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It 1s an exciting time to be a physicist !
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Exclusive: We may have detected a

new kind of gravitational wave
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SoftBank Group Corp

SoftBank shareholders push for answers on ‘Nasdaq whale’
bets

Japanese group urged to reveal who is running unit at centre of large US equity options trades
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Investors have unsuccessfully quizzed SoftBank for details on its new asset management unit since founder Masayoshi Son, pictured,
disclosed it last month © Bloomberg

ve®

YESTERDAY by Leo Lewis and Kana Inagaki in Tokyo, and Robert Smith and Katie Martin in London [

LoftBan shareholders are calling on the technology conglomerate to reveal who is runnin
the unit at the centre of its large US equity options trades, with nerves over an unexplained

strategic shift stoking a 10 per cent decline in its share price.

Investors have unsuccessfully quizzed SoftBank — famed for big bets on unlisted tech start-
ups — for details on its new asset management unit since founder Masayoshi Son disclosed

it last month, according to people briefed on the discussions.
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THE WORLD FOREVER CHANGES




“THE DEFINITIVE BIOGRAPHY. . . . OPPENHEIMER’S LIFE

DOES NOT INFLUENCE US. IT HAUNTS US.” —NEWSWEEK
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Albert Einstein in 1921

Born 14 March 1879
Ulm, Kingdom of
Wiirttemberg, German Empire

Died 18 April 1955 (aged 76)
Princeton, New Jersey, US

Residence Germany, ltaly, Switzerland,
Austria (present-day Czech
Republic), Belgium, United

s EBAEREA o

Citizenship Subiject of the Kingdom of
Wirttemberg during the

German Empire (1879-
1896)[no’te 1]

Stateless (1896-1901)
Citizen of Switzerland (1901-
1955)
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8. Zur Elektrodynamir: bewegter KEorper;
von 4. FPinstein

.

DaB die Elektrodynamik Maxw
wirtig aufgefaBt zu werd
hewegle Korper za Asym
icht avzahaften scheipe
die elektrodynamische Wec
uten und einem Leiter,

Lir nur ab von der Relat
wend nach der ubliche,
€ine oder der andere

ells — wie dieselbe gegen-
en pflegt — jin ihrer Anwendung suf
roetrien fithrt, welche den Phiinomenen

i Man denke z. B. an
wischen einem Mag-
are Phinomen hiingt
n Leiter und Magnet,
die beiden Fille, daug

bselwirkung 2
Das beobachth
ivbewegung ¥oi
n Auffassung
dieser Korper

L

d
oD gewissem Energiewerte, welches an
rten, wo sich Teile des Leiters befinden, einen Strom
cut. Rubt aber ger Magnet ung bewegt sich der Leiter,

steht in der Umgebung des Magneten kein elektrisches
lagegen im Leiter eine elektromotorische Kraft
keine Energie entspricht, die

iele #hnlicher Art, sowie die miBlungenen Versueh
#cgung der Erde relativ zum »lichtmedium® zu kop
fibren zu der Vermutung, das dem Begrifie de
tube nicht nur jn der Mechanik, sondern auch in
odynamik keine Eigenschaften der Erscheinungen ent-
sondern Qg8 vielmehr fir alle Koordinatensystemc,
die mechanischen Gleiphuugen gelten, auch dje
trodynamischen ‘und optischen Gesctzo gelten, wie
réBen erster Ordnung’ bereits erwiesen ist. Wir
Vermutung (deren Inbalt im folgenden »Prinzip
 genannt werden wird) zur Voraussctzung er-
‘erdem die mit ihm nur scheinbar unvertriigliche




THE FOUNDATION OF THE GENERAL THEORY
OF RELATIVITY

By A. EINSTEIN

A. FuNDAMENTAL CONSIDERATIONS ON THE POSTULATE OF
Revamivity

§ 1. Observations on the Special Theory of Relativity

THE special theory of relativity is based on the
following postulate, which is also satisfied by the
mechanics of Galileo and Newton.

