Communications 

Module Code: EEE207

Tutorial No 1 Solutions
Communications Tutorial 1 – Modulation – Solutions
1) 

a) 
[image: image279.wmf]t

Cos

c

w

, i.e. Vm = 5 Volts, fm = 10kHz


[image: image2.wmf]t

V

t

V

t

V

t

v

m

c

m

m

c

m

c

DC

s

)

cos(

2

)

cos(

2

cos

)

(

w

w

w

w

w

-

+

+

+

=


[image: image3.wmf]V

DC

= 0

5/2

5/2

m

= 

¥

90

110

100

kHz


[image: image4.png]DDDDD





[image: image5.png]DDDDD




[image: image6.wmf]+5

-

5

d

(

t

)

Condition

Waveform

= 

Type

Input

+5

-

5

t

t

Input

PSK/PRK

Carrier

2kHz

V

DC

= 0

1 

msec

t

t

d

V

c

DC

w

cos

))

(

(

+

+10

-

10

t

ASK/OOK

V

DC

= 5

+15

-

15

t

ASK

V

DC

= 10

+5

-

5


a) Modulation Depth 
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b) The total average sideband power may be determined by one of two main ways:
A. By application of the equation 
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i.e. 
[image: image9.wmf]{

3

2

1

Sideband

 

Total

2

Carrier

2

m

P

P

P

c

C

T

+

=


i.e. Total sideband power = 
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where 
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Hence, 
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(Total sideband power = 
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B. Alternative method is to consider diagram/equation, i.e.
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(Total sideband power = 
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Hence, total sideband power = 
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c) Total average power = carrier power + total sideband power

= 1 Watt + 1/8 Watt =
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2. Power output = 24 kW when modulation depth m = 1

a) If the carrier is unmodulated, Power out = Pcarrier only since PUSB and PLSB = 0

i.e. 
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Power output = 16 kW (unmodulated carrier)
b) If m is reduced to 0.3 then
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Total output power PT = 16.72 kW

c) Observe from above that total sideband power = 0.72 kW or from 
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( Power in one sideband = 
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( Ratio = 
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d) SSB diminished carrier produced with SSB power = 0.36 kW and Pc = 16 kW reduced by 26dB (power). To determine Pc (reduced)

Method 1:
Pc = 16 ( 103 Watts

Pc dBW = 
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Reduced by 26 dB gives Pc reduced = 16 dBW

( Pc reduced = 
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Method 2:
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( Pc reduced = 
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PT ( 400 Watts
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Synchronous Demodulator

Multiplying input DSBSC by carrier gives 
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i.e. contains 
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3. L.O. is now 
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LPF removes 2(c components, hence 
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 - for DSBSC

Note, if 
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cos ( affects the amplitude of the output for DSBSC.

i) If  ( = 0, cos ( = 1, i.e. carrier phase offset = 0

( 
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ii) If ( = (/2 (900), 
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 - i.e. zero output

In general, as the local oscillator phase varies (assuming the frequency is ok) the amplitude of the output varies. As ( increases from 0 ( (/2 the output amplitude decreases to zero. (known as fading). When ( = ( n(/2, with n odd, the output will be zero.

4. The input to the synchronous demodulator now is SSBSC.
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Parts b) and c) can be solved by considering (( and then (. For a general solution consider a general local oscillator 
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Note – this is for SSBSC (compare DSBSC in Q6). In this case (( and ( offsets cause the output to shift in frequency and phase.
a) Frequency offset ((, but phase offset ( = 0.
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In this case the demodulated output is shifted in frequency by (( compared to the input 
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For example, if (m = 1kHz and (( was 200Hz then the output frequency would be a signal at 1200Hz. For speech signals, if (( is small but stable, the frequency shift at the output may be tolerable.

b) Now consider (( = 0 with a phase offset (
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In this case, i.e. for SSB, the output is offset by ( (Note for DSB, a phase offset will affect the amplitude and cause fading. For speech signals a phase offset may not be very serious because the ear is relatively insensitive to phase.

Note: In synchronous demodulation with SSBSC input, frequency and phase offsets in the L.O. can be tolerated much more than in DSBSC. SSBSC is a popular form of modulation.
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Tutorial No 2 Solutions
1) a) 
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The spectrum at each point is shown below:
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The output,             , is a single sideband suppressed carrier, SSBSC signal, in this case the lower sideband. The signal is frequency inverted.

b)

[image: image53]
The spectrum at each point is shown below.
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[image: image54]
The output signal is the original bandlimited message signal, 
         .

