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Preface
While writing my book on “Entropy for Smart Kids and their Curious Parents,” I felt
an urgent need to write a book on “Time for Smart Kids,” compelled to do so from
a mistake by authors who write about Entropy intertwining it with Time. The truth
is, Time and Entropy are totally unrelated concepts. By establishing a connection
between Time and Entropy numerous authors have led their readers to the wrong
path. They have not only misled but also confused readers on each of these two
concepts.
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The association of Time and Entropy is implicitly contained in Clausius’ and
Boltzmann’s formulation of the Second Law. It was expressed explicitly by
Eddington who “invented” the concept of the Arrow of Time, relating it to the
Entropy and the Second Law. This totally unfounded association between the two
concepts has lingered on. In fact, numerous books propagated further this faulty
association (e.g. Hawking, Carroll, Muller, Rovelli, and many others) culminating
in the most absurd assertion that entropy equals time’s arrow. (“Equal,” with
equality sign “=” !)
Although I have already written about this misconstrued association in my recent
book (2018a), I decided to devote two chapters in the present book to discuss the
reasons and plausible causes for this association, and to point out how, and why
some authors have gone astray.
Notwithstanding the importance of debunking the myth about the association of
entropy and time, I think that Time is a fascinating topic on its own. Time is a
concept everyone is familiar with, and yet no one can define it. Time perception has
multi-faceted aspects and dimensions. Time measurement has a long and interesting
history, and the history of thinking about time is extremely interesting. All these
combined compelled me to write this book.
The book is addressed to everyone from the lay reader, to students, and to teachers
and well-established researchers. There are no prerequisites for reading this book.
Some mathematical details are provided in the Appendices.
The book consists of twelve chapters, each dealing with a different aspect of time.
Normally, a book on time should start with some possible definitions. However, in
the case of time there is no definition therefore, I decided to discuss in Chapter 1
some aspects of time as they appear in the Bible. It is only in Chapter 2 where I pose
the question: What is time? I am presenting some answers given by physicists and
philosophers throughout the history, but ultimately time is left undefined. Some
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authors offer their reader a “definition” of time, some even promise a “precise
definition.” However, if you read throughout the book you will not find any
definition. What you will most likely find is a misconstrued association of entropy
with time. This will be discussed this in Chapter 11.
Chapter 3 is devoted to defining and discussing two important concepts associated
with time; velocity and frequency.
In Chapter 4, I discuss what people call “History of Time,” and I will show that
basically the is no “history of Time.” In most books in the “history of Time,” authors
usually discuss the “History of Thinking About Time.” this topic is discussed in
Chapter 5. In Chapter 6 I will discuss the history of measuring time, which in my
personal opinion is the most fascinating one.
In the course of writing this book, I have traveled far and wide in order to learn
more about how mankind developed devices to measure time, dating back from
prehistoric times to modern times. Chapter 7 is devoted to time in Physics,
sometimes referred to as “Physics of Time.” Time is an essential and indispensable
parameter in any science dealing with changes. It is supposed to be an objective
quantity although there is always some uncertainty about the meaning of time.
Chapter 8 is about the subjective aspects of time, how we perceive time, and how
these perceptions of time change with age, mood, and personality.
Chapter 9 discusses the connection between time, cause and effect, and
conditional probability. Chapters 10 and 11 are devoted mainly to debunking the
myth that time is associated with entropy and the Second Law.
Finally, the last chapter 12, which is the lighter part of the book, contains some
famous quotations on time, some jokes, exercises, and some personal comments and
views about time and how it is used in the English language.
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As I have written in my previous books, I exhort the readers of this book to read
it as critically as possible, and should you find anything wrong or have any questions,
I urge you to write to me.
While writing this book from 2017 to 2018, I became deeply engrossed not only
in the methods in which clocks and watches were developed to measure time.
Slowly, I realize that I had grown fascinated with timepieces. In my numerous trips,
I also visited some museums which had impressive and wide array of antique clocks
and watches on display. I eagerly snapped photos of them like there were no
tomorrows. Only a small fraction of these photos I could include in this book.
My fascination and interest in timepieces knew no time boundaries, the old and
the new simply left a lasting impression on me. I visited such sites such as
Stonehenge in the UK, and Newgrange in Ireland which both seem to be the earliest
monuments left by prehistoric people who probably have developed interest in
timekeeping.
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Chapter 1. Time in the Bible
I will start by assuming that you, the reader, knows the definition of the following
words: “day,” “night,” “morning” and “evening.” I also assume that you know what
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week, month, and year mean. Before you continue reading the quotation below I
suggest that you write a short “definition” of these terms, or at the very least
remember what these terms mean no matter how familiar you might be with them. I
do not expect that you will really “define” these term, just try to explain to yourself,
in either your mind or in writing, what you mean when you say: “day,” “night” and
morning.
Now, read carefully and critically the following verses from the book of Genesis1:

Genesis Chapter 1.
1:1 In the beginning God created the heaven and the earth.
1:2 And the earth was without form, and void; and darkness was upon the face
of the deep. And the Spirit of God moved upon the face of the waters.
1:3 And God said, Let there be light: and there was light.
1:4 And God saw the light, that it was good: and God divided the light from the
darkness.
1:5 And God called the light Day, and the darkness he called Night.
And the evening and the morning were the first day.
1:6 And God said, Let there be a firmament in the midst of the waters,
and let it divide the waters from the waters…
(1:7 And God made the firmament, and divided the waters which were under the
firmament from the waters
which were above the firmament: and it was so.)
1:8 And God called the firmament Heaven.
And the evening and the morning were the second day.
1:9 And God said, Let the waters under the heaven…
1:13 And the evening and the morning were the third day.
1:14 And God said, Let there be lights in the firmament of the heaven to divide
the day from the night;
and let them be for signs, and for seasons, and for days, and years:
1:15 And let them be for lights in the firmament of the heaven to give light upon
the earth: and it was so.
1:16 And God made two great lights;
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the greater light to rule the day, and the lesser light to rule the night: he made
the stars also.
1:17 And God set them in the firmament of the heaven to give light upon the
earth,
1:18 And to rule over the day and over the night, and to divide the light from the
darkness:
and God saw that it was good.
1:19 And the evening and the morning were the fourth day.
1:20 And God said…
1:23 And the evening and the morning were the fifth day.
1:24 And God said, Let the earth bring forth the living creature after his kind,
cattle, and creeping thing…
1:26 And God said, Let us make man in our image, after our likeness…
1:27 So God created man in his own image, in the image of God created he him;
male and female created he them.
1:31 And God saw everything that he had made, and, behold, it was very good.
And the evening and the morning were the sixth day.
For the Hebrew Version see Note 1.
What is the first word, in this chapter which is associated with the concept of
“time?”
You might say that the first word is “day” which appears in verse 5. Perhaps,
because I mentioned the word “day” earlier. In reality, the word “beginning” already
signifies time; the time of the beginning of the creation of “heaven” and “earth.” In
today’s terminology we say creation of the universe. Later, in this book we shall also
discuss the concept of the “beginning of time” itself. However, in this specific verse,
it is clear that “beginning” refers to the time when the creation of the world began;
at that time, “time” itself already existed, it was not created, in the process of
creation. It is also quite clear from verse 1 that God existed before the creation. In
fact, we are also told that He did something before He started the creation; “the spirit
of God was hovering over the water” (in a different translation of the Bible you
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might encounter the passage “the spirit of God moved upon the face of the waters).
Clearly, whatever God did before He started the creation of the world, He did it
during some time.
It is also noteworthy that water existed even before the creation of the world. This
is clear from the opening sentence of Genesis Chapter 1. However, this is not
relevant to our discussion of time in this book2.
The next words, which are associated with time, appear in verse 5. These are:
“evening,” “morning”, “day” and “night.”
Now, pause and compare your “definitions” of these words with what you believe
the author of the Book of Genesis meant when he wrote those words.
Although those words were not defined in the Book of Genesis, I presume that
the definitions, used in Genesis, were the same as yours, and mine.
As you read further the above quotation, you will encounter again and again the
words “evening,” “morning,” and “day” in verses 13, 14, and 19.
Once again, read verses 13 to 19, and compare them with your definitions of
“day,” “morning,” and “evening.”
Do you find something strange in verses 13 to 19?
While you ponder about my question let me give you some hints.
You certainly know that in old times “day” and “night” were associated with light
and darkness. Nowadays, that is not always the case. You might be reading this book
at night, but there is light in your room. Or, one might be sitting in an enclosed and
dark room although it is daytime.
Today, we consider morning as the beginning of the day. This is associated with
sunrise. The day ends in the evening, which is associated with sunset. Thus, day is
roughly the time between sunrise and sunset, whereas night is roughly between
sunset and sunrise. These are different from a full 24 hour-day which is considered
as the time between successive sunrises.
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In Genesis 1, we read: “There was evening and there was morning, the first day,”
and similarly for the “second day,” and for the “third day.” Clearly, whoever wrote
the Book of Genesis, he/she/they meant a 24-hour day, starting from the evening (or
sunset) to the next evening (sunset). This is also a Jewish tradition which considers
the beginning of Sabbath on Friday evening, and ends on Saturday evening.
Now, I will ask you again: Do you find anything strange in the Genesis narrative
in the quoted verses, up to the 19th?
Before I tell you why I found something strange in those verses, let me tell you
that if one believes that God himself wrote the Bible, or dictated it to Moses, or to
anyone else, then there is no problem, and nothing strange or questionable in these
verses. God new what the unit of time he called a “day,” and he used this term while
narrating the story of creating the world.
However, if you believe that the Bible was written by human beings, then there is
problem. Whoever wrote the Bible must have been confused by mentioning the day,
the evening and morning, before the sun, which defines (or at least describes) these
words, was created only on the fourth day.
Thus, the strange thing about these verses in the Book of Genesis is that the
author tells us about the “first day,” the “second day,” and the “third day,” before
the “fourth day,” on which the sun, which is used to define: “day,” “evening” and
“morning,” was created. In fact, the author admits that the sun and the moon were
created in order to distinguish between the day and the night, as well as the seasons
and the years. This sound like someone telling us that Shakespeare got a phone call
on January first, in 1580, then continue to tells us that the phone was invented in
18763.
In the Genesis 1:14 the year is first mentioned.4 In Hebrew, the root word of year
(shana,  )שנהmeans “repetition” or “revolution.”
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The word “year” which appears in Chapter 1 of Genesis is not defined in the
Bible, as the “day” is defined in terms of the evenings and mornings (which is a
circular definition since the evening and the mornings are also defined by sunrise
and sunset). Later, we shall encounter the “year,” and the “years” in counting the life
span of Adam and his offspring.
The “year,” “month,” and “week” are also mentioned in Genesis 29:1-14 which
narrates the story when Jacob visited Laban5.
The Hebrew word for month are related to the name of the moon (yerah), and its
cycle or process of renewing (hodesh, from hadash meaning new). The Hebrew
word for week is derived from the number seven (shavua, from shiva) which are the
seven days of creation. The term week, in the sense of the seven days is also
mentioned in the story of Jacob and Laban (Genesis 29:26-28)5.
“…Laban replied, “It is not our custom here to give the younger daughter in
marriage before the older one. 27 Finish this daughter’s bridal week; then we will
give you the younger one also, in return for another seven years of work. 28 And
Jacob did so. He finished the week with Leah, and then Laban gave him his
daughter Rachel to be his wife.”

Interestingly, the Bible does not mention any division of the day into smaller units
of time such as seconds, minutes, and hours.
The word “year” appears numerous times in the Bible counting the years of
Adam’s life and his descendants. It is also interesting how the Bible tells us the lifespan of these people.
Genesis 5:3-5 states:
3. When Adam had lived 130 years, he had a son in his own likeness, in his own
image; and he named him Seth.
4. After Seth was born, Adam lived 800 years and had other sons and daughters.
5. Altogether, Adam lived a total of 930 years, and then he died.
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Check the arithmetic: 130 + 800 = 930, correct!
Interestingly, following this count of Adam’s lifetime we find a list of his
descendants. In all cases only men are mentioned. The total count of their lifetimes
is split into two parts; first part, until the first son was born (daughters were not
mentioned, they did not matter), then from the time the first son was born to the year
of their death. If you read the text critically, you might wonder, why daughters are
not mentioned, and why only the first-born (known as the “bechor” in Hebrew) is
counted.
Note also that only “years” are counted. Today, when we tell our birthday we
always add the day, month and year. In Genesis are no mention of the day or the
month, of either the births or the deaths of all those descendants. Presumably, we are
supposed to know that Adam was born on the fourth day of the week, which was the
first month of the year, and the first “year of the world” (the AM = Anno Mundi).
Figure 1.1.
The longest living person Methuselah, see Figure 1.1, lived for 969 years (187 years
until his son, Lemech was born, plus 782 more years until he died. Together:
187+782=969, correct!).
Do you believe that Adam lived for 930 years, and Methuselah for 969 years?
If they lived as stated, it begs the question of what a “year” meant in those stories?
Nowhere in the Bible can we find the length of time referred to as one year. Although
there are numerous interpretations of the biblical year, it is almost certain that they
are not the same as the “year” which we know, and use it today.
In Genesis 6:3 we find:
Then, the Lord said: “My spirit shall not strive with man forever, because he is
flesh; nevertheless, his days shall be one hundred and twenty years.
Some scholars have interpreted this as God’s limit to a men’s lifetime to a
maximum of 120 years. This is probably not the correct interpretation of the

