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Chapter 4

Baseband Communication
in the Abs)ence of Noise

4.1 Problem Solutions
Problem 4.1

. Split phase or bipolar RZ;
|Eh question, one choice
. NRZ change or NRZ mark;

. Split phase;

. NRZ mark;

. Polar RZ;

. Unipolar RZ.

Problem 4.2
This is a matter of adapting Figures 4.2 top and bottom to the data sequence given in the
problem statement.

Problem 4.3
These are a matter of filling in the details given at the ends of Examples 4.1 through 4.5.

Problem 4.4
This is a matter of adapting Figure 4.2, second plot, to the data sequence given in the
problem statement.
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Problem 4.1

. Split phase or bipolar RZ;
. NRZ change or NRZ mark;
. Split phase;

. NRZ mark;

. Polar RZ;

. Unipolar RZ.

Problem 4.2
This is a matter of adapting Figures 4.2 top and bottom to the data sequence given in the
problem statement.

Problem 4.3
These are a matter of filling in the details given at the ends of Examples 4.1 through 4.5.

Problem 4.4
This is a matter of adapting Figure 4.2, second plot, to the data sequence given in the
problem statement.
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|Eh question, one choice
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Problem 4.8

Because Pac (f) is even, it follows that
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4CHAPTER 4. BASEBAND COMMUNICATION SYSTEMS IN THE ABSENCE OF NOISE

Problem 4.9
From (4.37) the flat-top portion of the spectrum goes to f = 1/2T and the transition region
is 0 in frequency extent. The remaining spectrum is 0 for 1/2T < f < 1/T. Setting 3 =0
in (4.36) clearly gives prc (t) = sine(t/T).

Problem 4.10
The MATLAB program is given below. The plot of the desired frequency response functions
follows the program.

% Problem 4_10

% Computation and plotting of transmitter and receiver frequency responses

% for raised cosine signaling through lowpass Butterworth filtered channel

%

clear all

A = char(2)7=):

| 5225 =22 ==
clf

£3dB = input(’Enter channel filter 3-dB frequency, Hz =>
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57000, Sirice this corresponds to J; = 50 Hz, the spectral Tie &t the Bt Tate corresponds
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Problem 4.19
The modified program follows with the spectrum shown in Fig. 4.2. The spectral line at
the bit rate does not appear to be much different than that of Fig 4.16.

TREIIE TIETIRE T T T 5

% Problem 4-19

%

nsym = 1000; nsamp = 50; lambda = 0.7;

[b.a] = butter(3,2*lambda/nsamp);

1= nsym*nsamp; % Total sequence length

y = zeros(1.l-nsamp+1); % Initalize output vector

x =2*round(rand(1.nsym))-1; % Components of x = +1 or -1

leations-

10CHAPTER 4 BASEBAND COMMUNICATION SYSTEMS IN THE ABSENCE OF NOISE

| amo/7 =00 < ==
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leations-

200 400 600 800 1000 1200 1400 1600 1800 2000
FFTBin

for i = 1:nsym % Loop to generate info symbols
k = (i-1)*nsamp+1;

y(k) = x(i):

end

datavector]l = conv(y.ones(1.nsamp)); % Each symbol is nsamp long

subplot(3,1,1), plot(datavectorl(1,200:799).’k’, "LineWidth’, 1.5)

axis([0 600 -1.4 1.4]), ylabel(’Amplitude’)

filtout = filter(b.a,datavector1);

% datavector2 = filtout. *filtout;

datavector2 = abs(filtout);

subplot(3,1,2), plot(datavector2(1,200:799).’k’, LineWidth’, 1.5), ylabel(’Amplitude’)
y = fit(datavector2); yy = abs(y)/(nsym*nsamp);

subplot(3,1,3), stem(yy(1,1:2*nsym),’k.")

xlabel(‘FFT Bin’), ylabel (‘Spectrum’)

HE:3/7 | FH4 S FX % End of script file.





image11.png
[ cho5 pof - Adobe Reader

BE4/4 | THA | S PREE S

BEH FEE BAEV) x40 IEM BsW) HEH

g &-

®$ s5/7 88 wx - [ ==

5.1. PROBLEM SOLUTIONS
Problem 5.10

. As z — oo, the cdf approaches 1. Therefore B = 1. Assuming continuity of the cdf,
F, (12) = 1 also, which says A x 124 =1 or A = 4.8225 x 107°.

