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(1) I will often approximate this as 27 kilometers.

(2) The Large Hadron Collider is quite big, but it is used to study
infinitesimal distances. The reasons for its large size are described later
on when we discuss the LHC in detail.

(3) Unlike in the movie, Herman Hupfield’'s famous song “As Time
Goes By” written in 1931 began with an unmistakable reference to peo-

ple’s familiarity with the latest physics developments:

This day and age we’re living in
Gives cause for apprehension,
With speed and new invention,
And things like fourth dimension,
Yet we get a little weary

From Mr. Einstein’s theory
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(1) Fielding, Henry. Tom Jones. (Oxford: Oxford World Classics, 1986).

(2) Quantum mechanics can have macroscopic effects in carefully
prepared systems or when measurements apply to high statistics situa-
tions, or very precise devices so that small effects can emerge. However,
that does not invalidate using an approximate classical theory for most
ordinary phenomena. It depends on precision as Chapter 12 will further
address. The effective theory approach allows for the approximation and
makes precise when it is inadequate.

(3) I'will sometimes employ exponential notation, which I will use here
to explain what I mean in the middle in terms of powers of ten. The size of
the universe is 1027 meters. This number is a one followed by 27 zeroes,
or one thousand trillion trillion. The smallest imaginable scale is 103>
meters. This number is a decimal point followed by thirty-four zeroes
followed by a one, or one hundredth of one billionth of one trillionth of
one trillionth. (You can see why exponential notation is easier.) Our size is
about 101. The exponent here is 1, which is reasonably close to the middle
between 27 and —35.
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(1) Levenson, Tom. Measure for Measure: A Musical History of Science
(Simon & Schuster, 1994).

(2) During the Inquisition, the Romans didn’t include Tycho’s books
in their Index, as would have been expected based on his Lutheran faith,
because they wanted his framework to keep the Earth stationary yet con-
sistent with Galileo’s observations.

(3) Hooke, Robert. An Attempt to Prove the Motion of the Earth from

Observations (1674), quoted in Owen Gingerich, Truth in Science: Proof,
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Persuasion, and the Galileo Affair, Perspectives on Science and Christian
Faith, vol. 55.
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(1) Rilke, Rainer Maria. Duino Elegies (1922).

(2) Doyle, Arthur Conan. The Sign of the Four (originally published
in 1890 in Lippincott’s Monthly Magazine, chapter 1), in which Sherlock
Holmes comments on Watson’s pamphlet, “A Study in Scarlet.”

(3) Browne, Sir Thomas. Religio Medici (1643, pt. 1, section 9).

(4) Augustine. The Literal Meaning of Genesis, vol. 1, books 1—6, trans.
and ed. by John Hammond Taylor, S. J. (New York: Newman Press, 1982).
Book 1, chapter 19, 38, pp. 42-43.

(5) Augustine. On Christian Doctrine, trans. by D. W. Robertson (Bas-
ingstoke: Macmillan, 1958).

(6) Augustine. Confessions, trans. by R. S. Pine-Coffin (Har-
mondsworth: Penguin, 1961).

(7) Stillman, Drake. Discoveries and Opinions of Galileo (Doubleday
Anchor Books, 1957) p. 181.

(8) Ibid., pp. 179-180.

(9) Ibid., p. 186.

(10) Galileo, 1632. Science & Religion: Opposing Viewpoints, ed. Janelle
Rohr (Greenhaven Press, 1988), p. 21.

(11) See, for example, Gopnik, Alison. The Philosophical Baby (Picador,
2010).
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(1) Matthew 7:7-8.

(2) Blackwell, Richard J. Galileo, Bellarmine, and the Bible (University
of Notre Dame Press, 1991).

(3) Quoted in Gerald Holton, “Johannes Kepler’s Universe: Its Physics
and Metaphysics,” American Journal of Physics 24 (May 1956): 340—351.

(4) Calvin, John. Institutes of Christian Religion, trans. by F. L. Battles
in A Reformation Reader, Denis R. Janz, ed. (Minneapolis: Fortress Press,
1999).
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(1) For example, in ancient Greece, stadia didn’t have a fixed length
since they were based on different body part lengths in different regions
and in different times.

(2) There is, of course, an electromagnetic field, but there is virtually
no actual matter.

(3) Momentum is a quantity that is approximated by the product of
mass and velocity at small speeds but is equal to the energy divided by
the speed of light for objects moving at relativistic velocities.

(4) Gamow, George. One, Two, Three ... Infinity: Facts and Speculations
of Science (Viking Adult, September 1947).

(5) Note that this figure corresponds to a more precise version of uni-
fication than was true for the original Georgi-Glashow theory, in which
the lines almost converged, but didn’t quite meet. This imperfect unifi-
cation was demonstrated only later on, with better measurements of the

forces’ interaction strengths.
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(6) Although it comes close, we now know that unification won’t occur
within the Standard Model. However, unification can happen in modifi-
cations of the Standard Model, such as the supersymmetric models con-

sidered in Chapter 17.
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(1) Feynman, Richard. The QED Lecture at University of Auckland
(New Zealand, 1979). See also: Richard Feynman Lectures, Proving the
Obviously Untrue.

(2) Quoted, for example, in Richard Rhodes, The Making of the Atomic
Bomb (Simon & Schuster, 1986).

(3) Particle physicists measure energy in units of electronvolts and
those are the units I will use throughout. An electronvolt (eV) is the energy
acquired by a free electron when accelerated through an electric potential
difference of one volt. More commonly, I will refer to the units GeV, which
is a billion electron-volts, and a TeV, which is a trillion electronvolts.

(4) Ironically, the plot of Dan Brown’s Angels and Demons centers on
antimatter, whereas the LHC is the first CERN collider for which the initial

states are DUI‘EIY matter.
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(1) Overbye, Dennis. “Collider Sets Record and Europe Takes U. S.
Lead.” New York Times, December 9, 2009.

(2) In 1997, the European Physical Society recognized Robert Brout,
Francois Englert, and Peter Higgs for their achievement, and the three
were once again awarded in 2004 with the Wolf Prize in Physics. Francois
Englert, Robert Brout, Peter Higgs, Gerald Guralnik, C. R. Hagen, and Tom
Kibble all received the J. J. Sakurai Prize for Theoretical Particle Physics
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from the American Physical Society in 2010. I will refer only to Higgs and
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(2) The three types of neutrinos get paired via the weak force with
the three charged leptons. However, once they are produced, neutrinos
can oscillate into each other, no longer remaining identified solely by the
charged lepton with which they are paired. The neutrinos will sometimes
be labeled simply with numbers to refer to their relative mass and some-
times with labels referring to the charged lepton according to the context.
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cles are fermions.
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tremely heavy and not very important for lower-energy processes.
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