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ABSTRACT

Quantitative models of Comet Tempel 2 at various heliocentric
distances have been created using a semi-empirical theory which ties

gas production rates to the light curve. Physical properties of the

nucleus and gas and dust densities are supplied for a nominal case and

two extreme cases at each distance, the extreme cases being based upon

-

a "sum-of-negative-tolerances" approach.
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I. INTRODUCTION

On July 3, 1873 Wilhelm Tempel discovered his second periocdic
comet ag a faint 9-10th magnitude object moving slowly southeast in the
constellation of Cetus (1). Seen in 15 of its 20 perihelion passages
since that discovery, P/Tempel 2 has the third shortest period (5.27
years) among known comets {(2). Its absolute magnitude is about 9.% (3),
not nearly so bright as P/Halley (mag 5.0) but much brighter than say
P/Tuttle-Giacobini-Kresak (mag 11.5 except during outbursts). It is a
fairly average short periéd comet in evéry physical characteristic. As
a possible target for spacecraft rendezvous in the next decade, however,
Tempel 2 stands alone in combined accessibility and benign environment,
and it even permits flight past Halley enroute, with almost no perform-
ance penalty (4); This led to the Halley~Tempel 2 flight being selected
as the mission of choice early in 1978 by the NASA Comet Science Working
Group (5).

Interest in P/Tempel 2 led to an immediate desire for environmental
models to use In mission design studies and for scientific payload evalua-
tion. -Unforturnately, as is the case for nearly all periodic conets,
modern, quantitative data do not exist for Tempel 2. There are, how—
ever, many_estimates of the apparent brightness of the object, visual
comparisons of its apparent brighiness with out-of-focus images of nearby
stars of known magnitude. These have been gathered together by Sekanina
and plotted in the light-curve shown as Figure 1 (3). There are a few
crude uncalibrated spectra, the best being those of Bobrovnikoff taken

in 1925 (6). These indicate a rather normal comet, having the usual



bands of CN, C C3, and CO+ and a very strong continuum. With only

2’
this limited information available, it was necessary to. turn to the
technique developed originally by Newburn to provide models of P/Halley
(7,8). A nominal model so produced was used at JPL and NASA during 1978.

A refinement of the constants in the theory led to the models presented

here, which have been in use since January 1979.

II. MODELING THEORY AND GAS PRODUCTION

In 1978 a general theory was developed tying a comet's gas production
to its wvisual light curve (7). An outline of that theory was prepared
to accompany the published models for P/Halley (8). In order to make
this document self-contained, that outline is also presented here with
only such minor changes as required to make it appropriate to\P/Tempel 2,

Light from the head of a comet has three sources, sunlight reflected
from the nucleus, sunlight- scattered from dust and grains, and light
emitted by the gases, largely by the Qechanism of resonance fluor-
escence. The spectral response of the dark-adapted human eye (the scotopic
passband) peaks at about 5060 A and falls to zero near 4000 & and 6400 &
(Ref. 11). Within thie human filter more than 90 percent of the light
from gases is that of resonance fluorescence of the Swan bands of the 02
molecﬁie. Therefore, since we are dealing with only one gaseous species,
it should be possible to relate the visual light curve to the gas production
rate of a comet with a2 minimum of free parameters to be derived from
observation.

The only practical approach to the desired result would seem to be a

simple ﬁhotometric equation relating the cometary brightness to the effect-
ive cross section for each of the three contributing elements, A the

nucleus, B the gas, and C the solids, i.e.,

2



. 9 0.4 m - [ml(r)—S log Al
A¢n(a) + Bfl(r) + C¢d(a) fz(r) = r10

m = total visual magnitude of the Sun

my = apparent visual magnitude of the comet
T = heliocentric distance (km)

A = geocentric distance (AUf

t
fl(r) = functional dependence of C, production upon H production

fz(r) = functional dependence of solids production upon H
production

o = phase angle

¢n(a) = phase function of the nucleus

¢d(u) = phase function of the dust

Equation (1) is written in terms of apparent magnitude my since
most available data are in that form. The hydrogen production rate is
used as the dependent variable since hydrogen is the daminant element
in most comets. Furthermore, hydfogen is indirectly an observable from
measurements of the intensity of the La resonance line at 1216 A. There-

fore, the B term can be derived from observation. Writing the equation

this way contains the assumption that cometary brightness is an instan-

taneous function of the gas production rate, which can be shown to be a
valid approximation in the absence of sporadic outbursts.

Solids are lifted from the nucleus by the aerodynamic drag of esecap-
ing gases. Assuming a more or less homogeneously mixed active layer, the
solids to gas ratic should remain constant for a few apparitions (barring
outbursts), and the mass of solids released should be a constant linear
function of the gas production, that is f5(r) e-c‘g(r) where g(x) is the

hydrogen production rate.

1



Initially one might assume that the C2 abundance also maintains
a constant mixiﬁg ratio relative to the total gas production or hydrogen
production. TIn those cases where appropriate spectrophotometry exists,
this is simply not the case (7). The 02 abundance in fact varies roughly
as the square of the hydrogen production. The production mechanism for
C2 is unknown, but it does pot appear to be the simple photodissociation
production from a parent molecule. Here it is assumed that fl(r) L gz(r)
in agreement with the available observations. The basic photometric
equation has now become:

9 5 0.4 m - [ml(r)—S log Al

A¢n(u) + Bg (r) + C¢d(a) g(r) = r 10 (2)
To zero order, the coefficient of eﬁch term might be considered constant.
In fact, thag is reliabl& true only for A. The loss mechanism for C,
is almost certainly photodissociation or photoionization, since the Cz
coma is sufficiently large that molecular interactions can occur only
at its very center. The efficiency of loss then should vary inversely
as the square of heliocentric distance, with the coma growing in size as
the comet moves outward. If the naked eye "sees" to some limiting surface
brightness; the fraction of produced 02 seen also will vary with helio-
centric distance. 1In effect, B is a function of r.

Newburn (7) has shown that for a neutral molecule, in the case
where the scale length for loss is much greater than that for creation

(whatever the creation mechanism), an excellent approximation for B(x)

is given by:

1
B(x) = R =2 6}) 1-xiy (—2 (3)



lO = gcale length for loss of C2 at 1 AU (km)

v = expansion velocity of C2

T, = 149,597,871 km (1 AU)

c = apparent coma radius (km)

Ki2 = secon§ modified Bessel integral function of the second
kind

R = constant of proportionality

In the limit where ¢ >> rozllor2 the quantity [1 - Kiz( 3] » 1, and
the expression for B(r) shows the pure r2 behavior expected due to the
decrease in solar flux. The constant R in effect encompasses two "effi-
clencies.'"" These are the number of 02 radicals produced for a given hydro-
gen production (squared) and the visible light produced per 02 radical.

The removal mechanism for non—-volatile solids, other than expansion
at an initial velocity imparted at the nucleus, is radigtion pressure.
In detail its effectiveness at any given heliocentric distance is a complex
function of particle size, shape, and composition, making theoretical
evaluation difficult, Radiation pressure decreases as the square of
increasing distance from the Sun, and the velocity of ejection from the
nucleus also decreases, increasing the density of particles inside a circle
at any given distance from the nucleus. At relatively large heliocentric
distance C(r) « n r4. Nearer to the Sun the particles reach a constant
velocity equal to the accelerating gas and C(r) « =~ rz. Rather than using
a complicated theoretical relationship, the &ecision was made to use an
empirical law derived from photometric observations of the continué,of
other comets of similar contin;um strength. This relationship "fortunately"

has the proper theoretical form.



