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Sci-Tech Encyclopedia: Communications satellite 

A spacecraft in orbit around the Earth to receive and retransmit radio signals. Communications satellites amplify and sort or route these signals. In earlier days they functioned much like ground microwave repeaters but with greatly increased coverage. Whereas a ground repeater relays signals between two fixed locations, a communications satellite interconnects many locations, fixed and mobile, over a wide area. With the advent of on-board processing, switching and rerouting of signals has been added to the functionality of some communications satellites, making them “switchboards in the sky.”

Choice of orbit

The height of a satellite in a circular orbit determines both the period and the great-circle-arc distance which can be covered.

At an altitude of 22,280 mi (35,860 km) the orbital period corresponds to a sidereal day (23 h 56 min 4 s), and if the plane of the orbit coincides with the equatorial plane the satellite appears geostationary. It hovers at a fixed point with respect to the rotating Earth. With coverage of about two-fifths of the entire Earth's surface from a single satellite, three geostationary spacecraft could, in principle, provide worldwide coverage. Satellites in geosynchronous equatorial (geostationary earth) orbit (GEO) currently provide most of the world's satellite communications, for both fixed and mobile services. See also Orbital motion.

However, very high latitude regions cannot be covered from the geostationary orbit. To cover high latitudes, inclined orbits are used. For its domestic communications satellite system initiated in 1965, the Molniya system, the Soviet Union chose orbits inclined 63.5° with respect to the equatorial plane, with perigee at 300 mi (500 km), apogee at 25,000 mi (40,000 km), and orbital period of 12 h. For the above-mentioned orbit inclination, no rotation of the line of the apsides (otherwise induced by the Earth's oblateness) occurs, and the need for orbit maneuvers and corrections is reduced. It is necessary, however, to track the satellites, and several are required for continuous communications, together with tracking and handover equipment at earth stations. Tundra orbits are also highly inclined and elliptical, but with 24-h periods. The Molniya principle is not limited to high northern latitudes, and satellite communications systems that provide Molniya- and Tundra-type coverage to other regions, such as the contiguous United States, are being implemented.

As technology has progressed, low-altitude earth orbits (LEOs; less than 600 mi or 1000 km) and medium-altitude earth orbits (MEOs; less than 8000 mi or 14,400 km) have acquired some distinct advantages for mobile services. The lower-altitude satellites have much shorter paths from base stations (fixed earth stations) and mobile earth terminals as compared with satellites in geostationary orbit. Thus rf power requirements and path delay are much smaller. The consequence is that the mobile earth terminals can use low-gain antennas that need little or no tracking while still using low-power transmitters, and the system does not degrade from delay with multiple hops.

However, since the duration of an interconnection is limited to the interval of satellite visibility to the mobile earth terminals and base stations to be connected, constellations of satellites must be orbited to provide continuous communications. Typically, a system has several orbital planes, all inclined, with multiple satellites in each orbit. The satellites travel around the orbits in succession so that the next satellite rises over the horizon before the currently used satellite sets, and satellites hand over coverage (and users) in an orderly way. As the Earth rotates under the orbit planes, or, to the Earth-based observer, the orbit planes rotate around the Earth, a new orbit rotates into the field of view as the previously used orbit plane rotates out. Depending on altitude, 12–66 satellites are needed to maintain continuous worldwide communications. The orbits of choice for these constellations are below the lower Van Allen belt (that is, in LEOs) or between the Van Allen belts (that is, in MEOs). These regions are chosen to reduce the effects of radiation on solid-state components aboard, as compared to orbits inside the Van Allen belts. See also Van Allen radiation.

Uses

Geostationary commercial communications satellites carry less than one-half of the long-distance international telephone traffic. Other services include television, satellite news gathering, private business networks, data, facsimile, electronic mail, and Internet interconnection. Worldwide television would be impossible without satellites, because no other pervasive wide-band transmission system exists. See also Data communications; Facsimile; Internet.

In addition to these fixed-point satellite communications services (fixed satellite service; FSS), GEO satellites provide worldwide mobile communications services (mobile satellite service; MSS) of high quality and reliability. Mobile communications include ship-to-shore maritime communication (maritime mobile satellite service; MMSS), aircraft-to-ground (aeronautical mobile satellite service; AMSS), and land vehicle-to-base (land mobile satellite service; LMSS). Services provided include data, voice, paging, facsimile, and emergency services such as search and rescue for ships and aircraft and terrestrial emergency services (forest fire, flood, and earthquake). See also Radio paging systems.