It a system of co-ordinates K is chosen so that, in re-
lation to it, physical laws hold good in their simplest form,
the same laws also hold good in relation to any other system
of co-ordinates K moving in uniform translation relatively
to K. This postulate we call the * special principle of
relativity.” The word * special ” is meant to intimate
that the principle is restricted to the case when K’ has a
motion of uniform translation relatively to K, but that the
equivalence of K’ and K does not extend to the case of non-
uniform motion of K’ relatively to K.
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Fizeau-Foucault apparatus

& second.

In 184849, Hippolyte Fizeau determined the speed of
light between an intense light source and a mirror
about 8 km distant. The light source was interrupted
by a rotating cogwheel with 720 notches that could be
rotated at a variable speed of up to hundreds of times a

Fizeau was able to calculate a value of
315000 km/s for the speed of light, about 5% too high.

A view of the mile-long vacuum tube, thl_’vg- ff:cl in
diameter, lying in a California valley. This is the
main feature of the apparatus used by Dr. Michelson.

At right, the drawing shows the giant tube
which Michelson is using, with the arrange-
ment of mirrors which reflect the light ray
up and down the tube until it has traveled
ten miles. Inset shows how speed of
ligcht is calculated from the known angle.

EIGHT-SIDED .~
SPINNING MIRROR

SMALL MIRROR REFLECTS BEAM
BACK ON ITSELF TO RETRACE ITS
COURSE TO ROTATING MIRROR

RF, y "
2 / BEA
Disi ARC LIGHT SOURCE
\ EAM

GOING AND RETURNING BEAMS OF LIGHT
ALLOWS CALCULATING OF SPEED OF LIGHT

One of the last and most accurate time of flight measurements, Michelson, Pease and

Pearson's 193035 experiment used a rotating mirror and a one-mile (1.6 km) long vacuum

chamber which the light beam traversed 10 times. It achieved accuracy of 11 km/s
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.~ The disturbance is the rippling
of the water’s surface.




{HEMLRAR IR DEBHE A2 THERER— K | EAFENE -
LK+ EBEAIEEIE |

James Clerk Maxwell (1831-1879)
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Copernicus & H /& (1473-1543)
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(a)

FIGURE 1.6 (a) Nicholas Copernicus
(1473—-1543). (b) In the heliocentric system
advocated by Copernicus, the planets orbit the
sun in circular paths. However, to improve
accuracy Copernicus had to employ the devices
of the epicycle and eccentric.
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ART. XXXVIL—0On the Relative Motion of the Earth and the
Lumintferous Flher ; by Arsgrr A. MIcHELSON and
Epwairp W. MorreY.*

TaE discovery of the aberration of light was soon followed
by an explanation according to the emission theory. The effect
was attributed to a simple compaosition of the velocity of light
with the velocity of the earth in its orbit. The difficulties in
this apparently sufficient explanation were overlooked until
after an explanation on she undulatory theory of light was
pro his new explanation was at first almost as simple
as the former. But it failed to account for the fact proved by
experiment that the aberration waé unchanged when observa-
tions were made with a telescope filled with water. For if the
tangent of the angle of aberration is the ratio of the velocity
of the earth to the velocity of light, then, since the latter
velocity in water is three-fourths its veloeity in a vacaum, the
aberration observed with a water telescope should be four-
thirds of its true value.t

* This resesroh was carried oot with the ald of the Bache Fund.

+1t way be noticed that most writers sdmit the suliciency of tae explavation
» to the emissiou theory of light; while in fact the difSeulty is oven
alorky of \ght mse bo qreier 18, (g water iolooceye, 2nd. Chemeions oo ey
ka‘&m be ; bence, in ordﬂm i 0 its Lree nTuo,mﬁ

must make the absurd hypotbesis that the motion of e water in the talescope
carriea the ray of light in the opposits direction |

Ax, Jouw. g«.—m» Szries, Vo XXXIV, No, 203.—Nov., 1887,

displacement should be 2D%',,=2Dx10-°. The distance D was

about eleven meters, or 2x 107 wave-lengths of yellow light;
hence the displacement to be expected was 04 fringe. The
actaal displacement was certainly less than the twengieth pars
of this, and probably less than the fortieth part. Bat since the
displacement is proportional to the square of the velocity, the
relative velocity of the earth and the ether is probably less than
one sixth the earth's orbital velocity, and certainly less than
one-fourth. g

In what precedes, only the orbital motion of the earth 1s con-
sidered, If this is combined with the motion of the solar sys-
tem, concerning which but little is known with certainty, the
result would have to be modified ; and it is just possible that
the resultant velocity at the time of the observations was small
though the chances are much against it. The experiment will
therefore be repeated at intervals of three months, and thus all
. 0l will be avoided. . .

