T
2sinot 2 )
= —— (coswr+wrsinwr —1)
w @
=—(l-coswr)
W

cos2u =1-2sin’u

But
1—coswr =2sin’ wr /2
.2
X(a))=i2sin2 (02’/2=2’M
W (ot !2)
N
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P.P.2.10
e 1 <0
GE
/ {0, t>0
F(a))— J.f(t)e Jwtdt_J'e e szdt_J' (a— ]w);dt
= 1 e(a—jco)t 0 _ 1
a—ja) —00 a_ja)

The energy spectral density is

, 1
G F@f=——0n =24 (2.10.2)

Thus, the energy contained in the frequency range of —f, < f <fj is

£ — (27#) (2.10.3)

The integrand is even so that we can integrate from O to f, and multiply by 2.

If we let u = 2xnf/a so that df = adu/2m, eq. (2.10.3) becomes
24f, la
¥ 2
E = 2a J- du — L n71 i

27ma’ 0 1+u’> a

P.P.2.11

@ X()= 1( ey j“’+ej“’+e’“’2) 2(cosw+cos2m)

(b)  y(t)=2te"u(r)

Let g(t)=2e'u(t) —— G(w)= 2.
1+ jo
=150 — 29D i oy
2
Y(0)=— 2
=1 ey

(c) z(t) and its derivatives are shown below.
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z{t)
5
0 1 t
AQ)
A z(t)
A
5
55(0%
0 1 t 0 1 t
v -O0(t-1) -58°(t-1)

-50(t-1)

2"(t)=58()-55(t—-1)-55'(t—1)
(jo)’'Z(w)=5-5¢7"" =5 jwe ™

Z(w)= _—z(l—e_j“’ — jowe )
®

P.P. 2.12
Taking the first derivative gives y’(t) in Fig. A. Taking the second derivative gives y’’(t)

as in Fig. B.
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y’ ()
A
5
21 <11 ol 1 2 t
5
Fig. A
108(t¢1) (1)
55(t-2)
1 ) 7 > ¢
-58(t+2)
-108(t-1)
Fig. B

From Fig. B,

y'(t)=-56(t+2)+106(t +1)—106(t —1)+55(t —2)
Taking the Fourier transform of each term,
(jo)’Y(®) =-5¢"*" +10e’” —10e ™ +5¢77*°
=-5(* —e **)+10(e’” —e )
—0’Y(w)=20jsinw—10sin 2w

or
Y(w)= LZO (sin 2w —sin w)
@

P.P.2.13
(@ f()=e"Pu-2)
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_L * jor :L ” ”5(60) ejmt
(b) g(0)= oy LOG(a))e dw o7 I—w G+ jo)2+ jo)

I 1 1

= =— =005
2 (5)2) 20

P.P.2.14
-20=20log| H| —— H=107"*=0.1

2
1+ 2] =L —100
1) 0.1

c

Let x=@_27f _f

o, 2xf f.
X"=99 — 5 X =99"" =993 = 4.6261
ﬁ.:i: 0 _10.81 MHz
X 4.6261
3
H(s)= G

s +20,5° + 2075+ @

where @, =27 f, =27 x10.81x10° rad/s=6.791x10 rad/s

P.P. 2.15
R
joC
Vv kY 'IC R+ 'lC 1 'RRC
i joL+RU—— joL+RIl—— joL+——
joC joC 1+ joRC
B R
R(1-@’LC) + joL
Since R=1,
1
H(s)=—/———— s=jo
&= Frcrsian 79
1/LC
H(s)=—
s“+s/C+1/LC
We compare this with
H(s)= k

s*+1.41R20 5+ @]
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HO) =~ =1
a)(,‘
o =L
LC

%:1.4142 —> (C=0.7071=707.1 mF

If w=1 L=1/C=14142H

Prob.2.1

(a) An analog signal is a continuous-time signal in which the variation with time is
analogous to some physical phenomenon.

(b) A digital signal is a discrete-time signal that can have a finite number of values
(usually binary).

(c) A continuous-time signal takes a value at every instant of time.

(d) A discrete-time signal is defined only at particular instants of time.

