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The letter c is the standard symbol for the speed of light, but that was not always the case. I describe
how ¢ was first introduced into the theory of electromagnetism and the stages by which it came to
be used to denote the speed of light. © 2006 American Association of Physics Teachers.
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I. INTRODUCTION

One of the best known symbols in all of science is c, the
speed of light. Even people who know nothing else about
science have seen the equation

E=mc? (1)

and know that ¢ in Eq. (1) is the speed of light. How ¢ came
to denote the speed of light is an interesting story in the
history of physics.

II. THE RATIO OF ELECTRICAL UNITS

The symbol ¢ was originally introduced by Wilhelm We-
ber as a ratio of units of electric charge. These units were
defined in terms of either the electrostatic force between two
charges or the electromagnetic force between two current
elements. The electrostatic force between charges is given by
Coulomb’s law which was developed by Coulomb and others
at the end of the 18th century. " Coulomb’s law can be written
as

r
F12=kQ1C]2§’ (2)

where F, is the force exerted by charge ¢, at position r, on
charge ¢, at position r;, r=r;—r,, and k is a constant deter-
mined by the units. Equation (2) and the following equations
are written in vector notation rather than in the notation of
the 19th century.

Contemporary treatments of elect1romalgnet1sm2 are typ1-
cally based on a formulation developed by Biot and Savart.>
However, Weber’s discussion is based on a formulation de-
veloped by Ampere.6 Let ds; (ds,) be an element of length of
wire located at position r; (r,) and carrying current ; (/).
Then Ampere showed that the current in ds, exerts on the
current in ds; a magnetic force

3 (d d
dF12=_2k112 3 (ds - dsy) — = w ’

-
(3)

where k' is another constant determined by the units. The
Biot-Savart and Ampére expressions give different values for
the force between two current elements, but give the same
value for the force of a complete circuit on a current element.

We can define a unit of charge by choosing either k or k.
Once one of these constants is chosen, the other must be
determined experimentally. We know that the quantity Vk/k’
is equal to the speed of light, but this relation was not known
in the early 19th century.
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Several choices have been made for k and k’. In the Inter-
national System (SI) units we write k=1/4me€y, k' = uo/ 4,
and choose ,uo—477>< lO‘7 N/A2. This choice was intro-
duced by Giorgi in 1901. ’ Three other systems of units that

were defined in the early 19th century are important for this
discussion. The electrostatic system of units (esu) is defined
by choosing k=1. The electromagnetic system of units
(emu) is defined by choosing k' = 1. And the electrodynamic
system of units (edu) is defined by choosing 2k’ =1. Note
that qemu/Qesu \’k/k, and Qedu/qesu \'Zk/kl

In 1846 Weber® expressed the force between two moving
charges as (in our notation)

Fio=kgigpai 1 - k[<dr> 2d—2r] )
=MD T ok \ar) T a0

Equation (4) was derived from Egs. (2) and (3) and a model
of electric current introduced by Fechner.'” In Fechner’s
model, one unit of current flows past a point when one unit
of positive charge and one unit of negative charge (in the
opposite direction) flow past the point in one unit of time.
Weber used electrostatic units for which k=1 and wrote
a2/16 in place of k’/2k. Thus, 4/a=q.g,/Ges. In 1851,"
Weber replaced 4/a by a and in 1852 (Ref. 12) by c. This ¢
is not equal to the speed of light but is larger by a factor of
\2 Nevertheless, it is from this usage that the letter ¢ even-
tually came to denote the speed of light.

Why did Weber choose ¢ to denote g.g,/¢es,? Did this
letter have some significance or was it a purely arbitrary
choice? Asimov'® states that ¢ stands for the Latin celeritas
meaning speed, but he gives no historical evidence to sup-
port this statement. It is likely that Asimov chose celeritas
himself w1th no historical precedent.

Gibbs" suggests that ¢ stands for constant. This sugges-
tion requires a little explanation. The contemporary German
word is Konstante which starts with K. Reprints of Refs. 11
and 22 in Wilhelm Weber’s Werke and in Ostwalds Klassiker
der Exakten Wissenschaften use the word Konstante. How-
ever, in the original papers in the Annalen der Physik (and in
Ref. 23) the word is spelled Constante.'® Thus Gibbs’s sug-
gestion is plausible.