The photometric equation has now become

. 9 0.4 m —-[ml(r)-S log A}
Ag_(a) + B(r)g"(r) + C(r) ¢,(a) g(r) = r'10

(4a)
with
l0 . 2 cro2
B(x) = R <2 (?‘) 1- ki, [ —2 (4b)
o 1lr
o
and
C(r) = an empirical function (4c)
ﬁefining a ratio §(r) as the illuminance from solids divided by the
illuminance from gas seen in the scotopic passband means:
C(x) ¢4(e) &(x)
§(r) = 2 (5)
B(x) g (r)
and the sclution to the photometric equation for g(r) is
0.4 m - [ml(r) -~ 5 log A]
X 210 - A (@) _
g (r) = (6)

B(r) [1 + 8()]

The graph of 6(r) for ‘comets of continuum strength .comparable
to P/Tempel 2 is given as Figure 2 taken from Newburn (7). Both Tempel 2
and Encke are old, very short period comets with conensﬁaped comae, S0
the value selected for R in the nominal model was 4 x 10_59 (km2 mol—l)
(mol s_l)—l, the vglue derived for P/Encke from observation. One could

rationally argue that a more standard value, similar to that derived from
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comets such as Bennett and West, should be uséd instead. They after

all have strong continua similar to Tempel 2. Until the mechanism

by which 82 is formed is undérstood, whether its relative abundance to

H 1s dependent in any way upon distributed solids, dependent just upon
the abundance of one or more parent molecules, or dependent upon cometary
age, etc, the choice will be rather arbitrary. - Extreme models were pro-—

>8 and R = 1 x 10_62. Since g = R _1/2, this

duced using R = 1 g 107
implies a range of two orders of magnitude in the actual hydrogen abund-

ance derived. The range selected does encompass the average value for

bright comets (v 3 x 10_61) and a comparable opposite extreme which is

larger than any observed value.

The coefficient A for the nucleus contribution is just equal to pRZ,
where p is the geometric albedo and R the nucleus radius. For most short-
pericd comets the valu; of Ads v 1 kmz, so in fact the term can be ignored
except at wvery large heliocentric distances. At very large distances,
of course, the gas production falls to zero, and what remains is just the
photoﬁetric expression for the reflection from a bare nuecleus, namely
2 0.4 mo- ml(ﬁ) - 5 log A] (7)'

'A¢n(a) = pR ¢n(a? = ¥ 10

The hydrogen production figures for P/Tempel 2 resulting from this
semi-empirical approach are given in Table 1. it is assumed that this
hydrogen is entirely derived from the disSociation of HZO’ two hydrogen
_ atoms from each water molecule. 8Since Tempel 2 is a very old comet in
an orbit with only 4,69 AU aphelion distance, parent species more volatile
than water should be limited to no more than a small number of small mole~

cules which can be trapped in the water lattice. While the non-gravitational



effects upon the orbit of P/Tempel 2 are small, they exist and are com-
pletely consistent with water as the doﬁinant outgassing species (9).
Thérefore while there are very probably other small scurces of H than
HZO’ and there must be sources of the observed CZ’ CN, etc., they can
be modeled as a 10 percent addition to the water.
i.e. N(Hzo) = 0.5 N(H)

N{other) = 0.1 N(HZO)

N(all gas) = 0.55 N(H)
The total gas production given in Table 2 for the nominal model is just
this value of 55% of the derived H production in Table 1. The extreme
models are derived assuming pure water (50% of the H production) and 20%

other gases (607 of the H production).
IIT. PROPERTIES OF THE NUCLEUS

The properties of the P/Tempel 2 nucleus derived or assumed in
these models are given in Table 3, Lacking direct measurements of the
nucleus, its size has been evaluated photometrieally by means of
equation 7. In 1978 ?ekanina gathered together all of Roemef's approxi-
mate photographic magnitudes for Tempel 2 at large heliocentric distances
(10). Assuming a geometric albedo of 0.15, these suggested a radius of
1500 meters. An extremely low albedo of 0.03 would increase the radius
to 3500 meters, while a high albedo of 0.5 plus the assumption that half
the apparent brightness was still coma at 2.7 AU resulted in a radius of
250 meters. Since that time, accurate photoelectric measurements of
Tempel 2 at similar distances have suggested an albedo of 0.15 and a

radius of 1600 m (11).. This is quite close to the adopted nominal wvalue,

and change of the values in use seems unwarranted.



Since its conception by Whipple (12, 13) the icy conglomerate nucleus
has‘been pictured as an ill consolidated, poorly conducting ball of frozen
gases. A fresh comet then might have a bulk density somewhat less than
lg cmf3, while a very old, largely degassed, but still poorly consolidated
comet might approach the density of primitive solids. Lacking real know-
ledge, ;n almost traditional 1 g cﬁfs is used nominally. The mass quoted
is simply the product of density and volume, and the escape velocity is
a/m M2,

’ Whipple's recently developed "zero date method" for determination of
nucleus rotation periods (14) has been applied to Tempel 2, but with diffi-
culty because of lack of data. Whipple's tentative best value is that
given for the nominal model, but he states the period could be twice the
listed value or a value considerably different (15). The extreme low
period is roughly that at which an ice sphere would disruét. Large lag
angles between the subsolar point and maximum activity (3) suggest that
the period cannot be very long, so 24 houré seems a conservative, if
uncertain, upper limit.

The mean molecular masses result from the assumption that the mole-
cules "other' than water (18 amu) discussed at the end of section II have
'a mean molecular mass of 44 amu. Thus the nominal mean molecular mass is

18 + 0.1 x 44 _
11 = 20.4 amu

Bright, long-period comets typically exhibit nearly spherical comae -
as seen in the light of neutral molecules and have their photometric

center of brightness centered in the sphére. Sekanina has found that old,



short-pericd comets typically exhibit comae which are fan-shaped in
cross section, extending generally sunward from a center of brightness
near the apex. Tempel 2 is such a comet, apparently having a full cone
angle of abouc60°. This would seem to imply the nucleus is no longer
uniformly active, major degassing being confined perhaps to roughly the
region of the surface cut by a 60° cone. The nominal gas fluxes of
Table 4 then are simply the gas output of the nominal model divided by the
area of a 60° cone cutting a 1500-m radius sphere. The extreme low flux
was obtained by assuming the extreme low production came isotropically from
the largest possible nucleus. The extreme high flow could not be obtained
even isotropically from the smallest nucleus without éssuming the heat of
sublimation to be much smaller than that of water (< 12 keal moleﬁl).
Therefore the extreme high flux is calculated as that from a normal black-
body with a mean heat of sublimation of 11 keal mole_l. At perihelion
this is roughly equivalent to the high production rate from a 120° cone
on the nominal size of nucleus.

The mass flow ratio of solids to gases enters all dust calculations
{see section IV) as a direct multiplier: Values are reported in the litera-
ture for two comets with stromng continua, Finson and Probstein finding 1.4
for Arend-Roland (162 and Sekanina and Miller 0.5 for Bemnett (17). The
Bennett number is very likely the better determined, since there are
independent gas production measurements for it. Tempel 2 has a very strong
continuum, however, and while conversion from ill-determined light fluxes
to gas fluxes requires sevéral assumptions, a somewhat larger number than that for

Bennett is suggested. Very new work by Sekanina indicates that the particle

10



size distribution function used for Bennett (and here) may cut off a bit
too steeply at the high mass end {(as d"5 rather than a more appropriate
d_é'z), which would imply the presence of some additional "hidden" mass
{(18). 1In any event the "round number" 1.0 was used here for the nominal
dust to gas mass flow ragio. The extreme values of 0.2 and 4.0 seemad
reasonable from experience with many mo&el studiéé. (There was no com-
pletely objective way to pick them given the present lack of actual
observations.)

