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ABSTRACT 

Infrared observations of six comets ranging in heliocentric distance from 1 to 5 AU are reported. Data 
consist of wide and intermediate bandpass filter photometry, 1-20 //m, for periodic comets Stephan- 
Oterma, Swift-Gehrels, Keams-Kwee, Gunn, and Grigg-Skjellerup and for parabolic Comet Elias (1981 
XV). All of the comets show infrared temperatures hotter than a theoretical black body indicating small 
absorbing grains. No emission feature at 10 //m was observed within the accuracy of the filter photome- 
try. The photometric system is discussed in detail and temperature-dependent corrections to monochro- 
matic magnitudes are presented. 

I. INTRODUCTION 

The dust coma in comets is best characterized by infrared 
measurements. Wide-bandpass photometry, À 3-20 mi- 
crons, defines the thermal emission from the grains, while 
measurements at /t 1-2.5 microns define the scattered light 
continuum. These data can be used to derive the size distri- 
bution and production rate of dust emitted from the nucleus 
(Hanner 1980, 1983; Campins and Hanner 1982). When an 
emission feature is observable at 10 microns, the relative 
abundance of silicate grains can be estimated. 

We are conducting a program of infrared photometry of 
periodic comets with the NASA Infrared Telescope Facility 
(IRTF) at Mauna Kea in order to study the range in activity 
and differing dust characteristics exhibited by comets. In 
this paper we present photometric observations of six com- 
ets, spanning a range in heliocentric distance from 1 to 5 AU. 

In order to convert the high precision of photometric mea- 
surements now possible in the infrared at a good site such as 
Mauna Kea to high accuracy, it is imperative that the photo- 
metric system be well understood. We discuss here the pho- 
tometric system we have adopted, in particular the broad 
bandpass filters at 10^m (A) and 20pm (Q) and the set of 
intermediate bandpass filters used to define the silicate emis- 
sion near 10 microns. The temperature-dependent correc- 
tions to reduce the observed magnitudes to a common refer- 
ence wavelength are tabulated in the Appendix for the L, M, 
N, and Q bandpasses. We have done this with the hope that 
future cometary observations made with the IRTF can be 
standardized to a common photometric system. 

a) Visiting Astronomer, Infrared Telescope Facility, operated by the Univer- 
sity of Hawaii under contract with the National Aeronautics and Space 
Administration. 
b) Staff Astromomer, Infrared Telescope Facility. 

II. OBSERVATIONS 

All of the infrared observations were obtained with the 3- 
m NASA IRTF. The circumstances of the observations are 
summarized in Table I. A helium-cooled bolometer was used 
for the observations at 4.8-20 microns and an InSb detector 
cooled to the temperature of solid nitrogen or liquid helium 
was used for the observations at 1-4 microns and at 4.8 pm 
in June 1982. 

The photometric observations are presented in Table II. 
The estimated errors are < + 01?! at J, H, K, L, and N and 
< + O'PlS at M, Q, and 8.7-12.5 pm. These errors include 
uncertainties in extinction, centering on the comet coma, the 
instrumental magnitude system, and sky noise, but not the 
uncertainty in the absolute calibration at each bandpass. 
Temperature-dependent corrections have been applied to 
the M, N, and Q magnitudes to convert them to monochro- 
matic magnitudes, as described in Sec. IV. These corrections 
are based on the temperatures in Fig. 1 and Table VI in the 
Appendix. For Keams-Kwee, we assumed = 200 K. No 
corrections have been applied to the L magnitudes since this 
bandpass may include contribution from scattered sunlight 
as well as thermal emission for comets at large heliocentric 
distance; hence the corrections will depend on the specific 
dust model for each comet. No corrections are needed at J, 
H, and K because the scattered light spectrum is essentially 
that of the Sun. Although the data on Stephan-Oterma have 
been published previously (Veeder and Hanner 1981), they 
are included here to make them consistent with the revised 
photometric system adopted in this paper. 

The extinction coefficients were determined each night 
from measurements of the standard stars over a range of air 
mass. The same extinction coefficient was adopted for all 
filters in the 10-micron window each night. In April and 
June 1982, the extinction was abnormally high, due to the 
stratospheric aerosol cloud from El Chicon. For example, kA 
~ 0iti2/air mass at 10 microns, June 23-26, about twice the 
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Table I. Log of observations. 

