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Introduction

With few exceptions, measurements of cometary brightness and

polarization have been restricted to regions in or near the coma and

therefore to a relatively small range of phase angles. Photoelectric

techniques are required for detailed wavelength coverage, whereas

large-field photographic techniques are better suited for mapping

the large regions of sky spanned by a comet tail. Observations

with a small field of view provide high spatial resolution but

generally restrict multicolor measurements of brightness and polari-

zation to* a small region of the comet. Observations with a large

field of view (diameter larger than 1 or 2 deg) provide adequate

color and spatial coverage but can result in the loss of detail.

A compromise is afforded by Fabry photometry, using a modest telescope

of small aperture and relatively large field of view. This method

(Fabry 1910, 19^3) has been used successfully in photoelectric

studies of the light of the night sky (Roach and Pettit 1951;

St Amand 1955j Weinberg 196Ua; and others) but does not appear to

have been used in the study of comets. In this paper we describe

post-perihelion measurements of Comet 1965 VIII made on four nights

in October-November 1965 using a Fabry photometer atop 3052m Mt.

Haleakala, Hawaii, and present detailed results of observations at 53OOA

on October 29, 1965.
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Instrmnentation and Observing Procedures

From October 1961 to May 1962 a one-color photoelectric

polarimeter was used at Mt. Haleakala to measure the brightness and

polarization at 53OOA of the light of the night sky (zodiacal light,

starlight, airglow; Weinberg 196^a). Observations were continued

until October 196k when the instrument was modified for use in a new

night-sky observatory established to provide data on the light of the

night sky at line and continuum wavelengths from the visible to the

near infrared. Mechanical and electronic changes were made to the

polarimeter, including provision for observing at one or more wave-

lengths. A versatile alt-azimuth mounting and programmable control

system made it possible to use automatic, manual, or mixed observing

routines, with provision for varying color, scanning rate, directions

and position on the sky, and shutter open/closed times. This

instrument and facility was used to map brightness and polarization

in the tail of Comet 1965 VIII on four nights between October 29 and

November U, 1965-

The photometer utilized a coupled rotating polaroid-half wave

synchronous detector to measure the surface brightness (radiance) of

the total and polarized components and the plane of polarization*

The field of view was defined by a variable-aperture diaphragm in the

focal plane of a lUcm achromatic doublet. A 2.9 deg diameter field

was used for observations of the comet and of the light of the night

*Also referred to as orientation of the plane of polarization or
direction of polarization or azimuth of vibration (Clarke
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sky during the same period. A field lens was used to focus an image

of the objective on the S-ll cathode of a DuMont 6291 photomultiplier

selected for high signal-to-noise ratio. Wavelength discrimination

was provided by sequential observation with narrow-band interference

filters (Table l) which were placed in the partially-collimated beam

defined by the equal curvature negative and positive lenses of a

Ross zero corrector (St. Amand 1955)-

The measured quantities were the total brightness (B ), the
tot

polarized brightness (B ), and the plane of polarization ( X ) .

B was obtained by calibration with a pile-of-plates polarizer

(Weinberg 196kb) and a diffuse, unpolarized standard source. This

polarizer also permitted a calibration of X and made it possible to

evaluate instrumental polarization. B and B are equivalent to
tot pol

the Stokes parameters I (= I + I ) and Q (= I - Ip)> where I and

I are orthogonal components of brightness having their electric

vectors perpendicular and parallel, respectively, to the scattering

plane X and Q define the Stokes parameter U (= Q tan 2% ) The

degree of polarization, p, is that fraction of the total light that

is polarized; i.e , B _/B^ . By convention, B _, and p are

pol tot pol

negative when the electric vector is parallel to the scattering plane.

Observations of the tail of Comet 1965 VIII were obtained on

October 28 and 29 and November 2 and h, 1965• At other times on

these nights, and on other nights during this period, observations

of the light of the night sky and of atmospheric extinction were

made with the same instrument. All observations were made by94
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scanning in azimuth over a region of sky that included the comet as

seen ("broadened) in the instrument system. Two methods were used to

map the tail of the comet:

1. By scanning slowly (generally 0.5 deg/sec) back and forth in
azimuth at a fixed altitude (elevation). This method was used
for multicolor observations; e-g., a clockwise (CW) scan would be
made at one color, the return (counterclockwise or CCW) scan
would be made at another color, etc until all filters were used,
after which the cycle would repeat. In this way, multicolor
observations were obtained both along and across the tail of
the comet as the comet moved up through the chosen elevation
(10 or 20 deg) in the early morning sky.

