EE 3640 Communication Systems [ Spring 2023

1.

3.

Solution to Homework Assignment No. 5

The transfer function of the low-pass RC filter is given by

1

H(f) = 1+ j2rfRC"

The power spectral density of the output signal y(t) is hence

Sy (f) = [H(f)I*Sx(f)
_ AZ[0(f — fo) +0(f + fo)] Ny
4[1+ 2rfRC)?] 2[1+ (2nfRC)?]
= S (f) + Sni(f)-

The average powers of the signal and noise components of y(t) are

/OOSM’(f)df: (1 + 4n2 f2R2C?)

and

°° Ny [ df _ No
/_ Sn(f)df = 7/_00 1+ (2rRC)2f2 ~ 4RC

o0

respectively. Therefore, the output signal-to-noise ratio is given by

2RCA?2
(1+4n2f2R2C2) Ny’

(SNR)o =

. If the DSB-SC signal is transmitted, we know that the output signal of the coherent

detector in the receiver is ] )

y(t) = §Acm(t) + Enl(t)'

Since the average power of the modulated signal is A.>P/2 = 10 watts, where P is the
average power of m(t), the output signal-to-noise ratio of the receiver is then given by

(1/4)- A2P B (1/2) - 10 5
1/4) - [ S, (f) df © (1/4)-8-103-10-6  2-10-3
= 2500 ~ 34dB
where W = 4 kHz is the message bandwidth.

SNR)o =
(SNR) (

(a) For this AM system, the carrier power is 80 kilowatts, i.e.,
2

5 = &0 kilowatts



and the total sideband power is 2 - 10 = 20 kilowatts, i.e.,

A2
?kﬁP = 20 kilowatts

where P is the average power of the message signal. We hence have k2P = 1/4.
Also the power spectral density of the white noise is Ny/2 = 1072 watt per Hertz
and the message bandwidth W is 4 kHz. Therefore, when the carrier-to-noise
ratio is high, the output signal-to-noise ratio of this AM system is

A2k2P 20 - 10

T = 105 4 1 = P00 ~ 34 dB.

(SNR>O, AM —

(b) From class, we know that

k2P
1+ k2P
(SNR)O, DSB-SC — (SNR)C, DSB-SC -

Then given the same channel signal-to-noise ratio, we have

(SNR)O, AM — (SNR)C, AM

(SNR)o, am k2P 1/4

= = =02~ —-7dB.
(SNR)o, pspsc  1+AIP 1+ (1/4)

Therefore, this AM system is 7 dB inferior to a DSB-SC system.
4. The input signal of the envelop detector is

z(t) = A.cos (2 ft) + n(t)
= A.cos (2 f.t) + ny(t) cos (27 fet) — ng(t) sin (27 f.t)
= [A. + ny(t)] cos (2m fet) — ng(t) sin (27 f.1).

The output signal of the envelop detector is then given by

y(t) = /1A + ma (O] + g (0)).
When the carrier-to-noise ratio is high, we may approximate y(t) as
y(t) =~ A. +ny(t).
Therefore, the output signal-to-noise ratio is given by

A? A?
NR)y = —0 — = ¢
SNo = F ] = 23w




5.

6.

(a)

(a)

The input of the phase detector in the reciever is

z(t)=s(t)+n(t)
= A.cos 2 fot + kym (t)] + r (t) cos 2 fot + 9 (1)]

where n (t) is a narrowband noise. Let ¢ (t) denote k,m (t), the phase of the
modulated signal. Given that the phase detector is ideal, its output is then given

by
- L r(®)sin[e(t) -6 (1)
0(t) = ¢ (1) + tan {Ac+r(t)cos[w(t)—¢(t>]}.

When the carrier-to-noise ratio is high, we have

r(t)sin[y (¢) — ¢ ()]

0(t)~ ot
(1) ~ (1) + 4
Similar to the FM system, it can be justified that the following approximation is
good:
t) si t t
ﬂﬂ%ﬂﬂ+ﬂl%ﬂiﬂ:@m@+n%)

in which the noise power is 2NyWW/A? and the signal power is k:f)P. Therefore, the
output signal-to-noise ratio is
2 2.2
kP AZk, P

N = = :
(SNR)o, pa 2NgW/AZ — 2N,W

The channel signal-to-noise ratio of this PM system is the same as that of the FM
system, which is given by

A2
2NW*
Therefore, the figure of merit of this PM system is
(SNR)o | _ AZGP2NW 5
(SNR)q |pyy  2NoW A2 7
The average power of m(t) is
+oo
P = Su(f)df
W
— / % d
~w 1+ (f/fo)

w
= Spfotan™? <%) ‘_W

= 2S0f0 tan_l (%)

3



and the average power of the emphasized message signal is

P / S () () df

oo

k2

_ /WL.
w14 (f/fo)?
= 2W Sk

To keep the average power unchanged, i.e., P’ = P, we have
o ()]
k = | = tan — .
e (5
(b) The improvement factor I is given by

E [n3(t)] B 203
Eng.O] 3" 2| Haol )] df

213
3 M f2m df
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35w it
W3k2
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(W/ fo)? tan™" (W/ fo)
3[(W/ fo) — tan™ ' (W/ fo)]




