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Uvod

Parametry, vyuZiti
® urlovani parametrd T, n,

® vyuziti diagnostika plazmatu, astronomie, tenké vrstvy,...

Jednotky
enm=10"m
e A=10"1m

°* pm = 1072 m
Spektrometry

® malé rozlideni

® stiedni rozliseni

® vysoké rozlieni
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Spektrometry

® Hamamatsu C12666MA, Rowland,
AN =15 nm, R ~ 37,
rozméry 20.1 x 12.5 x 10.1 mm, hmotnost 5 g
® Jobin Yvon Horiba, FHR 1000, Czerny Turner,
AN = 0.01 nm, R ~ 54 000,
rozméry 1160 x 430 x 350 mm, hmotnost 70 kg
® VVTT - Vacuum Tower Telescope, Tenerife,
astronomie, primarni zrcadlo 70 cm, vyska asi 38 m, Echelle + FP
R ~ 750 000
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FWHM
HWHM = FWHM/2
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Rozsifeni spektralnich car

Typy rozsiteni spektralnich ¢ar
® pfirozené
® pfistrojové
® Dopplerovo

® Starkovo

Van der Waalsovo

® rezonantni

u hvézd: mikroturbulence, rotace
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P¥irozené rozsiteni spektralni ¢ary

® kone¢nd doba setrvani atomu v excitovaném stavu zplisobuje
neurditost energie stavu:
AEiTZ' ~ h

rozsiteni je potom

2T T

1 11 1 1
Avy = 3 (AE; + AEj) = o—(~ —)Z%(;Aiwrzfljk)

Lorentz(iv profil ~ 107 nm

DIAGNOSTICKE METODY 1



P¥istrojova funkce

Bya B,
> >
Ao N Ao N
Real spectrum of a monochromatic Recorded spectrum of a monochromatic
light source. light source with a perfect instrument.
B A
>
Ao A

Recorded spectrum of a monochromatic light source
with a “real” instrument.

firemni mat. Jobin Yvon Horiba




Vliv pr¥istrojové funkce na signal
KaZdy infinitezimdln& monochromaticky element spektra(spektralniho
profilu) je rozsifen p¥istrojovou funkei:

“+oo

m(y) =/ p(x) - fly — z)dz,
—0oQ

kde m(y) je m&Feny spektrélni profil, p(x) pivodni (skutegny) profil a f(y)

p¥istrojovd funkce. P¥istrojovd funkce je ddna mnoha faktory. Aproximuje

se pomoci Gaussova profil.

V ptipadé uvdzeni vlivu pouze $térbin:
AN~ AN,
fe—>|

max (AXNy ,aN,)

— A\ AXo AN+ AN
je——1 > 2y fe—1——2 5
Image of the Entrance Siit ExIt Siit Instrumental Line Profile

firemni mat. Jobin Yvon Horiba

DIAGNOSTICKE METODY 1



Dopplerovo rozsireni spektralni ¢ary

Atomy se viiéi detektoru pohybuji tepelnou rychlosti.
Pro pravdépodobnost, Ze atom m4 rychlost v intervalu (vg, vy + dvy)
Ize pouzit Maxwellovo rozdéleni

1 dN
A (0, T, mo) = ~ o
Jolv, Timo) = =0

pravdépodobnost, Ze dN molekul ma rychlost v intervalu < v,v + dv >

mgy \3/2 mov>
fo(v,Tymg) = 47 (27rk(:)T> viexp (— 0 )

Spektralni ¢ara ma profil Gaussiv.
Z polositky (FWHM) Dopplerova roziteni Ize stanovit tzv. kinetickou
teplotu atomd T

2 2kT In 2
Arp = 220 [2KTIn2
&

my,
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Doppler FWHM [nm]

M | 300 K | 1000 K | 10 000 K
H 1 | 0.0062 | 0.0113 0.036
He | 4 | 0.0031 | 0.0057 0.018
Ar | 40 | 0.0010 | 0.0018 0.006
Cd | 112 | 0.0006 | 0.0011 0.003
Hg | 200 | 0.0004 | 0.0008 0.002
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Starkovo rozsifeni

Starkovo rozsiteni je zplisobeno
® mikropoli elektronii a ionti v blizkosti za¥iciho atomu
® mikropoli dipdli, kvadrupdli
® |inedrni, kvadratické
® | orentzlv profil

Pro vodikové ¢ary H, a Hg p¥iblizny vztah:

ne = 103(AN)2[Co(T) + CL(T)In(AN)] [em™]

Pro Hz a HWHM [nm], n. [cm™3]

A)stary = 1.0x107 11 (n,)0-668
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Van der Waalsovo rozsireni

® srazky a plisobeni ostatnich neutrdlnich &astic
® |orentziv profil
® Pro Hg a HWHM [nm]

AXwaais = 1.8xP/T)7

kde P je tlak v [atm], T} je teplota plynu [K]

