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Reserved. Starlink is a satellite internet constellation being constructed by SpaceX [2] [3]

providing satellite Internet access. SpaceX plans to sell some of the satellites for military, [6]
scientific, or exploratory purposes. Product development began in Two prototype test-flight
satellites were launched in February Additional test satellites and 60 operational satellites were
deployed in May The opening of the SpaceX satellite development facility in Redmond was
announced by SpaceX in January with partners, to develop and build out the new
communication network. At the time, the Seattle-area office planned to initially hire
approximately 60 engineers, and potentially people by By January , the company had publicly
disclosed plans to have two prototype satellites flying in , [24] and to have the initial satellite
constellation in orbit and operational by approximately Overall, SpaceX President Gwynne
Shotwell said then that the project remained in the "design phase as the company seeks to
tackle issues related to user-terminal cost". In March , SpaceX filed plans with the FCC to field a
second orbital shell of more than 7, " V-band satellites in non-geosynchronous orbits to provide
communications services" in an electromagnetic spectrum that has not previously been heavily
employed for commercial communications services. In the event, the planned launch of two
revised test satellites was moved to Some controversy arose in â€” with regulatory authorities
on licensing of the communications spectrum for these large constellations of satellites. The
traditional and historical regulatory rule for the licensing spectrum has been that satellite
operators could "launch a single spacecraft to meet their in-service deadline [from the
regulator], a policy is seen as allowing an operator to block the use of valuable radio spectrum
for years without deploying its fleet". The international regulator, International
Telecommunication Union ITU , proposed in mid a guideline that would be considerably less
restrictive. By , the FCC had ruled that half of the constellation must be in orbit in six years, with
the full system in orbit nine years from the date of the license. SpaceX trademarked the name
Starlink for their satellite broadband network in ; [34] the name was inspired by the book The
Fault in Our Stars. The company will "implement an operations plan for the orderly de-orbit of
satellites nearing the end of their useful lives roughly five to seven years at a rate far faster than
is required under international standards. In November , SpaceX received U. With plans by
several providers to build commercial space-Internet mega-constellations of thousands of
satellites increasingly likely to become a reality, the U. In December , the U. By April , SpaceX
was transitioning their satellite efforts from research and development to manufacturing, with
the planned first launch of a large group of satellites to orbit, and the clear need to achieve an
average launch rate of "44 high-performance, low-cost spacecraft built and launched every
month for the next 60 months" to get the 2, satellites launched to support their FCC spectrum
allocation license assignment. By the end of June , SpaceX had communicated with all 60
satellites but lost contact with three; the remaining 57 worked as intended. The remaining two
satellites were intended to be quickly removed from orbit and reenter the atmosphere in order to
test the satellite de-orbiting process; the three that lost contact were also expected to reenter,
but will do so passively from atmospheric drag as SpaceX was no longer able to actively control
them. In June , SpaceX applied to the FCC for a license to test up to ground terminals â€” 70
nationwide across the United States and in Washington state at SpaceX employee homes [47]
[48] â€” and aircraft-borne antenna operation from four distributed United States airfields; as
well as five ground-to-ground test locations. SpaceX argued that this change could bring
coverage to the southern United States in time for the hurricane season. The total number of
satellites in the km shell would remain the same, at 1, In October , Elon Musk publicly tested the
Starlink network by using an internet connection routed through the network to post a tweet to
social media site Twitter. They plan to launch up to 60 more per Falcon 9 flight, with launches as
often as every two weeks in In total, nearly 12, satellites are planned to be deployed, with a
possible later extension to 42, On 17 April , SpaceX modified the architecture of the Starlink
network. The application covers 4, Starlink satellites, one fewer than envisioned under the
previous architecture. The generation 2 Starlink constellation is expected to include up to 30,
satellites and provide complete global coverage. By June , SpaceX had filed with Canadian
regulatory authorities for a license to offer Starlink high-speed internet services in Canada. By
August , a Falcon rocket was sent to SpaceX's Starlink Internet network with 58 more
broadband relay nodes, to make the total of satellites since May In October , SpaceX stated
plans to deorbit all 60 prototype v0. As of 7 October , 39 of 60 have reentered the Earth
atmosphere. On 4 November , SpaceX conducted its one millionth Starlink test and doubled the
connection speed. On 6 November , Innovation, Science and Economic Development Canada
announced regulatory approval for the Starlink low Earth orbit satellite constellation. SpaceX
won subsidies to bring service to customers in 35 U. SpaceX released a new group of 10
Starlink satellites on 24 January , the first Starlink satellites in polar orbits. The launch was also
breaking ISRO 's record of launching the most number of satellites in one mission , taking to 1,
the cumulative number of satellites deployed for that telecommunications constellation so far.

