Problem 3.7

{a] The frst step in the solition to this problem is to plot m (f). or use a root-inding
algorithm in order to determine the minirmum value of m (f). We find that the minimum
of m(f) = —=11.9523. and the minimum f{alls at { = 0.0352 and ¢ = 0.0648. Thus the

normalized message signal 1s

ety = [@ cos 207t — T cos 607t]

11.9523
With the given value of ¢ () and the index a, we have

ze (t) = 100 [1 + 0.5my, (t)] cos 2005t

This vields

E(t) = 14.6415 cos 1407t + 18,8428 cos 180t
100 cos 20071
188248 cogs 2200t — 14.6415 cos 2607t

We will need this later to plot the spectrm.
(b) The value of {m2 ()} is

1. IRt
FaEr S N o 2 =2 EE
(my (L)) = (ll.ﬂﬁl'ﬂ:i) (2) _ffi] F (V)| =10.455

{¢)This gives the efficiency

(0.5)% (0.455)

e ———— = 10.213%
1+ (0.5)7 (0.455)
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Fipure 3.4;

(d) The two-sided amplitude spectrum is shown in Figure 3.4.

where e
A= L:Il. = T.2307

and 18 B34
B=""—04124

The phase spectrum results by noting that A is negative and all other terms are positive.

(e] By inspection the signal is of the form
T4t =alt)cit)

where a{f) is lowpass and <(#{ is highpass. The spectra of a{f) and ¢(f) are do not overlap.

Thus the Hilbert transform of (¢} 1s

Te(t) = alt)e(l)

in which c(f}) = 100 cos 2007t, This the envelope is

e(f) = l[lll\v—".eez[." ) cos? 20001 + a2(t) sin? 20071 = 100a(t)

where
a(t) = [1 + 0.5m, (1)]

Problem 3.8



(a) my (1) = F& [0 cos 207t + T cos 60x]
(b) (m2 (1)) = {ﬁ}%%] (9)? 4 [7}2] =0.2539

I - I TR
(o) Fpp = 35080 — 0.05060 = 5.060%

{d) The expression for z. (i) is

1
2 (t] = 100 [l | E(f}rnhﬂ]m’ f cos 60t ) | cos 20057t

= 10,9375 cos 1407t 4 14.0625 cos 1807
100 cos 200
F14.0625 cos 2200t + 1009375 cos 26057

Note that all terms are positive so the phase spectrum is everywhere zero. The amplitude
spectrum is identical to that shown in the previous problem except that

A = (10.9375) = 546875

| = b3 =

H = (14.0625) = 7.03125

g

§

(e] As in the previous problem, the signal is of the [orm
ro(t) = alt)ell)
where a(f) is lowpass and o(#{ is hichpass. The spectra of a{f) and (1} are do not overlap.

Thus the Hilbert transform of o(¢) 1s

-~ o~

Ta(t) =alt)eit)

where o) = 100 cos 2007i. This the envelope is

elt) = l[}[}\k,-'"lfrz[!}f-nsz:lﬂl]m‘ + a2(t) sin? 2007t
1
= 100a(t) = 100 |1 4 = (9 cos 207t + cos B0xt)

Problem 3.9

The modulator output
x. (1) =40cos27 (200) ¢ + 4 cos 27 (180) # + 4 cos 27 (220) ¢

can be written
xe (t) = [40 + 8cos 27 (20) t] cos 27 (200) ¢



ar

=]
T, [f) =40 |1+ m cos 2w (20) ¢ ]| cos 27 (200) ¢

By inspection. the modulation index is
2
a=— =102
10
since the component at 200 Hertz represents the carrier. the carrier power is

1
P = = 10)2 = 800 Watts

The components at 180 and 220 Hertz are sideband terms. Thus the sideband power 1s

] —

Pp==(4P+=(42 =16 Watts

ot
o] —

§

Thus, the efficiency is

i 16 .
o —_ 4 —_ —_ I _flrf- et ‘E} s
B =, wnan - e =L

Problem 3.12
{a) By plotting m (¢) or by using a root-finding algorithm we see that the minimum value

of m(t) is M = —3.432. Thus
iy (1) = 0.5828 cos (2a fnat) + 0.2014 cos (47 fint ) + 0.5828 cos (10% fint)
The AM signal is

ze(t) = Ac[l+0.7my (t)] cos2xf.t

= 0.2040A; cos 27 (fe = 5fm)t
+0.1020A. cos 2 (f. — 2fm) &
020404, cos 27 (f. — fin)t
F Az cos 2w fot
020404, cos 27 ( f. + fin )i
F0.1020A; cos 27 (fo + 2fm)
FO2040A, cos 27 (fo + 5fm) &

The spectrun is drawn [rom the expression for =, (1), It contains 14 discrete components
as shown

Clomp Freq Amp  Comp Freq Amp
1 fe—5fm 01024, 8 fe—5fm 01024,
2 fe—2fm 0.0514. 0 fe—2fn 00514,
3 f-—fimn 01024, 10 fe—fm 01024,
| fe 0.54. 11 F 0.54.
5 fe+ fm 0.102A4, 12 fe+ fmm 01024,
i fe+2fm 0.051A. 13 fe+4+2fm 0.0514;
T fo+5fm 0.102A, 14 fe+5fm 01024,

(b) The efficiency is 15.8%.