12

abovementioned verse. The Bible also tells us that Noah lived 600 years after that
statement by God.
Nevertheless, whatever the interpretation is, a man’s lifetime hardly reaches 120
years. In the Jewish tradition, the practice is to wish a birthday celebrant by saying
“until 120” ()עד מאה ועשרים, which means wishing the celebrant gets to live to a
“maximum” possible 120 years.
While I am writing these words, I received an email from the Hebrew University
administration department wishing me a mazal tov, and a gift card worth 120
shekels. Thanks!
The Hebrew word for time )zman, )זמן, is mentioned very few times in the Bible.
In Ecclesiastes 3:1-8, it appears together with the equivalent word for time (et, )עת.
The latter also appears numerous times, not in the sense of time in general, nor in
the sense of duration of time, but rather as the appropriate time for doing, or not
doing, a specific a task. It doesn’t refer to a specific length of time. (See also chapter
2 for the various senses of the word “time.”
A Time for Everything
The word now in Hebrew (ata,  )עתהis derived from the word et ()עת. So, now is
the opportune time to quote from Ecclesiastes 3:1-8, beautiful verses:
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Note that in the heading of these verses there appear two versions of the word “time.”
In English; “time” for everything, and a “season” for every activity.
In Hebrew, the first is the equivalent of time for everything ( זמן,)לכל, whereas in the
second, it is the appropriateness of time for doing something (חפץ-)ועת לכל.
It should be noted that in all the verses, except for the last, the time is a time
appropriate for doing some activity. Only the last one “the time for war and time for
peace” talks about time for something.
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Clearly, the “time” which appears in this verses, is not a specific point of time, like
on Tuesday evening, it will be the time to be born, or to be killed (see sense 1, in
Chapter 2). It is also not a duration of time (see sense 2, in Chapter 2). None of these
activities can be assigned a fixed duration.
Thus, the question arises; in what sense does the word “time” used in all these
verses? Many of the interpreters of the Bible have pondered about this question.
In reading these verses I simply thought that “time” in these verses simply means
that there is an appropriate time to do something. To avoid circularity, I thought that
the author of these verses did not mean time for doing, or refraining from doing
something, but rather a situation which is appropriate for doing something. Clearly,
there is no fixed time to be happy or to be sad, no fixed time for war or for peace,
but there is a situation which causes one to be happy, or sad, and everything that
falls in the range of emotions.
I was quite impressed to read that most of the early scholars who interpreted the
Bible had a completely different view on the meaning of “time” in these verses.
The most common interpretation, which is usually held by religious interpreters
is that “time for everything” means that everything has been predetermined, and that
it is not possible to change the timing of anything. Thus, “time for war,” does not
mean (as I thought) an appropriate time to go to war, but that the time for war has
been determined by God. This goes for everything, time for war, time for peace, as
well as for doing everything else. He knows the time in which everything will
happen.
Thus, these verses do not tell us when some event will occur, nor the duration of
that event (see Chapter 2). It only tells us that the time for that event has been
predetermined; by God, of course. It asserts that God knows the time for every event.
This interpretation raises the question, sometimes referred as the paradox of free
will, and the question of our responsibility and accountability for all our deeds. If
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everything is known in advance, everything is determined, does this include our
decision to do something? Perhaps, our “free will” is only an illusion?
In the ethics of the Fathers, Chapter 3, (Pirkei Avot 3:15), Rabbi Akiva says:
Everything is foreseen yet the freedom of choice is granted.
))הכל צפוי והרשות נתונה
If indeed everything is foreseen, then the question arises whether one is responsible
for his/her actions. A majority of interpreters “resolve” this “paradox” by stating that
everything is indeed foreseen yet human beings have a moral responsibility for their
actions. As one famous saying goes:
All in the hands of heaven, except the fear of Heaven.
( )הכל בידי שמיים חוץ מיראת שמיים
We shall return to these verses in Chapter 12 where we shall discuss many of the
common idioms involving time. In chapter 8 we shall mention the Biblical story of
Jacob, who worked for Laban for seven years; seven years which felt like a few days.
These are just a few examples about “time appropriate for” You can come up
with many more. For instance, “Time for Everyone” which I chose for the title of
this book, and “Time for Fun,” which I chose for the title of the last chapter.

The story of Jacob and Rachel
In Genesis Chapter 29, verse 20, we are told about the story of Jacob and Rachel.
“So Jacob served seven years to get Rachel, but they seemed like only a few days
to him because of his love for her.”
:כ,בראשית פרק כ"ט
 ְּבאַ הֲבָ תֹו אֹ תָ ּה, שֶׁ בַ ע שָ נִ ים; וַיִ ְּהיּו ְּבעֵ ינָיו כְּ י ִָמים אֲ חָ ִדים,ַו ַיעֲבֹ ד ַיעֲקֹ ב ְּב ָרחֵ ל
A straightforward interpretation of “seemed like a few days,” is that seven years felt
as if they were only a few days. However, this interpretation is strange, because
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normally when one waits or expects something to happen, it feels like time runs
painfully eternally slow.
Many of the earlier interpreters of the Bible were aware of the fact that this feeling
conflicts with the subjective feeling that time seems to run faster when one is happy,
but slows down when one is sad or is anticipating something (See Chapter 8).
One way of reconciling this conflict is that Jacob loved Rachel so much that seven
years of work, for him felt like a short time – a few days - or a low “pay” for the
great reward that awaited him. Yet another interpretation is that while Jacob toiled
for seven years, he had the chance to see his beloved Rachel daily. Thus, every day
he would go to work and see Rachel was a happy day, and therefore, for him, time
passed quickly.
Another interpretation of this sentence is that when Rebecca sent Jacob to Laban
she told him; “flee to my brother Laban in Haran, and stay with him for a few days,
until your brother’s fury turns away.”
According to this usage of “few days” Jacob did not really “feel” that seven years
had passed as if they were a few days, but rather he felt as if he has fulfilled his
mother’s wish that he stays with Laban for a “few days.” In this interpretation the
actual duration of Jacob’s stay was irrelevant as the only thing that mattered was that
after complying with his mother’s wish (a few days) he felt that he was entitled to
get Rachel.

A personal note; my father’s perception of “time” in the Bible.
I would like to end this chapter with a personal story. When I was a young boy
my father and I used to discuss events or places which are mentioned in the Bible.
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Contrary to my father, who believed in everything written in the Bible is true, I
expressed my doubts by saying that I did not believe that everything written in the
Bible are true, and even if they occurred at some places, it was not clear whether
those places still existed.
My father was unimpressed by my forthrightness. He was certain that I was
wrong, saying: “How can you deny the existence of that place or that event? Can’t
you understand what is explicitly written in the Bible that that place exists “until this
day?”
Even as a young boy, I knew that it was pointless to argue with my father. As far
as he was concerned, the phrase “until this day” meant, simply “until this day” – the
day we read the Bible, and not the day the Bible was written.
Interestingly, while writing this book I checked the phrases “until today,” “until
this day,” and “until this very day,” which appear almost 60 times in the Bible. To
my surprise, my father even assigned the phrase “until this day” to events that are
written in the Bible, but nowhere it is written that those places still exist “until this
day”. The specific story which crossed my mind was that of Lot’s wife (Genesis 19):
But Lot’s wife looked back and she became a pillar of salt.
 נְׁצִ יב מֶ לַח, מֵּ ַאחֲ ָריו; ו ְַׁת ִהי, ו ַַתבֵּ ט ִא ְׁשתֹו:כו,בראשית יט
My father was not only sure that the story is true, he was also sure that it is
written in the Bible that the pillar of salt still stands there “until this day” – which
means, strictly “until this day!”

Appendix 1: A visit to Ma’alot Ahaz in Neot Kedumim, Israel
Nestled on 625 acres of hills and valleys between Jerusalem and Tel Aviv lies the
world’s only biblical landscape reserve, Neot Kedumim. Our visit to the park
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however, had nothing to do with that aspect but rather to see an unusual sundial
which is a reconstruction of a similar structure which can be found in a Cairo
museum.
The Israeli archeologist, Yigael Yadin (1917-1984)6 associated this sundial model
with the biblical story of King Hezekiah, son of Ahaz, the former being ill at some
point in his life. Isaiah the prophet admonished the king to put his house in order
because he was going to die. Figure 1.2 and Figure 1.3
Hezekiah begged God for mercy and compassion, and his supplications were heard.
God gave the king a new lease on life by adding 15 more years. Hezekiah also asked
for a sign which is the shadow cast by the sun will go back ten steps on the stairway
of Ahaz.
8

And Hezekiah said unto Isaiah, what shall be the sign that the LORD will heal
me, and that I shall go up into the house of the LORD the third day?
9

And Isaiah said, This sign shalt thou have of the LORD, that the LORD will do
the thing that he hath spoken: shall the shadow go forward ten degrees, or go back
ten degrees?
10

And Hezekiah answered, it is a light thing for the shadow to go down ten
degrees: nay, but let the shadow return backward ten degrees.
11

And Isaiah the prophet cried unto the LORD: and he brought the shadow ten
degrees backward, by which it had gone down in the dial of Ahaz.
The same story is repeated in Isaiah Chapter 38. There are a few differences in
wording, but the story is the same. See note 7.
Today, although the site is in a sorry state of neglect the stairways still exist and with
a watchful eye one can clearly see the sun’s ascent or descent through a lighted step.
I managed to take a few photos of the stairs between 1:00 pm to 4:00 pm. I also drew
a diagram in Figure 1.4 showing the sun’s path at different hours of the day.
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To the best of my knowledge, if the story of the sundial is true, then this is the only
man-made clock mentioned in the bible but not directly as a clock but rather as a
device showing some division of the day into smaller units of time.
With regards to the use of the steps on the sundial, the horizontal edges of the outer
blocks serve as gnomons. At sunrise in the morning, the shadow of the eastern blockedge falls onto the leading edge of the topmost step of the stairs, which rises from
the east. When the sun climbs, the shadow of the edge moves down the stairs from
step to step. At noon, the shadow arrives at the bottom. Then, the western block edge
takes over the shadow throwing function, and the shadow climbs up the western
steps. Figure 1.5 and 1.6
Acknowledgements are in order for Chen Possek of Neot Kedumim who sent me
photos of the sundial, and Mor Sukenik for leading us to the site of the sundial. The
punishing summer heat discouraged us to explore the other areas of the park.
Summer is definitely not the best time to go to the park.

Chapter 2. What is Time?
The question in the title of this chapter had been asked countless times. Many authors
of popular science books who write about time start their book with this question,
and try to answer it.
Let me tell you from the onset that there is no definition of time! Time is a
primitive concept, and therefore cannot be defined in terms of other primitive
concepts. Nevertheless, and quite surprisingly some authors not only do promise to
define time, but also promise the readers a precise definition of Time. In the Prolog
of Carroll’s book the author promises that by the time you read the entire book you
will get a precise definition of Time.1 If you read through the entire book, however,
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you will not find any definition of time, certainly not a “very precise definition” of
time.
More recently a book by Muller (2016) entitled “Now” attempts to define Now.
Instead of doing so, the author takes a word, that everyone knows, uses and
understands its meaning, but twists and distorts it, the end result of which is a word
battered black and blue that is hardly recognizable or even remotely similar to the
original meaning of the word “now.”
To do this he uses the nebulous concept of “creating of new time,” and explains:
“Every moment, the universe gets a little bigger, and there is a little more time,
and it is this leading edge of time we refer to as now.” I could not hold myself
from laughing while reading this “definition” of “now”
In addition, the author repeats the same, unfortunate misconstrued association of
time with entropy. I have reviewed this book in amazon.com and in Ben-Naim
(2018e).
There is also book titled: “how long is now?” edited by Swain (2016), where you
can find the answer: “The question is unanswerable.” It can be from “zero length”
to “as long as you like”
It is clear to everyone that “now” is either a point of time we experience now, or it
is the present period of time; one second, one day or one year. There is no need to
write a whole book on “now.”
Einstein’s famous quote about this is: “The distinction between past, present, and
future is only an illusion, even if a stubborn one.”
Perhaps, this is an illusion, but I believe that everyone will agree that there is a
distinction between past, present, and future.

The best quotation regarding the non-existence of a definition of time is from the
4th century by St. Augustine.2 In his Confessions, Figure 2.1, St. Augustine askes:
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“What then is time?”
Then, he facetiously answers:
“If no one asks me, I know what it is. If I want to explain it to someone who asks me,
I do not know.”
Although this quotation dates back centuries ago it is still valid to this day. We
all know what time is, but no one knows how to define it.
Notwithstanding our inability to define time, we are all conscious of its existence,
its presence and its flow. That is strange, because time is not perceived with any of
our senses; we do not hear, see, smell, taste or touch time, yet we say that we feel it.
Is there a special time-sense?
In daily life, we use the term time in several, different senses:
1. The time when an event occurs. This is the time we give when we are asked:
“when did event X occur?”
The answer is a point of time (not necessarily a mathematical point) like the date
of your birthday, the hour you woke up, or the minute the accident occurred.
2. Time as duration
This is the length of time or the duration of some event. It specifies the “distance”
between two points in time (in sense 1). This sense of time is associated with a
question such as: How long did it take to build your house? The answer: It took two
years to build the house.
When we describe the location in space in which an event occurred, or the distance
between two locations we use different terms. We say that the event took place at
point A at a distance x from point B.
In the case of time we use the same word to describe both the “point of time” and
the length (or the duration) between two points of time; The event occurred at time
X and the time elapsed was Y.
3. The abstract coordinate we call time. This is the time when events unfold.
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This is probably the more difficult, or perhaps impossible to describe. It has been
oft-repeated subjects discussed by philosophers. Some of the ideas about this time
are discussed in Chapter 5. This is also the time to which people have attached an
arrow. We shall discuss this sense of time in Chapter 11. Here, we note that no one
answers a question about time in senses (1) or (2) above by giving an answer which
is a negative number. (Alex was born at: -6 o’clock, or it took -3 hours to cross the
bridge). However, people do talk about “reversal” of the arrow of time in the sense
that time flows backward. We further discuss this aspect of time in Chapter 7.
According to Einstein time has no “arrow,” it is “blind” to distinction between past
and future. It also does not flow; this will be discussed further below. Some people
even discuss imaginary time. This is, of course, not real time, and in fact it is not
even imaginative.
4. We have already seen another meaning of time in the previous chapter; this is the
time appropriate for doing or not doing something. This time is neither in the sense
1 nor in sense 2. When one says “time to be happy” it does not mean a specific time
nor any specific duration of time.
There are many more meanings of time, especially when it comes in some
idiomatic expression, such as: to buy time, to save time or to waste time. We shall
encounter these meaning throughout this book.
Having presented a few senses of time we should pause to think about the
meaning of the two first senses (1), and (2) mentioned above.
Obviously, these two “definitions” (as a “point of time,” and the “duration” or
the “distance” between two “points of time”) are not genuine definitions. They are
different senses we assign to time. However, each of these senses depends on the on
the other.
What do you mean when you say the time is 8:00 am? Clearly, it means nothing
to a creature which lives in a distant planet. The same is true when you tell that
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creature the year, say 2018, or 5778 when some event occurred (according to the
Gregorian or the Jewish calendar)3.
Clearly, these “points” of time are relative to some other points of time. For instance,
the statement that it is now 8:00 am means that eight hours have passed since my
clock showed that it was midnight.
You can repeat the same argument as above for the statement: I wrote this book
during the year 2018.
If you think about the two senses (1) and (2), you will realize that whenever
you say “the time is X,” (in sense 1), you actually mean that X units of time (hours,
days, or years) have elapsed since another point of time, say, Y, which is the
reference point or the zeroth point. Therefore, what one actually means is that X is
essentially the distance in time (in sense 2) from the point of time Y, which we can
write as X-Y, See diagram below:

Z

Y-Z

Y

X-Y

X

When we say the time is 𝑡1 (sense 1) we actually mean an interval of time:
∆𝑡1 (= 𝑡2 − 𝑡1 ), has passed (sense 2). But this implies that there exists a time 𝑡2 ,
meaning of 𝑡2 (sense 1) is also a measure with respect to another time 𝑡3 , and so on.
So, whenever you say “time X” in sense (1), it is actually a difference, say X-Y
in sense 2. Conversely, when you say that the duration of an event was D (in sense
2) you actually mean the difference between two points of time, X and Y (in sense
1).
If you find that this convoluted aspect of the meaning of time is too abstract,
consider the following conversation:
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Q:

What is the time now?