In February , SpaceX announced that Starlink has over 10, users, [69] and opened up pre-orders
to the public. In August , SpaceX expected four more launches in [73] and at least nine launches
in , [74] but as of January expectations had increased to 24 total launches in In March , SpaceX
reported producing six satellites per day. Starlink satellites are also planned to launch on
Starship , an under-development rocket of SpaceX that will launch satellites at a time. In
February , Musk stated that the satellites are traveling on 25 orbital planes clustered between 53
degrees north and south of the equator. SpaceX intends to provide satellite internet
connectivity to underserved areas of the planet, as well as provide competitively priced service
to urban areas. The company has stated that the positive cash flow from selling satellite internet
services would be necessary to fund their Mars plans. In early , two space entrepreneurs
announced satellite Internet ventures in the same week. In addition to SpaceX CEO Elon Musk
announcing the project that would later be named Starlink, serial entrepreneur Richard Branson
announced an investment in OneWeb , a similar constellation with approximately planned
satellites that had already procured communication frequency licenses for their radio spectrum.
After the failures of previous satellite-to-consumer space ventures, satellite industry consultant
Roger Rusch said in , "It's highly unlikely that you can make a successful business out of this".
In February , financial analysts questioned established geosynchronous orbit communications
satellite fleet operators as to how they intended to respond to the competitive threat of SpaceX
and OneWeb LEO communication satellites. With the initial launch of the first 60 satellites of the
operational constellation in , SpaceX indicated that it would require satellites in the
constellation to achieve minor broadband coverage of Earth, and of the first circa 1, to provide
moderate coverage. On 17 April , in documentation to the FCC, SpaceX said lower altitude will
put the satellites closer to Starlink consumers and allow the network "to provide low-latency
broadband to unserved and underserved Americans that is on par with service previously only
available in urban areas". The change will also improve service for U. The lower orbits will help
ensure the satellites re-enter the atmosphere in a shorter time in case of failure and will enable
them to broadcast signals at reduced power levels, because they are closer to Earth, which
SpaceX said will allow the fleet to be compliant with limits to reduce radio interference with
other satellite and terrestrial wireless networks. SpaceX has long-term plans to develop and
deploy a version of the satellite communication system to serve Mars. Contains all v0. Tintin A
and Tintin B are test satellites and, therefore not part of it. In April , SpaceX requested to lower
all higher satellite orbits to about km. Higher satellites would be replaced by four orbital shells
with an altitude of about km. As of January , this modification has not been approved yet, [] []
apart from 10 satellites in a polar orbit. The satellites will employ optical inter-satellite links and
phased array beam-forming and digital processing technologies in the Ku- and Ka-bands ,
according to documents filed with the U. The satellites will be mass-produced , at a much lower
cost per unit of capability than previously existing satellites. Musk said, "We're going to try and
do for satellites what we've done for rockets". In February , SpaceX asked the FCC to consider
future innovative uses of the Ka-band spectrum before the FCC commits to 5G communications
regulations that would create barriers to entry , since SpaceX is a new entrant to the satellite
communications market. The SpaceX non-geostationary orbit communications satellite
constellation will operate in the high-frequency bands above 24 GHz, "where steerable earth
station transmit antennas would have a wider geographic impact, and significantly lower
satellite altitudes magnify the impact of aggregate interference from terrestrial transmissions".
