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Preliminary results are described of a program of polarimetry and photometry. Astronomical telescopes
and a differential polarimeter are used with calibration by a Lyot depolarizer. The wide-band filters
have effective wavelengths between 3250 A and 9900 A. The problems of instrumental polarization and
depolarization are discussed; most of the instrumental effects can be avoided by proper aluminization of
the telescope mirrors. The multiple molecular scattering of the sunlit sky and of the poles of Jupiter
is closely represented by the Rayleigh-Chandrasekhar theory; the optical depth at the Jovian poles is
0.4-0.8. The same particle sizes that explain the interstellar reddening, 0.05-0.3 p, are found from the
interstellar polarization. Strong polarization-wavelength dependence is found for Venus and for lunar
regions, but the detailed explanations require extension of the wavelength range. The range of wave
lengths will be extended by using high-altitude balloons and spacecraft.

1. Introduction
The primary purpose of this study is to compare the

particles that are between the planets with those be
tween the stars. The sizes of these particles probably
are near the wavelength of light, and the polarization
of the light scattered by such particles is strongly wave
length-dependent (see ref. 1, pp. 152-153). Polari
metry over a wide range of wavelengths may therefore
yield many parameters from which to study the particle
size and refractive index. Colors are also determined, in
addition to the amount and the orientation of plane-
polarization. No measurements have as yet been made
to distinguish elliptical polarization.

Strong wavelength dependence of the polarization
was discovered on Venus and other astronomical ob
jects. Apparently only little is known to date about
the dispersion of polarization; the available references
are given in the last paragraph of Section III. The
present paper contains a summary of our results (the
details are being published2-6), and of preparations for
future work in order to extend the range of wavelengths.

II. Instrumentation
Techniques of polarization measurements have been

discussed in a chapter by Hiltner,8 who built and
tested a two-beam polarimeter in 1951. Our photo-
meter/polarimeter was assembled in 1958, and the equip
ment and reduction method have been described in de-
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tail.7 A Wollaston-type prism, with two photomulti-
pliers following it, is successively set at six or seven
position angles. At each angle a pair of integrations is
made with and without a Lyot depolarizer inserted in
the incoming beam; thus a nearly simultaneous cali
bration is obtained. Lyot depolarizers have been de
scribed8-10; they consist of two quartz disks, with
thicknesses e and 2e, cut parallel to the optical axis;
the two disks are put together with 45° between the
axes.

Because of close calibration and simultaneous obser
vation of both polarization planes, the measurements
are not affected by flexure of the telescope and polari
meter, or by thin clouds and poor seeing (provided the
seeing disk is smaller than the photometer diaphragm).
When the objects are bright enough so that there are no
statistical problems with dark current, the precision of
the published results is with probable error ±0.07%,
or ±0.0015 mag. (The percentage polarization being
defined by P = 100 (It — h)/(h + 12), or in astronomi
cal magnitudes p = 2.5 logi0(/i//2) ^ P/46.05; h and
J2 are the intensities of electric-vector maximum and
minimum, respectively.) A paper has been published3
giving the details of the determination of the precision.
The precision in a program on Venus is ±0.055%.

The reductions for each position angle, /i» of the
Wollaston prism are made with a simple least-squares
solution of

cos2M (o cos2b) + sin2M (o sin26) = f(m),

where f(m) is a function of the tube outputs, a is the
amount of plane polarization, and 0 is the position angle
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