2  a)

Diagram to give 
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i.e.     
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[image: image57]
b)
From above , 
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i.e. 
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Note also that modulation depth = 
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i.e.  
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c)
Normalized average power:

1) Apply Equation
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Total Power = 66 watts   (Normalized Average Power)


2) 



PT = Carrier Power + USB power + LSB power


i.e.       
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d)

[image: image66]
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Spectrum at each point
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Note – this is similar to Long Wave (LW) or Medium Wave (MW) radio.

a) Receiver

[image: image70.wmf]LPF
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In the receiver, we may tune the frequency of the local oscillator to select which message we wish to receive.

Let L.O. = 
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i) Tune the L.O. to fL.O. = fc2, i.e. fL.O. = 110kHz
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With L.O. set to 100kHz – spectrum at Vx
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After the LPF
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a) System
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Before considering the spectrum given by this equation, consider the signals below.
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The equation for Vy above maybe seen to be consistent with the spectrum for Vy. The SSB passes the sum frequencies to the output signal SOUT as shown, where
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Note that the baseband signal has been modulated by a 10MHz carrier to produce the DSBAM signal at Vx, then up-converted (another modulation stage) by a 100MHz oscillator to produce the double sideband signal centred on 100 MHz at Vy, then filtered to pass the USB, which in this case is the up-converted DSBAM signal, centred on 110MHz.

b) Receiver/Demodulator – simple.
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LPF filter removes all components at 2(​0, 2(c, etc. to give
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In this case LO1 down-converts the received signal to 10MHz and cos (ct and LPF demodulate to recover m(t).
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1)

Audio signal 
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Frequency modulator, 
[image: image86.wmf]a
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a) Peak derivation 

Δfc = 
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 V​m = 10 
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Peak derivation Δfc =  100 KHz

b) Modulation index, β = 
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Modulation index, β = 10
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Δfc = 1KHz when 
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a) Components in the FM spectrum are found from:
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Where Vc = 10 volts, 
β = 
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The nth pair of the component is  
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      and      
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From the table of the Bessel functions and in this case using the identity 





[image: image101.wmf](

)

b

n

J

-

 = 
[image: image102.wmf](

)

(

)

1

1

=

-

b

b

for

J

n

n

 

	n
	
[image: image103.wmf](

)

b

n

J


	Amp = 
[image: image104.wmf](

)

b

n

c

J

V


	Frequency Hz

	0
	0.7652
	7.652
	
[image: image105.wmf]fc



	1
	0.4400
	4.40
	
[image: image106.wmf]m

c

f

f

+



	-1
	-0.4400
	-4.40
	
[image: image107.wmf]m

c

f

f

-



	 2
	0.1149
	1.149
	
[image: image108.wmf]m

c

f

f

2

+



	-2
	0.1149
	1.149
	
[image: image109.wmf]m

c

f

f

2

-



	3
	0.0196
	0.196
	
[image: image110.wmf]m

c

f

f

3

+



	-3
	-0.0196
	-0.196
	
[image: image111.wmf]m

c

f

f

3

-




Component for n above 3 have 
[image: image112.wmf](
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Carlson’s rule approximation BW = 2(Δfc + fm) =  2 (1 KHz + 1 KHz)

Carlson’s rule gives BW= 4 KHz (Note – approximation)

c)  Load resistance RL = 50 ohms,  Vc = 10 volts.


i) Channel bandwidth ≡ significant FM spectrum, 6 KHz components outside this bandwidth are ‘cut-off’. To find the average power received – need to find the power in the significant spectrum.

Each component in the signal has a peak amplitude   
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Average power = 
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i.e       Average power =  
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Total power in spectrum PT = 
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For significant sideband to n = 
[image: image121.wmf]a
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Power in spectrum Ps = 
[image: image122.wmf](

)

(

)

å

-

=

a

L

2

R

2

 

a

n

n

c

J

V

b


Ps = 
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   =  0.585531 + 0.3872 + 0.026404 + 7.6832 x 10-4
  =  0.9999033 watts

Power received (i.e in the significant spectrum) = 0.9999033 watts 


ii) When the carrier is not modulated.
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Power = 
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Power in unmodulated carrier = 1 watt 

But Note – in FM the carrier amplitude is constant at Vc, only ‘fc’ changes (i.e. fc 
[image: image126.wmf]±

 Δfc ) and the power is independent of frequency. 

Therefore 
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3) 

Given Vc= 10 volts, β =2 and also since we are to find the power, we may use 
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From Bessel tables for 
[image: image129.wmf](

)

01

.

0

2

³

n

J



[image: image130.wmf](

)

239

.

2

2

0

=

J

V

c



[image: image131.wmf](

)

676

.

