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CONTINUUM OF OBIJECTS from planets to stars (below) shows
that older brown dwarfs, such as Gliese 229B, are fairly similar
to gas-giant planets in size and surface temperature. Younger
brown dwarfs, such as Teide 1, more closely resemble low-mas:
stars, such as Gliese 229A. Brown dwarfs and low-mass
stars are fully convective, meaning that they mix their
contents (left). Thermonuclear reactions in the stars'
cores destroy all their lithium,so its presence is a sign
that the object may be a brown dwarf.
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NAME JUPITER | GLIESE 2298 TEIDE 1 | GLIESE 229A | SUN
TYPE OF OBJECT Gas-Giant Planet| Brown Dwarf | Brown Dwarf | Red Dwarf Star [Yellow Dwarf Star
MASS {Jupiter-masses) | ] | 30-40 55 | 300 | 1,000
RADIUS (kilometers) | 71,500 | 65,000 | 150,000 | 250,000 | 696,000
TEMPERATURE {kelvins) 100 | 1,000 | 2,600 | 3400 | 5,800
AGE (years) | _45billion | 2-4billion = 120million | 2-4billion | 4.5 billion
HYDROGEN FUSION | No | No | L) | Yes | Yes

DEUTERIUM FUSION No Yes Yes Yes
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Baraffe+ (2003) M2 HE L ETIL

ZIREAAEINOREDTO/INTZHETE A HE

1M j-*"ﬂf 2 Teff log L ;'IL o) R ;'IR;;; log q My Mg M;y M, My My M L’

0.0005 240. -7.418 0.114  3.020 41.98 3751 34.00 2842 26,59 37.66 19.57
0.0010 309. -6.957 0.117  3.300 3258 28.68 2580 2243 2238 2911 1741
0.0020 425. -6.383 0.120  3.580 29.69 25.62 2279 20.05 19.76 23.13 15.94
0.0030 493. -6.112 0.121 3.746 28.71 2448 21.66 18.88 1857 2088 15.21
0.0040 563. -5.880 0.122  3.869 28.09 23.77 2095 1795 17.71 19.35 14.59
0.0050 630. -5.686 0.122 3965 27.65 23.25 2044 1723 17.02 1815 14.06
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Vertical range 0.01-5 bar
Total Grids 000
Wavenumber 0-10,000 cm™!
A n=10 cm™
(1 um~)
Gravity 24.82 ms2(equator)

H,—H, Borysow 2002
collision induced
absorption (CIA)
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H,—He CIA Borysow 1989
H,O line absorption HITRAN2012
CH, line absorption HITRAN2012
NH; line absorption HITRAN2012
H2S line absorption HITRAN2012

0.01bar f Free cooling
200
grids
Diffusion
5 bar ‘ approximation

V¥ Temperature fixed




AR D

R ER)

i

RRUHR
X% (%H,HeH,0,CH,NH,, H,S
DHMLHRDERTE
MENMIFRBESLTERZS
BHEARBEPRICHDDIEIE

[ )) P: Pressure

1(};__1 P — _1 - A, B, C: Antoine equation parameters
B T T: Temperature
; ; 10833.6
l(ﬁ)g I”R.-‘H:g —I— 1('_);_3_?,' [)};725 = 3—1 lj — Ti
L : 10833.6
- +1 AT - _--—I—l 10833.

T 1

NH3 + H2S © NH4SH(S)
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Y 5 Z H(K5HHEK)

=um ChY . M OFRICK>THE
BEEohd

from “Jupiter”

0.16  7.0x104  1.8x10*  1.5x10°  3.1x10°

H,0 17477  6164.65

CH, 10.682  1163.8

NH; (195.5KIAF)  17.347  3930.6

rwin 2003 | NH3 (195.5KELE) 11,901 2850.4
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o: Line absorption cross-section

(-'.'\:p( B h (F‘E‘j ; ."'IIII ;:TJ (9 ( e Jr [1 B L"Xp( T h(—‘;’fﬂ i .-"r.l I“T J] S: Line intensity
exp(—hcE; ;[kT..;) Q(T) [1—exp(—hcvy;/kTep)]| 17 mpemos

f: Absorption profile

Si(T) = Si(Tey)

_,'|‘.t."

7: Wavenumber

1 . ap: Halfwidth for Doppler profile
g (1) = 5" T U — Un fl_, vV — Uy } — — I, 01 gt{lr‘ y}‘] Voigt: Voigd function
L ( } ! ( J f( 0,1 } { f an v m x,y: Functions of P, T v

h: planck constant
c: Light speed
E": Potential energy for lower level
(T = U [) . k: boltzmann constant
('JF TZ,IJ = 7(?}3 (: Partition function

JI l'fp ;: Optical depth

M : Average mass of single molecule
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Borysow (1989, 2002)

7: Optical depth

cv: Collision induced ahsorption coefficient
v : Wavenumber

n : amagat unit

M : Average mass of single molecule

g : Gravity

k. Boltzman constant

T : Temperature
F

? . Pressure
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FI;L : Downward flux
Fy: T Upward flux

Fsurfece. Upward flux from lower boundary
B, : Planck tfunction

Sy 1 Solar constant for Jupiter

C'p : Specific heat at constant pressure

F': Net upward flux
z + Altitude
t : Time

p . Density
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