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FOREWORD

Jupiter, the largest planet of the solar system, differs
sharply from the Earth and terrestrial group of planéts in
many basic characteristics (mass, rotation, composition,
atmospheric and deep interior structure, etec.). Until recently,
Jupiter had been studied only by means of ground based tele-
scope astronomy. The flights of Pioneer-10 and Pioneer-11l
demonstrated the possibility of the use of space vehicles for
this purpocse, despite the high level of hard radiation near
the planet.

The proposed model summarizes the basic data on structure
of the atmosphere and near planefary space of Jupiter, published
by the beginning of 1976, 1In approach to the problem and
structure, the work is similar to the models of the atmospheres
of Venus and Mars, previously compiled at the Institute of
Space Research, Academy of Sciences USSR [1,2]. Several pos-
sible alternate versions of the vertical profile of the
atmesphere, selected so as to obtain a "bracket" of the basic
parameters (temperature and pressure) over a wide range of
altitudes, are given. In distinction from the previously
published medels of the terrestrial group of planets, considerable
attention was given to the physical conditions in the near
planetary space (radiation and meteorite situation). The model
was compiled by the follewing group of authors: V.I. Moroz
(basic characteristics, model of the>atmosphere, elecfromagnetic
radiation, meteerite situation, satellites), P.Ye. El'yasberg
(gravitatienal field and satellites), M.N., Izakov and V.S.
Zhegulev (medel of the atmosphere), G.A. Skuridin, Yu.I.
Gal'perin and K.I. Gringayz (magnetosphere and radiation
situation).
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WORKING MODEL OF THE ATMOSPHERE AND NEAR
» PLANETARY SPACE OFF JUPITER

V.I. Moroz, ed.

Institute of Space Research,
Academy of Sciences USSR, Moscow

1. Basic Physical Characteristics and Gravitational Field

1.1. Planetary Motion

Jupiter rotates about the sun in an elliptical orbit, with a i
semimajor axis of 5.203 AU and eccentricity 0.0484. The rectangular
geoequaborial, heliocentric coordinates and velocity , components
are presented in [3]. The maximum error of each coordinate of
Jupiter corresponding to these data can be assumed to be 3-10-°5

AU and, of each velocity component, 3.10~° AU/day [4].

1.2. Dimensions and Shape

The shape of Jupiter is described by an ellipsoid of rotatlion.
The equatorial radilus, polar radius and compression are presented
in Table 1. The recommended value of The equatorial radius is
based on the results of radiooccultation of the atmosphere .of
"Jupitér by Pioneer-10 and Pioneer-11 [5], and it is relative-to -
the 1 atm equipotential level. The value presented in work [51°
for the 0.16 atm level was extrapolated downward, by means of
the medels of the atmosphere presented in section 2.2. The
indicated error of *30 km includes both measurement errors and
indeterminancy in the models of the atmosphere.

The recommended value of tThe compression was determined as

a result ef analysis of the Pieneer-10 orbital data [6] and, within

¥Numbers in the margin indicate pagination in the foreign text.



the limits of error, it coincides with the value found from
the motion of the satellites [7], as well as with the geometric

compression, obtained by means of micrometric measurements [8].

The radius of the planet at latitude ¢ 1s connected with
the equatorial radius by the relation

LR‘:? :‘Re (1 "E.Sizzzq)j, r (1)

i

The wvalues of R¢ for various latitudes are presented in Table 2.

1.3. Mass and Gravitational Field

In expansion of potential V of the gravitational field of /5
Jupiter by Legendre polynomials, it is sufficient to leave three
terms:

- B — - R 2 . . N - A ";; _ R '
V)= £ L (%) g < 2, (Z) B lsma],

where p is the gravitational parameter, Ip and I are the coef-
ficlents of the harmonics, Re is the equatorial radius.

There now are several determinations of tThe mass of Jupiter
from observations of the satellites of Jupiter, small planets

and from orbital measurements of space probes (Pioneer-10,11)

[6].

In accerdance with the recommendations of the International
Astronomical Union (IAU), the ratio of the mass of the sun to
the mass of Jupiter should be assumed to be 1047.355 with a
maximum errer ¥0.025, and the gravitational parameter of the



sun (132712438000 * 5000)km®/sec?. From this, for the ’ ‘ s

e m e e g e ——_

gravitational parameter of Jupifter,-we obtain..

[ — [ . e A

A = (i267f2000 + 3090) kms-sec&‘
- e

For the remaining constants in formula (2), the following
values, determined by Anderson et al [6], can be assumed:

Lo (I 720 + 0.0040). _z_o‘”z ’ (3)

T, = (650 1 150)-1075, -
e e ] Re = 71398 wu. Lo

The value of Re obtained by Anderson differs somewhat from that
recommended above (and subsequently used for models of the
atmosphere) .

The acceleration of gravity depends appreciably on latitude.
Centrifugal force makes a significant contribution. The ac-
celeration of gravity for different latitudes is presented in

Table 2. For calculations of models of the atmosphere, we will
assume

g=25 m/sec?, ()

The change of g with altitude can be disregarded in these
calculatiéns.

1.4. Rotation

The ebservable detalls on the disc of the planet Séiong to
the cloud layer. However, there are compacéviﬂand long lasting
formations (spots) among them, from which the perlod of rotation
can be determined. Since atmospheric motions, the welocity of

which is somewhat different at different latitudes,make a



contribution to the observable rotation effect, The average
period determined from the movement of details depends some-

what on latitude. It has been determined that, .near the

equator (X12°), the spots have a period of rotation of 9 hours

50 min, but it i1s close to 9 hours 55 min in the middle latitudes.
The periodicity of change in intensity of radio emissions in the
deéimeter range and the frequency of bursts in the decameter
range (see section 3) are close to the period of rotation in the
middle latitudes; however, they are not completely consistent.

In connection with this, three systems of longitude are used
to designate the coordinates on Jupiter: system I (equatorial),
iI_Ciéﬁiﬁi@éiééié%i%ﬁaes} and IIT (for radio emission). The
correspondihg periods are given in Table 3. The zero meridhans
for these systems were selected arbitrarily, and they are not
connected with any definite details. At a time in 1897, July
14,00, Julian day 2414120.0, the central meridian of the planet
had a longitude of 43.31° in system I and 96.58° in system II
[9]. The zero meridions in systems III and IT coincided on
1 January 1957, at zero hours UT [10]. "Since there evidently
is no solid core in Jupiter, and the thickness of the gaseous
atmesphere is over 1000 km in any case (see section 2), the
rotatien rate probably depends on both latitude and depth.

The basgic mass of Jupiter, which is in the 1liguid state,
evidently has a period of rotation which corresponds to system
IIT. The magnetosphere and radiation belts rotate with the
same period.

The linear velocity of rotatien at the equator 1s presented
in Table 3. It exceeds. the escape velocity on the Earth. The
centrifugal acceleration is about 10% of the grawitational.

The inclination eof the equator to the orbital plane is 3° 07'.

t
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Because of the small inclination, there are no change of season

phenomena on Jupiter.

2. Atmosphere

2.1l. Chemical Compesition

Spectroscopic observations of Jupiter long agoe permitted the
detection of hydrogen [11], methane and ammonia [12] in the
atmosphere of the planet. Summaries of observational determi-
nation of these ‘gases can be found in books [13,14]. Helium =~
[15], acetylene [16], ethane [16], water vapor [17] and
phosphine [18] have been added to them in recent years. Abso-
lute determinations of the abundance of various gases in the
atmosphere of Jupiter encounter considerable difficuliy, because
of the fact that the absorption lines form in a cloud mediunm
with poorly known properties. In a number of cases, even
relative determinations prove to be difficult. Helium in the
lower atmesphere cannot beildetermined at all by direct spectro-
scopy, because of the abgence of absorption lines. Ifs abundance
can be estimated, only from the effect of other gases on the lines
and from the luminoscity in the high layers of the atmosphere.

Nevertheless, analysis of observational data, including
theeretical calculatiens of the internal structure, permit
the highly likely hypothesis to be offered, that the elementary
compesition of the atmosphere and interior of Jupiter corresponds
to the average cosmic abundances [13;14,19]. Consequently, the
basic chemlical cempenents are hydrogen and helium.