5

2

1

=

J

V

c



[image: image132.wmf](

)

528

.

3

2

2

=

J

V

c



[image: image133.wmf](

)

289

.

1

2

3

=

J

V

c



[image: image134.wmf](

)

340

.

0

2

4

=

J

V

c


Hence spectrum – showing modulus of amplitudes is:
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Therefore, power in spectrum for n up to 
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 EMBED Equation.3  [image: image140.wmf]watts
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Total power in FM signal 
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Hence,  
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   = 0.9789488

Hence, proportion of total power in spectrum for which only significant component included ≈ 0.9789 (97.89%).

Note – For 
[image: image144.wmf]b

=5, the proportion of the total power in the significant spectrum is ≈ 0.99981 (i.e. 99.98%). The significance is that an FM modulator produces an infinite number of sidebands. However, the transmission system can only offer a limited, finite bandwidth. The criteria that components with amplitudes for which 
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should be transferred results in small but tolerable (usually), distortion, especially for larger modulation index
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4)

 V/F converter has 
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of 2 KHz per volt , fc  100 KHz. 

a)
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i.e,  Vm = 10 volts , fm = 10 KHz

Peak Deviation Δ fc = 
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Vm = (2) (10)= 20 KHz

Modulation Index 
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b)  Vc= 10 volts. From Bessel tables for 
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c) Since Vc= 10volts peak, Average power = 
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FM Signal Power = 
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The power in the spectrum drawn above, with 4 sideband pairs will be less than 1 watt, and is given by 
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(See Question 3)

5)

a) Since Modulation Index  
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 fm = (5) (15) = 75 KHz

b)      Since Δ fc = 
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 Vm and Vm = 5 volts, 


Frequency conversion factor 
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c) From Bessel tables, for 
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Power = 
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Power measured at (i) 
[image: image182.wmf]1

0

1

B

p

N

=

(since B1 < Bm)

[image: image183.wmf]3

6

1

10

10

´

=

-

N

= 1mWatt (0dBm)

Power measured at (ii) 
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Power measured at (iii) 
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Actual noise power at (iii) 
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Note 1: It is important to be aware of what bandwidth noise is measured in (e.g. with power meter or spectrum analyser), i.e. the system bandwidth or the test bandwidth.

Note 2: Observe how control of the bandwidth can reduce the noise (10Watts at 10MHz ( 1 mWatt at 1kHz). It is important to have a bandwidth just wide enough for the signal, but no wider in order to minimise the noise power and maximise the (S/N),
a) Both filters are ideal, noise free, with power gains G1 and G2, and bandwidth B1 and B2.
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, since B2 < B1 and since p0 is the same anywhere in the path, allowing for gains.

But 
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Note: NOUT is not simply G2NIN – the bandwidths must be taken into account.

Since 
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Matched System, i.e. ROUT = RIN

[image: image197.wmf]2

1

2

G

B

B

V

V

IN

OUT

=


[image: image198.wmf]Gain

G

(S/N)

OUT

(S/N)

IN



[image: image199.wmf]IN

OUT

IN

OUT

IN

IN

OUT

OUT

IN

IN

GN

N

GS

N

N

S

S

N

N

S

F

=

=

=

.

.


[image: image200.wmf]N

IN

N

OUT

= GN

IN

+ N

a

G

N

a


Na is added noise which appears at the output.
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Ne is the equivalent noise referred to the input, which gives Na at output, i.e. Na = GN​e
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i.e. 
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i.e. 
[image: image204.wmf]IN

e

N

F

N

)

1

(

-

=


Since N = kTB, assuming same bandwidth B
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 (where TIN is the source temperature Ts)

i.e. 
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, where TIN = Ts is usually taken to be 290K.
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i) System temperature referred to A
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Referred to A (system equivalent noise temperature)

ii) System temperature referred to B

[image: image210.wmf]{

{

K

G

G

T

G

T

T

T

T

T

c

sky

e

e

e

e

sky

sys

1950

1450

500

348

87

870

145

500

4

1

.

10

870

10

870

870

2

1

290

2

1

1000

Re

3

2

4

2

3

2

1

=

+

=

+

+

+

+

=

÷

ø

ö

ç

è

æ

+

+

+

÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

=

+

+

+

+

=


Referred to B (system equivalent noise temperature)

Note: as we would expect this is exactly half the system temperature referred to A – the cable has gain of ½ (3dB loss) and noise power is proportional to Tsys, i.e. power at B = ½ power at A.

a) Low noise preamp installed:

Option (a) – note re-number the elements
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System noise temperature referred to A
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Referred to A, option (a). This looks better, the ‘Rec’ is less than the ‘sky’.