A:

It is 8:00 am.

Q:

What do you mean by the number 8:00?

A:

I meant eight hours have passed since the last midnight

Q:

But when did that “last midnight” occur?

A:

Oh, that was 24 hours before the previous midnight.

Q:

But when did the “previous midnight occur?”

A:

Oh, that is quite simple, it occurred 24 hours after the previous-previous

midnight.
You can go on, and on with this endless questions and answers, switching
between the two senses (1) and (2). Some cosmologists will tell you that this
sequence of questions and answers will come to an end at some point of time. That
point of time is the Big Bang. They will also tell you that it is meaningless to ask
what happened before the Big-Bang, because time did not exist before the Big-Bang.
I think it is meaningless to say that “it is meaningless to ask about time before the
Big Bang.”
Some popular science books tell you that “what happened before the Big-Bang?’ is
as meaningless as asking “what is north of the north pole?”
The north pole, is, by definition, the northern-most point on earth. There no point
which is north of the north pole. The Big Bang in a highly speculative event. It is far
from clear that time began at the Big Bang. Therefore, this metaphoric example is
misleading.
It should be noted that in many popular science books, the two concepts: “time of
creation” and the “creation of time” are fused into one. According to the Big-Bang
theory, the universe was created at the Big-Bang. At that time, also time was created.
These are beautiful words, quite impressive to the lay reader but are just words. No
one can prove that either the universe or the time were created at some point in time.
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It is true that there are some impressive “evidence” in favor of the Big-Bang. This
is why most physicists believe in the Big-Bang theory. I will discuss this again in
chapter 4. Here, I brought the issue of the Big-Bang in connection with the
“beginning of time.” In my view even if there was an event such as the Big-Bang, it
must have happened at some point of time. And according to our discussion above,
this point of time must have followed another point of time and so on.
So what do we really mean when we ask what time it is. The only practical answer
is simple; the reading on our clocks. This “definition” is related to the concept of
simultaneity, which we will discuss in chapter 1. When Einstein was asked about the
definition of time he said: “When I say that the train arrives here at 7 o’clock, I mean
that the pointing of the small hand of my watch to 7, and the arrival of the train are
simultaneous events”
Thus, according to Einstein the “definition of time” may be substituted by “the
position of the small hand of my watch.”. In fact, such a definition is satisfactory
when we are concerned with defining a time exclusively for the place where the
watch is located. It is no longer satisfactory when we have to connect the time of
different events occurring at different places.

Another important view of Einstein about space and time is: Space has no objective
reality except as an order or arrangement of objects in it. Likewise, time has no
independent existence apart from the order of events by which we measure it.

A practical definition of time
The time is what the clock tells us, and the duration of certain events is the
difference between the two readings of the clock at the beginning, and the end of an
event.
But, what does the reading of the clock tell us?
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Here is the most important aspect of the time. The clock, any clock, counts the
number of times some cyclic or periodic phenomenon occurred. The number of
counts could be the revolutions of the earth around the sun (which we used to define
the year), or the rotation of the earth about its axis (the number of which we use to
determine how many days have passed), or the number of full swings of a pendulum
(as Galileo Galilei did in his experiment on falling bodies, see Chapter 6).
This counting number (CN) can only increase, it can never decrease.
To appreciate the meaning of this sentence, consider the following counting
numbers:
1. The number of books ever written can never decrease. If an entire library is
burned, and all its books turn into ashes, the counting of the “number of books ever
written” does not decrease. This number might cease to increase, but as long as
people (or perhaps also robots or computers) continue to write books this number
will increase.
2. The total number of letters or words I will ever write can never decrease. While
I wrote the last sentence I have increased the number of words I wrote by 13. This
number was further increased by 17 while writing the next sentence, and it keeps
growing every minute I write. If I erase a word or a whole paragraph this number
does not decrease, since, by definition, this is the number of words I wrote, and by
erasing a word I cannot change the number that was already counted. I may not see
that word anymore (as much as I will not see a book that was burned) but its counting
was done and cannot be changed. Of course, when I die this particular number (of
words I will ever write) will cease to increase, it will remain constant even…
I suggest to the reader to do an exercise and repeat the same argument given
above for another repeated phenomenon, say, counting the total number of babies
born, and convince yourself that this number will never decrease.
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Let us go back to counting the units of time. This is similar to the counting of
books published, words written, or births, but with two differences.
First, when we count the number of days, the number of hours, or the number
of ticks of our clocks. We count the numbers of a repeated periodic or cyclic
phenomenon. We assume that each period took the same time. This is different from
the time it took to publish a new book, to write a new word, or to give birth to a new
baby. In all these cases we do not assume anything about the time lapses between
two consecutive events (say the time between the publication of two successive
books). In the counting of time of any clock we count the number of cycles, and we
assume that each cycle took the same time. As we shall see in Chapter 6. this
assumption is a reasonable assumption, but we can never be sure about it.
The second difference is the following: In the example given above the
accumulating number can never decrease. This never is an absolute never.
However, we cannot claim that it will always increase.
In the case of the counting of units of time it is also true that this number can
never decrease. Again, never in the absolute sense. In addition, we could also say
that this counting number will always increase; always in absolute sense. Of course,
you might say that my counting, or your counting, might come to an end when no
one will be around to do the counting, or when no clock will exist. However, I
believe that this counting will continue to increase, independent of any one who will
do the counting, and independent of the existence of any clock.
To summarize: When we say that the clock measures the time, we actually mean that
it counts the number of periodic or cyclic events. Thus the “practical definition” of
time, we shall use throughout this book will be as counting number.
This counting number implicitly assumes that the time between two cyclic
processes, is constant.
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Rightfully, you may ask: “What if the whole universe will be blown up, or come
to an end (the so-called Big Crunch). When there will no longer be life, no clocks,
and no one to do the counting. Would time have any meaning at that time?
This is a philosophical question, the answer to which no one knows, including
myself.
A less difficult question one can ask is: “Suppose you live in a world without any
clock and with no periodic motions, how would you tell your friend when to meet
for lunch?”
Well, you can say, walk 276 steps, then come to lunch. You presume that you
know roughly how long it takes to make one step, with all the steps having equal
duration.
When I visited South America I heard people saying something like this: Wait, I
will smoke a cigarette and come. In South America, smoking a cigarette is a unit of
time…
We shall conclude this part of the discussion of time by saying that by time, we
practically mean the counting the number of some periodic motions presuming that
each period takes the “same time.” We can never tell whether the last assertion is
true, unless we have a finer clock which ticks more frequently, but this pushes our
uncertainty a step further down the scale. We shall discuss this uncertainty in
Chapter 6.

Some people think time is an illusion. Perhaps. But if we accept the practical
definition of time, then the reading of the clock cannot be an illusion, unless one
believes that everything we perceive with our senses is illusion.
We all feel that there is more to time, than just counting numbers that we follow
on the clock. This was one of the points raised by Henri Bergson in his controversy
with Einstein. We shall describe the controversy in Chapter 5.
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Does Time flow?
Perhaps, the most dominant feeling we have regarding time is that it flows, it runs,
sometimes as quick as a flash, sometimes painfully slow, but it moves. But does
Time really flow?
Before we try to discuss the question of time flow which is a common sense,
consider the following examples:
In an encyclopedia you find sentences like:
The Jordan River flows into the Dead Sea.
The Mississippi River flows into the Gulf of Mexico.
Everyone understands that the “flow of a river” is a figure of speech. It is not the
river that flows but the water that flows in the river, or through the river. Indeed, in
some encyclopedia you might find the more accurate expression of the Jordan Rivers
drains into the Dead Sea. It is not the river itself that flows but rather the water in
the river.
When we say something flows, we need to attach some speed and direction to the
flow, say a canoe floating on the river might be traveling at 10 meters per second, in
the direction towards the Dead Sea. The same applies to the water which flows in
the Jordan River. Also, we can say that the water in the river drains into the Dead
Sea, at a rate of say, one cubic meter of water per second.
Clearly, the river itself (normally) does not flow; it has no speed, no direction and
no arrow.
Of course, it is meaningful to say that the river flows, in which case, the river in
its entirety (or part of it) is moving in some direction, and at a certain speed. The
point to emphasize is that speed and the direction of motion of the river itself are not
along the river, but along some other arrow. (Here I am referring to the flow of the
river relative to the earth. One can also talk of the “flow” of the river as part of the
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earth revolving around the sun, or the river as a part of the Milky-Way moving in
space relative to other galaxies.)
Imagine that you are riding in a canoe along the Jordan River. You feel that you
move relative to the river banks. You can tell the speed and the direction of the
motion of the canoe relative to the river banks, but you cannot tell whether the river
itself is moving or not unless you stand up and look at the river from outside. Only
then can you can tell the speed and direction of motion of the river itself.
When we talk about Time’s flow, we say time runs by, time runs fast or slow, we
do not mean that time itself is running. The events that occur are changing, or flow
or unfold in time. Thus, the river is the analog of time, and the water is the analog of
the events which unfold in time. The clock ticks about sixty seconds per minute, this
is the speed of the ticking. The earth rotates about its axes once a day (that is how
we define a day). The earth revolves around the sun once a year (that is how we
define a year). We can also define the rotation of the earth in angles per second, or
any other units. All of these events are registered or recorded on the time-scale, the
time-axis, or the time line. If we want to talk about the flow of time itself, then we
have a problem. First, we do not know whether it moves, and if it moves, does it
move in space, like the river itself moving from one location to another? And what
is the speed of the motion of time? We cannot register the points of time in which it
passed on the same time-scale or Time-axis. This will be the same as recording the
sequence of locations of the river as it moves along the river (as we do for the
locations of water is registered along the river). Thus, if we want to register the flow
of time, we cannot do this on the same time-axis. We need to imagine another timeaxis, let us call it super time, S-time, on which we record the points of S-time along
which the Time is flowing. This would also be true for any other event that we might
imagine that time itself has experienced, or went through, not on the time-axis itself,
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but on the S-time axis. This will be true for the record of all the History of Time
including the beginning, and the end of time…
But if we create a new super time-axis we might as well ask whether the S-time
flows. Again, it cannot flow along points of S-times of itself, and we will be forced
to record the points of S-times on yet another super-super time axis which we might
denote by S-S-time, and we can continue to do this forever.
To avoid all these fantasies, we better admit we do not know whether time flows
or not. We do not know whether time changes (where, and when?), and we do not
know whether time has, or has not a History.
Another aspect of time which we all feel is that sometimes time “flows” quickly,
and sometimes it “flows” slowly. We say that time passes, time runs, and time goes
on. We shall further discuss our perception of time in chapter 8.
Thus, to the question: “does time really flow?
The honest answer is that we really do not know. Remember that by time we
mean a counting number. The accumulative number that we count always increases.
However, this does not imply that time itself flows. It is true that we have a persistent
feeling that time flows, but this is not the time that we measure with our clocks.
If you claim that time flows, the succeeding questions will be: in which direction
(in space, or in time?) does it flow, and at what rate or speed?
This one-way increase in the counting-number has led to the “invention” of the
concept of the Arrow of Time, which is associated with the Second Law of
Thermodynamics. This erroneous association of time with entropy and the Second
Law is prevalent in popular science books. We shall discuss this topic in Chapter 11.

