
O n June 30, 2001, NASA

launched a Delta 2 rocket
carrying an 840-kilogram,
four-meter-high spacecraft.
Over the next three months
the Microwave Anisotropy

Probe (MAP) maneuvered into its orbit
around the sun, 1.5 million kilometers be-
yond Earth’s orbit. MAP is now observing
the cosmic microwave background (CMB)
radiation in exquisite detail over the entire
sky. Because this radiation was emitted
nearly 15 billion years ago and has not in-
teracted significantly with anything since
then, getting a clear picture of the CMB is
equivalent to seeing a map of the early uni-
verse. By studying this map, scientists can
learn the composition, geometry and his-
tory of the cosmos.

MAP is designed to measure the aniso-
tropy of the CMB—the minuscule varia-
tions in the temperature of the radiation
coming from different parts of the sky.
MAP can record fluctuations as small as 20 millionths of a kel-
vin from the radiation’s average temperature of 2.73 kelvins.
What is more, the probe can detect hot and cold spots that sub-
tend less than 0.23 degree across the sky, yielding a total of
about one million measurements. Thus, MAP’s observations of
the CMB will be far more detailed than the previous full-sky
map, produced in the early 1990s by the Cosmic Background
Explorer (COBE), which was limited to a seven-degree angu-
lar resolution.

One reason for the improvement is that MAP employs two

microwave telescopes, placed back-to-back, to focus the incom-
ing radiation. The signals from the telescopes feed into 10 “dif-
ferencing assemblies” that analyze five frequency bands in the
CMB spectrum. But rather than measure the absolute temper-
ature of the radiation, each assembly records the temperature
difference between the signals from the two telescopes. Because
the probe rotates, spinning once every two minutes and pre-
cessing once every hour, the differencing assemblies compare
the temperature at each point in the sky with 1,000 other points,
producing an interlocking set of data. The strategy is analogous
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MAP’S BACK-TO-BACK TELESCOPES use primary and secondary
reflectors to focus the microwave radiation (red beams). 
The primary reflectors measure 1.6 by 1.4 meters, and the
secondary reflectors are one meter wide. Shielding on the
back of the solar array (orange) blocks radiation from the sun,
Earth and moon, preventing stray signals from entering the
instruments. The microwaves from each telescope stream into
10 “feed horns” (beige cones) designed to sample five
frequency bands. The four narrow horns at the center operate
at 90 gigahertz, taking in microwaves with a three-millimeter
wavelength. The wider horns at the periphery receive micro-
waves of 22, 30, 40 and 60 gigahertz. At the base of each horn
is a device that splits the radiation into two orthogonal
polarizations, which then feed into independent detectors.
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to measuring the relative heights of bumps on a high plateau
rather than recording each bump’s elevation above sea level.

This method cancels out errors resulting from slight changes
in the temperature of the spacecraft itself. The overall calibra-
tion of the data is done through a continuous measurement of
the CMB dipole moment, the change in radiation temperature
caused by Earth’s motion through the cosmos. The guiding prin-
ciple of MAP’s design is to eliminate any spurious signals that
might contaminate its measurements of the CMB. All indica-
tions are that MAP will begin returning high-quality results in

January 2003, as scheduled. The cosmic map it will produce, of
unprecedented fidelity, will be MAP’s legacy for cosmology.
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MAP’S OBSERVATION POST is near the L2 Lagrange
point, which lies on the sun-Earth line about 1.5
million kilometers beyond our planet. The probe
moves around the L2 point while orbiting the sun
at the same rate Earth does. This orbit ensures
that MAP’s telescopes will always have an
unobstructed view of deep space.

MAP IS LAUNCHED from the Kennedy Space
Center/Cape Canaveral Air Force Station.

MAP SCIENCE TEAM includes Charles L. Bennett (NASA Goddard Space Flight
Center), Mark Halpern (University of British Columbia), Gary F. Hinshaw
(NASA GSFC), Norman C. Jarosik (Princeton University), Alan J. Kogut (NASA
GSFC), Michele Limon (Princeton), Stephan S. Meyer (University of Chica-
go), Lyman Page (Princeton), David N. Spergel (Princeton), Gregory S. Tuck-
er (Brown University), David T. Wilkinson (Princeton), Edward J. Wollack
(NASA GSFC) and Edward L. Wright (University of California, Los Angeles). 
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