Problem 3.13

Filter
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Figure 3.5:

{a) From Ficure 3.75
z(t)=m(t) + cosw,t

With the given relationship between () and y (¢} we can write
y(t)=4{m(t) +cosw.t} + 10{m(t) ('[:H,uu_-f}z
which can be written
ylt) =4m(t) + 4 cosw,t 4 ll.Jm?’[f] F 20m (£) coswet + 5 4+ 5 ecos 2wt
The equation for ¥ (1) is more conveniently expressed
y(t)=5+4m(t) 4 10m2 (1) A L[1 + 5m (1)] coswel + 5cos2w.l

{(b] The spectrum illustrating the terms involved in g (1) is shown in Figure 3.5. The center
frequency of the filter is f. and the bandwidth must be greater than or equal to 2W, In
addition, f.—W > 2W or f. > 3W_ and f. + W < 2f.. The last inequality states that
fe » W, which is redundant since we know that f. > 3W.

(¢) From the definition of m (¢} we have

m(t) = Mmq (1)

so that
glit)=4 :l F 5Adm,, (¢ _::] COS W1

It follows that
a=08=5M

Thus
0.8
M==—=0.16

)

id) This method of forming a DDSB signal avoids the need for a multiplier.



Problem 3.22
By delinition

xe (t) = Accos [wet + kpgm (t)] = Ac cos [wet + kpu(t — to)]
The wavelorms for the three values of k; are shown in Figure 3.7. The top pane is for

kp, = m, the middle pane is for k, = —7/2, and the bottom pane is for k, = 7/4.

Problem 3.33
The frequency deviation in Hertz is the plot shown in Fig. 3.76 with the ordinate values
multiplied by 25. The phase deviation in radians is given

: t
o (t) =2nf, / m{a)da = f\\(}ﬁ] m (o) dex

For 0 <t < 1, we have

4
o) = aﬂ;[ 2ada = 50t
JO

Forl=<it<?2

o(t) = (1) +50r [ (5—a)da =507+ 250r (¢t — 1) — 257 (12 — 1)

For2 <t<3

t
@ (t) = o(2) + 5(17/ ddo = 225m + 1507 (¢ — 2)
J2
For3<t<d4
¢
@ (t) = ald) 4 ﬁﬂi.'[ 2dece = 3767 + 100x(t — 3)
J3

Finally, for + > 4 we recognize that o (i) = ¢ {4} = 475x. The required figure results by
plotting these curves,

Problemn 3.34
The requency deviation in Hertz is the plot shown in Fig. 3.77 with the ordinate values
multiplied by 10. The phase deviation is given by

£ ot
@ t) =27 fy / m (o) dex = 207w / m [ ex) dox
For 0 <t < 1, we have

o
(1) =;m;[ ada = 1072
J0



For 1 <t <2

4
d(t) = ¢(1)4 2(}7.'[ (v — 2) dex = 10w 4 HJT{_IQ 1) — 40x(t — 1)
J1
— 107 (12 — 4t +4) = 10x (t — 2)°

For 2 <t<4

o
Aty = o(2) znr/ (6 — 2a)da = 0 + 207 (6) (1 — 2) — 207 (£ — 4)
J2
= —20x(t2 — 6t + 8)

Finally, for ¢ > 4 we recognize that o (f) = @{4) = 0. The required figure follows by plotting
these expressions.

Problem 3.30

{a] Since the earmer frequency is 1000 Hertz, the general form of x. (1) is
z.(t) = A, cos [27 (1000) ¢t + ¢ (t)]
The phase deviation, ¢ (f), is therelore given by
o (t) = 2012 rad

The Irequency deviation is

o = 40t rad /sec
il
o 1 dé 20
(e L) ?
EH = ?! Hsrrlz

{(b) The phase deviation is
o (1) = 27 (500) 2 — 27 (1000) ¢ rad
and the frequency deviation is

dim

— = Az (500)t —27(1000)  rad/scc
i

= 2000z (t — 1) rad/sec

or | d
dm
—_—— = 1000 =1 Hertz
27 di { ) e



{c) The phase deviation is
¢ (t) = 27 (100} ¢t = 200x¢ rad

and the requency deviation is

dp | o

o o 2007 rad /sec
ar i
de

EE = 100 Hertz

which should be obwvious from the expression for o, (f).
{d] The phase deviation 1s

o (1) = 2007t + 10T rad

and the phase deviation is

do 1. i 3 ’
T= 2007 3 (10) ™% = 2007 4 7 rad/sec
or w i
2 —100+—-  Hertz
29 di 24/

