Table 1.3.

Physical quantities in atomic units with

h=e=me=4meg =1, and a—! = 137.035989 5 (61).

Ouantity  Unit Value

length ao 0.529 177249 (24) =% 10717 m

mass T 091093897 (54) = 1 p—30 ]{f"

time i/ Ey, 2.418884 326 555 (63) x 10" &

velocity v = ac 2187691 42(10) x 1f }" m s

energy By 1.359 748 2(26) x 10~

action fi l_”.‘_}l.};__),fnll'; (63) x 10— ’J Js

foree Ewn/ag 0.823 87295 (49) x 1077 \

power !—‘ﬁ,-“h 0.180 23798 (11) W

intensity : 1' 64.364 142 (39) x 1018W /m?
”"H ]

charge e 1.602 17733 (49) x 10~1° C

potential [y, /e 272113961 (81) V
clectric By 0.514 22082 (15) x 10'2 V/mn
field edan
St Ly, .
L 2.35051800 (71) x 10° tesla
field EinoC :
1.3 ATOMIC UNITS
Atomic and molecular calculations based on the

Schrodinger equation are most conveniently done in

atomic units (a.n.), and then the Anal result converted
to the correct SI units as listed in Table 1.3, In atomic
units, i = me. = ¢ = 4dweng = 1. The atomic units of
length. velocity, time, and energy are then
9
fi- hi
length : g = = :
et aAMlat
. g
velocity : g = e*fh = (078
: R ]
time : TH = — S
M el 1-)m rz
< . o2/ 2
energy E, = e2/ag = a?m.c?.

where, from the definition (1.8), the numerical value of
cis a~! = 137.0359895(61) a.u. the
state of hvdrogen (with infinite nuclear mass), ag is the
Baohr Bohr velocity, 2mm 1s the time
to complete a Bohr orbit. and Fy, (the Hartree
i3 twice the jonization energv. To include hnite

For lowest 1s

radius, vp 15 the
energy)
nuclear
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Table 1.1. Table of physical constants. Uncertainties are given in parentheses.

Cuantity Svmbol Value Units
speed of light in vacunm e 2.997 92458 105 ms 1
aravitational constant £ J(85) 10 M ydke iy 2
Planck constant h 103 Jg
ho—hf% 1073 Jg
elementary charge ¢ 1.602 177 33(49) 1019 ¢
L3003 2068(15) 1071 can
inverse fine structure constant, lm.;;.;’.-r-__.-"r.? a ! 137.0359895(6G1)
magnetic Hux quantum, f/2e Py 2067 83461(61) 10~ Wh
atomic mass unit, ﬁmf 12y My = L.GGO 540 2(10) 1027 ke
My 931.494 32(28) MeV
electron mass M 9.109 389 7(54) 10 3 kg
5.48579903(13) 10 % n
I VRIEEE My 0.113428913(17) 1
proton mass My LOOT 276470(12) u
nentron mass Mp LOOSGGLB04(14) 1
denteron mass M 2.013553214(24) 1
a-particle mass o LOD1 506 178(84) u
Rydberg constant, maea?/2h R, 1097373 156834(24) 107 m~1!
R.c 3.280 841 960305(72) 101® Hz
Rache 13.605 698 1{40) eV
2.1798741(13) 10=18 ]
Bohr radius, a/47 R ap 0.529 177 249(24) 1019
Hartree energy, €2/[4men]ag = 2Rache En 27.2113961(81) eV

G.OTOGR302061(14)  10Y°Hz
2,194 746 313 668(48) 107 m 1

Compton wavelength, aag Ac = Ae/2rm 3.861 593 23(35) 11
classical electron radins, a2ag T 2.81794092(38) 1017 m
Thomson cross section, N’m-g?_,.-"ii Te 0665 246 16(18) 1028 p2
Bohr magneton, eh/2m. iy 0274015 4(31) 24 77!
' S ' R e e TSR e 2004.09.02/table-

