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Mark Peterson has given a brilliant and fascinating ac-eral hell of Dante. The status of hell touches moral questions
count of Galileo Galilei’s early lecture€l588 on Dante’s  of punishment for sin and also the privilege of the popes, as
Inferno and their relation to Galileo’s mature theory of the successors of Peter, keepers of the keys of hell no less than
laws of scaling, presented in Hisvo New Scienced638.)  of heaven. Furthermore, as we shall see, the Catholic de-
Peterson uses texts long available in Galileo’s collectedcription of hell was based on Ptolemaic cosmology, so that
works, but neglected by physicists and historians of sciencegn attack on one would have involved the other.
probably because these texts fall in the category of “literary Indeed, in his 1588 lectures the young Galileo explicitly
works.”< His analysis shows the importance of going pastrefers to the center of the Earth as being “at the center of the
the boundaries of modern disciplines in order to consider theniverse” (nel centro del mondg showing his adherence to
larger coherence of such a wide-ranging mind as Galileo’s.the Ptolemaic vieW.He defends Manetti’'s view, in which a

| would like to add further comments that support andhuge cone-shaped void would have to lie centered under
complement Peterson’s work. He discusses Galileo’s defenskerusalem, reaching the center of the Earth, 3200 miles
of the Florentine Antonio Manetti’s account of the topogra-down?® Would the physical improbability of such a chasm
phy of Dante’'s hell against his non-Florentine opponentnot have struck him immediately? It is difficult to imagine
Alessandro Vellutelld. In his lectures, Galileo assumes that him believing naively that, as Manetti has it, there are en-
the structural stability of Brunelleschi's dome in the cathe-trances near Naples to that vast subterranean space. As Peter-
dral of Florencd4 bracchia2.26 m thick] can be scaled up son discusses, Vellutello’s alternative involved a far smaller
to describe the “dome” of eartf100 miles (161000 m inferno, only one-thousandth the size of Manetti’s, according
thick] that presumably covers the hollow inverted cone ofto Galileo, and hence less preposterous physically. Yet, as
Dante’s subterranean Inferfioret later Galileo should have Peterson emphasizes, it seemed a given that Galileo must
realized that his account of the scale of hell was fundamendefend the Florentine Manetti at all costs, at least if he
tally unsound because it wrongly presumed that structurewished to gain the favor of the Medici. One wonders what
could be arbitrarily scaled up in size. Galileo thought of all this. Perhaps it was all a literary exer-

Peterson notes that Galileo’s lectures were clearly meantise in which it would be oafish to ask whether these poetic
to support the glory of the Medici and the Florentine Acad-structures were physically possibfeYet that was the very
emy, so that such an egregious flaw in his argument couldrux of Galileo’s discussion. If indeed Galileo was aware of
have been pounced on and caused much embarrassmeifiese issuegas seems likely this might have been the first
Hence, Peterson concludes that Galileo may have dowrime that political realities affected his presentation of phys-
played or ignored these flawed lectures, citing a letter ofcs. The occasion seems significant because, as Peterson
1609 to show that by this time, Galileo had developed anotes, it was an important first step in Galileo’s professional
least the basic idea that structures do not scale up arbitrarilgareer.

Yet one wonders why fifty years separated the 1588 lectures Here many interesting questions open for further study. To
from Galileo’s exposition of his corrected theory. Petersonwhat extent was the literal existence of hell crucial, in con-
speculates that Galileo was holding this theory in reserve ttrast to its status as a symbolic image of the state of souls
confute critics of his early lectures, in the way that he savedfter death? Even in 1913he Catholic Encyclopedistated
powerful counter-arguments for use at later stages in his pahat “theologians generally accept the opinion that hell is
lemics about the physics of floating bodies. really within the earth,” though noting that “the Church has