Prob. 2.2

(a) A periodic signal is one that repeats itself every T seconds.
(b) An aperiodic signal is a nonperiodic signal, i.e. it does not repeat itself.
(c) A signal is said to be an energy signal when the total energy E of the signal

satisfies the condition 0 < E <0

(d)A signal is called a power signal when its average power P satisfies the condition

O0<P <w
Prob. 2.3
(a) x;(t) is sketched below.
x1(t)
3
2
o 1 2 3 t
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(b) x,(¢)=2I1(10¢) =2I1(¢/0.1). It is sketched below.

X2(t)

v

-0.05 ' 0.05 t

(¢) x3(t) is shown below.
x3(t)

5

v

Prob. 2.4

(a) Since sinc (X)= sin(x)/x,
sin(rt,/3)=sin(nhr) ——> t,=3n
y,(t) is sketched below.
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yi(t)

(b) ya(t) is sketched below.

ya(t)

1.5

2.5

(c) y3(t) is shown below.
y3(t)

4

=

v
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Prob. 2.5
(a) x1(t) =x(-t) is sketched below.
X1(t)
1

2 1 0 ot
(b) x,(t) = x(t+2) is sketched below.

X2(t),

/_ .1
2 -1 0 t
(c) x3(t) =1+ 2x(t) is shown below.

v

x3(t)

(d) x4(t) =x(2t) is shown below.

X4(t)

A

v

0 172 1 t
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(e) x5(t) = x(t/4) is sketched below.

xs(t)

A

Prob. 2.6

o0

(a) E= _f (x(1))’dt = I e Md = ZI e dt =ie_2’ *_ 1<
J ) 0

—00

i.e. x(¢) is an energy signal.
3

T T
(b) E=lim j (y(t))*dt = lim j 2dt = lim = = o0
T—x 0 T —o0 o

T~>oo3

1% R 15, .17
P=1lim— ) dt=lim—|t°dt =lim—— =
T»ooT-([(y( )) T—)ooT»([ ., T 3

i.e. y(¢) is neither energy nor power signal.

2

(¢ E= j(z(t))zdt=2j(1—£j dt=2(t—t_+t_2j
hel 0 T

T 1 2
=2|t—-1+—-7|=—71
r 377 )0 ( 3 j 3

Hence, z(¢) is an energy signal.

Prob. 2.7

It is not possible to generate power signal in a lab because such a signal would have
infinite duration and infinite energy. Signals generated in the lab have finite energy and
are energy signals.
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Prob. 2.8
1 T
P=—|f*®)dt
Ty<>

P :%!gz(t)dt— ‘([a fi(bt+c)dt

Let bt+c=A, dt=dAlb

2 1 bT +c

a
P =—— A dxl—
. bT!f() P
Prob. 2.9

(a) A system is linear when its output is linearly related to its input.

(b) A nonlinear system is one in which the output is not linearly related to its input.
(c) A continuous-time system has input and output signals that are continuous-time.
(d) A discrete-time system has input and output signals that are discrete-time.

Prob. 2.10

(a) A time-varying system is one in which the input-output relationship varies with
time.

(b) A time-invariant system is one in which the input-output relationship does not
vary with time.

(c) A casual system is one whose output signal (response) does not start before the
input signal (excitation) is applied.

(d) A noncausal system is one in which the response depends on the future values of
the input.

(e) An analog system is one whose input signal is analog.

(f) A digital system is one whose input is in the form of a sequence of digits.

Prob. 2.11

(a) Linear
(b) Nonlinear
(c) Linear

Prob. 2.12
(a) Linear

(b) Nonlinear
(c) Nonlinear
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Prob. 2.13

T=40,=27lT=7r/2

5, 0O<r«l
f(@®)=<10, 1<t<?2
0, 2<t<4

T 1 2
ay = %jf(r)dt = ﬂjsm +j10dr} =3.75
0 0 1

2% 2| ¢ nut ° nut -5 . nrx
a, :—If(t)cosnwotdt:— JScos—dt+J-10cos—dt =—sin—
T4 4(4 2 1 2 nr 2
T 1 2
b, =£.|Af(t)sinna)atdt=z J.Ssinn—mdt+.|.1()sinn—mdt =i(1—2cosn7z+cosﬂj
T 419 2 1 2 nrx 2

Prob. 2.14

T=4,0,=271T=x/2, b,=0 sincef(¢) is an even function.

