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5.3 Consider the binary communication system of Figure 5-2. (See Section 5.2.1 for a
description of this system.) The signals s,(7) and s, (1) are defined by

and

so(1) =4 pr(t)

51(t) =2 pr(n).

Suppose T = 2 and Ny = 4.

(a)
(b)
(©
(d)

Find the error probabilities P, and P, for the system with threshold y = 7.
What is the minimax threshold for this system?

Find the minimax error probability.

Add a squaring device to the system at the input to the threshold device. The

decision statistic is now Z? rather than Z. Find expressions in terms of the
threshold ¥ and the function Q for the error probabilities P, o and P, for this
new system. (Warning: Z* is not Gaussian.)
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5.6 The received signal in a binary baseband data communications system is given by
Y () = s5;(t) + X (1), where X (¢) is a stationary Gaussian random process with mean
1 and autocovariance function given by

CX (u) = 4exp(—|u|).

The signals s; (1) are such that so(r) = 3forO0 <t < T and 5;(#) = 1 forO0 <t < T}
for ¢ not in the interval (0, T'), so(¢) = s;(¢) = 0. The receiver samples the received
signal at times 7'/4, T/2, and 37 /4 and sums the sample values; that is, it forms the
statistic Z, which is the random variable given by

Z =Y(T/4) + Y(T/2) + Y(3T/4).

(a) First suppose the threshold is 6. That is, if Z > 6, the receiver decides that 0 was
sent; however, if Z < 6, it decides that 1 was sent. Find the probability of error
when 0 is transmitted and the probability of error when 1 is transmitted. Express
these two probabilities in terms of the function ¢. For one of these, you should
be able to obtain a numerical value without the aid of a table or calculator.

(b) Is 6 the optimum threshold in the minimax sense? If not, what is the optimum
minimax threshold? (Be careful—the noise has a nonzero mean.)

(¢) Check your answer to part (b) by comparing the two error probabilities. For
your value of the threshold, is the probability of error when 0 is sent equal to
the probability of error when 1 is sent? Should these two probabilities be equal?
Explain why or why not.
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A.5. Assuming a bandwidth of 2 MHz, find the rms
noise voltage across the output terminals of the circuit
shown in Figure A.9 if it is at a temperature of 400 K.
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A7. A source with equivalent noise temperature
T, = 1000 K is followed by a cascade of three amplifiers
having the specifications shown in Table A.1. Assume a
bandwidth of 50 kHz.

Table A.1

'Amplifier no. F T,  Gain
1 300K 10 dB
2 6 dB 30 dB
3 11dB 30 dB

a. Find the noise figure of the cascade.

b. Suppose amplifiers 1 and 2 are interchanged. Find
the noise figure of the cascade.

¢. Find the noise temperature of the systems of parts
(a) and (b).

d. Assuming the configuration of part (a), find the
required input signal power to give an output SNR of 40 dB.
Perform the same calculation for the system of part (b).
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A.12. Givenarelay-userlink asdescribed in Section A.3
with the following parameters:

Average transmit power of relay satellite: 35 dBW
Transmit frequency: 7.7 GHz

Effective antenna aperture of relay satellite: 1 m?
Noise temperature of user receiver (including anten-
na): 1000 K

Antenna gain of user: 6 dB

Total system losses: 5 dB

System bandwidth: 1 MHz

Relay-user separation: 41,000 km

a. Find the received signal power level at the user in
dBW.

b. Find the receiver noise level in dBW.
c¢. Compute the SNR at the receiver in decibels.

d. Find the average probability of error for the
following digital signaling methods: (1) BPSK, (2) binary
DPSK, (3) binary noncoherent FSK, (4) QPSK.*
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Problem 2. [50 pts. total] The block diagram below shows the front end of an AM DSB
communication system.

Ny (t)
AWGN
No/2

The input signal is an AM DSB waveform where the message is sinusoidal, i.e.,
x(t) = AcAm cos(2m fiut) cos(27 ft)

(fm < fc). We model z(t) as a deterministic power signal for simplicity. The triangularly
shaped IF filter H;¢(f) has bandwidth 2W where 0 < W < f.. The goal of the problem is
to choose W' to maximize SNRy, the ratio of the power of the signal part in x;;(¢) to the
power of the noise part in z;¢(t) .

1.0

- '"fc _fc+W W fc fc+W

(a) [10 pts.] Signal:

— Find the signal component in the output of the IF filter, i.e., z%h;¢(t), as a function
of W, 0 <W < f.. It is helpful to consider two cases: 1) when 0 < W < f,, and
2) when f,, <W < f..

— Then find the power of the above signal component in terms of the ﬁxed param-
eters A, Am,gg def fe — fm)and the variable W.

f@ a rough sketch of this power as a function of W, 0 < W < f,, and comment.

Just wee Eon




Problem 2. (cont’d.)
(a) X&) = A.E'_g"‘ ces2n (€ -t + AC’_EA__"’ cos2u(F 460t

Theswe two tenes en ether ¢ide of & at an equal distan co
Fm away Fr‘ow\ F,_... Stnee H;_p ic S\cﬂmme't’ric ab eut 'F'=€=
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H .
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L
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Problem 2. (cont’d.)

