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ABSTRACT. In this paper the two madels of Jupiter’s atmosphere, viz., adiabatic and
wthermal, have heen considered. The variahility of the period of rotation of the atmosphere
depending on the Tatitude and {he variation ot gravity have Doth heen faken into account.
The datum level of Jupiler is the effective radiating and absorhing layer-- probably a clond
lmver -at a cerlain height in the atmosphere Tt has the observed temperatare of 150" Ahsolute.
'I‘iw autliors have investigated the relation Detween pressure and density at any depth helow
the datam Tevel and at any height above the datum level, in cach of the two cases, viz., (1) when
fhe atmosphere consists of methane only, and (2) when it consists of a mixtare of one part
of methane and six parts of hydrogen. Tiven {aking the atmosphere to be in adiabatic
condition helow the datum Jevel and in isothermal condition ahove the datum level the authors
have found that the total thickness of the atmospheric layer cannot, in any case exceed 1goo
kms., and possibly it is below 1300 kms.

Before 1923, it was widely belicved that the four great plancts were very
hot and that a large fraction of their volume was occupicd by gas. In 1923
and 1924 H. Jeffries' investigated the physical constitution of the outer
planets and suggested that they were cold. This conclusion was subsequently
corroborated by observation which indicated a surface temperature of 150°
absolute, for Jupiter. In a subsequent paper he further suggested that the
Jupiter was formed of a rocky core covered by a thick layer of ice and that there
was an atmosphere of more than 6000 kilometres in depth surrounding this icy
layer. Tn 1934, Wildt 2 showed that an extensive atmosphere surrounding the
surface of Jupiter will involve great density which makes it highly improbable
that such an atmosphere exists there. Wildt gave 6ov kilometres as the maximum
depth that may possibly be attained by isothermal hydrogen atmosphere obeying
gas laws.

In 1937, M. Peek® investigated the physical state of Jupiter’s atmosphere.
He found even smaller values for the maximum depth for the atmosphere than
was indicated by Wildt,

The datum level of Jupiter is not the planet’s solid surface, but it is the

* Communicated by the Indian Physical Society.
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and absorbing layer—probably a cloud laycr—-?t. a certain
heicht in the atmosphere. ‘Ihe datum level does not rot.ate as a rigid body ; cn
o 1” hand it is observed that the period of rotation depends upon the
Ifnl;:‘tu(c,ltf.u l’:»:-k hhas taken the observed temperature of 150° Absolute to b(? ”’,\‘
: threc models for Jupiter’s

temperature of the datum level. IIe has taken .
atmosphere, viz., (1) the adiabatic, (2) the isothermal, and (3) a compromise in

which an empirical relation is assumed Detween the depth and the lapse rate of
In the first two cases for the purpose of numerical evaluation he has

efiective radiating

cmperature,
reated the atmosphere as thongh it was cutirely composed of methane. In

the third case not only he took methane in the unmixed state, but also in two
nixed states with two different proportions of hydrogen. Ilc¢ investigated the
‘elations hDetween  pressure, depth and density only at points below the datum
level and not upwards in the atmosphere external to the datum level. He
found that at a depth 25 kilometies below the datum level, atmosphere would
probably become unrecognisable us such by the meteorologists.

In his investigation Peek has not considered the variability of the period
of rotation of Jupiter’s atmosphere.  From obscrvations of the spots ncar the
pole the pertod is found to be about " 55" while for the equatorial spots it is
about 9" 50™. It appears that there is a sort of relalive motion or wencral
circulation in Jupiter’s atmosphere.  No satisfactory reason can be given for this
relative motion as the theory of gencral cireulation of the atmosphere is still
very imperfect.

We have assumed the following formula for angular velocity at any point
in the planet’s atimosphere :

2 4 T

_ r - r .
©=w, | Ita, g sin?0 + q, R sin? 0 |, e (1)
\N

where 7 is the distance of the point from centre of Jupiter and 6 is the colati-
tude of the place. Ilere w, is the angular velocity at points_where =0 and
R is the radius of the equatorial scction of the datum level which is the
stratum of the atmosphere that gives risc to the observed temperature 150"
Absolute, and a, and a, are numerical constants, It may be mentioned herc
that spectroscopic observations® ' show that there is an cquivalent atmosphere of
oue mile of methane and ten metres of ammonia at normal temperature and
pressure above the visible photographic surface which we may take up as the datwm
level.  The pressure at this level is calculated to he 0-335 atmosphere (earth’s).