0, 2<t<-1
f(@®)= cos%t, —-1<r<1
0, 1<r<2
T2 1
1
aozgjf(t)dt:gjcosfzdtzlzsinft _1
Ty 44 2 2z 210 =«
4 T J _1 V4 nmd
a, —?.([f(t)cosna)ot t—.([cosztcosT t

We apply the trig identity: cosAcosB = %2[ cos(A+B) + cos(A-B)]

1
a,= lI[cosz(n +Dr+ cosz (n— 1)t}dt
29 2 2

Forn=1.
1 . 1
al:lj[cosm+1]dt:l{smm+t} _1
21 2l 7 o 2
For n> 1,
¢ =——1 inZ e+ sinZ (n—1)
zin+D) 2 1) 2

When n = odd, (n+1) and (n-1) are even sothat a, =0 .
When n =even, (n+1) and (n-1) are odd so that
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i I r
sin=—(n+1)=-sin=(m-1)=cos—n=(-1)"?
2( ) 2( ) 5 (=D

_ (_1)n/2 N _(_l)n/Z _ _2(_1)11/2
z(n+l) x(n-1) xn*-1)
Thus,

1 1 T 2 & (=D nw
t)=—+4+—cos—t—— ————Ccos—t
J0 T 2 2 Z (n* -1 2

n=even

Prob. 2.15

T=40,=271T=r12, a,=0, f()=2t-1)

2 27 nm 1 1 . 1. 2 n
a, :—J.f(t)cosna)otdt:—I2(t—1)cos—tdt:—zcosat+—ts1nat——smat ,  a=—i
T 4+ 2 a a a 0 2

1 2. 1 . 4
a, =—(cosnz —1)+—sinnz —0——sinnz —0=——(cosnz —1)
a a a nr

2

. | 1 1
b, = '[(t—l)sm atdt = — sinat ——tcosat +—cos at
0 a a a

2

=O—l(Zcosmz—l)+l(cosmz—1) =_—2(2+COSH7T)

a a nrw
> 4 nrx 2 nr
)= ———(cosnmr—1)cos—t——(2+cosnx)sin—rt
f@ Z[M( Jeos =1 ———( )sin=— }
Prob. 2.16

b, = 0 since this is an even function
T=6 o=21/6 =n/3

2 = %jomf(t)dt=%Uf(4t—4)dt+jj4 dt}
_ %[(2& —df +4G- 2)} =2

=AM /3)d
a, = ¥J.O (t) cos(nmt / 3)dt

o)l | (4t — 4) cos(nnt / 3)dt + E 4 cos(nnt /3)dt ]
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16
6

9

[_

n’r?

nrmt

os(
3

3

nmw

nrt

3t.(
n
3

16

6

3

—S1

in
nn

. ( nmt
= sin
3

+ —=S1
nmw

Jrwnl5)

= [24/(n*1%)][cos(2nn/3) — cos(nm/3)]

] -4

Thus f(t) = 2 +%§iz[cos (gnlz—j -COosS (—H cos (—)
Att = 2,
f(2) = 2 + (24/7)[(cos(2n/3) — cos(m/3))cos(21/3)
+ (1/4)(cos(4mn/3) — cos(2m/3))cos(4n/3)
+ (1/9)(cos(2m) — cos(m))cos(2m) + ----- ]
= 2+2432(0.5+0+0.2222 4 ----- )
f(2) = 3.756
Prob. 2.17

Express each term in the standard form as a, cos(@,t+0,).
lsin(5t +25%) = lcos(5t +25°-90°) = lCos(5t —65%)
4 4 4
1 o 1 o
—Ecos(3t +20%) = Ecos(3t —-1607)
Thus, the magnitude and phase spectra are shown below.

A

A

>

0.25

v

nrmt

3

I
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On

15°

-65°

-160°

Prob. 2.18
a, = 20/(n’*n?), by, = -3/(nn), ®, = 2n

400 9
Ao = 0y =T

3 44.44
S PP
nrw 1127'[22

n=1,3 5 7,9, etc.

