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Anisotropy measurements of the cosmic microwave back-
ground radiation (CMBR) provide a critical test for cosmological
theories and have been placing ever greater constraints on theo-
ries of large-scale structure formation in the universe. Recently,
significant levels of anisotropy have been found in the large
angular scale measurements from the Cosmic Background Ex-
plorer (COBE) satellite's differential microwave radiometer
(DMR) experiment (Smoot et al. 1992). Measurements at smaller
angular scales are of special interest since they provide a probe of
large-scale structures that could have formed inside the horizon
size of the universe at the time of decoupling, roughly a few
hundred thousand years after the Big Bang. Figure 1 shows the
recent upper limits on CMBR anisotropies, including our 1988-
1989 and 1990-1991 South Pole results, and the COBE DMR
detection.

During the austral summer of 1990-1991 we took three instru-
ments to the South Pole Station to study anisotropy in the CMBR.
These three instruments were designed to measure anisotropies
in the CMBR at seven different frequencies, ranging from 15
gigahertz (GHz) to 90 GHz, and at 3 different angular scales
ranging from 30 minutes to 10 degrees. The most sensitive data
has come from the four channel homodyne receiver, shown in
figure 2, which incorporates an ultralow noise High Electron
Mobility Transistor (HEMT) for direct amplification of the CMBR
between 25 and 35GHz (8-12 millimeters). The HEMT amplifier
is cooled to 6K in a 4He cryostat and operates with a receiver noise
temperature of 30 K. The signal is detected full band and is also
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Figure 1. Gaussian autocorrelation limits on anisotropy in the
Cosmic Microwave Background Radiation and the COBE detection.
(1) Gaier at al. South Pole 1990-1991 (2) Readhead at al. 1989 (3)
Meinhoid and Lubin, South Pole 1988-1989 (4) Meyer, Chang, and
Page 1991 (5) Smoot et al. 1992.

split into four 2.5 GHz bands using an array of circulators and
bandpass filters. This type of multifrequency measurement is
necessary in order to discriminate between intrinsic CMBR fluc-
tuations and confusing foreground sources.

This receiver was coupled to the Advanced Cosmic Micro-
wave Explorer (ACME) platform, which is a 1-meter, off-axis
Gregorian telescope with a nutating elliptical secondary capable
of arc minute stabilization (Meinhold et al. 1991). The nutating
secondary moves the microwave beam back and forth on the
primary creating a sinusoidally chopped beam response on the
sky. The total power measured in one beam position is then
subtracted from the measured power in the other beam position
and the difference is then integrated over a complete nutation
cycle. When the 25-35 GHz system is in place on ACME, the beam
width ranges between 1.3 degrees and 1.8 degrees at full width at
half maximum (FWHM). The beam throw of the nutating ellip-
tical secondary was 2.1 degrees on the sky. We observed for 500
hours between 16 December 1990 and 12 January 1991. From this
500 hours of data, 250 hours were considered usable. Much of the
unusable data was removed due to weather /atmosphere or other
systematic cuts that we implemented. During the 250 hours we
performed sun scans, to check our beam, moon scans to check the
calibration, galaxy scans to characterize galactic emission, zenith
scans to characterize the atmosphere, and a variety of overlap-
ping, deep CMBR scans to measure anisotropies.
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Figure 2. Schematic of the 25-35 gigahertz HEMT receiver.
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The network of deep CMBR scans consisted of a raster scan of
9 positions in azimuth, each position separated by 2.1 degrees on
the sky, repeated at six elevations, each separated by 45 minutes
in declination. In addition, we performed an overlapping 13-
point scan in azimuth at the lowest declination and an overlap-
ping 15-point scan in azimuth at the second to highest declina-
tion. Each of these eight scans in azimuth obtained data with
error bars less than 50 microkelvin (tK) per channel and two of
the scans have error bars between 20 and 30 iK per channel. This
compares to our 1988-1989 South Pole data, which had a single
channel and a single scan with 50 tK error bars and compares to
COBE's DMR which has obtained 50 .tK error bars in its most
sensitive pixels for its 53 GHz channel. The 1990-1991 measure-
ments represent the most sensitive measurements of CMBR
anisotropy to date.

The data from one of the elevations in the nine point raster
scan has been analyzed in detail, as shown in figure 3. The lower
frequencies have strong detections present, while the higher
frequencies do not. This type of spectrum is not indicative of
CMBR fluctuations. The 32.5-35 GHz channel imply a 95 percent
confidence upper limit of LT/T !^ 1.4 x 10 for gaussian fluctua-
tions in the CMBR, shown in figure 1. This represents a factor of
7 improvement over previous limits at the angular scale O = 1.2'
(Timbie and Wilkinson 1990). The details of the analysis are
presented in Gaier et al. 1992. Work is proceeding on the analysis
of the rest of the raster scan region and the adjoining larger 13 and
15 point scans.
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