Broadcasting via satellites to individual homes and community antenna television (CATV) cable heads has been in use since 1983 employing medium-power satellites. The advent of high-power satellites in the late 1980s created the direct broadcast satellite (DBS) industry, which has experienced worldwide growth. Satellites are being built to provide direct radio services (in the same manner as broadcast radio stations) to vehicles; this is called the digital audio radio service (DARS). See also Direct broadcasting satellite systems.

Satellites are also widely used for military communications between fixed stations and mobile terminals on ships, airplanes, and land vehicles. See also Military satellites.

Satellites in Molniya- and Tundra-type orbits provide much the same type of services, since the constellation appears quasigeostationary for the region over which the very slow moving satellites hover near apogee.

In the latter half of the 1990s, satellite systems (constellations) were planned and some were launched to provide services from MEO and LEO. The planned and implemented services include paging, messaging, meter reading, and other low-data-rate services from the little LEO systems, to voice, data, private business networks, and Internet communication via the other LEO and MEO systems.

Basic configuration

Satellites represent a very significant step in the evolution of radio communications systems, whose progress can be largely attributed to the use of ever-higher carrier frequencies to obtain wider signaling bandwidths. Terrestrial ultrahigh-frequency (UHF) and superhigh-frequency (SHF) radio relay systems have high communications capacity, but are range-limited. Clearly, when terminals are separated by oceans, electronic equipment on an orbiting spacecraft provides a solution with which only fiber-optic cables can compete, and then only on trunk routes. See also Microwave; Optical communications.

In a satellite communications system, the spacecraft carries the power subsystem, station-keeping and orientation devices, and the payload, the communications subsystem. Wideband linear receivers amplify the uplink signals. After a process of frequency conversion, the signals are further amplified in separate channels (to minimize intermodulation noise) and fed to the downlinks. Transmitter power output of individual channels falls in the range 5–40 W in satellites for fixed services. Travelling-wave tube amplifiers (TWTAs) are commonly used as power amplifiers, but solid-state power amplifiers (SSPAs) based upon field-effect transistors are competitive at 4 GHz and will become competitive at 12 GHz. Mobile satellites in geostationary orbit require higher effective radiated powers, and typically use solid-state matrix amplifiers and 20-ft (6-m) antennas to achieve them. Their Ku-band feeder links employ 100-W TWTAs on board. Broadcasting satellites, serving a multitude of users having small, inexpensive receivers and receive-only antennas (typically 1–3 ft or 0.3–1 m in diameter), require transmitter power up to a few hundred watts provided by TWTAs. The total power generated by solar-cell arrays has gradually climbed to over 10 KW. See also Amplifier; Microwave solid-state devices; Transistor.

Spacecraft antennas

Parabolic reflector spacecraft antennas provide spot beam coverage down to about 1°. The allocated frequency bands are reused many times by means of orthogonal polarizations (vertical–horizontal linear or clockwise–counterclockwise circular) and spatially separated beams. Beams have been synthesized to follow the contours of geographical areas such as continents and national or regional boundaries, using suitably arranged feed horns, excited with proper amplitude and phase, whose radiated energy impinges upon a reflector and illuminates desired areas on Earth.

In such frequency reuse systems, adequate isolation (up to 30 dB) must be maintained between dually polarized and spatially separated beams. Until the 1980s, parabolic reflectors with offset feed assemblies in the focal region were adequate. However, when more beams and higher frequency reuse factors are desired, dual-offset reflectors with gregorian or cassegrainian feeds provide better control of the illumination and permit the use of larger reflectors without the need for excessive focal lengths. These are usually fed by feed arrays backed by beam-forming networks to provide the multiplicity of beams or beam shaping required. Arrays of up to 160 feed horns have been employed, backed by three layers of beam-forming networks to provide reconfigurability while on station.

Antennas used on LEO and MEO satellite systems must radiate families of beams to provide coverage cells that resemble in some respects terrestrial coverage patterns. This has led to deployment of multibeam arrays in some configurations and constellations. As the satellites proceed along their orbital paths, these clusters of beams sweep out coverage swaths that move over the Earth. See also Antenna (electromagnetism).

