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Today, the Universe is filled with structure; in every direc-
tion one looks there are galaxies and galaxy clusters: the Uni-
verse is clumpy on all scales. The structure we see today must
have formed at some time in the past. The furthest we can see
back is to the formation of the cosmic microwave background,
when the electrons and protons combined (termed recombi-
nation) leaving the Universe transparent to photons. The pho-
tons and barvonic matter then expanded independently of one
another. Any structure in the Universe at recombination will
cause the physical temperature of one region to be slightly
different from another. Hence, an observer many years later
will see small intensity differences of the microwave back-
ground when comparing adjacent regions on the sky. The
contrast is very low; currently il/I < 2 x 10 at long wave-
lengths (0.6 centimeter).

The microwave background is a thermal spectrum with a
temperature of 2.78 kelvin, the peak intensity occurring at a
wavelength of 1.8 millimeter. Isotropy measurements on both
the Wein and Raleigh-Jeans (R-J) portions of the spectrum are
important: measurements on the R-J side are sensitive to pri-
mordial fluctuations, those on the Wein side are sensitive to
protogalaxies.

We took a small (1.2 meter) submillimeter telescope to the
Amundsen-Scott Station at the South Pole to search for ani-
sotropy on the Wein side of the peak of the microwave back-
ground. Recent results by the Berkeley-Nagoya collaboration
indicate an excess flux in the submillimeter background spec-
trum. To constrain the origin of the excess, it is necessary to
measure its isotropy. Our preliminary results will be described
in the last section; the following section describes the advan-
tages of the South Pole site.

The South Pole site. Amundsen-Scott South Pole Station pro-
vides a unique site for studies of the cosmic background ra-
diation. It is at high altitude (roughly 10,800 feet-pressure
altitude, corresponding to 530 millimeters of mercury pres-
sure), and it is cold (surface temperatures vary from -50 to
—20° F during November and December). The high altitude
reduces the pressure broadening of the water (H20) and ox-
ygen (02) lines which are the primary sources of emission in
the millimetric atmospheric windows. The cold temperatures
mean that most of the water in clouds is frozen. Ice crystals
do not have the rotational absorption bands characteristic of
water vapor and are essentially transparent to millimetric ra-
diation. Measurements of the atmospheric emission at the South
Pole indicate a precipitable water vapor content of 0.3 milli-
meters on a typical day and approximately 1 millimeter on the
worst. Variations in atmospheric emission, caused by water
vapor clouds passing through the telescope beam, give rise to
an additional noise source, (termed skit noise) characteristic of
a site. The South Pole has roughly an order of magnitude less
sky noise than the observatory at Mauna Kea, Hawaii.

The South Pole has a singular geometric advantage over any
other observatory location: a patch of sky never rises or sets.
Consequently, observations are limited by the length of stretches
of clear weather rather than the length of time the source takes
to transit. Additionally, no corrections need be made for vari-
able opacity with elevation. The only sources of variable opac-
ity are the weather conditions during the observations. In
addition, at the Pole, since the zenith angle of a field is con-
stant, variations of side lobe pickup of the warm Earth are
minimized.

The combination of high atmospheric transmittance, low sky
noise, and long observing times on a given patch of sky make
the South Pole the best available location to search for aniso-
tropy in the cosmic background radiation.
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side of the peak. Recent measurements of the submillimeter mi-
crowave background spectrum indicate there is an excess flux
amounting to 0.10 of the total power in the background ra-
diation. If this measurement is correct, it will be very inter-
esting to measure its isotropy in order to constrain its origin.
To measure the submillimeter isotropy and not be confused
by local galactic emission, it is necessary to observe dark-sky
regions as determined from the infrared astronomy satellite
100-micrometer maps. An observing site with low water vapor
is also required. The site chosen was the National Science
Foundation station at the South Pole.

To accomplish the observations, we used a 32-channel array
of bolometer detectors coupled to a 1.2-meter off-axis antenna
(figure). This combination gave us a beam size of 5 arc minutes
per pixel. The total patch of the sky observed simultaneously
was approximately the size of the Moon. Three different filter
bands (350 micrometers, 450 micrometers, and 600-800 mi-
crometers) were used. The 350-micrometer band is sensitive
to emission from cool (15-20 kelvin) dust; the 450-micrometer
and 600-micrometer bands are sensitive to the excess. With
only 2 days of data reduced, we find the isotropy to be M/I <
10 2 , which corresponds to T/T < 10 in the 600-micrometer
band. When all of the data is reduced, we will probably get a
factor of 10 improvement; i.e., ZT/T < 10. These results put
severe constraints on dust models of the origin of the excess.

Other members of the observing team were W.R. Platt, R.
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A photograph of the 1.2-meter off-axis telescope. A large ground!
Sun shield is attached to the entrance aperture to reduce interfer-
ence from the Sun and the Earth. To track in azimuth, the antenna
rotates on the large horizontal wheel; to move in elevation, the
antenna rotates about its optical axis. The receiver and associated
electronics are placed in the enclosed cab at the rear of the antenna.
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Since the beginning of 1988, the imaging riometer for io-
nospheric studies (IRIS) has been providing continuous images
of ionospheric regions of cosmic radio noise absorption in the
vicinity of South Pole Station. The technical details of the sys-
tem were described by Detrick and Rosenberg (1988). Cosmic
noise absorption is generated by electron precipitation, which
during darkness can also produce auroral displays. The ability
of the IRIS instrument to record absorption images during
daytime and under adverse weather conditions has opened
the door to further studies of auroral activities.

One research area that can benefit from the availability of
IRIS data is that associated with high-latitude auroral conju-

gacy. Optical observations (e.g., all-sky camera) are not well
suited to studies of auroral conjugacy, particularly for latitudes
well into the polar cap, because solar illumination will preclude
the measurement in one or the other hemisphere. Further-
more, neither the conventional riometer nor the magnetometer
is capable of resolving details of auroral morphology; however,
the approximate location of the flow of auroral electrojet cur-
rent, which is produced by auroral precipitation, can be esti-
mated with magnetometer data (Wu et al. 1988).

In figure 1, we show the conventional broadbeam riometer
data from South Pole, Antarctica, and its nominally conjugate
point Iqaluit, Canada, for a nightside auroral event. The field
of view of the broadbeam antenna covers a circular area of 50-
kilometer radius at approximately 100 kilometers in height.
The data show absorption of as much as I decibel at Iqaluit
but a negligible amount at South Pole. The information that
can be extracted from this kind of data is limited, however,
For example, the absence of corresponding absorption at South
Pole might mean that the event is limited to one hemisphere
only. On the other hand, at South Pole absorption might be
occurring just outside the field of view of the riometer.

These two possibilities have different implications in regard
to the meaning of auroral conjugacy. The IRIS data offered a
means to investigate these questions. Figure 2 illustrates the
IRIS data for the time period of figure 1. Even though the
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Figure 1. Riometer data from South Pole Station, Antarctica, and Iqaluit, Canada. Local magnetic midnight is at 0330 universal time. (DOY
denotes day of year. MHz denotes megahertz. dB denotes decibel.)
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