2. By step-scanning. This method was used for single color or
multicolor observations; e.g., a CW scan would be made at one
elevation with one color, the instrument would increase elevation
by 1 deg and would scan CCW with the same filter or with another
filter, etc. until the entire region of sky containing the comet
was observed. This method of scanning provided more information
across the tail of the comet and made it possible to map the
entire tail more frequently.

TABLE 1

Interference Filter Characteristics

Color, Central Bandwidth at 1/2
Nominal, A Wavelength*, A peak Transmission*, A

1+355
1*760 1+753 10.1+
5080 . 5077 • • 30.0
5300 5302 30.0
51+50 . 5^1 19-0
5577 ... -. 5575-5 10.8
5577 5576.3 5-7
5750 57^5 23.6

*At center of filter, 1.7°C.
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The Observations

To show the relative positions and brightnesses of the comet and

of the main cone of the zodiacal light, we show in Figure 1 the total

night sky brightness and plane of polarization obtained on October 30,

1965 by scanning part of the morning easterly sky in azimuth at

2.5 deg/sec The main cone of zodiacal light has a maximum

brightness near the ecliptic at azimuth 95 <ieg and

Comet 1965 VIII can be seen near azimuth 112 deg. In these regions

(ecliptic elongation between 32-5 and 33*9 deg) the plane of polari-

zation varied smoothly with the electric vector having the same

direction for the zodiacal light and for the comet; i.e-, perpendicular

to the scattering plane The ecliptic was inclined only 2 deg with

respect to the vertical when these observations were made- The comet

was ideally positioned with respect to the main cone of the zodiacal

light, and the separation of the comet from the smoothly varying

total brightness is readily accomplished.

Measurements at 53OOA on October 29.60 UT illustrate one method

for delineating detail on the comet. Measurements were made by

scanning at 0.5 deg/sec over a 9 X 20 deg section of the sky con-

taining the comet: in azimuth, from 105 to llU deg (90 = east),

and in elevation, from 0 (horizon)* to 20 deg in steps of 1.0 deg.

Figure 2 shows the total brightness of background plus comet for

elevations 2 to 20 deg as seen at the base of the atmosphere- This

*The Observatory has a depressed horizon of 1.8 deg.
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set of observations began at 1^32 and ended at lUUl UT on October

29, with the comet nucleus 5«3 deg below the horizon at the start

of the 2 deg elevation scan. A photograph of Comet 19-65 VIII taken

one day earlier by members of the Haleakala Station of the Smithsonian

Astrophysical Observatory was modified by a translation and a rotation

to illustrate (Figure 3) the relative positions of the comet and of

this set of observations and to compare the photographic appearance

of the comet with the way it appeared in the instrument system.

The comet aspect is shown for 1^35 UT, which corresponds to its

position at the end of the 6 deg elevation scan. The comet, horizon

(solid line), and scans (even-numbered elevations from 2 through 10)

are correct as shown; star positions are not. The width of the comet

tail as recorded by the polarimeter is a result of our scanning in

azimuth across the tail with a 2,9 deg Fabry field of view. The field

is uniform and permits resolution of detail smaller than the field size

Figure k shows the brightness of the polarized component for

the same times and in the same region of sky shown in Figure 2 Of

particular interest is the change in polarization near 7 deg

elevation (approximately 12 deg from the nucleus). Since the back-

ground (primarily zodiacal light in this region) and comet radiations

are independent, their Stokes parameters are additive. The polari-

zation of zodiacal light throughout this region is "positive"; i.e.,

the electric vector is perpendicular to the scattering plane. Only

negative polarization at distances greater than 12 degrees from the

nucleus can produce the observed net decrease in total polarization

99
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Fig. 3. Comet 1965 VIII aspect at Haleakala together with observed
' ' brightnesses for even-numbered-elevations'- from 2 -through '10:

degrees; 1^35 UT on 29 October 1965 -
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in the direction of the comet tail. This is further illustrated by

measurements of the total plane of polarization, X (Figure 5)« At

elevations 2 through 6 deg, X is the same for the comet and for the

zodiacal light: the electric vector is perpendicular to the scattering

plane (see, also, Figure l). At elevations 7 and 8 deg the comet

polarization is very small and X is essentially that of the zodiacal

light. The fluctuations in X between 9 and 11 deg are a result of

the small total polarized brightness in the direction of the tail axis

of the comet. There is no reversal in the total polarized brightness,

meaning that the polarized brightness' of the zodiacal light exceeds

the absolute value of the polarized brightness of the comet throughout

the region of its negative polarization. The polarized brightness

of the comet is still evident at elevation 15 to 16 deg, whereas

its total brightness is difficult to discern beyond 13 deg.