Transponders

Transponders are microwave repeaters carried by communications satellites. Transparent transponders can handle any signal whose format can fit in the transponder bandwidth. No signal processing occurs other than that of heterodyning (frequency changing) the uplink frequency bands to those of the downlinks. Such a satellite communications system is referred to as a bent-pipe system. Connectivity among earth stations, which is maximum with global-coverage antennas, is reduced when multiple narrow beams are used. Hence, the evolution proceeded from the transparent transponder to transponders that can perform signal switching and format processing.

On-board processing has increased in other areas as well, including (1) radio-frequency and intermediate-frequency signal switching, (2) baseband processing and switching, (3) phased-array antenna and feed-array control and beam forming, and (4) bus function support processing. The first two relate to the traffic through the transponder. The function of the antennas is growing ever more complex, especially on some LEO and MEO systems, and thus requires on-board processing and control. Similarly, control of the satellite bus functions (power systems, attitude, station-keeping, telemetry and the like) requires significant on-board processing.



 

US Military Dictionary: communications satellite 

One of two types of orbiting vehicle that relays signals between communications stations: 1. active communications satellite a satellite that receives, regenerates, and retransmits signals between stations.

2. passive communications satellite a satellite that reflects communications signals between stations.

See the Introduction, Abbreviations and Pronunciation for further details.
 

Britannica Concise Encyclopedia: communications satellite 
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The satellite's solar panels are arrays of solar cells that provide the electrical energy needed … (credit: © Merriam-Webster Inc.)
Earth-orbiting system capable of receiving a signal (e.g., data, voice, TV) and relaying it back to the ground. Communications satellites have been a significant part of domestic and global communications since the 1970s. Typically they move in geosynchronous orbits about 22,300 mi (35,900 km) above the earth and operate at frequencies near 4 gigahertz (GHz) for downlinking and 6 GHz for uplinking.

For more information on communications satellite, visit Britannica.com.

 

US History Encyclopedia: Communication Satellites 

Artificial communication satellites can relay television, radio, and telephone communication between any two places on the globe and from space to other objects in space or on earth. The military, commercial companies, and amateurs from over twenty nations have hundreds of communication satellites orbiting the earth. This has been accomplished in a mere forty-five years.

The origin of artificial communications satellites began over a century ago with Guglielmo Marconi's electric waves transmission in 1896. The possibilities for satellites improved gradually with advances in short wave communication and radar in the 1930s, and with the possibilities of rocket flight after Robert H. Goddard's rocket demonstration in the 1920s. In 1945, British scientist and science fiction author Arthur C. Clarke published an article in which he predicted the launching of orbital rockets that would relay radio signals to earth. At last, on 4 October 1957, the Soviet Union launched Sputnik I, the first artificial satellite. Clarke's seemingly far-fetched prediction had come true in about ten years. It took over fifty years from the early possibilities to the first satellite, but the next forty-five years saw tremendous and rapid technical advancement and proliferation of worldwide satellite communication.

Early Communication Satellites

The United States entered the Space Age when it launched the Explorer 1 satellite in January 1958. At the end of 1958, an Atlas B rocket launched a SCORE communications satellite, which contained two radio receivers, two transmitters, and two tape recorders. It broadcast a taped Christmas greeting from President Dwight D. Eisenhower. Then, in August 1960, the National Aeronautics and Space Administration (NASA) launched Echo 1, a giant, ten-story Mylar balloon reflector that relayed voice signals. It was so bright it could be seen by the naked eye. Echo 1 launched the American satellite communication era.

At that time, there were two principal viewpoints toward satellite relay. One side favored the Echo passive satellite system, artificial "moons" that would reflect electromagnetic energy. The other view favored active satellites, which would carry their own equipment for reception and transmission. Courier 1B, launched in October 1960 shortly after Echo 1, was the first active transmitter and used solar cells and not chemical batteries for power. Telstar 1, the first commercial satellite, was built by AT&T and launched by NASA in 1962. It provided direct television transmission between the United States and Japan and Europe and proved the superiority of active satellite communication, as well as the capability of commercial satellites (COMSATS) to provide multi channel, wideband transmission.

Satellites receive signals from a ground station, amplify them, and then transmit them at a different frequency to another station. Most ground stations have huge antennas to receive transmissions. Smaller antennas than used in years past have been placed closer to the user, such as on top of a building. By using frequencies allocated solely to a satellite, rather than going through the earth microwave stations, communications are much faster. This allows for teleconferencing and for computer to computer communications.

