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1. When Is a Carrier a Good Carrier?: Given an information signah(t) you want to gen-

erate
r(t) = Am(t) cos(2m f.t) (1)

However, life (your professor) is unkind and you're onlyoalled to useos?(2x f.t) as your
carrier signal. That is, the first stage of your transmitleck diagram withm(¢) as the input
is going to be a multiplication byos®(27 f.t) (instead of the usual sawes(27 f.t)).

(&) Assume you can build any linear time invariant (LTI) filigu'd like. Can you fil-
ter the output of the multiplier to obtain the desired si@ndt so, what is the filter
characteristic?

SOLUTION: In order to obtainr(t) = A.m(t) cos(27 f.t),we need to design a filter
that give us the desired signal, therfore using the mathtilea such as:

cos?(z) = %(1 + cos(2x))

1
cos(a) cos(f) = E(cos(a + ) 4 cos(a — 3))
5 ) 11 3 1
cos’(x) = cos(x) cos”(z) = cos(x)(§ + 5 cos(2z)) = 1 cos(z) + 1 cos(3x)

we can design a LPF filter so that we get rid off of the third hanic components e.g.

1 cos(3(2mf.)) thus that we are only left with cos(2r f.t).
(b) Supposeos?(2r f.t) is the carrier. Repeat the previous part.

SOLUTION: cos?(2r f.t) does not have a component at frequelficySo, nope!
(c) Suppose we generalize the carrier tab€' (27 f,t) for n > 2. When can you generate

the desired-(¢) using LTI filters.

SOLUTION: Use the odd harmonics of the signal and we'’re always guaezhte
component at frequendfy.

2. Simple Envelope Detection:Consider the following AM signal
s(t) = Al + Acos(2m fint)|cos(2m fet) 2

The modulation factor ia = 1 andf,. > f,,. The AM signal is applied to an ideal envelope
detector producing the outputt).



(a) Why did we stipulatg, > f,,?

SOLUTION: An envelope detector works by allowing the incoming sigoauickly
drag the envelope detector output higher, but then regstiegative swings via the
diode (the output capacitor has to discharge). This meanatdh envelope detector
tracks the peaks of the incoming signal and when the camégpuency is high, the rec-
tified signal looks like a “picket fence” representation bétlow frequency information
signal. If the carrier frequency is on the order of the freqaies in the information
signal, there are no “peaks” to detect.

(b) Findv(t) andV ().
SOLUTION: Just for reference we compute

200(f + fo) +0(f = fl + AN[6(f + fe+ fu) +0(f + fo — f)]
)‘ [5(f - fc + fm) + 5(f - fc — fm>]

Now to the main show. A simple envelope detector chops offefjative half-cycles
of the carrier. For cosine modulation and the informatiogrgal not going negative,
this is equivalent to multiplying the signa(t) by an even square wave with the same
period as the carrier. If we call this signal¢) we have analytically

> k

0= 3 pit =)
where . .
pl0) = [ut+ )~ (e - )]

So, we then have

and

V() = (5 2)(f)

Sincez(t) is periodic, we calculate its FT by first representing it ascufier Series

1 .
ife sin Zn
2, = fc e—j27rfcntdt — 2
__1 ™

so that
Z(f)= > zd(f —nf.)
We note that since(t) is even, the coefficientg are real.
Doing the convolution graphically (or in our heads sinces ijust impulses) we get
copies ofS( f) at multiples off, so

o0

V()= > wS(f—nf)

n=—oo



which leaves us with a the baseband signal

Az 120(F) + MBS + Fo) + (7 — )]

and a bunch of upper sidebands. The LPF filters out these ug@ebands and we’re
left with only the baseband signal which is simply our sindsdth a DC offset.

(c) How does your answer change (qualitatively) it 1?
SOLUTION: The program material now goes negative and the rectifier mékmsos-
itive. There’s no difference if(f), but now we can’t just multiply by(¢) to get the
post-rectified signal.