Comet 
Date 
(UT) 

R 
(AU) 

A 
(AU) 

æ 
(deg) 

Aperture 
(arcsec) 

A* 
(km) 

Throw 
(arcsec) Filters 

P/Stephan-Oterma (1980 X) 

P/Swift-Gehrels (1981 XIX) 

P/Keams-Kwee (1981 XX) 

P/Gunn 
P/Gunn 

Elias (1981 XV) 

P/Grigg-Skjellerup (1982a) 

P/Grigg-Skjellerup (1982a) 

Oct. 10.6, 1980 
Nov. 26.5, 1980 
Mar. 11.4, 1981 
Nov. 29.4, 1981 
Dec. 3.4, 1981 
Feb. 21.4, 1982 
Feb. 22.4, 1982 
Feb. 23.6, 1982 
Apr. 23.5, 
Apr. 24.5, 
Apr. 28.4, 
Apr. 23.4, 
Apr. 24.4, 
Apr. 28.4, 
Apr. 24.3, 
Apr. 25.3, 
Apr. 26.3, 
Apr. 28.3, 
June 23.3, 
June 24.3, 
June 25.3, 
June 26.3, 
June 27.3, 
June 28.3, 

1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982c 

1982c 

1982c 

1982 
1982 
1982 

1.73 
1.58 
1.98 
1.36 
1.36 
2.32 
2.32 
2.94 
2.77 
2.77 
2.77 
5.13 
5.13 
5.14 
1.03 
1.03 
1.02 
1.02 
1.13 
1.14 
1.14 
1.15 
1.15 
1.16 

0.96 
0.62 
1.39 
0.67 
0.69 
1.63 
1.63 
2.30 
1.79 
1.79 
1.79 
4.31 
4.32 
4.38 
0.48 
0.48 
0.47 
0.46 
0.40 
0.41 
0.41 
0.42 
0.43 
0.43 

151 
168 
152 
136 
136 
159 
159 
163 
174 
174 
174 
173 
173 
172 
107 
106 
106 
104 
116 
118 
118 
118 
119 
120 

7.3 
5.6 
7.3 
8.2 
8.2 
5.6 
5.6 
8.2 
9.6 
5.6 
5.6 
9.6 
5.6 
5.6 
9.6 
5.6 
5.6 
5.6 
5.6 
7.3 
7.3 
7.3 
7.3 
5.6 

5 100 
2 500 
5 500 
4000 
4 100 
6 600 
6 600 

13 700 
12 000 
7 300 
7 300 

30 000 
18000 
18000 

3 300 
1950 
1910 
1 870 
1 620 
2 170 
2 170 
2 230 
2 340 
1750 

15 J,H,K,L 
20 M, N, 8.7, 12.5, 
20 J, H, K 
30 Ny 10.3, 12.5 
30 Ny 8.7, 10.3 
12 N 
12 /, Hy K 
30 Jy Hy K 
30 Jy Hy K 
30 Jy Hy Ky L 
30 JyLyMyNyQ 
30 /, Hy K 
30 Jy Hy K 
30 NyQ 
30 
30 
30 
30 
15 
15 
15 
15 
15 
15 

JyHyK 
J y H, Ky L 
JyL 
My NyQ 
NyQ 
Q 
JyK 
Ny 8.7-12.5 
Jy Ky Ly M 
M 

“Scattering angle (180° — phase angle). b Linear diameter of aperture at comet. c In collaboration with H. Campins. 

normal value at Mauna Kea. 
The aperture diameters in the Tables correspond to half- 

power points measured by scanning across a bright star. 
They relate to the focal plane aperture size in millimeters as 
follows: 3 mm—5.6", 4 mm—7.3", 5 mm—8.2", 7 mm— 
9.6". Although one might expect some difference in the 
beam profiles between the bolometer and InSb systems, the 
measured half-power points for the 3-5-mm apertures 
agreed within 5%; the 7-mm aperture is given here for the 
InSb. For the three comets measured through more than one 
aperture at /, H, and K in April 1982, the brightness scales 
linearly with aperture diameter, as one would expect for iso- 
tropic radial outflow. For Grigg-Skjellerup in June 1982, 
however, the brightness did not increase by 30% at M, N, 
and Q in going from 5.6" to 7.3" aperture. The coma may 
have been asymmetric or the outer coma may have been too 
faint to be detected above the sky noise. 