Internet traffic via a geostationary satellite has a minimum theoretical round-trip latency of at
least milliseconds ms between user and ground gateway , but in practice, current satellites have
latencies of ms or more. Starlink satellites use Hall-effect thrusters with krypton gas as the
reaction mass [90] [] for orbit raising and station keeping. The system will not directly connect
from its satellites to handsets unlike the constellations from Iridium , Globalstar , Thuraya and
Inmarsat. Instead, it will be linked to flat user terminals the size of a pizza box, which will have
phased array antennas and track the satellites. The terminals can be mounted anywhere, as
long as they can see the sky. Starlink Terminal has motors to self-adjust optimal angle to view
sky". Limited reports from very early domestic beta users of the partial satellite constellation in
August suggested users experienced download speeds from 11 Mbps to 60 Mbps, and upload
speeds from 5 Mbps to 18 Mbps. In September , SpaceX applied for permission to put terminals
on 10 of its ships. In , United States Air Force utilized Starlink in support of its Advanced
Battlefield management system during a live-fire exercise. They demonstrated Starlink
connected to a "variety of air and terrestrial assets" including the Boeing KC Stratotanker.
SpaceX has made applications to the FCC for at least 32 ground stations in United States, and
as of July [update] has approvals for 5 of them in 5 states. At the time of the June
announcement, SpaceX had stated plans to launch the first two demonstration satellites in , [24]
but the target date was subsequently moved out to The two identical satellites were called

MicroSat-2a and MicroSat-2b [] during development but were renamed Tintin A and Tintin B
upon orbital deployment on 22 February The satellites were launched by a Falcon 9 rocket, and
they were piggy-pack payloads launching with the Paz satellite. The satellites communicate with
three testing ground stations in Washington state and California for short-term experiments of
less than ten minutes duration, roughly daily. The 60 Starlink v0. The Starlink v1. SpaceX is
preparing for the production of Starlink v1. How these versions differ from v1. Telesat
announced a smaller satellite constellation in with plans to deliver initial service in By October ,
the expectation for large increases in satellite network capacity from emerging lower-altitude
broadband constellations caused market players to cancel some planned investments in new
geosynchronous orbit broadband communications satellites. The planned large number of
satellites has met with criticism from the astronomical community because of concerns for light
pollution. Because the Starlink satellites can autonomously change their orbits, observations
cannot be scheduled to avoid them. This image noise was correlated to the transit of a Starlink
satellite train, launched a week earlier. SpaceX representatives and Musk have claimed that the
satellites will have minimal impact, being easily mitigated by pixel masking and image stacking.
The reduction in g-band magnitude is 0. On 17 April , SpaceX wrote in a Federal
Communications Commission FCC filing that it would test new methods of mitigating light
pollution, and also provide access to satellite tracking data for astronomers to "better
coordinate their observations with our satellites". An October analysis found them to be
marginally fainter than DarkSat. The large number of satellites employed by Starlink also
creates a long-term danger of space debris resulting from placing thousands of satellites in
orbit and the risk of causing a satellite collision , potentially triggering a phenomenon known as
Kessler syndrome , which is like a pinball effect between all of the satellites on Earth that can
cause all of the satellites to become inoperable. Early in the program, a near-miss occurred
when SpaceX did not move a satellite that had a 1 in chance of colliding with a European one,
ten times higher than ESA 's threshold for avoidance maneuvers. ESA said it plans to invest in
technologies to automate satellite collision avoidance maneuvers. Federal Communications
Commission FCC to "actively, and aggressively, and thoughtfully vet" the subsidy applications
of SpaceX and other broadband providers. The NRECA criticized the funding allocation because
Starlink will include service to locations â€” such as Harlem and terminals at Newark Liberty
International Airport and Miami International Airport â€” that are not rural, and because SpaceX
will build the infrastructure and serve any customers who request service with or without the
FCC subsidy. Starlink was specifically criticized for being still in beta testing and an unproven
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March []. Wikimedia Commons has media related to Starlink. Just as different seats in a theater
