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MERCURY'S HELIUM EXOSPHERE AT'TER MARINER L0's
THIRD ENCOUNTER

S. A, Curtis and R, E. Hartle
Laboratory for Planetary Atmospheres
ABSTRACT
From a comparison of the Mariner 10 third encounter UV
spectrometer data with intensities generated from a newly
constructed model exosphere, we have derived a new value
of 4, 5 x 104 for the fraction of the solar wind Hett flux
to be intercepted and captured by Mercury's magnetosphere
if the observed He almosphere is maintained by the solar
wind. If an internal source for He prevails, the corres-
ponding upper bound for the global cutgassing rate is esti-
mated to be 4,5 x 1022 gec-!. These values differ from
those given earlier due to the present use ol a surface temu-.
peratur-e distribution satisfying the heat equation over Mer-
cu1‘y'§ entire surface which employs Mariner 10 determined
mean surface thermal characteristics, We also use the

mean stand off distance of Mercury's magnetopause averaged

over Mercury's orbit., We find the agreement between the

observed and calculated intensities to be good and believe that

the minor discrepancies that exist on the nightside of the



ABSTRACT
terminator are explicable in terms of differences between
actual and computed surlace temporatures and the resulting
scale height strueture changes, We attribute these tem-
perature differences to the inhomogeneity of the physical

properties of the surface of Mercury,
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MERCURY'S HELIUM EXOSPHERE AFTER MARINER 10's
THIRD ENCOUNTER

INTRODUCTION

As a result of Mariner 10's three encounters with Mercury, the prevalling
view of the relationship between the atmosphere and the solar wind has changed
dramatically, A review of the observations and interpretation of Mercury's at-
mosphere has been presented by Kumar (1976), Our interest here lies primarily
in the interpretation of the third encounter observations of the He atniosphere at
Mercury's evening terminator (Broadfoot et al., 1976a), We will compare our
theoretical 584 A intensities to the intel;sities observed by Mariner 10 in order
to ascertain the validity of the model's assumptions concerning the He atoms'
accommodation with local surface conditions., OQur investigation is constrained
by uncertainties in the derived surface temperatul;e due to inhomogeneities in the
sur;face properties. We will-show that the data appear to support the model's
assumptions “to a degree which allows new updated estimates of the total fraction
of solar wind Het* captured by the Hermian magnetosphere 'and__which impacts
the planet's surface, maintaining the obsgrved He exosphere solely by this exter-
nal source. Also, a new upper bound to tlhe.__ total surface outgassing rate will he
given,

Pre-encounter models (Hartle, et al,, 1973; Hodges, 1974) assume a direct -
_interaction of the ambient solar wind with the Hermian surface, In those models

the solar wind provided the source for the atmosphere", and its magnitudé was



determined by the solar wind [lux intercepted by Mercury. The Mariner L0 en-
counters discovered that direct solur wind Interaction was generally not possible,
since Mercury was found to possess a magnetosphere (Ness et al,, 1974; Opilvie
et al., 1974). This mapgnetosphere defleets most of the solar wind from Mercury
under typleal solar wind condltions (Siscoe und Christopher, 1975). The encount-
er measurements also revealed a He atmosphere (Broadfoot et al., 1974), From
encountecy measurements Hartle et al, (L9785 constructed a model to necount for
the observed magnetospherle shielding of Mercury's surfulcca from the solar wind,
The model indicated the observations implied a tenuous He atmd;phere which is
collislonless down to the planet's surface and hence is an exosphere, From the
modél, nreliminary estimates were made for the magnetospheric cupturg fraction
of solar wind He*' required to maintain the observed le exosphere, In addition,
an upper bound for the surface outgﬁgslnlg rate required to maintain the He e);é—
 sphere was also obtained from the modei, TFor simpllcity, the early model as~
sumed a surface temperature distribution based on radlative equilibrium. ‘This
Izlzssumption led to a gool abproximation of the temperatures over most of the day-~
side, bul was not appropriate neaf thé evening and m“cwning términators (Hartle
at ai. , L978). The need for a more realistic temperature distribution is evident
from the Mariner 10 third encounter UV observations of the sensitive terminalor
region (Broadfoot et al,, 1976a). A minimum requirement for a surface tempera-
ture distribution in the present case would be for it to satisfy the heat equation