2.24
0.39
0.208
0.143
0.109

Ol n|w|—|=
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bn = tan”'(by/a,) = tan" {[-3/(nm)][n’*n*/20]} = tan"'(-nx0.4712)

n
—25.23°

—54.73°
—67°
—73.14°
—76.74°
—90°

lolwd|lunm|w|—|=

2.24
A 0 2 6 10 14 18

| |-

l "
A, -30°_| -25.23°
0.39

oW

\
0.208 0
-60 -54.73
0.0.143 ¢ 100 -

— A\ 4
T 4 T3 g
T 1 | o | O
0 2 6 10 14 18 I

svY
=

Prob. 2.19
f(t)=40cos5xt —20sin(2xt + 7/ 6) cos St

But 2sin Acos B=sin(A+ B)+sin(A—B)

f(t)=40cos5xt—10sin(7xt + 7 /6)—10sin(-37xt + 7/ 6)

Also, sina =cos(a—90%)

f()=40cos5xt—10cos(7xt —60°)+10cos(37zt —120)

Thus,

a, =40,a, =-10,a, =10,0, = 57,0, = 17,0, = 37,6, = 0,0, =—60",0, = -120°

Prob. 2.20

This is an even function.
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b =0T=40,=27/T=71/2

l(2+4)4
=2 =3
4, O<r<l1

f@®)=1 4, 1<t<3
8—4t, 3<t<4

T/2
= i j f(t)cosnwtdt, a=nw,=nxl/2
T 0
1 1 2
= i“ 4t cos atdt + 4cos atdt} = 4[L cosat + ism at} —icos at
0 a a a

:4{%(cosa—1)+lsina—0}—i(cos 20 —cosa)
o o o

16 nr nr
cos——1)+— sm—+cos——cosn72
n272'2( ) n7z( 2 2 )

f0=3+Ya, cos%t
n=1

Prob. 2.21
(a) Since f(t) is an odd function, a,=0=a,. T=7n,0, =27x/T =2

wl?2

4n nr

4 T/2 472'/2 4 1 ¢
b,=— [ f@®)sinnad== | tsin2ntdt=—{—zsin2nt——cos2nt}
T T, 4

:i{—icos nﬂ} = i(—1)"+1

| 2nrx nr

2 o0 (_ n+l )
fO==> sin 2nt
”n:l
(b) The total average power is
8 £|lm/2 1
P =— tdt =— —dt——— =—
jf() -[ 30 3
1 4 4 4 4 2 1 1 1
) =ap +— b’ =—| — +—t =—(l+=+=+—
0 ZA" Z 0\ 2 A or 257r2j nz( 49 25)

=0.2026(1.4011) = 0.2839

Principles of Modern Communication Systems 1st edition Agbo Solutions Manual



https://ravanbooks.com/books/9781107107922-solutions

26

Prob. 2.22
T=2rn,0,=27n1T=1
C, = L _[ t’e " dt
2r
We integrate by parts twice and obtain

n

C I%COSI’M’:%(—D", n=0
n n

For n=0,
V4 2
C,= L (ra="
2 < 3
Hence,
2 2(-1
f)= —+ > ac,
n=-o0,n#0 l’l
Prob. 2.23

17 < 1S 15 .
C,=—|fe ™ dt=— [ (e " dt +— [ (=) " dt
’ T!f()e T_jf()e T!( e

1 —Jjont | () 1 —Jjognt |- 1 ) 1
__e __e — . (l_e—ja)onr)+.—( j(uon‘r
T -jon|-t T -jon|0 —jonT Jjao,nT
But ) 2—7[,
T
1 —j2nxt/T
C, =—-:("’ -1),n=0
jnr
For n=0,
1 0 ) 1 T ) 1 — japt O 1 —joyt T
Co=—[ e ™ dr+—[(-De ™ dr =— L
T-. T T -jo,|-t T -jow,|0
2
But o, :77[ — ol=2r

Cy =L ey e —1y = Lcos 1)
27z 2 T

0

f(t) = _(COS 2at!T — 1) + Z L(e—jZnﬂ'T/T _l)ejnm/T
n=—co jnw

-1 =

2
Ja,nT

(e—jwom'
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Prob. 2.24

T=2,0,=27n1T=r

— jnmt — jnrt

1 0 —jnrxt 4 . O
cn=5j4(1+z)e dr=2 + - (—jnat —1)
-1

(cosnr+sinnrx) , .

