Transmitters, Receivers, and Antennas

Robots can be controlled via several means. Tele-operated, or control via humans manipulating signals through a mechanism such as a joystick, or game controller is common for most toy vehicles and many robotic systems.

The transmitter also called the "remote" is often abbreviated "Tx." This is the component you hold in your hands to control a robot. It converts your physical inputs into RF, or radio frequency transmissions that your robot listens for. 

The receiver is a small box which listens to the specific frequency, also called a channel, of the transmitter and sends out appropriate signals to the robot’s other components to control motors, servos, and other components. In electric robots, this component usually derives its power from the same battery that drives the micro controller. Instead of the word "receiver," you will see it abbreviated as "Rx." 

Radio systems are usually tuned to a specific radio frequency via a small, oscillator, not much bigger than watch battery. This component, called a crystal or frequency chip, is a matched set, with one in the transmitter and one in the receiver. Even the cheapest hobby-class RCs (Remote Control) cars or planes give you easy access to swapping these out for a different set of frequencies to avoid conflicts with other vehicles within your broadcasting area. Expensive "synthesized" radio systems let you change frequencies by turning small dials on the receiver & transmitter. The very best do it automatically.

Antennas are a vital link in a wireless communications system. An antenna is a transducer designed to transmit or receive electromagnetic waves. Transmitter antennas convert electrical current into electromagnetic waves, and then receiver antennas collect those waves, and turn them back into into electrical current. Antennas are used in systems such as radio and television broadcasting, point-to-point radio communication, and for items such as RC vehicles and robots.

Thomas Edison used antennas by 1885. The origin of the word antenna relative to wireless apparatus and has been attributed to Guglielmo Marconi. During the 1890s, there were only a few antennas in the world, but with time and the experimentation with wireless radio, the numbers began to grow. In 1913, the Eiffel Tower was used an antenna to communicate with the United States Naval Observatory in Arlington, Virginia. Back when communication was at very low frequencies, the antennas had to be very large to get any sort of radiation. The Eiffel Tower fit this requirement well. These simple antennas were primarily a part of experiments that demonstrated the transmission of electromagnetic waves. Their numbers grew, and almost every person had or at least listened to radio transmissions by WWII.  Now, thanks to cell phones, the average person carries one or more antennas on them everywhere they go. Cell phones can have multiple antennas, if they include GPS functions. 

An electromagnetic wave is an electric field that travels away from some source such as an antenna. A traveling electric field has an associated magnetic field with it, and the two make up an electromagnetic wave. The universe allows these waves to take any shape; however, the most important shape is the sinusoidal wave. EM waves vary with space (position) and time, and are periodic. This simply means it repeats itself every so many (time) units in what we call a wavelength. The frequency (f) is simply the number of complete cycles the wave completes (viewed as a function of time) in one second (one hundred cycles per second is written 100 Hz, or 100 "Hertz").
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The formula can be written as.

Essentially, frequency is just a calculation of how fast the wave is oscillating. All EM waves travel at the same speed, the speed of light. The faster it oscillates the shorter the wavelength. A longer wavelength thus would produce a slower frequency. 

So how can all our equipment such as radios, TVs, and robots work at the same time, with all these frequencies and wavelengths bouncing around? Through the use of modulation you can basically shift the frequency range of a given waveform, sending it to a higher frequency band. When you send each waveform to a different frequency, there are no collisions. For example, cell phones that use the PCS (Personal Communications Service) band have their signals shifted to 1850-1900 MHz. Analog Television is broadcast primarily at 54-216 MHz, while FM radio operates between 87.5-108 MHz.

The set of all frequencies is referred to as "the radio spectrum". The transmission of EM energy within the spectrum is greatly regulated. Companies desiring to use a frequency band have to pay a large sum of money to get access to a given part of the spectrum. For example, Verizon has to bid on a portion of the spectrum with the FCC, for the "right" to transmit information within that band. When Verizon is sold a segment of the spectrum, they can not transmit energy at any other band. The Bandwidth of a signal is the difference between the signals highest and lowest frequencies. For instance, a signal transmitting between 60 and 75 MHz has a bandwidth of 15 MHz. The table that follows represents the spectrum we most often talk about. 

