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ABSTRACT
Under a NASA contract, a compact automatic polarimeter was developed as a pilot model for lunar and planetary mis

sions by spacecraft. The polarimeter simultaneously analyzes linearly polarized light into four intensities from which the
Stokes parameters I, Q, and U can be determined. The measurements are made automatically by an electronic observation
sequencer and an automatic gain selector. Five wavelength bands between 1900 A and 6000 A can be used, and each measurement is calibrated automatically. The successful operation during three high altitude balloon flights indicates that the design
is sound, and that with modifications for rocket vibration it can be used in space missions. The feature of making simul
taneous measurements makes it particularly useful on planetary scans with fly-by probes. Preliminary results on the wave
length dependence of the polarization of the whole lunar disk, obtained ground-based, between 2850 A and 5100 A arc presented.

1. Introduction
Under a contract for the "Development and Testing

of a Photopolarimeter for Space Vehicles", an auto
matic instrument was designed and constructed as a
pilot model for scans of planetary disks on fly-by mis
sions such as Mariner and Voyager. It would also be
useful for lunar surface studies by Apollo.

The need for a small portable polarimeter for un
manned and manned space missions has been discussed.1
The advantages of being able to do polarimetry from
space vehicles are that a large range of phase angles is
possible, and that individual areas of a planetary surface
can be investigated.

As a means of testing the design in severe and chang
ing environments, the polarimeter has been operated in
several environmental chambers. It has also made
three high altitude (35-km) nighttime and daytime
balloon flights. Telemetry records show that the in
strument performed nearly flawlessly on all three flights.
Tests during the development and actual flights were
important in testing components for the Polariscope
balloon program.1

Between balloon flights, the instrument is used in a
program in which the polarization-phase curve of the
whole moon is observed during a complete lunation over
a range of wavelengths 3200-G000 A.

2. Design Specifications
The design specifications for space flight hardware arc

closely approximated by those for balloon-borne equip-

♦Reprinted with permission from Appl. Opt., Vol. 6, page
1121, June 1967. Copyright 1967 by the Optical Society of
America.

ment. The obvious difference is that space flight equip
ment must be able to withstand severe vibration and
shock and high vacuum. The polarimeter does with
stand the parachute opening and landing shocks (~7 G)
without damage. The limitations on weight, size,
severe temperature profile, low ambient pressure, mini
mum number of ground commands, and low power con
sumption were observed as much as possible in this pilot
model. Advantages of speed, simultaneity of measure
ments, and the redundancy available are discussed in
Sees. Ill and VI.

The chassis was constructed mostly of magnesium,
and the present model weighs a total of 17 kg. Existing
electronic components were used, thus enabling the de-
sign-to-hardwarc-stage time to be short. In a space
flight version the electronic module cans will be replaced
by integrated circuit logic, thus reducing the weight and
size of the instrument. The size is now 57 cm X 32 cm
X 17 cm with 15-cm long telescope tubes. It is esti
mated that the volume could be reduced to one-third
with microminiature electronics.

The temperature range over which the instrument is
tested is from -|-40oC to -70°C. The altitude range is
from sea level to 40 km. No difficulties^n the perfor
mance of the polarimeter are encountered between these
environmental extremes. The ceiling pressure is not
too important for problems such as outgassing and vac
uum welding, which are of concern in the high vacuum
of space; but it is critical for the possibility of coronal
discharge from voltages greater than 200 V. In fact,
many of the eight or so environmental tests during the
developmental stages showed corona problems from
either the high voltage supplies or the photomultiplier
tubes.
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