—-jar  -n'rw
1_ jnrm 1 Jjnrm 1_ P 1
=2[( ¢ ) LI e2 2(jn7r—1)}=2{( cosnz jsinnz) 1
—jnrw nm nrmw —nrxw nrw

2_2 2.2

=2[L(l—cosn7z)— ! +(ﬂm_1)cosn7r}
nr nr nr

Prob. 2.25

@ g)=f(t-2)=) Ce""™ = Ce e
C,=C,e />

(b) ()= 2% =>"2C, (jna,)e""’

C, =2jna,C,

dzf df 2 2 2 . ;
C 1) = _— = C n‘w: - inw el"‘%t
(© y(@) i dr E L, (J ) — Jna,)

C,=-C,(na} + jnw,)

Prob. 2.26

@ X(w)= z

1+ jo) + 1

6 Y@ =3[ e ]

© s o =
j@

2 2
nomw
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Prob. 2.27
1
. 21 o
@ X@s=| geingr =2 o |t _ A (i gy
e —jo -1 —jo

jo _ ,~jo
:iwz—sina):Ssinca)
0] j2 0]

Or X(co)=fi[4H(t/r)] =4rsinc(wr/2) =8sin cw, (r=2)

1 ' 2 ‘ ) o |
(b) Y(w)= J‘2€71wtdt +'|-(1)e”””dt :__'e*/wt i e
0 1

jao

= 4(2 —e " —e )
jo

Or y'(t)y=20@)—o0(—-1)—-05(t—-2)
joY(w)=2—e " —e )
Y(w)= _L(Z—e’j‘” —e?)
jo
©  2'0)=8(t+1)=25()+5(-1)
—0’Z(w)=e"-2+e 7" =2cosw—2
Z(w) = _—z(cosa)—l)
®
But cos2A=1-2sin’A
. 2
Z(w) =012 G P (w/2)
®
Or z()=A(t) —— Z(w)=sinc*(@/2)

Prob. 2.28
(a) Taking the first and second derivatives gives

f'®)=0+2)—-46(t—-1)+35(t-2)
Taking the Fourier transform of each term:

-0’ F(w)=e"’" —4e™7” +3e77*°
1 . . :
F(®)=—(4e 7" =3e7*" -’
(@=—( )
(b) g()=2A@—-1)—-2I1[(t—3)/2]
G(w)=2e"sinc’(w/2)—2e 2sincw

G(w)=2e '”sinc’ (%) —4e Psincw
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Prob. 2.29

Taking second derivative of the signal gives

h'(t) = AS (1) —éé(t) +é5(t —7)
T T

~0’H(w) = Aja)—é(l) +ée’j“”
T T

H(w)= a;‘r [1— ja)r—e_j“”J

Prob. 2.30

(a) Let h(t)=1+mcosat
H(w)= 27r§(a))+m7z[§(a)+a)+§(a)—a)]

F(o)= [H(w+ﬂ)+H(w A)]

=7z[5(a)+,6)+5(w—ﬂ)]+%[5(a)+a+ﬂ)+5(a)+a—ﬂ)
+o(w—a+ p)+o(w—a—p)]

Jt_ =it

(b) g(t)=sin(t) = , O<t<2rx
el e
G(a)) — : —]wtdt _ ( jt(l-o) _ jt(l+w) )dt
! 2j I

2

1 jt(-@) jt(+e)
=— + = +
2j| jd-w) jd+w) |0 (1-w) (1+ w)
But e’* =cos(27)+ jsin2x =1

Gl - 1{ el ””—1}:—_1(5’ ohR)_1-e
I-0) (+0) | 2 (1-0%) l-o

o0 _1{612“1—0)) _1 e _1}

Prob. 2.31
/2
P(w) = I cos 2L gion gy = 27 COS(@T/2)

-7/2 2 7 1_(0)’[)2
T

Prob. 2.32

(a) r(t)is sketched below.
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r(t) a

20

v

_J N

-1

(b) R(w)= ]E r(t)e ' dt :I 10(1+ cos zt)e ' dt

—o0 -1

—jot
e J

—jCl)

1 [ ‘ ‘
+ SI (e’ +e ™)e ' dt
1 e}

=10

Sej(ﬂ—w)l Se—j(/r+m)t 1

+
jr—w) -j(r+ow)|-1
7j(7r7w)) (e*j(lﬁw) _ej(ﬁ+w))

= 19 (e —e’)+

20 . (/" —e
=—sinw+5

) j(r—w) j(r+w)
=20sincw+10sinc(7r — w) +10sin c(7 + )

Prob. 2.33

e a=rxld

@  F@)= ™ e

j%[ejwam) +e"“’("“)}da)

1% . 1
ﬁ(z):ELFl(a))ef dw:Z

But j 00 =275 (t + a)

—00

fl(t)=4L 2r[o(t+a)—o(t—a)] =%[5(t+7r/4)—5(t—7z'/4)]
V2
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b) L= Put-2)