In distinctien froem the terrestrial group of planets, the
basic mass of matter of Jupiter evidently is not in the solid,

but in the liguid state [20,21]. It is highly likely that such



elements as oxygen, carbon and nitrogen are uniformily mixed with /8
hydrogen and helium, due to convection in the gas and liquid
shells. All these considerations give a basis for adopting the
following model of the chemical compoesition of the atmosphere
for subsequent calculations. The basic components are molecular
hydrogen and helium, in a ratio which corresponds to the average
cosmic abundances (90% hydrogen atoms and 10% helium atoms,
according to [22]). Oxygen, carbon and nitrogen are bound
primarily in H20, CHJ and NH3 molecules, and their content is
proportional to the average cosmic abundance of 0, C and H.

A model of the che@ical composition of the atmosphere of Jupiter
constructed in this manner' is presented in 'Table 4. It is in
satisfactory agreement with known spectroscopic estimates. The
measured CgHe:CHa and CpHo:CHY ratios were used directly for
ethane and acetylene. For Hp0 and NH3, the composition model

is suitable, only below the corresponding condensation levels,
the location of which depends on the vertical structure and
which is noted in Fig. 1. Observation and theory do not
completely exclude an increased (compared with the average
cosmic distribution):. helium content in the atmosphere of
Jupiter. The maximum permissible He:H2 bulk ratios evidently

do not exceed 1. This ratio was adopted in section 2.2, for
caleulation of one alternate version of the vertical structure
model (model II).

2.2. "Vertical Structure of Atmosphere

In distinction from the terrestrial group of planets, the
main bulk of the matter of Jupliter does not differ in chemical
compoesitien frem the atmesphere. The lower boundary of the
atmosphere is determined by the phase transition of hydrogen to
a degenerate (metallic) state, which evidently is liquid. This



transition occurs at a depth of about 15000 km [20,21,23]1. The
internal heat filux (comparable in magnitude to the flux obtained

from the sun on the surface of the planet) produces high temper- /9
atures in the interior of Jupiter, and the mixture 1s in a super-

critical state throughout, above the hydrogen-helium interface.

Observational data on the wvertical structure of the atmosphere
of Jupiter can be divided into several groups:

1. Determination of the rotational temperature and pres-
sure from the width of the CHL4 and NH3 spectral lines. They
give&\values in the range of 150-250 K and 0.5-2 atm (see,
for example, [12,13,241). This level corresponds to the visible
surface of the clouds.

2. Spectrophotometry of the thermal emission in the infra-
red range (x>5 um). It shows that the temperature is close
to 180° at the 1 atm level, increases downward and decreases
upward; at ‘the 0.1-0.2 atm level, there is a minimum (115-120°)
and, then, the temperature increases with increase in altitude
[25-28]. At wavelengths around 5 pm, where the atmosphere of
Jupiter is relatively transparent, brightness temperatures up
to 300 K are observed in isclated places, which indicates an
increase of temperature at great depths [29]. The wavelength
averaged thermal emission rate of the planet is characterized

by an effective temperature of around 130 K.

3. Thermal radio emission spectrum. Analysis of the
spectrum in the 1.25 ¢m NH3 line region gives T«~i30 K at the
0.5 atm level [30]. The thermal component of the brightness
temperature in the 3-10 cm range evidently increases to several
hundred degrees., This indicates an increase in temperature at
greater depths (see Section 3.3).



L4, Photometric observations of star occultation by Jupiter
[31-35]. They show that, at the P=10-° atm level, the temper-
ature is in the range fSrom 140 to 220 X. There probably is an
increase in temperature with decrease in altitude below this
level.

5. Pioneer-10 and 11 radio occultation Pbéé;xgﬁiéﬁgz These
measurements gave a tempeature of several hundred degrees at the
1l atm level, which sharply contradicts the group 1-3 data. The
atmospheric profile at the 0.1 atm level basically is not con-
sistent with the infrared spectrum. All this group of results
are in great doubt. Part of the disagreements may be removed,
by means of allowance for compression [36], which was not done
in the initial processing program. It is not excluded that
horizontal inhomogeneities in the atmosphere of Jupiter greatly
reduce the reliability of the method. Below, we will be forced
to disregard the radio occultation results in part of the
structure of the lower atmosphere. However, radio occultation
has provided gualitatively new information on the ionosphere
and upper atmosphere of the planet [38,39]. Above the 10~° atm
level, the Temperature increases with increase in altitude,
and it probably reaches an asymptote with a value on the order
of 700-800 K. This 18 gignificantly higher than in previously
proposed models [20,41]. The principal electron concentration
maximum (ne¥10%cm~%) occurs at an altitude of about 1000 km.
There are several secondary maxima. At an altitude of 3000 km,
the electron concentration decreases by an order of magnitude.

There are theoretical calculations of the vertical profile
of the atmosphere of Jupiter, in the range from several atmos-
pheres to V1 mb, which take account of the absorption of infra-
red radiation in the Hp and NH3 bands, solar radiation in the



CHy bands and, also, convection in the lower layers [26,27,37].
They give better agreement with the observational data of groups
1-3. It seems likely that, below the 1 atm level, there is
an adiabatic gradient at all depths. However, detailed cal-
culations, which take account of the change in opacity with depth,
apparently have not been carried out.

U
_____The basic parameters of three models of the vertical'struc-

L————-—
ture .of the atmosphere we have proposed are given in Table 5.

They take into account the data listed above and their scatter.
T(P) curves for these models are presented in Fig. 1. Model I
(average or basic) gives the most likely variation of the
parameters with altitude. Model II (temperature minimum) gives
an upper limit of density in the lower atmosphere and a lower
1imit in the high layers. Model III (temperabure maximum) gives
a’lower 1limit of density in the lower atmosphere and an upper
boundary in the high layers. The average molecular weight in
models T and III p=2.28 and p=3.00 in model II. Below the P=1
atm level, a dry adiabatic gradient was used in models I and III.
A gradient equal to half the dry adiabaticec with the corresponding
composition was used in model IT.

The HpO and NH3 condensation levels are noted in Fig. 1.
Ammonia and water clouds are located above these levels. Never-
theless, the adopted atmospheric composition permits the elfect
of the heat bf condensation on temperature to be disregarded in
the first approximation, since the concentration of the condensing
components is rather small.

Vertical profiles of the atmosphere are presented in Tables
6-8 and Pigs. 2 and 3, for the three models listed (temperature,
pressure and depsity vs. altitude). P vs altitude was calculated

from' given P(T) prqfiles,w;py means of the barometric formula

—— e



P, = P, exp{;fz%z/,;,] ,

(5)
where P] and P are the pressures at the boundaries of scome
layer of the atmosphere with altitudes 77 and Zp,

[y . RT@® | (6)

~— 3 "‘

R is the gas constant. )

In the intervals where T(P)=const (isothermal sections),
formula (&) is reduced to the form

P =P eJLCPZ/—.~ Z/H}) (7)

in the intervals where T(Z) changes with altitude, the nonlinear
approximation

Tt (van)] ©
} i
is used, where E

a a7

T c—sm—
—

Z

it is the temperature gradient, and formula (4) is reduced to
the form

FTANR
- b ()™ 2
where the polytropic exponent

i
PR e

8 . . (10)
X = A

In this case, if the atmosphere is in an adiabatic state,

4T . - L

o GP

. (11)

» = S2 (12)
R



The heat capacity values were taken from handbook [42]. The
dependence of the H2 heat capacity on temperature was taken
into consilderation.

It was assumed that the turbopause was located at an altitude.’
- d
where the numerical concentration n=3+10'? cm~® (P=10°° atm).

This corresponds to a turbulent mixing coefficient Dp=10° em?+sec—?

(according to [32], Dp=5.10%cm?+sec-1). In a layer approximately
100 km thick above the turbopause, the helium content becomes
negligibly small with increase in altitude, and the average
molecular weight above nu=2. The degree of Zdlssociation of
molecular hydrogen is assumed to be negligibly small at all
altitudes.

2.3. Clouds and Winds

The highest directly observable story of clouds in the
atmosphere of Jupiter evidently forms, due to the condensation
of NH3 (aho%a the 0.6 atm level in-iodel I). A story of H20
clouds should be located below (abcove the 4 atm level in model
I). It is proposed [L3] that there may also be clouds of a water
solution of NH3 and solid NBASH particles in the atmosphere of
Jupiter. A diagram of the altitude distribution of clouds of
various natures, calculated for chemical composition models which
differ 1ittle from that used in the present work, is presented
in Fig. 4.