ovar the entire Hermian surface using the surface thermal properties determined



by Mariner L0 (Chase et al,, 1976). The differences in global parameters such
as total atmospherie content are not large when the temperatures are determined
from either the radiative equilibirum condition or the heat conduction equation,
However, the localized UV measurements of Mariner 10 are extremely sensitive
to the terminator temperature distribution and hence a very reallstic temperature
mexlel I8 needed if theory is to be quantifatively élompamd with experiment in this
‘region (i-lartle et al., 1975), “

METHOD & CALCULATION

:

In thig soction we discuss in detnil the three stages of caleulations that are
necessary In order to generate a model helium exosphere fomj Mereury from which
detailed comparisons with M‘arlneli' 10 encounter UV observatiqns are possible,
The first of these stages is the caleulation of the surface f;empie:rature dlsfributlon,
obtained by solving the heat conduction equation over the planet's surface., The
second stapge incorpm.:q"ies the surface temperature distribution Into a Monte Carlo
model for the surface helium exobase density normalized by a constant factor,
The third and Hnulz‘.;.stage involves a solution of the collisionless Boltzmagn equa-
tion for the giobal He dc—;nslty distribution in tl;e exosphere, where the highly n;::n-
uniform exobase temperuturés and densities provide the needed boundary condllti;)ns."
We now elaborate on each of the three parts of the model generation,

~ In calculating the exobase temperature, T(z,t), we solve the heal conduction

equation (Richtmyer, 1962), asswning a homogeneous surface

OT(w) = K 02T(zt) - W

AT dz2



where p is the surface density, ¢ {s the speeifle heat eapacity, K ts the thermal
conductivity, tig the time and z is the distance below Mercury's surface, In

solving (1) we applled the following bohu&nry conditions:

K 0T(z0) = eoT4 (z=0,1)-(1-a)1(0)

0z |20 @)
K T(zt) | =0 .
02 222, ©)

where ¢ is the emissivity, o s the Stephan-Boltzmann constant, a is the athedo,
and zy s the depth of the bottom of the slab In which the solutlon is sought. I'(L)
is the solar insolation as determined from Mercury's ephemerig, In (1) and (3)
we have neglected the heating contribution due to radioacilve decay of uranium
and thorium in the Hermian Interior as it is negligibie in the case of a uniform
source of decay under the planet's surface. If, however, th¢ sources of radio-
acti\l}é decay are highly non-unifoiin, then local hot spots mag; be produced on the
night side, The deviations between such hot spots and the nniform temperature
.model \;'ould be shnilar to those deviations caused by higher thermal inertias than
the uniform value assumed. In Table 1 we give the values of the above paramete;‘s
usec} in the solution, The values characterizing the Hermian surface are taken
from those adopted by the IR team Fg'orn their raci{.’ometer obkservations (Chase et
al., 19876), The details of the numerical anzilysf_[; of (1}, subject to (2) and"(B) as
well as the analytical form of I'(t) have heen discussed axtensively (Linsky, 1965;

Ingrao et al,, 1965; "Linsky, 19663 Morrison, 1L969; Morrison, 1970). In solvihg
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(1) we have choson a grid with a thme Inerement 4t s L earth day and a eorre-
gponding depth increment Az = 3 em ag necossitated by stability requirements,
We chose as o flrst guess to the solution the radintive cs&uilibrl'um solution we
employed earlier (Hartle ot al,, L975), We note howev_ér that partieular eare °
must be taken in numerieally solving (L) by the methods cited, Specifically, the
solution is ﬁrone to oscillatory problems that can_:daatroy theponvargence in the
low tenﬁperature gradient regions on the night side and In ,Iujre.ais with very low
solar insolation near the terminators at higher latitudes, The tendency" is to 6ver‘-
shoot the true solution, Tq r.:-ft_)minutca this problom we apply a dampening factor