Some explanation seems io be necessary for the assminption of the above
formula for the angular velocity. If the axis of = is the axis of rotation, we
have the following equation for relative equilibrium -

ar
Iy

= V+ Yo (xdx+ydy) = V + 4 w?d(x? +92), (2!
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where V is the potential of the extrancous forces. In oider that this equation
may be integrable we must have a functional rclation between P and p, and
hetween w and & PR 372. ie., 7sin0.

We have to choose positive powers of 7 sin 6 in order that w may not become
infinite when #=o. It will be seen later on that a, is negativg and numerically
arcater than ay consequently within the atmosphere whose depth is small com-
pared to the planet’s radius, w decreases as r increases along a radial line.

We have taken account of variation of gravity which was neglected by Peck.
We have considered two models, (1) adiabatic, (2) isothcrmal. We have investi-
gated the relation hetween pressure and density at any depth below the datum
level and at any height above the datum level, in cach of the two cases, wviz.,
(1) when the atmosphere consists of methane only, and (2) when it consists
of a mixture of hydrogen and methane. We have caleulated  the possible
woximum depth of the atmosphere below the datum level and also its possible
maximum height above the datum level.  ‘The density at the ouler boundary
of the atmosphere is taken 1o be the inter-stellar density,” wviz., 1072% c.g.s.
units, and the density at the inner houndary of the atmosphere is taken to be
the density of solid ammonia, 7iz., 082 c.g.s. units, to allow for maximum
possible depths.  Alternative calculations have also been made by taking the
density at  the inner boundary to be that of solid wmethane, i.c., 0’42 c.g.s.
units iv the first case and tobe that of solid state of wixture, i.c., 0'27 c.g.s.
units in the second case.

or the period of rotation in different regions we  have taken the following
data for the year 1928, from two papers ® published by A. Stanley Williams in

1934, the data for later years being not available :—

Region (south Latitude). Mean Latitude Rotational
(soutly). Period.

ZOS to 16nS SOS gh Som 19-21

27°S 1o 37°S 32°S o" 55™ 22°6°

2

9" 55" 9’8"

7,

37°S to 55°8 46°

three values for w which are

From the three rotational periods we calculate
These values are

assumed to hold at the mean latitudes of the three regions.

now substituted in formula (1). We thus get threc equations which deterining

the values of ay, a4 and wg :

a,=— '06776 (numerical factor) ~

(3)
ag=+'05819( » )
wg =_?"_ radians per scc.

35040
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Our fundamental equations 7 of rclative equilibrium are :—
o |
OP L, Y s (1) |
9 Or “
8P _, 0V _ s, | v
opn O j

Here 1 is the radial distance and p=cos 6, where ¢ is the polar angle, and V
is the gravitational potential due to Jupiter’s mass, and o the angular velocity at
any point of the atmospherc.

Taking Jupiter to he an oblate spheroid we find the cxpression for the gravi-

tational potential ¥ to he

V=(§_M [1_ 3 P. ( R‘_/’_)“+ 3 Py ) (Rﬁ )4"' """ J
7 3 5 r 5 7 !

where M is the mass of Jupiter, (G the universal gravitation constant, R the semi-
cquatorial diameter, ¢ the eccentricity of the Jupiter. Taking the semi-cquatorial
and scmi-polar diameters of Jupiter ¥ to be 71370 and 66620 kilometres respee-
tively we find ¢? to be '1287 and thus neglecting terms inside-the bracket con-
taining ¢® (which is of the order "ooo1) and higher powers of ¢, we get

1
v- rv.M_[l_s,._ra.( R) .1?«_.(( ol I
v 3 5 T 5 7 v

We may remark here that as the extrancous forces are derived from a poten-
tial function, the equi-density surfaces are also equi-pressure and equi-temperature

surfaces.

I. ISOTHERMAL CASE

1. We shall now consider the isothermal model. In this case

3 .

