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MEASUREMENT OF SKY NOISE TEMPERATURE AT
THE FREQUENCIES OF 16 GHz AND 35 GHz

By
Yuichi OTSU

An experiment on the 16 GHz and 35GHz radiometer for use in the ATS-V Millimeter Wave
Experiment was carried out at Goddard Space Flight Center (Greenbelt, Maryland, U.S. A.) during
June and July, 1969, in order to estimate the antenna and feeder loss, which caused an apparent in-
crease in antenna temperature, and to measure the sky noise temperature under various atmospheric
conditions.

For the purpose of estimating the apparent increase in temperature for both radiometers, a clear
sky was used for black body radiation, By the above method, the expected sky noise temperature
was calculated from the equations in the paper by Altshuler and Wulfsberg, ¢ and the apparent
increase in temperature due to the antenna and its feeder loss was obtained by the average difference
between the measured and expected temperature,

The average apparent increases in temperature due to the antennae and their feeder losses were
35°K for 16 GHz and 24°K for 35 GHz radiometers,

Comparison between one-point rainfall rate at the receiving site and increase in temperature showed
better correlations in case of the rainfall rate under about 10 mm/h, but did not show good correla-
tions in case of rain like showers,

The level fluctuation within 10 minutes due to cloud movement is called “cloud scintillation” in
this case. The scintillation number is defined as the number of times of crossing the average level
at ten-minute interval on the recorder. Scintillation number “one” keeps most of the cloud scintil-
lation as its remarkable characteristics,. The average scintillation numbers are 2 for 16 GHz and 3

for 35GHz, and the average increases in temperature due to cloud within the period of measurement
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are 6; 2°K for 16 GHz and 14.6°K for 35GHz. This value for the 35 GHz radiometer lies nearly in
the mzdium value of incr2as: in tempzrature due to cloud measured by Wulfsberg®,

Lastly, the calculations of changs in th=2 sky nois® tzmpzrature under various weather conditions
were made by the use of the standard atmospheric models, On clear days, the sky noise temperature
changes as follows: according to the equations of Shulkin, () the sky noise temperature changes
from 3° to 9°K at 15GHz and from 13° to 27°K at 35 GHz when the ground humidity and ground
temperature change from 20 to 100 percent and from 288°K to 308°K respectively. (Calculations were
made at 15 GHz instead of 16 GHz. Any difference hardly existed.) Calculations on the same
weather conditions were fulfilled through the equations of Bean and Dutton. @ A slight difference
is found between the two formulae (Shulkin’s, and Bean and Dutton’s equations) when water vapor
content is very small. That is caused by the difference in the coefficient of oxygen attenuation in
the both equations.

When cloud comes into the beam of the antenna, the sky noise temperature of 35 GHz radiometer
changes remarkably according to the water content of the cloud. For example, the sky noise tem-
perature of 15 GHz changes from 7° to 23°K, but that of 35 GHz changes from 15° to 68°K when
the water content changes from zero to one gram/m3,

When it is rainy and the rainfall rate is changing from 2 mm/h to 10 mm/h (assuming the cloud
water content to be 1gram/m3), the sky noise temperature of 15 GHz changes from about 20°K to
50°K, and that of 35 GHz ghanges from about 40°K to 170°K.  The calculated value for 4 mm/h is

coincident with the experimental value by Wulfsberg®. Several problems in the radiometer expe-

riment are discussed later in the Appendices.
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Rain Atfenuation. | 0.0074 R1-31 | 0.045 R1-14 0.12 R1.05 0.22 R1.00
Water (0°C) M 8.58x10-2M | 26.7x10-2M | 53.2x10-2M 99x10-2 M
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