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Abstract.  Special Relativity is a classical and simple theory. In spite of this, the pedagogical
literature on it is still not free from confusion. This confusion is caused by the frequent usage
of archaic notions, notations and equations, which have nothing to do with the essence of the
theory, only with the history of its development. The aim of this short comment is to explain the
basic notions of Special Relativity and to help the beginner to recognize and avoid the confusing
notations and equations.

1. The relativity of Galileo Galilei standing still everything must happen in this

way), have the ship proceed with any speed
According to the principle of relativity, theyou like, so long as the motion is uniform
relative motion of inertial reference framesnd not fluctuating this way and that, you will
cannot be detected by any experiments withitiscover not the least change in all the effects
these frames. The essence of relativity is'amed, nor could you tell from any of them
expressed by the ‘gedanken ship’ describedhether the ship was moving or standing still.
by Galileo Galilei in his famous book thelnjumping, you will pass on the floor the same
Dialogo, published in Florence in 1632 [1]: spaces as before, nor will you make larger

jumps toward the stern than toward the prow

‘Shut yourself up with some friend ineven though the ship is moving quite rapidly,

the main cabin below decks on some largdespite the fact that during the time you are in
ship, and have with you there some flieghe air the floor under you will be going in a
butterflies, and other small flying animalsdirection opposite to your jump. In throwing
Have a large bowl of water with some fistsomething to your companion, you will need
in it; hang up a bottle that empties drop byo more force to get it to him whether he is
drop into a wide vessel beneath it. With the the direction of the bow or the stern, with
ship standing still, observe carefully how thgourself situated opposite. The droplets will
little animals fly with equal speed to all sidegall as before into the vessel beneath without
of the cabin. The fish swim indifferently indropping toward the stern, although while the
all directions; the drops fall into the vessetlrops are in the air the ship runs many spans.
beneath; and, in throwing something to youFhe fish in their water will swim toward the
friend, you need throw it no more strongly irfront of their bowl with no more effort than
one direction than another, the distances beitgvard the back, and will go with equal ease
equal: jumping with your feet together, youo bait placed anywhere around the edges of
pass equal spaces in every direction. Wheine bowl. Finally the butterflies and flies
you have observed all these things carefullyill continue their flights indifferently toward
(though there is no doubt that when the ship &ery side, nor will it ever happen that they

are concentrated toward the stern, as if tired
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out from keeping up with the course of thef light. Michelson’s experiment showed
ship, from which they will have been separatethat relative motion of inertial frames cannot
during long intervals by keeping themselvesihe detected even if one uses an optical
the air. And if smoke is made by burning somaterferometer. The interference pattern of
incense, it will be seen going up in the forntwo perpendicular rays of light did not depend
of a little cloud, remaining still and movingon the orientation of the interferometer.
no more toward one side than the other. The One may say that Einstein brought
cause of all these correspondences of effectdischelson’s interferometer onto Galileo’s
the fact that the ship’s motion is commonto akhip. In the course of the 20th century it
the things contained in it, and to the air alsavas proved that not only mechanical, optical
That is why | said you should be below decksand electromagnetic phenomena, but also all
for if this took place above in the open airatomic and nuclear interactions are invariant
which would not follow the course of the shipunder the Lorentz transformations (2). At
more or less noticeable differences would be/c « 1, y — 1 and equations (2) coincide
seen in some of the effects noted.’ with equations (1). Accordingto equations (2)
not only the velocities of bodies on the ship,
All laws of nature and hence equations dbut also the velocity of the ship itself may be
motion and observable effects look the sanad the order of the velocity of light.
in reference frames moving rectilinearly with  The new feature of equation (2) was that
constant velocity relative to the stars. Itime was no longer universal: it became
order to preserve the form of the Newtoniarelative, i.e. dependent on the relative velocity
equations the time and space coordinates @ifthe reference frames. The word relativity
two inertial frames should obey the relationsacquired several new meanings. In particular

f =t (1a) partipl_es_ with velocit_ies close toare called
relativistic. According to relativity theory
X =x+ vt (1b) the momentump(p., py, p:) of a particle
and E/c?, whereE is its energy, transform
y=y 7=z (1c) similarly tor(x, y, z) ands:
wherev is the velocity of the ship, which  E' = (E + vp,) (4a)

moves along ther-axis, primed coordinates

refer to the frame of the shore, and unprimed vE

to that of the ship. pr=v{rt 3 (4b)
r_ r_

2. The relativity of Albert Einstein Py = Py Py = Pz (40)

It is easy to see from equations (2) that the
The discovery of Maxwell’'s equations and thguantity

necessity of combining them with the equa- )

tions of mechanics has led to modificationof 2 _,2_ " (5)
Newton’s equations and to the Lorentz trans- c?
formations: is invariant under Lorentz transformation:
vXx
t = y<t + —2> (2a) 1% =12 (6)
C