Option (b) – re-number elements.
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System noise temperature referred to A
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Referred to A, option (b). This is better than no pre-amp but not as good as option (a)

Option (a)
Tsys = 1580K

Option (b)
Tsys = 2131K

No preamp
Tsys = 3900K

Hence, for best noise performance, the ‘mast head’ location is the best solution.

This solution can also be inferred from the equation
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To keep TRec small, the gain of the first stage G1 should be > 1 (i.e. an amplifier rather than a cable). Successive noise contributions are then reduced.

Note: Low noise (receivers) is not the only consideration. Too much gain at the front end, which is wide open (a wide bandwidth) to noise and interference can overdrive or saturate later stages, e.g. the mixer, and cause problems due to non-linear distortion and intermodulation products. In some receivers the aerial is connected straight to the first mixer. The prime considerations are the quality of the signal at the output in terms of (S/N) and distortion.

a) In general – each Te is referred to input.
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Noise power is proportional to Te (N = kTeB). Therefore, to refer to Te earlier stages, divide by gain of preceding stages as shown.

i.e. TRec referred to A is 
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i) Note: convert all ‘dB’ to ratios.
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Use Te = (F – 1)290
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ii) System noise temperature

Tsys = Tsky + TRec = 100 + 1947 = 2047K, referred to A.

Again, the receiver (TRec) is not very good compared to Tsky.

iii) The receiver, TRec, at A includes the cable.
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Noise figure F dB = 
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Actual (S/N) at A = 
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 Actual (S/N) at A is 1.59, i.e. signal just above the noise.

(S/N) at A measured with an instrument with a 250kHz bandwidth is:


[image: image226.wmf]3

.

191

000

,

250

100

10

38

.

1

10

6

.

6

23

14

=

´

´

´

´

-

-


i.e. in the same bandwidth (S/N)IN >> (S/N)OUT, as will be shown.

i) 
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ii) Noise power spectral density referred to input, from N = kTsysB, 

p0 = kTsys = 1.38(10​-23(2047 = 2.825(10-20 Watts/Hz

Actual power spectral density at output will be p0 OUT = p0(gain of receiver


[image: image228.wmf]Watts/Hz

10

811

.

2

)

1000

(

4

1

)

10

(

512

.

2

1

10

8525

.

2

17

20

-

-

´

=

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

´

´

=


The ratio (S/p0) referred to A is (also same at output)
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Communications 

Module Code: EEE207

Tutorial No 5 Solutions
1)

 
Message, N = 8 bits, probability of error  p = 0.1 

a) 


Probability of  R errors 
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Probability of no errors 
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Probability of one error 
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Probability of two errors 
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Probability of three or more errors 
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Rather then calculate all these probabilities, note 
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i.e.  
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[image: image240.wmf]0380918
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Probability of three or more errors = 0.0380918

b) 


Successful message transfer occurs if accepted messages are true , i.e. correct.

False message transfer occurs if accepted ,messages are not true, i.e. contains errors which are not detected.

Lost message transfer occurs if errors are detected and the message is rejected (i.e. not accepted).

i)

If no error detection/ correction is used, then all messages are accepted (none can be rejected since there is no error detection processing). Message are therefore either true or false.

Successful transfer occurs if no errors occurs.

I.e. Prob. of Success = p(0) = (1-p)8 = 0.4304672

Message with one or more bits are accepted but are false. 

Prob. of false transfer = 
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(Note – nearly 60% of the information accepted is wrong)

ii) 

Single bit error correction – i.e successful transfer if no errors or 1 error in message. Otherwise false transfer since further error detection not carried out.

Probability of successful transfer = p(0) + p(1) = Psucess





     = 0.4304672 + 0.3826375

Probability of Successful transfer = 0.8131047

All other messages are accepted, i.e. none rejected 

Prob. of false transfer = 
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{Note ≈ 18% of the information accepted is wrong this is better than (i) but still not good}

iii) 


Code which can correct single error in block and detect 2 errors. 


i.e. No errors – message accepted – correct 


     1 error – message corrected/accepted – correct


     2 errors – errors detected – message rejected – lost 


     3 or more errors – errors not detected – message accepted – false 

Probability of successful transfer = p(0) + p(1) = 0.813047

Probability of lost transfer = p(2)  (2 errors detected, message rejected)




          p(2) = 0.1488034

False transfer occurs if there are 3 or more errors.

Probability of false transfer =  
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 Probability of false transfer = 0.0380918

{Note – in this case 3.8% of the messages transmitted are accepted and are false – this is about 4.47% of the message accepted}

2) 

The minimum distance of the code is the minimum no. of bits change, to convert one valid codeword in the code to another valid codeword.