There may be another, simpler explanation of Galileo’sdecided nothing on this subject; hence we may say that hell
reticence on questions of scale. By 1609, Galileo could havés a definite place; but where it is, we do not knoW.Tho-
deduced that Dante’s hell was structurally unsound, if henas Aquinas argued in about 1270 that “after death souls
applied his new understanding of scaling to his earlier arguhave certain places for their reception,” so that “those souls
ments. At the same time, he began the telescopic observéhat have a perfect share of the Godhead are in heaven, and
tions that led to the discovery of the satellites of Jupiter inthat those that are deprived of that share are assigned to a
1610 and his adoption of CopernicaniStde soon was con- contrary place.*? Here, Aquinas’s argument requires that the
fronted with disturbing signs of ecclesiastical opposition,Earth be the “middle of the whole worlficosmog’ and
which condemned Copernicus’s book in 1616 and broughhence the only possible location of hell as the “contrary
charges against Galileo himself in 16330 the midst of place” to heaven. In this view, the central Earth is a kind of
these dangers, Galileo would have had good reason to avoidgiarbage heap,” inferior to the heavens above it. Aquinas
showing that hell was physically impossible, at least the lit-goes on to argue that the fires of hell are corporeal and of the
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same species as earthly fire, burning “within the bowels of ‘?Electronic mail: ppesic@mail sicsf.edu _ .
the earth.®® Though the exact location of hell was not a 7'\"""2)( '2-7 geé%rg%o ZGa“'eOS discovery of scaling laws,” Am. J. Phys.
matter of faith, its existence was a tenet of Catholic belief, O(l'l’ _l‘l .(,, lezioni all Accademia Fi ina circa la fi

d its neaation thus heretical. Thus. in 1620 Giuseppe RO_G.-a|eo Galilei, “Due lezioni all’Accademia Fiorentina circa la figura,
an . g, X . » 1 T pp sito e grandezza dell'Inferno di Dante,” ibe Opere di Galileo Galilei
Sa?_C'O tChOI’;fldenﬂy described hell as bem% Vgthm t_he eaflrm, edited by G. Barbm (Ristampa della Edizione Nazionale, Florence,
noting that an enormous space was needed In view 0 €1933, Vol. 9, pp. 31-57, translated by Mark A. Peterson, http://www.
ever increasing number of the damned, who had no right mtholyoke.edumpeterso/classes/galileo/inferno.ntmbee also Mark
to expect as much room as the blessed souls in heldven. Peterson“ Dantés Physics’ in The Divine Comedy and the Encyclope-
Explicit attacks on the orthodox doctrine of hell do not ap- dia of Arts and Scienceedited by Giuseppe C. DiScipio and Aldo Sca-
pear before about 1650; no pope before John Paul Il held thag!ione (Benjamins Publishing, Amsterdam, 1988p. 163-180.
hell is only a spiritual state, rather than a physical pface ee Ref. 1 for a full description of these two views. -

y, p . ! pny: P *  “For useful diagramgwhich agree with the Manetti—-Galileo description

Dante himself, in a celebrated letter to Can Grande della giscussed belowsee Dante AlighieriThe Divine Comedyranslation and
Scala(1317), had noted that the literal level of meaning was commentary by Charles S. SingletéRrinceton U.P., Princeton, 19770
one of four levels on which his poem worked, along with the Vol. 1 (Inferno), pt. 2, pp. 43—44.
allegorical, moral, and analogical levéfsif so, the literal ~ °See Galileo’s “The Starry Messenge(1610 in Discoveries and Opin-
existence of hell was on a par with its allegorical, moral, or 'O”i 0{ ;3561“'90 tfzalnsgsgeg WIlzh no:es b%lftl”m?r': ?r;@ol;]bLedayéNlﬁw
analogical existence. To be sure, sophisticated readers, therio'™ ?\ pp. £1-95. raf ehnoce(p' + N 3 that, though here al'?iels

