Problems for chapterl
1. 1 Suppose that an information source is composed of 64 different symbols, of which 16
symbols have a probability of 1 / 32 and 48 symbols have a probability of 1 / 96. If the source
sends out 1000 independent symbols per second, try to find the average information rate of the
information source.

Answer:
M 64 1 1
H(X)=->_P(x)log, P(x) ==Y P(x)log, P(x) :16*3—2Iog2 32+ 48*%Iog2 96
i=1 i=1

=5.79 bits/symbol
R, =mH =1000%*5.79 =5790 b/s

1.2: On the keyboard of a telephone there are 10 number keys (0~9).

P, =03,P;=P3=0.14, Py=P, =P, = Py =P, =P, = P, = 0.06
(1) Try to figure out the entropy of the information source of each key.
(2) Ifthe rate of pressing keys is 2 p/s, try to figure out the information rate.

Answer:

(1) H(x) = =X P(x;) log; P(x:)
=—0.3log, 0.3 — 2 x 0.14log, 0.14 — 7 x 0.061log, 0.06
=3.02 bits/key

(2) R,=2%3.02=6.04 b/s

1. 3: The rate of transmitting binary code elements in a digital transmission system is 1200Baud,
and the information rate of the system is calculated. What is the rate of system information if the
system is changed to transmit octal message bits at the same rate?

Answer:

R, =Ry -log, M =1200*log, 2=1200b/s

R, =R, -log, M =1200*log, 8 =3600b/ s

1.4. (HEBEREENXR®ESYE) An information source consists of A,B,C,and D.
Assume each symbol occurs independently ,and the occurrence probabilities are respectively
1/4,1/4,3/16,and 5/16. Find the information content for each symbol in the information source.
Solution:

1 1
I, = log, m}l‘)gz P(A)=-log, -=2(b)

Iz=-log, %=2.415(b)

I.=log, 13—6=2.415(b)

I,=log, 15—6=1.678(b)



1.5 (M EEEREEE (JE ) # E (5% %) Assume an information source consists of 64
different symbols, the occurrence probability of 16 symbols among them is 1/32,and the
occurrence probability of other 48 symbols is 1/96. If there are one thousand independent symbols

per second sent out, find the average information rate of the information source.

Solution:

The entropy of the information source is:
H (X == %M, P(x)log, P(x;) = L84 P(x;) log, P(x;) =16% —log, 32 +48% —log, 96 =5. 79

(bit/state)

thus, the average information rate of the information source is:
Rpy=mH (X) =1000*5.79 = 5790 ( b/s)

1.6. (BIFBEBE/RIESE 7hk P16 & 1-6) Assume a signal source produces 2-ary signals, and the
width of its symbol is 0.4ms.

(1)Find the information rate of the information source.

(2)Assume this information source is changed into 16-ary signals, with the same width of symbol,
can you figure out the information rate of the information source?(Assume every signal appears

with equal probability).

Solution:

(DRg = — = = 2500 (Baud)

T 0.4ms

Ry, = Ry log, 2 = 2500 (b/s)
(2)Rp, = Rg log, 16 = 10000(b/s)

1 1
B

1.7. If the width of the binary signal (equal probability) is 0.5ms,find the symbol rate and the
information rate; if the information source produces 4-ary signals with equal probability, the width
of the symbol remains unchanged, find the symbol rate and the information rate.
Solution:
2-ary equal probability signals:

H(x)=log, 2=1 b/state

1 1

B 1 05%10°3
Ry,=Rz*H(x)=2000x1=2000 b/s
4-ary equal probability signals:
H(x)=log, 4=2 b/state
Rp is the same of the above,so Rz=2000 B
Ry,=Rz*H(x)=2000x2=4000 b/s

=2000 B

1.8Calculate the average amount of information of four letter sequences whose issuing probabilies
are 1/2,1/4,1/6 and 1/12 respectively.
fif: FTRMEIREFEEEEN



4
HE) = = ) P(log,P(x)
i=1

1 1 1 1 1 1 1 1
= zl0g5 310023 ~glog2 g — 7102 35
=05+ 0.5+ 0.4308 + 0.2988
= 1.730(bit/sym)

1.9When a message is transmitted using a 16bit code sequence,the code rate is 300 Baud. What is
the rate at which the massage is transmitted if the binary code sequence is used instead?
fif: TIRNE OER, RN
R, = Rglog,M = 300 - log,16 = 1200(bit/s)
1.10A message passes through a noisy channel at an information rate of 2M bit/s,and an average o
f 72 bit error occurs at the output end of the receiver per hour. Try to find the bit error rate.

fif: ARIEIRECARFRE S ATA

_ HRRHIFH 72 _
DT e E A% 2 X 106 X 3600

108

111 (FFHBGEFEIEE 7 f>J /8 1-6) Assume a signal source produces binary signals, and the
width of its symbol is 0.4ms.

(1) Find the information rate of the information source.

(2) Assume this information source is changed into 16-ary signals, with the same width of
symbol, can you figure out the information rate of the information source?(Assume every signal
appears with equal probability).

Solution:

(1) Rp === ——=2500 (Baud)

s 04ms

R, = Ry log, 2 = 2500 (b/s)
(2)R, = Ry log, 16 = 10000(b/s)

1,120 H A5 JEEE 26 7 i > /8 1-5) Assume that the output of a signal source is composed of 128
different symbols, of which 16 are 1/32 and other 112 are 1/224. The signal source sends out 1000
symbols per second, and each symbol is independent of each other. Try to find the average
information rates of this information source.

