Propagation basics

Annexure 5 


Propagation basics



Intended as a simple guide in layman’s terms to give a basic understanding

Definitions


DECIBEL  (dB)
In telecommunications, decibels are commonly used to measure signal-to-noise ratios and therefore are useful to express gains and losses in power

SIGNAL-TO-NOISE RATIO (SNR or S/N)  
An engineering term for the ratio between the maximum possible signal (meaningful information) and the background noise.   Higher S/N is better i.e. cleaner. 

	Explanation
	DB
	Power factor

	An increase of 3dB is equal to doubling the power.
	3dB
	2x  power

	
	6 dB
	4x  power

	
	9dB
	8x  power

	
	10dB
	10 x power


____________________________________________________________________

Other power issues

Power amplifiers – rated in watts.   Thus a 1 watt transmitter = 139db mV (tx output) before going to the antenna.

Increasing the power 10 times, we add 10dB to the output (149dB) and 100 times we add 20dB (159dB).

Cost of equipment rises exponentially as power goes up.
a. What is the minimum needed for good reception? (dB)


How much signal do we need?  S/N ratio of 37 dB at TV, (preferably 50dB) on the antenna.  Any equipment in the chain has a noise figure.   Noise figures typically will degrade performance.  E.g. Old TV s will degrade by 10 dB, so need 47 input.   Most TVs around 6dB
Excellent pictures obtained between 45 – 50 dB.

b. 
At what rate does a signal decay / attenuate?

A signal will decay (reduce) in a uniform way over distance in free space with an unrestricted path.   The power difference between the transmission antenna and the receiving antenna is called the Free Space Loss (FSL) and is measured in dB.   Because of this unavoidable loss, ensure that the signal at the transmission antenna is as strong as possible, to ensure clear reception.

Useful rule of thumb:  Use line of sight - anything you get behind the horizon is a bonus!

	FREE SPACE LOSS CHART
 as a function of Frequency and Distance

Example:  On the UHF band (470-860 mhz) – Read 800 mhz on Frequency axis -  and follow the line to the Free Space Loss (left side) axis.   There is a loss of 110dB at 800 mhz over 10km.  At 20km a further 6dB, at 40km loses further 6dB   By 40 km the curvature of the earth also becomes a factor.

Reception side: VHF will suffer less loss than UHF.  Loss through air not because of frequency, but due to the physical length on the dipole – takes more space.
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c. What besides distance reduces signal power?   The Terrain.

To answer this question, we need to understand the following:

1)  Signal patterns and attenuation

The pattern of a signal from transmitter antenna to the receiver antenna is elliptical in shape, and consists of a series of Fresnel zones radiating out from the centre as shown in the diagram below:

	The central or primary core is positive (+) and carries the highest power.  It is surrounded by the 2nd (-), and the 3rd is + again, etc. (See formula for determining the radius of this ellipse)
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FIGURE 2. — Free-space loss us o function of frequency and disiance







How does this work?
Imagine a line or “path” from your transmitter antenna to the any point in your reception area.  This is equivalent to the straight line from left to right of the ellipse above.

Any physical obstacles along this path which protrude into or interrupt this elliptical signal pattern will reduce its power – e.g. a knife edge 6db loss, Rounded smooth diffraction (such as a hill) 20db.   

The radius of the First Fresnel Zone will always be the greatest half-way down the path length, and will vary according to the frequency used – see Table 1.

Table 1 
The estimated maximum radius (in metres) of the First Fresnel Zone of an ellipse over varying distances and using various frequencies. 

	Total path
	VHF (Mhz)
	UHF (Mhz)

	Length (km)
	175
	250
	500
	700

	5
	46
	39
	27
	23

	10
	65
	55
	39
	33

	15
	80
	67
	47
	40

	20
	92
	77
	55
	46

	25
	103
	87
	61
	52

	30
	113
	95
	67
	57



 How to apply this information:

1 Calculate the path length from your antenna to the nearest point of the reception area in Kilometres.   (It is usually the path to nearest point which may be threatened by obstacles).  