Time absolute and time relative
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Isaac Newton in his “Philosopiea Naturalis Principio Mathematica,” known as the
“Principia,” published in 1687, expressed the view that space and time are absolute.
Here is the relevant quotation:
Absolute, true and mathematical time, of itself, and from its own nature flows
equably without regard to anything external, and by another name is called
duration; relative and common time, is some sensible and external…measure of
duration by the means of motion…
Newton expressed a similar view about space. We shall discuss Einstein’s
revolutionary ideas on space and time in Chapter 7.
In Chapter 7 we shall discuss the phenomena of Time dilation. We say that time
slows down for a person traveling at high speed relative to us. In fact, what we mean
is that the rate of the ticks of the moving clock is slower compared to the rate of ticks
we observe in our frame of reference.
In modern time one uses the combined concept of spacetime, as if the theory of
Relativity brought about a new concept that did not exist before. In a dictionary you
might find: Time and space were fused in physics into a four-dimensional
continuum.
It is true that in order to describe an “event” you need to specify both its location
and the time at which it occurs. However, time and space are not equivalent
parameters: Time is measured by a clock and distance in space is measured with a
ruler.
Time’s Arrows?
We have mentioned above the concept of Time’s Arrow. In recent literature you
might read about many different “Time’s Arrows.”
Some scientist counts at least five Arrows of Time:
1. The delay between cause and effect.
2. The psychological or the biological arrow
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3. The thermodynamic arrow
4. The cosmological arrow, which is defined by the expansion of the universe
5. The electromagnetic waves arrow.
While the psychological arrow of time is a subjective feeling we have (see chapter
8), and the thermodynamic arrow of time is a result of the misconception about
entropy and the Second Law (see chapter 11), the cosmological arrow of time is
neither felt by us, nor pertains to thermodynamics. It is pure nonsense. In many
popular science books (see Hawking’s book (1988); A Brief History of Time), a
cosmological arrow of time is defined as “the direction of time in which the universe
is expanding rather than contracting.” [Hawking (1988), p. 145]. This is an outright
silly statement. It becomes even senseless when people infer that if, and when the
universe will contract, the direction of time will be reversed.
We do not know whether or not the universe will ever stop expanding or start
contracting. Whatever the fate of the universe will be, it has nothing to do with the
“time arrow” we feel, or with the time arrow which is erroneously associated with
entropy. Whatever the time is, and whatever the arrow of time is, is it not determined
by either expansion or the (possible) contraction of the universe.
The mystery of Time?
Perhaps the most perverted view of time is that it is a mystery. The mystery of
time features in many popular science books.
For instance, Rovilli’s recent book “The order of Time” starts with the statement:
Perhaps Time is the Greatest Mystery
This follows with some poetic words such as:
“I stop and do nothing. Nothing happens.
I am thinking about nothing.
I listen to the passing of time.”
And:
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“What am I listening to when I listen to the passing of time?”
As poetic words these are truly beautiful. However, as words of physics they are
meaningless. I never had “listened to the passing of time,” and I have no idea what
the author means by the phrase “listen to the passing of time.” Furthermore, nowhere
in the book the author explains why “time” is “the greatest mystery.” As far as I
could tell, the reason for the mystery of time arises because it is erroneously
associated with another quantity, which is also considered as being mysterious.
Most authors when writing about the “mystery of time” pointing out that, in
contrast to space, where you can go forward and backward, in time you can go only
forward, i.e. in the direction of the Arrow of Time. Then they associate the Time’s
Arrow with another concept which is considered to be “mysterious,” the Entropy.
Carroll, in his book “From Eternity to here” writes:
“The most mysterious thing about time is that it has a direction; the past is different
from the future. That is the Arrow of time.”
In my view there is no mystery in time. The main reason for the mystery of time
is because people, mainly theoretical physicists, say that it is a mystery. The same is
true for the apparent mystery of the entropy.
The fact that events go only forward in time is a fact into which we were born. If
you insist, you can say that space is a mystery; the mystery of going both forward
and backward. Why is this not considered as a mystery while time is a mystery?
The answer to the last question is painfully simple: The association of the Arrow
of time with the “well-known” mysterious concept of entropy.
As we shall see in Chapter 11, entropy is a simple, well-defined and wellinterpreted concept. It has no traces of mystery. The mystery is only in the minds of
those who do not understand it. These are also the same minds that erroneously
associated with entropy.
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The immense power of time?
In many popular science book, e.g. Seife (2007), you find the phrases: “ravage of
time,” and “ravages of entropy.”
Indeed, there is nothing wrong in using the phrase “ravage of time” in connection
with processes of decay, destruction and death. However, this figure of speech is not
a law of nature. One can also use the phrases “the beneficial effect of time,” the
“building of time” or the “ordering of time,” in connection with blooming flowers,
getting wiser with age, new births of babies or a creation of a new novel, a painting
or a symphony. In all of these processes time is not the cause of any process. Time
does not destroy or create anything. Time is a totally innocent concept, not a
powerful agent. Processes (of destructions, creations, etc.) occur in time, not because
of some power that time has. Yet, these phrases are acceptable as figures of speech.
The phrase “the ravages of entropy” cannot be accepted, not even as a figure of
speech. In fact, entropy is even more innocent than time. It does not create anything
(certainly not life as some authors claim), and it does not ravage anything (certainly
not life as some authors claim), see also chapter 11.
So, “what is Time?”
I read many answers to this question in popular science books. Some answers are
truly silly. Yes, I mean silly! Perhaps very silly will be more appropriate. I will
discuss this topic further in chapters10 and 11. For now, and for the rest of the book,
I will keep and use the “practical definition” of time, as the counting number of some
periodic of cyclic process.
“Times” as multiplication
Finally, I would like to comment on another “meaning” to “Time.”
Why do we use “times” in order to multiply? We say “four times five,” meaning
multiplying 4 by five. The verb to “multiply” has nothing to do with “time.” So how
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did “times” come to mean “to multiply?” I looked at different dictionaries and the
answer eluded me. As a verb, the word “time” means to fix a time, or to appoint a
time, and obviously has nothing to do with multiplying.
My guess is that “times” (used in the sense of “to multiply”), does not have the
meaning of multiplication, but is only used as an abbreviation.
We say, “I have read this book three times,”
“I have been to this place five times.” Here, “times” mean “points of time.”
Likewise, when we add the number “4” five times, the word “times” has the meaning
of “points of time.” This is tantamount to saying that I multiplied 4 by 5. Thus, “4
times 5” is an abbreviation for “I added the number 4, five times, or the number 5,
four times.” Here, “times” mean points of time. Thus, “times” got the meaning of
multiplication only when we abbreviate the last sentence into “4 times 5,” or “5 times
4.”
This also explains why “times” as “multiplication” always appears in the plural
form because we did something (in this case, adding) several times.
Thus, there is no such verb as “times.” You can say I multiplied 5 by 4, but you
do not say I “timesed” 5 by 4.
While pondering the question of “times” as multiplication, I asked myself, “If “4
times 5” means: 4 + 4 + 4 + 4 + 4 (i.e. five times addition of “4” to zero), what then
should we call the succession of multiplication of 4 × 4 × 4 × 4 × 4 ? We multiplied
4 by itself five times. Can we abbreviate this by saying “4 times 5?” We could, but
“times” is already used for a succession of additions, and therefore cannot be used
also for a succession of multiplications.

My private collection of clocks and watches
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Since I started writing this book I have collected many clocks and watches, which
decorate my study room. Some of these are shown in the figures below. See Figures.

Appendix 2: A visit to the L. A. Mayer Museum of Islamic Art
Sometimes, in our quest for something we look far and wide only to realize it is wellwithin reach. The museum is located in Katamon, a suburb of Jerusalem which is
not far from where we live. It opened its doors to the public in 1974. It was founded
in the 1960s by Vera Bryce Salomons, a scion of a British-Jewish aristocratic family
who also happened to be a patroness of culture and arts. Vera Salomon’s primary
objectives in establishing the museum were; the cultivation of peaceful relations
between Muslims and Jews, and the perpetuation of the memory of her friend, the
late Prof. Leo Arie Mayer, one of the foremost scholars in the field of Islamic art
and archeology, and former rector of the Hebrew University of Jerusalem.
Although the museum’s concept was to establish a showcase for Islamic
civilization in general, and the Arab cultural legacy in particular, it also houses a
watch and clock collection, one of the most important in the world which belonged
to Vera Salomons’ father, Sir David Lionel Salomons.
The watch and clock collection is quite impressive, and well presented. The room
where the collection is on display is dimly-lit, save for a few pin and spot lights
which dramatically illuminate the timepieces. There is a security guard who keeps a
watchful eye (overzealous at some point, or so my wife thought) on all the people
who enter the room. His overzealousness (if I may call it that) is with good reason.
On April 16, 1983 in the dead of night, a brazen museum heist unsurpassed in its
audacity in Israeli history took place targeting the Watches and Clocks Hall. The
thief managed to haul off half the collection of rare and valuable watches and clocks.
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With the use of a crowbar he bended the bars on a back window of the museum.
According to the police we he was so thin that he effortlessly slid in, and out of the
broken window bars, undetected. He had done his homework well, he knew that the
alarm was broken, and that the guard was stationed in front of the building. It also
helped that the view from the broken window was blocked by a parked lorry.
After twenty-three long years the museum’s directors had almost given up hope
of recovering the loot. With no leads the case had gone cold. In an unexpected turn
of events a lady curator of the museum was visited by an art dealer from Tel Aviv
in 2006 who informed her that he believed that he had seen some of the stolen items
which were part of the collection. In no time at all, the curator received a phone call
from a lady lawyer who she was not acquainted with. The lawyer told her exactly
the same thing, and that her client whose identity she did not want to divulge,
inherited the watches from her husband. The lawyer invited the museum’s
management to take a look at the watches. The negotiations were brief, a total of
thirty-nine watches and clocks which were packed in cheap cardboard boxes were
returned to their rightful custodians. Much to the museum director’s relief, the initial
batch of watches and clocks which were recovered were mostly the important
timepieces by the master watchmaker, Abraham Louis-Breguet (1747-1823), which
included watch no. 160, the famous perpétuelle especially made for Marie
Antoinette, the Queen of France.
Upon the recovery of some of the stolen pieces, the museum informed the Israeli
police who in turn immediately conducted an investigation which led them to
connect the missing pieces of the puzzle. Based on their investigation, the perpetrator
of the crime was Náaman Dieler who was a well-known burglar in Israel and Europe
in the 1960s and the 1970s. He had no family, friends, and pretty much kept to
himself and did now allow anyone into his confidence. In 2003, after he was
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diagnosed with cancer he married his longtime girlfriend, Israeli Nili Shomrat.
Realizing that his life was drawing close to its end he confessed his crime to Nili
who was to be his beneficiary of all the wealth he had accumulated from his
countless thievery and burglary. Dieler managed to sell a few of them, and most of
them where securely kept in a Tel Aviv warehouse for years.
When the police ascertained the identity of Nili Shomrat, they went to her house
in Los Angeles where a number of the stolen items were found; two paintings taken
from the museum which were shamelessly displayed in her house, musical boxes
and watches, original labels from the museum, and fake passports and stamps of
various countries’ border police. It was not however in Los Angeles where the police
found the most valuable of the stolen watches. Their investigation led them to safes
in Paris where they found more than forty watches and musical boxes, which
included the collection’s finest.
The collection totaled 191 items, from which 101 were stolen, 88 were recovered
while The other 13 had not yet been found. The most important, rare, and the most
valuable were made possible not only to Sir David’s economic well-being, but more
so because of his knowledge of horology. The most important collections were
crafted by Breguet, inventor of the greatest technological innovations in modern
watch-making during his time.
Some of the most important and the most valuable of Sir David’s collection were
The “Marie Antoinette,” the tourbillon watch, to name a few which were all credited
to Brequet’s ingenuity. His creations were so impressive and brilliant that Sir David
Salomons wrote in his catalogue of Breguet’s watches: “To carry a fine Breguet
watch is to feel that you have the brains of a genius in your pocket.”
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Included in David Salomons collection of Breguet’s masterpieces are a group of
automaton watches; a selection of scientific instruments such as barometric
compasses, sundials, and telescopes dating back to the 17 th to the 19th centuries.
Watches and clocks which were manufactured in the 18th century for the Turkish
market also form part of his collection. Other valuable collections are gold musical
boxes embellished with enamel pictures, pearls, and diamonds made by well-known
19th century craftsmen in Switzerland. He also has mantle clocks, carriage clocks,
and longcase clocks.
Today, the recovered pieces do not fail to elicit oohs and ahhs from the museum
visitors. Here, I show only a few of the photos of the clocks and watches which we
took shots of when we visited the museum. For a more comprehensive description,
and all pertinent information about the collection, copies of “The Art of Time,” ‘The
Sir David Salomons collection of watches and clocks’ by G. Daniels and O.
Markarian are available for sale at the museum’s store.

Chapter 3. Velocity and Frequency
In the previous chapter we tried to clarify what we mean by telling the time or
measuring time. There are two fundamental concepts which involve time and which
we shall discuss in this chapter; velocity (or speed) and frequency.1
Everyone knows that velocity is defined as the distance traveled, say, in
centimeters (cm), per some unit of time, say, hour (h), or second (sec). However, it
is less obvious to define the velocity of an object at each point in time.
Suppose you travel by car from Jerusalem to Eilat. Your watch reads 7:32 as you
start your drive. When you get to Eilat, your watch reads 11:32. If you know that the
distance between the point of departure and the point of arrival is 300 km, and your
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watch tells you that it has been four hours from the time you left Jerusalem until you
reached Eilat, therefore, your velocity was

300
4

= 75 km/h.

Clearly, you did not drive at this constant speed all the time. Initially, you started
with zero speed, then accelerated to some speed between 60-70 km/h. On the way,
you probably stopped for coffee, rendering your speed at 0. You drove again, and
perhaps there were virtually no vehicles along the way so you accelerated to 140
km/h which is way above the maximum speed allowable. You slowed down and
your speedometer dropped to say, 60-70 km/h until you reached your final
destination, meaning, decelerating to 0 velocity.
What we mean by the 75 km/h velocity is the average velocity; the total distance,
here 300 km, divided by the total time, in this case, four hours, and the speed you
calculated is

300
4

= 75 km/h.

Although the calculation of the average speed is straightforward, the actual speed
at each point of time is far less straightforward.
Consider the following story, adapted with changes from Feynman’s “Lectures
on Physics” (1963).
Suppose that Linda leaves home at 8:00 am, and after a few minutes she is on the
highway, and while listening to her favorite music on the radio she hears siren blasts
behind her. She pulls over and the police officer peers at her and says:
PO:

Mam, you were driving at 100 kilometers per hour, on a road with a maximum

speed limit of 70 km/h.
Linda: That is impossible, officer. I left home only ten minutes ago, and there was
no way I could have driven at 100 kilometers per hour. I did not drive for an hour, I
was on the highway only during the last fifteen minutes.
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PO:

Mam, I did not mean that you actually drove 100 kilometers during the last

hour. What I meant is that if you had looked at your speedometer, you would have
seen that it read 100 km/h.
Linda: That is impossible too, officer. My speedometer is in miles per hour, not in
kilometers per hour, so it could never show that I drove at 100 km/h.
The exasperated cop managed to calmly explain to Linda:
PO:

Mam, what I meant to say is if you were to drive for the next hour along the

same highway, you would have passed 100 kilometers.
Linda, who was also agitated and frustrated explained to the cop:
Linda: Officer, you must be wrong on this claim too. You should know that this
highway ends in another 50 km from this point. At the end of the highway is a tall
building. There is no way I will drive through that building for another 50 km.
The cop who simply got lost in their exchanges, said:
PO:

Look, when I said that you were driving at 100 km/h, I did not mean that you

actually drove for a full hour in the past, nor a full hour in the future. What I meant
was if you continued at the speed you were driving, one minute longer you would
have driven for about

100
60

kilometers ≈ 1.66 kilometers. This means that you have

driven at a speed of 1.66 km/minute, which is a too high speed.
Linda smiled confidently, all the more convinced that the cop did not know what
he was talking about.
Linda: Officer, you may be correct in your estimate, but I have yet to hear of a law
that puts the speed limit at 1.66 kilometers per minute.
Can anyone help the poor guy to convince Linda that she violated the law by
driving at 1.66 kilometers per minute? Would it be easier to convince Linda that she
drove at

1.66
60

𝑘𝑚/𝑠𝑒𝑐, or approximately at 2.77 centimeters per second?
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I think nothing, and no one can convince Linda because she probably does not
know what a speed at some point of time mean.
This kind problem paved the way to one of the most fundamental concepts in
calculus; the concept of a limit.
A short discussion may be found in Appendix B. To wrap up this discussion let
us discuss once more the concept of the average velocity. First, note that the average
velocity is different from the average of two or more velocities.
Suppose that you travel between A and B with a distance of 60 km, and the time
of travel is 0.5 hours. Then, you drove back from B to A with the same distance but
it took two hours.

60 km in 0.5 hours

A

B

.
60 km in 2 hours

A

B

What is the average velocity in the entire trip?
What is the average of the two velocities?
Please do this exercise before referring to the note 2.

Note that if we make a distinction between the speed and the velocity, i.e. first, we
take the absolute value of the velocity (sometimes called the speed), and the velocity
which has a direction. In this case, since we got back to A we travel the net distance
of 0 km, hence, the average velocity would be zero.
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Clearly, the two averages are different. They can be quite different. Note also that
the first average is always smaller than the second average. Can you prove that? See
Note 3.
If you have a difficulty in solving this problem try the following “easier” one, but
with a surprising result.