To explain the red color of the upper story of clouds, it
must be assumed that, besides NH3 crystals (transparent in the
visible region of the spectrum), there is some coloring impurity
in them, A large number of hypotheses has been proposed, to
explain the cloud color (see [14]), but it is not possible to

11



{

T T

assign a serious preference &£o a single one. One rec@nt{ [
hypothesis explains the cloud color by a phosphorus particle T
impurity [447. '

DarKreddishbands (sometimes called belts) cross the disc
of Jupiter. The light intervals between the bands are called
zones., The bands and zones extend along the parallels, which
is explained by Ehe predominantly zonal wind direction in the

atmosphere.

The general pattern of the distribution of the bands:and
zones, their type and contrast and fine structure change over
time. The primary details and their nomenclature are shown
in Fig. 5. The light equatorial zone (E.Z.) extends along the
equator. A fine narrow dark band sometimes is noticeable in the
middie of it. Dark bands are located on bothi;sides of the
Eguatorial Zone: South (3.E.B.) and North (N.E.B.) Equatorial.
The South Egquatorial Baﬁd consists of two components, as a rule.
The other bands also frequently are broken down into two
components. The North Tropical Zone (N.Trop.Z.) is located:,
north of the N.E.B., the North Temperate Band (N.T.B.) beyond it and
st1l.further north, the N:N.T.B., N.N.N.T.B., etc. bards

.sometimes are distinguished. The intervals between them are

called the N.N.T.Z., N.N.N.T.%, ete. The contrast of the bands /14
and zones decreases with increase in latitude and, near k5o . th

polar region begins, which has-a more or less uniform color.

The bands and zones in the Southern Hemisphere form a similar
structure; however, there are:.some characteristic features here.

A dark eval object, the Great RedrSpot, is located in the

South Tropical Zone, and the southern edge of the S.E.B. bends
_argund it, forming a "gulf." The red spot sometimes fades to

U U

gtotal ﬁnmiaihilitv fbut the gulf always remalns noticeable.

Gt B P
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The dimensions of the Great Red Spot are approximately 40000 x
15000 km.

The structure described is typical, but it is subject to

changes in individual periods. There are "activity cycles,"

which are characterized by periliodic changes in contrast, frequency

of appearance of fast moving clouds and changes in location of
the belts and zones.

The numerous atmospheric currents, which occupy more or
less definite latitide interwvals, are traced from the cloud
movement. Velocity discontinuities at the edges of these
currents reach 100 m/sec. The bands usually are located on the
boundaries between the currents. An intense convection maximum
evidently occurs here, and the upward transport of the coloring
particles (phosphorous, for example,) occurs here more intens&lys
a dark band forms as a result. The Great Red Spof probably is
a gigantic cyclone [45].

2.4 Electric Fields

Experimental data are lacking on the elecfric fields in
the atmoesphere of Jupiter. By analogy with the atmosphere of
the Earth, the presence of separate sections, with intensities
up to 3-10" W/m, several kilometers in size for several hours,
must be assumed in the troposphere (below the 0.2 atm level)
[46]. The field intensity on a scAle on the order of a few
centimeters, for a few secbnds-before the occurence of lightning,
can reach 10°% W/m.

There is a hypothesis, according to which the formation of
acetylene and ethane in the atmosphere of Jupifer is connected

13



with electrical discharges in the atmosphere [U47]. In thisvcase,
the frequency of lightning reaches o

[:ﬁrir 5‘Kmnaﬂdn%iuj (13)

four orders of magnitude greater than on the earth.

3. Electromagnetic Radiaftion

3.1. Direct and Reflected Solar Radiation

The solar constant at the average distancers of Jupiter from
the sun (5.2 AU) is

Q==251.0 W/m2. (14)

Data on the monochromatic illumination E) produced by the sun
at the same distance, the geometric albedo of Jupiter p) as a
function of wavelength, and the average brightness of Jupilter
By at different wavelengths are presented in Table 9 [16,17].
The sharp filuctuations of a function in the A>1 pm region are
caused by powerful CH4,NH3 and Hp absorptlon bands. The average

brightness was found fromAthe formula .

— .
. T Ey py Cos45: | 15
Elﬁ’ . P —~ | (15)

.

The refléctivity of the cloud layer of Jupiter obeys Lambert's
law, in the first approximation. Typical contrast values of the
dark and light fermations in the cloud layer of Jupiter are
presented in Table 10 [48].

fo3.02. _Thermal Infrared Radiaftion

The effective infrafed radiation temperature of Jupiter [13,14,

491 is

jTo = 128 £5 K. (16)

1.4

/16



It corresponds to the integral brightness of the thermal
radiation of the planet
B = (4.8 £ 0.8) - 10-* Weem? - ster—1, (17)

In the first approximation, Te and B can be considered independent
of latitude, longitude and time of day.

In a narrow wavelength section around 5 um, the brightness
temperature Tg reaches 200 and even 300 X 'in individual areas
of the planet, the horizontal dimensions of which can exceed
10000 km [29]. N

3.3..'Radio Emission
Radio emission of three types is observed: a. thermal; b.
synchrotron; c¢. sporadic. -

The thermal radio emission forms in the troposphere, and its
intensity depends on its temperature and opacity. The brightness
temperature of the troposphere is about 150 K in the 0.8-3 cm
range, and it probably increases to 600 K at 10 cm. Beginning
at 3 em and at longer wavelengths, the synchrotron radiation
intensity of the radiation belts becomes greater than the
Thermal radiation. The synchrotron radiation is the bremsstrahlung
of high energy electrons captured in the magnetic field. The
synchrotron radiation flux on the Earth can be considered in-
dependent of wavelength in the first approximation and equal to

Fy = 7+10-2% Weém-?% « Hg—!, (18)
The brightness temperature
T = 5-10°%%,

where A is the wavelength in meters. The synchrotron radiation
intensity is almost constant over time. The radiation belts are

15
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the source of the synchrotron radiation (Section 4.2). In
calculation of Tr, it was assumed that the source is a 6 Re
diameter, 2 Rg thick disc.

At wavelengths of over 7.5 m, sporadic radio emission is
predominant. It is a sequence of noise storms, which last from
several minutes to several hours. They consist of short bursts,
the duration of which varles from milliseconds to minutes,
spectra width O.S%ﬂﬁ:and total energy of up to 4.10° Wesec.

The rddiation is directional. The frequency of noise storms 1s
on the order of one day (in observations from the Earth). The
decameter emission evidently is generated, as a result of plasma
oscillations in the ionosphere and plasma captured by the inner
part of the radiation belts. The probability of the occurence
of noise storms is different at different longitudes (minimum at
0-90° longitudes in longitude system IIT). There is a strong
correlation of noise storm freguency with the orbital position
of the Jupiter satellite Io.

L. Magnetosphere

Observations of the radio emission of Jupiter in the decimeter
range more than 10 years- ago showed that Jupiter has a strong
magnetic field, in which high energy particles are-trapped. The
trapped high energy particles form radiation belts similar to
those of the Earth, but much more powerful, both in geometrical
dimensions, and in particle concentrations. Direct measurements
ef the magnetic fieéld and charged particle fluxes in the wvicinity
of the planet were conducted by the Pioneer-10 and Pioneer-11
spacecraft. They basically confirmed radiocastronomy results and /18
significantly refined them in detail. However, it should be noted
that a single model of the magnetosphere of Jupiter, which fTakes
critical account of both the radicastronomy and all available

16



direct measurements, has not yets been developed. Even on
such.a more or less narrow question as the results of direct
magnetic fié€ld measurements, thereégggsignificant conflicts

between different groups of investigators.