Weber did not say why he chose c¢. Weber first used a.
Perhaps he decided that he didn’t like a or b and simply
moved on to the next letter in the alphabet. There is a Sidney
Harris cartoon' showmg Einstein looking at a blackboard on
which he has written and crossed out E=ma® and E=mb>.
Perhaps something like that cartoon actually happened to
Weber. In the absence of evidence we cannot draw any con-
clusions.

To avoid confusmg Weber s use of ¢ with current usage, I
will follow Rosenfeld'® and Assis'® in the remainder of this
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paper and denote Weber’s ¢ by cy, reserving ¢ for the current
usage. Thus, cy=geay/ Gesus €=Gemu/ gesu= the speed of light,
and cy= \2c.

III. THE RATIO OF UNITS AND THE SPEED OF
LIGHT

During the 1850s and 1860s Weber, Kirchhoff, and Lud-
wig Lorenz used the constant cy and found situations in
Wthh electromagnetic effects propagate with the speed
cW/\Z In 1857, Kirchhoff studled electric currents in thin
wires”’ and extended media.”' He found that in media with
vanishing resistance, electric currents propagate with speed
cw/ 2. From the value of cy, determined experimentally by
Weber and Kohlrausch® in 1856, Kirchhoff recogmzed that
cW/\2 is equal to the speed of light. Weber™ did similar
studies and drew the same conclusion at about the same time
but independently of Kirchhoff. However, his work was not
published until 1864. Kirchhoff and Weber were not studying
electromagnetic waves but electric currents in conductors.
But it is interesting that, several years before Maxwell, they
found electromagnetic effects that propagate with the speed
of light.

In 1867, Lorenz> extended Kirchhoff’s treatment to free
space and predicted the existence of electromagnetic waves
traveling with speed cy/\2. Although published after Max-
well’s work, Lorenz’s paper appears to be independent.

James Clerk Maxwell developed his theory of the electro-
magnetic field in three papers pubhshed between 1856
and 1865. In the second of these papers2 Maxwell first in-
troduced the displacement current and predicted the exis-
tence of electromagnetic waves with a speed in vacuum
equal to gepu/ Gesu- This quantity could be calculated from the
value of ¢y determined by Weber and Kohlrausch.”> Max-
well noted that g..,,/ ¢, 1S €qual to the speed of light mea-
sured in 1849 by Fizeau % and concluded that light is an
electromagnetic wave. In this discussion Maxwell used E for
Gemu! Gesu @and V for the speed of light. In his third paper
Maxwell again used V for the speed of light, but replaced E
by v for Gemu/Gesu-

Maxwell continued his use of the notation V for the speed
of light and v for g.p,/qes, in his Treatise on Electricity and
Magnetzsm3 first published in 1873. In the last chapter of the
treatise’> Maxwell wrote Weber’s expression for the force
between two charges as

)
o dr? dt ’

Here, without comment, he has used c rather than ¢y, mov-
ing the factor 1/2 in Eq. (4) into the final bracket. This ap-
pears to be the first use of ¢ to represent a quantity having a
value equal to the speed of light.

After 1870, the electrodynamic system of units and cy
were not used. But ¢ did not immediately come to be used
for the speed of light. Several scientists, 1nclud1ng Lodge
Drude Hendrik Lorentz ® and Mlchelson,39 in the late
19th and early 20th centuries, followed Maxwell and used V
for the speed of light. A few other symbols were also used.
Hertzi for example, used A for the reciprocal of the speed of
light.™ During this time writers distinguished between the
speed of light and g.n./ges, the speed of electromagnetic
waves. For example, Drude used V for the speed of light and
¢ for the speed of electromagnetic waves. He did men-
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tion that these two quantities agree with one another.
Heaviside* used v for the speed of electromagnetic waves.
Curiously he used ¢ Qr permittivity and with u for perme-
ability, wrote v=1/+ uc.