to the computed change of the éur[ace temperatures at each iteration step in these
oscillation prone regions. We then obtaln a smooth convergence with an estimated
| precision of approximately 1°K, The iteration is performed over multiples of two -
Hermian years (two orbital periods), the time over which a surface polnt expari-
ences a complete solar insolatlon eyele. The 1nsoiatlon received by the aphelion
subgolar point and its resulting temperature response is shown In Figure 1 for

the complete two Hermian year (=176 earth days) B;)lﬂ].‘ insolation eycle. The
unusual form of the insolation is derived from the 3/2 spln-orbit resonance of
Mercur:,; and its relatively high orbital E.;ccentricity. Although we have derived

the exobase temperature distributlc)n over the entire Hermian solar insolation
c;ycle, our Interest here {s restricted to the aphelion temperatures at the time of
the Mariner 10 encounters, In Figure 2 we glve the aﬁhelion e:%oba'se surface

temperatures T(A, ¢) as functions of latitude A, and longitude ¢, with ¢=0"



representing the nooﬁ meteian and A =0° tho equator, In Flgures 2b-c¢ we show
eross seetions of this contour plot at tow and high lntitudes with the horlzontal
axis sealed by cosh in ovder to clve the reader o feellng for the longitudinal tem~
perature gradients (elrcumference & cosh ). As Is readily apparent from thege
two figures, there s a marked asymmotry between the morning and evening tep-
minators with the smaller evening tempesature gradients cérvcsponding to night
time cooling and the mo;:ning temperature gradients hefng quite steep due to the
step [unetion-like turn on of the solar insolation at sunvise. Also, for _l‘qrge
distunces about the subsolar point on the dayside, the solution ig very néérly that
glven by radiatlve equilibrium with T(X, ¢ ) = 575 {sinA cogd) /4K, The surface
temperature dhmrMevcury has perhaps the largest contrast in the solar system,
MAL' aphelion 1t spang tempovatires [rom a nightside pole value of =80°K to a4 sub-
golay value of =575°K,

We use the aphélion exobase temperature deseribed above to generate the
exobase helium density distribution, The methed we employ is n Monte Carlo
technique wliemir{ single He atoms are followed over the planet's surface unlil
th‘ey eltﬁer escape thermally or, as is ltss lll;ely, are lonized and picked up by
the surrounding _pm_gnetosphere. The details of the caleulation have been presented
in anﬁearlle_r paper (Hartle et al,, 1975), The resulting aphelion exobase He den-
sity distrihution n(:*?'\, ¢, z=0), normalized by the subsolar point densily n,, is
shown in Figure 3a, In Figures 3b-c we cllspla§ ceross sections of Figure 3.11 at

low and high lﬁtitudes, with the horizontal (¢) axis sealed by cosh in order to



in order to aceurately show the longitudinal surface densily gradionts, The sig-
nature of the exobase density response {o the exobuse temperature distribution
Is apparoent from the steoper gradients In the morning than in the evening, We
note, however, that non-loeal effects of a global noture are also apparent from
an inspoctlon of Figures da-c, The maximum denstty bulpe oceurs off the equa~-
tor and marks the most effective trapping rogion for hellum o the nighiside,
The olfectiveness of the trapping is determined both by how coid it Is and the ex-
tent of the cold region on the surface. These elfects combine to determine the
length of time an atom will spend ballistieally hopping around in a given region
and hence glves a measure of how long it remains trapped, Thus the maximum
density . apx wof appear near the poles which are the coldest ai'eas on the planet
- nor does 1t occur at the equator which has the largest low temperature region,
Rather, the maximum density oceurs in Lielween, where both of these charncteris-
tic trapping parameters comblne to form the best trap. The smauallness of the
polar traﬁping region is readily apparent from both Figures 2a-¢ and Sa-¢, Most
of the nightside structure seen in Flgure 3a can be attributed to global prbcesses
and not the relatively featureless local nightside exobase temperatures of Figure
2a.