Solution:

1 1
He) = 16* 109,32 +112* = log, 224
®) 32 09 224 92

:16*i(5) + 112*i(7.8D
32 224

=2.5+3.905
=6.405(bits/state)

Because R; =1000(B)



R, = Ry *H =1000%6.405=6.405*10° (bit/s)

1.13The symbol set of an information source is composed of a, B, C, D and E. if each symbol
appears independently, its probability of occurrenceis 1/4,1/8,1/8,3/16,5/16. Try to find
the average information quantity of the symbol of the information source.

H=->" P(x)log, P(x)
1 1 1 1 1 3 3 5 5

1 .
=——log,=—=log, =—=log, = ——Ilog, — ——log, — = 2.23bit
4 gz4 8 gz8 8 gz8 16 gz16 16 9216

1.14. A discrete information source outputs 8 different symbols x1, X2,... X8, and the symbol rate
is 2400Baud. Among them, the probability of four symbols appearingis 1/16,1/16,1/8,1/ 4,
and other symbols appear with equal probability.

(1) Calculate the average information rate of the information source;

(2) Calculate the amount of information transmitted for 1 hour.

Solution:

(1

H(x) = _Z P(Xi) Ing P(Xi)
1. 11 11 1 1 1 .
=-2x—Ilog ——=log, =—=log, ——4x=xlog, = = 2.875hit
“16 09,16 g deg g ey Xgx 002

W5 B (5 BiE % R, = Ry x H = 2400x 2.875 = 6900bit / s

(2) f£i% 1h KIE R EN:
| =T xR, =3600 x 6900 = 2.484 x10" bit

FomRTHE R, ARG, FREMERMSRERE,
R, A 45 ARG AT DA RO K X RIS R R gk fads, e =

L B LL IR R

Chapter 2 BEFIENLR— T BP AT

2.1 Let the stochastic process & (t)be expressed as
E(t) = 2cos (2Tt +6)
In the formula, 0 is a discrete random variable, and P(6 =0)=1/2. P(6 =n/2)=1/2,and
Eg[§(1)]and R¢(0,1) are obtained.
Solution:
The mathematic expectation of &(1):



Ee(1) = E[§(D] = P(6 = 0) * §(Dgmg + P (0 = 3) * §(D]px = 1
The correlation function R (0,1):

Re(0,1) = E[€(0)¢(1)] = E[4c0526]
= P(0 =0) x4c0s%0|g—g + P (9 = g) * 4c0s?0|y_n = 2

2.2 Let X(t) be astationary stochastic process with mean value a and autocorrelation function
R, (7), whose output through a linear system is
Y()=X({)+X(t—T) (Tisthedelaytime)
(1) The block diagram of the linear system is drawn;

(2) The autocorrelation function and power spectral density of Y (t) are obtained.

Solution:

(1) linear system:

X > Delay T > @ ,> Y
2
EX(D)] = a

Re(D) = E[X()X (¢ + )]
Pe(f) = |7, Re(m)e ™™ " dr

autocorrelation function:
R,(v) = E[Y(®)Y(t + 1)]
=EXMOXE+D)+XOXt+1-T+Xt-DXt+1)+ Xt -TX({t+1—-T)]
=EXMXE+ D] +EXOXE+Tt-D]+EXE-TXt+D]+EXE-T)X(t+1—-T)]
=R, (1) +Ry(t—T)+Ry(t+T) + R (7)
=2R, (1) +R,(t—T)+ R, (z+T)
power spectral density:
Seeking Laplace transform at both ends of system equation of linear system:
Y(s)=(1+e™NX(s) (s =j2nf)
So, the system function of the system:

Y(s) s
H(s) = m =1+e5T
SO, H(f) =1+ e—jZﬂf
So, Py(f) = B(DIH()I? = P(f) * (2 + 2cos (2nfT))

2.3 It is known that the random processes (t) = m(t)cos (wot +6) . m(t) is stationary

processes in wide-sense and its autocorrelation function is

147, —-1<1t<0
R,(1)=41—-r1, 0<t<1
0, others
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The random variable 6 is uniformly distributed in [O, 2 7T] . 8 and m(t) are independent of
each other.
Try to prove z(t) is stationary processes in wide-sense

Answer:
Because m(t) is stationary processes in wide-sense,
We know E[m(t)] = a, E[m(t;)m(t,)] = R,,,(7)
E[ z(t)] = E[m(t) cos(wot + 6)]=E[m(t)] - E[cos(wyt + )]

=E[m(t)] - [" cos(wot + O)ﬁde

=0
R;(t1,t7) = E[z(t1)z(t,)]
= E[m(t;)m(t;) - cos(wyt; + 8) cos(wyt, + 0) |

= Ry (2) - E {5 c0s [20 + wo(t; + 5)] +7cos [wo(t, — t,)]}
= Ryn(1) -5 cos [wo(t; — £)]

= R (1) - 0 [wo(1)] = R,(7)

2.4 Assume s(t) is a stationary random pulse sequence, and its PSD is Ps(f).
Try to find out the PSD of e(t) = s(t)cosw,t
Answer:

R, (1) = E[s(t)cosw,t - s(t + T)cosw,(t + 7)]

=E[s(t)s(t + 1)] -%E[coswcr + cosw, (T + 2t)]
1
= R,(7) $ 5 COSW,T

= Ry(2) -5 (e + eI
Since R (1) & P.(f)

Then P,(f) = 3 [R(f + ) + B(f = /)]

2.5.Find the autocorrelation function of product z(t)=x(t)y(t). It is known that x(t)and y(t)are
statistically independent stationary stochastic processes, and their autocorrelation functions are
Ry (1), R, (7).

