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Introduction
	Gravitational waves are one of the fundamental pieces of the theory of General Relativity.  As predicted by General Relativity, the motions of masses will create gravitational waves, carrying energy away from the masses at the speed of light.  These waves will distort space-time.  Depending upon the size masses and the type of interaction the distortion of space-time could theoretically be measured.  Indirectly there is strong evidence for the existence of gravitational waves, but as of yet they have not been directly observed.  The purpose of the Laser Interferometer Space Antennae (LISA) is to directly detect these elusive waves for quantitative measurement and analysis.
	LISA is in effect a giant Michelson interferometer.  This type of interferometer measures specific differences in length based upon the type of interference produced by the traveling laser light.  For this mission three spacecraft will be used, each containing two proof masses.  The spacecrafts will define an equilateral triangle with distances of 5 million kilometers.  Lasers in each spacecraft will be used to measure changes in the optical path lengths with a precision of 20 picometers.   The hope of the LISA mission is that this setup will be able to measure the incredibly small changes in distance produced by gravitational waves.
[image: LISA Spacecraft Diagram]This mission is important because it offers a unique advantage to other systems that attempt to measure the same phenomena.  The largest obstacle to measuring gravitational waves directly is the extremely minute changes in distance that these waves produce.  These changes are so small that there exist plenty of other sources of noise that can destroy the precise measurements that are being taken.  One of the most noticeable sources of noise is vibration in the environment.  Of the many experiments that are ground based, most are plagued by the seemingly endless sources of vibration that infest measurements.
	In space, LISA will not have to deal with the noise of vibration.  Existing in a vacuum, the only sources of disturbance should be gravitational and pressure.  It is the hope that the proposed position of LISA will give it autonomy from earth based problems, such as space debris and atmospheric drag.  The environment should be clean enough of outside disturbance that it should be able to measure any changes that occur in the fabric of space-time.  In addition, the use of three space craft in stead of two will give the mission the advantage of knowing, to an extent, the direction of the incoming gravitational waves in order to pin point the event.
[image: http://lisa.jpl.nasa.gov/science/images/spectrum.gif]	One of the questions LISA hopes to answer is how super massive black holes interact in galaxy collisions.  The interactions of black holes and matter are one of the primary concerns of this mission.  LISA will also be able to detect a number of other phenomena.  First among these is the number and distribution of binaries in the galaxy.  The cosmic background of gravitational waves may also be studied using these spacecraft.  It is possible that what is learned from LISA might in fact conflict with the science and data collected by the COBE mission.  In any case, when it comes to the interactions of massive objects, LISA will open a whole new world of study.

Background
	The phenomena of gravitational waves are produced by a number of different astrophysical processes.  Sources are expected to be both galactic and extra-galactic in origin, especially centered on the interaction of matter around super massive black holes, or AGN’s, in the centers of most galaxies.  The motions of matter in the universe create gravitational waves.  One of the simplest examples is that of a binary system or matter, such as a binary star system or a star and planet.  As these massive objects orbit they give off energy in the form of gravitational waves.  The consequence is that the two objects slowly move closer over time.  For these two examples the gravitational waves would be nearly immeasurable, however, much larger binary systems would create measurable events.
	There are perhaps four scientific objectives that LISA is aiming at.  The primary objective is the formation of super massive black holes.  Others include learning about galactic binaries, supernovae, compact orbiting objects, and fluctuations from the early universe.  These are areas of research that have not been done, and which the measurement of gravitational waves would yield much information.  A picture showing some of these objectives can be seen below.
[image: What LISA is looking for]


Technological aspect
The Michelson interferometer works on the basis of using the interference of light waves to know the specific changes in length between two separate proof masses.  A simple setup is shown below.  In Figure 1 a laser emits a beam of light to a beam splitter.  At the beam splitter half of the light passes through to Mass 1 and half is reflected to Mass 2.  Figures 2 and 3 occur simultaneously for this next part.  In Figure 2 the light is reflected off of Mass 1 and sent back to the beam splitter.  There half of the light is reflected to a photodetector.  In Figure 3, the light is reflected off of Mass 2 and sent back to the beam splitter.  There half of the light passes through to the photodetector.

[image: Michelson Interferometer]

	The light reflected from Mass 1 and from Mass 2 interfere with each other to create a distinct wave pattern based on the ratio of the distances of the two masses from the photodetector.  The photodetector reads the different wave patterns to create different voltages that are read by the computer.  Depending upon what voltage is created by the detector, the ratio of the distances can be known.  By using the ratio of the distances between three different spacecraft a gravitational wave can be quantitatively measured.  Below is a figure that shows the distances from the masses to the beam splittler.
[image: Michelson Interferometer]	Perhaps the most difficult task in developing and implementing this type of interferometer in space is that the proof masses must be entirely isolated from external and internal disturbing forces.  Assuming that the spacecrafts were not controlled, they would drift due to disturbances of radiation pressure, micro meteors, and gravitational influence.  For this experiment to work the positions of the proof masses must be exactly known in relation to each other.
[image: Optical Assembly]	The laser used for this experiment has a very short wavelength of about a micrometer.  Because of the properties of interferometry, and the high sensitivity of the photodetector to these interference patters, the Michelson interferometer is a very sensitive detector.  This sensitivity is exactly what is needed to measure gravitational waves. 
	The instruments on each of the spacecraft are identical.  Each one can function as the beam splitter of a Michelson interferometer or as either one of the end pieces.  In a fully functioning setup two fully working Michelson interferometers can be used for experimentation.  However, assuming one of the instruments fail, the mission can still go on without repair.  A picture of the optical bench is shown above.
A picture of one of the instruments is shown below in a close up view.  The f/1 Cassegrain telescope catches the light from the incoming laser and directs it towards the optical bench.  This can be used in reverse to send laser light out to one of the other two spacecraft.

[image: Optical Assembly]

	Two of the above instruments will be combined in the spacecraft.  Their configuration can be seen below.

[image: Optical Assembly]

The spacecraft instrumentation will be set in a circular configuration.  The instruments being placed 60 degrees apart form the corner of the larger equilateral triangle.

[image: sc-struct]

	When the spacecraft are in final configuration the mission will start.  While maintaining the precise distances and positions of the spacecraft will be difficult, advanced technology will help along with the distant position of LISA from the Earth.

Mission
	LISA will be deployed into a position 20 degrees behind the Earth.  Tilted at 60 degrees, the experiment will orbit the Sun in a one year period.  It will remain in this position for the duration of its life while scientists use it to learn about the universe.

[image: LISA-orbit]

	Throughout the year configuration will rotate as it orbits the sun as shown in the picture below.  Since the spacecraft are not physically connected the orbits are chosen such that each spacecraft maintains a specific orientation with respect to the others.

[image: orbit]

	The project, if approved, will begin in 2004 with the mission slated for launch sometime in 2011.  Assuming all the technology challenges are met and the mission launches on schedule, this will be a big leap in the field of GR research.
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