K T—p = Kp where K= AT
p Ny

where B is the universal gas constant and its value is 826 X 107 c.g.s. units. T' is

taken to be 150° Absolute which is the observed temperature for the datum

p=

level.

2 . |
Putting P=Kp and w=w, [: +a, (ﬁ) (1 —,;'-’)+a4<l%)4(1 _#2)2]

in our cquations of relative equilibrium (4), we get

k_ _a_f):_@\l +w87(1—p.2) 1+ag = 2(1_,“2)"'“4 . 4(I'-f"2)2 :
p Or 0 R R

‘
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» ¢ 2 ' ®
% g_::_= -%X —(.)812,‘[1 +a9.(i§) (] - K )'i'(l‘(lz ) (l—l‘a)Q]

Multiplying the first of these equations by 87 and the second by 8p and then
dding and integrating, we get

— 2 2 S\ 42 _ 4
klog p=V+odr® | TR + % (r—p2)2 T | + %2 -p2)3 ] +

2 2 R 6 R
L —p2)3( ! ! + @284y 21| ! l}+"‘3 (1 —p2)% . ) +constant ... (7)
3 R 4 R I0 R

1s the comiplete solution of the equations of relative equilibrium.  “The arbitrary
:onstant can be climinated by substituting the given conditions. In cach casc we
shall only consider the variation of density along a definite radial line. Hence
in cvaluating the arbitrary constant we shall not change the valuce of 6.

H p=pg when r=r,, we getfrom (5)and (7)

k log ,,) GM gl‘"l—.'z' (R2C 2)“—2 3 Porerx

Po, ( ] r(,$ 5 i 5 7
¥ r

{:__,_-:{,;B{J+w3 ‘\(1‘;#2) 5',2,_ p) ( | af _(1—-,u )2 { __ﬁgl

ag (1-p?)? s 6

\
[, ay (1-p2) )
o — 0! +a‘l 1 " R N 11
6w CE ST Rl U

agaq (1=p2)* ) 5w (.a? (1=4%% ) 1o_ 10
+ A .—-RG — A7 70 +IO. »RH'« LA £} e (8)

We shall take pg to be the density at the datum level which is assumed to
be an equi-density surface for which the observed tcmperature is 150° Absolute
and pressure is 0335 atmospherc (Karth’s).!©

(A) We shall first take the atmosphcre to consist of methane only—in this
case p=16 being the molecular weight for methane.

1. Equatoriul Plune.—Let us first calculate here the density in the equa-

torial plane. In the equatorial planc ()=Z—, and we shall take 79 =R (equatorial

=

radius of Jupiter’s surface) for datum level in this plane, for the sake of con-
venicnce in our calculations, since the error involved is of the order we are
neglecting. We assume that the total height of Jupiter’s atmosphere is small
compared to its radius. For a point in the equatorial plane within the atmos-
phere at a radial distance OR from the datum level we take =R + O R.
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R

tion, for the value of p at 1 =R+ &R in the cquatorial plane from (5) and (7)

. R |2 . ) R ..
Neglecting R and higher powers of | - we get after simplifica-

5 | 2
) M [ R 2 et op2 [ sm |
] ’ ’ — — + 3 _ 9(’ .(,)(_)7
O (,,0) I\' ’l{ < R )[—I 10 B 56 } -+ I, ’ < 1{ [I +a2 + Aq -+ {9)

We take P, to be the pressure at the datum level and its value is 0'335
atmospliere (Larth'’s), as given by Peck.  Now from the rclation Py =Kpg, where
R=77%5x10% c.g,s. units (in this casc p=16) and 1 atmosphere ! is equal to
1013600 dynes, and we find py= ‘000438 ¢.g.s. units. ' '

. I «
We take the mass of Jupiter to be 7 of Sun’s mass as given by
1047 4 '

Russell.'2 Now Sun’s mass is 17085 x 10%% grammes as given by Hddington.!®

Thus Jupiter’s mass is found to he 1°8906 x oY grammes.