International Communications

In 1962, President John F. Kennedy signed legislation to create the Communications Satellite Corporation to represent the United States in a worldwide satellite system. In 1964, under United Nations auspices, the International Telecommunications Satellite Consortium (Intelsat) was formed. From then on, communication satellites had synchronous, high-altitude, elliptical orbits, which improved communications. The Intelsat 1 (Early Bird) was launched in 1965 for transatlantic communication service. It could transmit 240 simultaneous telephone calls or one color television channel between North America and Europe.

By 1970, the Intelsat 4s provided 4,000 voice circuits each; by 1990, each satellite could carry over 24,000 circuits. As of 2002, there were 19 Intelsats in orbit, as well as many other competing satellite communications systems in the United States and Europe. Intelsats can communicate with each other and with other satellite systems as well. For instance, Intelsats and the Russian satellites provide the hotline between Washington, D.C., and Moscow.

Development in communication satellites systems results from many sources. The first ham, or amateur, radio satellites were launched in 1961. By 1991, thirty-nine amateur communications satellites had been launched, many sent free as ballast on government rockets. As of 2002, there were six countries that owned their own communications satellites for domestic telephone service and some twenty-four countries that leased from the Intelsat systems for domestic service. Commercial satellites have been developed by some twenty countries and provide many communications services. Television programs can be transmitted internationally by beaming off satellites. Satellites also relay programs to cable television systems and homes equipped with dish antennas, until recently only a possibility for sophisticated military use.

New Technology

One new technique of the 1990s is called frequency reuse, which expands the capabilities of satellites in several ways. It allows satellites to communicate with a number of ground stations using the same frequency. The beam widths can be adjusted to cover different-sized areas—from as large as the United States to as small as a single small state. Additionally, two stations far enough apart can receive different messages transmitted on the same frequency. Also, satellite antennas have been designed to transmit several beams of different sizes in different directions.

The satellite communications systems of NASA, called Tracking and Data Relay Satellites (TDRS), which began in 1983, provide links between space shuttles and ground control. By 1990 one TDRS satellite could relay all the data in a twenty-four volume encyclopedia in five seconds. The new TDRS converts solar energy to electricity and uses antennas to transmit up to 300 million bits of information per second per radio channel. The latest versions allow communication between spacecrafts, between a shuttle and a space station, or with the Hubble Space Telescope.

There is also now a mobile telecommunications network which provides data digital links and telephone and fax communication between ships or with airplanes on international flights. Ships can also use two satellites at two different locations for navigation purposes. Laser beams, operating in the blue-green wavelength which penetrates water, have been used for communication between satellites and submarines.

In the early 2000s, developments in satellites use networks of small satellites in low earth orbit (1,200 miles or less above the earth) to provide global telephone communications. The special telephones used allow access to regular telephone networks from anywhere on the globe, creating a true "global village."

Bibliography

Curtis, Anthony R. ed. Space Almanac. Houston: Gulf Publishing Co., 1992.

McGraw Hill Encyclopedia of Space. West Germany: Editions Rombaldi, 1967.

—Diane Nagel Palmer
 

Columbia Encyclopedia: communications satellite 
artificial satellite that functions as part of a global radio-communications network. Echo 1, the first communications satellite, launched in 1960, was an instrumented inflatable sphere that passively reflected radio signals back to earth. Later satellites carried with them electronic devices for receiving, amplifying, and rebroadcasting signals to earth. Relay 1, launched in 1962 by the National Aeronautics and Space Administration (NASA), was the basis for Telstar 1, a commercially sponsored experimental satellite. Geosynchronous orbits (in which the satellite remains over a single spot on the earth's surface) were first used by NASA's Syncom series and Early Bird (later renamed Intelsat 1), the world's first commercial communications satellite. 

In 1962, the U.S. Congress passed the Communications Satellite Act, which created the Communications Satellite Corporation (Comsat). Agencies from 17 other countries joined Comsat in 1964 in forming the International Telecommunications Satellite Consortium (Intelsat) for the purpose of establishing a global commercial communications network. Renamed the International Telecommunications Satellite Organization in 1974 and a private corporation since 2001, Intelsat now has a network of 28 satellites in geosynchronous orbits that provides instantaneous communications throughout the world. It has orbited several series of Intelsat satellites, beginning with Intelsat 1 (Early Bird) in 1965.