Id weiah a literal interoretation aqainst less lit- inimates his acceptance of the Copernican system, it was not unti
as now, V}IOU 7 g p g . that he unequivocally supported it in print.
e':al readings! Such proplems haunted the readmg. of the spor a careful discussion, see Annibale Fantilileo: For Copernican-
Bible above all, but applied to Dante as well. Certainly the ism and for the Churchiranslated by George V. Coyit¥atican Observa-
Church might not have wanted simple believers to depart tootory Publications, Vatican City, 1994pp. 161-248.
far from the literal. In any event, it would be disturbing to 7| thank Professor Fantoli for drawing my attention to the importance of
common beliefs if the traditional hell were shown to be thh's PO'L“- Heha('jsfj_”mes tgalt' _E’y Ga"f'egs _t|||m’e, Xoyi?]z;;9 thedsg“them
physically impossible. Moreover, this would also deny the NSMiSPhere nad disproved 'sidore of Seviles hypothesttiqued by
e - Thomas Aquinasthat hell might be located there.
authoritative arguments of Thomas Aquinas, as well as thege, GalileoOpere Vol. 9, p. 33.
Ptolemaic cosmology on which they were based. As a C0-gge Refs. 1 and 2.
pernican, Galileo thought that the Earth was as noble as th€ror a helpful overview, see Leonardo Olschki, “Galileo’s literary forma-
other planets, not a “garbage heap” fit to contain hell. The tion,” in Galileo, Man of Scienceedited by Ernan McMullin(Basic
impossibility of the subterranean inferno was dangerously Books, New York, 196% pp. 140-159.
supportive of Copernicus Hell,” in The Catholic EncyclopedigEncyclopedia Press, New York,
' ' ' . . . 1913, Vol. 7, p. 207.

| Plﬁtro .Redof‘d' has a"trgll',led ;hat’ beh.mdhthe Galileo a.ﬁalr”St. Thomas Aquinassumma Theologi¢c&upplement to Part I, Question
ay the d'_Sturbmg p955|b' ity that atomic t _eory Contr"’_‘d'CtS 69, Article 1, as translated ifhe Summa Theologica of Saint Thomas
Eucharist, which is a far more explosive issue theologically**Reference 12, Question 97, Article 7, pp. 1071-1072.
than technical issues of astronomfiyAs intriguing as Redon-  **Edward Moore, “The geography of hell,” itudies in DantéClarendon,
di's idea is, the existing documents do not give it explicit ©Oxford, 1968, Vol. 3, p. 135. o _ _
support; Galileo did not write on the matter at all. The qUeS-lSD' P. Walker,The Decline of HellUniversity of Chicago Press, Chicago,
> » A . - 1964, p. 4.
tion Of.the_ literal eXISten,Ce and structure of hell is anc.)therleThis letter is available irLiterary Criticism of Dante Alighieri edited by
exploswe issue that G_al'le,o may have Wanted to a\_/0|_d- In Robert S. HallefUniversity of Nebraska Press, Lincoln, NE, 1978p.
this case, we have Galileo’s extended physical description 0fgs-111; Dante had earlier set out his theory of the four levels of interpre-
Dante’s inferno and also his detailed articulation of why such tation in hisConvivio (1307, pp. 112-114.
a structure could not exist. Galileo may well have dreadedFor instance, in his essay “The Divine Comedyhe Poets’ Danteedited
writing down the conclusion: hell cannot exist. Even without Py Peter S. Hawkins and Rachel Jac@farrar, Straus and Girous, New
his explicit statement, the evidence at hand shows that heYork, 2001, p. 119, Jorge Luis Borges notes that “Dante never presumed

