TRANSMISSION MEDIA

COMMUNICATIONS SYSTEMS AND FOURIER ANALYSYS

· What is Fourier Analysis?

· What is Fourier Analysis used for in Networking?
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Figure ! A communications system





SOME PROPERTIES OF SIGNALS

· Continuous Signals

· Discrete Signals

· Periodic Signals

· Amplitude

· Frequency

· Phase

· Sine Waveforms

· Cosine Waveforms

· Relationship between Sine & Cosine

TRANSMISSION MEDIA 

THE FREQUENCY DOMAIN (Refer to the diagrams on the following page)

· Diagram (c) is produced by summing the points of diagram (a) and (b)

· Any complex waveform may be decomposed into Sine and Cosine waveforms

· Diagram (d) is the Frequency Domain representation of diagram (c)

· The line at 0 on diagram (d)= 'dc shift'

· The second Frequency (b) is an Integer multiple of the first (a) = the Fundamental

· The period of (c) = the period of the Fundamental Frequency

· The 'Spectrum' = the range of frequencies it contains

· Absolute Bandwidth = width of the spectrum i.e. 2f

· Effective Bandwidth (or Bandwidth) = Frequencies that contain signal energy.
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THE FREQUENCY DOMAIN
TRANSMISSION MEDIA
FOURIER ANALYSIS - A MATHEMATICAL ANALYSIS OF SIGNALS

In chapter 2 of the Tanenbaum text, he gives the following expression:-

g(t) = ½c ……...........................(1)

n=(
+ 
(an Cos(2(nft) ……..(2) 

n=1

n=(
+ 
(bn Sin(2(nft) ……..(3)

n=1

The expression has been written above in three parts, which can also be written as follows:-

f(x) = a0  ........................................................(1)

+ a1 Cos x + a2 Cos 2x + a3 Cos 3x + …….(2)

+ b1 Sin x + b2 Sin 2x + b3 Sin 3x + ……...(3)

where a0 is a constant and x=2(ft

Writing this in the form given by Tanenbaum gives:-


f(x) = a0 ……..........................(1)

n=(
+ 
(an Cos nx ………...(2) 

n=1

n=(
+ 
(bn Sin nx …………(3)

n=1

We are now required to find expressions (in order to then calculate the values) for a0, an, and bn.

TRANSMISSION MEDIA

AN EXAMPLE OF INTEGRATION

Integration = Area under a curve.

Problem : Use the process of integration to find the hatched area below :
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Figure ! A communications system




 

 
  {
0 when -( < x < 0

f(x)   =   {   
4 when 0 < x < 4


  {
0 when 4 < x < (


b



AREA     = 
∫ f(x) dx



a


4

4
=
∫ 4 dx  = 4 [x]


0

0

Inserting the 'limits' in place of x gives:-

= 4[(4) - (0)] = 4[4] 

= 16 Square Units
TRANSMISSION MEDIA

SOME RULES OF INTEGRATION ARE GIVEN BELOW

(
∫ Cos nx dx = 0 .....................................................................................(1)

-(
(
∫ Sin nx dx = 0 ......................................................................................(2)

-(
(
∫ Cos2 nx dx = (  IF n≠0........................................................................(3)

-(
(
∫ Sin2 nx dx = (  IF n≠0..........................................................................(4)

-(
(
∫ Cos mx  Cos nx dx = 0 or( : IF m≠n=0 : IF m=n=( {Eq same as (3)}..(5)

-(
(
∫ Sin mx  Sin nx dx = 0 or ( : IF m≠n=0 : IF m=n=( {Eq same as (4)}....(6)

-(
(
∫ Sin mx  Cos nx dx = 0 ............................................................................(7)

-(
NOTE:

Cos2 x  = Cos x  . Cos x  

Sin2 x  = Sin x  . Sin x 

∫Cos x dx = Sin x

∫Sin x dx = -Cos x

TRANSMISSION MEDIA

PRODUCING AN EXPRESSION FOR a0

We have:-

f(x) = a0

n=(
+ 
(an Cos nx 

n=1

n=(
+ 
(bn Sin nx ……..(*)

n=1

Integrating both sides of equation (*) gives:

(

(
∫ f(x) dx   = 
∫ a0 dx  + 0 + 0  {The Sin & Cos terms = 0 from rules (1) &(2)}

-(

-(
Carrying out the Integration of the R.H.S Gives:-

(

    (
∫ f(x) dx = a0[x]  =  a0[(() - (-()]

-(

   -(
(



∫ f(x) dx = 2 (a0
-(



Re-arrange for a0 Gives :



(



a0    = 
  1/2(
∫ f(x) dx .................................................(*1)


-(
TRANSMISSION MEDIA
PRODUCING AN EXPRESSION FOR an
We have:-


f(t) = a0

n=(
+ 
(an Cos nx

n=1

n=(
+ 
(bn Sin nx …….....................(*)

n=1

Multiply Equation (*) on both sides by Cos mx and Integrate from -( to (:-

(


(
∫ f(x) Cos mx dx   = 
∫ a0 Cos mx {This = 0 from rule (1)}

-(


-(
(
+ 
∫ (an Cos nx Cos mx + bn Sin nx Cos mx) dx

-(
The L.H.S = 0 except when m=n, it then = ( Rule(5)

The R.H.S = 0 from rule (7)

Therefore we have:-

(




∫ f(x) Cos mx dx   = 
am (()