Solution:

Rz (1, t5) = E[z(t1)z(t5)] = Ex(t)y(t)x(t2)y(t2)]

= E[x(t)x(t2)y(t)y(t,)]

= E[x(t)x(e)]E[y(t)y(t2)]

(Because x(t) and y(t) are statistically independent)

6



=R, (t1, t2)Ry (84, t2)
=Ry (DR, (1)=R,(7)
(Because x(t) and y(t) are stable)
So z(t) is also a stationary process with R, (7)R,, (T)=R,(7).

Problems for Chapter3
HAREREHEE, SRS TERALIR, R @GR RS,

3.1Assume a sky wave radio channel is set up to reflect electromagnetic waves with the
ionosphere of F2 layer at a height equal to 400km. The equivalent radius of the Earth is equal to
6370x4/3km, the transceiver antennas are all set up on the ground plane.Try to calculate how
many kilometers can the communication distance reach?

Solution:

r +h = (6370x 4/3+ 400) = 8893(km)
L =[(r +h)? —r’]'? = (8893 —400%)"? = 2637(km)

So the communication distance is: 2L =5264km

3.2 Suppose a black and white digital photograph has 4 million pixels, each pixel having 16
brightness levels. If the transmission is on a channel with a bandwidth of 3kHz and the
signal-to-noise power ratio is equal to 20dB, how long does it take to transmit?

Solution:

According to Shannon formula, the maximum information rate (the maximum amount of average
information that can be transmitted per second) of a channel is:

¢, =Blog, 1+ %) =3000l0g, (1+100) ~19.96(Kb/s)

The amount of information contained in a photo is:

| =4x10°xlog,16 =16x10° (bit)

t=1/C, =(16x10°)/(19.96x 10°) = 801.6(s) = 13.36 (min)

Therefore

3.3.Suppose the transfer function of the ideal channel is
H(w) = Kye /Wta,
where K, and t; are constants, try to analyze the time domain and frequency domain
expressions of the output signal after the signal passes through the ideal channel, and discuss the
results.
Solution:
Suppose the frequency spectrum of the input s(t) is represented by s(w), then after
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passing through the above channel, the frequency spectrum of the output channel can be expressed
as
So(w) = S(w)H(w) = KoS(w)e /™,
then the output signal is
So(t) = Kos(t — tg),
it can be seen that the channel meets the condition of no distortion, and the attenuation multiple of
any frequency component of the signal and the delay is the same, so the signal has no distortion

during transmission.

3.4 Suppose a color picture is composed of 3 x 10° pixels, each pixel has 16 brightness levels,
and each brightness level is assumed to appear with equal probability. Now, the color picture is
transmitted in a channel with signal-to-noise ratio of 20dB. It is required to transmit in four
minutes, and try to calculate the required channel bandwidth.

Answer:
I, = log,16 = 4bit
[=3x%x10°x I, =12x 107 bit

= = 4 [
R, 2% 60 5% 10*bit/s

_ C _ 5x10*
log,(1+%)  10g2(1+100)

~ 6.27 X 103Hz

3.5 Suppose that the equivalent resistance of the input circuit of a receiver is 600 €, the
bandwidth of the input circuit is 6MHz, and the environment temperature is 27 ‘C. Please
calculate the effective value of the thermal noise voltage generated by the circuit.

Answer:

V =+vV4kTRB

1
V =(4%138x%x10723x300 % 600 X 6 X 10°)2 = 7.72uV

3.6The computer terminal transmits data through the telephone channel. The bandwidth of the
telephone channel is 3.2kHz, and the output signal-to-noise ratio (S / N) of the channel is 30 dB.
The terminal outputs 256 symbols, and each symbol is independent of each other.

(1) Calculate the channel capacity

(2) the highest symbol rate of error free transmission.

(1) B N2 m] 4

10logyo 5 = 30dB Il S/N=1000 7 LA

S
C = Blog, (1 + N) =3.2% 103 xlog, 1001 = 3.2 * 10* (bit/s)

(2) iR AEHT Ry=C=3.2 x10* (bit/s)
Ren=Ry/log, N=3.2*10*log,256=4000B



3.7 Each black-and-white TV image contains 3x10° lines, and each pixel has 16 equal brightness
levels. 30 frames per second is required. If the signal output s / N = 30dB, calculate the minimum
bandwidth of the channel required for transmission of the black-and-white TV image.

Answer: FMEERPTE (S S &2 H=log,16=4bit

EIERES T C=4*3*10°*30=3.6*10" (bit/s)

M S/N=1000=30dB

B=C/log, (1 +3)=3.6*10*HZ

3.8 The known color TV image is composed of 5 X 10° pixels. Set each pixel to have 64 color
degrees and 16 brightness levels for each color degree. If all combinations of color and brightness
levels are equally and statistically independent.
(1) Try to calculate the channel capacity needed to transmit 100 images per second;
(2) Calculate the required channel bandwidth if the received SNR is 30dB.
% (1) Hx) = log,(16 x 64) = 10bit /pixel

I=5x%x10%x 10 =5 x 10°(bit)

C=100I=100 x5 x 10° =5 x 10°(bit/s)

S 30
— = 1010 = 1000
N

_ Ry, _ 5x10®  5x108
log2(1+%) log, 1001 10

3.9 A Gaussian channel has a bandwidth of 5kHz.
(1)calculate the information capacity of the Gaussian channel for a signal-to-noise ratio of 20dB.