Using the exobase temperatures and He exobase densities described above,
our model Hermian exosphere is generated directly as a solution o the collision-
less Boltzmann equation with these exobase distributions as boundary conditions,

The details of the method of solution of this equation for nonuniform planetary

-a



exobase condiiions is give‘n‘by Iurtle (L971), Ratler than computing the entive
exosphore we nave, for reasons of ecconomy, restrieted our caleulations to those
necessary to compute the column densities needed for comparison with the Mari-

- ner 10 third ancounter UV observations, The column densities which we compule

. . %
A..__: 50 ]0 ) '

where sy is the intersection of the viewing direetion with the planet when such an

are ol the form

inteysectlon exists (for views acirass Lhe limb 84 = =9%9), and s¢ is_ the spacecfal‘t
pos}j;}_gn at the thne of viewing. The ins!;mu_nent vlewing: slit (13_1'oad[60t et al..,
1976hb) is divided into segments and for each segment a column densily of the fornt
of (4) is L-mnputeci. The Infegrated co;ltribution ol these segments for a glven '“
Lsiil; (_uccbuniing for l'lu-f instrument's transmission fuinction) gives the normutizgd

intensity seen by each slit, - In order to determine the normalization factor for

our omputed ini¢iisities, they are renormalized to those measured off the day-

side [umb by Broadfoot et al, (1976a). In Figure 4 we compare the resulting re-

normalized model intensities with the Mariner 10 measured He 584 A inténsi_‘ies.

i

The plot is conveniently broken into tln'ee_'parts. These parts are: (1) the region

off the dayside limb whick shows very good agrecinent with the model, (2) the
region between the dayside limb and the terminator which shows the obsewedﬁnﬁ-
tensities exceeding the model by a Ia:"rga amount due to surface scattering of 584 A

rz:l;‘]iation ofl:'_.‘[;he planet's surface, and (3) the region to the nightside of the termin-

-

ator which follows the data but shows some discrepancies,
8



DISCUSSION 3,
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Returning to Figure 4, we note the agreement with the ohservaticns is good

4

ofI;,_ the (lny{él‘do limb (reglon 1) as is expected since radiuﬂve equitthrium hg)lds~ ’
611 Ithe;.ﬂ_lsurface there and thus the local temperatures are neuﬂy independent of

the loc.ul tharmal propertlgs of the soil, In contrast, ‘thcve are notable differen-
cesl on the nightside of the terminu__tor (r“eglo’h 3). ’I‘hemlarge differences bel.we::e'n 'l
model and data in the Intermediate re.g“lon 2 are atteibuted to Mercury's UV Sup-
gace albedo, We find these ﬁight sldelii‘(reglon 3) discropancies to be much less
than those calculated from a model exosphere by Broadfoot eL al.ﬁ(LQ"{Ga})_}, where-
in a large excess of density was derived in this re‘gion.( ‘Fr__om Flgure 41113 nature
of these differences In region 3 are seen to be like a phase slﬂféﬁof the model in-

tensities to later local times with respect to the observed intensities. We suggest

the nightside differences near the terminator are due to the extreme sensitivity \

of the Intensities to the surface temperatures in this region of large longitudinal

temperature pradients. The temperatures themselves are sensitive to the local

thermal pﬁi‘én;éfters and hence will reflect soil inhomogenities, This sensitivi‘};y
arises from the location of the exospheric densities contributing r-ost to the ob-
served lntensities.: Such densities are gencrally =ﬁlocat‘ed at several scale heights
| 1-1% R, Ja B - 5)
above the surface of Mefcury, where R 8 15 the Hermian radius and _

e (JMQ_T: m--
¥
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is a measure of the He atoms ratio of gravitational potential energy to kinetic
energy in terms of the gravitational constant G, the mass of Mercury M, , the
He atom's mass m and Boltzmann's constant k, The terminator region is charac-
terized by H ~60-100 km, Surface densities do not contribute to the observed
intensities here due to the shadow of Mercury that blocks light to this surtace re-
gion, The densities in this night region are well approximat.d by the barometric
law

n(A.¢) = n(X,¢, z=0) exp [%’;— | (7)
We note that if there exists an error 5T in the exobase temperature, not only is
the base density distribution modified, but the height distribution is nonlinearly
altered with o being replaced by o = ;70'2;;_ . Thus, if the actual temperature at
the exobase is lﬂﬂ thar. that calculated from the heat equation, a’ will increase,
H will decrease and the density will decline more rapidly with height, resuiting
in lower column densities and intensities, To be more quantitaiive, corsider the
fractional change in density at height 2 caused by a difference hetween model tem-

