SOME USEFUL CONSTANTS/CONVERSIONS

h =6.6262(-27) erg-s = 6.626(-34) J-s ¢ =2.9979 (10) cm/s = 2.9979(8) m
k = 1.380622(-16) erg/K = 1.380622(-23)J/K  k/hc = 0.695 cm™'/K
h=1.0545(-2T)erg-s 1A=10"cm=10"m 1 eV =1.602(-12) erg
£,=8.8542(-12) F m"! 1 eV = 1.602(-19) J

w/h = 1.400 MHz/Gauss c=Av 1cm' "="29.979 GHz

SOME USEFUL EXPRESSIONS

Ryc1=2m/37% p(vu) il (cgs)

H'=- ue E (electric interaction) H'=-u,, ® B (magnetic interaction)
where |, = -u,L/h - 2, S/h
L, = Bohr Magneton

A, (cgs) = 32wy, lu,l/3nc B, (cgs) =2m/3h* Iy,

(Divide by 4me, to switch R, A & B to SI system)

p:(v) = { 8nhv’/c’ }{exp(hv/kT) - 1} I(v)dv=(c/4m) p+(V)

(Multiply p by 4me, for SI units)

I(v) = I,(v) exp(-k,x) [Kk,dv=8m’v,n, lu,l*/3hc

T,=K,x path length I k"= 8x°v,n, Iu,I* / 3hcAv (Lorentzian)

K = K™ AV*/{(v-v,)* + Av’} (Lorentzian shape; Av=HWHM)

E, (eV) =-13.60 Z*/n’ E, .. (V) =-13.60 ZH1/m + 1/, + ...}
Is<2s<2p<3s<3p<4s<3d AS=0, AL =0,£1, Al, =+1, AJ =0,+1
P<'P<'S AA=0,£1,AS =0, g <->u

o,(1s) <6,*(18)<0,(2s8)<0,*(2s)[ <0,(2p)<m,(2p)]<m,*(2p)<C,*(2p) [ ]— reverse for C,

H =X/, 05~ ALeS (fine) H' = al e J (hyperfine)
E'=A/2 {JJ+1) - L(L+1) - S(S+1)} A>0 p*; A<O p*

J=L+S;F=1+] (atoms) |LS/M,) (Russell - Saunders)
I1;8..315)5---JM; > ( -] coupling)



Hund's Case (a): AXQ;H'= AL,S, Hund's Case (b): SMg; H' = /NeS
Rotational Constant (MHz) = 5.05376 10° / I(amu-A?) = h/8’l L<I,<I

C

ENERGY LEVELS AND WAVE FUNCTIONS

a) Diatomics

E.vro/ h = 0,v+1/2) - 0x,(v+1/2)* + BJJ+1) - DJ*(J+1)* - ot (v+1/2)J(J+1)
E./h=BJJ+1)-DJ2(J+1)* v ,.=T.-T." +G/-G," +F'J)-F"J")
Voign(V'V") = T-T" +G/-G," A, =G,,-G, = o, - 20X, (v+1)

Y=V, Vo Vs V=V, for fermions/bosons W, symmetry goes as (-1)’
No. Symm Nu. Sp States = (2i+1)(i+1) No. Asymm. Nu. Sp. States = (2i+1)i
Prob(E) = g(E)exp(-E/kT)/q q,, = kT/hB

b) Symmetric tops
E,../h= BJJ+1) + (A - B)K? (prolate: A>B=C)
E,./h=BI(J+1) + (C - B)K? (oblate: A=B>C)
Centrifugal Distortion: - DJ*(J + 1)* - Dy JJ+1)K* - D{K*
Q=7 " (KT/hA)"*(kT/hB)
¢) Asymmetric tops
(A>B>C) levels designated by J K K, k={2B-A-C}/{A-C} -lI=k=l

SELECTION RULES

a) Rotation
1) linear molecule: AJ =zx1 (Raman: AJ = 2 (Stokes/AntiStokes) )
2) symmetric top: Al =0, +1 AK =0
3) asymmetric top: AJ =0, +1;
a-type: AK,=0, AK =+1; b-type: AK,=+1, AK =+1; c-type AK,=+1, AK =0
b) Vibration
diatomic molecule Av = +1 strongest, but overtones exist. R- branch: J+1 <-J, P-
branch J-1 <-J
¢) Electronic
vibrational bands for diatomic molecules given by Franck-Condon overlap factors
I<v'lv">2  In general, R, P, and Q (AJ = 0) branches occur for each band. Bands can be
grouped and assignments confirmed in Deslandres Table by consistency of combination
differences A;' and A;;".



Excitation: k.

ASTRONOMY

(cm’s")n>A,,; Abundance: N, =3ck[T (v)dv/8m'v’Iu,l’

i<-j

GROUP THEORY

Theorems

(1) Number of Irreducible Representations = Number of classes s where classes are

defined as collections of group elements that are physically related and are
mathematically related by similarity transformations.

2)

3)

“4)

(&)

(6)

h= Zliz h = no. elements, |, = dimensionality of ith representation
i=l
x (RAR™") = y (A) where Y stands for trace or character

orthogonality theorem: 2 Ny j(R )X, (R)= (0 i
i=1

reduction theorem: N, =1/ h)ZNi)(,ed(R. )X (R)
i=1
direct product: x(Basis, X Basis,) = yx(Basis,) x(Basis,)
POLYATOMIC VIBRATIONS

Lagrange's Equations: d / dt(dL / dq,)—dL /dq,=0; L =T -V

A=’ =41V’