- . - that what he was showing us corresponded to a real image of the world of
would have drawn this inference and realized its danger. death... | believe, nevertheless, in the usefulness of that ingenious concept:

the idea that we are reading a true story.” For a discussion of the “truth”
ACKNOWLEDGMENTS of Dante’s “fiction,” see Charles S. SingletoDante Studies 1Harvard
. . . U.P., Cambridge, MA, 1965 pp. 61-83.
I thank Annibale Fantoli and Mark Peterson for their help-1%pietro Redondi, Galileo Heretic translated by Raymond Rosenthal
ful comments and suggestions. (Princeton U.P., Princeton, 1987
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We show that the Landdactor can, in principle, attain any positive or negative rational
number. © 2002 American Association of Physics Teachers.
[DOI: 10.1119/1.1498891

The splitting of the atomic spectra in a weak, homoge- 3 (S—L)(S+L+1)
neous magnetic fiel® is determined by the Zeeman energy f=g—-5= , (4)
2 2J(J+1)
operator
Hg=—ug(L+29)B, (1)  the deviation ofg from the mean value 3/2. The numerator

B of f is antisymmetric with respect to the exchangeL,
where the Bohr magnetopg=ef/2mc. For not too heavy  ang the denominator is symmetric, given the condition

atoms ¢£=80) and for not too highly excited states, the total|g_ L|<J<S+L. Therefore, it is sufficient to confine our-
orbital angular momenturh (in units of#) and the total spin selves to positive values 0f=S—L. (The valuef=0 is
S of all electrons are g_ood_ quantum ngmb(elrs cc_)upling», trivially constructed byX=0, that is,S=L, and, for ex-
'I_'hen the energy splitting is given to f|rst-0.rder in pertl,”ba'ample,\lz L=1.) To prove thatf (and therefor) can attain
tlpn thiaotry b)ll_ tg% i;(pectq:;:agl/iliesbe d'thrle_i[OT\;c any (positive rational numbemp/q, it turns out to be suffi-
imiens af?”:m T |J>'t.W' ft; t‘."m | I tas’ I cient to consider only the limiting casel=X, and J=X

.- .- i+J. The evaluation of the matrix elemeritssually +2L. Furthermore, it is simpler to confine ourselves to in-

with the Wigner—Eckart theorengives teger spin value$§, because then the quantiti¥s L, andJ

AE=—uggM;B, (2 in f=X(X+2L+1)/2)(J+1) appear on a more equal foot-
with the Landefactor ing. For the limiting cased=X, andJ=X+2L, there are
cancellations between the numerator and denominatdr of
g=1+ JUE+D-LL+D)+S(S+1) ?) with the result that
2J(J+1) ' oLt 1
+2L+
(For a derivation of this formula see any advanced textbook f=———— (J=X), (5)
on quantum mechanics, for example, Ref. 1. 2(X+1)
Here L and 2S can in principle be any natural number
1,2,3..., orzero.(In reality,L andS are limited from above (J=X+2L). (6)

f=
because stable atoms have only a finite number of electrons, 2(X+2L)
and because of the limits of validity of theS coupling) The
quantityJ can attain the value3=|S—L|,|S—L|+1,... S
+L. ForJ=0, g—1 is of the indefinite form 0/0, but be-
causeM ;=0 in this case,AE is zero. Obviouslyg is a
rational number in all caseflt is remarkable that this prop-
erty was conjectured as early as 1907 by Runge, after a ca
ful analysis of the first systematic experimental data on th
Zeeman splitting) For pure orbital angular momentuns (
=0), we haveg=1; for pure spin L=0), g=2; and for i
L=S, g=3/2, a “mean value.” For most atomic statgss  + 1)/2(X+1)=p/q leads in general to 2(+1)=2kq, and
in the interval 0.4&g=<2, but values outside this interval XT2L+1=2kp, for some natural numbés. Therefore we
have been measured. The extremal values we have found flaveX+1=kq, andkq+2L =2kp. Hencek must be even
the literature arg= —0.72 andg=3.352 It can also be seen if 0 is odd. It turns out that we maplways takek=2. Then
that for nearly any particular value gf at least in the range our solution forf=p/q reads
0=<g=2.5, an atom exists in nature withextremely close v _ _
to this value. This experimental fact suggests the mathemati- J=X=2q-1#0, L=2p=q, S=2p+q-1. (7
cal question if Eq(3) for the Landefactor can producany For f<1/2, f=X/2(X+2L)=p/q leads to 2K+2L)

(_po_sitive or negativerational number disregarding the upper = 2kq, andX=2kp, with the simplest solutionk= 2):
limits on L andS.