Riding on a donkey

Jerusalem

Tel Aviv

.
Flying at a speed near the speed of light

Jerusalem A

Tel Aviv

On the way from Jerusalem to Tel Aviv you ride on a donkey. The speed of the
donkey is v. On the way back you fly with nearly the speed of light, call it c. You
know that 𝑐 ≫ 𝑣. Therefore, you can neglect v with respect to c.
What is the average speed of the round trip, and what is the average of two speeds?
A rough estimate will be accepted.4
If you did the two exercises above, you might want to try the following related
problem, which has an important practical conclusion.
You are told that today, there is no wind and the velocity of the plane flying from
Tel Aviv to New York, and back is constant v. Tomorrow, there will be strong wind
from west to east (head-wind), such that the ground speed on the way to New York
will be v - w (w being the constant speed of the wind). On the way back, the plane

45

will have a tail-wind, and its ground speed will be v + w. See diagram below. Clearly,
the average of the two speeds is simply v independent of 𝑣.
Assuming that you want to minimize the total flying time in a round trip to New
York and back, in which day will you choose to fly, today or tomorrow? 5

Ground speed: v - w

Tel Aviv

New York

.
Ground speed: v + w

New York

Tel-Aviv

Frequency
The concept of frequency is somewhat simpler than that of velocity. However, it
is important, if not indispensable, in any method of measuring time. As we noted
earlier any measurement of time by any clock is actually a counting number; the
clock counts the number of times a specific periodic event occurred. (This excludes
clocks such as sun-clocks which do not “count” anything, see Chapter 6). In
Appendix C we present some periodic functions
In daily life we use the word “frequency” meaning the number of times that some
event occurred per unit of time. For instance, the heart beats at a rate of 70-75 beats
per minute, or about 75/60 beats per second. The standard units of frequency is the
Hertz (Hz) named after the German physicist Heinrich Hertz (1857-1894). One hertz
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means that the event repeats itself once every second. Thus, the frequency of our
heart beat is about 1.17Hz.
Some useful relationships between frequency, wave length and the speed of light
are the following: As we have noted above the speed of light c, is the speed of the
electromagnetic wave in vacuum. We shall see in Chapter 7 that this speed is a
constant independent of the speed of the object emitting the electromagnetic waves.
*

𝒄 = 𝟐𝟗𝟗, 𝟕𝟗𝟐, 𝟒𝟓𝟖 meters per second
It is useful to remember the approximate value of c; about 300 million meters per
second, or 300,000 km/s. This is a very large speed. That is probably the reason why
most people believe that when one turns on the light, the room is lighted instantly.
The truth is that it takes some time for the light to travel from the bulb to the walls
of the room. This time is so small that it is perceived as zero time. However, when
the distance is very large the time that it takes the light to pass that distance can be
very large.
Although we shall not use the Einstein equation relating energy (E) and mass (m),
it is appropriate to mention it here:

𝐸 = 𝑚𝑐 2
It is far from obvious why the square root of the ratio of E/m should be equal to
the speed of light. Figure 3.2
An electromagnetic wave is characterized by its wave length 𝜆, the distance
between two wave crests, or two wave troughs, see Figure 3.3, and its frequency
denoted by 𝜈 , which is the number of waves that pass a given point per second.
The relationship between 𝜆 and 𝜈 for electromagnetic waves is:
𝑐 = 𝜆𝜈
Clearly, the higher the frequency of the wave, the shorter the wavelength.
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There is another important relationship between the energy of the
electromagnetic waves and its frequency:
𝐸 = ℎ𝜈 = ℎ𝑐/𝜆
where h is the Planck constant
ℎ ≈ 6.6 × 10−34 joules per second
There are many types of waves. The most common ones are the waves in water.
When you throw a pebble into calm water, you will see ripples or small “waves”
spreading in circles from the point where the pebble hit the water, outwards from
that point, Figure 3.4.
Another type of wave which are not visible to the human eye, but are heard are
soundwaves. These waves are generated by a vibrating object, the source (such as a
tuning fork or the membrane of a drum). The source of the sound induces vibrations
in the surrounding medium. In the air these vibrations consist oscillation of pressure
(or density) of the air which propagates from the source at a speed of about 345
meters per second. When these waves reach your ear they induce vibrations in the
eardrum. Figure 3.5. The frequency is transmitted to the brain, where it is interpreted
as a certain pitch, Figure 3.5.
The various pitches we hear are soundwaves with different frequencies, see note
6.
Take note of the big difference between the speed of light (in vacuum) and the
speed of sound (in dry air at about 20℃). When we were in the boys scouts we
learned how to estimate the distance of the thunders by measuring the time between
the light (of the lightning) we see, and the time we hear the thunder. Can you estimate
the distance of the source of the lightning if you hear the thunder five seconds after
you see the first flash of lightning?7
Electromagnetic waves
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One of the most remarkable achievements of James Clerk Maxwell (1831-1879)
was to take four equations which describe the behavior of electricity and magnetism,
two completely unrelated phenomena, solved them, and found what is now known
as the electromagnetic waves. When I first learned about Maxwell solutions I was
overwhelmed. It seemed to me that Maxwell did something truly magical; he
“created” something (later referred to as electromagnetic waves) non-substantial
from two material properties; electricity and magnetism. Later I learned that
Einstein, in his early career was deeply impresses by Maxwell’s unification of
electricity and magnetism into a single theory that also explains the creation and the
propagation of electromagnetic waves.
According to quantum mechanics light comes in discrete packets of energy which
we call photons. Thus, one can view light (or any other electromagnetic wave) as a
steam of photons, having an energy corresponding to its frequency or wavelength.
Electromagnetic waves are waves of electric and magnetic fields which travel at
a speed of light (in vacuum), Figure 3.6. The range of frequencies (or wavelengths)
of the electromagnetic waves is referred to as the electromagnetic spectrum. The
range of frequencies is enormous from the most energetic (high frequency) of
gamma rays, to extremely low frequencies of a few hertz of the long waves, See
Figure 3.7. The light waves visible to the human eye’s frequencies range from 660780 THz (violet) to 400-500 THz (red). The sodium lamp (used in street lamps) has
a bright yellow light of wavelength of about 589 nanometers.
In terms of wavelength the range is between 390 to 700 nanometers.
1Thz (Terahertz) = 1012 Hz
A personal note: I always liked clarinet music, in particular Mozart’s concerto
(K622), Mozart’s clarinet quintet (K581), and Brahms’ clarinet quintet (Op 115). In
fact, I liked any clarinet music. I never knew why. When I spent my first sabbatical
year at the National Institute of Health (NIH) in Bethesda, MD did I decide to learn
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how to play the clarinet. Only then I “discovered” what was that which I liked about
the clarinet: its special tone. This is what is called as timbre, or the tone-quality, or
the tone “color.” These terms determine what we call the quality of the tone. In
physical terms when we hear a certain tone of a clarinet, say with frequency 𝑓0 ; it
actually contains a series of harmonics which are 𝑓0 , 2𝑓0 , 3𝑓0 , 4𝑓0 , etc.
Because of the clarinet’s special structure (closed on one side) only the odd
harmonic appear, 𝑓0 , 3𝑓0 , 5𝑓0 . The flute, on the other hand, is open on two sides and
its’ tone contains even harmonics, i.e. 𝑓0 , 2𝑓0 , 4𝑓0 , etc.
Figure… shows how the actual wave is produced as a combination of harmonics.
Figure…(a) the first three harmonics; (b) the sum of the three odd harmonics 𝑓0 +
3𝑓0 + 5𝑓0 ;
(c) the sum of the three even harmonics 𝑓0 + 2𝑓0 + 4𝑓0 ;
Appendix 3: A visit to the National Physics Laboratory (NPL)
The National Physical Laboratory (NPL) is the United Kingdom’s national
measurement standards laboratory.
Since its inception in 1900 it continues to “make world-leading scientific
discoveries in order to bring scientific knowledge to bear practically upon everyday
industrial and commercial life, and has established itself as a world-class center of
excellence in measurement science, maintaining the nation’s (UK’s) primary
standards of measurement while developing such innovations such as radar,
computer network packet switching, atomic clocks and, more recently, the world’s
first room-temperature maser.”
D. W. Dye, who did important work in the development of the technology of
quartz clocks, Sir Barnes Wallis, known for his early development on work
regarding the “Bouncing Bomb” which were used in wartime raids,

Sydney

Goldstein and Sir James Lighthill worked in the aerodynamics division of NPL
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during World War II, Robert Watson-Watt, considered to br the inventor of radar,
Oswald Kubaschewski, are just a few of the prominent researchers who did
important and valuable work at NPL.
NPL research has impacted and contributed to physical science, materials
science, computing, and bioscience. Applications have been found in ship design,
aircraft development, radar, computer networking and global positioning.
In 1955, the first accurate atomic clock, a cesium standard based on a certain
transition of the caesium-133 atom was built by Louis Essen and Jack Parry.
Calibration of the cesium standard atomic clock was carried out by the use of the
astronomical time scale ephemeris time (ET) which led to the internationally agreed
definition of the latest SI second being based on atomic time.
NPL has been undertaking computer research since the mid-1940s. Alan Turing
led the design of the Automatic Computing Engine (ACE) computer from 1945.
However, the ACE project was overambitious and was beset by difficulties and
problems which led to Turing's departure.[25] In his place, a man by the name of
Donald Davies took over the reins and concentrated on delivering the less ambitious,
but successful Pilot ACE computer, which first worked in May 1950. DEUCE, a
commercial spin-off manufactured by English Electric Computers and became one
of the best-selling machines of the 1950s.
In the beginning of the mid-1960s, Donald Davies and his team at the NPL
pioneered packet switching. Today, is the dominant basis for data communications
in computer networks worldwide. In 1965, Davies designed and proposed a national
data network based on packet-switching. His NPL team developed the concept into
a local area network which operated from 1969 to 1986, and carried out work to
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analyze and simulate the performance of packet switching networks. The group’s
brainchild and practice influenced the ARPANET in the United States, the
forerunner of the Internet, and other researchers in the UK and Europe.
Today, the NPL remains truthful to its core in saving lives, protecting the
environment, and enabling the UK citizens to feel safe and secure while it continues
to support international trade and innovation in the commercial world.
Our visit to the NPL was made possible by a colleague and friend of mine, Andy
Augosti, a professor of applied physics and instrumentation, Kingston university..
We went in August which coincided with the holiday leave of a majority of NPL’s
scientists, and as a result most of the laboratories including the one which houses the
atomic clock were off-limits and were under lock and key. Notwithstanding this
limitation, our visit started with a warm welcome (with me and my wife receiving a
token gift from NPL) of a lady training officer who, together with our friend Andy’s
gracious wife, Michelle, led us through the labyrinth of NPL’s offices and
laboratories and showed us some of the highlights of the NPL.

The atomic clock, as expected was securely stored and locked inside a seemingly
sacred chamber. The glass panel on the locked door allowed us to take a peek.
Today’s cesium fountain atomic clock can measure time to an accuracy of one
second in 158 million years. The next generation of atomic clocks which makes use
of laser-cooled trapped ions or atoms, should be able to achieve accuracies around
100 times better than the current best atomic clocks.
The current atomic clock system at NPL serves as the basis of UK time and
contributes to the international time scale, Coordinated Universal Time (UTC).
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Chapter 4.

History of Time.

If you read the Preface of this book you might have noticed that one of my aims in
writing this book (as well as some of my earlier books) is to educate the reader to
read critically. If you are not a scientist and you read a popular science book, you
might not have the “tools” to critically examine the content of a book you read. In
such a case you usually take for granted that the author knows what he is writing
about.
However, there are cases when you should be able to question or to doubt the
message of a book by simply reading its title. The most well-known case is
Hawking’s book “A Brief History of Time.” I have written an extensive review of
Hawking’s book in my book “The Briefest History of Time.”1
I will describe below some of the contents of Hawking’s book, but before doing
so let me focus first on the title of his book:
“A Brief History of Time”
Without even reading the book itself you should ask yourself what is meant by
history of time.
Whether you are a scientist of not, you must know what a history of something
means. Basically, the history of an object (or a person, a country, or whatever it may
be) is a list of events, associated with that object which occurred at some particular
point in time (or period of time), and at some particular location.
For instance, a brief history of a person AB would look like this:
 AB was born in Jerusalem, Israel in 1934.
 He went to school in Jerusalem from 1940 to 1952.
 He served in the army in different places from 1952-1955.
 He studied at the University of Jerusalem from 1957-1964.
 And so on.
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Writing about the history of an abstract concept is problematic. For instance, what
possible details can you include in the history of beauty, or love, or the history of
time?
I have discussed this problem in my book, Ben-Naim (2016). Here, I will go
directly to the “History of Time.”
A genuine history of time should look like this:
 Time was born at no point of time, and no point in space.
 At some point in time, Time went to school in no point of space.
 At another point of time, Time got married (with entropy?) at a certain point
of time at no point in space.
I urge the reader, whether a layman or an expert on Time to add some more details
in the History of Time. I hope that by now the reader realizes the futility of
undertaking such task as book writing on the History of Time, be it brief or long.
Unbelievably, people do write about Time’s History. The best example is
Hawking’s “A Brief History of Time” (1988). This book is anything but a History
of Time. If you go through the book, and read each chapter carefully and critically,
you will discover that out of book’s 187 pages, over 85% of it do not mention time,
while a mere 10% mention time, but not about the “History of Time,” and only about
2-3% can be reckoned as a “History of Time.” For a more detailed review of the
book, see Ben-Naim (2016a).
In Davies book (1995) there is a whole chapter on “A Brief History of Time.”
This chapter, as Hawking’s book, contains nothing about the history of time. You
will read there many beautiful statements which are meaningless. Examples: “We
are slaves of our past and hostage to the future.” “The abiding tension between the
temporal and the eternal pervades the world’s great religions…Is God inside or
outside of time? Temporal or eternal? Progress of Being?”
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One can safely conclude that Hawking’s book is deceiving, it is not a History of
Time, not even A Brief History of Time. It is a long book and tedious potpourri of
topics ranging from elementary particles, to black holes, cosmology, etc. What is
even more shocking, yes, I mean shocking, is that almost all which can be considered
a discussion of time, philosophy of time, and the physics of time, are all nonsense!
My last statement might come as a shock to the reader. Here, I will explain very
briefly why I came up with such a conclusion, more details may be found in my
book, Ben-Naim (2016a). My argument originates from Hawking himself. In 2005,
Hawking, together with Mlodinov, published an “improved” book entitled “A
Briefer History of Time.” In this co-authored book, the authors removed most, if not
all of the discussions of time which featured in the “Brief.” A quick comparison of
the indexes of the “Brief” and the “Briefer” reveals that the all following topics
mysteriously disappeared in the “Briefer.”
Arrow of Time
Entropy and the Black Hole entropy
Cosmological arrow of time
Thermodynamic arrow of time
Thermodynamic second law
Time, Arrow of
Time, imaginary
The authors do not explain why they omitted all these topics, which were most
relevant to time. By doing so they published a book which is almost devoid of any
discussion about time, let alone about the “history of time.” I have also discussed the
reason for the omissions in Ben-Naim (2016a).
What remains is a painfully long “History of Time,” described in a book entitled
“A Brief History of Time.” This book contains at most one event that which can be
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reckoned as the History of Time. This “event” could be discussed in at most one of
page; it is the “birth” of Time.
Personally, I believe that time has no history. Time is timeless! I do not believe
that any theory of physics, nor all the “evidence” in favor of the Big-Bang, can deal
with such a singular point referred to as the Big-Bang; the whole universe with
infinite mass, infinite energy, and infinite temperature concentrated in an extremely
small volume. Thus, in spite of all the impressive “evidence” about the Big Bang,
one can safely say that this event is a highly speculative, and in my opinion totally
unconvincing.2
If, however, you do believe in the Big Bang, then you can tell all the History of Time
in one sentence:
Once upon a time, Time was born at no point of time, and at no point in space.
This is all what is “known” about the history of time. In my opinion even this
event is highly speculative, and therefore I do not see any reason why one should
write a book on the history of time which is devoid of any events associated with
time.
Normally, the history of a deceased person is concluded with the date and place
where that person died. It goes without saying that in writing the history of a living
person, nowhere will one find a date and place of his or her death. Surprisingly, in
some books describing the (nonexistent) “history of time” authors go to the extent
of “predicting” an event referred to as the Big-Crunch which is essentially the death
of Time, although time is still alive. This absurd item in the history of time should
shock anyone who reads about this topic. I should also mention that a whole book
was published by Frampton (2010) entitled “Did Time begin? Will time end?” The
book not only discussed two highly speculative topics, but went to the extent of
ordering the following four possibilities:
1. Time had a beginning and will have an end.
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2. Time had a beginning and will have no end.
3. Time had no beginning but will have an end.
4. Time had no beginning and will have no end.
Surprisingly, the author assigned probabilities to these events. If you have an
elementary knowledge of probability you will realize that assigning probabilities to
these kind of events is tantamount to assigning any arbitrary number, you wish for
the probabilities of these events.
Some cosmologists “predict” that if the universe stops expanding, time will stop,
and the universe will contract, and time’s arrow will change its direction.
If you accept the “practical definition” of time as the number that counts the
number of some cyclic phenomenon, then it is clear that whatever the universe does;
expands, contracts, does not change, or oscillates between expansion and
contraction, the counting number will always increase. If the universe continues to
expand and contract indefinitely, perhaps this process mays serve to keep the time
on a cosmological periodic phenomenon. This will be the ultimate cosmological
clock!