(c) Let o =x

B x+2 B x+2 B 1 B 1

X 43x42  (x+2)(x+D) x+1 @ +1
I,
f3(l‘)=§€||
Prob. 2.34

25sin ﬂa):i.[ej”“’ —e /™
2j
1 1
f) = ejzm) _e—jzz'a) ejcotda): eja)(zz+t) _e—jw(/r—t) d&)
f@ —M._jl[ ] —Zﬂj_j[ ]
1 2jsint
0 #-rx°

1 ejw(/r+t) —jo(r—t)
= +
2rj| j(r+t) jlmr—t)
Prob. 2.35

1 T jor
f(t)—g_J;F(a))e do

1 ée"””ala)+ij.Ae"“”dco+L I ée"“”dco
2r J .2 2 2 72

T A eja)l

-7 Ejt

A e/ w,+T

-0,+7 A el
4r jt

-0, -7 21w jt w,—-T

—j@o,t Jja,t

=A sin 7t

. At .
sintt+—sinc(rt)+ A
27t b4

f() = £sin(rt) [1+cos(a,1)]
7
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Prob. 2.36
1 0 . 1 0 1
)=— | F(w)e'do=—I| (2w)e’do+| Qw)e’”dw
£ ZEJ; () 2ﬂ[£( ) {( ) ]

0 2ej“”(ja)t—l) 1
27 -1 @ 0

1| 2 (jor-1)
(4]

1 . 4 -
1—jte” —e ™ + jte —e™"
—l ]

= 7[(102 [2—2tsint—2005t]

Prob. 2.37

(@) Let h(t)=g(=2t)

(@)= —= 2
2(I—E 2-jo
2

(b) Let f(1)=15(1)
.dG(w) 20
d (1+ jo)’
Let h(@t)=(+Dg@+Du(t+1) = f(r+Dut+1)
20e’
1+ jo)’
dg  _ 20jo
dt I+ jo
(e _ . d (ij: Hold+j@j—je)] _ 20

Flo)=j =20j(- )1+ jw)* =

H(w)=e¢"F(w) =

(©)

a7 do\1+ jo
(d) Let y(¢r)=g(t)cosnt

(1+ jw)’ I+ jo)

Y(a)):%[G(O)-l-ﬂ')—i—G(a)—;z-)]:{ 10 10 }

+
1+ jlo+7) 1+ jlw—r1)

Prob. 3.38
(@) Let f(t)=x(t)e '™

4+ j(w+2)
—(0+2) + j2A>w+2)+2

Flo)=X(w+2)=
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(b) Let g(t)=x()sinz(t—1)= x(¢)[sin 7t cos & —cos 7t sin 7]
Since cosz=-1 and sinz=0,

g(t) =—x(t)sin t

G(w) = —%[X(a)+7z)—X(a)—7z)]

1 . 1 :
5[4+ jo—7)] §[4+ j@+7)]

Ao-7)+ j2A0-7)+3 —(0+7) + j2Aw0+71)+3
© Let h(r)=x(t)*5(t—2)=x(t—2)

H(w)=e X (@) =40
-0+ j20+3
() Let y()= j x(r)dt
X (@) 4+ jo 4
Y(w)= o +7X(0)o(w) = ot 20t 37[5(60)
Prob. 2.39
2sin ot
(@ u@+r)—ult-71)
w
sin ot 1
- 2—T[u(t+r)—u(t—r)]
Let z=1
sin w 1
. E[u(t+1)—u(t—1)]

F [%nt} = %Zﬂ[u(—a)+ 1)- u(—a)—l)]

j &dz_i [ 7 [u-o+)-ut-0-D]de
2 =,
-w+1
2-~o—-1 2

Principles of Modern Communication Systems 1st edition Agbo Solutions Manual



https://ravanbooks.com/books/9781107107922-solutions

34

4
b) Let f(r)=
(b) f@ )
22a2 o 2re, a=2
*+a
16
o= * +4)
jﬁ(r)dr:— j|F(a>) Fdo
e 2r -
I—Z dt I Ar’e ™ dw = I *dw
Y+ 1627 4
7Z'€ 1
4 -4 16
Prob. 2.40
@ X(@=-——, a=3
a+ jo
1
| X (0) = .
p=t (4o 2l 217 1 _gie67w
2rf a+w 273 310 2732 6

(b) Y(w)=4sin c(%4j =4sinc(2w)

1 o0
E=—16sinc*Qw)dw
27zj (20)