= 50(MHz)

(2)If the signal-to-noise is increased to 30dB,calculate the bandwidth required to transmit the same
information rate.
Answer:

(1) SNR = 102°/10 = 100

S
C, = Blog, (1 + n—B) = 5000 X log,(1 + 100) = 33291.1 (b/s)
0

(2) SNR = 103°/1° = 1000
C, 33291.1
B = =
S ) log,(1 + 1000)

log, (1 + 7’10_B

= 3340.1 (Hz)

3.10 Assume transmitted power Pr = 10W transmitting antenna gain Gy = 100, receiving
antenna gain Gy = 10 ,propagation equals with 50km .electromagnetic frequency is
800MHz.Try to calculate received power and propagation loss.

The Electromagnetic frequency now is

22229 4375
“goo O™
A2PrGrGr  (0.375)% x 10 X 100 X 10
- - =3.56 x 10~°(W) = 3560(pW
R = 6nzqz 1672 x (50 x 1000)2 W) W)

9



The propagation loss is
L = Pr 16m2d? B 16m?% x (50 x 1000)2
ST Pr A2GpGg  (0.375)% x 100 x 10

~ 28 x 108 ~ 94.5(dB)

Chapter 4

4.1.
The expression of the known AM signal is
Sam(t) = A[1 + mcosw,t]cosw, t

Where: m is the amplitude modulation coefficient, defined as the ratio of the
maximum amplitude A,, of the modulating signal to the maximum amplitude A of
the carrier. w,, is the modulation angular frequency, w. is the carrier angular
frequency. Try to write:

(1) The relationship between the amplitude of the upper and lower side frequency
and the amplitude of the carrier;

(2) The relationship between sideband power and carrier power;

(3) If the carrier power is 1kW, calculate the maximum sideband power;

(4)Spectrum expression of AM signal.

Answer:
(1) syu(t) = A[1 + mcoswpyt]cosw .t = Acosw .t + mAcosw,, tcosw,t

A A
= Acosw,t + mTcos(a)C — W)t + mTcos(cuC + wy)t

The carrier amplitude is A, and the amplitude of the upper and lower frequencies is
mA/2.
(2) Using the method of finding the mean square value, the carrier power can be

obtained as:
2

A
Pc = (Acosw,t)? = £l

Power of upper and lower sidebands

(mA/2)?> m?4%2 1
P = P = = = — 2P
use = PLsp > 8 M Pe

Total sideband power
Ps = P sp + Pysp =§m2pc
Total transmit power
1
PAM = PC +PS = (1+§m2)PC

(3) It is known that P, = 1000W, and the result of (2) shows that when m = 1,
there is the maximum sideband power:

1
P, = 5 P; = 500W
“4)

10



Say(w) = Ant[6(w + w,) + 6 (w — w,)]

mA
+Tn[6(w +w, — wy) +0(w—w, + wy,)]

mA
+Tn[6(w + w, + wy) +06(w—w, — wy,)]

4.2

It is known that the modulated signal is a single-tone cosine signal of 8MHz, and the
single power spectral density of channel noise is set as ny = 5 X 10~**W/Hz, and
the channel loss a is 60dB. If the output SNR is required to be 40dB, find:

(1) Bandwidth and transmit power of AM signal at 100% modulation.

(2) Bandwidth and transmit power of the FM signal when the FM index is 5.

Answer:

(1) Bayy = 2f, =2 X 8% 10% = 16MHz Gy =§

S 1 _Sq 1
SAM_N_O'm'a'Ni__'_'a'nOBAM

= 10* x%x 106 x 5 x 10715 x 16 x 106 = 1200W
(2) Bpy = 2(mp +1)f,, =2 % (5+ 1) X 8 x 10° = 96MHz

Gry = 3m?p(my +1) =3 X 25X 6 = 450

S 1 S 1
SFM:_O._.a.Ni:_O._.a.nOBFM
No Grm No Gam

—10% x ﬁ % 10% x 5 x 10~15 x 96 x 106 = 10.67W

43
There is a wideband FM system, and the corresponding parameters are as follows:

Ne =10°(W /Hz). f,=1(MHz). f =5(KHz). S,=1(kW). and m?(t)=50(V?) |,

k, =1.57x10%(rad /s-v) , Af =75(kHz).Try to find:

(1) Center frequency and bandwidth of band pass filter
(2) Demodulator input SNR
S 3Ak.*m*(t)
(3) Demodulator output SNR (where —*=————7—
N 8n°n, f,

(o]

(1) Center frequency f, = f, =1IMHz

The bandwidth is B = 2(Af + f_)=2(75+5)x10° =160(kHz)

(2)

N, =n,B =10°x160x10° = 0.16 (W )
11



The input SNR is

3
S 107 65510° = 6250
N, 0.6
(3)The output SNR is

3A%Kk, 2m?(t 212 108
S, _ | 3( ) _ 3X2020X1'i T 3><10 g><5o — 675x10°
N 8n°n, f 8n°x107 x5°x10