In the following we give a simple illuminating proof of L=q-2p, X=4p, J=2q#0, S=2p+q. (8)
this conjecture. It is advantageous to consider insteagl, of
the quantity By this elementary reasoning, we have shown thatan

(For all other allowed values af, the numerator and de-
nominator off remain quadratic irX andJ, and it will be
much more difficult to decide whether they can attain any
natural numberg andq.) Obviously, in Eq.(5), we have
ré? 1/2, and in Eq.6) f<1/2. To prove thatf can be any
dational numbeip/q, we will assume thaf=p/q, and then
show that suitable values far, L, andS can be found as
functions ofp andq. For f=1/2, the conditionf = (X+ 2L
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attain any positive rational number. The negative rationala)Electroni_C mail: pfister@mathematik.uni-mainz.de
numbers are constructed by the exchahgeS. We find it PElectronic mail: herbert.pfister@uni-tuebingen.de

_ . . A. Messiah,Quantum MechanicéNorth-Holland, Amsterdam, 1962\ol.
remarkable that the values= +1/2, which divide the two Il. Chap. XV, Secs. 10—12.

cases of this derivation, belong to the physically preferredzc_ Runge, “Uber die Zerlegung von Spektrallinien im magnetischen

casesg=1 (pure orbital angular momentymand g=2 Felde,” Phys. Z.8, 232—237(1907).

(pure spin, and this although it was not necessary to con-3atomic Energy Levelsedited by C. E. MoorgCircular of the National
sider half-integelS values in our proof. Bureau of Standards No. 46%0l. | (1949, Vol. Il (1952, Vol. Il (1958.
Comment on “The Thomas rotation,” by John P. Costella et al.

[Am. J. Phys. 69 (8), 837—847 (2001)]
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An interesting method for studying a facet of special rela-some particular star, be boosted in thelirection by a ve-
tivity called the Thomas rotation was provided recently bylocity v, . After the boost an astronaut in the Enterprise ob-
Costellaet al! One of the most important points discovered serves the star moving with the velocityv, which may be
by the authors of Ref. 1 is the surprising effect that arisegalculated in a frameS, moving (at the momenttogether
from the composition of two perpendicular boosts. The outyyith the Enterprise as-v,=Ax/At (thex axis of S, is par-
come of two such transformations is that, from the point ofgjie| to the directiorx of the space ship motionit is impor-
view of a boosted observer, the second boost changes thgn; that the time\t be measured by clocks lying along tke

velocity of thefirst one? This unexpected result is consid- axis of the frameS, . Next, the second boost is accomplished

ered and commented on by the authors to show that it mak&s;, the Enterprise, this time in thedirection and by a veloc-

sense from the energetic point of view. However, its direct . g P ”
o 9 P X ; 'ity vy. Now we notice that while in the “abandoned” frame
origin is not revealed and for many readers it may still see

to be counterintuitive and inexplicable by a straightforvvarghx’ the displacement of the star during the tiieis equal

calculation. The strange reduction in velocity of the firstt0 Ax, s0 in thenewrest frame of the Enterprise, the respec-

boost deserves to be examined more thoroughly, because!}Y® shift of the star in the direction also is equal tax

appears to be just one of the causes of the Thomas rotatio yecause the_secon/d boostplsrpen_dlcularto thex axis of .
In this comment we first give a simple explanation for >): Put the timeAt’ of the star displacement observed in

why the second boost reduces the velocity of the first ongth® new rest frame differs fromt. To show the difference