-(
Re-arranging gives:-



(




     am  =  1/( ∫ f(x) Cos mx dx  


-(
OR



(




     an  =  1/( ∫ f(x) Cos nx dx ...........................(*2) where n=1, 2, 3.... etc 


-(
TRANSMISSION MEDIA
PRODUCING AN EXPRESSION FOR bn
We have:-

f(x) = a0

n=(
+ 
(an Cos nx

n=1

n=(
+ 
(bn Sin nx …….....................(*)

n=1
Multiply Equation (*) on both sides by Sin mx and Integrate from -( to ( :-

(


(
∫ f(x) Sin mx dx   = 
∫ a0 Cos mx dx {The R.H.S = 0 from rule (1)}

-(


-(
(
+ 
∫ (an Cos nx Sin mx + bn Sin nx Sin mx) dx

-(
The L.H.S = 0 from rule (7)
The R.H.S =0 except when m=n, it then = ( Rule(6)

Therefore we have:-

(




∫ f(x) Sin mx dx   = 
bm (()

-(
Therefore:-



(




     bm  =  1/( ∫ f(x) Sin mx dx  


-(
OR



(




     bn  =  1/( ∫ f(x) Sin nx dx ...........................(*3) where n=1, 2, 3.... etc 


-(
For a given function f(x) the Fourier coefficients a0, bn, and bn and hence Fourier Series can be found !!!

TRANSMISSION MEDIA

AN EXAMPLE OF USING FOURIER ANALYSIS
Problem : Obtain the Fourier Series for the periodic function f(x) defined as follows:

f(x)  = 
{  -1 when -( < x < 0


{    1 when 0 < x < (
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Solution



(



a0  =   
1/2(
∫ f(x) dx


-(


0

(



a0  =   
1/2( {∫ -1 dx    +  
∫ 1 dx }


-(

0




0

(



a0  =   
1/2( {[-x ]     +  
   [x ]}  =  0



-(

0

NOTE: The area under the x-axis equals the area above the x-axis. Hence a0 = 0.

TRANSMISSION MEDIA

AN EXAMPLE OF USING FOURIER ANALYSIS  CONT'd.....

Now for an :

      (




an  =  1/( ∫ f(x) Cos nx dx 

     -(


0


(
an   =   1/( {∫ (-1) . Cos nx dx   = 
∫ (1) . Cos nx dx}


-(


0





0


(



an  =   
1/( {
[(-Sin nx)/n ]     +
    [(Sin nx)/n] } =  0




-(


0

Note : sin(0)=0, Sin(-()=0, Sin(()=0

Hence : There are no Cosine terms in the Fourier Series !!!!

TRANSMISSION MEDIA

AN EXAMPLE OF USING FOURIER ANALYSIS  CONT'd.....

To find the Coefficient bn :



(




bn  =    1/(
∫ f(x) Sin nx dx 


-(


0


(
bn   =   1/({∫ (-1) . Sin nx dx   + 
∫ (1) . Sin nx dx}


-(


0





0


(



bn  =   1/( {
[(Cos nx)/n ]    +  
[(-Cos nx)/n] }




-(


0

When n is an odd number :

bn  =   1/( {
[(1/n - (-1/n)) ]  +  [(-(-1/n)-(-1/n))] }
bn  =   1/( (2/n + 2/n) i.e. bn  = 4/n(
Hence :

b1  =   (4/() . Sin x, b3  =  (4/3() . Sin 3x, b5  =  (4/5() . Sin 5x ......etc

When n is an even number :

bn  =   1/( {
[(1/n - 1/n)) ]  +  [(-1/n) - (-1/n)] } = 0
Hence, the Fourier Series :-

f(x)  =   4/( (Sin x  +  (1/3) . Sin 3x  +  (1/5) . Sin 5x .......etc)

TRANSNMISSION MEDIA 
BANDWIDTH LIMITED SIGNALS - Tanenbaum p.78-p.81
Given a bit rate of b bps, the time required for 1 bit is 1/b

For 8 bits, the time required is 1/b x 8

= 8/b seconds

The fundamental frequency is

1/T = 1/(8/b) = b/8 Hz

For a Bandwidth of H hz, the highest Harmonic is

H/(b/8) = (H x 8)/b

Example

(3000 x 8) / b = 2400/b

TANENBAUMS TABLE - p.81

Given a bit rate of 300bps, the time required to transmit 1 bit is 1/300  = 0.0033 seconds

The time required for 8 bits is:-

(1/300) x 8 = 0.02667 seconds = 26.67 mS

The Fundamental frequency is:-

1/T = 1/0.02667 = 37.5Hz

The number of Harmonics in 3000Hz Bandwidth is:-

3000/37.5 = 80

TRANSMISSION MEDIA

THE MAXIMUM DATA RATE OF A COMMUNICATIONS CHANNEL

Tanenbaum p.81-p.82

The maximum theoretical data rate of a communications channel is:-

Max Data Rate = 2H Log2 V bps

If  H = 3000B/W the maximum data rate is 6000bps for binary signal encoding.

SIGNAL STRENGTH
The Decibel is a measure between two Power levels:

NdB = 10 Log10 P1/P2
Where: 

NdB = The number of Decibels

P1 & P2 = The two Power levels

Log10 = Log to the base 10.

Due to noise in communication systems, the maximum channel capacity is:-

C = W Log2 ( 1 + S/N ) bps

Where:

C = Channel Capacity

W = Channel Bandwidth

S = Signal Strength

N= Noise Strength

Log2 = Log Base 2 = Log10(n)/Log10(2)
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