Here G is the universal gravitation constant and is equal to 8'66 x 10™® ¢.g.s.
units. Now {for calculating the height of the outer boundaryI of the atmosphere
we put p=10"2% ¢.g.s. units, which is known to be the inter-stellar density. «I'hen
our cquation becomes, on substituting the numerical values, :

. SR x (=3 .
~22°0415= Rx (- ‘(’;0403) (c.g.s. units)
10

which gives the value of 8R=74"47 % 10” cms. = 7447 kilometres.

Now for finding the depth of the atmosphere below the datum level, we
take p to he the density of solid ammonia which is 0’82 (c.g.s units) in  order to
allow for the maximum possible depth.  ‘Then substituting the numerical valucs
as hefore we get

— 370403 , sp

3.2723= ,
10

which gives SR= —10"76 x 10° cis.

I'he negative sign stands for the depth which comes out to be 10776 kilo-
metres.
Next taking p to be the delsity of solid methane, i.e., 0'42 c.g.s units, we
get o'81 kilometres as the depth.

(#) Colatitude 0= 30°.

We shall now calculate the density at any point in the radial line for which
6=30°. As beforc we shall calculate the radial height of the atmosphere above
the datuin level, for which p=p,, and also the depth of the atmosphere below this
point along the radius. Here also for the sake of convenience in our calculations
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we put 79 =ry, for the datum level, where r is the radial distance from the
centre of Jupiter of the point on its surface for which 6=30°, the error heing
of the order we are neglecting.  For a point in the radial line #=30° within
{Lic atmosphere at a distance 7, from the datum level we take 1=r; + dry.

2
. . . 8
Putting r=r, +8r; and f=30° in formula (7) and neglecting —1'>
T

. ory .
and higher powers of L], we get

T
o b ] :)I 4
log [P0 :({-M oY BV | Py . R ..3("‘)‘+3 . Pa [R -5t
p ] Ky T SN 5 7 \h
w212 (r—p?) or T ’ o T ’ 2)2 ’
Lonrdt=n?) | FragTV) 0 p) g, Y =22 ... (10)
K r L R R,

The valies of 7, Py and P, are found to he
1y =0"772x10" cms. )
I’y ="025 .. ()
Py="0225

Substituting the numerical values from (3) aud (17) and putting p = 10720

(c.g-s units) for the outer houndary of the atmosphere, we have
: — 372678 X 81, e
—22'6415=—> "=/ 1 (c.g.s. units)
(8]

.- ant ’1, X T( 6 . N

dry= 22 015 X TO7 = 6928 x 108 cms.
3720678

=60"28 kms.

i.c., the height comes out to be 6928 kms. Similarly putting p=0'82 for
the inner boundary we get, for the depth of the atmosphere,

-3 b .
3.2723= 9 267§—x- 21 (c.g.s. units)
10
. 10% % 3'2723 . 6
by = —— 7 2=L£Z0- = = 717001 X 10" CINS.
— 372678

= =y0’01 kms.

Therefore the depth is 10’01 kilometics.



80 A. C. Banerji and Nizamuddin

Again taking p=o042, density of solid methane we get the equation
. —372678 X 8y
2°9817= -- L—Zh— !
10
or dry = —g'12X10% cms. = —¢'12 kms.

i.c., the depth is 9'12 kms.

(B) Next let us suppose the atmosphere to consist of a mixture of 1 part of
methane and 6 parts of hydrogen.

In this case the value of g becomes 4 instead of 16.  We substitute the new
value of p in our equations and proceed as before.

(i) Fqualorial Plane.—In the cquatorial plane, the height of thc atmos-
phere above the datum level is found to be 297°88 kms. The depth below the
datum level is found to be 1304 kilometres, if the density of inner boundary is
taken to be 0’82, i.e., the density of solid ammonia.

Next if we take the density of the inner boundary to be the density of solid

state of mixture, i.c., 0’27, we find the depth to be 30771 kilometres. Y

(1i) Colatitude 6= 30°.—Considering the extent of atmosphere in the radial
line 0= 30", and procecding as before, we find that the height of the atmosphere
above the datum level is 277 12 kilometres and the depth below the datum Ievel
is 40°04 kms., if we take the density of the inner boundary to be the density of
solid ammonia.

Again if we take the density of the inner boundary to be the density of solid
state of the mixture, i.c., 0’27, then we find the depth to be 34"15 kilometres.