peratures, T  , and actual temperatures T of T = Tp = Ty

3 .
-A—:= ll-(% | exp l‘-’h‘:é%—l -1 (8)

where we have used the fact that the exobase densities vary with the exobase tem-

peratures roughly as T-3 , This density variation with temperature is deduced

from the minimization of

10



5(x) = ./]:Is(:::‘.’:‘xo ..) 2 -
_/]‘tls

where the integration is over the Hermian surface, We solve the equatlon itera-

_tively for x such that & (x}<< | and find x = 3,166 £,002, I'or purposes of illus-
tration hare we will simply use x = 3. Now we consideyr the case In which §T'<0,
In particular, from Chasc.et al, (1976) in thelr Figure 6 we note that there is a
large deviation betiveen model temperatures and observations near 1800 Mereury
local time; i.e., near the evening terminator, Specifically, with a thermal in-
ertia of 0.0020 cal em~2 sec-1/2 °K-1 similar to that adopted in oui‘ temperature
caleulations and with the sume type of temperature model, deviations, -(%‘-I.?- 0.2
appear to be implied, . Using the value é—% = -0, 2 the fractional deviation -‘-S-E at

~ 2 gcale heights above t11e’7§urface is ~ -, 45, Thus the model would appear to
6verestimate the denslgy”'jjifay almost a factor of two, We conélude from these re-
marks that the non—linea_r ampliffeation of modelgactual tém‘perature difference
effects via th“e scale height dependenqe of the eolumn density c.on"txu'ibul;ions can
explain the observed phase sl;iftnlike _;lifferencés in the terminator region, We
attribute the temperature différences to the idealization made in regarding the
Hermian surfacieu as homogeneous and uniform in terms of its thefma! parameters.
The sensitivity of the surface temperature to these assumptions is readily seen

from Tigures 6 and 7 of Chase et al. (1976), We emphasize here that the measure~

ment;s made in the terminator""'i'egton are indirect indications of the magnitude of

11



the large nightside denslities, sinﬁlnr t6 those measured divectly on the Moon by
means ol a surfuce mass spectrometer (Hodges and Hoffman, 1974), It would
appear that by such direct in sitn mensuvcmgnts of denslty a separation of night-
side temperature and densities could be much more preélsely obtained, A s.‘amllur‘,
{}"d].tllough less preclse, separation could be made il the tempcrziltures wers met-
sured globally by an orbiting satellite allowing the construction of an emplrical
"temperature model reflecting the surface inhomogeneities, This model coupled
with UV intensliy observations would separate denslties and tcﬁnpemtu res better
than the eurrent encounter measurements of Mariner 10, The differences between
the homogeneous model intensities un.d the Mariner L0 observations have been
taken by Broadioof et al. {L970a) o lndicutle departures from the surface physics
nssumed by these models (Iodges, Lv74; Hartle et al,, 1975), I'rom the results
obtained here wo feel that for the speclfic case of helium on Merecury gucll devin~
tlonéfc’;oulcl well be small since the deviations from homogentety of the surface
thermal properties as determined from the Mariner 10 IR experiment (Chase et ;
al,, 1970) appear to accounL for tl;e differences between model and UV data 'lnt(fni!'-"i
sitles, A cleter"mlna!;ion of any non-negligible surface physics deviations would
require more detailed measuremoents as discussed earlier. | .
" From the preceding comparison of the Maviner 10 UV results [or atomic
helium and our'model, we conclude that f';hé agreement is sufficlently good so as.
to allow a caleulation of the total atmospheric content, We are then able“ to esti~

mate the capture fraction of solar wind He'™ of the Hermian magnetosphere needed

12



«lo maintain the observed atmosphere, -In the oppog}lte limit, we also compute an~ |
upper bound for the Hermian outgassing rate D__Pesfllnnbly for an Internal racdio----
genic source. In calculating the total atmospheric content, N, we integrate -

over a seml-infinite shell containing the Hermian surface

oo, +1 2 B
Np= = n% f dz [ du f TTdqp n(u,g,z)
0 -1 0

where u= cos A . We find Ny to be well approximatgd by

! 2w .
NT A Rgf du f d¢ H(U,(ﬁ), Il(ll,qb,Z:O)
-, 1 .

