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Doppltv Broa.o(fhinj {c0n+c'nu~c.o()

T Lecture 3, we derived +he

"Do‘:,ol-er- lin<e shape Funcetion !
°z1\"7< o< p

with Dopplfr' HWHM = °Z‘b Vin 2 .

and °ZD$ -__2-9 2.RT ' )oppler
C P Y'a) NI.DL"'L\

¢.9. Hel: for o= 3000 ¢cm~'
<P = 3.7 X10-F om-!

L.I,_O: for 'Z'o-:_ 1600 cm™'
<y = 2.8 « lb"“3 Qm

). e, '_borrhr [ine widths oare Small but
not r\ejl;giblt.

Four characteristics oFf "bo'opler /ithLApc.'

@ 'bo‘opkr widFh increasesS with +he inverse

of ’\/ml) 56 “\?k'}tl’ molewnles (HL0)
have wider Ilines Yhan heavier

mol<cunles ( ¢o,).
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@’Dopp‘fr width increafes wi+h \/T
(Ilowly).

@ "Ddfp/-c»f widdh ncrcadesS with Do
Jo lints are wider ,n +he visible
dhar in Fhe IR For o Jid-(vx waalecw I,
’Do'or |<r broé adenhin 1S ware fwsp or>ant
ot shorter WoaVeltng s .

@ Deppler lineshape decays expont ntially
¢, ver 'F&S-} with 2 , S6 linel ar<
nharrow ond\ S‘L\arplj Aefined .

/_
Collision (LOr-(.h“’%) Broo\d-ehl'nj

Thi'S 1S du< Fo collisions betwcen pmylecles
which (l'lr\ C-IASS;CO\’ +frm$) e LS
random phoage C.Mhﬁ-ej in Fhe phas<
of Fhe oemiHed wove. The em; sSion
+k<r~c4-03’-(, OccLarS in Finite wWAVetraing
w hose '-t.lnj‘f“ﬂ i§ cdet<trmin<ad 'oy + h<
+im< betwten col)iSions.

For 4he simphs? dhesry of “billiara ball”
mo l< C.Utlts & Bel4z2 mann distribwntion
'+ an be shawwn 4+Rhad Sl Jineshape is

'F_L = _1 <. Loreniz
v N (T-Te)r + .2 h'neShape

’
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Wl\cr(, OZL (P)—/-) b °(L (,00'—7:,) ‘ﬁ 70
o T

Lorentz Lalf-wiall

AL i Hhe HWHMN

°(L (-fe,—To»f— 1
2 A (1’0,74)

7t (7)0) 7’,) — Mm-ean Jin<e laac')'w«n callisrons
-—%froror‘h'dhr\u’ +o '
duiK dcnsi'lg

Ky>) °2|_ ot olmsi—ly

I —}-L-cory ) oL (po,To) wonla Le 06.07 e
For all cades.
However in practice | ol (po, Tu) varics
) 2
fronmn — 0. 01 em ! 40 ~ 0.5 cn!

depending on the Stote of fhe colliding
molecnle “and +he neture and statk of

L collidlinj partner.
four characteris+ics of Loreniz l(ncskapc:

@ Leremtz width incre ases with prefsure
S6 ¢te|[is1orn broadening 13 more impartand
n Fhe |owtr onlmoS'ol\C?t (£ 40 km ) .

@ Leventz widtl ' S 'IV\\HYS(’& fro,oOr'}'fdhlJ
1o AT (weak dAependence), o l+hough
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T o\t.pchol-chc-c, Can b( more c.omlol:’CA.-/-to(

+han +his.

@ Lerentz woidtl i indAependent of Z,
so collisisnm Bro&d-ch-‘ni wi ll be
rel otively mwore imp ertant af Jocu )

“onj o N).

® The accay of +he lincshape with ©

) \'24 £ / ; ]+
)S_ '__\J iow) )nvc-rsey Vdrﬂ,r\j w +HL
(L - o)™, g6 +hese [ines haue
extenSive wiy\js.

=
Voij-/' Lin<sl«ap~e,

Bo+l Doppler and Lave ntz broao\-cm'hj
oceur in the atmosphere wlthouglh

eol\isiomn etfecetS AsminatFe Th +he lowtr
0\-+W\OJP1\-€1"¢.

T caSes where both cfFectS arc
impor'fo\\f\"l" +h ¢ \/OL‘II- prq-ﬂ‘l-(, 1S udled.
This iS & eonvolution oF ke 'Z)o,o/ol~er
orhoh Lorenty efFeeds., T4 Aocs nod havg
On 0nbh ly-"ic formw anA mus+ ba
o\pfroxima'lco\ num-cr{co\ll:j:
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00
V - - L - -D -— -— Y -
-F?: (m—’ba)-‘: j -Fi(u-’bo) 'Fi', (£-27)dZ
=00

o0 —47_
- L fmn 0 o [ e Iy
(ol
- 00
)

DY AR T o __'-)7'1"‘7-‘* (x-1)*
4

v 00 -4%
fe= L fam2 M | e JA
odp V =& K e j"—l- (x-t)?
w here
= _f(_'-l\l-_p:{_‘ and X= o o Viml
ol o/

St4 slide 9 for f),o"’ ef lincshapes.