Additionally, we show that the strangeness of this effect is2nd find the relation betweeft’ andAt, we notice that the

even greater than expected. Namely, using the same methgjdnchronized clocks that measure the interidl in the

as Ref. 1, we find that, from the point of view of a body at frame S, arestill synchronizedor the astronaut, now addi-

rest during the passive boogfsr example, a star in Ref)1  tionally boosted in the direction. If so, the clocks act as a

it is just the secondboost that is changed while the first “single” clock extended along the axis in S, and moving

remains unaltered! Thushe same two boostre evaluated with velocity — v, with respect to the Enterprise. Due to the

differently by the boosted observer and by someone who is @ime dilation effect, for the observer in the space ship they

rest. This asymmetry is not mentioned in Ref. 1. However, itseem to run slowly and

is very instructive to reflect on the difference between the

two viewpoints because the indicated reduction of boost ve- ~ At’=7v, At. Y

locity together withthe asymmetry is equivalent to the Tho- ) o )

mas rotation. Because the mathematical method introduceye see then that the velocity of the star in its motion along

in Ref. 1 is very convenient for tracing the asymmetry, weAX after the two boosts appears to be reduced and equals

apply their method to visualize the Thomas rotation for two

perpendicular boostén Ref. 1 four boosts are required ﬁ_ _ Ux o
Finally, we show how we can make use of the velocity At y, @

reduction effect noticed in Ref. 1 to obtain the standard ex-

pression for the Thomagzrecessiorwithout any complicated Thus the twice boosted astronaut registers the velocity of the

calculations. We believe that it is a useful and importantstar to be

example of the elegant formal method contained in their pa-

y

per. . Uy

Let us first elucidate the reduction of velocity suffered by VS_( oy, ’_Uy) : ©)
the first boost after the second perpendicular boost is per- Y
formed. Following the hypothetical situation introduced in Equation(3) it is just the intriguing result that sprang out
Ref. 1, let the starshifenterprise initially at rest relative to  from the formal procedure introduced by Costedtzall
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Now let us consider the same two boosts from the point othey were at the beginnifgthe respective components\of
view of the star. Imagine that the Enterprise is already twicéndy, should differ only in their signs. That the components
boosted and as such is at rest in some reference frame. Noyye completely different follows from the fact that the two
we pass from that frame to the one connected with the staframes after the two boosts appear to be rotated with respect
To do so we have to cancel the two performed boosts, that igg each othersee Fig. 1 In other words, although the two
proceed in the opposite direction with respect to the originahyoosts of theEnterprisewere performed without any angular
order of transformatlons. First we apply to the rest frame ofgtation, the resultant rest frame of the spaceshiptated
the Enterprise the reversedboost and then the reversad \ith respect to the initial onéthat is, with respect to the
one. By using the method of Ref. 1, we find that after theframe in which the star restsSo, from the point of view of
action of the two reversed boosts, the energy-momenturthe star, the two pure boosts make the Enterprise turn around.
four-vector of the Enterprise is As promised, by explaining the asymmetry of the res(8is
and(5), we have arrived at the Thomas rotation.

m
Me B0 Yoy On the basis of Fig. 1, the angle of rotation suffered by the
0 Mg Yy, Yo, Ux rest frame of the Enterprise after the two boosts is
Bx(—vx) By(_Uy) = ’ ) (4)
0 mE'yvay AGZ GE— 95, (6)
0 0 where

)

where mg is the mass of the Enterprise. We calculate the VyYo,
ratio p'/E and obtain the velocity of the Enterprise as seen s~ arcta v |’
by the observer on the stéwe omit thez component be-
cause it is equal to zero