0o

4.4 Tt is known that the amplitude of a single frequency FM wave is 10V and the
instantaneous frequency is f(t) = 10° + 10* cos 2 x 103t Hz, try to write out
the expression of this frequency modulation wave

(1)Expression of FM;

(2)Maximum frequency offset, fm index and band width of FM;

Solution:

1) Instantaneous angular frequency is

o(t) = 2nf (t) = 2 x10° + 2 x10* cos(2nx10°t)
total phase is 6= [ ', w(z)dr = 27 x10°t +10sin(27 x10°t)

Expression is S, (t) = Acos@(t) =10cos(2z x10°t +sin 27 x10°t)

2) Maximum frequency offset

Af =[10* cos 27 x10°t|  =10kHz

4
FM index: m; = ?—f = %

m

=10

Bandwidth of FM wave : B = 2(Af + ) =2(10+1) = 22kHz

4.5

Let the single side power spectral density of channel noise in AM modulation system
be B,(f) = 1077W/Hz, the frequency band of modulated signal m(t) is limited to 5
kHz, the carrier frequency is 100kHz, the sideband power of the demodulator input
signal is 1W, the carrier power is 4W. If the input signal of the receiver passes through
a suitable ideal band-pass filter, then it is added to the envelope detector for
demodulation. Try to find:

(1) Signal to noise power ratio of demodulator input;

(2) Signal to noise power ratio of demodulator output;

(3) Modulation gain G.

12



Answer:
(1) Let the input signal of demodulator be s4(t) = [A+ m(t)]cosw,.t, and

m(t) = 0, Then the signal power

S;=2A2+-m2(t) =P+ P, = 4+1=5W)

Demodulator input noise power
N;=P,(f)-B=10"7x2x5x 103 =10"3(W)
Input SNR

Si
§, = 5000 (37dB)
(2) At high SNR : [A+m(t)]>» n;(t), the output of ideal envelope detection is
E(t) = A+ m(t) + n.(t)
Where: m(t) is output useful signal;n.(t) is output noise. The power of signal
and noise is

So =m2(t) = 2P,=2 X 1 = 2W,N, = n2(t) = N; = 1073W
So, output signal to noise ratio

So
~2 =2000 (33dB)
N,

(3) Modulation gain

G _ =
S;/N; 5000 5
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Chapter 5

5.1 The A law 13 segments is adopted to encode, the minimum quantization interval is
1 quantization unit, and the sampling pulse value is known to be -95 A, Try to find :
(1) the output code group of the encoder at this point, and calculate the quantization
error.

(2) the 11 - bit linear code corresponding to the output code set.

Solution:(1)The polarity bitc, =0;
since 64 <95 <128
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The segment coding : c,c,c, =011

(95-64)/4=17....3

The sample value is within the quantization level with the ordinal number of 7 in the 4™ segment
The inner segment coding is c.c,c,c, = 0111

The PCM encoding is c,c,c,c,c.c.c,c, =00110111
Quantization error=3 A
(3) .1, =64+7*4=92=2°42%+2342°

The 11-bit linear code is: 000 0101 1100

5.2 The sampling pulse value of the input signal is set as + 635A, and A-Law PCM
code with 13 segments is adopted. Try to determine the encoder output code group

and quantization error.
Solution: the output code group: C,C,C5C,C5C4C,Cs = 11100011
quantization error: 27A

T quantization error FJTHE B IHMRAS 257, Ui#thRA e, BIgwigiRZEA
IR, fEXHEN 635-608=27A, M NI H SN E: 624, FIDIREN:
635-624=11A;

5.3

Let the signal of input sampling device be gate function G (t) with width T = 20ms.
If the frequency component beyond the 10th zero point of its spectrum is ignored, try
to find the minimum sampling frequency.

Solution: f; == = 50Hz .fio = 10f, = 500Hz, f; = 2f;o = 1000Hz, the minimum

sampling frequency is 1000Hz.

5.4The highest frequency of voice signal is known fy=3400Hz. If linear PCM system
is used for transmission, signal quantization noise ratio of S/N, is required to be no
less than 30dB. Try to find the Nyquist bandwidth required by this PCM system.

Solution:

Z=22V=103  N=5
N

0
Bmin= Ry=N*fs=f;;*N=5*3400=17kHz (38 Fi% PPT F47iXt}5ELM)/ 4H)
5.5
Using A-law 13 segments encoding, if the output of PCM encoder is 10111010, find
the range of sampling value.
Solution:
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1) First, C;=1, so the sampling value >0,
2) Second, C,C5C,=011, so the sampling value is in the 4" segment;
3) Finally, C5C¢C,Cg=1010, determine the range of sampling value.
Successive comparisons:

Cs=1, the sampling value>96

C¢=0, the sampling value<112

C;=1, the sampling value>104

Cg=0, the sampling value<108

=f3 v
. : = ;
6% 96 P4 Rg ) 123

Therefore, the range of sampling value is 104~108.
5.6. The analog signal m(t) with the highest frequency of 4.5MHz is coded by PCM

according to A-law 13 segments.

Try to find:

(1) What is the lowest sampling frequency?

(2) What is the information rate of PCM coded signal?