provide different perspectives on a performance, different Earth orbits give satellites varying
perspectives, each valuable for different reasons. Some seem to hover over a single spot,
providing a constant view of one face of the Earth, while others circle the planet, zipping over
many different places in a day. There are essentially three types of Earth orbits: high Earth orbit,
medium Earth orbit, and low Earth orbit. Many weather and some communications satellites
tend to have a high Earth orbit, farthest away from the surface. Satellites that orbit in a medium
mid Earth orbit include navigation and specialty satellites, designed to monitor a particular
region. As satellites get closer to Earth, the pull of gravity gets stronger, and the satellite moves
more quickly. At , kilometers from the center of the Earth, the Moon completes a single orbit in
28 days. This introduces a strange paradox. Doing so would boost the orbit increase the altitude
, which would slow the orbital speed. This change will push the satellite into a lower orbit, which
will increase its forward velocity. Eccentricity refers to the shape of the orbit. A satellite with a
low eccentricity orbit moves in a near circle around the Earth. A satellite that orbits directly
above the equator has zero inclination. If a satellite orbits from the north pole geographic, not
magnetic to the south pole, its inclination is 90 degrees. Because the satellite orbits at the same
speed that the Earth is turning, the satellite seems to stay in place over a single longitude,
though it may drift north to south. This special, high Earth orbit is called geosynchronous. A
satellite in a circular geosynchronous orbit directly over the equator eccentricity and inclination
at zero will have a geostationary orbit that does not move at all relative to the ground. A
geostationary orbit is extremely valuable for weather monitoring because satellites in this orbit
provide a constant view of the same surface area. When you log into your favorite weather web
site and look at the satellite view of your hometown, the image you are seeing comes from a
satellite in geostationary orbit. Every few minutes, geostationary satellites like the
Geostationary Operational Environmental Satellite GOES satellites send information about
clouds, water vapor, and wind, and this near-constant stream of information serves as the basis
for most weather monitoring and forecasting. Because geostationary satellites are always over
a single location, they can also be useful for communication phones, television, radio. Finally,
many high Earth orbiting satellites monitor solar activity. At the Lagrange points, the pull of
gravity from the Earth cancels out the pull of gravity from the Sun. Anything placed at these
points will feel equally pulled toward the Earth and the Sun and will revolve with the Earth
around the Sun. Of the five Lagrange points in the Sun-Earth system, only the last two, called L4
and L5, are stable. A satellite at the other three points is like a ball balanced at the peak of a
steep hill: any slight perturbation will push the satellite out of the Lagrange point like the ball
rolling down the hill. Satellites at these three points need constant adjustments to stay balanced
and in place. Satellites at the last two Lagrange points are more like a ball in a bowl: even if
perturbed, they return to the Lagrange point. The first Lagrange point is located between the
Earth and the Sun, giving satellites at this point a constant view of the Sun. The second

Lagrange point is about the same distance from the Earth, but is located behind the Earth. Earth
is always between the second Lagrange point and the Sun. Since the Sun and Earth are in a
single line, satellites at this location only need one heat shield to block heat and light from the
Sun and Earth. The third Lagrange point is opposite the Earth on the other side of the Sun so
that the Sun is always between it and Earth. A satellite in this position would not be able to
communicate with Earth. Closer to the Earth, satellites in a medium Earth orbit move more
quickly. Two medium Earth orbits are notable: the semi-synchronous orbit and the Molniya
orbit. The semi-synchronous orbit is a near-circular orbit low eccentricity 26, kilometers from
the center of the Earth about 20, kilometers above the surface. A satellite at this height takes 12
hours to complete an orbit. As the satellite moves, the Earth rotates underneath it. In hours, the
satellite crosses over the same two spots on the equator every day. This orbit is consistent and
highly predictable. The second common medium Earth orbit is the Molniya orbit. Invented by
the Russians, the Molniya orbit works well for observing high latitudes. The Molniya orbit offers
a useful alternative. The Molniya orbit is highly eccentric: the satellite moves in an extreme
