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ABSTRACT
ithe glectron-volt. The systen ofvunits thus define
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I. Introduction
In physics we already have too many(systems_df;units.v A new one is

Jnstified only if it simplifies or has peculiar advantages.'n; .

For atomic and subatomic phy51cs ‘we still employ dlstance and tlme
| units which have their origins in the dlmen51ons of the earth and its
“angular velocity. They are quite suitable forvthe bullding~of a bridge'
or for the operation of an‘airline; But'atomicganavsubatomic.physics isvﬁ':'
the domain of quantum mechanics and reletlrity'for'which natural nnits ‘_ o
are. fi-and ¢. The quantum of charge is alsola:fnndamental unit. These‘l'” "
three natural units are“not independent, hcnever, because ee/ﬁc is a
'dinensionless number;‘the fine-structure constant. fracticality also

must be considered in the selectlon of units. BeCause all electrical-

1nstruments and accelerators are calibrated in conventional unlts,/a very 4t

i
~ '
).

great revolutlon would be required to overturn the electron—volt as the
unit of energy. We heve no‘subver51ve:plans, .
. We do show how to Simplify what,we ndﬁ‘have by an appropriate use

,

of units. We also introduce a conventlon for e}press1ng cross sectlons,

k_ . 1q : . ~ . ) ;v\-'f o
e : -reactlon rates, masses, etc., as numbers without remote de01mal points '
\: 'A ~ The system actually teaches physics. It should ilead one to a better

appreciation of the uncertainty prlnc1ple, and to meanlngful relatlons r;”gbfg

1 -
‘between cross sectlons, rates of processes,.decay w1dths, etc. Wlth 1t onel.

*
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- particle velocity, B, 1s P/E. .

is‘putiinto’the world of atomic dynamics mithis:alesvsuited to:the'measured fﬂfkjll’“

© . quantities.

- I%. Outline of‘Proposal

Atomic Units (AU) are developed as follows'

1. The quantum. of charge ‘is related to the unit of energy by, introduCing ‘

L

- the electron-volt'ln the usual way. This is hardly 8 revolutionary suggestion

2. In addltlon, the unit of ve1001ty is that of light, and the wnit }:'"

. : i
“v-of action is #i. This is not novel either; manygtheorists dropii and ¢

from their formulas
How can- the combination of these two simple proposals prov1de units Vf;’
l

':for all conceivable atom1c,phys1cs? It is because the result of a calculation '5-}

~or measnrementiwill be a mass, a time,va crOSs,%ection,-a rate, ahmomentum,;
‘ete.--one already knows the physical character_;f the quantity, and 1t 18
redundant to distinguish by a different unit'aléecay time or a wave .

" length. ‘E |

In'high energy physics we are even now familiar with the consequencesj
- of setting ¢ = 1. Energies, masses and momenta all are expressed in BeV-
(or.Ge¥). We know the proton mass is 0.938 BeVi,: and we no longer think

of it in such awkward units as the cgs. or MKS. - A momentum of one BeV 1s

in the practibal'range of particle mOmenta forJStrong'intefaction physics.

e also have the Pythagorean theorem of reIétiVityﬁ,which is exact i@t .

all velocities-‘

féf+¥@L

B

:“.Here P is the particle momentum, M is its mass, anth'isfits energy;'fThe:jfv;v,llfTr'

While in- particle phys1cs the BeV is a unit of a suitable size, in ff‘

nuclear physics the MeV is convenient, 1n atomic physics the KeV and in
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3.

chemlcal phy51cs the eV--each a factor of 103 smaller than the preceedlng

. l 12 .
one. We can extend the scale upward to the TeV( lO eV). or hlgher,.ﬂ

. and downward 1ndef1n1tely to measure any quantity of any. magnltude Prefix_;‘”i”u
'\ . letters of mnemonic value do not seem o be at hand for'this range,
Vo -'however, UntLl approprlate and ea51ly remembered letters_are suggested

i
it may be just as well to wrlte lO 3eV or 10 6eV

0

On settlng'h 1 we carry. the process farther and find no dlfflcultles;;ff"f“V'
Afbalez is the fine structure constant a(~ 1/137) _ In;highwenergyrphysicst‘i.v3

' : -14 o
one (Bev)=}, or 31mply one’ VeB is'a typlcal length-' 1.97 x 10 . em. One - |

(VeB) is a typical cross section'. 3. 88 x 10;28‘cm2. But the calculation“i
- of the rate of a process or the w1dth of a state now’ w1ll also come out

in BeV., The unit of time for particle phys1cs is therefore also one VeB.

Converted to s econds this is 6.58 x 10»25‘sec-éshatzenough‘to be a unit

for strong interaction decay time.