It a&)enrl. from all that precedes, reasonably certain that if
here be any relative motion between the earth and the laminif-
srous ether, it must be small; quite small enough entirely to

theory of aberration which assumes the ether at the earth’s sur-
face to be at rest with rd to the latter, and only requires
in addition that the relative velocity have a potential; but
Lorentz shows that these conditions are incompatible. Lorentz
then a modification which combines some ideas of
Stokes and Fresnel, and assames the existence of a potential,
together with Fresnel's coefficient. If now it were legitimate
to conclude from the present work that the ether is at rest with
regard to the earth's surface, according to Lorentz there could

not be & velocity potential, and his own theory also fails.
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Albert Einstein, 1905

Annus Mirabilis (Miracle Year)
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Mileva Maric and Albert Einstein lived at 49 Kramgasse (second apartment from the left)
in Berne. Switzerland. At the end of the street is Berne's famous clock tower.
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3. Zur Elektrodynamik bewegter Korper;
: von A. Einstein. o

DaB die Elektrodynamik Maxwells — wie dieselbe gegen-
wartig aufgefaBt zu werden pflegt — in ihrer Anwendung auf
bewegte Korper zu Asymmetrien fiihrt, welche den Phinomenen
nicht anzuhaften scheinen, ist bekannt. Man denke z. B.-an
die elektrodynamische Wechselwirkung zwischen einem Mag-
neten und einem Leiter. ‘Das beobachtbare Phinomen hangt
hier nur ab von der Relativbewegung von Leiter und Magnet,
wahrend nach der iiblichen Auffassung die beiden Fille, daB
der eine oder der andere dieser Korper der bewegte sel, streng

ON THE ELECTRODYNAMICS OF MOVING
B RE R BODIES
By A. EINSTEIN

June 30. 1905

It 1s known that Maxwell’s electrodynamics—as usually understood at the
present time—when applied to moving bodies, leads to asymmetries which do
not appear to be inherent in the phenomena. Take, for example, the recipro-
cal electrodynamic action of a magnet and a conductor. The observable phe-
nomenon here depends only on the relative motion of the conductor and the
magnet, whereas the customary view draws a sharp distinction between the two
cases 1n which either the one or the other of these bodies is in motion. For if the
magnet 1s in motion and the conductor at rest, there arises in the neighbour-
hood of the magnet an electric field with a certain definite energy, producing
a current at the places where parts of the conductor are situated. But if the
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Earth’s

/ U.S. Naval Observatory
(Washington, D.C.)

1977 Hafele and Keating flew four atomic clocks twice around the globe. Time

lost by moving clocks ~ 190 ns.

A few years later, another team flew round and round above Chesapeake bay for
15H. For a sonic jet, the dilation is about 10%s. Predictions are good within 1%.



Einstein's "Time Dilation" Prediction Verified

Experiments at a particle accelerator have confirmed the "time dilation" effect predicted by Albert Einstein's special theory of relativity

nature

Sep 22, 2014 | By Alexandra Witze and Nature magazine |

Physicists have verified a key prediction of Albert Einstein’s special theory of
relativity with unprecedented accuracy. Experiments at a particle accelerator in
Germany confirm that time moves slower for a moving clock than for a stationary
one.

The work is the most stringent test yet of this ‘time-dilation’ effect, which Einstein
predicted. One of the consequences of this effect is that a person travelling in a high-
speed rocket would age more slowly than people back on Earth.