. The pdf is given by

fx(z) =4x48225 x 107%2%u (2) u (12 — )

dFy (z)
dx

1.929 x 10~ *2%u (2) u (12 — )

The graph of this pdf is 0 for ¢ < 0, the cubic 1.929 x 10%2% for 0 < « < 12, and 0
for t > 12.

. The desired probability is

P(X >5)=1-Fx(5) =1—48225 x 107° x 5* = 1 — 0.0303 = 0.9699

. The desired probability is

PA<X<6) = Fx(6)—Fx(4)
4.8225 x 107° x 6* — 4.8225 x 107° x 4*
4.8225 x 107° (6% — 4%)
0.0502

Problem 5.11

a. A= a where the condition [;° Ae™*dz = 1 must be satisfied;

b. B = 3 where the condition [* Be®dz = 1 must be satisfied;

c. C = ve” where the condition f‘w Ce™"*dx =1 must be satisfied;

I
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Problem 5.13
a [ [ fxy (@ y)dudy =1 gives C =1/32;
b. fxy (1.1.5) = 112 = 0.0781
. fxy (z,3) =0 because y = 3 is in the domain where fyy is zero.

d. By integration, fy (y) = U320, 0 <y < 2, so the desired conditional pdf is

fry (@y) _ (1 +aw) _ (1+ay)

— 0 4.0 2
) tarm) aaszyy CSTEROsVE

Fxpy (zly) =

5.1. PROBLEM SOLUTIONS

Substitute y = 1 to get the asked for result

1+z 1+z

P GR=309 =

Problem 5.14

a. Use normalization of the pdf to unity:

‘/wa:p’lu(z—a)dt:/mu_r”dr: —

I
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CHAPTER 5. A BRIEF REVIEW OF PROBABILITY THEORY

Problem 5.16

The result is

(—y/20)
2ma?
0.y<0

1 ,yz0
=[x @l gt I @] 55 =

Problem 5.17
First note that
PY=0)=P(X<0)=1/2

For y > 0, transformation of variables gives

R Gl

e=g=(0)
Since y = g (z) = az, we have g~ (y) = y/a. Therefore

For y = 0, we need to add 0.56 (y) to reflect the fact that Y takes on the value 0 with
probability 0.5. Hence, for all y, the result is

where u (y) is the unit step function.
Problem 5.18
a. The normalization of the pdf to unity provides the relationship
/m fx (x)de = A/fe""‘d.z =Ae 2=
Thus A = be?

. The mean is

T TIE T T I |
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5.1. PROBLEM SOLUTIONS

Problem 5.22

1 1
m{55(1—5)+§

E[X?] = /m12{%J(E—S)ﬁ»%[u(m—4)—u(z—8)]}d'z

18545 187

5
=-(25)+ -
e ( )+8 3 6

_187 121 _11

6 4 12

Problem 5.23

a. The integral evaluates as follows:

BE:5/5 | THA | S TREE S





image15.png
290 £H): [ cho5 pof - Adobe Reader
2R | BA GEEE (=0 #2® m&v) x#0) IBM =sW 2EH)

e L= 2@ smi00 W -

7 B
EERE e | . CHAPTER 5. A BRIEF REVIEW OF PROBABILITY THEORY

Problem 5.29

Il
TIE TE TIE TR T TE Y |

a. The characteristic function is

Mx (jo) =

. The mean and mean-square values are

My (jv)

EIx] =—j 2 =1/a

@M 2

E[X]= Er

==
=0 @

respectively.

. var[X] = E [X?] - E?[X] = 1/a?

Problem 5.30

a. P (5 or 6 heads in 10 trials) = Y, _; - [101/&! (10 — k)1 2710 =

b. P (first head at trial 15) = (1/2)(1/2)* = 1/32

c. P (50 to 60 heads in 100 trials) = Y2 ;5 grigeegy2 /% = 0.1193; P (first head at
trial 50) = (1/2)(1/2)% = 8.89 x 1071€

Problem 5.31
The required distributions are

P(K) (:)p"(l —p)"™* (Binomial)

e~ (k=np)?/2np(1-p)]
P(k) = (Laplace)

| ‘2255 =4 & sxmm o

Pk) = =" (Poisson)
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c. The answers are the reciprocals of the numbers found in (a) and (b), or 2.79 x 10~¢
and 2.19 x 1078, respectively.