Grigg-Skjellerup was moving rapidly near perihelion (Ta- 
ble I). Data taken several days apart in June were converted 
by zl ~l to A = 0.42 AU and the/, H, and K magnitudes were 
further converted by R ~2 to R = 1.14 AU. The April data 
are listed separately for each date since the changes from 
April 25 to April 26 are larger than the estimated errors. 

III. STANDARD STARS 

The magnitudes we used for the bolometer standard stars 
are listed in Table III (cf. unpublished Caltech list, with the 
exception of the 20-jum magnitudes). The magnitudes were 
self-consistent to within 5% on nights when we observed 
more than one standard. The 10-jLim magnitudes agree to 
+ 0^05 with Gehrz et al. (1974) and with the Arizona mag- 

nitudes as quoted in Morrison and Lebofsky (1979). Our 
magnitudes at 4.8 fim are 0I?04—0^15 fainter than those list- 
ed by Gehrz et al. The 20-//m magnitudes are taken from 
Tokunaga (1983) who has measured the bolometer standard 
stars in Tablé III and several AV stars relative to a Lyrae. 

These data show no evidence that a Lyrae is peculiar relative 
to other AV stars. The 20-fim magnitudes in Table III are 
consistent with Q (20.0 /¿m) = 0.0 for a Lyr. They differ by 
an average of + 0.14 mag from the 20-//m magnitudes pub- 
lished by Morrison and Simon (1973) and by an average of 
+ 0.06 mag from the 19.5-//m magnitudes of Gehrz et al. 

The magnitudes in the Caltech list deviate from a black 
body spectrum between 8.7 //m and 12.5 /zm by ~ 15% for 
the “well-behaved” K stars a Tau and a Boo and by up to 
30% for a Her (M 511 ). A spectral scan of a Boo by Hackwell 
(1972) can be fit satisfactorily by a black body with T~ 3800 
K; however, a 15% deviation would be possible within the 
error bars. The spectrum of a Her (Merrill and Stein 1976) is 
consistent with the trend in Table III. We confirmed this 
trend by observing a Tau versus a CMa through the five 
filters; we find m(a CMa) — m(a Tau) increases by —10% 
from 8.7 /zm to 12.5 //m. Many M stars have circumstellar 
dust emission near 10 microns (e.g., a Ori and// Cep, Merrill 
and Stein 1976; a Sco, Hackwell 1972; a Her, Woolf 1973). 
The standards in Table III, except a Her, showed no evi- 
dence of excess emission in the 11 /zm/3.5 //m flux ratio 
measured by Gehrz and Woolf ( 1971). In fact, we did not use 
a Her as a standard for the narrowband 8.7 //m-12.5-//m 
observations. 

InSb standard stars at /, H, K, and L have been taken from 
Elias etal. (1982). BS 5447 (M = 3.45) was used as a standard 
for Grigg-Skjellerup at 4.8 //m. More work is needed to tie 
the fainter standards observable with the InSb at 4.8 //m to 
the bolometer standards at M. 

IV. PHOTOMETRIC SYSTEM 

Wide-bandpass photometric data are generally reduced to 
a reference wavelength defined for each filter (“monochro- 
matic” magnitudes). This reference wavelength is often cho- 
sen to be the effective wavelength defined by 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
84

A
J.

 
X CM UD 

O'! 00 
164 BANNER ETAL. : DUST IN COMETS 164 

I 
'S 
Ph 

m 
ä 
H 

Oíd 

it; 

u % <a < 

aa 

E 
a 

VO -4 <s 

vo o 00 CO 
CO CO 

CO 

<N Tfr rf cO 

Í Ti- 

ro VO ro 
«ri 

Tt Ov CS O CO ^ Tf -H vo VC OO <N CO VO O V~1 VO On 
v4 Tf CO CO IT) Tt ’«t Tt Tf Tt 

vo vq <N vq vq vq vq vq vq vo vo vo vo vo vo vo co vj «n oo vi vi ov vi vi ov o> vi vi vi vi vi vi 

O O ^ (N <S <N CS fN (N fN fN CS CS fN 04 (N CS 00 OO 00 OO OO OO 00 00 OO OO OO 00 00 00 OO OO OO 00 oo 
Sí ÍÍ ÍÍ5 -¡s- N Ç ÇJSS ÇJ 

°^s = 2 ss g sss 333 33333 

“ es psi oo oo 2 en oo rf (N tN (N 
'O vo vo O O O 

a 
2 

Ü 

O Ü 
•a 
O 

•G 
O 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
84

A
J.