where H{u, ¢ ) is the local scale height, The resulting total exospheric content
we compute 1s N7 = 6 x 1027 He atoms, This value of N is less than that deter-
mined earlier (Hartle et al,, 1975) due to the enhanced post sunset evening tem-
peratures of the Yl;at conduction equation solution as shown in Figure 2, These
‘are to be contrasted with the pre-dawn morning temperatures which closely follow
the rgdiative equilibrium solution, The resulting evening density depletion of
Tigure 3 reduces the total nightside density by ~.3. As the night slde density
bulge is almost the entire content of the exosphere, the total almosphere content
is veduced by a corresponding amount, Also from a comparison of model Intensi-
ties to observed intensities we derive a subsolar point density of rio =1x103

atoms cm3 , In obtaining n, we have used the relation

(10)

U
o =g

in terms of the currently accepted value of g~factor (Broadfoot et al,, 1975a),

where 1 Is the obsgerved intensity and - is the computed model colunmin density _

13
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from eéquiation (4}, This value of ng Ié In agrgement with our previously reported
”value (Hartle et al,, Lﬂ'i_’!ﬁ) when the differences in observed intensitios bolweon
Mariner 10 encounteri and encounter I are aceounted for, This is to be expec~
ted since n,, Is determined off the clayslcl;a'_l.lmb whose surface temperature is
nearly independent of soil thermal propertlesi Our present vaiue of ny does
differ suls

LAY

tantially from that ealeulated by Broadioot et al. (LE)'?Ga)_\ of 4,5 x 103
em=3, héénnparing their Figure 2 to our Figure 4 we note that offthe dziysm'e
limb the Broadfoot model is consistently above the data whereas our model tracks
the data quite well in this reglon. If the 31‘0:1(11‘00!; et al, model is normalized to
ours just off the limb, thelir value of ny becomes 2,5 x 103 3, {n agreement
with the value presented Fhere. We now proceed to calculate the capture fraction,
f,., required for the He éxosphere‘s maintenance. Siscoe and Christopher (L975)
have discussed the dependence of the solar wind stand off distance, rg , at Moer-
eury as determined from the balance of solar wind pressure and the Hermian mag-
netic dipole field pressure, From their values of ry at apheiion and perihelion,
the dependence of the dipole magnetic {leld pressure, Bé"; [ ON st and the de~
pendence of the solar wind density on solar distance R via the continuity equation

for solar wind Het* , we find that the capture cross section, o, , varies as

o5 = 6.657 RY R2/3 § .. (L1)

where § is a geometrical [actor which {s the squared ratio of the magnetopause

distance at 90° to the standoff distance § = (1 (90°)(re;(0°)? and R is in AU, From

14



Figurc 2 of Ness et al, (L975) one obtaing an estimate of § = 1,60, Now the maonn
residence time 7 of an Ho atom on Mercury, before it is lost by an escape process
Is ~1,8 x 107 sce slighily less than the value reported earlier (Hartle et al.,
1975). This is on the order of the temperature eycle period of 2 Hermlan years,
We thus expect the totul He exospherie c‘ontent to be approximately constant with
variations in the exobase temperatures affecting the shape of the exobase density

distribution, We can then write

if
i

Np = 6.657 ngvy <R3 >0 00 RE 1, (L2)
S ¥ |

where ngg= 1,5 x 107 Hett cm -2 seé-l is the solar wind flux at 1 AU. The
143 dependence reflects both the radical dependence of the solar wind flux on
distance (B2} and that of the capture cross section (R2/3), The bracket < >y i
repragents an average over the Hermian orbit,

‘ 27 .
KRB > 01 = .ss:zf d0 [1+.206 cos 0]-2/3 (L3)
0

From (13} and (12) we obtain £, & 4.5 x 10'4‘ as the Hermian magnetosphere's
capture fraction, The upper bound on the total outgassing rate, ﬁrl‘, is given lJy"
(12) directly and {5 ~4.5 x 1022 He atoms sec-l.