4,1. Magnetic Field

. In the first approximation, the magnetic field of Jupiteri

" (on the basis of analysis of both Pioneer-10 and Pioneer-1l data),
"cén be represented as a simple dipole field, with moment 1,3-10%°
Geem®, inclined to 10.5%0.6° at longitude 23318° (system III)
and shifted by 0.16%0.09 Re fowards” the poéint with latitude 9%8°
and longitude 169%*16°. The ‘magnetic momenﬂﬁofmhupiter is 4

orders of magnitude greater than the magnetic moment of the
Earth. The field intensity at the magnetic equator (at the
P=1 atm,level) is

H =~ 4 @. (19)

The quadrupdle and octupole moments are 20 and 15%, respectively
(which is somewhat greater than on the Earth). This model can
be used out to a distance of approximately 10 Re. Hor greater
distances, the field of the magnetospheric currents and
magnetopause currents must be Taken into aeccount and, for a

more accurate calculation-6fcthe field at the surface of the’ -
planet and within 1-2 radii above it, the quadrupole and octupole
terms, as well. A quantitative model of the magnetic field of
@g@iﬁgﬁZﬂés been published, Wwhich contains 23 terms of eXxpansion
by spherical harmonies [50], which deseribe the measurements

well, within 20 Re.

At greater distances, the magnetic field of the electric ¢- /19
currents in the magnetosphere and magnetopause, which are variable
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and still inadequately determined, play a definite part. The
qualitative pattern 1s that these currents cause a considerable
increase in field intensity, so that the dimensions (radius) of
the magnetosphere approximately double’ due to these currents,
to v100 Re, and the configuration of the currents, in the first
approximation, corresponds to a thin ring around the axis of
rotation of the planet, distorted by the "bumpiness" of the
inclined magnetic dipole.

The magnetopause 1is a more or less spheriecal surface, with
a radius. on the order of 100 Reg, which easily changes this
dimension, as a result of variations in the solar wind pressure.
Fluctuations of itens of Jupiter radii are typical, and com-
pression of the magnetopause to w50 Rg, 1.e., by half, has been
observed.

h.2. Magnetospheric Plasma

The proton component of the plasma in the 100 eV-4.8 keV
energy range, has been recorded aboard Pioneer-10 in the magneto-
sphere of Jupiter, by means of electrostatic analyzers [51].

It turned out that four characteristic regions can be
distinguished from the plasma data: "plasmasphere," inside
the orbit of the Jovian satellite 7T%, at a distance of 6 Re;
"ring current," in the 8-15 Rg region, which is in the form
of a plasma filled torus, which then is flattened to a thickness

of 2 Re in the equatorial plane and forms the "plasma layer")

between the plasmasphere and the ring current, there is a
gap with radial dimensions n1-2 Re, the proton ”Sﬁqigd;é flux"
zone., These four regiong are characterized by the plasma
parameters presented in Table 11. It should be noted that all
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plasma measurements in the magnetosphere were carried out,
against a backpground of strong hard radiation effects (gee
following section), t@ggrgive riéie fo_doubt, and they require

further verification.

4,3, Energetic Particles in the Magnetosphere of Jupiter

From the point of view of the energetic particle distribution
in it, the magnetosphere of Jupiter can be divided into three
regions.

At 50-100 Re, there is an energetlic particle guasi-capbture
or diffusion region, or outer magnetosphere. Here, electron
and proton fluxes of 10%2-10"% cm—~2-sec—! are recorded, with
energies Eev0.4-1 MeV, Eg>6 MeV and Epvl.2-2.15 MeV. Periodic
variations of flux intensities are observed, with a period of

10 hours. The energy spectra have the form E-Y, where "y=1.2-
2 for electrons and y=U for protons [52].

At 25-50 Re, the nature of the particle distribufion changes.
Here, the particles evidently begin to be entrained by the rapid
rotation of the planet. The shape of the energy spectrum changes
from power to exponential [53]. According to the data of [541,
however, the proton spectrum has the form E~Y, with y=1.9 in
this region. Tbg fluxes of protons with energies of 0.5-2.1 MeV
and 1.2-2.1 MeV. are n10%°-10% em-2-sec-! in this region and,
of electrons with energies 0.1-2 MeV, 10* em—2-sec—'. Finally,
there is an inner region in the magnetosphere, <20 Ry 1n size,
in which stable particle capture by the magnetic field sis

observed, the 10 hour periodic variations in particle intensity

are lacking, and the particle fluxes are 2-3 orders of magnitude
greater than in other regions of the magnetosphere.
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According to [54], the spectrum in the 13-25 Re region has
the form E~', in which v=2.6. The flux intensity does not
depend on magnetic ﬂ%@gﬁﬁaes,andﬁfﬁéﬂéﬁgular distribution is

basically isotropic. -

The characteristics of the energétic particles and their
distribution in the inner region of the magnetosphere, at <20 Rg /21
and in the core, at <6-8 Re, are presented in Table 12 [52-57].

The flux dlstrlbutlon of electrons with energies of over 21 MeV,
according to [551, are presented in Fig. 6.

It should be noted that thé hard radiationiiintensity in-the
magnetosphere of Jupiter is 1.5-2 orders of magnitude greater
Tthan the fluxes of eleptréns and protons of the corresponding
energies in the maghetosphere of the Earth, and that the extent
of the radiatiop‘belts greatly exceeds the extent of the ter-
restrial P&Qiafion belts. The radiation level inside the
maghetosphere of Jupiter is very high, especially in-the

region of the magnetic equator Pioneer-10 recelved a radiation

dose of about 500000 rad (1000 times more than the lethal human
. g

dose).

5. Metzorite Situation

Measurements of the meteorite concentrations near Jupiter
and in the interplanetary space between the Earth and Jupiter
were carried out by Pioneer-10 and 11 [58-61]. Models of the
meteorite situation, constructed on the basis of analysis of
these data, are presented in Table 13.

A region of increased meteorite concentration-should be

expected near Jupiter [62], the existence of which was confilrmed
for small particles (~i0-° c¢m), by direct measurements with the
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use of micrometeorite sensors [58-61]1. The zone of increased
concentration evidently is a disc shaped region about 2-107 km
in diameter and from 2 to 5-10° km thick {(the planet in the
center of the disc). Models of the meteorite situation beyond
this region and inside it (gones A and B, respectively), are
given separately in Table 13.

In the central portion of zone B, Pioneer-10 noted a two

orders of magnitude increase in the impact rate {(for 10-%-10-%-cm

“~
n
N

and ~10-? g particles). This increase evidently is explained

by a simultaneous increase in concentration and average encounter
velocity. For zone B, the Table 13 data can be considered as

only the very first, to the highest degree estimated approximation.
They are of the least certain nature for large bodies (102 cm

or more). Here, the spectrum has the same dimensions as in zone

A, although experimental data are lacking.

The primary direction of movement in zone A 1s straight line
(probably, at least 90% of the meteorites move in a straight line).
In zone B, the fraction of meteorites in retrograde motion ap-
parently is greater than in zone A.

6. Satellites

At The time the models were compiled, orbital data of 12
Jovian satellites were known. A report on the discovery of a
thirteenth satellite has been received. A summary of the Jovian
satellite orbits and dimensions is given in Table 14.

Four satellites, To, Eﬁipp§¢ Gahymé&ét;hgngglliéfg; are
close to the moon in size, and one of them (Io) undoubtedly
has an atmosphere, and there is a great probability that Ganymede
has one.
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The values presented in Table 15 should be taken as the
average orbital elements of the Jovian satellites at time T
reckoned in days from 0.5 UT January, epoch 1950, They were
taken from work [64]. The following designations were adopted
in the Table:

i. angle of ineclination of satellite orbift to orbital
plane of Jupiter, epoch 1950.0;

w. argument of the pericenter;

2. Longitudé.of the ascending node of the satellite orblt

|'\
Py

in the orbital plane of Jupiter, reckoned from the eguatorial
equinox of the earth to the ascending node of the orbit of Jupitef
at the equator of the Earth and, then, in the orbital plane of
Jupiter (the orbital plane of Jupiter, equator of the Earth and
equinox of the Earth correspond to the 1950.0 epoch); 1 is the
mean longitudine of the satellite, equal to A = Q + w + v, where

v is the true anomaly. Besides The orbital elements, the value

of gravitational parameter u is given in Table 15.

