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A square-law modulator for generating an AM wave relies on the use of a nonlinear device (eg.,

diode): Fig. 3.8 depicts the simplest forin of such a modulator Ignoring higher order terms, the

nput-outpul characteristic of the diode-load resistor combination in this figure is represented by
the sguare Jaw:

valr) = ap',[r;+a3vf{r_:

where

vilf) = A cos(Inf )+ mir}

is the input signal, v,(f) is the output signal developed across the load resistor, and ay and a4 are

constants,

(a} Determine the spectral content of the output signal vali),

{bi To exmact the desired AM wave from v30). we need a band-pass filter (not shown in Fig. 3.8).
Determine the cutoff frequencies of the required filter. assuming that the message signal is
limited to the band- W < r< I’

{c} To avoid speciral disrortion by the presence of undesired modulation products in volf), e
condition /. > 2 ¥ must be satisfied: validate this condition.

Solution

The output signal is

w1} = u,vﬂr]*n:vi{:]
= (A, COS(2IR [ 1) + mi1)) + ay( A cos(2r f 1) +min)’
= [a, + 2a,m{t)] 4 cos(2R S 1)

+[a,mir) +a243m’{zxf,,;}+azm’un (1

(8) The expression inside the first set of square brackets defines the desired AM wave:
s(1) = Afa; + 2a,m(r))cos(2xf 1)

2a, ;
= ﬂF.*f‘_[I - ﬂ—‘m[r}}cnst?n_frn
I

which represents an AM wave with
24,
ko= “-I'-;r-
defining the amplitude sensitivity of the modulator.
(b} The required band-pass filter must have a passband centered on £ and a bandwidth equal W
W
(¢) The expression inside the second set of square brackets of Eq. (1) defines the undesired
modulated products. The terms that matter are:
+  The term a,nr (), whose highest frequency component is 2W.
+  The term ayd “cos’(2n f4), whose frequency is 2 /.

To extract the desired AM wave we therefore require:
Condition |:

U+ W) <2,

orf. > W

Condition 2:

- W) =2W

nr} } JH" a_m - . >
ifﬂimrfmt we satisfy condition 2, then condition | is automatically satsfied.
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Problem 3.17

{a) We are given
e(t) = A sin(2nf 1)
and
mit) = A, sin(2nf 1
Invoking the definition of AM wave
(1) = [1+k mit)]etr)
we now write
s(ry = A[1 +k,AmSin(Z'ﬂ_f”f}]siniln'_f',lj
: = A_sin(2nf £) + pA sin(2n] ,r)sin(2nf 1)
where
TR ¥ 2
is the mudu]aunnfadur mnwm%mmmiﬁﬁnﬂy

smdsmHﬂ-[ws[A B) - cos(d + 8)]

(n

Hence, we may rewrite Eq. (1) as
50 = A SRS 1)+ AL e0s (RS~ [} - 008QNLS + D) @

The spectrum of the AM wave s(t) consists of three components:
()  Currier: A sin(2wf 1)

) (i) Lowerside-froquency: A, c0s(2R(f = £ ))

iy Upper side-frequency —%u.f‘_ms{ R(F .+ [ )

This spestrum is depicted in Fig. 1.

i

“_Zj; :

Figure |

. Thuﬂymﬁutlmbammﬁﬂmﬂmuwﬂsﬂe-ﬁuqmr;+rwhﬁg 1 u;th:
negative of the upper side-frequency /; + £, in Fig. 3.3(c).
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Problem Consider the message signal
3-18
m(t) = 20 cos(2xt) volts
and the carrier wave

cl(f) = 50 cos{100xt) volis

(a) Sketch (to scale) the resulting AM wave for 75% modulation.
{(b) Find the power developed across a load of 100 ohms due to this
AM wave,

(&) iiat- St} = A,.,(Héi,,nm]'m;m}gt

= fell? &&M@ﬁ.t}ﬁuzf;t (-gf&m;‘
aihere  Aecfp wls. Apy = 20 volts |

ﬁ‘fﬁ ﬁ=£¥ﬁ’$f fﬂﬂﬂ-mﬁ}
and ﬁgf#ﬂn-&?f ﬁa..; %:d,ﬂaf! ‘%‘
#
S St): bl 1+ 0 FEcosan(t)t] Cos 2l 50)E Lad
[ voits?
fat 4
~/2,. 44

J'il'.r
bagpe— joe ___,.| —( 110, bosamt |

(dy St = Spl i1 0. cesamt 1os 2 ($2)E
= SBcas /oot + IR E Eusantips (oot

. oS
= 8 Cas toomwt + 2L poc poant ¥ “’%-ﬁu et

gﬁf'f‘aﬂ-ﬂ- B PM— it é# + 2 ¥ 2 fﬁﬂ") _; {If.ﬁ? _.:'

e
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: R Problem U.singg the mcssaée sié:.l-ar. o |
i 3- !?
R mi) = _t
i 1+
h ' determine and sketch the modulated wave for amplitude modulation whose
{1 percentage modulation equals the following values:
% . (a) 50%
B (b) 100%
f () 125% : +
i+t
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