units-1.pdf

Compton wavelength, oag Ao =Ag/in 3.861 593 23(35) 1013 4
classical electron radius, a2ap e 2.81794002(38) 10 1% m
Thomson cross section, 87r2/3 Fop 0.665 246 16 18) 10728 132
Bohr magneton, el /2m, B 0.2740154(31) 1024 g1
5.788 38263(52) 102 &V T
clectron magnetic moment He/ B 1001 159652 193(10)
o magnetic moment Hu/iB 141 97097(71) 10—3
proton magnetic moment tp/ s 521032202(15) 10—3
neutron magnetic moment Jin/ B 1041 STEGE3(25) 103
denteron magnetic moment Jid/ B 0466975 447(91) 12
clectron g factor 2(1 + a.) [ 2.002 319304 336(20)
muon g factor 2(1 + ay) G 2.002331846(17)
proton syromagnetic ratio Yo 2.675221 28(81) 108 511
Avagadro constant Na G.022 136 T7(36) 1023 mol 1
Faraday constant, Nye F 9.64% 5309(29) 104 Cmol !
Boltzmann constant kg 1.380 658(12) 10722 JK1!
8.617 385(73) 105 eVEK 1
kg /EL 3.166830(27) 10-6 K1
molar gas constant R 8.314510(70) Jmol 1 K1
molar volume (ideal gas), BT/ P

T =273.15 K, P =101.325 kPa Vin 0.02241410(19) m® mol !

T =273.15 K, P =100 kPa Vo 0.02271108(19) m? mol 1
Stefan-Boltzmann constant rzﬁ.-ﬁ.-"'(_rit‘Ihgf-gj T 5.6TO5R1(19) 1078 Wm 2K
first radiation constant, 2mhe? e 3.7417749(22) 1016 Wy ?
second radiation constant, he/lkp g 0.014 38769(12) mls
Wien displacement constant, Apa T — eo /4965 11423 b 2.807 Th6(24) 103 mK
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Fig. 1.6. Elliptically polarized wave. The vibrational ellipse for the electric vector.

{F'he ellipse is inscribed into a rectangle whose sides are parallel to the co-orc
£1:‘:.;1&:3 a,.nd whose lengths are 2ay and 2a, (Fig. 1.6). The ellipse touches the si
6 points (+ a;, 4 a, cos §) and (£ a, co8 4, + a,).
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Elliptical polarization with various values of the phasa «
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1.2 The Lorentz model 11
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Fig. 1.1: The real and 1maginary part of n(w) for real frequencies w = o'
where n is the refractive index of the medium and E is the spatial part of the
observed, mean electric field vector. By using Egs. (1.8}(1.11) and the relation
between the polarisation, the effective field, and the observed field given in [6, p.86]:

4r
E'=E+=<P, (1.12)
we get the relation between n and the medium parameters given as
n?-1 1 —b?
(1.13)

n?+2 32 —w + 2w’

By solving this equation for n, we find the final expression for the complex index of

refraction of the single resonance linear dispersive medium as
B2

_ (3.
P — i+ Bbe’ 14

nz(w) —
where W = W - %b"'. Often the frequency wy is called the undamped resonance
frequency and not w), as noted above. However, for practical use of Eq. (1.14), the
resonance frequency is estimated empirically for the medium in matter. The inter-
change of wy and w) therefore only affect the physical explanation of the resonance
frequency in terms of atomic theory which is beyond the scope of this thesis. The
plasma frequency b is defined as

4rNe?
P i (1.15)

B :
= 2004.09.08 /lorentz.pdf
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Table 3
Conversion Table for Symbols and Formulas

The symbols for mass, length, time, force, and other not specifically
e]ectromagnetic quantities are unchanged. To convert any equation
in Gaussian variables to the corresponding equation in MKSA
quantities* on both sides of the equation replace the relevant symbols
listed below under ‘“Gaussian™ by the corresponding “MKSA™
symbols listed on the right. The reverse transformation is also
allowed. Since the length and time symbols are unchanged, quantities
which differ dimensionally from one another only by powers of length
and/or time are grouped together where possible.

Quantity Gaussian MEKSA
Velocity of light ¢ (bo€o)
Electric field E(®, V) VAne E(®, V)
(potential, voltage)
Displacement D ‘_’;10_7 D
Charge density 1

(charge, current density, plg. 3, LP) p(g, 3, I P)
current, polarization) Ve,

Magnetic induction B _ \/4_”” B
Ho
Magnetic field H Vémp H
s o
Magnetization M T M
i o
Conductivity o o
Dielectric constant € GE
0
e "
Permeabilit o
y L o
Resistance (impedance) R(Z) 47e,R(Z)
Inductance L 4re, L
: 1
Capacitance C g
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