Data on the physical characteristics of the four largest
Jovian satellites are presented in Table 16.
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TABLE 1. DIMENSIONS, MASS AND DENSITY

OF JURITER

kd

Pazuyc skmaTopuaxpEni B, @
Pagryc HOXSDPHHE ED’ P
Cratue €& ¢

OrHomerre MaccH CogHEpa K d
Macce HiaHeTH

Hacea, Rp ©

CpepEss MIOTHOCT B, roou™> ©

e T

71455 + 30
66832 .+.30
0.0647 + 0.000%

1047.355 2 0,025
31.901-10%7
1.33

—:-_—==___—-—E_ﬂmlt

Key:
Polar radius Rp, km
. Flattening ¢

. Mass, kg
. Average density, g-cm

HO Q0 oD

. Equatorial radius Re, km

. Ratio of solar mass to mass of planet

-3
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TABLE 2. DISTANCE TO CENTER OF PLANET AND ACCELERATION
"OF GRAVITY AT P=1 ATM EQUIPOTENTTAL LEVEL VS. LATITUDE*

. D Pacerommme Ao ¢ JeROpeHMe CHIH
limpora NeHTpA MuaHeTH . | TA=ECTH § ;‘ﬁ
¢ Ry, KM . m/eex

4] 71455 22.60

10 71319 22,73

20 70912 23,13

a0 ' 70297 23,75

40 69047 24,990

50 68740 § 25,45

60 67989 i 26,36

.70 67375 27,20

! 80 66975 27 .90

l GO 66832 28.38

#pdopted nominal equatorial radius Re=71455 km.
¥%¥With rotation taken into account

Key: a. Longitude
b. Distance to center of planet
c. Acceleration of gravity, m-sec—? ¥
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TABLE 3. PERIOD OF ROTATION

2Cuctemal ° e 1Jinue fiHas exapacﬁl\
opcueral OSmaces npwseHenus | llepuog BPale I i;gz{%xma?
BOJITOT : TopQ‘ fie.! “
- X “50"30° 12.38 \
1. |Onmwecxwht muanaseu |9 50 30.003 .l |
BYEMAd HOBEPXHOCTI: - . ;
r obmaxor, ¢ < 120 L W ;
: iy ’ .. A X i
11 To z¢, ¢ > 129 - |9 55 40,632 12,27 s
l : ) h  _m. s .
111 Pa;zhomsaﬁasoa 19 55 29.37 12.48 |
- Marunroctepa -
Key: a. Longitudé :system
b. Applicable region
¢. Period
d. Linear velocity of rotation at equator, km-sec-!
e. Optiecal range, visible surface of clouds,
f. Same,
g. Radio range, magnetosphere
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TABLE 4. MODEL OF CHEMICAL COMPOSITION OF ATMOSPHERE
(GASES POSITIVELY DETECTED SPECTROSCOPICALLY)

4 'as

bO6perHoe SOASPRAHNE, %

C Bonopoxg HZ
ATesmit He

€ Heran CH,

f Ameruner Colig
earan Calig

h ppamax N Hg

1Boaano nap Hs0

J @ocun Py

Tk

ge’*

0.04
~ 2,100
~10~4
0.06 1
0.12
P

50

%¥Tn one model of atmosphere (II, see Tables 5 and 8), 50% Hp

Key:

and 50% He are assumed.
¥%There is qualitative identity [21] and no quantitative estimates

to time of compilation of model.

Gas

. Hydrogen

. Helium
Methane

. Acetylene

. Ethane

. Ammonia

. Water wvapor
. Phosphine

Cnpte 500 HHD QO T

. Volumetric content, %




TABLE 5. MODELS OF ATMOSFPHERE .OF. JUPITER: BASIC PARAMETERS

bCocran 1o | ' e e
“opess ooy bibriy L oo Tounspenype, f _____[Cpemndh rpan
nApHal {ua yponue| umkmuyia # hugo PR AP NG ol T L
Bee, pc Pead” Bt ewaaw%u&m (ngpﬁm&5 pmpm‘ b ”P“”&?%ﬁ”“ |
e \
(FeO dawd 8 (¢ 105w, i
L.Cpepuan 86% Hzﬁm% He 2,28 180 120 160 600 B2
43 Munvanp -
‘'wag no T '
(MERCHMEIE -
Heg 90 p B "
sponeciepe) (50% Hg,b0% He 8,00 460 130 130 400 1,6
11i.Maxenmagb-
‘wag wo T
{ MUK UMARE =
Aadg Nno P B : : :
@pe&a@@@pe)ﬁﬁ% Ho, 14% Hﬁ 2.28 220 125 260 800 2.2
Key: a. Moé;i e. At P=1 atm level 1. Average L
b. Composition by volume f. Minimum at stratopause 11. Minimum T _(maximum
l ¢. Average molecular welght, g. Mesosphere o' in troposphere)
e d. Temperature, K h. Thermosphere 111. Maximum T (minimum
' i. Average temperature p in troposphere)

gradient in tropesphere,

-



TABLE 6. MODEL 1:

CHEMICAL COMPOSITION:  86% Hop, 14% Hej 4 = 2,28, R ,~71455 mm

TR

R, skn Zy Ku Ty K P, atm ngkg/mB
70755 =700 16724 1075 17,62
70805 =650 4569,0 869, 4 45,48
70855 =500 1465,7 654,7 12,99
70905 =550 9362,4 545,0 10,96
70955 =500 1259,0 449,9 . 9 &
71005 ~££50 1955,6 316,86 vl
71055 =400 052,33 232,3 €,05

74105 =350 59,0 464, 9 4,76
71155 =300 845,6 192,6 3,65
21205 =250 236,8 72,95 2,71
21255 ~200 627,9 ua 45 4,93
74275 ~180 5844 35,26 1,65
71255 ~160 540,8 29,60 1,40
21315 <140 897,3 24,23 1,47

- 71335 <120 453,7 45,92 9,62010™"
21355 ~400 140,2 11,59 7,98
71365 =50 387,2 G770 6, 9%
24375 -80 364,2 8,147 6,13
21385 570 344,14 6,697 5,38
71395 60 348,41 5,445 4,69
'?1%05 =50 295:1 4,355 4,08
21445 =40 272,41 3,426 3,45
74425 ~30 219 2,629 2,89
$1435 -20 226 45959 2,39

71445 =10 203 4,232 1,93
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. AGE 15
ORIGINAL ET AVITY

TABLE 6 (continued) . OF, POORTGuasmesm— =

i Regﬂm 2, km T, K P, aTa P, kglﬁﬁ
1
P4455 9 180 1,000 ° 1,52
79865 10 163,9 6,719.40°Y 1,42
| 71475 20 47,8 5,329 . 8,02+407%
71485 30 131,7 2,654 5,52
| 71495 - 40 119,7 1,538 3:52
| 71505 50 128,3 8,8619107% 1,89
| 71515 60 137,0 5,257 1,05
24525 70 145,6 3,24 6,10:4072
- 71535 &0 154,53 2,042 3,63
71545 | 90 160 1,348 2,34
C7s55 1 o0 160 i 5,723-1073] 9,80-107F |
71575 " 420 160 © 2,430 . 4,16
7595 140 160 j 1,031 . i 1,76
© 71615 . ae0 | 460 | #.3810907%) 7,5009070
‘71635 . 180 L 160 4,864 3,19
] 71655 1; 200 ! 160 7,900°10™7| 1,35
g 91705 f 250 60 9,281010™%| 1,59.1076
| 71755 5 300 160 1,050 1,867.101

[Translator's note : commas in tabulated figures are equivalent
te decimal points.] '
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hE

%Regm, zokt | Ty, K P(H,),81M f’ (Hy) 4 %:Et% P(He),atn p,QHe)Q% P(H2+He),am p(H2+Ha)%gJ\
| 21955 | 300 | 160 9,374010~7 | 1,40801077 | 1,52601077 | 4,585:1078| 1,090:4078 |1,87.10~7
(7794 | 319 | 160 4,592 6,90°16™8 | 3,66121078 | 1,10 4;958°10°7 |8,00010™2
; 71800 | 385 | 180,1 | 1,824 2,43 5,772°4079 | 1,54°1077 | 1,882 2,58
71855 | 400 | 261,6 | 4,08901078 | 3,76:10"9 | 2,79610"10 | 5,44010"V| 4, 14704070 3,84°10™7
Li71905 | 450 | 335,6 | 1,488 1,06 3,701010”11 | 5,30°10712| 4,402 11,06
71955 | 500 | 409,7 | 6,618°107% | 3,88:10710 | 7,324010712 | 8,59:10""3| 6,625-1077 |3,89°1071°
'92005 | 550 | 483,8 | 3,367 1,67 1,897 1,88 | 3,369 1,67
72055 | 600 | 557,7 | 4,890 g 8,040~ | 5,075040713 | 5,45010~ 1| 4,891 8,14040~ "}
72057 | 602 | 560,7 | 1,852 7,93 5,736 4,92 4,853 7,93
'72123 | 668 | 600 9,348:1010 | 3,74 1,461 1,47 9,349°107 101 3,74
192155 | 700 | 600 6,784 2,72 oo
72255 | 800 | 600 2,802 | 9.98010" 1 %
72355 | 900 | 600 | 9,15209071" | 3,67 2 %
72455 | 1000 | 600 | 2,361 1,35 ‘ ay
72555 | 4100 | 600 4,234 1, 94040™ 12 E%;
72655 | 1200 | 600 | | 4,534-1071% | 1,82

