



  [image: PDF Archive]
  
    

  

  
    	About
	
        Features 
        
          Personal and corporate archive
          Private social network
          Securely receive documents
          Easily share your files
          Online PDF Toolbox
          Permanent QR Codes
        

      
	Premium account
	Contact
	Help
	Sign up
	

  
 Sign in


  



    


  

    
      
        2016 > 
        January > 
        January 11, 2016
      

    


    





    
      RF Primer (PDF)


    

    
      









        File information

Author: Chris Burri

  This  PDF 1.5 document has been generated by MicrosoftÂ® Word 2010, and  has been sent on pdf-archive.com on 11/01/2016 at 16:15, from IP address 84.72.x.x.
  The current document download page has been viewed 866 times.

  File size: 1.07 MB (18 pages).

   Privacy: public file
  
 







        
        
          [image: ]

          

          [image: ]

          

          [image: ]

          

          [image: ]

          

          [image: ]

        
        


File preview

OPEN KNOWLEDGE



Training &amp; Support



A Hitchhiker’s Guide

to the



UBNT Wireless Networking Galaxy



PART 1 &gt;



RF Primer

© 2012 by Chris &lt;gridrun&gt; Burri

MAY BE DISTRIBUTED FREE OF CHARGE ONLY AS LONG AS THE WORK REMAINS INTACT AS A WHOLE.

MAY BE REUSED FREE OF CHARGE FOR DERIVATIVE WORKS AS LONG AS THE AUTOR IS GIVEN PROPER CREDIT.



Comments appreciated: THGTTUWNG [at] burrit.ch



V 0.2 / 20120315

DRAFT



Burri IT Systems

St. Gallen - Switzerland



TABLE OF CONTENTS

1.

2.

3.

4.

5.

6.

7.

8.

9.



Radio Frequency?

The Inverse-Square Law

Polarization

Frequency

Wavelength

RF-Transparency

Line of Sight

Fresnel Zone

MIMO Systems and Non-LoS

9.1.

SIMO Systems

9.2.

True MIMO Systems

10. Spectrum regulations and allocation plans

11. Aerials and how to use them

11.1. Omnidirectional Antennas

11.2. Directional Antennas

12. Power is nothing without control



4

5

6

6

7

8

9

9

10

11

11

13

14

15

16

17



2 / 18



Introduction

Before you even start to think about engaging yourself in the wireless industry, you ought to

better know some fundamental facts about the technology that will enable your business.

It is probably true that any advanced RF engineering works do include either some sort of

voodoo, esoteric incantations or perhaps just black magic to make it all work - even if the

engineers deny it... But:



DON’T PANIC!

Radio Frequency (RF) technology has become ubiquitous in today’s world. Satellites, TV,

Radio, cell phones, GPS navigation, Police radio, Train control and signaling systems – all of

these telecommunication systems heavily depend on RF technology.

Not too long ago, none of it meant all that much to most IT folks. With the advent of the

Wireless LAN or sometimes Radio LAN (WLAN/RLAN) at the end of the last century, RF

technology slowly worked its way into the ever increasing number of computers, mobile

devices and networks out there. This has created the need for a deeper understanding of the

underlying technology and principles - for admins, programmers, CEOs, CIOs, consultants,

engineers, resellers, supporters and users alike.

Don’t worry. This primer will try to show you just some very basic concepts and essential

principles, and will try to explain things as intuitively as possible. I won’t go into difficult

mathematics and I shall use a lot of pictures and figures to illustrate everything.

You might still find the reading well worth, because you don’t necessarily need to become a

diploma RF engineer to work with WLAN gear: Knowing a few basic facts and understanding

some of the key concepts behind the technology will greatly aid you on your quest to get the

most out of your UBNT gear.



Chris Burri

Burri IT Systems
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1. Radio Frequency?

Technically, the term “Radio Frequency” refers to an oscillating electromagnetic field, or

radiation. So, how does it work and what’s the benefit?

Let’s start our quest for enlightenment by asking Wikipedia what it has to say about it all:

Wikipedia says…

Electric currents that oscillate at radio frequencies have special properties not shared by direct current or alternating current

of lower frequencies. The energy in an RF current can radiate off a conductor into space as electromagnetic waves (radio

waves); this is the basis of radio technology.

RF current does not penetrate deeply into electrical conductors but flows along their surfaces; this is known as the skin effect.

For this reason, when the human body comes in contact with high power RF currents it can cause superficial but serious

burns called RF burns.

RF current can easily ionize air, creating a conductive path through it. This property is exploited by "high frequency" units

used in electric arc welding, which use currents at higher frequencies than power distribution uses.