The physical meaning of is that of time in

x' =y +vr) (2b) the rest frame of the particle, the proper time
of the particle. Another important invariant is
y =y 7=z (2c) the massn of the particle, its ‘proper mass’:
where E\?2 2
2\ —1/2 m? = (—) _P )
v 6‘2 6‘2
r=(1-%) )
C

A great discovery, the one that Einstein

and ¢ is the maximum velocity a particlemade in 1905 [2], was that a massive body
(body) may have in a vacuum, i.e. the velocitgt rest still had energy, which he denoted by
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Ey and called rest energy. As follows fronthe mass of a body increases with its velocity.
equation (7) This ‘mass’ (which is actually /¢?) is called
2 relativistic mass. This leads immediately to
Eo = mc®. () the ‘most famous formula’
The rest energy plays a unique role in all E— me? 12
types of energy transformations: from nuclear = mc (12)
to chemical reactions, as explained in manyhich according to many authors is the central
books and articles. If we apply equations (4hrmula of Special Relativity. Many famous
toa particle in its rest fl’ame, in the laborator hysicistsy when Wr|t|ng popu'ar textS, used
frame (where the particle is seen to move witfhjs formula (probably because it is so famous
velocity v) we obtain and hence self-promoting) instead of the
2 correct formula (8): Eo = mc®. (Einstein
E=mc%y =yko (%) himself alternated between (12) andb)8
p = myw. (9b) although he preferred 3. Sometimes he
. used the relatiorE = mc? in the following
Here we may forget about the ship andense: iff is the energy of radiation emitted
consm_lerv as the velocny_ of the particle.qr apsorbed by amassive body atrest, thés
Equation (@) may be considered as anothehe change (negative, or positive, respectively)

deﬁnition Of)/: Of |ts mass')
E If one usesm to denoteE/c? one has
Y= el (10) to introduce the so called ‘rest massg to

. denote the Newtonian mass:
Note that forv <« ¢ we obtain from (9)

T=E—mc?®~ %mv2 (11a) m = nmoy- (13)
For experts in relativistic physics the misuse
p =mv (11b) of (11b) and use of equations (12) and (13)
whereT is the non-relativistic kinetic energy,do not present any difficulty in understanding
while p is the non-relativistic momentum.texts which contain these pseudo-relativistic
Equations (11) stress that in all equatioms €quations.  However, in the minds of
is the usual Newtonian mass. A consisteReginners and outsiders they create confusion,
presentation of Special Relativity can be foun@nd misunderstanding, and produce wrong
in [3-5]. intuition.
A decade ago an effort was made [5, 6] to
explain the origin and the danger of archaic
3. Archaic notions and notations terminology. As a result recent editions
of many university and college textbooks
Many years ago, when Special Relativithave dropped it, and use only rational
was in the process of development angiodern terminology. However, some are
experimental verification, many notions andtill promoting confusion [7]. Some papers
kinds of notation were introduced which wergublished recently byEuropean Journal
later abandoned in favour of those whiclf Physics are also based on confusing
are described in the first two sections akrminology. The Editorial Board of the
this comment. Unfortunately some of thespurnal decided to publish this Comment in
outdated notions are still being promoted byrder to rectify this deplorable situation.
authors of many textbooks, popular books and
articles.
One of the main sources of confusion
is the use of the non-relativistic relatiorReferences
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in (9b). This leads to the false conclusion thgp] Einstein A 1905Ann. Phys., Lp18639



406 Letters and Comments

[3] Einstein A 1921The Meaning of Relativity: Four [6] Okun L B 1989 The concept of magtys. Today

Lectures Delivered at Princeton University, May June pp 31-6
1921 Engl. transl E P Adams 1970 (Princeton, For discussion of this paper see: Putting to rest mass
NJ: Princeton University Press) 5th edn misconception®hys. Todayay 1990 pp 13, 15,

[4] Landau L D and , Lifshiz E M 1951The Classical 115-7
Theory of Field§Oxford: Pergamon) transl. from Okun L B 1989 The concept of mass (mass, energy,
2nd Russian edn relativity) Sov. Phys.—Us[82 629-38

[5] Taylor E F and Wheelel A 1992Spacetime Physics. [7] Tipler P A 1996Physics for Scientists and Engineers
Introduction to Special Relativitgnd edn (New 3rd edn, extended version (Worth) pp 1125-32

York: Freeman) (see especially pp 246-52:
‘Dialog: use and abuse of the concept of mass’)