For example 


Code 1 
Code 2 
Code 3

Valid Codeword A
        
01101

1111

010101

Valid Codeword B

00001

0000

101010

Hamming Distance 

     2

    4

      6

The distance between valid codeword in a code is called the hamming distance. All code words in a code are not separated by the same Hamming distance The minimum value of the hamming distance in a code is called the minimum distance (dmin or d). 

For a code with dmin=5, using dmin = t + l + 1,  t ≤ l where t = no of bits corrected, l= no of bit error detected. 


dmin = 
t + l + 1


  5   =  0 + 4 + 1 
detect upto 4 errors (d-1)  

  5   =  1 + 3 + 1 
detect upto 3 errors , correct 1 error

  5   =  2 + 2 + 1 
detect and correct upto 2 errors

In general a code can 


Detect up to (dmin -1) errors,


Correct up to INT 
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 p = 10-2 =0.01


       ‘SYNC’         ‘INFO and CHECK’

a)

Synchronization bits are not included in the error detection/ correction procedures, i.e. all 8 sync bits are to be received error free for ‘sync’.

Prob. of Successful sync= Prob of no errors in 8 bits = p(0)

Where p(0) = (1-p)S = (1-p)8 =  (1-0.01)8

Prob. of Successful sync = 0.9227447

b) 


Successful packet transfer requires successful sync and a correct packet.
For correct packet, require 24 bits with no errors, or 1 error (which can be 


corrected).


Prob. of correct packet = p(0) + p(1) 





= (1-p)24 +  
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= 0.9761455


Probability of successful packet transfer = Prob. of successful sync and Prob. 







of correct packet






= p(succ. sync ) .  p(correct packet)






= 0.9227447 * 0.9761455 






= 0.9007331


Probability of successful packet transfer = 0.9007331

4)

TV sets, failure rate = 10-2
a)


50 TV sets produced, i.e N=50 , p = 10-2


Probability that all 50 are good in the probability of no faulty ones, i.e.




P(0) = (1-p)N





P(0) = 
(1-10-2)50  = 0.605006

The probability of being able to deliver an order for 50 V sets if only 50 are made is only 0.605 (60.5%).

b) 



Produce 10% spares, i.e. 55 TV sets.

Probability of getting exactly 50 working TV sets in the probability that there are exactly 5 faulty sets. Probability of at least 50 sets is the probability of no faulty sets, or 1, or 2, or 3, or 4, or 5 faulty sets.

Prob. of 50 sets at least =  
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=  
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= 0.5753547+0.3196415+0.0871744+0.0155564+0.002042+0.0002104


≈ 1
i.e almost certain to get 50 sets if 55 built.

5)

a)
P(10110) = Prob(1 and 0 and 1 and 1 and 0)


P(10110) = (0.5) (0.5) (0.5) (0.5) (0.5) = (0.5)5  =  0.03125

b)   
P(101101) =  (0.5) (0.5) (0.5) (0.5) (0.5) (0.5) = (0.5)6 =  0.015625


If the pattern 10110 already has occurred, the probability that the next bit is a 
1 is 0.5.

c) 
Probability of any N bit pattern = (0.5)N  in a random bit stream.

Communications 

Module Code: EEE207

Tutorial No 6 Solutions
1) Discussion – how single parity bit codes may be used for error detection – see notes.

2) Discussion on repetition codes – majority vote decoding and application to error detection/correction – see notes.

3) Message, 8 bits M1, M2, M3, …, M7, P – transferred via a channel with error rate p = 10-2 = 0.01

a) In this case, successful transfer occurs if the eight bit message is received with no errors, i.e. 
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b) False transfer occurs if errors are not detected, i.e. the message is accepted, but it contains undetected errors. In this case, for a single parity bit:
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Since the parity code cannot detect even errors, i.e. 2, 4, 6, 8
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i.e. 
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c) Messages are lost or rejected if errors are detected. In this case a parity code can detect all odd errors
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We could calculate these as for PF, but since
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i.e. PL = 1 – (PS  + PF) = 1 – (0.922744695 + 2.63681683(10-3)


PL = 0.0746185

d) For a Rep-5 code, with p = 0.1
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In this case, all messages are now accepted, either correct or false

i.e. PS = P(0), probability of no errors in an eight bit message subject to an error rate POUT.
Probability of success PS = P(0) = (1 – POUT)8 = 0.933536909
e) Probability of false transfer = P(1) + P(2) + P(3) + … + P(8)

But Ps + PF = 1, i.e. PF = 1 – PS = 0.06646309
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