(b) [20 pts.] Find the power of the noise component in the output of the IF filter, i.e.,
N * hif(t), as a function of W, 0 < W < f,, roughly plot it, and comment.

2.
TE n® = nyk b ® 'Hf\en Sa@) = Ne e | Hye © "= Me e (P
=% power [v\({-)] j 'S ® dF.

Tl'\ts P‘A u.u“ \ook rcus‘/\l\s l \(Q_

___________ - - s - L - = = » aw NQ/Z-
A_ A\‘ G‘Mér‘*‘.c

E\(e,rﬂﬂnks s s\«jmme_l-rlc. Henex

Fe
power (] = 4 J NGRS

£ -w
so °V\-l “C(_J Ceom u."@ ar‘ea. LLI!\,JQ"‘ oWV, ec 'Hﬂ& curves, A‘So

Could C—‘eorb Q\Aqw_‘e_ Variabkles and shiff

w
(.0 . eﬂu ts Mo r
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Problem 2. (cont’d.)

(c) [5 pts.] Now find SNRy as defined above and comment on its general behavior as a
function of W, 0 < W < f,.

g = A (P 2 e o fes
T {?:; A w 2N W
;“ - for o < W<k,

gtncx, o lig. power arows w tHeaut Louncl as W—> o «o‘va__
decrease for large W, Alse SNRy must- be 2ea @ W=F,,.

Hence e-xpee-% tHere do be o marimom.

(d) [10 pts.] Find the value W, maximizing SNRy as a function of W, 0 < W < f..

F-OL Maxxmn‘&«’ft&n 's'(‘ s ev\eul\!\ to examine 'l'Lv.. FAO"OP
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-FM) 21 3 <
3(“')9:("\1 { gm W < &
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‘_—[:\A}"i._" —? and W = 3£,
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Problem 2. (cont’d.)

(e) [5 pts.] Let SNRyz, be the maximum SNR obtained in (d). What is the degradation in
dB of this triangular IF filtering scheme compared to the best one could do with the
“classical” rectangular IF filters we examined in class?

SNKT* = SNRT (W’k= ch)

2 .2 z &
_ ALAL 4. _ LACA,
T = N, 3 Gh
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[Fall 2007 Final Exam] The model for analysis of FM discriminator detection in AWGN
assumes a receiver front end consisting of a bandpass filter coming before the discriminator. This front
end is shown in the figure below. The BW of the bandpass filter is B; and is set equal to a value
needed to pass the FM wave with minimal distortion.

l By | Hap (£
AT e(+)
FM — S 4
wave ¢ t } > £
-f +
Ny &
AWGN, N'/Z_

(a) The signal e(t) at the output of the bandpass filter is the sum of the FM wave of power Py = A2
and the filtered noise n(t) = [hpp * ny)(t). Sketch the power spectral density Sy ,(f) of the
filtered noise. Compute the power in the noise n(t) and write down the SNR at the output of the
bandpass filter.

(b) Let the in-phase/quadrature expansion of n(t) be
n(t) = vV2n1(t) cos(2m fot) — V2ng(t) sin(2n f.t)

where np,(t) = nr(t) + jng(t) is the complex envelope of n(t). Find and sketch the power spectral
densities of ny(t), nz(t), and ng(t). Compute the power in each of these random processes. For
the scenario given here, what is the cross-correlation function between the in-phase and quadrature
components of the noise n;(t) and ng(¢)?

(c) In the class notes we derived the following expression for the SNR at the output of a discriminator

demodulator )
B B, Pr
o= ()" (1)

In the above equation W is the baseband bandwidth of the message used to modulate the FM
wave and By /W is the bandwidth expansion factor.

In commercial FM broadcast the maximum frequency deviation of an FM wave is limited to 75
kHz by FCC regulation. The message bandwidth is W = 15 kHz. Using Carson’s rule find the
transmission bandwidth B;. For these parameters find the factor by which demodulated SNR is
improved relative to baseband transmission (express both as a ratio and in dB). You may assume
K =1 for simplicity.

(d) As mentioned in class the expression for SNRp would seem to indicate that the improvement over
baseband transmission can be made arbitrarily large by increasing the transmission bandwidth.
However, the large SNR assumption used to derive the expression will eventually break down.
The class analysis was based on the assumption that A. > |n(t)|. Recall that

R=|ni(t)] = \/n3(t) + ny(t)

is a Rayleigh random variable with pdf

fr(r) = %6_72/2”2 forr>0
o



where 02 = Power{n(t)}. Suppose that we define the high SNR region to be the case where
Pr{|nz(t)] <0.1A.} >0.9.

Use this definition of high SNR to find a lower bound on Pr/(NoW) above which the class
expression for SNRp holds. The lower bound will be of the form

B P
some simple function of (—t) < L

W)~ NoW"

(e) Evaluate the lower bound for the broadcast FM parameters of Part (c).
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[Nate 1 Ton FM Hie threshold Cor L".l"‘ SNR is usually
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