 
X CM UD 

165 HANNER ETAL. : DUST IN COMETS 165 O'! 00 
Table III. Adopted magnitudes of bolometer standard stars. 

M N Q 
4.8 ¿an 8.7 ¿an 9.8 ¿an 10.1 ¿an 10.3 ¿an 11.6 ¿an 12.5 ¿an 20.0 ¿an 

a Boo -2.95 -3.17 
a Tau - 2.77 - 2.98 
a Her“ - 3.44 - 3.85 
¿¿ UMa - 0.73 - 0.95 
£ Peg“ -2.21 -2.45 
ß And - 1.80 - 1.97 
ß Gem — 0.97 

-3.15 -3.15 -3.15 
- 2.99 - 2.99 - 2.99 
- 3.86 - 3.87 - 3.87 
- 1.00 - 1.00 - 1.00 
- 2.53 -2.55 -2.55 
- 2.05 - 2.07 - 2.07 

- 1.24 

- 3.26 - 3.33 - 3.13 
-3.08 -3.14 -3.09 
-4.08 -4.16 -4.17 
-1.12 -1.19 -1.08 
- 2.64 - 2.70 - 2.61 
-2.14 -2.18 -2.09 

- 1.21 

“These stars are variable at visual wavelengths and may be variable at 10 [im by approximately 0.05 mag. 

Â0(Â)g(Â)dÂ 

 > (1) 
\ (!)[À)Ç(Â)dÀ, 

where the filter transmission is described by (f>(À) and the sky 
transmission by £ (A ) (i.e., Low and Rieke 1974). For exam- 
ple, Aeff = 10.54 //m for the cooled N filter and Mauna Kea 
sky. 

For a wide bandpass, however, one needs to take into ac- 
count the spectrum of the observed source. We define the 
reference wavelength, A0, for each of the broad-bandpass 
filters as the wavelength for which B(T) = BÀ(T), where 

(T ) is the intensity of the observed source at wavelength A 
and 

[^(TW^AldA 
B(T)=— —  . (2) 

<f>(À)£(À)dÂ 

The detector response and transmission of telescope optics 
are assumed to be flat across a given bandpass. The numera- 
tor of Eq. (1) is the quantity actually measured at the tele- 
scope. 

The reference wavelength defined in this way will be a 
function of the temperature of the observed source (or a func- 
tion of the spectral shape for a nonthermal source). At in- 
frared wavelengths, however, there is no significant differ- 
ence in the reference wavelength for stellar temperatures, 
3800-10 000 K. The reference wavelength for each of the 
filters at stellar temperatures has been calculated using Eq. 
(2) and cooled filter transmissions. The sky transmission at 
3-5 microns and 8-13 microns was measured with a circu- 
larly variable filter on a bright standard at the IRTF. The sky 
transmission across the 20-micron bandpass was taken from 
Morrison and Simon (1973) for 1.0-mm précipitable H20. 
The reference wavelengths defined in this manner are given 
in Table IV. These are the reference wavelengths used in the 
Caltech system (Wilson et al. 1972; Beckwith et al. 1976). 

The measured magnitudes of solar system objects, with 
temperatures of a few hundred degrees, will need to have a 
correction applied to convert them to monochromatic mag- 
nitudes at the reference wavelength defined for the standard 
stars. In practice only the wide-bandpass filters require cor- 
rection. The intermediate-bandpass filters used here are suf- 
ficiently narrow that no corrections are needed to an accura- 
cy of 1% for 7>200 K. 

Our computed correction factors, fÁQ — BXq{T)/ B (T) 
and Am = m0 — m', are tabulated as a function of tempera- 
ture in the Appendix, assuming black body spectra. These 
corrections are on the order of 5% for the Af, N, and Q 

bandpasses. For the L bandpass, however, the corrections 
are large and strongly temperature dependent because the 
spectrum is very steep near 3.5/¿m for temperature S 500 K. 
The picture is further complicated by the fact that solar sys- 
tem objects at these low temperatures may have a significant 
contribution from scattered sunlight at 3.5 jum, resulting in a 
spectrum differing from a black body. Consequently, we 
have not applied these corrections to the L magnitudes in 
Table II. 