I would like to end this chapter with another, not so well-known quotation from Saint
Augustin, about the creation of time. In the book “Confessions” Book Eleven
Chapter XIII Saint Augustin writes:

For in what temporal medium could the unnumbered ages that thou didst not make
pass by, since thou art the Author and Creator of all the ages? Or what periods of
time would those be that were not made by thee? Or how could they have already
passed away if they had not already been? Since, therefore, thou art the Creator of
all times, if there was any time before thou madest heaven and earth, why is it said
that thou wast abstaining from working? For thou madest that very time itself, and
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periods could not pass by before thou madest the whole temporal procession. But if
there was no time before heaven and earth, how, then, can it be asked, “What wast
thou doing then?” For there was no “then” when there was no time.
I agree!
If Time did not exist before the Big-Bang (or the creation of Time), then there was
no “then” when Time was borne. Which is equivalent to saying that there is “then”
when the Big-Bang occurred.
Appendix 4: A visit to the British Museum, and Science Museum, London
The British Museum’s exhibits focus on human-history, art and culture. Its
collection is probably the largest and most comprehensive, totaling 8 million works.
The museum is also home to an impressive collection of a thousand clocks, and
4,500 watches, perhaps unrivaled in scope and sheer quantity. Its rich and diverse
collection of clocks opens a window for a viewer to peek in horology’s history from
medieval times to today’s modern world. Its impressive collection offers the viewer
a crash course on the scope and extent of the history of the science, the development
of decorative arts, a glimpse into the people who owned and used the clocks, and
more importantly how the art, science, and the industry of the clockmaker came
about.
Allow me to briefly discuss the origins and purposes of clocks.
Galileo Galilei, Isaac Newton, and Albert Einstein, household names, no doubt.
But how many of us are familiar with the names Christiaan Huygens, Robert Hooke,
Thomas Tompion, Louis Breguet, Essen, and a score of many others? Do their names
ring a bell? These people created and gifted us with clocks and watches which have
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evolved through time. They have sown the seeds, and we are reaping the results of
their hard work.
The history of mechanical clocks remains shrouded to this day. Although
manuscript references to new installations in England and Italy point out to their
appearance towards the end of the twentieth century, it is by no means an indication
that the first clocks were made there, it was simply a matter of the records surviving
in those two countries.
Intertwined, clocks and science have evolved through the centuries. Astronomers
and navigators demanded better and accurate timekeeping tools, but precision and
accuracy were relative terms. It was only in 1676, when the pendulum clock made
by Thomas Tompion for the Greenwich Royal Observatory redefined accuracy,
elevated it in fact to a height never seen before.
Today, we reap the seeds sown by the pioneers and inventors of the first clocks.
We owe to them some semblance of order in our daily activities. More importantly,
we enjoy the fruits that science has reaped from their inventions.
Figures Science Museum
Some clocks from London

Chapter 5.

History of Thinking about Time

As we have seen in the last chapter, on one hand, there is really nothing to say about
the History of Time. On the other hand, there exists a rich history, commonly
referred to as history of the philosophy of time, which is commonly confused with
the history of time. There is also a rich and interesting history of developing timekeeping devices, or measuring time. This topic will be discussed in the next chapter.
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No one has seen, heard, smelled, tasted, or touched time. No doubt that animals and
plants have a sense of time. The fact that animals know how to go back to a food or
water source means that they remember something that happened in the past. They
also build nests, hoard food in planning for the future.
With the exception of humans, I doubt that any animal has speculated about time;
having a beginning or ending sometime.
While I have serious doubts about animals thinking about time’s birth and time’s
mortality, I am certain that no animal, except human beings, have associated Time
with entropy and the Second Law. This is a human characteristic which I will discuss
in detail in Chapters 10 and 11.
In this Chapter I will present only a very few landmarks in the history of thinking
about time. There are many specialized books on this topic. I recommend Bardon’s
book (2013) on “A Brief History of Philosophy of Time.”
The word time was probably coined when people noticed that every change that
occurs takes time. This is a circular “definition” of time. In ancient Greece the
prevalent view of time was a “measure of change.” Some even claim that Time is
Change. Can you imagine time without a change, or a change without time?
We conceive time as the medium in which changes take place. We cannot conceive
changes without time, and we cannot conceive time without any change. The leading
proponent of this view was the Greek philosopher Aristotle (384-322 BC).
In fact, Aristotle “defined” the past (“which has been and no longer exists”), and the
future (“which is what will be”). The “now” (or the present) was considered as the
boundary between the past and the future. Since all the events that occur now will
soon be considered as part of the past, one has a sense that “now,” the dividing point
between the past and the future is constantly “moving” or “flowing.”
Heraclitus of Ephesus (c.535BC-c.475 BC,) a Greek philosopher was famous for his
statement that “reality is forever changing.” A river at this very instant is never
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exactly the same river the next moment. This is true for any living thing; you, I, and
every other living creature, as well as every cell in our body, keep changing every
minute.
The Eleatics school of philosophy founded by Parmenides, with Zeno as one of its
members had a contrasting view from Heraclitus. They believed that all changes are
only illusions, and that in reality the world is an unchanging, timeless unity. Time
was considered a mental idea, not a real thing.1
Zeno is also known for several paradoxes associated with time. We shall describe
two of them in Appendix D. They are not really paradoxes, but they seem to be for
those who could conceive that the sum of infinite pieces can be finite.
The ideas of Greek philosophers, especially Aristotle prevailed through the middle
ages. Some believed that the Catholic church was responsible for the stagnation in
the thinking about the world in general, and about time and the laws of motion, in
particular.
However, the situation started to change during the 17th century which is now known
as the “scientific revolution.” During this period scientist began to question the
authority of the church. Scientists started to rely on experiments and on mathematical
deduction in their search for the truth.
The story of the Copernican revolution is well-known. Nicolaus Copernicus (14961501) is credited for “removing the earth from the center of the universe.” The
paradigm shift was from the geocentric model (i.e. the earth being stationary at the
center of the universe) to the so-called heliocentric model (i.e. the sun being at the
center of the solar system, which was then the entire universe).
Both Copernicus’ and Galileo’s writings were banned by the church. Copernicus
died shortly after he published his book “Revolutions of Heavenly Bodies.” It was
Galileo who was tried by the inquisition after he wrote the Dialogues which was
considered by the Catholic church as heresy; contradicting the Bible’s teachings.
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In 1633 Galileo was sentenced by the inquisition and was forced to tell the “truth.”
His sentence consisted of three parts: 1. Galileo was found “vehemently suspected
of heresy,” and was required to “abjure, curse and detest” his opinion (on the sun
being the center of the universe). 2. Galileo was sentenced to lifetime imprisonment
which was later downgraded to house arrest. 3. His book, the “Dialogue” was
banned.
According to popular legend, Galileo never changed his mind, and until his death in
1642, he muttered the phrase “and yet it moves” (“E pur si muove”).
Galileo did many experiments to determine the speed of falling bodies. He used a
combination of heart beats and the pendulum to measure the time. He also studied
the physics of the pendulum, See Chapter 6.
It was Isaak Newton (1643-1727) who replaced Aristotle’s dogma. He was the first
to formulate the laws of motion in mathematical terms. In his “Philosophiea
Naturalis Principia Mathematica,” known in short as the Principia, which was
published in 1687, he wrote about time and space.
Wolfenson p.83
Absolute, true, mathematical time, from its own nature, passes equably
without relation to anything external.
Absolute, true, mathematical space remain similar and immovable without
relation to anything external.
These, almost poetic words were accepted by scientists for almost two centuries.
They seem so obvious. Who could have doubted the absoluteness of time and space?
It seemed that this description of time and space was true, almost by definition.
Besides being “absolute” and “true” Newton added the adjective “mathematical.” I
am not sure what Newton meant by “mathematical time,” absolute and true are
powerful enough adjectives and do not need any more superlatives. Perhaps Newton
meant that time and space are as true and absolute as a mathematical theorem? As a
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mathematical theorem, the truthfulness of which must be accepted by everyone, so
should be the measurement of distance and time – independent of the observer.
It is not surprising that it came as a shock when Einstein rejected the idea of
absoluteness of time and space. An initial shock that had changed forever people’s
views about time and space. This was a truly revolutionary idea. I will describe some
of the results of Einstein’s theory of relativity in Chapter 7. In this chapter I will
continue with the history of thinking about time.
Many of Einstein’s predictions were verified experimentally. However, the debate
about the meaning of time never ended.
An important and highly publicized event took place in Paris on April 6, 1922. It
was an historical date in the history of thinking about time. It was also a significant
date for two giants thinkers of that time. Einstein, the physicist who was just about
to receive the Nobel Prize (1922), and Henri Bergson, the most respected intellectual
and philosopher of his era.
The fascinating story of the debate between Einstein and Bergson was summarized
in a fascinating book, “The Physicist and the Philosopher; Einstein, Bergson, and
the Debate that Changed our Understanding of Time,” was written by Canales
(2015). FIGURE 5.1
Before I continue this fascinating story of the Einstein-Bergson debate, allow me to
digress a little to share a personal comment.
Reading Canales’ book in preparation for writing my book breathed new life into a
whole period of my last year in high school, which I almost forgot. It was in my final
year in high school when I started devouring books on philosophy, reading almost
all available book written in Hebrew.
One day my English teacher who was well aware of my interest in philosophy
approached me with a flattering suggestion. He knew a philosophy professor who
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recently migrated to Israel and who did not know much Hebrew. He also happened
to be a Bergson philosophy expert.
My teacher asked me if I was willing to meet the new immigrant once a week and
discuss with him any topic in philosophy. In return, he would learn Hebrew from
me. I was not going to pass on that golden opportunity, and that proved to be a
turning point in my life. I was proud to meet and discuss with a philosophy professor,
an expert at that. Our meetings paved the way towards knowing and learning about
Bergson. I still remember buying Bergson’s book “Laughter: An Essay on the
meaning of the Comic.” I was extremely fascinated with the book which was
translated into Hebrew.
While writing my present book curiosity led me to look at some sections of
Bergson’s book “Laughter, an Essay on the Meaning of the Comic” I wanted to
know what drew me into philosophy in my high school days which later ebbed at
some point. My passion for philosophy then extinguished was the end of a
beginning, it led to my passion for science.
In the introduction to Bergson’s book, he wrote:
Our excuse for attacking the problem in our turn must lie in the fact that we
shall not aim at imprisoning the comic spirit within a definition. We regard it,
above all, as a living thing.
Then the author discussed three main facts on the “comic.”
1. The comic is strictly a human phenomenon.
2. Laughter requires indifference; it is difficult to laugh when one is fully aware
of the seriousness of the situation.
3. It is difficult to laugh alone; it is easier to laugh in a group, it is a human and
social activity.
Later in my life when I often looked at Bergson’s book I noticed first, that he evaded
defining the “comic” by announcing that he will not define it. Second, all what he
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said about the comic was both trivial and not entirely true (we do not really know
whether comic or humor is strictly a human phenomenon. It is not always true that
laughter requires indifference and detachment from the seriousness of the situation,
and it is also not true that it is difficult to laugh alone.)
I mentioned this little digression because I discovered that what Bergson wrote on
comic in the “Laughter” has some common characteristics with his views on time (I
was only recently exposed to this upon re-reading Canales’ book). First, Bergson
avoids defining time, and more importantly, by doing so he allows one to say all
kinds of things; some trivial some half-truths, and some mere speculations. You are
free to say anything you want. Interestingly, his book on “An Essay on the immediate
Data on Consciousness” was translated into English bearing the title “Time and Free
Will,” which I would freely translate to: “Time and Free Will to write anything one
wants on Time.”
Thus, while reading Canales’ book, it dawned on me that Bergson rejected Einstein’s
practical “definition” of time. However, he did not offer any alternative definition.
Instead, he wrote about time which could be either “trivial,” “half true,” or “pure
speculation.”
At the time of the meeting in Paris, Einstein was 43 years old and was quite famous
for revolutionizing physics. Bergson was 62 years old, at the peak of his fame,
prestige, and influence which surpassed that of Einstein’s.
Remember that Einstein’s Time was the time shown on our clocks, that was the
physical time, “the time of the universe.” Einstein also admitted that there is a
psychological time which is not a subject of physical theory.
Bergson discussed “the time of our lives.” He claimed that clocks do not explain
time, clocks do not explain memories, premonitions, expectations, or anticipations.
In Bergson’s view there must be more to time than merely reading the clock.
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Clearly, there was and still is a huge, gaping abyss between the two views of time
which reflects the chasm between the two cultures. Canales believes that this
meeting hurt both Einstein and Bergson. Bergson, as it turned out was the one who
did not understand the physics of time, although he never acknowledged defeat. He
believed that Einstein did not understand his philosophy of time. Einstein, for his
part, described Bergson’s philosophy as “flaccid,” and not worth reading. Their
fateful meeting also hurt Einstein as it affected the decision of the Nobel Committee.
Einstein received the Nobel prize a few months after that meeting, although not on
his work on the theory of relativity, but on his work on the photoelectric effect. The
president of the Nobel committee explicitly invoked Bergson’s name as the reason
for the committee’s decision not to award Einstein for his theory of relativity.
“It will be no secret that the famous philosopher Bergson in Paris challenged this
theory… the theory of relativity pertains to epistemology rather than to physics.
Therefore, this theory is the subject of lively debate in philosophical circles – hence,
it did not merit the prize.”
That was not the only reason why Einstein did not get the Nobel prize for relativity.
There were many others who did not believe in the theory (that was before
overwhelming experimental confirmations of many of the prediction of the theory).
There were also other objections to Einstein’s Theory, based on antisemitism.
Canales believes that that meeting in 1922 was the main reason behind the
committee’s decision.
Ironically, in his acceptance lecture Einstein did not talk about the photoelectric
effect, the work that earned him the Nobel Prize. Instead, he talked about relativity
which made him famous worldwide.
Bergson’s idea that Time cannot and should not be understood exclusively through
the lens of science is understandable. We all feel that there is more in time than
merely reading of the clock. We all feel that even when our clocks stop ticking, or
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even in the absence of clocks, time will continue to tick. This is of course a
philosophical issue, and not a scientific one. On this issue Bergson was defeated. As
Canales put it: Bergson’s defeat represented a victory of “rationality” against
“intuition.”
Bergson also rejected the idea of “time dilation” (see Chapter 7) which shocked both
scientists and the general public. The idea that time slows down when we travel at
high velocities was not easy to grasp (it was eventually confirmed experimentally,
see Chapter 7). It also predicts that once you travel at the speed of light “time will
stop.”
Bergson was not convinced. He thought that the sensational conclusion of relativity
(about the slowing of time) is comparable to the fantastic searches for the fountain
of youth, reaching the conclusion: “We shall have to find another way of not aging.”
In his book “Dureè et simultaneite,” Bergson claimed that there is more to Time than
scientists had ever wagered. He meant scientists of all stripes, ranging from
Darwinian evolutionists to astronomers, and physicists.
Bergson associated Time (which he would frequently capitalized) with èlan vital,
that concept which is translated as “vital impulse” 2
The mathematician and philosopher Bertrand Russell charged Bergson’s ideas as
anti-intellectualism, “a dangerous disease affecting ants, bees, and Bergson” in
which intuition ruled over reason.”
Finally, after summarizing the Einstein-Bergson debate on time, I remained
confused; I understood Bergson’s objection to some of Einstein’s ideas, but I was
not sure what were Bergson’s ideas about time. I wrote to Jimena Canales and asked
her to give me a brief summary of Bergson’s views about Time.
Instead of responding to my query she referred me to page 36 of her book. I quote
here the relevant paragraph from Canales” book:
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Determining time, Bergson insisted, was a complex operation. “To know what time
it is” was not simply about reading a number (the time) given by an instrument (the
clock). It was an assessment of the overall meaning of that moment. The broader
significance of certain events explained why clocks “work,” why they are
“fabricated,” and why they are “bought.” Yet these questions did not interest
Einstein during those years, who believed that time was either what clocks measured
or it was nothing at all. His mind had no room to explore the reasons why clocks
may have been invented in the first place. The contrary was true for Bergson, who
wanted to know what led us to live a clockwork-driven existence and to figure out
how to break out of it: “Time is for me that which is most real and necessary; it is
the necessary condition of action:What am I saying? It is action itself.
I urge the reader to carefully read through this paragraph and ask yourself: Does this
paragraph clearly describe Bergson’s view of Time?
In a chapter of a book edited by Dolev (2016), Canales wrote:
In the early decades of the century, Bergson’s fame, prestige and influence
surpassed that of the physicist. Once considered as one of the most renowned
intellectuals of his era and an authority on the nature of time, The Stanford
Encyclopedia of Philosophy (2010) does not even include him under the entry of
“time.” How was it possible to write off from history a figure that was once so
prominent? Through an analysis of behind-the-scenes of science correspondence,
this article traces the ascendance of Einstein’s views of time at the expense of
Bergson’s.
Since Einstein’s revolutionary ideas were published and many of his predictions
were experimentally confirmed, there was not much change in the way scientists and
philosophers viewed Time. A good summary of the history of philosophy of time
may be found in “A Brief History of the Philosophy of Time,” Bardon (2013).
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Paul Langevin, who was one of the supporters of Einstein’s theory, said in an
International Congress on Philosophy, held in Bologna in 1911: “If anyone among
us would want to dedicate two years of his life to find out what Earth would look
like in two hundred years, all that a willing volunteer needed to do, is to “travel to
outer space at a speed close to that of light. Easy, right?”
Sometimes this kind of effect of speed on “slowing time”(including the rate of aging)
is brought as an example of “travel into the future”. Of course this s not so. The
reason is that the one who leaves earth and travels at a speed near the speed of life,
ages less than a person who stays on earth, but when the traveler comes back to earth
it is not to his/her future, but to the future of those on earth. We shall further discuss
this apparent traveling into the future in chapter 7.
In connection to time dilation (see Chapter 7), researchers calculated a striking
difference between “time-1” as measured by a stationary clock when compared to
“time-2” as measured by a clock in motion.
Which of these referred to time? According to Einstein, both—that is, all frames of
references should be treated as equal. Both quantities referred equally to time.
Furthermore, of you travel at a speed of light, your clock will stop ticking. From this
it follows that nothing can ever move faster than light, no matter what forces are
applied. Thus Relativity proclaims a fundamental law of nature: the velocity of light
is the limiting velocity in the universe.
Had Einstein found a way to stop time?
Bergson was not convinced. He thought that this sensational conclusion is like
the fantastical searches for the fountain of youth, he concluded: “We shall have to
find another way of not aging.”
This question bothered many philosophers as well as scientists.
According to Einstein, Time is what the clock tells us. Does it mean then that if there
is no clock, there is no time?
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It is difficult to answer this question because we do not have a definition of time
which is not attached to a clock. One can perhaps say that if there is no clock (clock,
in the general sense of any periodic process wherein we can count the number of
processes). Perhaps, time has no meaning (in the sense of CN – hence, this is
circular). However, we feel that time exists and continue running even when there is
no clock. Perhaps, this was what Bergson meant when he claimed that there is more
to time than the reading of a clock.
“Time includes aspect of the universe that could never be entirely captured by
instruments (such as clocks or recording devices).”
Note that if we accept the practical definition of time, as a counting number of
some periodic phenomenon, see chapter 2, then there is nothing to time beyond what
the clock tells us. On the other hand, the time elapses during one period, which we
accept as a “unit of time,” is something that the clock, which counts the number of
such units, cannot tell us anything about it. For more details, see Chapter 2.
There is another sense in which time might come to a stop.
In recent years many popular science books were published on Time, the Arrow of
Time, and the Physics of Time. In most of these books you can read an enormous
amount of nonsensical discussion on the misconstrued relationship between the
Arrow of Time and the Second Law of Thermodynamics. I will discuss this topic in
detail in Chapters 11. Hear, I will only mention one “prediction” based on
thermodynamics. When the universe will reach an equilibrium state, some people
claim that entropy will not increase any more, and time will come to a halt. In my
view, First, entropy of the universe is not defined, therefore it is meaningless to talk
about the entropy of the universe will increase until it will reach a maximum value.
Second, there is no relationship between entropy and time. Therefore, whether
entropy will increase or not has nothing to do with Time’s continuing “flow” or
coming to a halt!
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There are many more philosophical questions discussed in popular science books:
Is time continuous or is there a smallest undivided time-atom?3
Can we ever measure time with absolute accuracy?
Can we define time in terms of other more primitive concept?
Will time have any meaning at a time when there will be no means of measuring
time (i.e no periodic processes or clocks of any kind)?
All these questions are, in my view unanswerable.