2 Determine the Frequency at which you will transmit (in Mhz)

3 Read off the above table what the maximum radius will be.

Example:  Using a VHF Frequency of 250 Mhz, on a 15km path, the maximum radius of the First Fresnel Zone is 67 metres.

4 Calculate the distance from the antenna to an obstacle which seems nearest to the path in Step 1.

5 Determine whether there is sufficient space between the obstacle and the First Fresnel Zone to allow the signal to pass without being interrupted.  See box below for methods of estimating the height of objects.

General Conclusion:  Intrusion of the Fresnel zone is only likely over distances of less than 10 km.


2) Impedance matching
 
Incorrect impedance matching may reduce power output.

Very important for low powered transmitters, because optimum energy transfer takes place when impedances match.   This means that each component needs to be carefully matched to the others.   

From the transmitter to the feeder cable and the antenna – ALL must match.   This is why components need to be selected with care and where possible tuned to match the others.

Example:  Using an antenna that is not matched, will cause the return of part of the energy which should have been sent out, thus reducing transmission output / power.

In order to detect mismatching, or when troubleshooting, it can be very useful to obtain a Standing Wave Ratio meter (SWR) or return loss meter, which enables the measurement of power in a single direction from transmitter to antenna, and in reverse.  It is available with direction modules, controlling direction of reading.  There are 2 levels of sensitivity.    This device enables people to know how effective the system (incl. Antenna) is.

____________________________________________________________

d) What can improve a signal in the reception area?

.

1) External antennas – will not only “focus” in one direction, but will also cut out broadcasts from other directions!   
Especially with low-powered transmitters, it is essential for viewers to use external antennas.

2)
A mast head amplifier.  Adding modest amplification on a home antenna, will make significant difference to reception.  Example: A 16 dB gain amplifier on the mast head.   (Useful to know for weak / shadow/ gap areas.]

____________________________________________________________________

VHF / UHF Concepts

VHF (Ch 4-13, 175 to 259 mhz) You can cover the whole range in one antenna design. (8mhz wide)

UHF (Ch 21-68, 470 –860 mhz).

VHF in SA is wider (most countries 175-230)(7 mhz wide)

VHF is preferable due to lower losses on cable & transmission.   It is more forgiving for inexperienced installers.  Antennas likely to be bigger, but overall cost much the same.   Neither system will do better on obstruction losses.

VHF is more susceptible to power line interference (transmission from cracked or dusty insulators)

VHF antennas are larger, the wave length of the signal is larger – so ellipse will be larger, possibly being interrupted by obstructions that outside of UHF ellipse.

_________________________________________________________________________

TABLE 2

Table for estimating height, using angle and distance

	
	Km >>
	1.0
	2.0
	4.0
	5.0
	10.0
	15.0
	20.0

	Degrees
	Sine
	Vertical Height in Metres

	1
	0.017
	17
	35
	70
	87
	175
	262
	349

	2
	0.035
	35
	70
	140
	174
	349
	523
	698

	3
	0.052
	52
	105
	209
	262
	523
	785
	1 047

	4
	0.070
	70
	140
	279
	349
	698
	1 046
	1 395

	5
	0.087
	87
	174
	349
	436
	872
	1 307
	1 743

	6
	0.105
	105
	209
	418
	523
	1 045
	1 568
	2 091

	7
	0.122
	122
	244
	487
	609
	1 219
	1 828
	2 437

	8
	0.139
	139
	278
	557
	696
	1 392
	2 088
	2 783

	9
	0.156
	156
	313
	626
	782
	1 564
	2 347
	3 129

	10
	0.174
	174
	347
	695
	868
	1 736
	2 605
	3 473


end

Methods for determining height when it cannot be measured directly�


Compare the height to be measured with that of a known object at the same distance from you, estimating the number of times the unknown exceeds the known.�


Measure the angle to the nearest obstacle and determine the distance.  Then using Table 2, read off the height.	
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