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Check for any sinousoid wave the power = ATQ

PSB = %ffn(t)

1.1 7
. PSB = 5(5(41(2 + K2+ 9K?)) = 5;{2
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Extent the question:

T ., A7 TK?
Psp/Pc = —K2/— =
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Pefbr=4 /= =0+ »

3. (a) Detection of AM signal ¢g(t) = [A + f(t)] cosw.t
(b)
s(t) = [A+ fin(t)] cosw,t
S(w) = F[fm(t) coswet + A cosw,t]

= L[+ )+ Bl — )] + AW + ) + 0w - )]

p(t) « P(w) =232 P.d(w — nw,)
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s(t)p(t) = o [S(w) * P(w)]
o %S(w) * [2m Z_ Po(w — nw,)]
—1)"z) — 1)
- %S(w) + Z %S(u) — nw.) + Z %S(W — nwe)
nodd neven

After the low pass filter, we only have the low frequency part which is
centered at w = 0. This low frequency part is given by n = £1

Vo(t) > Sl — we) + Sl + i)

LR (w) + 245(w)]

— —
™

| Vo(t) = ~1fin(t) + 4]

After the capacitor we filtered out the d.c component the signal becomes
1
s

4. The rectified wave below

=7/ 2mm
Figure 3:

Let 7 = RC

the fastest drop that the RC circuit has to deal with is when the modulating envelop
is at frequency w,,. The envelop is given by e(t) = A(1 + mcosw,,t) where m is
the modulation index. At this frequency w,,, the slop of the envelop is given by

ag(tt) = —mAwp, sinwp,t The slope is steepest at sinw,,t =1 i.e w,t = 7 If the hight of
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the rectified carrier pulse at this instant is Ac. Then T seconds later another rectified
carrier pulse appears with amplitude a.

where
T
=A|l m(—— + T
a + mcosw (2wm +1T)
where
A=A+ " )=4
.= T COS Wy —— ) =
2wy,
B 27
=
Therefore

a= A, 1—i—mcosu)m(2L +7)

wm
= Al —msinw,,T|

2mwm
= A.[1 —sin ket ]

We

Inspecting the discharge voltage across the capacitor at this instant, the actual dis-
charge curve is given by:

v(t) = A+
and we have the following condition
2mwi,
Ace™ <a= Al —sin had ]
We
Now LHS is: P
Acem = A (1——+— —
‘ ( T * 272 >
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Since T' < 7 and w,, < w,, thus ignoring quadratic and higher terms. We have
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Note 7 > T', say 10 times
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S(t) = fi(t) cosw.t
let the output of the demodulator be z(t)

x(t) = S(t) cos(wct + Ag)
= fin(t) coswt - cos(w.t + Ag)

— %fm(t) [cos(2w,t + @) + cos Ag)

After filtering the output is :
1
() = 3 nt)cos A6

6. (a) The characteristic of the 90°—phase shift circuit is

| @)

|Ha)|=1

(a)
&(a)

il
2

e(m%—m(m)




Where

Where

Now

AN sgn(w)
mt

1
— - —sgn(w)

un(t) = V(w)(=ssen(w))

V(w)(=ssen(w)) = =V (w)sgn(w)
=V (w)e ™)
= V(w)

Uh<t) = f](t)
Which means a 90° phase shifter is known as Helbert transform

(c) SSB Generation by phase-shift method
For example:
f(t) = coswst
f(t) = sinw,t

Sssp(t) = coswst cos w,t + sin wt sin w,t

= cos(we — ws)t
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v(t) = coswpt

0(t) = sinwy,t
The output signal is:

v(t) coswt + v(t) sin(w.t + )

= COS Wyt COS Wt + sin wy,t sin(w.t + a)

—%[cos(wm + we )t + cos(wp, — we)t] + %[COS[(wm + we)t + a] — cos[(wn — we)t — o]

:%[cos(wm + we)t + cos|(wm + we)t + @] + cos(wn, — we)t — cos[(wm — we)t — o]