ellipse with the Earth close to one edge. As it moves away, its speed slows, so it spends more
time at the top of its orbit farthest from the Earth. A satellite in a Molniya orbit takes 12 hours to
complete its orbit, but it spends about two-thirds of that time over one hemisphere. Like a
semi-synchronous orbit, a satellite in the Molniya orbit passes over the same path every 24
hours. This type of orbit is useful for communications in the far north or south. Most scientific
satellites and many weather satellites are in a nearly circular, low Earth orbit. Therefore, it has a
relatively low inclination 35 degrees , staying near the equator. In this highly inclined orbit, the
satellite moves around the Earth from pole to pole, taking about 99 minutes to complete an
orbit. During one half of the orbit, the satellite views the daytime side of the Earth. At the pole,
satellite crosses over to the nighttime side of Earth. As the satellites orbit, the Earth turns
underneath. By the time the satellite crosses back into daylight, it is over the region adjacent to
the area seen in its last orbit. In a hour period, polar orbiting satellites will view most of the
Earth twice: once in daylight and once in darkness. Just as the geosynchronous satellites have
a sweet spot over the equator that lets them stay over one spot on Earth, the polar-orbiting
satellites have a sweet spot that allows them to stay in one time. This orbit is a
Sun-synchronous orbit, which means that whenever and wherever the satellite crosses the
equator, the local solar time on the ground is always the same. When the satellite comes around
the Earth in its next overpass about 99 minutes later, it crosses over the equator in Ecuador or
Colombia at about local time. The Sun-synchronous orbit is necessary for science because it
keeps the angle of sunlight on the surface of the Earth as consistent as possible, though the
angle will change from season to season. This consistency means that scientists can compare
images from the same season over several years without worrying too much about extreme
changes in shadows and lighting, which can create illusions of change. Without a
Sun-synchronous orbit, it would be very difficult to track change over time. It would be
impossible to collect the kind of consistent information required to study climate change. The
path that a satellite has to travel to stay in a Sun-synchronous orbit is very narrow. If a satellite
is at a height of kilometers, it must have an orbital inclination of 96 degrees to maintain a
Sun-synchronous orbit. Any deviation in height or inclination will take the satellite out of a
Sun-synchronous orbit. The amount of energy required to launch a satellite into orbit depends
on the location of the launch site and how high and how inclined the orbit is. Satellites in high
Earth orbit require the most energy to reach their destination. Satellites in a highly inclined
orbit, such as a polar orbit, take more energy than a satellite that circles the Earth over the
equator. The International Space Station orbits at an inclination of Once a satellite is in orbit, it
usually takes some work to keep it there. Throughout their lifetime, GOES satellites have to be
moved three or four times to keep them in place. Satellites in a low Earth orbit are also pulled
out of their orbit by drag from the atmosphere. Though satellites in low Earth orbit travel
through the uppermost thinnest layers of the atmosphere, air resistance is still strong enough
to tug at them, pulling them closer to the Earth. Over time, the satellite will eventually burn up
as it spirals lower and faster into the atmosphere or it will fall to Earth. Atmospheric drag is
stronger when the Sun is active. Just as the air in a balloon expands and rises when heated, the
atmosphere rises and expands when the Sun adds extra energy to it. The thinnest layer of
atmosphere rises, and the thicker atmosphere beneath it lifts to take its place. Now, the satellite
is moving through this thicker layer of the atmosphere instead of the thin layer it was in when
the Sun was less active. Since the satellite moves through denser air at solar maximum, it faces
more resistance. When the Sun is quiet, satellites in low Earth orbit have to boost their orbits
about four times per year to make up for atmospheric drag. When solar activity is at its greatest,
a satellite may have to be maneuvered every weeks. The third reason to move a satellite is to
avoid space junk, orbital debris, that may be in its path. On February 11, a communication

satellite owned by Iridium, a U. Both satellites broke apart, creating a field of debris that
contained at least 2, pieces. Each piece of debris was added to the database of more than 18,
manmade objects currently in Earth orbit and tracked by the U. Space Surveillance Network.