DIAGNOSTICKE METODY 1




Rezonanéni rozsifeni

® srazky plsobeni s ostatnimi atomy stejného druhu
® |orentzlv profil
® Pro Hg a HWHM [nm]:

Adre, = 30.2x Xy (P/Ty),

kde X je podil atomd H v mol, P je tlak v [atm], T} je teplota
plynu [K]
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Shrnuti

® | orentziv profil: Starkovo, Van der Waals, rezonanéni, p¥irozené
® Gausstv profil: Dopplerovo, pFistrojové

® tlakové rozsiteni - obecné plsobeni okolnich &3stic:
Starkovo, Van der Waals, rezonan&ni
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/ Examples (/book/chapter-8-scipy/examples/) / The Voigt profile

The Voigt profile

The Voigt line profile occurs in the modelling and analysis of radiative transfer in the atmosphere. It is
the convolution of a Gaussian profile, G(:I:; 0') and a Lorentzian profile, L(:I:; ’y):

V(z;o,7) = / G(2';0)L(z — z';y)dz’  where

exp( :”2) and L(z;7) = v/

202 e

G(z;0) =
oy 2
Here 7y is the half-width at half-maximum (HWHM) of the Lorentzian profile and ¢ is the standard
deviation of the Gaussian profile, related to its HWHM, a, by @ = 04/2 In 2. In terms of frequency, v,
T = v — vy where v isthe line centre.

There is no closed form for the Voigt profile, but it is related to the real part of the Faddeeva function,
w(z) by
Refw(z)] z +iy
——————, where z =

o/ 21 ’ o2

V(z;0,7) =
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Gaussian




1 [ln2 2In2
G(x)=— llea:p (—m l? >
aV = o

Gl*G2=G3

konvoluce Gauss

2 _ 024 o2
pak a3 = af + a3

konvoluce Lorentz
Ly *xLy= L3

pak v3 =71 + 72
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Dalsi efekty:

vliv pFistrojové funkce (Fredholmova integralni rovnice 1. druhu)
vliv detektoru (Volterrova integralni rovnice 1. druhu)

oscilace plazmatu

vélcovd symetrie — Abelova transformace

samoabsorpce

hyperjemna a multipletni struktura komponent

Brablec et al, J.Phys.D., Appl.Phys.32(1999)1870-1875
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Dekonvoluce - inverzni problém

K je operator, f je naméfend funkce
Hadamardovy podminky:

® FeSeni existuje pro libovolnou funkci f

® v daném prostoru existuje jen jedno feSeni ¢

®  zavisi na f spojité

® Yeleni je stabilni
pouZiva se: metoda nejmensich ¢tverch, FFT, regularizaéni metody,
metoda maximalni entropie , B-splines,...

Brablec et al, J.Phys.D., Appl.Phys.32(1999)1870-1875
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Hg, pFistrojova funkce 0.011 nm: vzduch pFi atmosférickém tlaku a) LTE
(rezonan&ni rozsiteni j 2 x 10~* nm), b) non - LTE (T, = 300 K )~
HWHM v nm, P tlak v atm, Ty v K, n, v cm 3, Xy podil atomid H v mol
Adstare = 1.0x1071 (n)2058 AN, = 30.2x X (P/T,),

Alwaais = 1.8XP/T07, AXyaturar = 3.1x 1077 nm,

AXDoppler = 1.74x1074T05

C. O. Laux, T. G. Spence, Plasma Sources Sci. Technol. 12 (2003) 125 - 138.
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Sitka izolovanych spektralnich ¢ar

T =10* K T = 4x10* K
Hg 4861 A | 10 ecm™3 10" ecm™® 10 em™3 10!7 cm~3
ws A | 0.42 48 0.42 50
wp A | 0.35 0.35 0.70 0.70
Oor7254 A |10 ecm=2 107 cm=3 10% ecm=3 101" ecm—3
ws A | 0.015 16 0.021 23.4
wp A ] 0.13 0.13 0.26 0.26
T =2x10* K T = 8x10* K
Arll 4806 A | 10 cm™3 10 ecm™3 10" cm™3 108 cm~3
ws A | 0.0014 1.4 0.002 2.1
wp A | 0.08 0.08 0.15 0.15
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P¥iblizné metody

PY¥iblizné vztahy pro vypotet koncentrace elektronil z Hg
Wy - je HWHM namg&Fené &ary v A

; T 0.5
Wp=358-107"\( =2
g (%)

Wpr = (W + W)™

1

W, = (Wit = Wh) ™

W 1.49
Ne[m ™) =10 | —
[m™] 47333

M. Ivkovic, S. Jovicevic, N. Konjevic: Spectrochimica Acta Part B, 59, (2004) 591
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J. R. Roth, Industrial Plasma Engineering, 1995, Bristol: IOP Publishing
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