Inmarsat was established in 1979 to serve the maritime industry by developing satellite communications for ship management and distress and safety applications. Inmarsat was originally an intergovernmental organization called the International Maritime Satellite Organization but later changed its name to the International Mobile Satellite Organization to reflect its expansion into land, mobile, and aeronautical communications. In 1999 it became a private company as Inmarsat, and the International Mobile Satellite Organization became responsible for overseeing Inmarsat's public service obligations. Inmarsat's users now include thousands of people who live or work in remote areas without reliable terrestrial networks. Inmarsat presently has ten satellites in geosynchronous orbits.

In addition to the Intelsat and Inmarsat satellites, many others are in orbit, some managed by private companies and others by government-owned operators. These are used by individual countries, organizations, and commercial ventures for internal communications or for business or military use. A new generation of satellites, called direct-broadcast satellites, transmits directly to small domestic antennas to provide such services as cablelike television programming.

Bibliography
See G. D. Gordon, Principles of Communications Satellites (1993); D. H. Martin, Communications Satellites, 1958–1995 (1996); B. G. Evans, ed., Satellite Communication Systems (3d ed. 1999).



 

Military Dictionary: communications satellite 

(DOD, NATO) An orbiting vehicle, which relays signals between communications stations. There are two types: a. active communications satellite--A satellite that receives, regenerates, and retransmits signals between stations; b. passive communications satellite--A satellite which reflects communications signals between stations. Also called COMSAT. 


 

Wikipedia: communications satellite 

"Comsat" redirects here. For other uses, please see Comsat (disambiguation). 







U.S. military MILSTAR communications satellite

A communications satellite (sometimes abbreviated to comsat) is an artificial satellite stationed in space for the purposes of telecommunications. Modern communications satellites use a variety of orbits including geostationary orbits, Molniya orbits, other elliptical orbits and low (polar and non-polar) Earth orbits.

For fixed (point-to-point) services, communications satellites provide a technology complementary to that of fiber optic submarine communication cables. They are also used for mobile applications such as communications to ships, vehicles, planes and hand-held terminals, and for TV and radio broadcasting, for which application of other technologies, such as cable, is impractical or impossible.

History

Early missions

The first satellite equipped with on-board radio-transmitters was the Soviet Sputnik 1, launched in 1957. The first American satellite to relay communications was Project SCORE in 1958, which used a tape recorder to store and forward voice messages. It was used to send a Christmas greeting to the world from President Eisenhower. NASA launched an Echo satellite in 1960; the 100-foot aluminized PET film balloon served as a passive reflector for radio communications. Courier 1B, (built by Philco) also launched in 1960, was the world’s first active repeater satellite.

Telstar was the first active, direct relay communications satellite. Belonging to AT&T as part of a multi-national agreement between AT&T, Bell Telephone Laboratories, NASA, the British General Post Office, and the French National PTT (Post Office) to develop satellite communication, it was launched by NASA from Cape Canaveral on July 10, 1962, the first privately sponsored space launch. Telstar was placed in an elliptical orbit (completed once every 2 hours and 37 minutes), rotating at a 45° angle above the equator.

An immediate antecedent of the geostationary satellites was Hughes’ Syncom 2, launched on July 26 1963. Syncom 2 revolved around the earth once per day at constant speed, but because it still had north-south motion, special equipment was needed to track it.

The first truly geostationary satellite launched in orbit was the following Syncom 3, launched on August 19, 1964. It was placed in orbit at 180° east longitude, over the International Date Line. It was used that same year to relay television coverage on the 1964 Summer Olympics in Tokyo to the United States, the first television transmission sent over the Pacific Ocean.

Shortly after Syncom 3, Intelsat I, aka Early Bird, was launched on April 6, 1965 and placed in orbit at 28° west longitude. It was the first geostationary satellite for telecommunications over the Atlantic Ocean.

On November 9, 1972, North America's first geostationary satellite serving the continent, Anik A1, was launched by Telesat Canada, with the United States following suit with the launch of Westar 1 by Western Union on April 13, 1974.

Geostationary orbits

A satellite in a geostationary orbit appears to be in a fixed position to an earth-based observer. A geostationary satellite revolves around the earth at a constant speed once per day over the equator.

The geostationary orbit is useful for communications applications because ground based antennas, which must be directed toward the satellite, can operate effectively without the need for expensive equipment to track the satellite’s motion. Especially for applications that require a large number of ground antennas (such as direct TV distribution), the savings in ground equipment can more than justify the extra cost and onboard complexity of lifting a satellite into the relatively high geostationary orbit.