As noted earlier, the separation of the total brightness of the

comet from the background is readily accomplished. The irregular

variation of the background polarization (Figure h) makes separation

of the polarized brightness of the comet somewhat more difficult.

Since the planes of polarization of the comet and of the background

were either perpendicular or parallel, it was possible to separate

directly the comet polarization ( X and B ) from the total. The

separation of the comet's brightness, B , from the total does not
tot

depend on the planes of polarization. One method used to separate

the comet radiation from the background light of the night sky is

illustrated by the solid lines shown in Figure 2 (2 deg) and Figure k
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(3 cleg) A similar method was used with the raw data recorded at the

output of the synchronous detector. The two methods gave equivalent

results. Although the total and polarized brightnesses of the comet

were visible at elevation 1 deg, they were difficult to separate from

the background except near the tail axis. At elevation 0 deg the comet

was not visible above the background light of the night sky.

Brightnesses measured in the instrument system were converted

to absolute units by reference to a C1^-activated phosphor source

calibrated at the Fritz Peak Observatory Photometry Laboratory

(Blacker and Gadsden 19-67) "with an estimated accuracy of - 20%

(Gadsden 196T)» Conversion to the equivalent number of 10th

magnitude (visual) stars of solar color per square degree, S-.n(vis)

units*, is based on Johnson's (195^) solar spectral irradiance and

on an apparent solar visual magnitude of -26.73. A further comparison

of calibration standards combined with the use of bright stars should

improve the accuracy of the calibration to t 8 to 10$.

Temperature effects, linearity, and instrument reproducibility

were evaluated and the last was checked frequently. A measure of

the precision of the observations is given by the dispersion of the

measurements in regions where the observations changed only slowly

over the sky: standard deviations in X from t. 0-9 (B between
pol

36 and 1+5 Snn(vis)) to ± 2.0 deg (B , between 18 and 28 S (vis)),
LU pol 1U

*1 S1Q(vis) = 1. 30 x 10" ergs/sec c m 2 ster A = 4. 54 x 10" 1 6 B

at 5300A.
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i 1.3 to 1 1.5 S,n(vis) for B _, , and ± 1.5 Sin(vis) for B, , .
-LU pol -LV %OX>

In calibrations and fixed position observations the precision is

better. For the levels of total and polarized light measured here

by scanning, the precision in degree of polarization, p, is typically

i .01. For fixed position observations at these same levels, the

precision is typically - .005.

Corrections for Atmospheric Extinction and Field of View

Two corrections are required to derive the intrinsic brightness,

polarization, and extent of the tail of the comet:

1. Corrections for the diluted brightness observed when the comet
does not fill the field of view.

2- Corrections for the effects of atmospheric extinction and
scattering.

After the comet brightnesses were separated from the background,

they were multiplied by the ratio of the area of the effective (equal

area) field of view (2.6 deg diameter) to the area of the portion of

the tail contained in the field. For instantaneous fields of view

centered on the tail axis, this factor was 1.77

In observations of the light of the night sky it is generally

assumed that the effects of atmospheric extinction and of light

scattered into and out of the field of view can be accounted for

separately. In this study we neglect atmospheric scattering and

treat the comet tail as a point source even though it appears as

an extended source when scanned in the instrument system. It is

assumed that the atmospheric attenuation can be characterized by the
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product of a coefficient (extinction), ^ , that is wavelength dependent and

characteristic of the atmosphere as a whole and a path length (air mass), m. ,
n

which is dependent on elevation h. Multiplying the absolute values of total

brightness (B ) and polarized brightness (B ) by eT\m then corrects the

values to "outside the atmosphere".