+ -TABLE 6 (continued)! "11";:-.-,"::-:.!:;?-"-;—.-'-4 -
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TABLE 7. MODEL 111:

M= 2,28,5 =25u/cen®

-

B, % g b P, K Poatm P kg/m3
90655 | 800 | 4919,1 13,5 i 13,04
70705 | 750 | 1815,8 V647 i 11,54
70755 =700 1712,4 630,5 10,09
7080% | ~650 | 416093,0 53,6 8,75
70855 =600 1505,7 441,6 7549
70205 =550 1402,4 324,9 6,35
70955 | =500 | 4299,0 25159 ; 5539
74005 =450 4195,6 191,6 i '4939
71055 | =400 | 1092,3 442,3 f 3,57
21905 | =350 | 989,0 102, 5 2,84
74155 f =300 T 885,6 | 71,08 ; 2,20
79205 ' =250 76,8 47,06 1,86
71255 | =200 667,9 | 29,25 1,20
71275 =180 624,46 23,64 1,04
71295 | <160 ©  580,8 | 18,83 8.88°10""
71315 1 <0 | 537,3 | 4,7 7,52
71335 ; =420 % 493,7 11,34 6,28
71355 | 100 |  450,2 . 8,448 5,98
71365 =G0 ! 427,2 7,228 4,62
79375 80 | 504,14 6,126 4415
74385 =70 381,14 5:139 3,70
71395 =&0 358, H,274 3:27
7805 =50 - 335.% 3.503 2,86
75415 ) 342,49 2,833 2,49
P25 Y 289, 24254 294

n—cE




TABLE 7. (continued) -

R_,km Z,Km ®, K P,amm P gky/ﬁ:%
74435 | ~20 | 266,0 1,759 1,81
745 | =10 | 243,0 1,343 1,51
71455 o | 220 4,000 4,24
71465 10 | 200,2 7,213-1077 | 9,87-1072
29475 20 | 80,4 5,028 9,64
71485 | 30 | 160,6 3,365 5,74
79495 50 | 4s0,8 2,132 4,15
| 71505 50 | 425 1,274 2,79
71515 68 | 130 7,8500402 4,57
71525 70 |. 45,2 4,528 8,5501073
91535 80 | 456,1 2,878 5,05
71545 90 167,1 1,883 3,09
71555 | 400 | 478,0 1,268 . 4,95
71575 120 196,0 6,004040™3 8,52510~*
71595 | 140 | 210 3,114 4,06
71615 | 460 | 224 1,649 2,02
71635 180 | 235 9,082°10™* 4,06
71655 | 200 | 216 5,118 5,70°10~>
71905 | 250 .| 260 - 1,316 © 4,39
71755 | 300 | 260 3,526°1077 | 3,72°1076
91805 350 | 240 9,007°10™8 4,03
71855 500 220 2,029" 2,527040~7
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B TABLE 7. (continued). . R S T
R, ek ! Zolm | Ty K | P(Hy), 8t | F(ﬁe)r-l;g P(Ho},arm | p (He), iig g?(}faaﬂe?,aw! o {"ﬁ‘a‘\}f&)ﬁr‘
74855 | 400 |220,0 | 4,785:107° | 1,907¢4077 [29841*”10”? 6,208-107% [2,029¢407° [2,53.40"7
71902 | 447 | 220 %8338’50"'7 5,28240"8 2,179:407% | 4,76.40~° 5.,051:407 |5,95:40™F
74938 | 483 |254,8 | 1,945 1,83 3,527:4077 |6,6510~10 4,980 1,90
71955 | 500 |278,4 | 1,324 1014 1,649 2,80 4,340 1,42
72005 | 550 | 347,9 | 5,047:107C | 3,49:10"% | 2,353010770 |3,25.907"" |5,070°10"® |3,5204077
72055 | 600 | 447,4 | 2,294 4,32 4,867210~17 | 5,60010712 12,299 1,32
22455 | 900 | 556,4 | 6,618010™2 | 2,86010770 | a,08201071% |3,49¢40"%% |&,6220407? |2,86010~1C
72255 | 8OO | 695,4 | 2,523 8,72°40" 11 | 5,872:10"13 |4,06.10”1* |2,524 8,72.10~ 11
72287 | 832 [ 729,9 | 1,930 6,26 3,438 2,23 1,930 6,26
72355 | 9C0 | 785,8 | 1,130 3545
72376 | 921 | 800,0 | 9,632-10"19| 2,89 .

72455 | 1000 | 800 5,321 1,60 |
92555 | 1400 | 80O 2,514 7, 540 40™ 12 28
72655 | 1200 | 800 1,185 3,56 ] %
72755 | 1300 | 800 5,590:10" 17 | 1,68 2%,
92855 | 4400 | 800 | 2,637 9. 0204013 S
¥2955 | 4500 | 800 4,245 3,74 u g%é
73055 | 1600 | 800 | 5,872:10°1% | 4,96 Bo |
73155 {1700 | 800’ | 2,774 8,32010~ V*




LR ] -

TABLE 8. MODEL 11; ’ - e
CHEMICAL COMPOSITION: 50% Hgp, 50% He, i = 38,00, g =25u/cex®
Z o8 %y KM T, K. P, arnm P s kg/mB'
71245 =240 52%.,%7 1310 £9.18
1235 =220 458,0 923,0 66,84 i
F4255 | =200 466,4 634,2 50,04
[ #1275 | -180 4348 non 4 35,20
24295 ~460 803,4 275;2 24,62
| ga315 | =m0 | 37,5 173,0 16,79
71335 =120 339,8 04,2 41,06
71355 | -100 | 308,2 59,91 7,04
71365 | ~90 | 292,4 ttt 5,48
71375 | =8O | 276,6 32,38 4,22
71385 =70 260,77 23,11 3,20
74395 =60 244, 9 16,24 2,39
71405 =50 229.1 11,09 1,75
79815 | =40 | 213,3 7,386 4,25
7825 | =30 | 497,5 4,765 8,70040~"
71435 =20 181,6 2,963 5,88
24445 -0 165,8 4,767 3,84
74455 o | 50,0 4,000 2,40
71465 0 138,8 5,332°40™" 1,38
79475 20 127,7 2,719 7,68090™2
71285 | 30 | 16,5 1,297 5,01
24495 w0 | 40,0 5,856°1072 | 1,92
74505 50 . | 118,9 2,665 8,88°40™7
71545 50 | 427,8 1,282 3,62
74525 20 430,0 8, 4370907 4,93
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TABLE 8 (con{:iﬁﬁédjm

R, ,lm Zkm | T, K P, arm O kg /n
74535 80 130 35218 8,93°107%
71345 90 130 1,608 2,46
71555 100 130 8,037010™% | 2,23
24575 | 420 | 130 2,007 5,57°107°
74595 440 130 5,01610™7 1,39
71615 | 160 130 1,253 3,48°107°
71635 | 480 | 430 3,130:10"% | 8,88.1077
71655 | 200 |30 2,818°407 2,168
ORIGINAL PAGE IS

OF POOR QUALITY|
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TABLE 8 (continued)

=
Ryokpt | zpsm T, K P(H,),arm p(He)DE%‘-" P(Ho),a™ _p(He),,% :°(H2+Hc),a:m F(Hg-:-He),%%
71655 | 200 | 130,0 | 3,909°10~7 | 9,23v40"8 3,§oga4q”7 1,44010™7 | 7,8181077 |2,46540™7
71661 | 206 | 130 |° 2,895 5,35 2,143 2,92:1078 | 5,038 4,33