While writing this book I was wondering about the question: when people started
to think about time? When they noticed that “time passes” and then measured how
much time have passed.
To answer these questions, I visited two of the most important monuments which
might contain the answers to my questions; The Stonehenge in England and
Newgrange, Ireland. (See also Appendix 9).

Appendix 5: A visit to Stonehenge, England
Our charming friends, Andy and Michele Auguosti picked us up from the hotel at
exactly 9:30 am. We had agreed the night before to leave London earlier than usual
in order to avoid traffic. As soon as we met them at the parking lot both of them were
not confident about the weather, “typical London weather” was what they said,
meaning predictably gloomy, overcast with intermittent showers. For a moment my
heart sank, anticipating that the “not-so-pleasant” weather might ruin our plans. I
instantly recovered and said to myself that Stonehenge was the very reason why we
traveled to the UK, and that no amount of rain will dampen my enthusiasm.
We cruised along the A303 uneventfully. Our friends’ decision to leave London
earlier seemed to have paid off until we got to the Amesbury bypass (A303) in the

71

last mile after the Countess roundabout. The relative ease with which Andy
navigated the roads dissipated as we encountered crawling traffic. Andy surmised
that perhaps those were holidaymakers who had anticipated the usual weekend
traffic, and thus decided to leave early. “Everyone must have thought about the same
thing,” Andy said judging from the volume of cars on the road. Michele said she
read something about a rock concert in the area which could also have been the
reason for the congestion. I must admit that I was a little impatient, who wouldn’t
when one has to sit in traffic. But the traffic snarl was no fault of our hosts. With
traffic at a snail’s pace, I found myself nodding off, awakening only as my hand lost
its grip on the ceiling grab handle causing my head to jerk. Then came a ray of hope.
Andy said that we were approaching a spot on the road where the stones could be
seen from afar. I told my wife to get her camera ready, as I took out my tablet. Lo
and behold, Stonehenge was visible from the car. A veil of fog obscured the stones,
but the effect created an air of mystery waiting to be uncovered, explored, and
enjoyed. We failed however to take photos as the car before us finally moved leaving
us no time for picture-taking.
In spite of my age, I anticipate each new adventure with the enthusiasm of a child,
and so sitting in traffic although a bit frustrating, had built up my excitement. It was
as if I had experienced a eureka moment as soon as the traffic eased up.
Finally, we made it to the site. Clear blue skies and the comforting rays of the sun
greeted us while we waited for Michele to collect our tickets. In an orderly fashion,
all guests are herded off to the shuttle buses parked within the complex. As soon as
we alighted from the bus, a beautiful panoramic landscape unfolded before our eyes.
It was simply breathtaking, so much like images captured on canvas. Some
unmarked burial sites could be seen from the drop-off point. The view was simply
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amazing everywhere we looked. To get to the stones, one has to go by foot from the
drop off point, a way of preserving the integrity of the site.
Within minutes we were in front of the Stonehenge. It stands proud, magnificent,
awe-inspiring. From the size of the stones I couldn’t help but wonder how extremely
risky the construction must have been. With no advanced technology, machinery,
and equipment to hoist the stones and relying merely on crude methods, human
hands, and brawn, the end result is incredibly beautiful.
Allow me now to discuss some details about Stonehenge’s background based on
the English Heritage’s Stonehenge guide as reference.
Stonehenge is a prehistoric monument dating back 5,000 years ago during the
Neolithic or New Stone Age. Archeologists cannot provide a definitive answer as to
why it was built, and since it has no practical purpose, the experts lean towards the
thinking that it must have been built for a spiritual reason. Construction is said to
have lasted 800 years with alterations going well into the Bronze age. It is said that
the sophisticated alignments of the banks, ditches, and standing stones were arranged
in such a way so as to mark the passage of the sun and the changing seasons. Take
note however, that the continuing studies, excavations, and pre-analysis of previous
finds might change the way the site is interpreted. Stonehenge’s past is still a work
in progress.
Stonehenge has two types of stones, the largest of which is the sarsen stone which
weighs over 35 tons. It is an extremely hard sandstone sourced from an area near
Stonehenge. The smaller stones, known as bluestones were sourced from Preseli, in
the hills of Wales, some 150 miles to the west of Stonehenge. Both stones were
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shaped by stone tools. Experts have floated several theories as to how the stones
were hoisted but neither one of them has left archaeologists any traces to discover.
Experts believe that Stonehenge was an unfinished construction owing to its
present, ruined state. Massive and imposing, it does not fail to impress the curious
visitor. Stonehenge, considered as a British cultural icon has, and continues to draw
crowds far and wide. The locals are not to be left behind, they continue to come in
droves to enjoy their very own icon.
On the way out, and just outside the museum are reproductions of small, lowceilinged, thatched-roof houses which are representative of dwelling places believed
to have housed the workers and their families who built Stonehenge. It is believed
that the place where the workers lived changed on a daily basis with the constant
arrival of newcomers suggesting that the houses were not permanent. Going inside
the houses offer the viewer a glimpse of the past, the dwellers, and their day-to-day
practices; food was prepared around the central hearth, the small family living inside
a dark and smoky house, with the flames of the fire providing light and warmth. The
workers slept beneath the warmth of skins on low wooden platforms.
Not far from the recreated houses is a site which demonstrates one possible theory
of how the stones were hoisted. Looking at the humongous and heavy stone before
us, I couldn’t help but admire the ingenuity of the builders considering the limited
resources within their reach.
Stonehenge, finished or unfinished? Stonehenge’s background will surely evolve
in the years to come as new discoveries are made. Nothing is constant about it. What
will constantly remain however, was the feeling of awe I experienced as I witnessed
with my very own eyes, the icon that is Stonehenge.
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Standing in front of these mega-stones I felt I had traveled into the past, the very far
past, at least in terms of mankind history.

Rujm El-Hiri, in Israel.
There is another site similar to Stonehenge, in the Golan Heights, Israel, about 16
kilometers from the sea of Galilee. It consists of more than 42,000 basalt rocks
arranged in concentric circles. Its name is: Rujm El-Hiri (Arabic for “stone of the
wildcat” in Hebrew this structure is called Gilgal Refaim , גִּ לְ גַּל ְרפ ִָּאים, which
translates into ‘Wheel of Giants’ and refers to the race of Biblical giants). This
mysterious stone-monument is estimated to be as old as the Stonehenge.There are
several hypothesis regarding the purpose of this structure; One hypothesis is that the
site was used for religious ceremonies during the longest and shortest days of the
year. Others, believe the site was used as an ancient calendar. At the times of the
two equinoxes, the sun's rays would pass between two rocks at the eastern edge of
the compound. According to this hypothesis the entrance to the center opens on
sunrise of the summer solstice.

Arkaim; Russian’s Stonehenge

75

. Arkaim (or Аркаим in Russian), is considered by some to be the most important
and enigmatic archaeological site in northern Europe. The site is wrapped in
controversy and is sometimes referred to as Russia’s Stonehenge. It sits on the
outskirts of the Chelyabinsk oblast in the southern Urals, just north of the
Kazakhstan border. Though it’s not a stone circle in the way that Stonehenge is a
stone circle.