The concept of the geostationary communications satellite was first proposed by Arthur C. Clarke, building on work by Konstantin Tsiolkovsky and on the 1929 work by Herman Potočnik (writing as Herman Noordung) Das Problem der Befahrung des Weltraums - der Raketen-motor. In October 1945 Clarke published an article titled “Extra-terrestrial Relays” in the British magazine Wireless World. The article described the fundamentals behind the deployment of artificial satellites in geostationary orbits for the purpose of relaying radio signals. Thus Arthur C. Clarke is often quoted as being the inventor of the communications satellite.

After the launchings of Telstar, Syncom 3, Early Bird, Anik A1, and Westar 1, RCA Americom (later GE Americom, now SES Americom) launched Satcom 1 in 1975. It was Satcom 1 that was instrumental in helping early cable TV channels such as WTBS (now TBS Superstation), HBO, CBN (now ABC Family), and The Weather Channel become successful, because these channels distributed their programming to all of the local cable TV headends using the satellite. Additionally, it was the first satellite used by broadcast TV networks in the United States, like ABC, NBC, and CBS, to distribute their programming to all of their local affiliate stations. Satcom 1 was so widely used because it had twice the communications capacity of the competing Westar 1 in America (24 transponders as opposed to Westar 1’s 12), resulting in lower transponder usage costs.

By 2000 Hughes Space and Communications (now Boeing Satellite Development Center) had built nearly 40 percent of the satellites in service worldwide. Other major satellite manufacturers include Space Systems/Loral, Lockheed Martin (owns former RCA Astro Electronics/GE Astro Space business), Northrop Grumman, Alcatel Space and EADS Astrium.

Low-Earth-orbiting satellites

A Low Earth Orbit (LEO) typically is a circular orbit about 400 kilometres above the earth’s surface and, correspondingly, a period (time to revolve around the earth) of about 90 minutes. Because of their low altitude, these satellites are only visible from within a radius of roughly 1000 kilometres from the sub-satellite point. In addition, satellites in low earth orbit change their position relative to the ground position quickly. So even for local applications, a large number of satellites are needed if the mission requires uninterrupted connectivity.

Low earth orbiting satellites are less expensive to position in space than geostationary satellites and, because of their closer proximity to the ground, require lower signal strength (Recall that signal strength falls off as the square of the distance from the source, so the effect is dramatic). So there is a trade off between the number of satellites and their cost. In addition, there are important differences in the onboard and ground equipment needed to support the two types of missions.

A group of satellites working in concert thus is known as a satellite constellation. Two such constellations which were intended for provision for hand held telephony, primarily to remote areas, were the Iridium and Globalstar. The Iridium system has 66 satellites. Another LEO satellite constellation, with backing from Microsoft entrepreneur Paul Allen, was to have as many as 720 satellites.

It is also possible to offer discontinuous coverage using a low Earth orbit satellite capable of storing data received while passing over one part of Earth and transmitting it later while passing over another part. This will be the case with the CASCADE system of Canada’s CASSIOPE communications satellite.

Molniya satellites

As mentioned, geostationary satellites are constrained to operate above the equator. As a consequence, they are not always suitable for providing services at high latitudes: for at high latitudes a geostationary satellite may appear low on the horizon, affecting connectivity and causing multipathing (interference caused by signals reflecting off the ground into the ground antenna). The first satellite of Molniya series was launched on April 23, 1965 and was used for experimental transmission of TV signal from Moscow uplink station to downlink stations, located in Siberia and Russian Far East, in Norilsk, Khabarovsk, Magadan and Vladivostok. In November of 1967 Soviet engineers created a unique system of national TV network of satellite television, called Orbita, that was based on Molniya satellites.

Molniya orbits can be an appealing alternative in such cases. The Molniya orbit is highly inclined, guaranteeing good elevation over selected positions during the northern portion of the orbit. (Elevation is the extent of the satellite’s position above the horizon. Thus a satellite at the horizon has zero elevation and a satellite directly overhead has elevation of 90 degrees).

Furthermore, the Molniya orbit is so designed that the satellite spends the great majority of its time over the far northern latitudes, during which its ground footprint moves only slightly. Its period is one half day, so that the satellite is available for operation over the targeted region for eight hours every second revolution. In this way a constellation of three Molniya satellites (plus in-orbit spares) can provide uninterrupted coverage.