— Yy fc=arcta o ) (8)
Veg= UX,Z . (5) UX’YUX
X

Contrary to Eq.(3), from the point of view of the star, itis S follows from Egs(3) and(5). To check that our reasoning

the x boost that is unchanged while tii@ne is reduced inits IS consistent with that in Ref. 1, we choosg=v, andv,

velocity. Certainly, the decrease of tiyecomponent of the =v1, wherev, andv, are the velocities of the boosts con-

velocity can also be explained in the same manner as weagidered in Ref. Isee Eq(17)]. For that case we find:

done above for the boosted Enterprise where the reduction in >

velocity is shown to emerge from the time dilation effect. Af= —arcta 270-1-1
At the moment, however, we pay attention to the contrast V2y5—1+1

between the resul{®) and(5): the velocities/g andvg differ N o

in the absolute values of their components. Certainly, thdt can be verified that the double value &% is given by

relative velocity between the star and the Enterprise must 24

have the same magnitude both for the observer on the star oA gp— — grcta Yo ) (10)

and for the astronaut. Using Eq8) and(5) we may verify 2y5—1

that vs=vg. However, if the system of coordinates con- . . . .
necteds witi the stafin which v )i/s measuredand that as- which agrees with the resulR2) in Ref. 1 obtained fotwo
E pairs of perpendicular boosts by velocitieg andv .

fr?:'raig \g'é? ?ingterg:;ﬂhe-ﬁvfef gceget:)mégiﬂ h(%\;:r Although our presentation of the Thomas rotation may
: pectiv P wi P seem to be less concise than that in Ref. 1, we believe that it

allows one to understand the relativistic effect more imme-

diately. However, our approach has its own intrinsic benefit
as discussed in the Appendix, where we calculate the angle

of rotation in the special and important case for which the

_ Enterprise moves in a circle around a star. In this way we
Enterprise obtain the desired standard expression for the Thomas pre-

v cession without excessive effort.

APPENDIX

and

. 9

Let the Enterprise move in a circle around a star with a
speedv. At any moment the movement may be regarded as
the effect of a boost of the star by the velocity along the
[: 1 x direction of the instantaneous velocity followed by the sec-
ond boost of velocity—dv perpendicular to the first one. If
we make use of the resulb), the velocity of the Enterprise
as observed from the point of view of the star is

Star

Fig. 1. After the two perpendicular boosts along thand they axes, the
rest frame of the Enterprise is rotated with respect to the frame of the star by~ v=
the angleA 6= 6g— 0.

dv
v, —) . (A1)

v
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We see thatg is inclined to thex axis in the frame of the star If during the time intervaldt, the change of the velocity of

by the angle the Enterprise in thg direction observed from the point of
1 do view of the star isdv/y [see Eq.(Al)], then the angular
9E=; ot (A2)  velocity wt of the Thomas precession is
wherey=1y, .
In turn, by applying the reasoning leading to E§), we or=—=—(y—1o, (AB)
find the velocity of the star observed by the astronaut sitting dt

in the Enterprise:

v wherew is the angular velocity of the Enterprise in its cir-
Vs=(— ,—dv) ~(—v,—dv). (A3)  cular motion around the star. Despite the simplicity of our
Ydv H H
approach, the resultA6) is exact and we may compare it
The vectorvs is inclined to thex axis in the frame of the with the same outcome delivered by Mulfefhe negative

spacecraft by the angle: value of wt reflects the fact that the Thomas precession pro-
do ceeds in the opposite direction with respect to the rotation
fs=—. (A4) (assumed to be positiyperformed by the Enterprise around
v the star.

The difference betweemg and 65 is the measure of the

_ he o
Thomas precession suffered by the system of coordinatest ccronic mail: krebilas@ar.krakow.pl

5J. P. Costella, B. H. McKellar, A. A. Rawlinson, and G. J. Stephenson, Jr.,

moving with the Enterprise: “The Thomas rotation,” Am. J. Phys59, 837—847(2001).
y—1dv %Reference 1, pp. 840, 842.
do= O — Os= — - (A5) SR. A. Muller, “Thomas precession: Where is the torque?,” Am. J. Phys.
v v 60, 313-317(1992.
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