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Spectrnl Hodelling

Cool — 4o evalpate 4he transmisSion or
abserption of (& Scction of ) +h=
oul'w\os)okcrc uss’nj Khowltdjc of line data.

Probl<ms

e the line data are not Knoton For all
caseS ond meAsurcments arc onlg
aailable af coarse re selwtcon

s tvetwn with fle covrect finc otk‘l'a "l'l\t.
eoalculation (5 won- trivial ’
(compu4m4i0ma((j C—)‘PCV\S;V'C]

S, 0F+en wse a,o,oroxima,'f'fons involvihj
ling S+f-£n3+k ASFribution or ather
’o&rmmLHVS .

'SiMPLC.S‘}' cASe . ihd-cp{v\ﬂ(tn‘f IinesS

1e. lineS +hat are sanff, crently for apart
thot H+he obSorption pro Files oo not
over lap.

Por 4his cafe Fhe ¢ wivalent wrdth cai,
be chlewlated” For ciel lint , andh Hhe

botal tj wivalent WdA+hL s +Aan'us+ +he Sum;

A\/\/L,,\A = Z AW “line -by-line

A ™ 0 d-c”inj ™
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Colecnnlation o+ AWV for & line U\SU\A/lj
reyuires pa:am<+ers N
— L
S (s7°) |, Dy, K ($TP) L " (STR) T, p, 1

o~
eharocteristic oF +he Iinte Acpendt
ok Ja.r
However Poth

¢ AW Jehtrtlly Aoesn't Aepend on v,

" many lines in a Land have Simi/lar
values of L'(37°) and <P (STP).

oo Con proo\mc-c. [ 8 k:'S""ojr'aM o‘r S cnd
convert Fhe Sum T AWLL vtk ol JinteS
Jo o Smoller sSeam ofF aW oFf Fh<
rcprtseni'dd(\/-c JineS Y 4Le Tnterval
del\'l‘ir\jS (+\7‘oicully 4 3h+fvuals/o\<csd-c
6 o ‘Oj Scale)

This codS 4o +he idea oFf V\S;r\j dhtlj‘}‘f(
eXpreSSionS For +he line StrengFh
ANistribution, Four sSuch disteirbutions
WAVe been Found v be wseful.

/\/\, Elsasser  N(s)= No 4 ()

J on Arra o-f e U\-l\-llﬂ S,OAC‘(A
0 +d line s of3+kc Zam-c shape
a.v\L S“}rt hj"'k
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N } a— N‘/a—

S

where
N (S)
il

—
m—
-
=
-
=]

or¢ uSefanl

-rbrm -FOV
€9, for MallKmus podel with Lorent 2

Irnt £ "\AP'C

S aAW= 2% Nao(L[_/l-f'_Z“__ - 4]
ok -4 2

page 3

Goookﬂ N(S):l\ig_ C.XP(—,Q)
s} 6

Iines are srau-uﬁ rav\domlv with
statistical Aistribwntion of §S.

Noe ljnes of Mrerajc S=0.

-.:.No
S

inFinite number of Jines
N, lines For each Facter o

e in S"‘rcv\j'l'k S .
Malkmus  N(S)= ]ivr_xp(—_ﬁ)
S (o}

Similar to Gosdy Lnt
increases dhe pumber of

weak Iints

Godson N(S)

numbtr of lints oF S‘l‘rthj"“\ S

arometers of Fhe band

Iint sp A.Cl’hg

The Avw./b'l'\'c +Aanctions (’oAhJ\ moo\-els)

he Ca U se J.Lcy 3iv<. an analytic
2 AW, J




for

Lorentz

line
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Then Fhe aha\,l:?-/s'c. Formn For 2 AW ean be
nsedl n other c?b\t\-/-s'onJ.

Evaluation of dFhese eX pressisns  reguires
Know leage of 4le Lank parameters’. Thest
ton be derived from the line data Clong)
but are ofteh obtained by (XAM;nfhj Fise
bhehoviour ot +he endS - +he weall anol
J.'—l-ronj Iivwnids .

Curves «F Crowth

We showed +hat aW= Jpx= Su for o
weaK line, s6 Ffor a w<ak hband ) The
u‘uiduhwf’ width s ZS U .