Molniya satellites are typically used for telephony and TV services over Russia. Another application is to use them for mobile radio systems (even at lower latitudes) since cars travelling through urban areas need access to satellites at high elevation in order to secure good connectivity, e.g. in the presence of tall buildings.

Applications

Telephony

The first and historically the most important application for communication satellites is in international telephony. Fixed-point telephones relay calls to an earth station, where they are then transmitted to a geostationary satellite. An analogous path is then followed on the downlink. In contrast, mobile telephones (to and from ships and airplanes) must be directly connected to equipment to uplink the signal to the satellite, as well as being able to ensure satellite pointing in the presence of disturbances, such as waves onboard a ship.

Improvements in Submarine communications cables caused a decline in the use of satellites for fixed telephony in the late 20th century. Hand held telephones (cellular phones) used in urban areas do not make use of satellite communications. Instead they have access to a ground based constellation of receiving and retransmitting stations.

Satellite Television and radio

Television became the main market, its demand for simultaneous delivery of relatively few signals of large bandwidth to many receivers being a more precise match for the capabilities of geosynchronous comsats. Two satellite types are used for North American television and radio:

· Direct Broadcast Satellite (DBS), and 

· Fixed Service Satellite (FSS). 

A direct broadcast satellite is a communications satellite that transmits to small DBS satellite dishes (usually 18 to 24 inches in diameter). Direct broadcast satellites generally operate in the upper portion of the microwave Ku band. DBS technology is used for DTH-oriented (Direct-To-Home) satellite TV services, such as DirecTV, DISH Network , and Sky Angel in the United States, ExpressVu in Canada, and Sky Digital in the UK, Republic of Ireland and New Zealand.

Fixed Service Satellites use the C band, and the lower portions of the Ku bands. They are normally used for broadcast feeds to and from television networks and local affiliate stations (such as program feeds for network and syndicated programming, live shots, and backhauls), as well as being used for distance learning by schools and universities, business television (BTV), Videoconferencing, and general commercial telecommunications. FSS satellites are also used to distribute national cable channels to cable TV headends.

FSS satellites differ from DBS satellites in that they have a lower RF power output than the latter, requiring a much larger dish for reception (3 to 8 feet in diameter for Ku band, and 12 feet on up for C band), as well as using linear polarization for each of the transponders' RF input and output (as opposed to circular polarization used by DBS satellites). FSS satellite technology was also originally used for DTH satellite TV from the late 1970s to the early 1990s in the United States in the form of TVRO (TeleVision Receive Only) receivers and dishes (also known as big-dish, or more pejoratively known as "BUD" or "Big ugly dish" systems). It was also used in its Ku band form for the now-defunct Primestar satellite TV service.

This all changed when the first American DBS provider, DirecTV, was established in 1994, stealing the limelight from FSS satellite technology for DTH programming (due to DirecTV's smaller 18-inch diameter dishes and lower equipment cost). However, FSS satellites on the C and Ku bands still are used by cable and satellite channels such as CNN, The Weather Channel, HBO, Starz, and others, for distribution to cable TV headends (as mentioned earlier), and to the DBS providers themselves such as DirecTV and DISH Network who then re-distribute these channels over their own DBS systems.

The fact that these channels still exist on FSS satellites (more so for reception and re-distribution by cable TV and DBS systems, instead of for DTH viewers) makes TVRO systems for DTH viewing a still-viable option for satellite TV, often being a much-cheaper alternative to DBS, as far as monthly subscription fees are concerned. TVRO-oriented programming packages sold by companies such as National Programming Services, Bigdish.com, and Skyvision, are often quite a bit cheaper than their DBS equivalents. Motorola still makes digital 4DTV receivers for DTH TVRO use, and analog TVRO receivers are still available.

However, the hardware for a brand-new TVRO system (dish and receiver, along with a VideoCipher or DigiCipher descrambler, or an integrated receiver/decoder (IRD) like a 4DTV system, instead of a separate receiver and descrambler/decoder) nowadays costs quite a bit more than a DBS system (about US$1500–2000, including installation). But most older used TVRO systems can be had almost for free, due to most people converting over to DBS systems over the years. Unlike DBS, big-dish TVRO satellite TV also provides a plethora of unscrambled and unencrypted channels such as Classic Arts Showcase, and feeds of syndicated TV shows for reception by local TV stations.