The atmospheric attenuation of bright stars at 5300A was measured with

the polarimeter on 6 nights between October 25 and November 1; The ex-

tinction coefficient, T 5300, derived for the night of October 28/29, 1965 is

. 157± .003 (s.d.) per atmosphere, referred to sea level. Combining the

sea level air mass of Bemporad (Bemporad 1907; Schoenberg 1929) with the

reduced air mass (0. 690) for Mt. Haleakala's height of 3052m above sea

level gives extinction factors e mranging from 18. 60 to 1. 606 for elevations

1 to 13 deg.

At small elevations it is necessary to take account of the variation of

extinction over the field of view. Figure 6 shows instantaneous fields of

view centered on the tail axis for elevations 1 and 2 degrees and the large

changes in air mass and extinction factor over each field of view- An

effective extinction factor was derived by summing the products of eTmand

area of the comet for 26 0.1 deg segments contained within the 2. 6 deg

diameter effective field of view The effective extinction factor was used for

elevations < 6 deg. For elevations > 6 deg, the difference between the center

and effective extinction factors is less than 1 per cent and the center value

was used.
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The data cannot be transformed at this point into brightness

versus phase angle except along the tail axis where the integrated

results are the same in the instrument system and in the comet system.

In a subsequent analysis, fields of view off the tail axis will be used

in an attempt to derive the variation of brightness and polarization

over the field of view (in azimuth and elevation) and, therefore, the

intrinsic brightness and polarization of the comet with phase angle

throughout the tail.

Integrated Brightness and Polarization of Comet 1965 VIII

A comparison of Figures 2 and k shows that the rapid decrease

in total brightness with elevation (distance from the nucleus) is

not reflected in the rate of decrease of the polarized brightness,

and the comet is visible in polarized light several degrees further

than in total light. This effect is easily seen even in strip

chart recordings of nightglow plus comet.

At each elevation the azimuth corresponding to the tail axis

was determined from the shape of the total brightness distribution

near the maximum. Phase angles were determined for epoch of date

using ephemeris elements given by Cunningham (1965) and Roemer (1966)

Figure 7 and Table 2 give the integrated brightness and polarization

along the tail axis The error bars in Figure 7 show the maximum

effect on p of uncertainties in separating the comet brightnesses
comet

(B , , B ) from the background; the points correspond to the

most probable values for the background. The + .01 precision in
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TABLE 2

Comet 1965 VIII, 1965 October 29-60 UT; Tail Axis Data, 53OO&

Elevation
(cleg)

1
2
3
1+
5
6
7
8
9

10
11
12
13

Phase
Angle
(cleg)

6k.0
62.1+
60.7
59 0
57.8
56.U
5^-9
53.1
51-1*
1*9-7
Vj\9
1+6.1
1+1+.3

Total
Brightness
(S10(vis))

6099
5302
1+762
1+318
3566
2876
2058
I658
1381+

972
677
*U5
267

Polarized
Brightness
(S10(vis))

121+9
Hl+2

991
886
5U2
32l+

ll+
-116
-221
-217
-221
-163
-113

Degree of
Polarization

.205

.215

.208

.205

.151

.113

.007
- .070
- .159
- . 2 2 1 +
- . 328
- .392
-.1+22

p noted earlier adds -00l+ to .007 to the errors at elevations

2 through 10 deg and .001 to the errors at other elevations.

The electric vector was found to be perpendicular to the

scattering plane for phase angles between 61+.0 and 5*+«9 cleg and

parallel to the scattering plane for all smaller phase angles. This

result contrasts with the photographic observations of Matyagin, et al

(1968) who found the electric vector everywhere perpendicular to the

scattering plane

The different rates of decrease of B and of B result in
pol tot

a degree of polarization beyond elevation 2 deg which changes mono-

tonically with distance from the nucleus (with decreasing phase angle)
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At each elevation the degree of polarization shows considerable

structure, especially off the tail axis and in regions beyond the

neutral point After completing studies relating the comet and

instrument systems in off-axis regions, ve will examine the appearance

of these features at other wavelengths and at 53OOA at other times

and their possible correspondence with the wave-like structures

seen in photographs of Comet I965 VIII.

The different rates of change in the total and polarized brightnesses

on either side of elevation h deg (phase angle 59-0 deg) are consistent

with the distribution of brightness seen in photographs of Comet 1965 VIII

Other results:

1. In an analysis of all data on the neutral point we found:
the neutral point phase angle decreased with time* for each
wavelength, the rate of decrease was less at the longer
wavelengths, and the phase angle of the neutral point
changed from decreasing with wavelength on October 29 to
increasing with wavelength by November 2.