NASA satellite mission controllers carefully track anything that may enter the path of their
satellites. As of May , Earth Observing satellites had been moved three separate times to avoid
orbital debris. Many pieces of debris from this collision were propelled to lower altitudes and
are already causing issues at kilometers. The team evaluates these planned maneuvers to
ensure that they do not bring the EOS satellites into close proximity to catalogued orbital debris
or other satellites. Remote Sensing. EO Explorer. At the time of publication, it represented the
best available science. Flying hundreds of kilometers above the Earth, the International Space
Station and other orbiting satellites provide a unique perspective on our planet. One way of
classifying orbits is by altitude. Low Earth orbit starts just above the top of the atmosphere,
while high Earth orbit begins about one tenth of the way to the moon. Certain orbital altitudes
have special properties, like a geosynchronous orbit, in which a satellite travels around the
Earth exactly once each day. The length of each red arrow in this diagram represents the
distance traveled by a satellite in an hour. View animation. The eccentricity e of an orbit
indicates the deviation of the orbit from a perfect circle. A circular orbit has an eccentricity of 0,
while a highly eccentric orbit is closer to but always less than 1. Orbital inclination is the angle
between the plane of an orbit and the equator. Satellites in geostationary orbit rotate with the
Earth directly above the equator, continuously staying above the same spot. This position
allows satellites to observe weather and other phenomena that vary on short timescales.
Lagrange points are special locations where a satellite will stay stationary relative to the Earth
as the satellite and the Earth revolve around the Sun. L1 and L2 are positioned above the day
and night sides of the Earth, respectively. L3 is on the other side of the Sun, opposite the Earth.
The Lagrange points nearest the Earth are about 5 times the distance from the Earth to the
Moon. L2 is opposite the sun, always on the night side. The Molniya orbit combines high
inclination Each orbit lasts 12 hours, so the slow, high-altitude portion of the orbit repeats over
the same location every day and night. Russian communications satellites and the Sirius radio
satellites currently use this type of orbit. Pisacane, Low Earth Orbit Most scientific satellites and
many weather satellites are in a nearly circular, low Earth orbit. This image shows one half of
the observations TRMM makes in a single day. A Sun-synchronous orbit crosses over the
equator at approximately the same local time each day and night. These illustrations show 3
consecutive orbits of a sun-synchronous satellite with an equatorial crossing time of pm.
Achieving and Maintaining Orbit Launch The amount of energy required to launch a satellite
into orbit depends on the location of the launch site and how high and how inclined the orbit is.
The European Space Agency launches satellites int
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o geostationary orbits from their facilities in French Guiana left. Maintaining Orbit Once a
satellite is in orbit, it usually takes some work to keep it there. Each black dot in this image
shows either a functioning satellite, an inactive satellite, or a piece of debris. Although the
space near Earth looks crowded, each dot is much larger than the satellite or debris it
represents, and collisions are extremely rare. Orbital Mechanics. Space Primer. Accessed May
22, Blitzer, L. Satellite orbit paradox: A general view. American Journal of Physics. Cornish, N.
The Lagrange Points. Accessed June 4, European Space Agency. What are Lagrange Points?
Gleick, J. Isaac Newton. New York: Vintage Books. Hawking, S. The Illustrated on the Shoulders
of Giants. Philadelphia: Running Press. Iannotta, B. The James Webb Space Telescope. National
Aeronautics and Space Administration. Fundamentals of Space Systems, p. Accessed
September 4, Solar and Heliospheric Observatory. Subscribe to our newsletters.