1II. ADIABATIC MODEL
(C) In considering the adiabatic model also, we shall first assume that the
atmospherc consists of mcthane alone. The relation between pressure and density
in this casc is

.

Y
P=Kgp" where I\'2=( HT) )
,l

1
T
p=16 and now taking as beforc the value for the pressure Py at the datum leve!
in the equatorial planc, to be 335 atmosphere (Earth's) and T=150° Absolutc.
and substituting numerical values in (12), we find that Kg=7'884 x 10"
c.g.s. units,

here y denotes the ratio of specific heats.  We shall put y=1+ For methanc

’



Jupiter’s Atmosphere 8i

1+ ]

Now putting P=K,p A in the fundamental cquations (4) and integra-
ting as belore, we get

L o\ 4
Ko@an)pt= CMy 3 Py [(Re) s Py [ Re ) g
. r 3 5 ! 5 7 r
2 \ 4 4
(=) +12, T) (1=n?)2+def ! (1—,u.9)3+a'%. D) (1-p2)8
2 2 l\’/ ' 3 \ R 6 \ R

/

/ 3 o b
o ) o o« 1 o5
s AN (1—p?) b e 1= p7)" | + constant
) & R) A (1= (13)

As hefore (he constant can be evaluated for a definite radial line from the
civen conditions, Iun this case the right hand side of equation (8) remains the

' 1 1
sunzand for the Ieft-hand  side we shall have ky (1 +A)(/» A -—p..’\ ) instead of

/ )
N ]ug / .
P

) Asquatorial Plane.~We shall first find the cxtent of the atmosphere in
the equatorial plane.  Putting

"= Py rt):R, 0= ‘E: ‘nd r=R+¢R

and proceeding exactly as in the isothermal case, we pet

/1 1
/I H)kb)‘ ~ro )= —23°56 X 10% X8R,

Kz\

On substituting the values of Ko and A, we get

1 1
( A=A ):.—*’lﬁ X 06806

10

For finding the height of the outer houndary, we put p=10"2¢ (c.g.5. units),

1 I . '
so that (p)‘ —p")\ ) = ‘09828 (c.g.s. umits), and the height is given by

‘06806

2

=14"25x10%cms=14"25 kms. Again for finding the depth
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of the atmosphere below the datum level, we first put p=o0'82, which gives

‘8438 x 10"

o 5
) =122'4 X10° Cms.
06896

I 1
(/:A —/;',A >=='S438 so that the depth=—0R=
=122"4 kms.

Next taking p to be demsity of solid methane 042 we  find  that

1 1
(p)\ —p,,A )='6726 (c.g.s. units) so that the depth (= 6R) comes out to be

07'54 kms.

(i) Colatilude 0=30°.—Necxt let us find the extent of atmesphere in
colatitude #=30°. DProcecding exactly as in the isothermal case and substituting

1 T
the values of K, and X we get (/))‘ —pu)\ ):: - :‘((;_"74_'3 where 81, has the
)

»

same meaning a¢ before.

26

Putting p=1072% c.g.s. units, for the height of the outer boundary, we get

° [H . [P
. 10% X "0g828
8y = 9

. =13'26 X 10° cms, =13"26 knis.
07413

Similarly putting p=o0'8z2 for the density of the inner boundary, we git,
for the depth below the datum level.

[H ) 3y
10" X "8418 . - .
107 930 — 13 g x 10 ems. = 11370 ks,

074113

—dny =
Again putting p=o0'42 for the density of the inner boundary we find the
depth below the datuin ievel to be go’74 kmns.

(D) Next let us consider the case of the atmosphere consisting of a
mixture of 1 part of methane and 6 parts of hydrogen. In this case the value of

n=4 and 1+ :\— =1"4. Conscquently A= f .

With these new values for u and A we find that value of K, in this case is
1101 x 10'! (c.g.5. units).

(i) Egquatorial Plane.—Our equation giving the density in the equatorial
plane remains the same in form as in C (i} except that the values of K, and A will
be changed, and we get

1 1
K, (1 '”t)(PA —pot >= —-23'56 x 10% X8R ,
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substituting the numerical values of Ko and A and putting p=10"2¢ c.g.s.
units, we get, for the leight of th: atmosphere above the datum

level,

. 8 .
SR= 04‘5'3\5‘56\557‘10— =8'019 X 10* cms.=80'19 kms.