71676 | 221 | 140,2 | 1,184 1,91 3,34921078 | 1,15 1,479 3,06¢10™8
71705 | 250 | 77,0 | 3,796°107° | 5,1601077 |3,686°107° | 1,0001079 | 4,165:1078 |s,16°10™9
71755 | 300 | 240,4 | 8,904:1077 18,90°40"1912,027°10"10| #,05:10" 1 9,107°1072 |9, 3124010
21805 | 350 | 303,8 | 2,932 2,32 2,198°10™M| 3,48:90718) 2 954 2,36

71855 | 400 | 367,2 | 1,193 7,80010~1113,638010712] 4, 76040713 4,197 2,85490™ 11
71857 | 402 369,7 1,154 7450 3,407 fo4t3 1,157 7. 54

71902 | 447 | 400,0 | 5,728°10~1°| 3,44 8,383°10~12| 1,08 5,736°10~ "0 3,45

71955 | 500 | 400 2,583 1,55 |

72055 | 600 | 400 5,750°10™ 1 | 3 4ge40~12

72155 | 700 | 400 1,280 7,69010™13

92255 | 800 | 400 2,849°107 12 | 4,7

92355 | 900 | 400 6,342010™12 | 3 81040~

72455 | 1000 | 400 4,49 8,47010 15|, ,
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TABLE 9. INTENSITY OF ILLUMINATION, ALBEDO, BRIGHTNESS

— it —_ - — e ik at Am . U - ey

paies sar, | (ommepmenny e T eotenr SRS e e
MR pSiautoro cxod | anpGeso 10481 cu2orept
- IOTBT T ,c}s"gaam"l LR
¢,3 i ¢,25 1,28
G4 4,03 0,37 474
I c5 5,09 . | 0,48 7,93
C.6 4,76 C,54 8,17
C,7 3,78 ¢ b4 5,30
C,8 | 2,95 0,37 | 3,47
. LC | 1,9 G,3C | 2,22
: 25 1,32 { ~C, L 1,68
A ' C,7C L g,I5 c,3h
S 0,58 c,b | ¢, 74
s C, 4 ~C,C3 ; . C,Ch _
2,C | 0,27 , ~C, I : ~(,09
2,3 G,20 ~0,03 ~C,02
R ¢,I6 0,05 ~0,03
2.7 C,IC b,s ~0,10
3,0 Q,C5 - 0,03 ~0,005.

. . anm
- . e e - b e et -

#Sun helght above horizon 45°.
#%3un height above horizon 45°, phase angle 0°.

Key:

a.
b.

c.
d.

Wavelength, um

Intensity of illumination at upper boundary of cloud layer,¥
103 Weem=2oum—!?

Geometric albedo

Average brightness of cloud layer,*# 10-* W-cem—2<ster=!-um~!
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TABLE 10. TYPICAL DARK AND BRIGHT FIELD CONTRAST

a - : ~ . R -
\iEa reEN,E } 0 2800 ¢ | 5940 - 6480 .
i . : !
18 ! " | ;
Uruomenre SEEG~ T
levet TewEs= mo- %
0C ¥ Faxforse
ALEHO# csewigH ‘ i
¥
3OHH 0.80-5.35 1,52-0.5% 0.88-0.9710,92-0,98 E
}
Key: a. Wavelength, A b. Ratio of dark band brightness
and brightest light zone
. . TABLE 11 R
b , :
a  IOKETE3E~ : -
- rrit n-’-____ '2 e
O6nacTs e seiecs O m.ew ™~ AgT,3B| JETEHEUDHOETS
) - o= 3
R |
C F
lnasuoegera £ 2.2-8 A L 100 gi(}gcu“icex”lc?"i
. bivs 10”@M“2cex°’_
Criopanuyuee— ‘ .
xag ofmac?sl] 6 - 8 s SR 400 13.107 e~ “cer™ L
1 ~ - _
fonsuesoft zod 8 -~ 1 2-1 0 400 |* na,gaefz.a;c ~1
I . h ; 6- 310 e “cexr
Ja3MeEHENE
© i ; Ea 11 R,
ciok 15 « 2 bl : 400
1% ‘ }
Key: a. Region o _ +f:“§155mas§hefé_
b. Locatien in magnetosphere, g. 10°% cm—?-sec—t'-ster-! or
c. 10° em~2+gec?
d. kT,eV h. Sporadic region
e. Intensity i. 34107 em~%+sec—! and falls
to 6.10% cm—2.gec—! at
11 Re

j. Ring current
k. Plasma layer

b2
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TABLE 12
. O6nacts Ha- | Cnaj ue- |liomoze.] Mures- Mpmeyan~ \
- HINOTSHUA WH-| TEHCUBHOC-|HUE MAK CUE- 1 ;
7,858  iveucuRMEX NG| T4 HA XPa-lcmMyMal HocTh | HKE '
TOKOR, K, TPY HODHL- roo. ! :
b K. cM N
. k&, F, e i -1 g
: X d CSE‘C e f 1
i z
: % ¢ Ponexrpond | )
0015 | <16 | =15 5| 8-10° |
‘ ! : )
004 | 3-15 L 1520 1.6 |5-10%:
: ‘ . 3-107 |
. ) ;
0.16 1 2.8-18 15 3.7 |3-107-10% (
: o ~ |h
-0.35 2.8-3 10-13 3.7 165 3 YMeHblIe~
.3 J 1.8 11 6«108 Hye MH-
by ]
e o~ e TQHCUE
3 AR 10-13 3.4 |5'106~ ( 50T
: . 5108 \| CTN Ha Kig-
. = . : . ?\rpﬁxox i
= p 1,86-10 > 15 i 1.6 |10°-2-10") sGuman .
121 8,4~5 510 | 3.7 1(3:5).107) OPOUTH
ar ] . . . i } cnnyTHUKOE
35 ¢ 1.6-1C 11 . 1.6 5Q0103é ]
) g | kimrrepa - |
: ;5.10 " £
| i -
v o I poTOCEHHEH ,
0.8z 1.6-25 | 728 S 1.6 (1.-..5)°1o6;;5 l
- - Ee T prid
~55 L 3.4 3,4-1 108 |
© ,4-10 3,4 16 ?g erazm us-| |
A 1.6 3-9 1.6 10° TOHCHBHO _,
! ‘ cTH ZOo loat
Key: a. E, MeV T T 7?;‘Electrons
b. Intense current observation h. Oprder of magnitude
region, Re decrease of in-
c. 2-3 order of magnitude intensity tengity near
drop, Re Jovian satellite
d. Loecation of maximum, Re orbits
e. Intensity, cm~" *sec” i. Protons
f. Note j. Rapid intensity

drop to 10°
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TABLE 13. METEORITE FLUXES

Zone A. Interplanetary Space Between Earth and Jupiter
(Including Asteroid Belt) Outside Region of Increased
Concentratlon Near Juplter

L e

Pazmye,; HMacca, < 7 Hovor, M ,eyﬁg 1
eu r CPeNHAA | MUHVMEIHHAS U yarcmvanshas |
MOAENb . Moz=Eb -MOEeHAb \
|4-107% 8-207%9 | {1,0-1071 2,512 4,0°10"t |
11.1073] 1,2-1079] 5,0-10% 1,207 2,0+107% ?
111072 1,2-107° L,soio‘S 3.g.3074 6,00107°
l1-107Y 1,2-107% 2,5-107° 6,0-3070 1,0-10™¢
i 1.7} 12 % 2,0=10‘f | 5,0-1075 8,0=10"Z
k‘;o ' 12000 ; 1,6-1077 | 2,51 -10 401077

Zone B. Region of Increased Meteorite Concentration Near

- Jupiter (Radlus About 107 km)
in}E.HYC, ° Macca, ® Torox, x~2 oye™!
CM T d CremHas e MUSFMZJIBRHEE | f MAKCHMANPHEA
) i MOAEI E MOTEI b " MOAET % ]
n.107% | 810710 | 1,0° 1,0-3507% 10 |
1.707° | 1,2:7070| 5,0-1071 5,0-10™2 . 5,0 ;
T.1072 | 1,2:7072| 1,5-10°2 1,5-1070 1,5-1077
o107L | 1,2-7072| 2,5.707 2,505 | 2,517 ||
I 2 - | 2001076 2,0.3077 2,010~
10 - | T2000 1,0°1078 1,0:1077 1,0-1077

*Pr@bablllty for inner part of zone (dlstance from Jupiter less than

10% km).