Frequency Band Name
Frequency Range
Wavelength (Meters)
Application

Extremely Low Frequency (ELF)
3-30 Hz
10,000-100,000 km
Underwater Communication

Super Low Frequency (SLF)
30-300 Hz
1,000-10,000 km
AC Power (though not a transmitted wave)

Ultra Low Frequency (ULF)
300-3000 Hz
100-1,000 km


Very Low Frequency (VLF)
3-30 kHz
10-100 km
Navigational Beacons

Low Frequency (LF)
30-300 kHz
1-10 km
AM Radio

Medium Frequency (MF)
300-3000 kHz
100-1,000 m
Aviation and AM Radio

High Frequency (HF)
3-30 MHz
10-100 m
Short wave Radio

Very High Frequency (VHF)
30-300 MHz
1-10 m
FM Radio

Ultra High Frequency (UHF)
300-3000 MHz
10-100 cm
Television, Mobile Phones, GPS

Super High Frequency (SHF)
3-30 GHz
1-10 cm
Satellite Links, Wireless Communication

Extremely High Frequency (EHF)
30-300 GHz
1-10 mm
Astronomy, Remote Sensing

Visible Spectrum
400-790 THz (4*10^14-7.9*10^14)
380-750 nm (nanometers)
Human Eye

The term Gain describes how much power is transmitted. Gain is often listed in an antenna's specification sheet because it takes into account the actual losses that occur over distance. A gain of 3 dB (decibels) means that the power received far from the antenna will be 3 dB higher than what would be received in a loss-less environment. 3DB is a doubling, or halving of power, depending on whether it is a gain or a loss. A loss obviously, is the reduction of a signal. 

There are three important characteristics of antennas. They are types, sizes, and shapes. Passive antennas are the most common type. They are constructed of a piece of metal, wire, or similar conductive material. Telescoping antennas are very prominent in toys and home electronics. A passive antenna does not amplify the signal in any way. Some passive antennas radiate the RF energy from the transmitter in one direction, and  exhibit an effective gain that is similar to amplification of the signal. This is called directional gain.

Active antennas are passive antennas with a built-in amplifier. The amplifier is connected directly to the   metal that forms the antenna. Most active antennas have only one electrical connection. RF signal and the power for the amplifier are supplied on the same conductor. Active antennas can be exceedingly expensive. 

Antenna shapes and sizes are basically dependent on three characteristics. One is the frequency on which the antenna will transmit and receive. The size of an antenna is inversely proportional to the wavelength of the signal it is designed to transmit or receive. In other words, the lower the frequency signals are, the larger the antennas need to be. Higher frequencies use smaller antennas.

Another is the direction of the radiated electromagnetic wave. Omni directional antennas are used to transmit and receive signals from all directions with reasonably equal strength. Longer omni directional antennas have a higher gain. Directional antennas transmit their signal in only one direction. Patch antennas are considered a semi-directional antenna.

The final factor is the power with which the antenna must transmit. The distance between the transmitter and receiver also is a factor of the signal’s strength. Most antennas are passive, and transmitters produce a limited amount of RF energy. A wavelength is defined as the length of a single RF sine wave. The wavelength is determines the size of the antenna. An antenna transmits and receives a signal most efficiently at a specific frequency when it is as long as the full length of the wave, which is called a full-wave antenna. In most cases, this simply is not practical. Antennas are more commonly designed to be half-wave, quarter-wave, or eighth-wave antennas. one-dimensional antennas are essentially a length of wire or metal. A monopole antenna is one-dimensional and usually a quarter of the wavelength.

RF waves spread away from the source antenna in the same way that a circular wave created by throwing a stone into a pond gets wider and wider and moves away from the point where the stone hit the water. Antennas emit signals in two dimensions: horizontally and vertically. Antenna polarization is the orientation of the wave as it leaves the antenna. In vertical polarization, the sine waves travel up and down when leaving the antenna. In horizontal polarization, the sine waves travel from side to side on a horizontal plane. The most efficient signal transmission and reception is when the transmitting and receiving antennas are polarized in the same orientation. 

Two-dimensional antennas are organized in a two-dimensional pattern, as in a satellite dish.  A horn antenna is another type of two-dimensional directional antenna. Horn antennas are used to transmit microwave signals between towers.

Interesting websites to visit:

US Frequency Allocations Chart:

http://www.ntia.doc.gov/osmhome/allochrt.pdf

Crystal Radio Demonstrations:  

http://www.intuitor.com/resonance/cRadio.html 

The Physics of Resonance:   

http://www.intuitor.com/resonance/abcRes.html 

Tesla, The Master of Resonance:   

http://www.intuitor.com/resonance/tesla.php 

How Radio Works:   

http://electronics.howstuffworks.com/radio1.htm 

How Does a CB Radio Antenna Work: 

 http://electronics.howstuffworks.com/question490.htm 

How the Radio Spectrum Works:   

http://www.howstuffworks.com/radio-spectrum.htm 

Do certain radio wave frequencies (like those used by cell phones) pose health risks?

http://electronics.howstuffworks.com/question4.htm 

Why do you hear some radio stations better at night than in the day? 

http://electronics.howstuffworks.com/question1.htm 

Could a wireless radio network save a miner's life? 

http://electronics.howstuffworks.com/miner-wireless-radio-network.htm 

What is low-power FM LPFM?    

http://electronics.howstuffworks.com/question330.htm 

Antenna Basics

http://www.electronics-tutorials.com/antennas/antenna-basics.htm
The Piezoelectric Effect (All about quartz crystals):  


http://www.favonius.com/soaring/crystals/crystals.htm 