Few scientists doubt that Einstein was right. But the mathematics describing the
time-dilation effect are “fundamental to all physical theories”, says Thomas Udem, a
physicist at the Max Planck Institute for Quantum Optics in Garching, Germany,
who was not involved in the research. “It is of utmost importance to verify it with the
best possible accuracy.”

To test the time-dilation effect, physicists need to
compare two clocks — one that is stationary and one
that moves.



week ending

PRL 113, 120405 (2014) PHYSICAL REVIEW LETTERS 19 SEPTEMBER 2014

Test of Time Dilation Using Stored Li" Ions as Clocks at Relativistic Speed

Benjamin Botermann,' Dennis Bing,” Christopher Geppert,'** Gerald Gwinner,” Theodor W. Hinsch,® Gerhard Huber,’
Sergei Karpuk,7 Andreas Kn'eger,l Thomas Kiihl,> Wilfried Nortershiuser, ”* Christian Novotny,4 Sascha Reinhardt,’
Rodolfo Sénchez,' Dirk Schwalm,” Thomas Stohlker,” Andreas Wolf,” and Guido Saathoff®
'Johannes Gutenberg-Universitidt Mainz, Institut fiir Kernchemie, 55128 Mainz, Germany
*Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany
GSI Helmholtzzentrum fiir Schwerionenforschung, 64291 Darmstadt, Germany
*Helmholtzinstitut Mainz, 55128 Mainz, Germany
5Depa rtment of Physics and Astronomy, University of Manitoba, Winnipeg, Manitoba R3 T 2N2, Canada
*Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany
"Johannes Gutenberg-Universitidt Mainz, Institut fiir Physik, 55128 Mainz, Germany
STU Darmstadt, Institut fiir Kernphysik, 64289 Darmstadt, Germany
(Received 30 May 2014; published 16 September 2014)

We present the concluding result from an Ives-Stilwell-type time dilation experiment using 'Li* ions
confined at a velocity of f = v/c = 0.338 in the storage ring ESR at Darmstadt. A A-type three-level
system within the hyperfine structure of the "Li*3S, — 3P, line is driven by two laser beams aligned
parallel and antiparallel relative to the ion beagPIE lasersoppler shifted frequencies required for
resonance are measured with an accuracy 'ng optical-optical double resonance
spectroscopy. This allows us to verify the specT™wiglg ation between the time dilation factor y
and the velocity f, 7/ 1 — > = 1 to within £2.3 x 1077 at this velocity. The result, which is singled out by
a high boost velocity f, is also interpreted within Lorentz invariance violating test theories.

DOI: 10.1103/PhysRevLett.113.120405 PACS numbers: 03.30.+p, 41.75.Ak, 42.62.Fi
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FIG. 1 (color online). Left: Experimental setup. Laser system
and data acquisition are inside a laser laboratory from which the
light 1s guided to the ESR via polarization maintaining glass
fibers.
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2.8 Twin Paradox
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2.8 Twin Paradox

Measured by Frank Measured by Mary
Item (remains on Earth) (traveling astronaut)

Time of total trip T=2L/v T =2L/yv
Total number of signals sent ST=2fL/v ST =2fL/yv

Frequency of signals received at ¢ 1-8 ! 1-8
beginning of trip [’ I+ 1+B

Time of detecting Mary’s t=L/v+ L/c ty=L/yv
turnaround

Number of signals received at iy = %ﬂ! = fL(l -B)

the rate f” v

Time for remainder of trip b=L/v—L/c ty=L/yv

Frequency of signals received at f ﬂ f SNl

end of trip f” 1-p 1-B

Number of signals received at R o _JL
rate /" f="V1-B [ty=—-(1+B)

Total number of signals received ~ 2fL/yv 2fL/v

Conclusion as to other twin’s T = 2L/yv T=2L/v
measure of time taken

After A. French, Special Relativity, New York: Norton (1968), p. 158.
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Momentum is not conserved according to S
p'before =_=2mv_

) 1+ 22/c>

P after = —2mv

Figure 2.1 (a) An inelastic collision between two equal clay lumps as seen by an
observer in frame S. (b) The same collision viewed from a frame S’ that is moving to
the right with speed v with respect to S.
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