At 10 microns, the corrections are not dependent on the 
night-to-night extinction variations at Mauna Kea. At 20 
microns, however, the shape of the bandpass can vary some- 
what with the atmospheric water vapor content. Warner 
(1977) quotes the average day time water vapor at Mauna 
Kea as 2.0 mm; night-time values are typically lower. Our 
corrections were computed for 1.0-mm précipitable water. 
More accurate photometry could be achieved by monitoring 
the water vapor content each night and applying correction 
factors for the appropriate sky transmission. 

Morrison (1973) discusses monochromatic magnitudes in 
relation to asteroid observations. He adopts 10.0 ¡um and 
20.0 jam as reference wavelengths for the N and Q filters, 
respectively. Low and Rieke (1974) plot corrections to mo- 
nochromatic magnitudes for their photometric system refer- 
enced to 10.6 jam (iV) and 21 jum (Q ). 

Our adopted fluxes for zero magnitude are compiled in 
Table IV, from Beckwith et al. (1976) and Wilson et al. ( 1972) 
with the exception of the filters at 9.8, 10.3, and 11.6 mi- 
crons. For these three filters the fluxes were computed from 
the flux for zero magnitude at 10.1 microns assuming a 104- 
K black body spectrum. The 20-micron calibration is consis- 
tent with Simon etal. (1972). The value at 10.1 microns is 3% 
lower than that used by Morrison (1973) and 8% lower than 
that of Gehrz et al. (1974) when both are converted to 10.1 
microns. Further comparison of photometric systems is giv- 
en by Morrison and Lebofsky (1979). Our fluxes for zero 

Table IV. Reference wavelengths and absolute flux densities. 

FÁ for 0.0 mag 
[Wcm~2 

2.9 X10-13 

1.08X10-13 

3.8 X10~14 

6.9 XlO"15 

2.0 XlO"15 

1.96X10“16 

1.23X10-16 

1.09X10"16 

1.01 X10"16 

6.3 X10"17 

4.7 X10"17 

7.3 XlO"18 

A0 
(¿¿m) 

J 
H 
K 
L 
M 

N 

1.25 
1.68 
2.25 
3.5 
4.8 
8.7 
9.8 

10.1 
10.3 
11.6 
12.5 
20.0 
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Fig. 1(a). Thermal emission from the dust coma of P/Stephan-Oterma. 
Curve is best fit to a black body, corresponding to the temperature given. 

Fig. 1(c). Thermal emission from the dust coma of P/Grigg-Skjellerup, 
June 23-28, 1982. 

Fig. 1(b). Thermal emission from the dust coma of P/Grigg-Skjellerup, Fig. 1(d). Thermal emission from the dust coma of P/Swift-Gehrels. 
April 28, 1982. 

Fig. 1(e). Thermal emission from the dust coma of P/Gunn. 

magnitude at 4.8,10.1, and 20.0 microns are consistent with 
a 104-K black body to 1%; the value at 3.5 fim is consistent 
with 10.1 pm and a 104-K black body to 5%. 

During the course of our measurements, we discovered 
that the 10.3-//m filter had a short-wavelength leak amount- 
ing to 10% of the measured stellar flux at 10.3 /¿m. For cool 
objects, such as comets, the leak is an insignificant fraction of 
the 10.3-//m signal. A 1.65% leak was measured at 12.5 /im; 
the filters at 8.7, 9.8, and 11.6//m had no short-wavelength 
leaks contributing >0.5% of the stellar flux through the 
filter. The appropriate corrections have been applied to the 
standard stars in reducing our data at 10.3 //m and 12.5 ¿¿m. 

The leak in the 10.3-yum filter at the IRTF has since been 
eliminated with a blocking filter. 

V. DISCUSSION 

The thermal emission data, 3.5-20//m, are plotted in Figs. 
l(a)-l(e). In every case, the effective temperature derived 
from the thermal spectrum is higher than that expected for a 
black body in equilibrium at the same heliocentric distance, 
implying that the grains are 5 10 //m size and composed of 
absorbing material (Manner 1980). In this respect, these peri- 
odic comets are similar to bright nonperiodic comets ob- 
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Table V. J, H, and K magnitudes reduced to R= A = \ AU and 8-arcsec aperture. 

