A note on Units

You may have taken another theory course at some point, where “theory
units” were used, that appeared to set all the fundamental constants equal to
one. However, since the fine structure constant is always a = e?/he = 1/137,
you can’t simultaneously set e, h, and c¢ all equal to one. In the Lorentz-
Heaviside units used in relativistic quantum field theories, ¢ = A = 1, and the
electron charge is therefore e = /. In nonrelativistic quantum mechanics, as
we are primarily interested in here, ¢ is not the natural unit of velocity, but e is
certainly a natural unit of electric charge, and so in atomic units e = h = m, =
1, where m, is the mass of the electron. Then ¢ = 1/a = 137 is a big number in
atomic units. This is appropriate, since the electron’s “natural” speed, in the
ground state of hydrogen, is 137 times slower than c.

Table I summarizes conversion factors between atomic units, cgs “Gaussian”
units, and MKSA units. In general, atomic units are defined by the velocities,
forces, etc., experienced by the electron in the ground state of hydrogen. How-
ever, there is some ambiguity in defining the atomic unit of magnetic field, so
we have included two: the “standard” unit represents a unit field as one that
imparts a unit Lorentz force to a unit charge moving at unit velocity; while
the “Gaussian” unit asserts that the electric and magnetic fields in a plane
wave have the same magnitude. Using the Gaussian definition therefore retains
the form of Maxwell’s equations in Gaussian units. The Gaussian to MKSA
conversion for various equations of electromagnetism are given in Table II.

In real-life spectroscopy, there are other units used for various quantities.
Table III summarizes some of these, for your viewing pleasure.



Table I A miscellany of physical quantities, in three systems of units.

Physical Quantity

Atomic Units

CGS “(Gaussian”

MKSA

Electron charge e 1 4.8 x 10710 esu 1.6 x 10~ Coulomb
Electron mass m, 1 9.1x107% g 9.1 x 1073 kg
Reduced Planck

constant & 1 1.05 x 10727 ergs 1.05 x 10734 Joules

Fine structure
constant «

e?/he =1/137

1/137

e?/(4meghc) = 1/137

Speed of light ¢

1/a =137

3.0 x 10 cm/sec

3.0 x 10% m/sec

Bohr radius ag

h?/(mee?) = 1 Bohr

5.3 x 1079 cm

dmeoh?/(mee?) = 5.3 x 10711 m

Potential energy of
an electron 1 ag from
a proton (=2 Ry)

e?/ag = 1 Hartree

4.4 x 107 ergs

e?/(4megag) = 4.4 x 10718 Joules

Angular frequency
of classical electron
in first Bohr orbit

Hartree __
e =1

4.2 x 106 rad/sec

4.2 x 106 rad/sec

Atomic unit
of time

72/ (mee*) =1

2.4 x 10717 sec

2.4 x 10717 sec

Electric potential

on electron efag =1 9 x 102 statvolts e/(4megag) = 27 Volts

ag from proton

Electric field

on electron e/ag =1 1.7 x 107 e/(4megad) = 5.2 x 101 V/m
ao from proton statvolts/ cm

Electric dipole

moment of electron eag =1 2.5 x 10718 eag = 8.5 x 10730

ag from proton statvolt-cm Coulomb-meters
“Standard” atomic unit 1 2.5 x 10 gauss 2.5 x 10° Tesla

of magnetic field

“Gaussian” atomic unit
of magnetic field

ax “standard”

1.7 x 107 gauss

1.7 x 103 Tesla

Bohr magneton pp

eh/(2mec) = /2 = ﬁ

9.3 x 1072
ergs/gauss

eh/(2me) = 9.2 x 10724
Joules/Tesla




Table IT Sundry equations of electromagnetism, in both Gaussian and MKSA
units.

Relation Gaussian MKSA
Maxwell’s equations V-B=0 V-B=0
V- E= 4dmp V- E= P

VxE+198 _g VxE+28 =0

. AR A PO oA

Vector potential E=-V¢—- %—t E=-V¢—- %—t
B=VxA B=VxA

Force law ﬁzq(ﬁ—i—%ﬁXé) ﬁ:q(ﬁ+ﬁx§)
Potential due to ¢p=1 ¢ = 47360 4
point charge
Energy of field U= (B2+B%) |U=1 (P + LB?)
Energy of dipole Ug=—p-E Up=-pE
in a field Uy =—ji-B Uy =—fi-B

Field on axis
of a loop 2L (1 + 2% /a?) ol (14 22/a%)”
of radius a




Table III Other useful units.

1 wave number = 1 cm™! 30 GHz 1.4 Kelvin 2.0 x 10716 ergs
1 electron-Volt = 1 eV 2.4 x 101* Hz 1/300 1.2 x 10* Kelvin 1.6 x 10719 J
electron-statvolt
1 W/cm? 2.8 x 10717 | 10* ergs/(cm?2-sec) 26 V/cm peak
atomic units electric field
1 Debye (electric 10718 esu-cm | 1/2.54 atomic units | 3.4 x 1073% Coulomb-m

dipole moment)

1 cm 1/2.54 inches