Key: a. Radius, cm

¢. Flux, m—*+day—? e
d. Average model

. Minimum mocdel

b. Mass, g f. Maximum model

hh
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TABLE 14. SATELLITES OF JUPITER

*P. inclination te equaterial plane of planet; B.
#¥V(1.0) visual star magnitude in phase zero, reduced to sun-planet and planet-observer distances

1 AU,
Key: a. Satellaite e.
b. Distance from planet, km
c. Sidereal peried, days g. Radius, km
d. Synedic period eof roetatien h.
& b, Callisto 5. Almathea 6. Hestia 7. Hera
1l. Pan 12, Andrathea

) paccroanue Cunepuuec- Cunomnuackuit| eHaknone— oxeuextTpu~ Pagunye,uMm| SnespHan Beau l
Coymane | ov migsony i Lepuos,epuox oSpa-| e pp- | IS ob- | T WA ) o)/ |
1.0 4248 1169 ij 18);28:365 OP Maswia 1820+10 -1,68
2.Enpons 671,4 3,061 3 13 17 H4 0P m ne- 4 | 1H50+160 -1,48

3. lanumeq 1071 7,104 7 ()8k bhe" 06 OP peMEeH- 2635+20 " -2,09
4,Hanmmero 1884 16,609 :i,i'fJ 18k0bm07s' | 0P ) | Huit 25004100 ~3,00 |
5, Amanasres 181 | Q,4v8 11"“57"‘2&3” OP 0,003 =100 +6,3

6. 'ecTus 11600 - 260,02 260‘{,0 28,bB | 0,156 =80 +8,0

7. epa 11750 204 ,8 276, 1 23,08 ! 0,207 ~30 +9,9

8. lloce oK 23500 738,8 631,u k338 | 0,38 = 8 +12,1
9.lazec 28700 755 626 R24B . 0,25 %10 +11,1
10.Mewerpa | 11750 260 276 | 28,38 0,140 x +11,9
11,.0ak 22500 696 599 - + R16,68 | 0,207 =11 +11,14
12.Auzparesa| 21000 620 046 | R 0,13 * 8 +12,1

19, I3 - - - - - =6 +13

inclination of orblital plane; R. retrograde rotatior

Tiiclinatien of orbit

f. Eccentricity of orbit

Star magnitude, V (1.0)

8. Poseidon

. Small and variable:

. Lo

. Ganymede

i
1
2. Europa
3

0. Hades

10.

Demeter

WIIVND 4004 48
T @HVd IVNIDIYNO



TABLE 15. ASTRO DYNAMIC CONSTANTS CONNECTED WITH GALILEAN

=] i
i fiﬁf' to ¢ flrena d/%ﬁowqe? € Aanrseemo
, a.km| 421758,59 671049,78 1070416,65 18827144 ,11
e | ©0,00001 0,00013 - 0,00139 0,00736
1 2
igrpdd 0,032. 0,467 0,179 6,245
A 266,5000 + | 161,8000 + 114 ,2000 + 317,2000 +
£ X .
rpac 0, 14875406T | 0,03980417T |0,00707249-T 0,00186251-%
L 171,6C000 = 575000 -~ 180,5000 = 340,3000
TPﬂ?-’f 05131118401 10,03228959¢«T |0,00680067-T 0,00156486° T
b s 338,7734 + 285,5142 + 348,8846 + 325,9951 +
2f
e 203, 48895459T | 101, 37472359T | 50,31760809T | 21,571071971.
i
M 1 5950+75 3250475 99404100 71004215
|
Key: a. Parameter
b. Io
¢. Buropa
d. Ganymede
e, Callisto
. degrees

h6




TABLE 16. GALILEAN SATELLITE OF JUPITER, BASIC PHYSICAL

CHARACTERISTICS o
a D s o
YaparTepac THRY 10 Empoia Tanmiern RannucTo
banye, me 1620410 | 1550£750 | 2635:25 |\ 2500+I50
‘facca f61° )
Coyrany ek -5 b, 469+0,06 ) 2,565+0,06X(7,845:0,08) {(5,603:0,17)
OauTep ? ] g INT T g g TV,
e i 8 406.1022 | 4,676-1022 | T,401-10%° | 1,065-10%°
;CPEEHHK LEOT~ ) '
'"octy, T/owd ! 3,36 3,12 7,95 1,63
iTeoMeTDRUEC K08
‘ax $5e50 64! k
| 3190 A 0,I3 c,53 0,28 o, I
4330 R 0, 4C 0,56 | 0,38 0,I5
5640 A ¢,52 C,68 C,43 0,19
7300 & GC,71 0,68 Q,4n 0,21
ITI0T A C,75 0,52 0,42 0,21
Arochepnoe paBl '
R =
JEHEe ¥ DoBeDX- 1677 /%
HoeTH, ard 1 5 fomlt VeSS 1c6 p 107 Jxx%
BepoATHHE € 0C- K., :00
‘7aB amocTepH M| A, H, AT A, ha VE=S
ADKOCTHAs TeMiies ¢
paTypa NoBePXHOY
otn 54]% 8-Tmaal 1384 K| 130:4 K T42+h ¥ I52+4 K
I7-28uky 12744 K| 12044 K 13745 K 15046 K
BepograHit cocTas Ycower 9 ¢rer ¥ oHET Ha T gper Ho0O+
p chnAKKaTHHE | CuIMKaTHue
IpyHTa HaO- 0 486 THOH YaC TN
BepoaT HHH cocrrae tommu- | Yoemxu- usxma HEO,NHB uJIEILbI HZO,NHB
menp ° XaTH XaTH ¥ 10, ~IC% | u zp. ~I0%
CHJIHKATOB CYINKATOB

—— W 3 [

MRV -

*Ionosphere detected (ne 105 at altltude of about 100 km)

#*#No data

b




Key:

Key:
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TABLE 16 {(continued)

Characteristics
“Io

EBuropa
Ganymede

. t'allisto

Radius, km

Mass

Sateéllite/Jupiter, T0-°

kg - C e
Average density, ge-cm-®

Geometric albedo

Atmospheric pressure at surface, atm
Probable composition of atmosphere
Brightness temperature of surface
Mmoo

Probable composition of soil

H20 snow

H20 snow plus silicate particles
Probable interior composition
Silicates

B2 ice, NH3, etc. ~10% silicates
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Fig. 1. Function P(T) in three models of atmospheve: NH3 and
H20 saturation levels corresponding to lower boundaries of

ammonia and water clouds are shown.

Key: a. P, atm
b. Saturation
c. Cleuds
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Fig. 2. Temperature T vs. altitude in models I-TIIT.
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Fig. 3. Density p vs. altitude in models I-III.
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Fig. 4. Diagram of possible cloud structure on

Juplter.
Key: a. Altitudé.above 1 atm levél, km
b. Ice
c. Solid
d. NHz solution in HoO
¢. Condensate content, mg/2
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Fig. 5 Nomenclature of basic elements of horizontal cloud structure in atmosphere of Jupiter.
Key: a. Great Red Spot R . N, Tropical Zone m. Equatorial Band
b. S.8. Temperate-Zone.:. . g. N, Temperate Zone n. N. Egquatorial Band
¢c. S, Temperate~ Zone h., N.N. Temperate Zone o. N. Temperate Band
d. S. Tropical Zone i. 8. Polar Region p. N.N. Temperate Band
e. Equaterial Zone j. 3.5, Temperate Band q. N. Polar Region
k. 8. Temperate Band
1. S. Hquatorial Band
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FPig. 6. Distribution of fluxes of electrons with energies E>21
MeV in stable radlatlon belt according to [55]; to obtain fluxes
in particle+cm™? units, reduced to isoline velocities, count in
pulse+sec-' must be multiplied by 23; ordinate, direction of
magnetic field of planet; abscissa, magnetic equator.

Key: a. Pioneer

PRIGINAL PAGE I8
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