With only a small part of the nucleus surface stiil active, the nom~-
inal gepmetric albedo must be lower than that for even dirty ice. The value
selected 0.15 is appropriate for moderately dark asteroidal type hodies.

An albedo of 0.03 is near the lower limit for known bodies, while 0.5 is
roughly that for the most highly.reflective asteroid. The phase function
is that used by Sekanina (19).

A solution of the energy balance eguation near 1.5 -AU-will give about
185 K for reasonable choices of Bond albedo, opacity, emissivity, conduc-
tivity, and composition. In a bright comet where thé temperature is
essentially buffered by the sublimation, the temperature remains near
200 X over a wide range of heliocentric distance. For Tempel 2 this is
probably not the case, and the temperature may drop by up t; 30% at 2.5 AU,
but the temperature is used only to determine the gas velocity at the

nucleus surface (where it enters only as the square root), so a constant

value of 185 K was used for the caleculations.

11



IV. THE DUST PARAMETERS

The- mechanism By which dust is removed from a cometary nucleus is
aerodynamic entrainment by the outflowing gas. Probstein treated the
problem as one of a two-component (dust-gas) fluid expanding to a
vacuum, idealizing the force on the dust as the draé on spherical par-
ticles (20). Delsemme and Miller used Probstein's results to supply con-
venient graphs and equations for the terminal velocity of the dust bgth
with and without consideration of gravitational retardation by the nucleus
(21). This terminal velocity is virtually reached within aboﬁt 10 nuclear -
radii, so practical caleulations can be ﬁade by considering the dust to
expand isotropically from the nucleus with a constant velocity equal to
the terminal velocity. These velocities are given for four heliocentric
distances in Tables 5-8.

The distribution of dust particle sizes used in these models is given
in Table 9. A theory for determination of such a‘distribution from observa-
tions was originally developed by ¥Finson a2nd Probstein and applied to
Comet Arend-Roland (16). The function used here was derived for C/Bennétt
by Sekanina and Miller-(17) and has often been used in comet models because
it is a bit simpler than the Arend-Roland function, aithough essentially
equivalent. Actually the largest and smallest particles are poorly
determined in these observaticns, Sekénina‘s latest work based upon obser-
vations of anti-tails, which are entirely large particles, indicates that
the function should follow a_4'2 rather than a_S for the largest sizes
(18). These largest particles are sufficiently few in number that the
change is relatively unimportant. It will be made when an accumulation of

such improvements warrants recalculation of the dust tables.
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The dust tables presented here all assume a bulk particle density
of 1l g cm73. The actual variable in a Finson—-Probstein analysis is
a = pd, the pfoduct of density and diameter. Anyone wishing to use a
different dénsity must realize that either the diameter or the number
per gram in each class will also change.

The Sekanina-Miller distribution function as given in Table 9 is
classified (histogram) data normalized to one gram of dust. The inter-
vals given in the second column are symmetric about the diameters given
in 'the first column. The& are uneven in order to match the incommensur-
able break points in the distribution function and originally for con-
venience in calculation. TFor some purposes decades of mass make a more
convenient classification. Table 10 pregents the distribution function
in this form with only the ‘smallest mass interval an irregular one.

The total number of dust particles emitted in each category requires

multiplying the distribution function by the number of grams of dust

produced.
Qdi = Qmin(a,)Aa, (9}
Qd = number of dust particles produced per second in category i
i
Q = total gas production (molecules sml)
m = mean molecular mass of gas (g molecule_l)
M = ratio of dust and gas mass flow rates

n(ai)Aai = normalized distribution Function

This distribution function was obtained from an active comet close to the
Sun. As the gas flow rate drops at larger heliocentric distances, the

larger particles can no longer be lifted and remain behind on the surface

13



of the nucleus. The intrinsic distribution function does not change, but
the actual mass flow of solids becomes somewhat less than QmM, the mass
multiplier of the distribution function. In time this should skew the
distribution of remaining material in an old comet somewhat toward larger
sizes. Since most of the mase is in small particles and there is no
observational daFa to indicate any substantial effect, this possibility is
ignored. The dust produced at four different heliocentric distances is
given in Tables 11-14.

Tables 15-18 are calculated in a straightforward manmner using the

assumption of isotropic expansion from the nucleus.

Q
Particle density =-———%—- (10)
4nRvE
Q

Aﬂsz

Particle flux = (11)

Qd = dust production rate (Tables 11-14)

v = dust velocity (Tables 5-8)

24 distance from nucleus

f = fraction of surface that is active
Actually as the dust flows outward it is acted upon by solar radia-

tion pressure. Its initially lipear path becomes one branch of a.parabola
" in comet centered coordinates, the distance to the parabola apex being a
function of particle size, initial velocity, and the radiation pressure
efficiency coefficient Qpr’ while Qpr is itself a function of particle size,
shape, and composition (22, 23, 24).

The envelope of the individual parabolic trajectories for particles

of a given size is itself a parabola with its vertex oan the sun-line at

~

an apex distance E given by

14



2
v_ar

E= 4 (12)
1.388 x 107 'Q
DY
E = apex distance (cm)
v = terminal velocity (em s—l)
r = heliocentric distance (AU)
Qpr = radiation pressure efficiency

Tables 19-22 give values for E calculated using Qpr = 1.0 for the
nominal case, 2.0 for the low model, and 0.5 for the high model. 1In a
steady-state condition (mo outbursts) a space probe flying outside this
parabolic envelepe should be in a hazard;freé region so far as encounter-—
ing debris from the comet's current activity.

Inside the dust envelope particles more than about half way to their
vertices can no longer be treated as expanding isotropically from the
nucleus. A proper calculation requifes taking a particle in each size
category with its initial velocity and "launch azimuth," letting it move
under the influence of radiation pressure, and then summing over all sizes
and launch azimuths for each location in ecoordinate space. Divine has )
actually carried out the messy algebra involved in such a computation
so it can be programmed for numerical results when necessary (25). Mean-
while Hanner is working on the problem of more realistic values for
Q. (26).

It is important to note that particles launched toward the Sun reverse
their solar radial velocity component and travel back through the coma,

50 a space probe which enters the dust coma will receive some hits from

()
i



the anti-nucleus hemisphere. The number will be relatively small, how-
ever, since the velocity component perpendicular to the sun—-line
continually spreads them out.

The calculation just discussed, carried out in comet centered coordi-
nates, is exact only to second order in a time expansion where unit time
is 58.132 days. In other words, large, slow—movigg particles téking a
significant fraction of 58 days to reach the apex o£ their trajectories
are poorly described by such calculations., Similarly even small particles
a large distance from the nucleus are not well described. The dust tail
of a comet is clearly not parabolic.in shape. These calculations should

r

be made in this way only for the sunward hemisphere of a dust coma.
V. ADDITIONAL MODEL PARAMETERS

The parameter most often sought among those not yet discussed is
the gas density or pressure at some distance from the nucleus. For HZO’
which is the dominant molecule in these models, it can easily be supplied.
The number density n(R) of molecules at a distance R from the nucleus is

given by

n(R) = —5

e ° (13)
LR .