—

/

E?u'uval-m‘f‘ Width (slide 410)

The most impertandt ?uan'li-}yh cal(u lat<
in the rodiative frangler equation if +he
energy ablorbed oJonj fome path f-hroo\\?lq
~ MmedinumMm.,

As o S?mpl-c e ample, the ener gy absorbed
by & [ine of S-lrcng{-l« S in a mehram of

Aensity g is (07, _T)d3
0

ASSum;ng 4l 'l-h(, 1S .lnA'(fc )\d'ﬂ'\"" J O'H\tf lIineS.
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lASir\3 Sehwarz chi ld'y E?(AA'HOV\ ,-“-\;S‘ becemeS

on Io[f— exX P (_ OJ"" “k;,fd/x.)] d

I'F +he ih"'ChS;"'ﬂ Ib ) S ;nd-(_Fg,v\ Ael\'," o"r -‘_J
(01 kas+ in e ran g« st +he S/oo.(.-l-ral [ine)
+hen w< 3c4

abSor bed energy = Lo AW
where
AWN) = QJuiVal-en-l- w:‘at'H« of +he Iine

AW =of°°[:— exp {—of)‘,k;_folx)j AT

.-.-ofoﬁ[—';-cxp(— ../g.-,,fx)joﬂi
=°f°°[ ( — exp (—-S-i;f:x)] A2

5 u.\';r\j /k;: S"}'

Tn +he "weak limi+ Jor which
S-F; :PX (-4 4 ;

the t)(/Jo nential can be expand<d to 364

Awwcak = SJOD( more uu‘c-fu\ m 'ﬁb
imid SAudies Hhon +he odmiespherc

The 7n -l-v.jr ~tcd

: T .
=1 R T it abserption (5 4he
< — [ —
aw — —> ) and +le tc(."'lhj"(.

)
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Schwarz chil d's E?M""fdh o\jd?n :

Reeoll Ad = T -J widh J=B valia

A for mos—
otoS pheric
To in l'cjra.'}c F+his applications

ecdUunfion in its
rloho chromatrc -forwx) scale by He
in-l--cjra\-')'iv\j factor e-% ¢
eX AT, - € 7. AX = -B. e “dAX
& (I, e."x) = —B; € qX
Zh+<_\7rou/-c, Teorn X= 640 X
Iz €'~ To,= — 7 By (X)€Y
o

(X'= AUMIMY varfable)
Muldiply by ¥ :
o / X"X"
I = TIg, &+ [° B (X)) & X’
™

Tndre duce FransmiSsion

R Note ! X
Tz (% - ')<’) = e~ IS really
0'\“ _x_.xl X;:

aTg (X -%') = —¢ AX’



PHY2505S - Lecture 10 page 8

$o we now have (o) ,
:T; = I§° T; (X) -+ f B,—; (')()JT/X—'X'/
T x)

We car convtrt Y 4o Jtomc‘“‘;C AisFance >¢ !

| , )
Tg (x) = I; (o) To (x,0)+ j B: (x’)4T, (x,x)
T (x,0)
where
T(X,:j)-:- +r on Smi SSion Froma x ‘7‘63 (,.o.ﬁ"l':'v/t)

wa inl'ejvaH OVEeFr  WAVEhULmbdLl,

+oto entrgy = J' f; (x) do
A‘t—blimi{-“& sf-eC"'rM nterval
:'-"-j [Ii (0)"['{ (y’o) + jl B;(x'/o(“(; (x,x'{]o(‘;
V7
T; (x0)

On the senle of o vibration - ro+4~4i'oh,

B Vearies slowlcj with = .

Qe The integral iS over the r~ohn ochramatrc
tramsmission Tz ond its AifTerentinl.

Reeall 4he e?hiuo\kh-}' width of & line :

sw= [ (1-7,) 43
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Tans [ Tz Ao = aD — AW
AL

or +he avcragt —’-rahSM:gsion ;g
X = 4 — AW for & smjk line
Vo 7)

Mso +e dhiFFerential wort, T /s - 4 AW.

This means that (in principle), Know ledge
of AW allows JSchwarzchild's E.f"' o
be solved .

Twe appYo achesS :

@ Fovr flwnx cAu\sHj me o surements, we cdn
PUL"' +Hae angqular integrahsn sa the T
terms 4o obdain 4" ,Li-ﬂ'usi\,i-lg Factor"
f+3‘o¢ solution.

@ For o spectral int erva] with naan ),‘nf,g)
+he A< fih; +iomn oF g? wivalent witatia
Con be extended .

—> next  gection (Spectral )
Modtllihj