Another property is the ability to appear to flow through paths that contain insulating material, like the dielectric insulator of

a capacitor.

When conducted by an ordinary electric cable, RF current has a tendency to reflect from discontinuities in the cable such as

connectors and travel back down the cable toward the source, causing a condition called standing waves, so RF current must

be carried by specialized types of cable called transmission line.



RF energy, also known as Radio Wave is electromagnetic energy (which can become

dangerous at higher power levels, note the warning above) that emits from a source and

travels through free space.

WLAN leverages RF technology to transmit digital information across a distance. This is done

by modulating the frequency (carrier) with the data payload. Many different modulation

schemes exist. You might have heard of AM and FM modulation – this is what was used for

analogue Radio broadcasting. The modulation changes pieces of information into a signal

that can be put on the airwaves. The receiver attempts to demodulate the signal to obtain

the original information.

The benefit is mobility and, potentially, ease of operation due to non-existent wiring having

NOT to be set up.
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2. The inverse-square law

First of all, the signal doesn’t travel on forever. After a distance long enough, it will have

gotten so faint that a receiver cannot successfully decode it (or even detect its presence)

anymore: The signal gets attenuated as it expands through space. Just how much can be

roughly predicted by inverse-square law, which states that the power density of an

electromagnetic wave is proportional to the inverse of the square of the distance from a

point source. Engineers express this as:



The signal dilutes and spreads all over the volume of space that it travels through. Just like

the bright spot a flashlight produces on a perpendicular surface expands in diameter and

loses its brilliance as you direct the beam towards a surface located further away.

Doubling the distance reduces the power density of the radiated wave to one-quarter of the

original value, because the irradiated area is then 4 times the original size:

The inverse-square law:



This means that any RF signal is going to be useful only within a given distance from the

transmitter. Naturally, more TX power means greater range, but that doesn’t always hold up

in practice. Plus with WLAN networking, there’s a special twist to it: The ACK timeout. We’ll

get to that later.

Just keep in mind for now that there are several possibilities to increase a WLAN’s range. A

higher transmit power is the most obvious but that’s not always efficient, and sometimes it

might not help at all or prove counter-effective.
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3. Polarization

Because the electromagnetic wave is, well…a wave, it does have polarization. There are other

polarization types but linear polarization can be thought of as the movement of water, as

ripples move along its surface. These figures will illustrate the principle quite effectively:

Understanding Polarization:



Animation: http://www.youtube.com/watch?v=Q0qrU4nprB0



Linear

Horizontal

Vertical



Circular

Right Hand

Left Hand



Eliptical

Right Hand

Left Hand



Polarization is not limited to RF waves. It rather is a property of any wave. As such, it’s

important to many aspects of our modern day lives, even if we don’t usually notice it. It’s the

basic principle behind the famous Polaroid sunglasses, and also works at the core of each and

every LCD display there is, just to name two prominent examples. A signal’s polarization

depends on the aerial and the way it is mounted; we’ll cover that a bit later on.

4. Frequency

The rate at which the wave oscillates per second, or at which the photons move back and

forth along the wave’s polarization, is designated the Frequency. Frequencies are commonly

measured in Hertz (Hz) or a multiple thereof. Those orders of magnitude are commonly used:

1000Hz = 1kHz, 1000kHz = 1MHz, 1000MHz = 1GHz, 1000GHz = 1THz.

The audible spectrum begins down at around 20Hz and reaches up to 20kHz, for young

people. Common WLAN gear operates at frequencies around 2.4GHz (802.11b/g/n) and

5.5GHz (802.11a/n), whereas GSM networks operate at lower (900MHz, 1800MHz,

2100MHz) and DVB-S TV broadcasting at much higher frequencies (12GHz) in the

electromagnetic spectrum. High speed microwave backhauls operate between 60GHz and

80GHz. Visible light can be found in a much, much higher band at 405THz to 790THz.

Currently, the use of so called TV White Space for wireless subscriber connections is a hot

topic in the US. This large, unused spectrum between 50MHz and 700MHz results from

abandonment of analog TV broadcasting systems. For most of the world outside the US, this

technology is only marginal, as the whitespace is being reallocated for DAB, DAB+ and DMB

digital audio broadcasting standards everywhere else.
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An overview of the electromagnetic frequency spectrum:



Visible light occupies a relatively small band between ultraviolet (shorter waves) and infrared (longer waves) at

an insanely high frequency. The high frequency of light is also the reason why fiber optics can (but don’t have to

per se) provide very much higher data transfer rates than any copper based system ever will be able to offer.