2. The comet was not visible in total or in polarized light
with the 5 7A filter at 5577-̂ . A faint enhancement seen
with the 10.8A filter at 5577$. can be explained by the
increased amount of continuum radiation passed by the
broader filter.

3. In a preliminary analysis of morning zodiacal light
observations on 8 nights between 5/6 October and 3 A
November, no changes were found that could be attributed
to the presence of the newly injected cometary material.

The only other published observations of Comet I965 VIII far

from the nucleus that we are aware of are those of Matyagin, et al.

(1968) referred to earlier. The following results were obtained from

*Sekanina (1975) finds that the neutral point appears to follow the
motion of the peculiar wave-like structures in the tail
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their photographic observations of polarization using two instruments

on 2 November 19-65:

1. The polarization was found to be very high, with values of
p far from the nucleus as large as .82 measured with a
Meniscus Astrograph and .56 measured with a Schmidt camera.

2. The degree of polarization did not increase monotonically
with distance from the nucleus, and it seemed to exhibit
"waves" which were observed with both instruments.

Their data suggest that the wave front was normal to the tail axis.

Although structure was observed at each elevation in the Haleakala

observations, the values of p at each elevation were distinctly

separated from the values at any other elevation and they increased

monotonically with distance from the nucleus.

3. The electric vector was found to be everywhere perpendicular
to the scattering plane "to within the errors"

Multicolor observations at Haleakala on 2 November 1965 covered the

same regions of the tail observed by Matyagin and his colleagues.

Polarization reversal was observed at all colors, including 1+355-&

which is close to the approximate effective wavelength of their

photographic data.

The authors state that their observations, obtained in the

same regions with different instruments and reduced by different

methods, "agree well with each other". Yet even a cursory examination

of the data tabulated in their paper shows large, systematic

differences in the direction and in the degree of polarization

obtained in the same regions of the tail with the two instruments and

large differences in adjacent observations with the same instrument.
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Matyagin, et al. state that the sky "background density was determined

"by graphical interpolation. If they did not also correct for the sky

background polarization, one could explain the large variations in p

observed by them in the direction of the comet, especially at large

distances from the nucleus, and their failure to detect negative

polarization associated with the comet.

Discussion

The correspondence between the plane of polarization, X ,
comet

and the scattering plane (standard deviation ± 2.h deg) precludes

particle alignment (Harwit and Vanysek 1971; Clarke 1971) as a

significant contributor to the polarization in the tail of Comet I965 VIII

As noted by a number of authors (Swings 19&3; Donn, et al 19^7;

Vanysek 1970; and others), multicolor observations of brightness and

polarization over a range of scattering angles are required to

determine the nature of dust grains in the heads and tails of comets.

A review of published model calculations that the authors were aware

of and of unpublished results made available by M. S. Hanner and by

B. Donn shows no model having the features of the observed degree

of polarization:

1. The rapid change with phase angle
2. The presence of a neutral point near phase angle 5U.8 deg.
3. The large range in p (from +.215 to ~.U22).
k. The large amount of negative polarization.
5. The turnover at larger phase angles.

Model calculations of the total and polarized brightnesses of comet

tails are few in number; they require as added input the numbers
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of particles and their spatial distribution.

At the scattering angles observed here, Mie scattering may

provide information on the properties of the dust grains if they are

nearly spherical. Calculations were carried out using a Mie

scattering routine developed by Dave (1968) with size distributions

of the form

n(a) = C a~k (a ^ a ̂  a ),
min max

where a . and a are minimum and maximum radii, respectively,
m m max

Table 3 lists the input values for refractive index m, size distri-

bution k, and particle radii. No assumption was made as to the

numbers of particles or their distribution with distance from the

nucleus. The routine was used to calculate the total and polarized

brightnesses and the degree of polarization over a range of

scattering angles for each of the models using an interval of

.01// in the integration from a to a
/ min max

For almost every model listed under input in Table 35 the total

brightness stayed relatively constant or increased rather than

decreased with scattering angle, presumably as a result of our

performing the calculations for equal numbers of particles throughout

the tail. Although none of the models produced agreement with the

observed features of p, they did provide information on the effects

of each of the parameters on the shape, range, and position of the

distribution of p with scattering angle. For example, only slightly

absorbing particles produced the necessary oscillation in p

114
https://doi.org/10.1017/S0252921100500773 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100500773


TABLE 3

Parameters for Model Calculations, 5300.8.