3. More Modulation Hijinks: A switching modulator (refer to figure P2.3 page 167 in your
text) uses a carrier wavegt) to generate a modulated signal. The diode acts like an ideal
switch described by:

v(t) = { vi(t) ifc(t) >0

0 otherwise
(a) Determiney(t) andVs(f)
SOLUTION: wy(t) represents the change in voltages for the carrier signalifithe
carrier amplitude voltage is greater than the modulatingrsil voltagen(t), v, (t) is a

nonzero voltage and thefore the diode conducts. Howeueg iarrier voltage is less
than the modulating signakh(t), the diode switches off and(¢) = 0. We first find

v1(t) = Ascos(2m ft) + m(t)

simply by kirchoff’s voltage law. At this point you're sagitHey! That's not a modu-
lated wave!!!! You've just offset the sinusoid/yt)!” but wait just a second.

Once we rectify, we have what looks like the output (befdexifig) of a rectifier for
an envelope detector. That is, we lopped off the negativiéopoof v, (1) which made it
not look like a real (symmetric) envelope.

Approximately (assuming the drop across the diode is srmalla(t) varies SLOWLY
compared taos 27 f.t we have

va(t) = (A, cos(2r f.t) + m(t))gr, ()

where

7’L—

Z 2n—1 cos(2mft(2n — 1))

n=1

2o

+

l\DI»—t

gTo

Though this looks strange, it’s just the formal way of wigtoshown the positive caps of
the cosine carrier in a Fourier series. This will be usefubliawhen we want to identify
components at the carrier frequency. You should verify ittsatorrect by calculating
the fourier series ofcos 27 f.t]* where thez]™ notation means zero unless> 0.

The fourier transform of,(¢) is

V() = SE(0(f — )+ 8(F + 1) * G () + M(P) G ()

Note: (x) represents convolution



(b) Find the AM wave component it (¢) as follows

SOLUTION: What you're looking for is something of the fofin+k,m(t)) cos 27 f.t.
So now you have to look more carefully at the fourier seripsagentation.

vo(t) = (A.cos(2m fet) + m(t)) (% + % Z (2—711)_7;1 cos(2m fot(2n — 1)))

The second term in the sum is where the action is — the carsi¢hen = 1 term.

Terms forn > 1 have frequencies greater thafy. And the constant:(t) term is

low frequency so we can throw it away (filter it out) just like filter out the higher
frequencies where > 1. So we can write

s(t) = A, cos(2mft) + m(t)% cos 27 fot

Regrouping we have

s(t) = (1 + Wicm@)) cos(27 )

which is the standard form for an AM signal.

(c) Identify the unwanted componentsug(t) at the output of the demodulator
SOLUTION: We essentially did this above. You just filter them out.

(d) A modulation signah:(t) and sent it through a vestigial sideband modulator that out-
putss(t). Find S(f). Design a proper demodulator for this modulated output.
SOLUTION: There are several ways to do this. | prefer to do it simply gitlee
wording of the problem. 1) first you modulate the signal inrdggular way (multiply
by cosine) 2) Then you apply a filter with that special symimetige property. Call it
H(f). You're done.

Now, you can also get fancier and do something akin to thediltyvansform and
modulatem(t) in cosine and an associated(t) in sine and add appropriately. But
frankly, if you're going to go to all that trouble, you mighs avell just USE the Hilbert
transform in the first place!

Nonetheless, a more carefully worded version of this pralbigight not be a bad quiz
| problem.

4. Bandwidth Efficiency: A normalized transmission bandwidth is defined by

Br
_ T 3
= 3)
where By is the transmission bandwidth of the modulated signal, @his the message
bandwidth. Compute the values®for modulation schemes of AM, DSB-SC and SSB.

SOLUTION: The bandwidth used by suppressed carrier AM (and large eaiM for
that matter) i21W wherelV is the double sided bandwidth of the message signal. Fotesing
sideband, you use half that. For this definition of efficiefwlgich is pretty hokey — upside
down, really) you then have efficiencies)of 2 (SC and large carrier) angy = 1 for SSB.

