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            1 My original inspiration for this class came in 2012 when I first read Stephen Jay Gould’s book “Time’s Arrow and Time’s Cycle”, a book focused on the history of a few important figures in the history of geology – Thomas Burnet, James Hutton, and Charles Lyell. However, what struck me most about the book wasn’t its take on the biographies of these gentlemen, but its discussion of two famous and clearly contrasting metaphors for time – the “cycle of time”, and the “arrow of time”. 
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1
 My original inspiration for
 this class came in 2012 when
 I first read Stephen Jay
 Gould’s book “Time’s Arrow
 and Time’s Cycle”, a book
 focused on the history of a
 few important figures in the
 history of geology – Thomas
 Burnet, James Hutton, and
 Charles Lyell.
 However, what struck me most about the book wasn’t its take
 on the biographies of these gentlemen, but its discussion of
 two famous and clearly contrasting metaphors for time – the
 “cycle of time”, and the “arrow of time”.

Page 2
                        

2
 The former is deeply related
 to our measurements and
 physical conceptualization
 of time. As we’ll see in the
 coming weeks, the history of
 our understanding of time –
 and indeed, the foundation
 of our ability to understand
 the universe – emerges from
 studies of cyclic phenomena,
 from the ‘rising’ of the Sun
 to the ‘orbits’ of electrons.
 Modern science is built upon the reliability of these ‘repeatable’
 phenomena. It is only because physical events – like the
 changes in the energy states of electrons in an atom – occur in a
 regular and reliable way that we can ever hope to understand
 and predict the outcome of those events in the world around us.
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 But there are many ways in which time is clearly like an
 arrow, moving in one direction only and apparently never
 repeating itself – you’ve all likely seen such arrows
 physically in the familiar form of historical timelines.
 While the Sun ‘rises’ every day as the Earth turns, each day
 is also clearly different in many ways – if not, in fact,
 completely and utterly unique. These apparently inexorable
 and irreversible changes also define time, and understanding
 their connection to reality is not only one of the deepest
 problems in philosophy, but modern physics as well.
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 There are a handful of these
 ‘arrows’ that we’ll pay
 particular attention to.
 Perhaps the most personally
 relevant is the
 “psychological” arrow” –
 we remember events in the
 past, but not in the future,
 and can change events in
 the future, but not in the
 past (or at least most people
 think so!).
 On a more obviously physical level, there is the
 “causational” arrow of time – events in the past are the
 reason (cause) for events in the future (effects). The
 ripples on the pond above only exist in the present
 because of the stone throw that occurred in the past.
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 But there are other, more
 subtle physical arrows as
 well. Certain processes at
 the subatomic level –
 quantum entanglement,
 the decay of some types
 of particles – are strangely
 not ‘time-symmetric’, and
 cannot be reversed.
 And at the macroscopic
 scale, the “thermodynamic”
 arrow of time demands that
 the relative disorder (or to
 put it more technically, the
 entropy) of a closed system
 of particles always
 increases. An egg, as you
 might say, can be scrambled
 – but it cannot be returned
 to its unscrambled state!
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6
 Finally, there is an
 apparent “cosmological”
 arrow to time. Because
 of the expansion of
 space-time, seen in the
 so-called “Hubble flow”
 of distant galaxies, we
 know the universe was
 smaller and hotter in the
 past than it is now – and
 it is very uncertain if that
 state will ever return.
 What do these many different ‘arrows’ mean? Are they
 related to each other? How do they relate to the cyclic
 nature of time? What do they tell us about time’s
 fundamental character, and how do we investigate such
 questions in a scientific manner?
 It’s complicated, and the end is uncertain – so let’s start
 at the beginning…
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 Time for Beginners – Legacies of Our Earliest Ancestors
 Keeping track of time was an important survival skill for
 early human cultures – migration and agricultural cycles
 were easier to exploit if they could be anticipated, and
 groups that did so were more successful.