Wl\a,,'l' abowf +he -U?u;\ldtl-en’} wfm‘k o'ng
S"’}'Onj line 7

AW = f“[A —T;:]o(‘;

—-0d

::—J"’ [4 - eXP (”“;:"1)7"(2—‘
=-.—j-°°[, _CXP(-J'E_[A)]A?:
- J‘"’[f-o(p( -Sun o /7 )]di

(L-To)2 4+ 2
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Now,for o Sl'roltj “V\{., cx/.»( )“—\‘:O
until A= - e 5> L

SoCan replace ML+ o' Ly D7

Let :12': Susd, /7 = o\-Z=\/W(—Az)
NPk = PE
AW = _["’_”4 _e'yzj AT
_-&oo -9? Y
" J[) Se ()

= Z’\/ Su o/ fw [l—e—ﬂz_]ﬂ tVeh
o :72

ZA) wn j'&'

This can be ih-}cjv-a"-c.o\ Lcj Gc.‘Hl'vxj +le lower
l;m;-)’ +o.<S awndh d\.Howi'V\j d —~> 0.
Resul+ 15 A= .

T"\V\-S Jle eﬁu?va.l{wl' wriad +L4 g'f & S'I-rorxcj
LOk-cv\'lL-t )ine VS

AW = 2 \[Sud, ' v, aW= Su for

a2 weak Iine

Soe for 4he MalkmnS - Loventaz cade ¢
Z AW = 2WN6°?L[ 4_,.a-u’__1]
& oL

= 27x NOO(L[ ‘Tc('_+d'u1 _47

N oL
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page 6
2 AW = 2 No 600 avords
1 _,.ﬁ_,_ = problems 43
AL U 0

Toll_

To.Ke +he l"mn""s aS k20 andk u—>80 and
470.0«.!-«. +he expreSsions for He Sum ot eauiw-hn‘/
Wid+hs anat +he model reswul4 s .,

Weak Vimit | w — 0O ocw —s 0
2 W = N, 6LA = 2 SpM
X
o N;O‘:ZS;

Strong limit ! W—>00, 0K —pam

Rl

2 aW= 28ANede{oene' =2 ) [§au

Feromn FLeSe LXPrc ssiony , +he noole/

Parameters Ne and & /b can be
At Hrmined.

TF +4here are no vod<f ,oaro.me-l'-crs) we
con UL o curve of ﬁrow‘l'l:_) Vhrek vS a
Pl°+ of canivalent wiath vs. ab udance or

pressure D Can +hen it ke weak rnad
si'rov\j l-'vv\l'*\'nj glepes.
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Since . and w are pro,oor‘f‘lonal F-a
pressure op AW is proportional +o.p
in beth +he weak ard shon limits Lot
with A Fferent censStants of Fropor'l':'dna.li'/'y.

DWW

(CM") S"’l””‘j
lioni 4

weak limit

70.
O\I(VIAP’Ofr;L Lin<es

So ‘fw, we kave beewn Acalinj with
ino\»t,oend-(n+ lines. When |Iines ov-trld,ol e
-|-uH»\ L u'lvalux‘i' wid‘“-\ iS Sm&”*r +Lan -H\(.
Sun 88 Jhe sndividaal o4 nivalend irdAdLS
(extept for very wemk lines).

e.9., +wo Jines ihdtpendfn‘l'faw-'- 'lj [l—c—‘kcu d=

+wo lines Jufefpouo\ ZZW: j[,__ c-2k;.u]a‘1:

TJd can be shown thad when Iines over M.,o)
r-mo\omly, +l< ¢-7u|l\lc.'-en+ wirddh s

AWJ.,{.‘J = { — C)QP (-— ? QWA-) Where d =

3 mean line
Spac fhj .
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Inkomo+7eh-com5 Paths and
Jhe CurFis - Godson Ap'oroximo\'l-fdn

\Nc kaw. )z(-(r\ agS‘SMmihj o~ L\OMG eneounS
Pa-l-k (¢c6nS+ant P'T' W) . However,"Fhis is
rot valid For 4L &Mo:pkcr(.

—= Want + Frad o home geneous pati

+lot Rppro Ximates o fl"bftk""ff.f of an
inkémoj.c'vwou\f pu-Hq,

The AifFerence between Fhe hemogerneon o
and in AomAJehcouJ paths s +he Veal el ntron
of the spticol depth For which +hke

term  SF. U must le replaced by +he
in‘l"cj rol J S-ft W .