Problem 3.31
{a) The phase deviation is

[
B(t) = 27(30) / (8)df = 480xt, £ <4
J10

The maximum phase deviation is ¢(4) = 4807 (4) = 19207, The required plot is simply

(. <0
aft) = { 4R0xt, D<t<d
1920w, t =4
{(b) The frequency deviation. in Hz, is
0. teep
1 de : :
T Ymm(f) 240 0<t <4

1 f >4



The required sketch follows simply.
{¢) The peak frequency deviation is 8fy = 8 (30) = 240 Hertz
(d] The peak phase deviation is

4
27 (30) [ (8)dt =27 (30} (8) (4) = 1920x rad
J0

The modulator ontpul power is

Lae %_»-’13 = i} (100)? = 5000 Watts
Problem 3.32
(a] The message signal is
0. t <4
t—4, 4<t<6
mE) =49 8_¢ 6<t<8
0. i > &

The phase deviation 1s

it
a(t) = '.ETj'd/ (f —4)dt
J4

= 607 (—4) (t — 4) + 307 (¢ — 16)
= 30r(®-8t+16), 4<t<6

i
a(t) = zﬁj:d/ (8 — t) dt + ¢ (6)
JB
= 1207 + 607 (8) (t — 6) — 30x (12 — 36)

= 120w — 30 (t2 — 16t +60), 6<f<8
Also

ol(t) = 240w, t>8
at) = 0, t<d

The sketches [ollow immediately from the equations.
(b] The frequency deviation in Hertz 1s 30m(t).

() The peak phase deviation = 240 rad.

(d) The peak frequency deviation = 120 Hertz.

{e] The carrier power is. assuming a sulliciently high carrier frequency,
(100)2 = 5000 Watts

toaa 1
P=gA==



Problem 3.35
The frequency deviation in Hertz is the plot shown in Fig. 3.78 with the ordinate values
multiplied by 5. The phase deviation in radians is given by

' ¢
a(t) = 27}3[ m (o) dox = 10w [ m o) doy
For 0 <t < 1. we have
¢
o (1) = 107 [ (—2a)da = —10xt2
A0

Forl<t<?2
-
a(t) =ao(1) 4 1[]5/ 2doe = =10 + 20w {t — 1) = 10x (2t — 3)
J1
For 2<t<25

t
a(t) = o(2)4 mn/[m la)da = 107 + 107 (10) (¢ — 2) — 10%(2) (2 1)
J2
= 10w(-21* + 10t — 11)

For 25 <t <3

o(t) = ¢(2.5) lﬂr[ 2da = 157 — 20w (t — 2.5)
J2

For 3<<t<4

o
o) = &(3) 4 mr/ (200 — 8) dex = 57 + 107(2 — 0) — 107(8)(t — 3)
3

= 10x (2 — 8¢ + 15.5)

Finally, for { = 4 we recognize that ¢ ({}) = @{4) = —57. The required fipure lollows by
plotting these expressions.

Problem 3.36
{a] The peak deviation is (12.5)(4) = 50 and f,, = 10. Thus, the modulation index is

B
“:I—-].

(b] The magnitude spectrum 1s a Fourier-Bessel spectrum with = 5. The n = 0 term falls
at 1000 Hz and the spacing between components 1s 10 Hz. The sketch is that of Figure 3.24
in the text.

{c] Sinee J is not <& 1, this 15 not narrowband FM. The bandwidth exceeds 2 f,,..

(d) For phase modulation. kp (1) =5 or by = 1.25.



Problem 3.40

a| Peak Irequency deviation = 80 Hz

b) ¢ (t) = 8sin (20x7t)

ol O =5

d) P; = 50 Watts, Fp = 16.76 Watts

e] The spectrum of the input signal is a Fourier Bessel spectrum with 3 =8 The n =0
term is at the carrier [requency of 500 Hz and the spacing between components is 10 Hz.
The output spectrm consistes of the n = 0 term and three terms each side of the n = 0

term. Thus the output spectrum has terms at 470, 480, 490, 500, 510, 520 and 530 Hz

T[I ‘|[|r

I[||[ r r|lr,_
UL,

Figure 3.10




Problem 3.41
The required spectra are given in Figure 3.10. The modulation indices are, from top to
bottom, 8 =10.5, 3=1, =2, =5, and 8= 1D,

Problem 3.42
We wish to nd % such that

k
P, =J5 (10) 4+ 2 " J§ (10) > 0.80

n=1

This gives & =9, vielding a power ratio of P. = (L8T47. The bandwidth is therefore
B =2kfmn=2(9)(150) = 2700 Hz
For P. > 0.9, we have k = 10 for a power ratio of 0.9603. This gives

B =2kfm =2(10) (150) = 3000 Hz