 Cultural anthropologists
 describe this key
 development among
 early humans as the
 emergence of ‘episodic
 thinking’ or ‘mental
 time travel’ – including
 the cognitive ability to
 predict events in the
 future by recalling
 cyclic events of the past. Note: predicting a future event (bus arrives!) is
 easier if you have a physical record of
 previous events (bus schedule)!
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 While we don’t know exactly when humans first began to
 ‘tell time’, the oldest physical evidence of timekeeping
 comes from the Abri Blanchard bone fragment, carved
 around 30,000 years ago. The engravings and notches
 along the edges are widely interpreted as representing the
 changing phases of the moon – a simple lunar calendar.
 The moon was useful
 in representing the
 passage of time
 because it – along
 with the Sun, stars,
 and planets –
 displayed regular
 patterns of behavior
 in the skies. In fact,
 all of our major
 divisions of time can
 be tied directly to
 astronomical cycles.
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 The day is of course the most basic unit of time, and is tied
 to the apparent east-west movement of the Sun through the
 sky. Amongst very early Egyptian cultures, this motion was
 harnessed to tell time through sundials – upright sticks or
 obelisks whose shadows moved with the Sun.
 This is an image of a very
 early Egyptian sundial, ca.
 1300 BC. Note the 12
 divisions on the sundial’s
 face – for reasons that
 aren’t entirely clear (Lunar
 months per year? Knuckle-
 counting?), by 1500 BC the
 Egyptians had divided the
 daytime into 12 hours, and
 that system has persisted
 through to the modern age.
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 They eventually divided the night into 12 units as well, giving
 us our first 24 hour days. The nighttime hours were measured
 using another astronomical pattern – the apparent rotation of
 the stars through the skies each night.
 Of course, since the actual
 length of the day and night
 varied with the seasons, the
 ‘hours’ had varying lengths.
 Fixed hours emerge several
 hundred years later in
 Greece, with the work of
 astronomers such as
 Hipparchus (~150BC) – but
 the division of the hour into
 60 minutes of 60 seconds
 each didn’t occur until the
 1500’s, with the clocks of
 Medieval Europe. Why 60? Blame Babylonian numerology
 and circular medieval clocks!
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 Fortunately, the universe
 also provided early humans
 with visible, repeating
 patterns over time periods
 longer than a day. For
 example, every night, the
 amount of illuminated area
 on the Moon that one can
 see varies. These changes
 repeat in a cycle about
 every 28 days, and are the
 historical source of the
 month as a unit of time
 (Btw – the decidedly
 non-physical division
 of that month into 4 7-
 day weeks is also tied
 to astronomy – the 7
 days represent the 7
 moving visible objects
 in the sky: the Sun and
 Moon, and the planets
 Mercury, Venus, Mars,
 Jupiter, and Saturn!)
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 Finally, there are annual patterns – yearly patterns of movement in
 the heavens that synchronize with the essential seasonal patterns
 of life. For example, the changing location of the Sun at sunrise
 and sunset, as seen from the hills of Greece…
 …or the changing altitude of the Sun in the sky over Turkey.
 http://antwrp.gsfc.nasa.gov/apod/image/0512/sunrisebyseason_ayiomamitis_big.jpg
 http://antwrp.gsfc.nasa.gov/apod/image/0809/seasons_tezel_big.jpg
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 The Sun also appears to move with respect to background stars, so
 that at different times of the year different constellations are visible
 in the nighttime sky. Orion, for example, is easily visible in winter
 skies, but is lost in the glare of the Sun for most of the summer.
 However, because of their length, these solar (and stellar)
 patterns were a bit more difficult to detect easily – certainly
 compared to the changing phases of the Moon. In fact, many
 early cultures developed (and some still use) lunar calendars
 to measure years and anticipate seasonal changes.
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 But since the seasonal
 year does not divide up
 into an even number of
 months, dates in a lunar
 year do not stay in sync
 with seasonal events.
 This fact, combined with
 the growing importance
 of agriculture, led many
 cultures – as early as
 3100 BC! – to adopt a
 solar calendar of right
 around 365 days.
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