QH o= H20 production rate (half the hydrogen production rate
2

given in Table 1)

b
I

distance from nucleus

expansion velocity {see paragraphs below)

<
it

16



4

T, < lifetime for photodissociation at 1 AU= 2 x 10" s

r = heliocentric distance in AU
assuming photodissociation is the dominant loss mechanism and gas
expansion is isotropic. .

The velocity at which subliming gas moves radially away from the
nucleus is a function of the temperature and the nature of the emitting
surface. Delsemme and Miller argue 60% of the mean thermal velocity to
be a reasomable value for radial effiux from snow. Fof very deep narrow
pores in an old nucleus this might rise to 667%, but the 607 value was used
in calcuiating the tables in this document. Expanding intc a vacuum, some
internal energy of the molecules is converted into kinetic energy, and
eventuall:,; they reach a radial velocity v_ near 180% of their initial thermal
velocity after all collisional interactions cease (21). This idealized
pictire assumes there are sufficient collisions to de-excite the molecular
rotational states and that various sources of hot ions and electrons are
not available to interact With the water molecules,

With no data actually available for Tempel 2, calculations of H20
number density have been made assuming a radial efflux velocity of 0.6 v
at the surface; 1.05 at 100 km, 1.25 at 200 km, 1.6 at 500 km, and 1.8 at
1000 km and beyond where v is the surface thermal velocity. The assump-
tion is rather arbitrary but certainly results in correct orders of
magnitude for the water den;ities.

If the observed flux of water is produced from a limited area rather
than the entire nucleus, then that ffactionél area must also appear in
the denominator of equation 13, at least at the surface. The sﬁrface area
cut by a 60° cone is 0.067 of the full sphere, raising the surface density

by almost a factor of 15 in the nominal mecdels.

17



If Tempel 2 were a suffic;ently active comet with a large molecular
collision zone, then that collision zone would act as a large isotropic
source as seen from the outside, whatever the actual source. It is a
fact, however, that the gas éoma of Tempel 2 appears cone shaped, and
while some collisionally induced diffusion te the sides must occur, it is
medeled here with the factor 0.067 in the denominator. Results of the
water density calculations are given in Table 23,

If needed, pressure can be calculated from

P = nkT B ¢ L))
P = pressure (dynes em2)
n = n(R) from (13) (cm_3)
k = Boltzmann's const. (1.38 x 10718 ergs deg“l)
T = temperature (K) ‘

The temperature T is the kinetic temperature, which is 185 K at the surface
of the nucleus and rises to 600 K at lO3 km and beyond.
Similar results could be tabulated for any parent molecule with a

known production rate. Unfortunately HCN and CH,CN are the only other

3
probable parent molecules observed in any comet, and their production rates
are poorly known even for the comets in which they were observed. Water
certainly is the dominant species in the inner coma in any event, so the
partial pressure of water is very nearly the total pressﬁre, which is of
concern to those designing instruments with open filaments, etc.

Most chemical species actually observed in comets are free radicals

or ions which are clearly the product of photo and/or chemical processes

18



in the coma, details largely unknown. Quantitative observations of

some of these, esﬁecially CN, CZ’ and C., have been made on a number of

32
comets in recent years. Abundances and photometric models in and of
the gaseous coma can be constructed on the basis of such work, but no
observations exist for P/Tempel 2. Observations are planned for the 1983

apparition. Meanwhile semi-empirical photometric modeling is planned by

analogy with observed comets and will be reported at a later time.

19
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TIME FROM PERIHELION, days

Light curve for B/Tempel 2, from Sekanina (3).
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Figure 2. The empirical function 8(r) for comets with very strong continua,
from Newburn (7). 1 is heliocentric distance.
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Table 1

P/Tempel 2 Hydrogen Production
Heliocentric Production Rate
Distance (atoms s~1)
{An) Extreme Low Nominal ) Extreme High

Pre-perihelion

1.6 - 8.28x10°° 1.31x10%8 8.28x1027
1.5 1.67x10%° 2.64x10%° 1.67x10%8
1.4 6.45x1020 1.02x10%7 6.45x10°0
Perihelion 1.37 1.09x10%7 1.73x10%7 1.09x10%?
Poét-perihelion
1.4 1.22x10%7 1.93x10% 1.22x10°°
1.5 8.51x102° 1.35210%7 8.51x10°°
1.6 6.23x10°8 9.84x10%¢ 6.23x10°8
1.7 4.34x10%° ‘ 6.86x102° 4.34x1028
1.8 2.76x10>° 4.36x10°8 2.76x10%8
19 9.42¢10%° 1.49x1028 9.42x10°7
2.0 5.22x10%3 8.25x102° _ s5.22x10%7
2.2 3.24x10%° 5.12x10° 3.24x10°7
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P/Tempel 2

Heliocentric
Distance
(AU)

Pre-perihelion

1.6

1.5

1.4
Perihelion 1.37
Post-perihelion

1.4

1.5

1.8

1.7

1.8

1.9

2.0

2.2

Extreme Low

(3]

14x10

.35x102
.45x102
.lelO2

.26x10

.l2x102

.61x10

Table 2

25
5

26

,22%10

6

6
26
6

26

.17x10

26

.38x10

2
.71x10%°

25

.62x1025

25

Total Gas Production

Production Rate, Q
(molecules s—1)

Nominal

7.20x102°

1.45x10%8

5.61x1026

9.52x10%0

"1.06x10%7

7.42x1026

5.41x102°

3.77x1026

2.40x1026

8.20x1023

4.564x10%°

2.82x10%°

Extreme High

4.97x10%7

1.00x10%8

3.87x10%8

6.54x10%8

7.32x1028

5.11x10%8

5
3.74x10°8

2.60x1028

1.66x1028

5.65%1027

3.13x1027

1.94x10%7



Table 3

P/Tempel 2 Physical Properties of Nucleus
Quantity  Extreme Low Néminal Extreme High

Radius (m) 250 1500 " 3500
Mean Bulk Density (g cmf3) 0.3 ° 1.0 3.0
Mass (g) 2.0x10 7 1.4x0'®  s.axiol’
Escape Velocity+ (em s_l) 10.3 112 454
Rotation Peried (h) ‘ 3.0 5,9%% -24?
Mean Molecular Mass (amu)i 18.0 20.4 22.3
Gas Flux* . - 60° cone isotropic
M solids/M gas 0.2 1.0 4.0

, Ggometric Albedo@ 0.5 0.15 0.03
Phase Function ¢(a) = 0.035 o magnitudes (phase angle o in

degrees)

Temperature (K)# ‘ All calculations assume a value of 185.

Tnot including rotational effect (centrifugal term)

*%Whipple's tentative value
of escaping gas

@high albedo must go with low radius

%#igsotropic flow from largest nucleus of smallest gas production gives
extreme low flux

fisee text
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P/Tempel 2

Heliocentric
Distance
(AU)

Pre-perihelion
1.6
1.5
1.4 -
Perihelion 1.37
Post=perihelion
1.4

1.5

*Low production isotropically from largest possible nucleus

# see text

Surface Gas Flux

Table 4

Extreme Low™
(isotropic)

2.