Problem 5.33
a. The probability of exactly one error in 10° digits, by the binomial distribution, is
o (100 00999 s
P(1errorin10%) = ( ¢ )(1710 )% 1
= 10° x 0.3679 x 107° = 0.3679
By the Poisson approximation, it is
P (1 error in 10°) = exp (1) = 0.3679

b. The Poisson approximation gives

g 109 x 1078 -
P (2 errors in 10°) = —5——exp (<10° x 107°) = 018395

c. Use the Poisson approximation:
P(more than 5 errors in 10°) = 1—P(0, 1,2, 3, 4, or5 errors)

s ok
= 1- z%exp(fﬂ.ﬁ)
=}

11,11
= 1—exp(—1)(1+1+§+a+ﬂ+m)

= 1-0.9994 = 0.0006
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The following relationships involving the Q-function will prove useful il
il

PorEn vkl iz
5 exp (—u?
fwdu Q@)-Q(). b>a
Q(z) 1-Q(lel), z<0; Q(0)=05
a. The probability is nWe.
15 g=(z—10)2/50
Pixisw) = [ S
) g
B du;
= Q(-5)-Q(1)=1-Q()— as
= 08413 o
b. This probability is
20 —(z-10)%/50 -
P(10< X <20) = ———dz
(0<x <20 /:o V501 5
_ fPep(=?y)
h T var
= Q(0-Q(2)=05-Q(2) E
= 04772
c. The desired probability is
25 —(2-10)*/50
P(5< X <2) A W,ﬁ
exp (—u2/2)
= ———du; =
/j. Var T
= QE-N-Q®=1-Q(1)-QB)
= 0.8400

| 55:6/6 =04 & =xmm =
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Columns 7 through 10

27212 31308 35385 39771

No. of random variable counts in each bin

Columns 1 through 5

2880 1200 543 215 90

Columns 6 through 10

38 16 9 5 4

Current plot held

Computer Exercise 5.2

% ce5_2.m: Generate pairs of Gaussian random variables from Rayleigh and uniform
RVs

%

df

m

input("Enter the mean of the Gaussian random variables => );
sigma = input(Enter the standard deviation of the Caussian random variables => ’);

CHAPTER 5. A BRIEF REVIEW OF PROBABILITY THEORY

N = input(‘Enter number of Gaussian random variable pairs to be generated => ’);
U = rand(1,N);

V = rand(1.N);

R = sqrt(-2*log(V));

X = sigma*R.*cos(2*pi*U)+m;
Y = sigma*R.*sin(2*pi*U)+m.
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37 CHAPTER 5. A BRIEF

N = input(‘Enter number of Gaussian random variable pairs to be generated => ’);

U = rand(1,N);

V = rand(1.N);

R = sqrt(-2*log(V)):

X = sigma*R.*cos(2*pi*U)+m;

Y = sigma*R.*sin(2*pi*U)+m;

disp(* ")

disp(*Covarance matrix of X and Y vectors:’)

disp(cov(X.Y))

disp("’)

[MX, X_bin] = hist(X, 20);

norm_MX = MX/(N*(X_bin(2)-X_bin(1)));

[MY, Y_bin] = hist(Y, 20);

norm_MY = MY/(N*(Y_bin(2)-Y_bin(1)));

gauss_pdf_X = exp(-(X_bin - m)."2/(2*sigma"2)) /sqrt(2*pi*sigma”2);

gauss_pdf_Y = exp(-(Y_bin - m)."2/(2*sigma"2))/sqrt(2*pi*sigma”2);

subplot(2,1.1), plot(X _bin, norm_MX. "0’)

hold

subplot(2,1.1), plot(X _bin, gauss_pdf_X, '), xlabel(’x’), ylabel’f_X(x)’).
title(['Theoretical pdfs and histograms for *,num2str(N),’ .

computer generated independent Gaussian RV pairs’])

legend(["Histogram points’].[Gauss pdf: \sigma, \mu =, num32str(sigma).’, ’, num2str(m)])

subplot(2,1.2), plot(Y _bin, norm_MY., "0’)

hold

subplot(2,1.2), plot(Y _bin, gauss_pdf_Y, ), xlabel(’y’)., ylabel(f_Y(y)’)