Free-to-air satellite TV channels are also usually distributed on FSS satellites in the Ku band. The Intelsat Americas 5, Galaxy 10R and AMC 3 satellites over North America provide a quite large amount of FTA channels on their Ku band transponders.

The American Dish Network DBS service has also recently utilized FSS technology as well for their programming packages requiring their SuperDish antenna, due to Dish Network needing more capacity to carry local television stations per the FCC's "must-carry" regulations, and for more bandwidth to carry HDTV channels.

Satellites for communication have now been launched that have transponders in the Ka band, such as DirecTV's SPACEWAY-1 satellite, and Anik F2. NASA as well has launched experimental satellites using the Ka band recently.

The definitions of FSS and DBS satellites outside of North America, especially in Europe, are a bit more ambiguous. Most satellites used for direct-to-home television in Europe have the same high power output as DBS-class satellites in North America, but use the same linear polarization as FSS-class satellites. Examples of these are the Astra, Eutelsat, and Hotbird spacecraft in orbit over the European continent. Because of this, the terms FSS and DBS are more so used throughout the North American continent, and are uncommon in Europe.

See broadcast satellites for further information on FSS and DBS satellites in orbit.

Mobile satellite technologies

Initially available for broadcast to stationary TV receivers, by 2004 popular mobile direct broadcast applications made their appearance with that arrival of two satellite radio systems in the United States: Sirius and XM Satellite Radio Holdings. Some manufacturers have also introduced special antennas for mobile reception of DBS television. Using GPS technology as a reference, these antennas automatically re-aim to the satellite no matter where or how the vehicle (that the antenna is mounted on) is situated. These mobile satellite antennas are popular with some recreational vehicle owners. Such mobile DBS antennas are also used by JetBlue Airways for DirecTV (supplied by LiveTV, a subsidiary of JetBlue), which passengers can view on-board on LCD screens mounted in the seats.

Amateur radio

Amateur radio operators have access to the OSCAR satellites that have been designed specifically to carry amateur radio traffic. Most such satellites operate as spaceborne repeaters, and are generally accessed by amateurs equipped with UHF or VHF radio equipment and highly directional antennas such as Yagis or dish antennas. Due to the limitations of ground-based amateur equipment, most amateur satellites are launched into fairly low Earth orbits, and are designed to deal with only a limited number of brief contacts at any given time. Some satellites also provide data-forwarding services using the AX.25 or similar protocols.

Satellite broadband

Main article: Satellite Internet access
After the 1990s, satellite communication technology has been used as a means to connect to the Internet via broadband data connections. This can be very useful for users who are located in very remote areas, and cannot access a wireline broadband or dialup connection.

See also

· Commercialization of space 

· Data Transmission Network 

· DVB 

· DigiCipher 2 

· free-space optical communications 

· ICO Global Communications 

· Intelsat 

· Intersputnik 

· Iridium 

· List of communications satellite firsts 

· List of communication satellite companies 

· Military Strategic and Tactical Relay satellite (MILSTAR) 

· Moonbounce 

· Reconnaissance satellite 

· Satellite dish 

· Satmodem 

· Satellite television 

· Satellite radio 

· Syncom 

· Teledesic 

· TELKOM-2 

· Telstar 

· VSAT 

· X*Press X*Change 
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External links

· Satellite Industry Association. 

· SatMagazine an on-line magazine on communications satellites. 

· SatNews an on-line directory of communications satellites. 

· LyngSat, an on-line directory of FSS & DBS communications satellites, and their transponder information 

· The future of communication satellite business 

· Communications satellites short history by David J. Whalen 

· Beyond The Ionosphere: Fifty Years of Satellite Communication (NASA SP-4217, 1997) – an entire book online—scroll down for “contents” link. 

· NASA experimental communications satellites 

· Syncom 2 satellite description 

· Lloyd’s Satellite Constellations 

· Satcom Online – A Resource for Satcom Engineers 

· An Overview of Satellite Operating Frequencies and their Applications. 

Tackle These

· When was the first communications satellite invented? 

· What is the reason for Spectral Inversion in C Band Satellite Communications? 

· What is the reasone for select Ku band frequency is 1411 G Hz in satellite ...
· How good is Msc in Mobile and Satellite communications as a course? [unanswered] 

· What technological advances have been made in satellite communications? [unanswered] 

· Whats the difference between communications and mass communications? [unanswered]
 