" s,

2

3

41%10°

.96x%x10

.70x10

.05x10

69x10™3

42x10t3

.09x10%4

.54x10%%

.96x10%
.77x10%%

.03x10-%

4
13

13

.06x1077

13

13

27

Flux

(molecules cm

Nominal
(60° cone

3.80x10%

7.65x10%

2.96x10"

5.03x10"

5.60x107
3.92x10>

2.86%10*

1.99x10t

1.27x10%

4.33x107

2.40x10%

1.49x¢10%

)

-2 -1
s

5

5

6

6

6

]

6

6

6

5

5

5

)

Extreme High#
(black body)

6.91x1017
7.87x10%7
9.03x10%7

9.43x10%7

. 9.03x10%7

7.87x10%7

. 6.91x10%7

6.12x107

5.46x10%7

4.90x10%7

4.43x1017

3.66x10%7



Table 5

P/Tempel 2 Dust Terminal Velocity Including Gravity
at 1,6AU Pre—pecihelion

Particle V?i°:f§§
Diameter - ; M
{cm) Low Flux Nominal Flux High Flux
0.925x10"% 1.89 93.6 395
0.975x10™4 1.57 91.1 386
1.125%10™4% 0.72 ' 84,6 "377
1.500x10- - 72.9 351
2.175x107% e 60.1 328 |
3.3x107% - 48.3 295 .
5.0x10™ - . - 38,7 272
9.0x10™ - ' 28.2 248
2.4x1073 . - 16.2 179
4. 7%107 - 10.8 141
6.9x107> - 8.5 129
1.0x1072 - . 6.6 - 114
2.0x10™2 - 3.9 85.6
5.0x10% — 1.5 53.2
1.2x107" - ‘ 0.01 . 33.4
2.52107" - - 22.3.
5.0x107% - — - 15.0
1.0x10° - - 9.8
3.1x10° - - "
1

1.0x10 - - 1.3
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Table 6

P/Tempel 2 Dust Terminal Velocity Including Gravity
at 1.4AU Post-perihelion

Particle V?ig£%§y
Diameter
{cm) Low Flux Nominal Flux High Flux
0.925x107% 37.8 284 404
0.975x10™% 36.5 278 394
1.125x107% 33.2 ’ 263 185
1.500x10 27.3 T 242 377
2.175x10™% 20.9 205 351
3.3x10 7 14.9 179 320
5.0x20™ 10.1 151 - 292
9.0x10~% 4.8 118 260
245107 . — ' 70 201
4.7x1073 — 49.2 : 163
6.9x107> _— 40.1 138
1.0:'11.0“2 - 32.8 - 120
2.0x1072 — L o8
5.0x107 — 13.2 , 61.1
1.2x107% — 7.6 38.5
2.5%10°" - 4.4 25.8
5.0x107t —— 2.4 17.5
1.0x10° — 0.9 11.6
3. 1x10° — - 5.4
1.0x10% — — ‘ 1.8
2.0x101 - -= 0.5
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Table 7

P/Tempel 2 Dust Terminal Velocity Including Gravity
at 1.8AU Post-perihelion

Pgrtiéle ?;l:g%;y
Diameter - . ST T
{cm) Low Flux Nominal Flux High Flux
0.925x107% 12.3 173 377
0.975x10™% 11.7 168 372
1.125x107% 10.2 157 364
1.500x10™% 7.4 | 135 . 336
'2.175%107" 4.3 o112 320
3.3x107% 1.5 90.5 295
5.0x10™ - 73.0 269
9.0x10™" - 53.7 231
2.4x1073 - 31.9 167
4.7x1073 - 22.0 129
6.9x107° - 17.7 115
1.0x1072 -- 14.2 . 99
2.0x10™2 - 9.3 75.8
5.0x1072 — 4.9 46.9
1.2x107% - 2.2 29.3
2.5x107t — 0.7 19.5
5.0x10 % - - . 13.0
1:0x10° - — 8.4
3.1x10° - — 3.6
1.0x10% - - 0.8
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Table 8

P/Tempel 2 Dust Terminal Velocity Including Gravity
at 2.24U Fost~perihelion

Particle _ V?igfigy
Dianeter
{cm) ’ Low Flux _Nominal Flux High Flux
0.925x10™* - _  s7.6 347
0.975x10™ - 56.0 343
1.125x107% - 52.0 " 332
1.500x10™ - 4.6 320
.2.175x10_4 - 36.6 295
, 3.3x107% - ' 29.2 269
5.0x107 — 23.2 247
9.0x10™% - ' 16.6 203
2.4x1073 - 9.1 148
£.7%x1073 — ) 5.8 117
6.9x107> - 4.3 100
'1.0x10d2 - 3.1 88.2
2.0x10™° - 1.4 61.6
5.0%107> — - 37.9
L.2xto™t — — 23.5
2.5%10"F - - 15.5
5.0x107t - - 10.2
1.0x10° ‘ -- — 6.4
3.1x10° — — 2.5
1.0x10% -- - : 0.2
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Table 9

Sekanina-Miller Distribution Function

Normalized Normalized
Distribution Distribution
Particle Diameter* Interval® Function n{a)da
a (cm) ‘Aa (cm) n(a) (em~1g~1) (#g~H
0.925x10™" 5x1078 . 1.27x10°
0.975x10% 5%1078 2.94x10°
i 1.125%107% 2.5%107° 0:69: (a-0.9x107%) 5.31x10"°
1.5x10”% 5%10™° 2. 731010
2,175x10™ 8.5x10"> 1.66x10%°
3,3%107% 1.4x107% ~ 5.31x10°
5x107% 2x107% - 1.44x10°
. ” 0.45 a .
9x10 6x10 4.11x10
2.4x107° 2.4x107° 3.26x10"
4.7x107° 2.2x107° 1.55x10°
6.9%107> 2.2x107° 2.28x10°
1.0x1072 4.0x1073 6.48x10%
2,0x1072 1.6x1072 8.10x10°
5.0x1072 4. 4x1072 ' 2.28x10°2
1.2x107 % 9.6x1072 1.62x10 a7 6.25x10°
2.5%107 " 16. 4x102 2.72¢107%
5.0x1071 33.6x102 1.76x1072
1.0x10° 66.4x10"> 1.08x1073
3.1x10° 3.536x10° 2.00%107°
1.0xto0t 10. 264x10° 1.66%x1077

*This is classified data. Each interval is symmetric about the listed dianeter.
They are unequal in order to fit the breaks in the Sekanina-ililler disgribution
function and for convenience in calculation.
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Table 10

Sekaninz-Miller Distribution Function Decades of.Mass

Mass Diameter bist. Fu Ceq Interval Norm, DisE1
(g) (em) _ n{a) (#em g )  Aalem) n(a)pa (#g )
(p=1lg cm 7)
4.19%10 712" 107" 6.900x10%*  1.773x10°% ‘22351011
ax10 4 3.855x107%  2.395%10°  3.086x107" .391x10°
351010 8.306x10 % 9.455x10"1  6.648x107" .286x10°
3%1077 1,789x107> 4.393x10"0 1.432x107° .291x107
35107° 3.855x107°  2.038x10° 3.086x107° .289x10°
3x1077 8.306x10> 4.098x10" 6.648x10™2 . 724%10°
3x1070 1.780x1072  8.840%10° 1.432x1072 .266x10°
3x107° 3.855510%  1.903x10” 3.086x107 2 .873x10>
3x107% 8.306x1072  4.098x10° 6.648x102 .724x10"
3x1073 1.789x10L  8.840x10° 1.432x107" . 266x10°
3x1072 3.855x10°F  1.903x107%  3.086x10 " .873x1072
3x107 ! 8.306x1071  4.098x107° 6.648x10" " .724x107°
3x10° *1,789x10° 8.840x107°  1.432x10° . 266x10~"
% 3.05x10712 - 1x107Mt
#0.9x10°% - 2.673x107"
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B/Tempel 2