Einstein used V for the speed of light in his early papers
on relat1v1ty Although he introduced the relation be-
tween mass and energy in Ref. 44, Einstein did not write Eq.
(1) as E=mV? in these early papers. The closest he came
appears to be the statement in Ref. 45: “... to an increase in
the body’s energy AE must always correspond an increase in
the mass AE/V?, where V denotes the velocity of light.”
Reference 45 was published in 1907 and that same year Ein-
stein began using ¢ for the speed of hght

By the final decades of the 19th century ¢ was in common
use to denote G.mu/gesus the speed of electromagnetic waves.
However other symbols, most commonly V, were used when
the discussion dealt specifically with the speed of light. The
earliest use of ¢ specifically for the speed of light that I have
found is in a 1903 paper by Abraham.* Still, it is not pos-
sible to definitely rule out an earlier use. In any case Abra-
ham’s notation would have had particular influence on later
generations of physicists because his electromagnetism text,
first published in 1904, became widely used for graduate
study. Its English translation was a standard graduate text in
the United States, at least until the 1950s.

ACKNOWLEDGMENT

I would like to thank Philip Gibbs for calling my attention
to Ref. 23.

“Electronic address: kenneth.mendelson @marquette.edu
'C. Stewart Gillmor, Coulomb and the Evolution of Physics and Engineer-
ing in Eighteenth-Century France (Princeton University Press, Princeton,
NJ, 1971), Chap. 6.

2See, for example, John David Jackson, Classical Electrodynamics (Wiley,
New York, 1999), 3rd ed., Sec. 5.2.

3]. B. Biot and F. Savart, “Note sur le magnétisme de la pile de Volta,”
Ann. Chim. Phys. 15, 222-223 (1820). English translation by O. M.
Blunn in Ref. 5, pp. 118-119.

*J. B. Biot and F. Savart, “Sur I’aimantation imposée aux métaux par
1’électricité en mouvement,” in J. B. Biot, Précis Elémentaire de Phy-
sique (Déterville, Paris, 1824), 3rd ed., Vol. I, pp. 707-723. English
translation by O. M. Blunn in Ref. 5, pp. 119-139.

SR. A. R. Tricker, Early Electrodynamics: The First Law of Circulation
(Pergamon, Oxford, 1965).

°A. M. Ampere, “Mémoire sur la théorie mathématique des phénomenes
électrodynamiques uniquement déduite de I’expérience,” Mem. Acad.
Sci. Inst. Fr. 6, 175-387 (1823), issued 1827. English translation by O.
M. Blunn in Ref. 5, pp. 155-200.

7“Giorgi, Giovanni” in Dictionary of Scientific Biography, edited by
Charles C. Gillispie (Scribner’s, New York, 1972), Vol. V, pp. 407-408.

SW. Weber, “Elektrodynamische Maassbestimmungen iiber ein allgemeies
Grundgesetz der elektrischen Wirkung,” in Abhandlungen bei Begriind-
ung der Konigl. Sdchs. Gesellschaft der Wissenschaften am Tage der
zweihundertjahrigen Geburtstagfeier Leibnizen’s herausgegeben von der
Fiirst. Jablonowskischen Gesellschaft (Leipzig, 1846), pp. 211-378; re-
printed in Ref. 9, Vol. 3, pp. 25-214. A shorter version of this paper is in
W. Weber, “Elektrodynamische Maassbestimmungen,” Ann. Phys. 73,
193-240 (1848), reprinted in Ref. 9, Vol. 3, pp. 215-254; English trans-
lation in Scientific Memoirs, edited by R. Taylor (Johnson Reprint Cor-
poration, New York, 1966), Vol. 5, pp. 489-529.

"Wilhelm Weber’s Werke, edited by Heinrich Weber (Springer, Berlin,
1893).

G. T. Fechner, “Ueber die Verkniipfung der Faraday’schen Inductions-
Erscheinungen mit den Ampereschen elektro-dynamischen Erscheinun-
gen,” Ann. Phys. 64, 337-345 (1845).

"'W. Weber, “Messungen galvanischer Leitungswiderstinde nach einem

Kenneth S. Mendelson 996



absoluten Maasse,” Ann. Phys. 82, 337-369 (1851); reprinted in Ref. 9,
Vol. 3, pp. 276300 (see p. 299) and, with additional comments, in Ref.
13, pp. 79-113. English translation: “On the measurement of electric
resistance according to an absolute standard,” Philos. Mag. 22, 226-240
(1861); 22, 261-269 (1861).