Solution:

(1)According to the low-pass sampling theorem, the lowest sampling rate should be

fs=2fH=2%4.5=9(MHz)

(2) A law 13 segments is used for PCM coding, and each sample value is coded with 8

bits, so the information rate of PCM coded signal is as follows: Rb=9x8=72(Mb/s)

5.7 The frequency range of Base Group of 12-channel carrier telephone signal is 60 ~

108KHz, try to find the lowest sampling frequency. — Cifs I JiE I w5 1 KA 2 )
Solution:
B =fy,—f, =108 — 60 = 48kHz

Because %H = 2.25

n=2k=225-2=0.25

The sampling frequency f; = 2B (1 + g) =2XxX48 (1 + %) = 108kHz

15



Chapter 6

6.1Binary code 100110000100001 is coded into AMI and HDB, and the code
(suppose the polarity of the adjacent B code in front of the sequence is negative).

Solution: Encode the binary code 100110000100001 into AMI and HDB, codes

(set the polarity of the adjacent B codes in front of the sequence to be negative)
AMI: +1 0 0 -1 +1 0 0 0O O -1 0 O O O +1

HDB,:; +1 0 0 -1 +1 0 0 0 +1 -1 0 O O -1 +1

6.2
If HDB; encoding is +10-1000-1+1000+1-1+1-100-1+10-1.Try to translate the
original information code
Solution: HDB3 +10-1000-1+1000+1-1+1-100 -1 +10-1
101 0000 1000 01 1 000 O 101

6.3. Suppose the message data streamis 1000010000110000 1 1,try to get
the AMI and HDB3 encoding.
Solution: AMI: 10000 -10000

HDB;3:1000V-1000-V

1-1 0000 1-1
1-1 BOOV1-1

DL B4 X AMI A1 HDBs 4ifS A2, N5l o MU e, W
TR (4GB EIE)

6.4 Set the binary code as 100110101110 and take the rectangular pulse as an example
to draw the corresponding a) unipolar, b) unipolar to 0, c) bipolar, d) bipolar to 0, e)
difference, f) CMI and g) digital biphase code waveforms respectively.

fi# s ol ol 1l 1 d 1 0) 1; 1)1 0|
E 1 -
| HEEEEE
IR N EL | — ¢
l
TS e | l | l | 1 ,
A EA % (©) 7 | _Jl—ll_ ‘ ] 1
T @ l 11 ll ‘l | V | ] ’
X1x w [_| ._| _I 1 I_I ‘ ‘ '._|
ey © ] ,
R 1 A |
<] I B N =g
M%umw‘”—] ERERTANEARROREE ,
! &) LH_%LN;L.JLLL‘
| | [ | [ |




6.5

Suppose the information symbol is 10010001,draw the waveform of unipolar
NRZ,polar NRZ,unipolar RZ,polar RZ and differential code.

Answer:
unipolar NRZ:
1 1 1
A -
0 0 0 0 0 0
polar NRZ:
A - —
-A
unipolar RZ:
A
polar RZ:
A
-A

differential code:

6.6
Set sequence of 11001000110 binary symbols, try taking rectangular pulse as an
example, draw the unipolar NRZ,RZ ,polar NRZ ,RZ and differential encoding
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6.7 Assuming that the frequency characteristic |H(w)| of a baseband system is
cosine roll down spectrum and the transmission signal is a four level baseband pulse
sequence, the maximum information rate that can realize transmission without ISI is
Rb = 2400b/s
(1) The system bandwidth and the highest band utilization ratio are obtained when the
roll off coefficient ¢ = 0.4,

(2) The system bandwidth and the highest band utilization ratio are obtained when the
roll off coefficient ¢ = 1;
Answer:

R, = o _ 2400 o0(Baud
B log,M ™ 2 T (Baud)

(1) Because a = 0.4
So the bandwidth is
1
B = (1+a)fy =5 (1+04)Rs = 840(Hz2)

the highest band utilization ratio is

B 1404

n ~ 1.43(Baud/Hz)

R
My = = nlog; M = 143 x 2 = 2.86 (b/(s  H2))
(2) Because a =1

18



So the bandwidth is
1
B=>0A+a)fy= 5(1 + 1)Rg = 1200(Hz)
the highest band utilization ratio is

Rg 2
= —=——=1(Baud/Hz)

T=F "1+1

_B M—1><2—2( b )
M =5 =nlog: M = =2\G37

6.8 Suppose the transmission characteristic H(w) of a certain digital baseband system
is shown in the following figure, where a is a constant (0<o<1) :

(1) Whether the system can realize the condition of no ISI?

(2) What is the maximum bit transmission rate of the system? What is the bandwidth
utilization of the system?

v

-Mo 0 o 0}
—>th low)o \<—>| acoo\ awo\4—

(1) The system can be equivalent to ideal rectangular low-pass characteristics:

1 | |<mo
Heq(0)=
0 |o| >wo

Hence the system can realize the no ISI transmission
(2)The maximum symbol rare Rg=2mo/21=wo/7, The bandwidth of this system B= ((1+a) wo) /27
The maximum band efficiency : N=Rs/B=2/(1+a)

Chapter 7

7.1Set the binary sequence to be 1011001, and the symbol rate is 2000Baud, The
carrier signal is sin (8w X 103t). Try to determine:

(1)How many carrier periods are included in each symbol?

(2)Draw the waveforms of OOK,2PSK and 2DPSK.And observe the characteristics of
the waveforms.