A person working in a particular field will:seldom'need'more than ;
Ione unit to express all times, lengths, rates,%llne Widths, ete.’ Quantums
-mechanically conjugate guantities;.energy;and time,'momentum and distance ,i' T
A haue reciprocal units, Tnebwidth of a state and lts_decay rate are
' the same thing in, this system | o |

Do the units lead to equal 31mplif1cations outs1de of hlgh energy o

* phy31cs9 Suppose we con31der the . energy term value in the hydrogen atom

Y

n = _me L
'l2ngh2.;“
In atomic units’this'becomes_@'f'
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Now O =~ 1/137, n is an integer, and m is the e]ectron’nass:in energy unitsv
'_ (511006eV), so that E = 1325 eV for n = 1.\7‘-f-”'1 . _'_. o |

| The Bohr radiusao ='3L§ becomes —%Z = 9.268'9eK (in_order ofifpi
magnitude unity) when expr::sed'in this appropriate unit of length';:The‘v
Compton wave lemgh of an electron is l/m or 1.96 VeM. The proton Comptonithfko

7 wave length is l 07 VeB, whlle the Thompson cross section is 32 1 (VeM)

ITI. Conversion of Units

o=

Suppose one wishes to con#ert atomic units to or. fromvanother system.,fffg
If in- that system (for example the cgs-esu system) one knows the veloc1ty-

of light, c, (~ 3 x lOl cm/sec), the electronic charge,'e, (~ 4.8 x 10 -10 esu)_:'

and/%%goffﬁe structure constant, o, (= 1/137) he has no other physical

1)

. - . (
constants to memorize. The most recent values| for these numbers are

i+

2.997925

1 .80298 0.00020 x 10°%° esu |

0
i

0.000003 x 10'° cm/sec| -

+ .

I

e

ot = 137.0388A: 0.0010

: To calculate in AU one merely replaces ¢ and'h in the conventlonal

. formula by unity and e2 by a. _One.is_then left'with-some numerical factors s
and with "énérgy Qrucenergy);;factors; These'are all“to be expressed inv : i”

- eV, KeV, MeV, BeV or TeV, as appropniatelv' | : l ..
| Onu-the other hand,_pefhaps:one has'a numbergin'AUkand”wishes to
convert it to‘cgseunits. "He can always do it pn nultiplying hy a facton:--:

containing c, o, and e. For quantitieslof the| following physical dimemsionsé?fﬂj;QV

_ the factors are:
|:

length hi; ‘ec/108a: = 1.9732‘xi10-5 '-f.cm/Ve;
time . e/108a L= 6.5819 x lO—l6qui'sec/Ve
energy. . 108e/c = 1.6021 x:lOleI ergs/eV

charge : = eQ’ :h='§5.6225 x:lO 9 ,eBu . .1-
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~ unit, the volt, entérs centrally in the system.

‘our instrumentation or our accelerators.

IV. ©Possible Extensions

For a veloc1ty the factor is of course c In AU the expectatlon value @;Tk”.
"of the K-electron velocity is = z&. For- angular momentum or actlon the B ‘

. factor is e_/ac(=~ﬁ).v The Ve, which equals ec/lo8a cm, is the distance f';=

between two électrons at which their potential'energy is a electron—volts

It is also the wave length, &, of'a,lev photon. | It is, moreover, about

the smallest distance resolvable with an optical microscope. One cm i‘ -

equals 50679 . Ve The Ve is also the time for a bne eV photon to gola

. dlstance of one wave length, '% (really one radlan length)

of course, this system would perhaps be better from the theoretlcal -Qlf

p01nt of view were the unit of energy somethlng atomlc, such -as the

electron mass or the proton mass. Then, howeveq, the system would have lost .

its practicality, which deriyes from the fact that a practical electrical

!
l
l
i
|
|
|

For macroscoplc mechanlcs atomic units are pnsuitable, but for

electromagnetlsm they have a number of 1nteresting features. Some of

|

“these we shall mention, although the system is not seriously proposed for

electrical englneerlng ‘
Since e2 O the unit of charge is that ‘carried by a l/z(w 11.7)
electrons.

Unit current is one unit of charge per unit time (6 5819 x 107 6,sec)

~

It'is therefore'about 2.84 milliamperes - For bending ‘beams by laboratory

magnetic fields we recall that in cgs units one electron stat-volt

(0/108 volts) is equlvalent to 1 gauss-cm. size of e affects the’

-
E
e

‘magnitude of one eV, the unit in which we expre s all magnitudes. ; The -

(2)

magnetic fleld B, now 1s meanlngful only in comblnatlon with el
unit of eB in AU is (eV)

~ One (eV) 50679 (£%~ -electron gausses
&~ 169 electron-gausses,'

A field of 169'gausses is a reasonable unit for atomic ?hysics The

maximum magnetic field from a typical magnet may be about 100 (eV)

' As an example, suppose we calculate the energy E of the Bohr m&gneton;hf‘ﬁi

We cannot ellmlnate it from

.
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'.conventlonally eh/Emc,'ln a fleld of lOO (eV)
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N

lOO/2m 100/2 511006) ~ 107 eV. :

. The angular frequency of prece551on is g tlmes larger._ -1"

The unit of eE is also (eV) ; that is eV/Ve. Thls unlt is equlvalent-"z

fto 50.7 kllovolts per, cm, which- is a reasonable

C 1

E. Richard Cohen and J W. M DuMond "Report
'Nuclldic Masses and Related Atomic Constants
" of Pure and Applied Physics ~June 2k l9o3

in (Volts)2 but we need and went only one un

Since e is effectively dlmensionless in Axomlc Units, B can be expressed

number for analy21ng flelds;‘.:‘

of the Comm1ss1on on
of the International Unlon

it--the eV.
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