2w, Weber, “Elektrodynamische Maassbestimmungen, insbesondere Wid-
erstandsmessungen,” Abhandlungen der Konigl. Sédchs. Gesellschaft der
Wissenschaften, mathematisch-physiche Klasse 1, 199-381 (1852). Re-
printed in Ref. 9, Vol. 3, pp. 301-471 (see p. 366).

B Ostwalds Klassiker der Exakten Wissenschaften, Karl Wiederkehr and
Friederich Kohlrausch eds. (F. Vieweg, Braunschweig, 1968), Vol. 5,
Uber die Einfiihrung absoluter elektrischer Masse, [von] Wilhelm Weber
und Rudolf Kohlrausch. Kommentiert von K. H. Wiederkehr.

“Isaac Asimov, “C for Celeritas,” in The Magazine of Fantasy and Science
Fiction, November 1959. Reprinted in Asimov On Physics (Doubleday,
Garden City, NY, 1976), pp. 96-106.

SPhilip Gibbs, “Why is ¢ the symbol for the speed of light?,”
(http://math.ucr.edu/home/baez/physics/relativity/velocityoflight/c.html)
SOther spelling changes between Weber’s original papers and reprints are

from Elektricitdt to Elektrizitdt and from Maasse to Masse.
17(http://www.sciencecartoonsplus.corn/galeinsteinb.htm#)

181, Rosenfeld, “The velocity of light and the evolution of electrodynam-
ics,” Nuovo Cimento, Suppl. 4, 1630-1669 (1957).

1 André K. T. Assis, Weber’s Electrodynamics (Kluwer, Dordrecht, 1994),
pp. 52-53.

»G. Kirchhoff, “On the motion of electricity in wires,” Philos. Mag. 13,
393-412 (1857).

*'G. Kirchhoff, “Ueber die Bewegung der Elektricitit in Leitern,” Ann.
Phys. 102, 529-544 (1857). English translation by P. Graneau and A. K.
T. Assis, “Kirchhoff on the motion of electricity in conductors,” Apeiron:
Studies in Infinite Nature 19, 19-25 (1994). Note: there are two journals
titled Apeiron, but with different subtitles.

22W. Weber and R. Kohlrausch, “Ueber die Elektricititsmenge, welche bei
galvanische Stromen durch den Querschnitt der Kette fliesst,” Ann. Phys.
99, 10-25 (1856). Reprinted with additional comments in Ref. 13, Vol. 5,
pp. 114—152. Also reprinted in Ref. 23.

ZElectronic  collections of the National Library of France at
(http://visualiseur.bnf.fr/Visualiseur?Destination=Gallica&O=NUMM- 1
5184).

A, K. T. Assis, “The meaning of the constant ¢ in Weber’s electrodynam-
ics,” in Proc. Int. Conf. “Galileo Back in Italy-11,” edited by R. Monti
(Soc. Ed. Andromeda, Bologna, 2000), pp. 23-36.

#L. Lorenz, “On the identity of the vibrations of light with electrical cur-
rents,” Philos. Mag. 34, 287-301 (1867).

2 James Clerk Maxwell, “On Faraday’s lines of force,” Trans. Cambridge
Philos. Soc. 10, Part I, 27-83 (1856), reprinted in Ref. 29, Vol. 1, pp.
155-229.

' James Clerk Maxwell, “On physical lines of force,” Philos. Mag. 21,
161-175 (1861); 21, 281-291 (1861); 21, 338-348 (1861); 22, 12-24
(1862); 22, 85-95 (1862), reprinted in Ref. 29, Vol. 1, pp. 451-513.

8 James Clerk Maxwell, “A dynamical theory of the electromagnetic field,”
Philos. Trans. R. Soc. London 155, 459-512 (1865), reprinted in Ref. 29,
Vol. 1, pp. 526-597.

»The Scientific Papers of James Clerk Maxwell, edited by William D.
Niven (Dover, New York, 1952).

0 Armand Fizeau, “Sur un expérience relative a la vitesse de propagation
de la lumiere,” C.R. Acad. Sci., Ser. Ilc: Chim 29, 90-92 (1849). English
translation in A Source Book in Physics, edited by William F. Magie

997 Am. J. Phys., Vol. 74, No. 11, November 2006

(McGraw-Hill, New York, 1935), pp. 340-342.

31 James Clerk Maxwell, A Treatise on Electricity and Magnetism (Dover,
New York, 1954).

32Reference 31. Vol. II, Chap. XXIII, “Theories of action at a distance,” p.
483, Eq. (19).