Refractive
Index, m

input
1.25-.2i
1.25--2i
1.25--2i
1.27-1-371
1.33
1-33-.O51
1.33--11
1.33-.21
1-33-.51
1.1+0
1.1+5
1.1^5--O5i
l.i+5-.2i
1.50
1.50
1.50
1.5O-.Ol(.Ol).O5i
1.5O--O3i
1.5O--O5i
1.5O-.O71
1.5O--O71
1.50-.07i
1.5O-.O71
l-50-.li
1.55
l-55--O5i
1.60
1.65

output
1.255--200i

c 1.322-.082i
d 1.330-.100i
e 1.397--061+i
f l.U93-.O59i

Size
Distribution, k

, 2 . 5
3.0
3.5

2( .5 )U

3.0

2(.5)k

3.0
2(.5)1+ - 0 5 (

. 0 7 ,

U.o

5.0
2 . 5 ( - 5 ) U

2 ( . 5 ) U

3.00
-67.^8

2.23
-7.15
-9-82

Particle
Min

. 1

. 1

. 1
•05,-1

-05
. 1
. 1
. 1
. 1
.05
.05
. 1
. 1

. 0 2 ) . 1 1 , . 1 5
.2,.!+

-6
.05

. 0 9 , . 1 1 , - 1 5
- 1 , . 1 5

- 0 5 , - 1 , . 1 5
.k
.k
.k

. 1 , . 2
-05
. 1
-05
-05

.100

.100

.1*00

.081+
-089

Radius, a
Max

. 7 , . 8
. 6 ( . 2 ) 2

. 7 , . 8
. 6 ( . 2 ) 2
• U ( . 2 ) 2

. 6 ( . 2 ) 2

. 6 ( . 2 ) 2

. 6 ( . 2 ) 2

. 6 ( . 2 ) 2

. ^ ( . . 2 ) 2

.U( .2 )2

. 6 ( . 2 ) 2

. 6 ( . 2 ) 2

. l+( .2)2

. 6 ( . 2 ) 2
K . U ) 3

.U( .2 )2

.U( .2 )2

.U( .2 )2

.6( 2)2

. 6 ( . 2 ) 2
3(1)6

•6( 2)2
. 6 ( . 2 ) 2
. l+( .2)2
M 2)2
. M . 2 ) 2
.U( .2 )2

.802

.600

.802

.600
• 551

Range of Scattering
Angles, &

(deg)

90(01)160

110(0l)lU0
90(01)160

110(01)11+0

90(01)160

110(01)11+0
90(01)160
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(positive to negative to positive, etc in a relatively small range

of scattering angle)

An auxiliary routine was written to try to obtain fits to the

observed degree of polarization versus scattering angle- Using the

aforementioned calculations to suggest starting values for the real

and imaginary parts of m, for k, and for a and a , a "merit"
min max

factor was computed by summing the squares of the differences between

the observed and calculated p's at each scattering angle. The value

of the first parameter was then changed by a small amount, the merit

factor was recalculated, and the derivative of the parameter was taken

with respect to the merit factor. The original value of the parameter

was incremented by the product of the derivative and the merit factor,

and the process was continued until the merit factor decreased. This

process was repeated on each of the parameters until the merit factor

approached zero.

Figure 8 contains computer plots of the observed degree of

polarization (a), one of the input models (b), and several of the

calculated p-distributions using the fit program (note, especially,

Figures 8e and 8f) Although these models may be but a few of the

possible combinations that would "fit" the observations, they

illustrate several apparent properties of the particles:

1 The range of sizes is very narrow or, equivalently,

the size distribution is very steep.
2. The particles have a small imaginary part of their

refractive index.
3 The dominant size is of the order of the wavelength

of the light
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Fig. 8. Computer plots of the observed degree of polarization (a) and of
the degree of polarization for selected model calculations
(b-f; see, also, Table 3).
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A review of our calculations and those of Greenberg (1970), Hanner

(unpublished), and Donn and Powell (unpublished) shows further that

the decrease that we observe in the phase angle of the neutral

point with time would be expected if the particles decreased in

size and/or became more absorbing.

This preliminary look suggests that analysis of the remaining

data, taken at different times and at different wavelengths, will

help to determine the nature of the particles and the short term

changes in the averages properties of these particles in the time

just after perihelion.
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