But J-sm - _[ sincxdr =~
X 2
Let 20=x —— da)=%
E=£J-smc2xﬂ iz=2
2 2 22
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Prob. 2.41

F(w)=52)sinc (%Zj =10sin cw
Applying the time shifting property,
G(®) = F(@)e’” + F(w)e ™ =10sinca (e’ +¢7*?)
G(w) =20cos(2w)sin cw
Prob. 2.42
V(o) JjoRC
V(o) 1+ joRC-@’LC
H(0)=0, H(w0)=0 —— abandpass filter

H(w)

Prob. 2.43
o0 o0 1
E =|x@dt=|e™™"dt =——
) _[O ® -([ 2007
x)=e'"" —5 X(w)= _
1007 + jow
Y(a))=H(a))X(a))=;, -B<w<B
1007 + jo
B B
Ep=5E ==L [ V@) do=t[ 22
3 6007 277, Ty l0"+ow
1 1 ( 1 ., B j B 7
= tan > =tan—
6007 7\ 1007 1007z 1007z 6

B=1007 tan% —5,441.4 rad/s
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Prob. 5.44
X 1 1
H(s)=— 2 3 3 2 = 2
s"+H20.5+20  +w. 5T +2s"+2s+1 (s+D(s”+s+1)
H(s) = A Bs+C

s+1 s +s+1
1=A(s"+s+ D)+ B(s> +5)+ C(s+1)

Equating coefficients,

57 0=A+B ——> B=-A

S 0=A+B+C=0+C ——> C=0
constant: 1=A+C —— A=1,B=-1

Hs)= 11_ 2+S e -1+1_ : 2
S S N N
(s+1/2)2+[ﬁ]
_ 1 (s+1/2) . 1/2
+1 2 2
’ (s+1/2)2+(\/§J (s+1/2)2+(\/§J
2 2
V3
1 (s+1/2) +1/2 By
s+l 3 2
' (s+1/2)2+(\26J 2(s+1/2)2+(\/2§]

h(t)=e" —e""* cos ﬁt +Le’”2 sin ﬁt
2 NE) 2

Prob. 2.45
This is H(s) for third-order Butterworth filter. Hence,
H(s)= !

s +2s7+25+1
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Prob. 2.46
i
Z =1+sL,Z, =—1I[1= Scl __|
s 14 o 1+sC
sC
v,=—2_y
Z,+7Z,
B
gYe__ 4 __ 1+sC  _ 1
Vi Z+Z, |4 L S’LC+s(L+C)+2
1+sC
B 1/LC
s*+s(1/C+1/L)+2/LC

Comparing this with

k
s> +1.4140,5 +

H(s)=
we get

k=1/LC, a)f=i, 1.4140)6=l+l,
LC C L

2
1_Lo _sop
c 2
14.14:50L+% —— 500’ —14.14L+1=0
+ 2
L 14.14 +/14.14% — 4(50)(1) 01414
100
1

L=1414mH, C=——=0.1414=141.4 mF
S50L

Prob. 2.47

(a) The MATLAB code with the plot is presented below.

t=-2:0.1:2;
X = t.*t -2*t +3;
plot (t, x)
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11

10 b

(b) The MATLAB codes with the plot is shown below.

t=-pi:pi/40:pi;
y = 4*cos (2*pi*t — 12*pi/180) + 3*sin(2*pi*t);
plOt (tl Y)
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plot (t, z)

Prob. 2.48
(a) The MATLAB with the plot is shown below.

w= -5:0.1:5;
F =1./sqgrt( 4 + w.*w);
plot (w,F)

0.5

0.45F

0.4

0.351

0.3

0.25F

0.2F

(b) The MATLAB with the plot is shown below.

w= —-4:0.1:4;
G = 10*( sin(5*w) .*sin(5*w) )./ (25*w.*w);
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plot (w,G)

Prob. 4.49
The MATLAB code with the plots is presented below.

w= -5:0.1:5;

a=pi*w

F = 10*j.*exp(-Jj*a).*sin(a) ./ (l-w.*w);
FM = abs (F);

FP = angle(F)*180/pi;

subplot (2,1,1); plot (w,FM);

xlabel ('\omega'); ylabel ('magnitude');
subplot (2,1,2); plot(w,FP);

xlabel ('\omega'); ylabel ('phase');
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20 T T T T T T T T

magnitude
S
T
1

phase

Prob. 2.50

From Prob. 2.13,

a,=3.75,a, = _—Ssinﬂ,bn = i[l— 2cosnm +cosﬂj
nr 2 nr 2

o

N =375+ Zan cos(noyt) +b, sin(nw,t), ,= %

n=1

The MATLAB code with the plot of partial sum is shown below.