Particle
Diameter
(cm)

.925%10™%
.975x10”%
.125x10”%
.500x10"%

.175x107%

N RO O

4
4.
4
3

.3x10°
L0x10™
.0x10™
L4x10°

LW W

3
3

L7x10°
.9x10°

-
LO0x10

-7
.0x10 ~
.0x10”
.2%x10
.5x10
.0x10
.0x10°

0
L1x10

.OxlO1

[y

-1
-1
-1

[ R WY T C I SR Y- B CR SPR NN

Total Mass Flow

Table 11

Total Dust Production
at 1.6 AU Pre-perihelion
{(number of particles s—1)

Extreme Low

3. 14101t
7.27x10%t

1.07x10%°

2.474x10% g s~1

34

Nominal

12
2
4

.10x10
.17x10%
.05%10%
66107

.05¢1013

= O o~ W

.29x10%3

.51x10%2
.00x10%+2

.95%10%0

-~ W

. 78x10
.536x%10
.38x10
.97x10
.56%x10
.52x10

B ln 0 00 06 \D

Mo e = owm W

2.438x103 g s

1

Extreme High

e i S Y T S e RO W W

~I

(S

6.731x10” g s

8.55x10
1.98x10
2.

1.84x10%
1.12x10%

14
15
6
6
)

90x10t

15
4

.57x10
.69x10%
.77x10%
.19x10

4

i3

12

.04x10

11
0

.53%10
.36x10"
.45%10
.53x10
.21x10
.83x10
. 71x10
.27x10
.35%10
.12x10°

[SolE S TR ST T « AN« (RN .

1

5

-1



Table 12

P/Tempel 2 Total Dust Production. -
at 1.4 AU Post-perihelion .
(number of particles s—1)

Particle ;
Diametar .

(cm) Extreme Low Nominal Extreme High
0.925x10"% 4.63x10%2 4.56x10%3 1.38x10%°
0.975%10 " 1.07x10% 1.06x10% 3.19x1070
1.125%x10"% 1.57x10%% " 1.55x10%° 4.67x10%
1.500x10"% 9.95x10%3 9.80x10% 2.96x10%
2.175x10™ 6.05x10%3 5.96x10% 1.80x10%7
3.3x10™% 1.94x10%3 1.91x10%% 5.76x10%0
5.0x10”% 5.25%10%2 5.17x10%2 1.56x10%°

-9.0%107% 1.50%10°% 1.48x107° 4.46%100°
-3 12 14
2.4x10 — 1.17x10 3.53x10 .
4.7x107> - 5.56x10°C 1.68x107°
-3 9 12
6.9x10 - 8.18x10 2.47x10
1.0x1072 — 2.32x10° 7.02x10t
-2 8 10
2.0%10 - 2.91x10 5.78x10
5.0x107 2 - 8.18x10° 2.67%10°
1.2x107% — 2.24%10° 6.78x10’
2.5%107 T — 9.76x10° 2.95x10°
5.0x107 T — 6.24x10° 1.89x10°
1.0x10° — 3,88x10% 1.17x10%
3.1x10° — -- 2.17%10%
1.0xt0t — - 1.80x10°
2.0x10% — — 5.34x107 2
- A - -
Total Mass Flow  3.645x10% g s+ 3.580x10% g 571 1.084x10” g 57t
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Table 13

36

P/Tempel 2 Total Dust Production
at 1.8 AU Post-perihelion
(number of particles s~1)
Particle
Diameter
(cm) Extreme Low Nominal Extreme High
0.925x107% 1.05x102 1.03x10%3 2.85x10%°
0.975x10™% 2.42x10%2 2.39x1013 6.61x10%°
1.125%107% 3.55%10%3 3. 50x10%% 9.69x10%°
1.500x10% 2.25%10+3 2. 22x10%% 6.14x10%C
2.175x10™% "1.37x10%2 1.35x10 3.73x10%8
3.3x107% 4.38x10%2 4.31x1003 1.19x10%8
5.0x10"% - 1.17x10%3 3. 24x10%°
9.0x10™* — 3.34x1017 9.24x10%"
2.4x1073 - 2.65x10-* 7.33x10%>
471073 — 1.26x10%0 3.48x10%?
6.9x107> - 1.85x10° 5.13x10t
1.0x1072 - 5.27x10° 1.46x10™t
2.0x10™2 - 6.58x10" 1.82x10%°
5.0x10™ > — 1.85%10° 5.13x10°
1.25107t - 5.08x10% 1.40x107
2,5%107 " - ' 2.21x10° 6.11x10°
5.0x10* - - 3.91x10%
1.0x10° - - 2.43x10°
3.1x10° — — 4.50x10
1.0x10% — - 3.73x107 "
Total Mass Flow  8.247x10% g s +  8.126x10° g s '  2.248x10% g s %



Table 14

P/Tempel 2 Total Dust Production
at 2.2 AU Post-perihelion
(number of particles s~1)

Particle
Diameter . .
(em) Extreme Low Nominal Extreme High
0.925x10™% - 1.21x10%2 3.34x10%
-4 12 14
0.975x10 - 2.81x10 7.73x10
1.125x107% - 4.12x10% 1.13x10%6
-4 13 15
1.500x10 - 2.61x10 7.17x10
-4 13 15
2.175%10 - 1.59%10 &.36x10
3.3x10™% - ) 5.07x1012 1.40x10%>
5.0x10"% - 1.38x10%2 3,78x10%%
9.0x10"% — 3.,92x10%t 1.08x10%%
2.4x103 — 3.11x10%° 8.57x10%2
4.7%107> - 1.48x10° 4.07x10Tt
6.9%10> - 2.18x10° 5.99x10%0
1.0x10"2 - 6.19%10’ 1.70x1010
2.0x10"2 - 7.73x108 2.13x10°
5.0x1072 - - 5.99x107
1.2x10° L — - 1.64x10°
2.5%107F _— - 7.15x10%
5.0x10°+ — N 4.57x10°
1.0x10° - - 9 . 84x10°
3.1x10° - - 5.26x10°
1.0x10* R - 4.36x10" 2
Total Mass Flow — " 9.549x10% g st 2.628x10° g s *

37
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Table 15

frempel 2 tear Nucleéus Dust Paraméters at L.6 AU Pre-perihellion
ExFremu Low Hudui ' o Nominal Model Extreme Wigh Model *
Particle Particle I)enai.l:yﬂI Parcicle l"luittI Parclele Density* Particle Plux* Parcicle Densltfr Particle Fluif
Dlameter ac 102 km at 102 km at 102 km at 102 km at 102 km at 102 km
{cm} (n-3) (-2 =1y (m-3) (w2 51y (n=3) (m~2 g~1)
0292551070 12a0° 2. 50x100 3.93x100 3. 682102 6.43x20! a.54x10"
0.975x10™ 3. 68x10° 5.79x10° 9.15x10% 8.51x10% 1.52x20° 5.88x10"
ba2sx10™% 1.38x10% 8.51x10" 1.47x10% 1.25xt0" 2. 28x10° 8.61x10°
L. 50051072 - 1.09x16> 7.91x10% 1.56x10% 5. 46x10°
217500074 - ’ : 8.06x10" 4.8tx10° t.01xio® 3.33x10°
Lot - 1.17x108 1.53x10° 3.59x102 1.06x10°
5. ox10™ - 1osaet 470’ 1.06x10° 2.88x10%
9-0xlﬂ'f - 4.21x10" 1.19x102 3.320207 8. 22x10°
2o4xio™d - 5.83x207" 9. 44x10° 3.63x20° 6.50x10°
4.7;:n'f — a.16078 4.49x1071 2.19x1071 3.00x10}
6.9x107 3 — 7071073 6.60x102 3.52x2072 4,54x10°
J.Qxlu‘? — 2.84x1073 1.88x1072 1. ¥ax10~2 1.29x10"
2.0w|u‘f - 6.00x207 2,34x1073 1.89x1072 1.62x107}
5.04107 - 4401077 6.60x1073 8.54x10° 4.54x10"3
1ozxie”t - 1.80x107% 1. 8121078 3. 7410”8 1.25x107"
2.5x107" - - - C 2utha0™? 5.43x10" 0
505107 -- - - 3. 3951078 5,08x1077
L.oxo’ - . - - 2.20x10”7 2.16x1078
3.1x100 - . — w— 9.11x10711 4.01x30710
1.0x10" - - -— . 2.56x10712 3,307 02
Largust escaping ’
patticle L2ixlo™t 2,20x16!