Comet Date 
R 

(AU) H K 
0a 

(deg) 

Grigg-Skjellerup 

Stephan-Oterma 

Keams-Kwee 
Gunn 

Elias 

04/25/82 
06/27/82 
10/10/80 
1l/6-8/80b 

03/11/81 
02/22/82 
02/23/82 
04/24/82 
04/24/82 

1.03 
1.15 
1.73 
1.61 
1.98 
2.32 
2.94 
2.77 
5.13 

15.00 
15.26 
11.41 
11.14 
12.46 
12.79 
11.4 
10.66 
9.77 

14.58 

10.97 
10.63 
11.92 
12.16 
10.9 
10.20 
9.41 

14.31 
14.43 
10.78 
10.45 
11.75 
12.21 
10.6 
10.07 
9.44 

74 
62 
29 
22 
28 
21 
17 
6 

a Phase angle (180° — scattering angle). b A’Heam et al. (1981). 

served at heliocentric distances R< \ AU. No evidence of a 
silicate feature near 10 microns is seen in Grigg-Skjellerup or 
Swift-Gehrels, observed with the narrower filters. However, 
some silicate grains could be present, their emission masked 
by that of the absorbing grains, whose thermal spectrum 
peaks near 10 microns. The IQ-fim flux in Stephan-Oterma 
was measured with the wideband N filter, precluding detec- 
tion of a feature; a feature was reported by Campins et 
al. (1982) the following week. Detailed thermal models for 
the dust grains in these comets will be developed in a sepa- 
rate paper (Hanner, in preparation). 

Periodic Comet Stephan-Oterma was extremely dusty, 
with a bright spherically symmetric coma (Cochran and 
Barker 1981). Our thermal measurements were taken nine 
days before perihelion at 1.58 AU. Of the three comets ob- 
served 2lXR <2 AU, Stephan-Oterma clearly showed the lar- 
gest dust production. The /, H, and K colors are similar on 
October 10, 1980 and March 11, 1981 and are similar to the 
colors measured by A’Heam et al. (1981) on November 6-8, 
1980 and by Campins et al. (1982) on December 2,1980. The 
roughly constant color implies that neither the mean size nor 
the composition of the grains changed drastically during this 
time. The J, H, and K magnitudes are compiled in Table V, 
reduced to Æ = zi = 1 AU and to an aperture of 8-arcsec 
diameter, assuming the coma brightness is proportional to 
aperture diameter. The intrinsic brightness increased by 
30% from October 10 (Æ = 1.73 AU) to November 7 
(Æ = 1.61 ), then faded by a factor of 3.3 as the comet receded 
to R = 2 AU. 

In contrast, Grigg-Skjellerup was a small dust-poor com- 
et. We observed the comet three weeks before its perihelion 
at 0.99 AU and again six weeks after perihelion. It was the 
intrinsically faintest of the six comets we observed, as evi- 
dent from the reduced magnitudes in Table V. The large 
scatter in the June data [Fig. 1(c)] may have been caused by 
the volcanic haze layer which was bright and variable during 
this time or may indicate variable activity in the comet. 

Swift-Gehrels was also a dust-poor comet. Most of the 
visual light arose from gaseous emission lines (Cochran, pri- 
vate communication 1982). We observed Swift-Gehrels a 
few days after its perihelion on November 27.5 at 1.361 AU. 
Because of poor weather, only measurements in the 10-mi- 
cron window were obtained; no silicate emission was ob- 
served. JHK magnitudes were measured by Campins (pri- 
vate communication 1982) on November 29. 

Keams-Kwee and Gunn represent the class of periodic 
comets with perihelion beyond 2 AU [q = 2.22 AU, P = 9.0 

yr; q = 2.46 AU, P = 6.8 yr for Keams-Kwee and Gunn, 
respectively). Keams-Kwee was observed to be extremely 
dusty; the scattered light continuum accounted for most of 
the visible light (Cochran, private communication 1982). 
The temperature excess we observed in Comet Gunn implies 
grain sizes comparable to those in comets observed at 
smaller heliocentric distance. Gunn was intrinsically 
brighter in the near infrared at 2.77 AU than any of the 
comets we observed at smaller heliocentric distance. 

Comet Elias (1981 XV) was observed at P = 5.13 AU, the 
largest heliocentric distance at which a comet has been de- 
tected at 20 fim. From Table V one sees that Elias was intrin- 
sically the brightest of the six comets we observed in the near 
infrared. The 20-yum flux can be compared to Comet Bowell 
at P = 4.28 AU preperihelion (Hanner et al. 1981). When 
reduced to zl = 1 AU, g = 1.64 for Bowell and g = 2.5 for 
Elias. Bowell was about a magnitude brighter than Elias in 
the near infrared at 4.8 AU preperihelion; /=8.8 for 
R= A = \ AU (Veeder and Hanner 1981). 