Similarly for the depth below the datum level. we get

"8784 x 10"

. =1553 %107 cms. =15°53 kms.
5657 :

—~3R=
by taking p=0"82 (c.g.s. units) at the inner boundary.

Next putting the density at the inner boundary tobe 027 (c.g.s. units), i.c.,

. 8

the density of solid state of the mixture, we get —8R= —534—,75—1(—?;-;]—0-=967'4 kms.
D,

as the depth below the datum level.

(i) Colalitude 6=30".—Similarly we can find the density at any point in the
radial line 0= 30", by procceding exactly in the same way as in the isothermal
case.  We get

1 7 1

1(2(1 + A)(/’/\ iy 1

A \= —25'33 X 102 X8R ;

1 1
) r A ) — 608 xR
substituting for Ko and A, we get| p% —po =TT 08
Putting p=10"2% (c.g.s. units), we get for the height of the atmosphere above

: ” n .
the datum level, SR = 245352107 = w450 x 10 cms. = 74’59 kms.

Similarly putting p=0'82 (c.g.s. units) for the density of the inner bLoundary,

. 8
we get —3R=——§—7—§64 2—19 - =14'45% 107 cms.=1445 kms. as the depth] below the
0
datum level.
Again put;cing p=0"27 (c.g.s. units) for the density of the inner boundary we

et —8R= .192__%5&21, =8gg'7 kms. as the depth below the datum level.
0.
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. v . ], . (-”111. . . , . ’ )
We non give helow oitr results ma tabular 1 .
1 g |
TanLe 1 '
Aunosphere of Methane aione )

1sothermal Adiﬂl:uli.(_'

.\‘

‘ Iiguaterial ’ Colatitude | Yguatorial | Colatitudd

plasie. 0= 30° plance. 0=:0"
; e e —
Height in kms, above  the datum Jovel 797 | 0y'2S ’ 1425 / 1326
. | |

Deptliin kms o bedow  the datnm Jevel, oS | 738 I G7°59 | co'74
taking the density at the iuner houndary ( '
to be that of solid methanc. .
Depth in ks belew the datum level, 107706 10°01 1227 1137

taking the density at the inner boundary
to he that of solid ammoniaX

Tarre 11

Atmosphere copsisting of a mixtuse  of 1 part «f Mdtbane and 0 7mts of
Iydrogen

Isothcimal Adiabatic

| i
| | —

i Iiqrataasal | Colatstede | liguatcrial : Colatitnde
i plane. | 6= 30" plane, ‘ 6=730".
N ;
. . I
Height in ks, above the datum level 20788 I 2712 So 1 74'54
Depth in kms. below the datum level, 30771 31°15 967" 8o’y
taking the density at the inner houndary
to be that of solid state of misture.
Depth in kms  below the datum Idvel, 13'0q 40°0. 1553 1445
taking the density at the inner houndary
to be that of solid ausonia,*

Assuming the atmospliere to consist of a mixture of 1 part of methane and
6 parts of hydrogen, the probable thickness of the atmosphere in the equatorial
planc arpeats tobe abont 334 kms, under isotheimal condition and 1050 kms.

* Toallow fur maxunum possible depths we have also caleulated them by assuming (he
density al the juner boundmy ot the atmosphiere to he that of solid ammonia, although only
traces of animonia are revealed hy tbe speetroscope.,
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under adiabatic condition. The datum level in Jupiter’s atmosphere probably
consists of a clond layer as mentioned before ; so from analogy of terrestrial condi-
tions, it will not perhaps be unreasonable to assume that from the inner boundary
(solid surface of Jupiter) of the atmospherc {o the datum level, the atmosphere is
adiabatic and from the datum level to the outer boundary of the atmosphere the
With this assumption the total  thickness of - Jupiter's

atmmosphicre is isothermal,
This is quite a plausible igure. We

atmosphere will he about 1200 kilometres.
cannot extend our terrestrial analogy too far and we have no  evidence to show
that there is any region in Jupiler's atmosphere in which  temperature  steadily

inercases with height due to jonization.
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