3 Oliver Lodge, “Aberration problems. A discussion concerning the motion
of the ether near the earth, and concerning the connexion between ether
and gross matter; with some experiments,” Philos. Trans. R. Soc. London,
Ser. A 184, 727-804 (1893).

3*Paul Drude, Physik des Aethers auf elektromagnetischer Grundlage (Fer-
dinand Enke, Stuttgart, 1894), p. 483.

3 paul Drude, Theory of Optics (Longmans, Green & Co., New York,
1925), p. 115. This publication is a reprint of the 1902 edition.

Y. A. Lorentz, Versuch einer Theorie der elektrischen und optischen Er-
scheinungen in bewegten Kérpern (Teubner, Leiden, 1895), pp. 89-92.
These pages are reprinted in Ref. 37, pp. 1-5 under the title “Der Inter-
ferenzversuch Michelsons.” English translation by W. Perrett and G. B.
Jeffery in Ref. 38, pp. 3—7 “Michelson’s interference experiment.” The
translation substitutes ¢ for V to denote the speed of light.

STH. A. Lorentz et al., Das Relativititsprinzip (Teubner, Stuttgart, 1958).

BH. A. Lorentz et al., The Principle of Relativity (Dover, New York, 1952).

39$ee, for example, Albert A. Michelson, “Experimental determination of
the velocity of light,” Nature (London) 21, 94-96 (1879-1880); 120-
122, 226 (1879-1880). Albert A. Michelson and Edward W. Morley, “On
the relative motion of the earth and the luminiferous ether,” Am. J. Sci.
34, 333-345 (1887). A. A. Michelson, F. G. Pease, and F. Pearson,
“Measurement of the velocity of light in a partial vacuum,” Astrophys. J.
82, 26-61 (1935). Reprinted in J. H. Sanders, The Velocity of Light
(Pergamon, Oxford, 1965), pp. 43-79.

“OHenrich Hertz, Electric Waves (Macmillan, London, 1900), p. 138.

“'Reference 35, p. 265.

“Qliver Heaviside, Electromagnetic Theory (Dover, New York, 1950), p.
79; originally published in 1892.

3 Albert Einstein, “Zur Elektrodynamik bewegter Korper,” Ann. Phys. 17,
891-921 (1905). Reprinted in Ref. 46, Vol. 2, pp. 276-306. English trans-
lation in Ref. 47, Vol. 2, pp. 140-171, “On the electrodynamics of mov-
ing bodies.” The translation in Ref. 38 pp. 37—65, substitutes ¢ for V to
denote the speed of light.

* Albert Einstein, “Ist die Trigheit eines Korpers von seinem Energiehalt
abhiingig?,” Ann. Phys. 18, 639-641 (1905). Reprinted in Ref. 46, Vol.
2, pp- 312-314. English translation in Ref. 47, Vol. 2, pp. 172—174, “Does
the inertia of a body depend upon its energy content?”” The translation in
Ref. 38 pp. 69-71, substitutes ¢ for V to denote the speed of light.

 Albert Einstein, “Uber die von Relativititsprinzip geforderte Trigheit der
Energie,” Ann. Phys. 23, 371-384 (1907). Reprinted in Ref. 46, Vol. 2,
pp. 414-427, English translation in Ref. 47, Vol. 2, pp. 238-250, “On the
inertia of energy required by the relativity principle.”

*The Collected Papers of Albert Einstein, edited by John Stachel (Prince-
ton University Press, Princeton, NJ, 1989).

“The Collected Papers of Albert Einstein: English Translation, translated
by Anna Beck (Princeton University Press, Princeton, NJ, 1989).

8 Albert Einstein, “Uber die Relativititsprinzip und die aus demselben ge-
zogenen Folgerungen,” Jahrbuch der Radioaktivitdt und Elektronik 4,
411-462 (1907). Reprinted in Ref. 46, Vol. 2, pp. 433-484. English trans-
lation in Ref. 47, Vol. 2, pp. 252-310, “On the relativity principle and the
conclusions drawn from it.”

4 Max Abraham, “Prinzipien der Dynamik des Electrons,” Ann. Phys. 10,
105-179 (1903).

Kenneth S. Mendelson 997