(3)Calculate the first spectral zero bandwidth of 2ASK, 2PSK and 2DPSK.

Solution:

3
1) The carrier frequence: f, = 8”;10 = 4000Hz

Ry = 2000 Baud
Therefore, each symbol includes 2 carrier periods
2) As shown in the following figure:

19
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(E=: DPSK iZiGh ZAH ZH A
3) Bapsk = Bappsk = Boask = 2Rp = 4000 Hz

7.2
Send binary information for 10101, the symbol rate for 1200B,
(1) when the carrier frequency is 2400 HZ, draw 2 ASK signal waveform;
(2) When the two carrier frequencies of 2FSK are 1200 HZ and 2400 HZ respectively, the
waveform is drawn.
(1) Rg=1200, T=1/1200s
Fc=2400HZ, | Tc=1/2400 s=T/2

I 2ASK P A
1 0 1 0 1

(2) Ry=1200, T=1/1200s
f.1=1200HZ, N T.1=1/1200 s
f2=2400HZ, M| T,=1/2400 s, the waveform of 2FSK is as following:
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A

7.3In the binary phase modulation system, the input SNR of demodulator is r = 10dB.
Try to find the bit error rates of coherent demodulation 2PSK, coherent
demodulation-code inverse transform 2DPSK and differential coherent demodulation
2DPSK.
Solution: 1)
According tor = 10dB
we can getr = 10
The bit error rates of coherent demodulation 2PSK is:
P, = %erfc\/F ~ Nlr_ne‘r = 2\/10_71
2) Because the bit error rates of coherent demodulation —
code inverse transform 2DPSK is:
P, =2(1-P)P,
P, — the bit error rates of 2PSK
The BER of DPSKis P, = 2P, = 8 x 107°

X e 10 =4x10"°

3) the bit error rates of differential coherent demodulation 2PSK is:

1
P, = Ee—r = Ee—lo =227 x107°

7.4 BER HIZRE 0] EE, AT PAGE & 1D 23 i 26 BE %, JF45 2)F Rt 4512 For a digital pass band
modulation system, assume the symbol rate is Rz = 2 X 10°Baud, the amplitude of
the receive is A = 800uV and the single-side PSD of the Gaussian noise is ny =
4 x 1015W /Hz. Try to find:
(1) the symbol error probability of the ASK signal, the FSK signal and the DPSK
signal when the envelope detection is used.
(2) the symbol error probability of the ASK signal, the FSK signal, the PSK signal
and the DPSK signal when the coherent demodulation is used.
(3) From the BER results,
Solution:
The optimum bandwidth of the bandpass filter in the receiver is
B = Byask = Bapsk = Bapspx = 2Rp =4 X 10°Hz
Therefore, the mean power of the output noise of the bandpass filter is
02 =nyB=4x10"1°x4x10°=1.6 x 1071w
The output signal to noise ratio is
A% (800 x 107°)2
" 262 T 2% 1.6 x 10-10
(1) For the envelope detection:

=20>»>1
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2ASK

1 r_ 1 5 -3
Pe=ze 4=E€ ~ 3.37 x 10

2FSK
1 _»r 1 _ B
Pe=ze 2=§€ 10 %237 %x107°
2DPSK
1 1
P, = Ee‘r = 56_20 ~ 1077
(2) For the coherent demodulation:
2ASK
1 _r
PL=——e 4x85x107°
r
2FSK
1 _r
P, = e 2~4.05x107°
27r
2PSK
P, = ! e "~ 1.26x%x107°
¢ 2\nr
2DPSK

1
P,=——e "~ 252x%x107°
€ VI

7.5 XN E GG TELBRRINA, HESF Assume there is a space-ground
communication system, the symbols rate is 0. SMB, the bandwidth of receiver is
1MHz. Antenna gains of ground station and space station are respectively 40dB and
6dB, the path loss is (60+101gd)dB, where d is the distance(km). Given the
transmitting power is 10W, the double-side power spectral density of white noise is
2% 10712 W/Hz. Requiring the symbol emor probability of the system is Pe=1075,
try to find the maximum communication distance under these conditions as below:
(1) Adopting 2FSK modulation and coherent demodulation.
(2) Adopting 2DPSK modulation and coherent demodulation.
Solution:

(1) Using 2FSK mode transmission, coherent demodulation, the bit error rate is

Pe=lerfc\/z=1 0>
2 2

Using 2FSK mode transmission, coherent demodulation, the bit error rate is
02=nyB = 4% 10712 x 1 % 10% = 4« 107%(W)
The square of receiving signal amplitude is
a? = 2ro2=1.464*10"*(W)
The signal power attenuation is

A%)2 2%10
Z_10lg .
az/2 1.464%1074

10lg = 51.35(dB)
The pass loss is :  60+101lgd =51.35+40+6

22



The maximum communication distance is
d=10373> = 5432(km)
(2) The bit error rate (BER) of 2DPSK transmission and differential coherent
demodulation is analyzed

Pe=§e-r =105

the required SNR can be calculated r=10.82, the square of receiving signal

amplitude is
a’? = 2ro2=8.656*10"°W

The signal power attenuation is
A%)2
az/2
The pass loss is :  60+101lgd =56.63+40+6
The maximum communication distance is

d=1032¢3 = 9183 (km)

10lg =56.63dB

7.6
The highest frequency band utilization of the digital frequency band pass system is _

1 B/ HZ | The information transmission rate of the 8PSK system is 1500b/s,

and the minimum bandwidth of the transmission without the inter symbol interference
is__ 500Hz

B8 RGO 5250 RIS S 900 2 £, — 3T : 2FSK AT 2 £,
HARR 2 (B R, B RO R 2 A S B o R R, B 1, i
A1, HI8 Baud SRERS, —HEHIATZ IR 1, B bfs B (S Sk BT A
FRSIT, 250 = 1R loga M 4%, FFAE ELSEAMME. BD: 5, = 7, log, M

7.7 If the message signal is 1011001,draw 2ASK, 2FSK, 2PSK and 2DPSK signal
waveform diagram respectively.

23



1
] ]
A\
. i 1
2ASK -

2FSK
!