NOW, one can also talk about the POWER efficiency, but thatigraal to noise ratio issue
which well deal with in the week before the exam (next wedkgshs®/OW how time flies!).
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5. Cora and Carrier Squirrel:

Cora the famous Rutgers Communications Engineer has beshthy Arboretums 'R Us to
build an AM communications system for their small forestirifesomewhat eccentric, they
have designed a signature componéme, squirrel carrier signal generatpmwhich consists
of a tiny fast squirrel sitting on a heated switch. When thédwgets hot, the squirrel jumps
which breaks the switch connection and shuts off the hetben the squirrel lands, it turns
the heater back on and the process begins again. If a giveémedglevil twin is put in an
identical box, it out of sheer meaness gets out of phasertipguup just before the other
squirrel lands on its switch and comes down just before theratquirrel jumps up).

A complete up down cycle for each squirrel lagts= 1/ f. seconds. Since the switch is
either closed or open, the carrier generator output is ¢isdgrbinary and takes on values
+1. The rest of the system components are more standard @elecinultipliers, LTI filters,
etc.).

For mathematical convenience, we will defifie) = sgn(cos(z)) ands(x) = sgn(sin(x))
with sgn(0) = 1.

(a) Carefully sketcl(2x f.t) ands(2x f.t) as a function of for f. = 10.

SOLUTION: ¢() just a symmetric zero mean square wave, centered about itjie or
with frequencylOHz. s() is offset to the right by a half cycle so it’'s an odd function.

(b) Suppose Cora has program matenigt) and uses it to modulatg2r f.t) where f. =
10. Carefully sketch the signalt) = m(t)c(2n f.t) for somem(t) of your choosing
which varies slowly as compared ¢@7 f.t).

SOLUTION: You've got a sgaure wave skeleton whose extrema outling

(c) Now suppose we form(t) = m(t)c(2nf.t) Assumec(2r f.t) is available at the re-
ceiver (a synchronous squirrel system!). Show EXACTLY ha\) can be recovered
at the receiver. Orifit cannot, show why not. As compared talolation/demodulation
using sinusoids, explain why a low pass filter is necessaryrjoecessary) to recover
m(t).

SOLUTION: We note that(27 f.t)c(2n f.t) = 1. Sor(t)c(2n f.t) = m(t) and unlike
regular AM, you get your original signal back simply by mpiging with the carrier.
No LPF is necessary.

(d) Of course, any good arboretum needs at least two indgmertiannels — one for the
trees and the other for the human visitors — but the squir@dlutator only comes
in one frequency. So, suppose Cora gets normal — evil twiirrgdjpairs and forms
r(t) = my(t)c(2mfet) + mo(t)s(2m f.t) where bothm,(t) andms(t) vary slowly as
compared te(27 f.t) ands(27 f.t). Assuming botle (27 f.t) ands (2 f.t) are available
at the receiver (evil synchronous squirrels too!), show EXXAY how m, () andma(t)
can be recovered. Or if they cannot, show why not.

Explain why a low pass filter is necessary (or unnecessamgdover then;(t).

SOLUTION: You form two rails and obtaimn, (t) + mq(t)s(2n f.t)c(27 f.t) after
multiplication byc(27 f.t) andma(t) + my(t)s(27 f.t)c(27 f.t) after multiplication by
s(2r f.t). In each case we have a baseband signalt) and then an additive term
which has only high frequency components — note #at)) is a square wave with
DOUBLE the frequency of eithex) or ¢(). So by low pass filtering, we obtain the
respectiven;(t).



(e) Suppose(t) = (1+m(t))c(2n f.t) where|m(t)| < 1. To recovemn(t) Cora full wave
rectifiesr(t) to obtainz(t) = |r(¢)| and then applies an operatdf] to z(¢). What
operator!’[] should Cora use to recovet(t)? Is this operator linear?

SOLUTION: We haved+m(t) > 0and|c(z)| = 1so|(1+m(t))c(2r f.t)| = 1+m(t).
To recovern(t) we just subtract. This operator is nonlinear sincE[x] = = — 1 but
T[2z] = 2z — 1 (and not2z — 2).