dismeter (cm)

#lsoteopically
*ighin 60° cune
Tuichin 120° (o
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Table 16

N " bempel 2 Neae N Leus Bt Paranetear s at H4 A Pont-perihel fon

Eavtreme §aw Hideld Rumina i Hodel
Particle Pasticle Bensiee®  Parciele Fluy? Particle Density® I’ar\t’irlu Flux®
Blametoy av 104 Lm at 102 km at 102 km aL 10 km
o) tn~4 (w1 (u=1) (w2 5-1)
TCILN 9 750107 2odain! LIS 5.4 107
0975 107 KIFSNTI 85010t ) a0t 1. 26x10°
Foldsnaen? P TINTL 1,250 107 7.00010° L. 8ax20%
§Lsuoaie”t 2.90n10t 7.92n00° 4.41n00% 1.6k 0°
21750007 FRTINTE 4.81x107 14508 7.08x10%
5o p.osx1o0} 1.54x10% 1.27a10? 2, 27410%
5 g0 PRTTI ‘4. 1800 Y ML 6.14n107
3 007 1 sualal foasao! 1.auxiot 1.76x10°
Lo - - 199210 b
Gran”? - - toanto™t 6. oix10%
b ucto™ - R 2425107 9. 72xt07
T - - 4. 400" 2, 76x107)
IS - - p.s4x107d 3.abm107%
5601077 - ot 7.206x1073 9.72¢107%
2ope”! - - 3.50x3078 2. 601077
25 107! - - 2.0axit”] 1.sx107"
5. 0x 107! - -- 3091078 7.41x1078
oo -- - 5. 12x10~Y a.txio”?
1o -- - - e
] 'Ivl“l - - - —
2ox10! - — — -

latgest eascaping particle

dbametuy (v} LARIDT ! l.ﬁxl(lu

Y
#IHULLU[JiL.lllY Within 64° cone

Extreme lligh Hodel

Parelete Densieyl
at 102 km
(m=3)

1.01x100

2.4ux10?
3.60x10%
2.33x10%
1.52x10%

5. J4x10?
1.59x107
5.09x10%
5, 21x40!

3.06x10”
5,31x10°
F.74x10
2.66x107%
1. 20x1073
5. 431077
3.40x1078
3.21x3077
2.99x1078
Eo19x107°
2.97x107 !
31010712

]
1

t

Parcicle Fluxi
Jat 104 km
(w2 s~y
4. 10x10°
9. 47000%

1. 3wt
(i

8.79x10

5. ux10"

1. 71x00°

4.63x10%

t.32xc?
1,05x10%

4, 99xt0%
7.33x10
2.o8x10!
2.6110°
7.33x1072
2.01x30"
B.76%107
5.601x107
3.47x107
6.44x107
5.34x107H

15910712

3
3
6
?

2.9x10%

Within 120% cone
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Pllempel 2

Extreme Low Model
Parcicle Flux”
aL }02 ke
(-2 g-1)

Purtlcie Poarcicle Dpnsiny”
Dlameter at 102 km

(em) ()

! 8.36x10“

1.91x10"

)
2.82x107
1.79x10%

t.09x102

0 925x107% 6. 79x107

0,975x10™" 1.65x10

1.1250107" 2.77x10

1. 500510074 2,42x10
4

2 175x%50° 2.54110

L =]

2. 32008 y

3.k
5.0x10
9.0x10 - . -

RTITiat -— -

B 3.49%10
-4
-4

4. 730073
3

6.9 - —_—
~2

2.oxi0”2 - —

5.0x10™% — -

L.oao™! - -

2.5x10° - _

5.0x107" — -

1.uxlo? - —

IR - -

l.uxiul - —_

Largust vataplng
parcicle
diaweter (em)

7]
#lboLgplcally
MHhdn 60° cone
Within 120° cone

Table 17

Neay Nucleus Dust Parameterg at 1.8 AY Posc~perihelion

Nominal Model

Partlcle Density* Partiels Flux*

at 102 km ut 102 knm
w3y (2 g=1)
7.07x10° 1.22x10°
1.69x10" 2. 84x10°
,2.65%10% 4.16x10%
1.95,10% 2, 64210
1.43x10% 1.60x10"
5.66x10 5,12x10°
1.90x10t 1.39m10°
7.39x10" 3.97x10%
9.89x107! 3.15x10%
6.80x107 1.50x10°
1. 24x1072 2,20x207"
4.41x1073 6.26x10"2
8. 40x107" 7.82x00°
4.48x107% 2.205107%
2. 74x1076 6.03x1078
37501077 2.62x1077
4.05x10°2

Extreme High Model

Parcicle Bunaity*

&t 10" km
(=3

[ ]

2.24x10
5.28x10
7.90x10
5.43x10
3.46x10

ha

W W

3
2

1.20x10
3.58x20
1.1x102
1,30x10%

8.01x10")
“1.32x078
4.38x1072
7.13x2073
3.25x107%
1.42x10‘5
9,3061077
8.93x1073
8.59x1077
3. 71510720
1.3§x10‘11

Particle ?lux*

at 102 km
(w2 s—1)

8.46x10"
5

1.96x10,
2.88)(].0'6
1.82x100

1.11x106

J3.53x10
§.62x10
2.74x10
2.18x10

[ -

1.03x102
1.52x10"
4.34x10°
5.40x10"
1.52x10"
4.16x10""
1.81x107°
1.16x1078
7.21x100"8
1.34x1077
t.11x10"H

1
2

1.74x20}
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P Tempel 2

Purliulu Parcicle Uenslty
DianmeLer at 102 &y
{cm) (i3

0. 925x107% -

0.975x10™% -
1. 125%107" -

1.500x10™3 -

2 175%107% -

3.3x10”
5.0x30
9, 0x10
2,4x107 -

[
4
4
3

4. 7x107" _—
6921072 -

boxiw”2 -
-2

2.0x10 -

-)
5.0x10 7 —
|

Loaxiy -—
a2, 52107 -
5.ux107! -
Laxio® --
voasio! -

l.UﬂlU] _—

Lutgest escaping
purticle
dlameter (em)

fisotropically
Midthin 60 cone
Wlhiin 120° cope

)

Excreme fow Mode]
¥

at 10% kny
{(m=2 a-1)