Apparently it is not a SSB

v(t) = coswpt
0(t) = sin(wpt + a)

The output signal is:

v(t) cosw.t + 0(t) sinw,t

= COS Wyt cos w.t + sin(wy,t + a) sinw,t

zl[cos(wm + we)t + cos(wy, — we)t] + 1[Cos[(cum + we)t + o — cos[(wp, — we)t + o]

2 2
1
zé[cos(wm + we )t + cos[(wm + we)t 4+ ] + cos(wn, — we)t — cos[(wm — we)t + o]

The output signal is not a SSB signal

9. Refer to figure 6
Note that high and low frequency in X (f) have been interchanged. So signal is un-
intelligible. Passing through a second scrambler will again interchange high and low
frequency. Thereby restoring original signal.

10. (a)

xp = xq €08 27 fit + xg cos 27 (fy + 2W)t
1 1
o 533% + 593% cos 22 fit
+ 129 c08 2w (2f1 + 2W)t + x129 cOS 2m2Wt
1 1
+ §x§ + 5:1:% cos 2 (2fy + 4W)t
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The frequency range for each component in z} is:

1
59:% — £2IV

1
ixf cos2m2fit — 2f; £ 2W

1T cos 27 (2f1 + 2W)t — 2f; + 2W £ 2W
T1Xo o8 2m2Wt — 2W £+ 2W

1
§x§ — 22W

1
5:1:3 cos 2m(2f1 + AWt — 2f; + 4W £+ 2W

:zrg = zaji’ cos 2w fit + zazi’ cos 2m3 fit + gﬁxz cos 2m(f1 + W)t
+ %x%xg cos 2 (3 f1 + 2W)t + %x%xg cos2n(fy —2W)t
+ %x% cos 27 (fy + 2W)t + }lx% cos2m(3f1 + 6W)t
+ gmlxg cos 27 f1t + Zmlxg cos2m(3f1 +2W)t
+ lexg cos 2m(f1 + 4W)t
The frequency range for each component in z} are:
%x:{’ cos 2m fit — f1 £ 3W
Z:c:f cos2m3 f1t — 3f1 £ 3W
;x%xg cos2m(f1 + Wt — f1 + W +3W
%xf:z:g cos 2w (3f1 + 2W)t — 3f1 + 2W £+ 3W
Zm%xz cos2m(f1 —2W)t — f; —2W £ 3W
Zm% cos 2w (f1 + 2W)t — f1 +2W £ 3W
ix% cos 2(31 + 6W)E —> 3, + 6TV & 31
gwlx% cos 2w fit — f1 £ 3W
Z:clxg cos2m(3f1 + 2W)t — 3f1 + 2W £ 3W

3
szlx% cos 2m(f1 +4W)t — fi +4W £ 3W
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All terms in z7 are out of band, but f; + 3W include portions of

a3[2x3 cos 2w fit+ Saiwy cos 2m(fL + W)t + 3atx, cos 2m(f1 —2W )t + 33 cos 27 ( f1 +
2W)t + 3x123 cos 2 fi]

The first and forth terms are 3rd harmonic distortions, the remain terms are all
nonintelligible cross talk. Similar for f; +2W £ W, thus all distortions and cross
talk are proportional to a3.

Take m =1,
xp = (1 4+ 1) cos 2w fit + (1 4 x5) cos 2w (f1 + 2W)t

Replacing z; by 1 4 z; and replacing x5 by 1 4 x5 in above results yields all of
the above terms plus portions of the following over f; + W

3[3(1 + 3y + 3x3) cos2m fit + (1 + 221 + af + @5 + 22132) cos 2m(f1 + W)t +
(14 231 + 2f + 2z129) cos 2m(fy — 2W)t + 3(1 + 3xy + 323) cos 2 (f1 + 2W)t +
(1 + 2x9 + 21 + 22 + 22115) cos 27 fi1]

oo w Q

Similar for f; +2W 4+ W, there are 2nd and 3rd harmonic distortions and nonin-
telligible and intelligible cross talk all proportional to a3
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