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ABSTRACT
Comparison of the wavelength dependence of interstellar polarization with that observed in reflection nebulae appears

to rule out metallic and purely graphitic grains for the general interstellar medium. The observations on reflection nebulae
are best explained with composite grains that have an absorptive nucleus of diameter 0.05 ft. and an icy shell of diameter 0.3 it.
The visual albedo of the grains is near 0.5 and the asymmetry factor 0.6. Because of this asymmetry, reflection nebulae gen
erally are not observable if the star is in front of the nebula. NGC 7023 has 4 X 10"10 grains/cm3 and the visual optical
depth within the nebula is only 0.2.

1. Introduction

MARTEL (1958) made extensive observations ofthe polarization of reflection nebulae, and she
has given a detailed bibliography. Vanysek and SvatoS
(1964) and Roark (1966) have added new photometric
studies. Elvius and Hall (1966) reported polarimetric
as well as photometric observations. They found the
amount of polarization in three reflection nebulae to
increase, linearly and fairly steeply, with increasing
wavelength. Their conclusion is used in this paper in a
combination with the generally observed wavelength
dependence of interstellar polarization.

Section II describes the observational results,
including those of Elvius and Hall. The Mie calculations
of Herman and Browning are described in Sec. Ill,
and they are compared with the observations in Sec.
IV. The Mie theory is for spherical particles, but
recent experiments (Powell et al. 1966) indicate that
the optical character of polydisperse, randomly aligned
particles is not a sensitive function of particle shape.
Most of the calculations in this paper are for single
sizes, but a test case of size distributions is in Sec. V.
The variation of the refractive index with wavelength
has not been taken into account; the effect does not
appear large enough to affect the conclusions of this
paper. NGC 7023 is considered in Sees. VI and VII
with the assumption of a uniform spherical reflection
nebula with HD 200775 at its center, and an approxi
mate knowledge (±20%) of the distance is needed.
The optical depth within NGC 7023 is found from the

Table I. Particle diameters y. obtained from fitting the theory
to observations of interstellar polarization and reddening.

Refractive Diameter 2a, from interstellar
i n d e x m p o l a r i z a t i o n r e d d e n i n g

1.25
1.25-0.10*
1.50
1.50-0.10*
1.50-0.25*
1.41-1.41*

0.49
0.31
0.28
0.20
0.16
0.05

0.70
0.35
0.32
0.07

scattering efficiency of the grains and from the observed
brightness ratio of nebula and illuminating star; the
interstellar extinction is thereby taken into account. In
Sec. V11I we return to the interstellar grains in general,
with a discussion of grain parameters and radiation
pressure. This paper is primarily a reconnaissance of
observational requirements and of techniques of inter
pretation, to be followed by improved work on reflection
nebulae and interstellar polarization.

2. Observations
Table I reproduces the result of Paper II (Gehrels

1960a) in this series. The wavelength dependence of the
interstellar polarization was compared with calcu
lations by Mrs. E. v. P. Smith for perpendicular
incidence on long cylinders; the resulting particle
diameters are in Table I. The work on the interstellar
polarization since then (for instance, see Coyne and
Gehrels 1966) has confirmed these conclusions; there
are differences from star to star but the general con
clusion is well summarized in Table I. The observations
on the wavelength dependence on reflection nebulae
have been reported (Gehrels 1960b; also see Greenberg
1967), but the detailed comparison with the Mie
theory is in this paper.

Table II. Observations in NGC 7023.

Object
Date UT
Aug. 1959 1/A P W) 0 (deg)

* Reprinted from the Ast. J., Vol. 72, No. 5, June, 1967,
with permission.

£-38"

NE-3U'

N-3S"

Central
star

(1.82
[2.78
1.20
1.82
2.78

1.20
1.82
2.78

fl.82
12.78

8.5±0.9
4.0

20.5
16.0
10.1

21.6
19.2
13.6

0.92±0.07
0.85

150
143

130
134
123

86
87
91

89
84






















