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PusHING THE TECHNOLOGY OF PRECISION

The “gravitational wave detecting antenna’ you' ve made demonstrates
some fundamentals of interferometry, with no technological tricks to make it
cheaper, faster, better. Your system, with suitable software to process the
data from the three lasers, could be used to measure the presence of
gravitational waves.

But you would encounter some problems; at the enormous distances,
even laser beams become weskened. Instead of reflecting a weak signa to
the transmitting spacecraft, you might have the target spacecraft re-transmit
areturn beam at full power, with waves in the same sequence as though
reflected.

With your system, data about distance change has to be collected from
laser systems on three legs, then calculated to determine what moved and in
which direction. It would be more efficient to measure two legs at once; use
one laser and shine it through a piece of special glass at 45 degrees to split
the laser beam, sending half to each of the other spacecraft. The reflected
beams return through the same glass and both can be seen from a single
point (on the other side of the glass). Waves from the two reflections come
together to creste the same kind of interference patterns as shown in your
demonstration system. Changes of the interference pattern reveal move-
ments, but only in two legs. Data from &l three legs is needed to accurately
measure distance and motion of the spacecraft.

LISA’'s system solves that in thisway: The transmitting spacecraft (A)
splits the laser beam, sending half to spacecraft (B) and half to spacecraft
(©). Instead of returning the “reflected” laser beam to the transmitting
spacecraft (A), receiving spacecraft (B) transmits the beam to the space-
craft (C), which in turn transmitsit back to (A). Smilarly, (C) sendsto (B)
which returns to (A).

Interference of waves in the returning beams represent movements in
all three legs of the LISA triangle. If the two arms of the interferometer are
exactly the same length, a bright spot will appear on the detector, giving the
maximum electrical signal. Thisindicates no gravitational wave has passed.
If the difference in the arm lengths is one half of the wavelength of the laser
light, then the two light beams will cancel each other out and the detector
output will be aminimum.

This can indicate a passing gravitational wave. Because the wave-
length of laser light is very small, an interferometer is a very senditive
instrument for measuring small changesin length and is thusideal for usein
detecting gravitational waves.

Find out more about gravitational waves and do a LISA online cross-
word at spaceplace.nasa.gov/lisa fact2.htm .
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