Te S‘/-alr-"') consSider tLe Loenk ):’M:.‘,')
for wWhich

AW = _f”[l - up(_fS{._m):]az

EXPGV\O\;V\ c.)(fohfn‘)','a,' N\ rCV‘cV.ffhj the
or detr of fh-l't‘jv-a-l'/'oh jiV‘(S

AW’:_J“ [4.. (! -fM,-,atu)] Ao

= Sﬁokio&-::“j&atucgu

(7.3 e D
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Where S = qu[T)oku/fuw
0

page 9

o

o—

= mass- weig hixd averagc
[ine J‘I‘r(v\jH\

So Fsr wea kK livch', WL coh WUSe :3- and U\I
ond Feat Ll 'oad-L oS L\)moj‘(h(ou.f i

For stron 'n'ne.S) we can Shewy Fhat +he
tziuiu4|1h+ Wk +k S ven Lv

=2ATun
where :l,_ = juS(‘r) oL, (,0)7)0(4/\/5“

ondh § 'S oS alaOVC.

These cku—wf\’ons For S ank o arc 4ke
Curtis- Gadson appro Ximation for an
ir\kcmojxh.couj 'oaul-l«.

Tht T oF 6n inhpg mOjCh-couJ’ ,oa.')'k Ky
..P'oroximad'c.\}] ecqunl +o +Lhe T of a
home gentoul path (a1 consfant P’T) whose
iy\'l—(j ratecd absor b-tr__ amount is w©n with _
metin kholf-width 2 and mean shc»gﬁ« J.
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I.-F T '\/dr"A-"fth ard Fj\morco\ [S’cu.;fr 4+ Llan
- varnaltions) ) Jhen  Loce Jc‘f' +he iSo+hermal
Curtis- Goodson opprox imation for which
dhe ivhoms gencou s ath IS c; wWivalkent $o

kOMoJCthU\S reth of 4kt same mags
an ok T : w;"'L\ mAass- b\.)Cl'

o Jk-}cd presSSurc

The (-G approx. is unseful in man
rl-wx(:.s,o)-\evfc problems, e.S,oec:'any /’n
c&lcula‘l'i.nj Lec\‘l'fnj rat+<.d.

T+ doelS not workK i1 Fhere 1 .s")-roy\j
T structure osr if +he mags digtributron
voarics inversely with r~Sfure

€9. for 63 'nerca Sin wlth 2 i+ Fhe
|o 1oer .:'I'ra'l'o:PL.crc.

m—

Infrared Cooling Rates

Wt ¢bn NOW Com UL'I'C IR L\-c.o\.-;:'hj /Coo):'nj
rates from the band paremeter s

Racoll F+he :nHgral monoe chromatic

form of Sehwarz Ch,lA's E?U\k"';‘oy\ for LTEL
‘n & verifcal /,m-l-k :

/
I(z)= B[Tlo))’t’/?,a)'l‘f B(Tar))AT(z2')
T(2,0)
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where 3= vertical coordinate
anth Fle e4n has betin writie for
u\,owm—o\.s FnJ'ehSi'l:j.

Ind<tarate +his sver & Finidc number oFf
bond S such dhat B is constan+t in each band:

Ilz)=> B.(T19) T (z6) + Z | ' B: (T(2") AT (47)
e ¢ TA0)

where

; :mmro\ﬂc FransmiSS1on oyer imterved L.

Now inFe rate OVCr anglM WIIN ,,A.‘ﬂ:us.'v."r
fator s ql-o get . J J J

wupwar d Fluy density

Fflz-) = Z-'"B,{ [’T Io)) 'T?(‘-Z,d) <+ Z S | B; (T(z ')) dTT/ﬁ;zy
) 4 '7,"{%,6)

and

O(.OWP\IA)&YA fluy d'\'l\fl.'l'g
v | . ;
Fle)= 0 + > f B(Tr))d T (=, 7))
‘ T: (2,00)
where C* = mo dified +ranimission (liKe ¥*)

Ve Flay: F(a) = Flez) — FY(z)
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Hca,-}ing rote !
_él) = - l _A_F_ = ?’ AF = —-_1_91
ot /IR Cop B2 S 2P Cp au

Con Fhus cal culote +he quHr\\? aArd
uo“hj roteS inthe ot mo SPLerc.

Liow (p. 10§) shewd partial and total IR
co0 h'nj reatcs in A elear tro prcal atmosphere.
—» cal cenl a ke uSihj @000(\7 randem
hanh model paramefers for )R
Hzo, O3, onkh CO02  and +the Curtis- GCodon

approX., a8 well &5 H,0 continuum
0\|o$‘orp+.'oh,

—> JSee Slide.

—