The J — H and H — K colors are plotted versus scattering 
angle in Fig. 2. Colors for comets Tuttle, Meier, and Ste- 

© 

Fig. 2.J — //and H — Kcolors vs scattering angle 0. Squares are data from 
A’Heam et ah (1981). Symbols are E: Elias; G: Gunn; GS: Grigg-Skjellerup; 
K: Keams-Kwee; M: Meier; S: Stephan-Oterma; T: Tuttle. 
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Table VI. Conversions to monochromatic magnitudes. 

Temperature 

L 
3.5 ¡um 

As 

M 
4.8/¿m 

As àm 

N 
10.1 //m 

/io.i 

Q 
20.0 yum 

flo.o 4lm 
135 
150 
175 
200 
250 
300 
350 
400 
450 
500 

0.19 
0.26 
0.36 
0.46 
0.63 
0.75 
0.83 
0.89 
0.93 
0.96 

+ 1.80 
1.48 
1.11 
0.83 
0.50 
0.31 
0.20 
0.13 
0.08 
0.05 

0.98 
1.01 
1.03 
1.04 
1.05 
1.05 
1.05 
1.05 
1.04 
1.04 

+ 0.02 
-0.01 
-0.03 
-0.05 
- 0.055 
- 0.055 
- 0.055 
-0.05 
-0.05 
-0.04 

0.73 
0.80 
0.90 
0.96 
1.03 
1.05 
1.06 
1.06 
1.06 
1.05 

+ 0.35 
+ 0.24 
+ 0.12 
+ 0.04 
-0.03 
- 0.055 
- 0.065 
- 0.065 
-0.06 
-0.06 

1.02 
1.03 
1.04 
1.04 
1.04 
1.03 
1.03 
1.03 
1.02 
1.02 

-0.03 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.03 
-0.03 
-0.02 
-0.02 

phan-Oterma from A’Hearn et a/. (1981) are also included. 
The J — H colors seem to be fairly uniform, independent of 
scattering angle. The H — K colors suggest a possible bluer 
color near 180° (backscatter). Comet Bowell also had a blue 
H — K color ( + 0.03) at 176° scattering angle (Veeder and 
Hanner 1981). Stephan-Oterma showed a color change as 
well as enhanced intensity in the scattered light at visual 
wavelengths near 180° (Millis etal 1982). Only Comet Elias is 
bluer than the mean in both J — H and H — K. (Perhaps we 
are seeing icy or ice-coated grains?) Kearns-Kwee is bluer in 
H — K, but redder \nJ — H\ this suggests that the H magni- 
tude may be in error by £ O1"!. Further discussion of J, H, 
and K colors is given in Veeder and Hanner (1981). 

We conclude that the dust properties are not drastically 
different for dust-rich and dust-poor periodic comets, over a 
wide range in heliocentric distance. Both Gunn and Elias 
showed an extensive dust coma at large heliocentric dis- 
tance; a species more volatile than water ice must be respon- 
sible for their activity. 
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lerup, 23-25 June, 1982, were taken in collaboration with H. 
Campins. 
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APPENDIX: CONVERSIONS TO MONOCHROMATIC 
MAGNITUDES 

Table VI summarizes the factors to convert the measured 
intensity from a thermal source to the intensity at reference 
wavelength for each of the broad photometric bandpasses 
we used at the NASA IRTF. 

The factor/^ = B (À0, T)/ B(T), where B (À0, T) is the 
intensity per unit wavelength at wavelength A0 and tempera- 
ture T7, and B (T) is the averaged irradiance across the band- 
pass defined by 

\ BÁ{T)4>(¿)§tt)dA 
B[T) =   . 

The sky transmission £ (À ) was measured at the IRTF 
across the L, M, and N bandpasses. A computed sky trans- 
mission for 1.0-mm précipitable water from Morrison and 
Simon (1973) was used for the Q filter, 16-26 jum. The filter 
transmission (f) (À ) corresponding to the cooled temperature 
of operation ( — 77 K) was used. A black body spectrum was 
assumed for BÄ(T). 

The corresponding magnitude corrections are 
Am — m0 — m', where mQ is the monochromatic magnitude 
at wavelength À0, and m' is the observed magnitude. The 
reference wavelengths satisfy the condition/, =1.0 for 
T= 4000-10 000 K. 
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