4.99x|u"5

Pareclcle Flux#

Table 18

Near Nucleus Dust Parametédcs at 2,2 AU Post-perihelion

Nominal Modal

Parricle Density* Particle Flux*

at 102 knm at 102 kn
(3 (m~2 s-1)
2.50x10" 1.44x10%
5.96x100 5. 94x10%
3. 41x10" 4.89x10°
6.95x10" 3.10x10°
5. 16x10% 1. B9x10°
2.06x10" 6.02x10°
7.06x10° 1. 645107
2.80x10" 4.66x10"
4.06x107} 3.68x10°
3,03x1072 1.76x10"}
6.02x107 3 2.59x107°
271073 7.35x107°
6.56x00"% 9. 18xr0” "
4.75x10°%

Extreme High Hodel

Partlicle Densitfr

at 102 km
(n-3)

2.B6x10
" 6.69x10
1.01x10
6.65%10
4.39%x10

L R = A

1.55x10%

4.54x101
1.58x10"
1.72010°

1
2

1,010
1.78x10°
5.72410°
1.03x10°
4,69x10°
2.07x30°

1.37x10°
1,390

1.32x10
6.25x10
6.47x10°

3
3
5
6
7
8
9
1

!
12

1170t

Parcicle ?luir
at 102 km
(=2 a-l)

9.92x10
2.30x10
1.36x10
2.13x10
1.29x10

LW

Vo o

4.16x10
1.12x10
3.21x10
2.54x10

N N

1.21x10

1.78x10"
5.05x10°
6.32x107
1.78x10°
4.87x1072
2,12x1078
1.36x1077
84321077
1.56x10°
1.29x10

1
2
3

10
12



P/Tempel 2

Particle
Diameter
(cm)

.925x107
.975x10"
L125%10
.500x10"
.175x10°

NHHOO

.3x107%
.Oxlo‘z
.0x10~

.4x1073

N WO L Lo

3

L7100
x10 3

. 9x10”7
02107
L0x10”
.2x10”1
.0x1051
.OxlO0

L1x10

.ox10t

[l VR o BV B R WL o o A ]

Largest Apex (km)

Table 19

Dust Envelope Apex Distance
at 1.6 AU Pre-perihelion

Apex Distance (km)

Low Model

3.05%1077
2.225107}
5.38x10

42

Nominal

1.49x10§
1.49%10

1.49xlog
L.47x10;

1.45x10

1.42x10°
l.38x10§
1.32x103
1.16x10

l.lelog
9.19x10°
8.03x10-
2.07x10>

<1

High Model
.32x102
.36x104
.90x10"
.82x107
.63x10%

oo Oy L nn

.OﬁxlO?
.36x10°
.04x107
. 84x10°

[ SR Ry Rr

.45x107
.246x107
.79x10°
.22x10°
.94x10§
.lelO5
.54x107
.21x10°

.23x10%

Ouda o B 4~ U

550,000



Table 20

P/Tempel 2 - Dust Envelope Apex Distance
at 1.4 AU Post-perihelion

Particle Apex Distance (km)
Diameter
(cm) Low Model Nominal High Model
0.925x1077 9.33x107 1.05x10; 4. 26x10
0.975x107, 9.17x107 1.06x10, 4.27x10;
1.125%107 8.76x107 1.10x10, 4.71x10,
1.500%10 7.89x107 1.26x10, 6.02x10"
2.175%10 6.70x10 1.29x10 7.57x10
3.3%107 5.17x107 1.49x10° 9.54x10
5.0x10_, 3.60x10 1.61x104 1.20x102
9.0x10 1.46x10 1.77x10° 1.72x10
2.4x1077 -- 1.66x10" 2.74x10°
4.7%x1073 - 1.61x10" 3.53x10°
6.9x10 -- 1.57x10, 3.71x103
1.0x10”7 -- 1.52x10] 4.07x107
5.0x1077 - 1.23x10; 5.27%102
1.2x1077 - 9.79x103 5.02x10°
5.0x10, — 4.07x107 4.32x10§
1.0x10 - 1.14x10 3.80x107
3.1x107 - - 2.55x107
1.0x10 - — 9.15%10
Largest Apex (km) ~100 13,000 550,000
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Table 21

P/Tempel 2 Dust Envelope Apex Distance
at 1.8 AU Post-perihelion

Particle- Apex Distance (km)
Diameter R
{cm) Low Model Nominal High Model
A
0.925x10:2 1.63x10i 6.46x10§ 6.14x10,
0.975x10_; 1.55x107 6.42x107 6.30x10,
1.125%10_; 1.36x107 6.47x103 6.96x10;
1.500x107; 9.59x10] 6.38x10, 7.91x102-
2.175x10 4.69%10 6.37x10 1.04x10
3.3x1074 8.67x107 6.31x10 1.34x10
5.0x10_, - 6.22x107 1.69x10;
9.0x1077 — 6.06x103 2.24x107
2.4x10 - 5,.70x10 3.12x10
4.7%103 - 5.31x10°> 3.65x10°
6.9x10-3 - 5.04x103 4.26x10]
1.0x10 — 4.71x103 4.58%10
5.0x1072 — 2.80x10; 5.13x10°
1.2x10°1 — 1.36%x10 4.81x10°
5.0x1051 — - 3.:94%10°
1.0x10, - _— 3.29x107
3.1x107 - - 1.88x107
1.0x10 — - 2.99x107

Largest Apex (km) 20 6500 540,000

bt



Table 22

P/Tempel 2 Dust Envelope Apex Distance
at 2.2 AU Post-perihelion

Particle . Apex Distance (km)
Diameter
(em) Low Model - Nominal High Model
0.925x107 - 1.07x103 7.77x10;
0.975x107, - 1.07x103 8.00x10,
1.125x10~4 —— 1.06x103 8.65X105
1.500%10_, - 1.04x103 1.07x107
2.175x10 —— 1.02x10 1.32x10
3.3x107} - 9.81x102 1.67x107
5.0x107 - 9.38x10 2.13x10
9.0x10 3 - 8.65x102 2.59X105
2.4%107 - 6.93x10 3.67x10
4.7%1073 - 5.51x105 4.49x102
6.9x10 . - 4.45%105 4.81x107
l.OXlO_z - 3.35x107 5.&3X105
5.0x10_% - - — 5.01x102
1.2x107 — — 4.62x107
S.OKIOO - - 3.63K105
l.0x10® - - e 2.86x105
3.1x10l - -= 1.35:{103
1.0x10 - - 2.79x10
Largest Apex (km) - 1070 - 543,000
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P/Tempel 2

Table 23

Density of H20* vs Distance from Nucleus for Nominal Models

Distance from

Heliocentric Distance {(all)

nucleus Pre~Pexihelion Post-Perihelion
(km) 1.6 1.4 1.8 2.2
Surface 1.23x10Mt 1.82x10%2 4.11x1011 4.83x10%°
1x102 1.58x10" 2.33x10° 5.27x107 6.19x10°
2x10° 3.31x10° 4.86%107 1.10x107 " 1.30x10°
5%102 4.11x10° 6.03x10° 1.37x10° 1.62x10°
1x10° 9.04x10% 1.32x10° 3.02x10° 3.57x10"
2x10° 2.21x10% 3.21x10° 7.42x10% 6.83x10°
5%10° 3.30x10° 4.68x10" 1.12x10% 1.36x10°
1x10% 7.34x102 1.01x10% 2.56x10° 3.20%10°
2x10° 1.45%10° 1.86x10° 5.33x102 7.07x10%
5x10” 1,16x10% 1.19x10% 4.92x10% 7.82x10°
?urfac? Pregsure _3 _9 _2 C 3
in active cone 3.2x10 4.6x10 1.0x10 1.2x10
(dynes cm—2)

* molecules cme