N=15;
t = -2:0.01:2;
w = pi/2
£0=3.75;
fN = fO*ones (size(t));
for n=1:N
fac=5/ (pi*n);
an= —-fac*sin (w*n);
bn=fac* (1 - 2*cos(n*pi) + cos(w*n));
fN = fN +an*cos (n*w*t) + bn*sin(n*w*t);
end
plot (t, £N)
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Prob. 2.51

From Problem 2.14,

T 2 & (=D nw
2 cos—t¢
2 T n=even (n _1) 2

The MATLAB code with the plot is shown below.

N = 25;

t = -2:0.01:2;

w = pi/2;

f0 = 1/pi;

fN = fO*ones(size(t));

fN = fN + 0.5*cos (w*t)
fac=-2/pi;
for k=1:N
n=2%*k;
facl= (-1)*(n/2);
fac2 = n*"2 -1;
fN = fN +fac*facl*cos (n*w*t)/fac2;
end
plot (t, £N)
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1.2 T T T T T T T

_02 1 1 1 1 1 1 1
-2 15 - -0.5 0 0.5 1 1.5 2
Prob. 2.52
From Problem 2.20,
16 nr 16 . nx
a, =——(os——1)+—sin—
nr 2 nr 2

FO=3+>a, cos%t
n=1

The MATLAB code with the plot of partial sum is shown below.

N = 31;

t = 0:0.01:2;

w = pi/2;

f0o = 3;

fN = fO*ones (size(t));

for n=1:N
facl= 16*( cos(w*n) -1)/(n*n*pi*pi);
fac2 = 16*sin(w*n)/ (n*pi);

an=facl + fac2;

fN = fN + an*cos(n*w*t);
end
plot (t, £N)
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Prob. 2.53

The MATLAB code is shown below.

den = [ 1 3.236 5.236 5.236 3.236 11;
roots (den)

ans =
-0.3090 + 0.95101i
-0.3090 - 0.95101
-1.0000 + 0.00001
-0.8090 + 0.5879i
-0.8090 - 0.5879i
Prob. 2.54

The MATLAB code with the plot is shown below.

[z,p,k]=buttap(6); % returns the zeros, poles, and constant k of the
% 6th-order Butterworth filter

num=k*poly(z); % forms the numerator

den=poly (p) ; % forms the denominator

[mag, phase, w]=bode (num, den) ; % returns magnitude, phase (in
%$degrees), and frequency vector w (automatically)

semilogx (w,20*1ogl0 (abs (mag)))

% plot (w,mag) % plots the magnitude verse w
title('Magnitude of the frequency response')
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xlabel ('Omega')
ylabel ("Magnitude')

Magnitude of the frequency response
0 T

Magnitude

-100

-120

L L L P TR T T N | L
-140- 5 .
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Chapter 3

8
3.1(a) Ly, =0.1;L=0_1L=0_1M
. 30x10° Hz

L, =10"mor1km

(b) f.=100f, =100x30x10° Hz =3x10° Hz

8
L. =012=015=0 1210 W5 460

. 3x10° Hz
3.2(a) For f =550kHz,
8
H, =012=015=01 2005 450
i 550x10° Hz
(b) For f.=1600 kHz,
8
H. =014=015=01—220 W5 g5,

f. 1600x10° Hz

<

3.3 A, =10; Modulation index = y=—+%=

A
For waveform sketches, A=A +A ; A. =A —A,
For From Figure 3.35(a), A, = A +A, =8 A, =A—-A, =

1 1 1 1
A==(A_ +A )=—(8+2)=5 A =—(A_—A_ )=—(8-2)=3
C 2( max+ mm) 2( + ) m 2( max mm) 2( )
ﬂ=ﬂ=§=o.6 or 60%
A5
4
=—=04
(a) u 10

Sketch is similar to Fig. 3.2 (a) but A =10+4=14and A, =10-4=6.

(b) For A =10, u= % =1.0 (100% modulation, not recommended!)

Sketch is similar to Fig. 3.2 (b) but A =10+10=20and A, =10-10=0
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