A typical run follows with a plot given in Fig. 5.3

>> ce_2
Enter the mean of the Gaussian random variables => 2

Enter the standard deviation of the Gaussian random variables => 3
Enter number of Caussian random variable pairs to be generated => 5000
Covarance matrix of X and Y vectors

9.0928 02543

02543 9.0777

Current plot held
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Problem 3.51

N B CE T XN KR TNE X T 0
The message signal is

m(t) = 3sin 2m(10)¢ + 4sin 27(20)¢

The derivative of the message signal is

L;(t) = 60 cos 27 (10) ¢ + 1607 cos 2 (20t)

The maximum value of dm (t) /dt is obviously 2207 and the maximum occurs at t = 0.
Thus

5
TZZ2201{

0.
220m _ 220m _
°=T5  00sm

Thus, the minimum sampling frequency is 4400 Hz.

Problem 3.52 | cach question, one choice

Let A be the peak-to-peak value of the data signal. The peak error is 0.25% and the
pealk-to-peak error is 0.005 A. The required number of quantizating levels is

A

= —20<=q
0.0054

50 we choose ¢ = 256 and n = 8. The bandwidth is
B =2Wklog, q = 2Wk(8)
The value of & is estimated by assuming that the speech is sampled at the Nyquist rate

Then the sampling frequency is f, = 21V = SkHz. Each sample is encoded into n = §
pulses. Let each pulse be T with corresponding bandwidth . For our case

Thus the bandwidth is
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3.1. PROBLEMS

x BW=7) ©n BW=7)

¥ (BW=2m)
Y (BW=47)
X5 (BW=4W)

|
- d

1 2 0 11 12

’ > | cach question, one choice

Output

Figure 3.10: Commutator configuration for Problem 3.53.

andsok=1 Fork=1
B =2(8,000) (8) = 112 kHz

Problem 3.53

One possible commutator configuration is illustrated in Figure 3.10. The signal at the
point labeled “output” is the baseband signal. The minimum commutator speed is 21V
revolutions per second. For simplicity the commutator is laid out in a straight line. Thus,
the illustration should be viewed as it would appear wrapped around a cylinder. After
taking the sample at point 12 the commutator moves to point 1. On each revolution, the
commutator collects 4 samples of 4 and 5, 2 samples of 3, and one sample of z; and .
The minimum transmission bandwidth is

B=Y Wi=W+W+2W +4IW +4W =120
i T 0707
£88
11
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andso E=1. For k=1
B =2(8,000) (8) = 112 kHz
Problem 3.53

One possible commutator configuration is illustrated in Figure 3.10. The signal at the
point labeled “output” is the baseband signal. The minimum commutator speed is 21V
revolutions per second. For simplicity the commutator is laid out in a straight line. Thus,
the illustration should be viewd as it would appear wrapped around a cylinder. After
taking the sample at point 12 the commutator moves to point 1. On each revolution, the
commutator collects 4 samples of 4 and 5, 2 samples of 3, and one sample of z; and .
The minimum transmission bandwidth is

B=Y Wi=W+W+2W +4IW +4W =120

Problem 3.54
The single-sided spectrum for  (t) is shown in Figure 3.11.
From the definition of y () we have

Y (5) = a1X (f) + a2 X (f) * X (f)

40CHAPTER 3. MODULATION TECHNIQUES WITH EMPHASIS ON ANALOG SYSTEMS

|[f= g ==

(EZXIE THNE KIE THE TEY 0L

L

\tions.

0.

| cach question, one choice

%)~

iz
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Figure 3.11: Single-sided spectrum for Problem 3.54.

The spectrum for Y (f) is given in Figure 3.12. Demodulation can be a problem since it may
be difficult to filter the desired signals from the harmonic and intermodulation distortion
caused by the nonlinearity. As more signals are included in « (t), the problem becomes more
difficult. The difficulty with harmonically related carriers is that portions of the spectrum
of Y (f) are sure to overlap. For example, assume that f, = 2f;. For this case, the harmonic
distortion arising from the spectrum centered about f; falls exactly on top of the spectrum
centered about fa.

3.2 Computer Exercises

Computer Exercise 3.1|
The MATLAB program is

| az22 =00 & == % File: ce3_i.m

t = 0:0.001:





