Collisional processes, the two-level atom,
and good ol” atomic physics
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Einstein coefficients and line emission

Equation of radiative transfer: dI, = —I,k,ds + j,ds

In case of only spontaneous emission — for line emission:
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For the term dependent on the radiation field:
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Einstein coefficients and line emission

Assume LTE, thus absorption = emission and levels are populated by
Boltzmann eqn. Also, radiation field is Planck Law!
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Relations between Einstein coefficients

NOTE: This holds under the assumption of LTE!




Collisional processes

Recall our collisional rate coefficient: k=<ov >
units: k] = cm? s

collision rate per unit volume = n, n, k [cm> s!]
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Note: one of these densities is very often
electrons from ionized gas (n,)!



Two-level atom
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Volumetric collisional rates:
excitation: n, n; ky,
deexcitation: n_ n, k



Two-level atom
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Solve tfor ratio of populations:
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Two-level atom

Ratio of populations:
n_u Blulv + klune

n; Aul + Bullv + kulne

Employ relations between the Einstein coefficients, definition of excitation
temperature, and Planck function (def. of radiation temperature):
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Critical density

Purely radiative
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Define the critical density: 1. = Ay /ku

If n > ng,., then Topr = Tiin

If n K ngp, then Topr = Trgy




Periodic table of the elements

[_] Alkali metals [] Halogens
8 group [[] Alkaline-earth metals [_] Noble gases
8 1 [_] Transition metals [ ] Rare-earth elements (21, 39, 57-71) 18
1 L [] Oth tal and lanthanoid elements (57-71 only) 2
H 2 er metals 13 14 15 16 17 | He
3 4 [] Other nonmetals [] Actinoid elements 5 6 . 3 5 T
2 -
Li | Be B c . o = | Ne
11 12 13 14 15 16 17 18

Na | Mg | 3 4 5 6 v/ 8 9 10 11 12 | Al | Si P S Cl | Ar
19 |20 |21 |22 (23 (24 |25 |26 |27 |28 (29 (30 |31 |32 |33 (34 |35 |36

K | Ca| Sc | Ti V |Cr Mn| Fe |Co| Ni [Cu|Zn | Ga | Ge | As | Se | Br | Kr
37 |38 (39 (40 |41 |42 |43 |44 (45 |46 |47 |48 |49 (50 |51 |52 |53 |54

Rb|Sr | Y | Z2Zr |[Nb (Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sh | Sb | Te | Xe
55 |56 |57 |72 |73 |74 |75 |76 |77 |78 |79 |80 (81 |82 (83 |84 |85 |86

Cs  Ba|La | Hf [ Ta| W | Re | Os | Ir Pt | Au Hg | Tl | Pb | Bi | Po | At | Rn
87 |88 (89 (104 |105 (106 (107 |108 |109 [110 (111 (112 |113 (114 (115 |[116 |117 |118

Fr | Ra | Ac | Rf |Db | Sg (Bh |Hs | Mt |Ds | Rg ([Cn [ Nh | FI |Mc | Lv | Ts | Og

58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr  Nd ([Pm |Sm | Eu |Gd (| Tb | Dy | Ho | Er [ Tm | Yb | Lu

90 91 92 93 94 95 96 97 98 99 100 (101 (102 (103
Th |Pa| U [Np| Pu|Am|Cm Bk | Cf | Es |Fm | Md | No | Lr

lanthanoid series 6

actinoid series 7

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC). © Encyclopaedia Britannica, Inc.



Energy level diagram for hydrogen
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Nomenclature for lines

e “Allowed” transitions
¢ Aul it 108 S_1

NII 10844 P, — 3D,
e “Semi-forbidden” transitions

A~ 10° st :
CIII] 1909A 'S, — 3P,

e “Forbidden transitions

* A, ~ 20 min lifetime [INII] 6548A 3P1 - 1D2