This upper hound on the ﬁotal outgassing rate may also be viewed as the upper
bound to thermal loss. The value rgported here is substantially less than that

given by Broadfoot et al, (1976a) of 3. x 1023sec~! , We attribute this difference

- to large differences in -éxosphe__ric scale height structure between the models.
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This ¢an ba seen in the lurge differences between tho model Intensitios from d;y-
slde limb to evening terminator in Broadfoot et al, Figure 2 and our Figure 4,
In particutnr the Broadioot et al, model shows a mueh larger bulge In the sunli"t
rogion near the terminator, We belleve this hulge s unrealistic as it contalns
model_values preater than observed data points which possess surface alhedo
contributions. |
SUMMARY

IFrom a solution of the héat cleuctio'n equation over Mercury's surlace we
have caleulated the surface exobasc temperatures at aphelion. With these tem-
per;atures wa have generated normalized exobasoe densities on the surface via
Monte Carlo technigues and computed the normalization factor hy comparing
model 584 Afntensities with those intensities observed by Mariner 10 at Its third
Mercury encounter, Using theée exchase temperatures an!] densities we have
computed the total atmospherie content and from this value estimated the total
magnetospheric capture fraction of solar wind Hett needed to maintain the obser-
ved exosphefe solely by this external source, We found f.~ 4.5 x 104, An
upper bound to the surfnce outgassing rate of 4,5 x 1022sec-! was also derived.
These results represent a synthesis of the data obtained by the UV, IR and mag-
netic‘field instruments during Mariner L0's encounters with Mércury, In closing
.we note once morc“e“ the sensitivity of the observations to the surface temperature
distribution and the corresi)ondlng nonlinear amplil?ic“ation of te'mperaturé differ- -

ences Ln computed model colurim densities on the nightside near the terminator,
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These tomperature differencos in turn :n:c dependent on the inhomogenicties of the
aurl‘a;:e properties away from the vielnity of the subsolar point where radiative
equilibrlum holds, A more reflned analysis will most likely require the informa-
tion that can only be provided by an orbiting spacecraft which would allow detalled
observations of the surface temperature at all local times and a wide range of lo-
titudes as well as more detalled density measurements or preferably a lander
capable of in situ measurements. This contrasts to the three thin slices of en-
counter data that Mariner L0 has provided us in our first close-up view of Mer-
cury.
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Table |

Heat Conduction Equation Parameters

Parameter

Value

p (surface density)

¢ (specific heat capacity)
K (thermal conduetivity)
¢ (emissivity)

it (albedo)

o (Stephen-Boltzmann constant)

1,50 g eme3

0.20 cal deg! !

1,30 % 10" caf ey SLCI dege!
.90

0.10

135 % 10712 ¢al em? degd see!
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Solar Insolation I™ (t) cal cm 2sec*

Temperature (°K)
i
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Figure 1 (a) Solar insolation history of the aphelicn subsolar point of Mercury as a function
of elapsed time from aphelion in earth days. (b) Temperature history of the aphelion sub-
solar point in Mercury as a function of eclapsed time from aphelion in earth days.,
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Figure 2 (a) Hermian surface temperature disiribution at aphelion as a function of latitude,
A, and longitude, ¢. (b) Longitudinal cross section of Figure 2 (a) for polar latitude, \="7.5°,
(c) Longitudinal cross section of Figure 2 (a) for equatorial latitude, A\=2.5°,
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Figure 3 (a) Hermian surface He density at aphelion as a function of latitude, A,
and longitude, ¢. (b) Longitudinal cross section of Figure 3 (a) for polar latitude,
A=77.5°. (¢) Longitudinal cross section of Figure 3 (a) for equatorial latitudes, A=2,5°,
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Figure 4 Comparison of the He 584 A evening terminator intensities observed by
Mariner 10 at its third encounter and model He exosphere computed intensities,
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