TV whitespace is such a hot topic because these relatively low frequencies allow for a better

penetration of obstacles, such as the walls of a building. Life would be so much easier for

WISPs and their customers if the CPE could be sent by mail and simply placed indoors by the

customer themselves – just as it is common practice with cable and DSL based CPEs.



5. Wavelength

A signal’s wavelength is the distance that a full up/down wave cycle covers. This is of course

directly related to the signal’s frequency: A higher rate of oscillation will result in smaller

wave cycles, thereby reducing the wavelength and a lower frequency will result in longer

wave cycles, thereby increasing the wavelength.

The wavelength is commonly expressed as Lambda

= V/f, where V is the phase speed

(which is the speed of light for electromagnetic radiation in free space) and f is the signal’s

frequency. The following diagram illustrates the relation between frequency and wavelength:

The relation of Frequency and Wavelenght:
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6. RF transparency

An important factor is RF transparency. It was mentioned earlier, not everything that is

transparent to visible light is also transparent to RF waves and vice versa. Take cardboard for

example; cardboard lets RF through while it blocks light. This changes however dramatically

when the cardboard gets wet: RF can’t pass through anymore.

Why is that? Because water molecules are being excited by the RF energy, and in the process,

absorb that energy. The water molecules start to oscillate and this p roduces heat. Trees for

example, contain a lot of water (in the leaves) and hence absorb a lot of signal. And while it’s

highly unlikely that you’ll cook or even set fire to a tree by pointing your WLAN antenna at it,

the signal will be attenuated - possibly to the point where it can’t get past the obstacle. So

you should try to avoid trees or place your aerials well above them wherever possible.

Interestingly enough, ice by itself is “transparent” to radio waves in such sense that virtually

no RF energy is absorbed and thus no heating occurs. This may seem strange at first because

ice is really just frozen water and you can easily boil water in a microwave. So how could ice

possibly be transparent to microwaves? Because the water molecules in the ice are held

rigidly in place and can’t rotate in response to the RF field hence no absorption takes place

and the RF energy passes through. Naturally, this only applies to dry ice or snow. Also note

that ice on any aerial is still not a good thing due to impedance mismatch. With power levels

above a few Watts, impedance mismatch can easily kill a transmitter!

Conducting materials such as metal may completely block RF, even if the material does not

have a rigid body structure – such as a bug screen. Any space completely enclosed by such

materials will behave similar to a Faraday cage. That’s why reinforced concrete walls can

pose massive problems to indoor wireless installs.

Faraday Cage:

A Faraday cage or Faraday

shield is an enclosure formed by

conducting material or by a

mesh of such material. Such an

enclosure blocks out external

static and non-static electric

fields. Faraday cages are named

after the English scientist

Michael Faraday, who invented

them in 1836.

Note that -just like your UBNT

gear- a Faraday Cage needs

proper grounding for safe

operation.



Metal shielding can thus be employed to prevent unwanted RF from entering your antenna

or AP. There are several specialized shielding kits for UBNT gear, available from RFarmor.
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7. Line of Sight

There are various modes of propagation for a wireless signal. Most important to WLAN was

(and probably will be for some time to come) Line of Sight, or LoS mode. Here –as the name

implies- exists a direct, unobstructed path between sender and receiver. Note that this “Line

of Sight” applies from a RF point of view: While visible (to the human eye) light is unable to

penetrate an opaque piece of cardboard, an RF wave will encounter no difficulties in doing

so. Light, on the other hand, easily passes through a metal bug screen while RF waves won’t.

Line of Sight definition:



LoS

There is a direct Line of Sight

between the RX and TX aerials.

The Fresnel zone is clean.

nLoS

There is a direct Line of Sight

between the RX and TX aerials.

The Fresnel zone is partly

shadowed by obstructions.

NLoS

There is no direct Line of Sight

between the RX and TX aerials.

The Fresnel zone is partly or

completely obstructed.



With Line of Sight mode, only “Free Space Loss” is of relevance. Free space loss is due to the

distance between the sites and may also be referred to as “line of sight loss”. Calculate Free

Space Loss as follows:

FSL (dB) = 36.57 + 20*log10 (Distance in miles) + 20*log10 (Frequency in MHz)

The other modes involve diffraction. Diffraction is what occurs when a wave hits an edge and

gets bent around that edge and diffraction loss is the result of the radio wave hitting hills,

buildings, trees and whatnot along its path.



8. Fresnel Zone

A very important aspect of any wireless link is the Fresnel zone. This is an area around the

signal that has the shape of a cigar and extends between sender and receiver. This
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