2PSK /\E/\
N/

(=]
—
-
o
(=]

i

|

/ |

1 !
L \/

i ]

| I

7.8 Suppose the bit rate of an MPSK system is 4800b/s, and the baseband signal is
preprocessed by a=1 cosine roll-off filtering. Answer the following question:
1). 4PSK occupied channel bandwidth and frequency band utilization.
2).8PSK occupied channel bandwidth and frequency band utilization.
Solution:
1).Under 4PSK, Rp = 2400, the required Nyquist bandwidth is fy = 1200Hz,
Because of cosine roll down, the actual baseband signal bandwidth is
fs = (14 a)fy = 2400Hz,
According to B,psy = 2fp, we can get B,psx = 2fg = 4800Hz,
=1b/(s * Hz).

Rp

n:

Bapsk

2). Under 8PSK, Rz = 1600, the required Nyquist bandwidth is fy = 800Hz,
Because of cosine roll down, the actual baseband signal bandwidth is

fe =0+ a)fy =1600Hz,
According to B,psy = 2fp, we can get B,psx = 2fg = 3200Hz,

R = 1.5b/(s * Hz).

n:

Bapsk
7.9 Assume the information transmission rate of a 4DPSK signal is 2400 bit, and the
carrier frequency is 1800 Hz, how many carrier periods are contained in a symbol?
Solution: The code rate of the 4DPSK signal is

R, = R, /log,4 = 2400/2 = 1200 Baud

1800 . . . .
Therefore, 1200 =1.5 carrier periods are contained in a symbol.

7.10Suppose the bit rate of a 2FSK modulation system is 2000Baud, and the carrier
frequency of the modulated signal is 6000Hz (corresponding to "1" code) and 4000Hz
(corresponding to "0" code).
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(1) If the transmitted information sequence is 1011001, try to draw the waveform of
2FSK signal:
(2) Try to draw the power spectrum density diagram of 2FSK signal, and calculate the
first spectrum zero bandwidth of 2FSK signal.
Solution:
(1) fi = 6000 =3Rg, f, = 4000 = 2Rjp, so there are three carrier periods in
the code "1", and two carrier periods in the code "0 "

)

v

2000 4000 6000 8000 f

The bandwidth of 2FSK signal:

Borsk = Ifa — ful + Ti = 6000 — 4000 + 4000 = 6000(Hz)
B

ASK. FSK 1 PSK (DPSK) HJifs<-m, BER. W i<itH . RERARSYE
H, AHE

WAV R AR P B R AR QPSK AR AFE I, AEEI A HEEl. OFDM [
AJFEH CEZMEAAM IFFT/FFT), LLM 16QAM K2 FEK .

BRILZ Ak, 3 K& B — AR H CRANE P Fabr A X —I, 0% 1

AINFTIR D s FEB 3 TR A28 8 # Further reading: new technologies in

communication systems J&, f4Z& LT MhEE1T522]:

1 BB REF MIMO  (3min RIS 24612 2X2 IRL, BIFE 5G &[] massive
(K  MIMO J5 1 K B

https://www.bilibili.com/video/BV1gx411E7Zn?from=search&seid=2492632509906548642
https://www.bilibili.com/video/BV1EE41187j3?from=search&seid=14517711152553542470
2 BREHHA (UWB): FEEM—ARH S E N RS HEE L. (GPS AL ez,
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https://www.bilibili.com/video/BV1gx411E7Zn?from=search&seid=2492632509906548642
https://www.bilibili.com/video/BV1EE41187j3?from=search&seid=14517711152553542470

DRI A AT LR S A 2 FL 28 SEGNRD R 1 7 ik, SRUISGA 3] 1 AE S8 R e, DRI RR A9 45
Fi b 8.2 A E L.

3 R (ERHRGR, REFEMER. ZRARMAAHRKZER)
https://baike.baidu.com/item/JE 4 8% %1/164957 *fr=aladdin

PRAL -
https://www.bilibili.com/video/BV1J4411W7Fc?from=search&seid=12113333280749532318

6G MZEBM IR, BEOEM EH—THIXERSMM, TH—T. BTFH, s
TANEWRERR N EERNTH.
https://www.bilibili.com/video/BV1Pt411C7vU?from=search&seid=8620976170797989280

BEOREZE 28010 Hngs—A MIMO HUBERL,  [RIKR A RG22
250 UWB B, XA A RGINE S ? BB SE G RA RS, %7 55T,
AEWRANERKRZ, REREM S B R ML T

FeZ WL BN ZS . CPRFIPEL. PPT. EREFIEERE X, 25 Fi & 5E A YE
S Eih I R VAR =R TR
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