Portugal’s Stonehenge
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The site Almendres, in Portugal, is believed to date from around 5,000 BC –
2,000 years, which makes it older than Stonehenge. Scientists believe that this
site marks a crucial moment in human development, the transition from a huntergatherer society to a settled agricultural one. This is exactly when people became
interested in the seasons of the years. Almendres is situated on a hill, but not on
the top. It’s on the eastern slope so it faces the rising sun and is aligned to the
spring and autumn equinox. When the days and night are equal lengths, the sun
rises along the axis of the monument.

Chapter 6. History of timekeeping and measurement of time
This chapter consists of two parts; the first discusses the history of timekeeping from
the early “natural” clocks to man-made clocks, the second describes some specific
clocks and their accuracy.
It is difficult to tell when mankind started timekeeping. It is safe to guess that the
day was the earliest unit of time which regulated the daily activities of humans, as
well as other animals. Probably, at that time when humans were hunters and
gatherers they noticed the periodic changing of the seasons but their daily activities
were not highly dependent on the seasons. Later, when they engaged in agriculture
they became dependent on the seasons in order to carry out ploughing, planting,
harvesting, etc.
During those times the day, month, and the year were the “natural” units of time.
The year, now defined as one complete revolution of the earth about the sun was
probably defined in terms of the periodic appearance of the seasons. The months, as
the time between successive new moons, and day, as the time between successive of
sunsets or sunrises.
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Early farmers who kept track of the seasons probably noted that there are about
12 months in one year, and about 29-30 days in each month. It is not clear whether
they people cared about the “accuracy” of the year, the month, or the day. The
Egyptians were the first to recognize that the solar year was about 365 days. They
also found out that they had to add one extra day every four years to account for the
changes in the lengths of the years. Today we use the Gregorian calendar, which is
the most widely used civil calendar, named after Pope Gregory XIII who introduced
it in October 1582.
The inconsistency of the number of days in each year raised an interesting
question: Which unit of time is more accurate? In other words, is the inconsistency
of the number of days in one year is a result of the inaccuracy in the duration of the
year, or the duration of the day, or of both?
Duration of days and years
In the following paragraphs we shall assume for simplicity, that the year was the
first unit of time. If it were the only unit of time available, then all we could say
about the passage of time is the number of years that have passed. We will not be
able to tell whether or not the length of the first year is the same that of the second,
or third year, and so on. For example, suppose we counted the years that Bob lived,
say 80, and then we counted the number of years that his son, Tom lived, say, 82.
All we could say is that the number of years Tom lived was larger than that of Bob.
We could not say that Tom lived longer that Bob. This is so because we simply do
not know the lengths of each year. It is possible that during Bob’s lifetime the yearlengths were longer than those of Tom’s lifetime. In such a case, the actual time Bob
lived could have been equal, or even larger than that of Tom’s although the count of
the number of years Tom lived was larger than Bob’s. It should be emphasized at
this stage that telling the number of years is not the same as telling the time that has
passed.
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Next, assume that people discovered a new unit of time called day. For the sake
of simplicity of the following analysis we shall exaggerate the variation of the length
of the year and the length of the day.
Suppose that we count the number of days that passes in each year. We may find
two possibilities:
1. In each year we count different number of days. This is the more realistic finding;
that the number of days vary about 356 days.
2. In each year we count exactly the same number of days, say, 356.
Note that I have italicized the word “count.” This will be important when we try to
understand these different findings in terms of the duration of time.
In case 1, we may interpret out finding in three ways:
1i. The length of the day is the same every day of the year, but the length of the year
is not constant; it varies from year to year.
1ii. The lengths of the years are constant, but the lengths of the days change.
1iii. Both the lengths of the days and the lengths of the years are not constant.
Figure 6.1 shows schematically the three cases above. The lengths of the years
are shown in blue lines, and the lengths of the days are shown in red lines.
Note again that we really do not know the time-length of a year or of a day. All that
we know is that the number of days we counted in each year was different. The three
possibilities above are our interpretation of these findings.
Obviously, one cannot determine which of the cases (1i) to (1iii) is the correct
one without having another independent and reliable clock.
Next, suppose that case 2 above occurred, namely, that we count the same number
of days in each year. In this case it is tempting to conclude that the length the year
and the length of the day are constants. However, even in this hypothetical case, one
cannot exclude the possibility that the actual durations of each year, and of each day,
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are not constant. Figure 6.2 shows two possible interpretations of case 2 above,
namely that we count the same number of days in each year.
2i The actual length of the years and of the days are constants
2ii The actual length of each year and of each day are not constant, but the counting
of the number of days in each year is the same (in the illustration in Figure 6.2, it is
five days in each year). We stress again, as we did in case 1 above, that if we do not
have any other clock we cannot determine which of these two possibilities is correct.
The lengths of lines drawn in Figures 6.1 and 6.2 are our hypotheses, all we know
are the numbers we count. The actual lengths of time of the year or the day cannot
be determined from these findings. We shall soon see that when we have better, more
accurate, clocks, we will have the illusion that we can make the correct choice
between the various possible interpretations. However, an inherent uncertainty will
always remain even when we have the most accurate clocks.
Duration of hours and days
Suppose that for the sake of the following argument we accept that the length of the
day is more reliable, in the sense that each day has the same duration. We skip a few
historical developments in the history of timekeeping, and go directly to some new
device that could measure fractions of the day, say, hours. Let us call it an hourclock. It could be a water-clock, a sand-clock, or anything that divides the day into
24 “equal” parts. Now, we count the number of hours in each day. We repeat this
counting for many days and we find that sometimes a day has 24 hours, but in some
cases a day might have 23 or 25 hours (remember at this stage our smallest unit of
time is the hour, and we cannot measure fractions of an hour).
Once we realize this inconsistency we face again the three possible cases as listed
above in Figure 6.1.
i. The length of the day is the same every day but the length of the hour is not
constant.
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ii. The length of the hour is constant, but the length of the day is not constant.
iii. Both length of the days and the house are not constants.
We can use exactly the same argument as we did before with the help of Figures
6.1 and 6.2 taking the simpler numbers of these figures instead of 24 hours per day.
Again, there is no way to decide which of these three cases is correct without
having another independent and reliable clock. All we can say is a number of hours
have passed, but we cannot know the time that have passed since we do not know
how long is an hour.
Duration of any unit of time
As you can see we can continue with this process to smaller and smaller units of
time; to minutes, to seconds, and far beyond the seconds (micro-seconds 1𝜇𝑠 =
10−6 seconds, or a nanosecond, 1 nanosecond= 10−9 seconds). At each level of
measuring the time we might find that there is consistency or inconsistency in the
number of smaller units which are included in the larger units. Figure 6.3 shows two
waves of different wavelengths that belong to two clocks, call them the blue and the
red clock. The unit of time is defined as the time that has passed between two crests.
In the figure 6.3 we show the lengths between two successive crests as equal, but in
reality we cannot be certain as to the length of each unit in time.
We can count the number of wavelengths of the red clock that are included in the
wavelength of the blue clock (in this figure there are four), but we will never know
what the actual length of time in each of the smaller unit of time is. Is the concept of
the “actual length of time” an illusion? Was this the aspect of time which Bergson
referred to when he claimed that “there was more to Time than scientists had ever
wagered,” and that “clocks do not explain time?” See Chapter 5.
Will this process ever come to an end? End, in two senses: either that we will find
that time is not a continuum, and that there is a smallest unit of time, which is not
divisible, something like the quantum of energy. We can call this time unit the time-
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atom. Or, that one day we shall find a clock with absolute accuracy, and we shall not
need to go any further in searching for a more accurate clock.
Today no one is sure that either ends will be reached. Some believe that there
might be a smallest time-atom which cannot be divided into smaller units. This is
called the Planck time. Max Planck originally suggested that there might be a natural
smallest “atom” of time in 1899. Now it is called the Planck time, denoted 𝑡𝑝 . It is
defined as the time required for the light to travel in vacuum a distance of one Planck
length, which is about:
Planck length ≈ 1.6 × 10−35 meters
and
Planck time ≈ 5.4 × 10−44 seconds
The ratio between these two number is the speed of light
c ≈ 3 × 1010 centimeters/second
Regarding the question of the accuracy of measuring time, it is now believed that
with atomic clocks we achieve extreme accuracy, see below. But the theoretical
question still exists; will we ever find a clock wherein the duration of time between
two ticks is exactly the same, and does not change with time?
Is it possible that this question will be unanswerable forever, perhaps even
meaningless, if there will be no clock which measures fractions of those units of
time, counted by the most accurate clock?
Before we discuss specific clocks, it should be noted that there is a fundamental
difference between distance-measurements ant time-measurements. The length of a
specific object can be measured as many times as we wish. The length of time of a
specific event can measured only once. We cannot measure the time of an event that
has already passed. In Figure 6.4a we show two points A and B. we can measure the
distance between these two points with a ruler as many time as we wish. In the case
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of the duration of an event, we can measure its time-length only once. For instance,
suppose we measure the duration of a sunset, i.e. the time it takes for the sun to
completely disappear below the horizon, See points A and B in Figure 6.4b.
Clearly we can do this measurement, with any clock we wish, only once. Of course,
you can repeat the same measurement the next evening and the next-next evening.
However, this will be a measurement of a similar event, not of the same event.

Some specific clocks
The word “clock” originated from the Latin word “clocca” which means “bell.”
In medieval times the ringing of the bells in the center of the town was used to
announce the time as well as to call people to church. The derived word o’clock
came later as an abbreviation of “of the clock.”
In the rest of this chapter we shall describe two kinds of clocks; “natural” and
“man-made” clocks, i.e. clocks that were invented by man to measure time. Each of
these clocks may be represented by a periodic graph. More on periodic functions in
Appendix C.
Heartbeats or the pulse
These pulses can be represented by a graph of the form shown in Figure 6.5. As we
shall discuss in Chapter 7, Galileo used his own pulse to measure time. The unit of
time 𝜆, is the time between two pulses. For adults, the rate is 70-100 per minute, or
about 0.7 seconds. We can only tell how many pulses have occurred but we cannot
tell how long the actual time that has passed.
The revolution of the earth about the sun
This process can also be represented by some periodic graph. We can follow the
appearance of a specific season, the shortest or the longest day in the year to produce
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a graph as in Figure 6.6 In this figure we plotted the curve as a sinusoidal with the
same wavelength, although in reality the length of each year might be different.
The earliest record of prehistoric people following the periodic appearance of the
winter or the summer solstice will be discussed at the end of this chapter.
The rotation of the earth
The most natural way to measure the passing of time is no doubt the successive
sunrises and sunsets. This can also be represented by a sinusoidal-like curve, Figure
6.7. Early people probably noticed that the lengths of daytime, and the lengths of
nighttime changed during the year. If you live in Sweden or Norway, you can’t miss
the feeling that the length of the daytime changes considerably between summer and
winter.
Sundials
The earliest division of the length of the day into smaller units was probably done
by various sundials. These were either noted by natural sundials, such as the shadow
of a tree, or man-made sundials. Figure 6.8 shows an old sundial in the Mahane
Yehuda Market in Jerusalem. This sundial was probably built even before I first saw
the light of day. It is located just a couple of houses where my family and I lived.
Figure 6.9 shows another “modern” sundial from Tedi Park in Jerusalem. Figure
6.9 shows a few readings of the hours during the day. Note also that the reading of
the same hour in different months could be different due to the sun’s angle above
the horizon, from the east to west, and from the north to the south.
We have described in Chapter 1 another type of a sundial which is believed to be
related to biblical time.
We next turn to describe some man-made clocks.
The water clock

84

Probably one of the earliest man-made clocks were the water-clocks (known as the
clepsydra, meaning in Greek: Stealing water), constructed in Egypt, then were also
used by the Greeks and Romans during the 8th to the 11th centuries AD.
Ancient Egyptians, Greeks, and Romans develop various clocks such as sundials, or
water-clocks which were referred to as chronometers.
They are various designs of a water-clocks. One is a bowl with a whole in the bottom,
and hour-marks on its sides, Figure 6.10a. The water clock probably preceded the
sand clock which probably used after the 14 th century. As one can guess the water
flows through the hole is not uniform, it can be affected both by the temperature and
the atmosphere pressure. In addition, it could be affected by impurities in the water;
either compounds dissolved in the water or other microscopic particles.
There is another design of water-clock shown in Figure 6.10b which depends on
constant supply of water that turns a wheel. Both of these clocks would be frozen in
the winter and rendered useless.
The sand clock
The typical sand-clock or the hour-glass were probably used by sailors in the 14 th
century. It consists of two bulbs connected by a narrow neck, Figure 6.11. This
mechanism did not “suffer” from freezing as the water-clock, but it had other sources
of inaccuracies.
Interestingly, it was used by sailors to measure the ship’s speed. The sailors
released a rope having equally spaced knots. They counted how many knots have
passed a certain point on the ship in a unit of time. The unit of time being the time
of the sand’s flow from the upper to the lower bulb. This is how the “knot” in the
rope became a unit of speed known as the “nautical knot” or the nautical mile which
is about 1.15 miles per hour. The unit of distance “mile” also came from the Latin
word for a thousand paces (mille passus). This unit also originated from sailors who
measured distances and speeds.
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Although the sand in the sand-clock did not freeze as the water-clocks did, it had
other, no less sever sources of inaccuracies since the grains passing through the neck
was not uniform. In addition, even the “best sand” made up of exactly the same size
and shape may flow at an non-uniform rate because of possible “clogging” at the
narrow neck (or the choke point). Figure 6.12 shows different “configurations” of
sand grains arriving at the neck. Clearly, if the neck is quite narrow the sand can get
stuck. This kind of non-uniform flow could be more severe for an inhomogeneous
sand particle.
Needless to say that even in an ideal sand clock we can never be sure that the
time it takes for the movement of the sand from the upper to the lower bulb will be
the same each time we turn the hour-glass upside down.
Add a comment on water clock, and it seems that since water is not grainy as sand
we will assume that in can flow smoothly. However, this is not true. Not only the
flow can depend on temperature and on impurities, there could be hydrogen bonds…
The candle clocks
The candle clock was used mainly to tell the passage of time at night, or on a cloudy
day. It is a regular candle marked at equal intervals. Sometimes, nails were stuck
into the candle at each mark so that when the wax where the nail was stuck melted,
the nail would clatter as it fell on the plate, or the floor, Figure 13.
Mechanical clocks
Mechanical clocks which were powered by weights were developed during the 14 th
and 15th centuries. Every mechanical clock had the following three features:
1. A periodic, or cyclic motion which is believed to repeat itself at constant length
of time. This part is called the resonator.
2. A source of energy that will sustain the periodic motion.
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3. A means of translating the accumulated number of cycles into some display on
which we can read the “time.” The British Museum is home not only to beautiful
clocks, but also detailed explanations of the mechanics of clocks.
Every man-made clock, if not powered by some external source will eventually
stop.1
The pendulum
Basically, a pendulum is a weight suspended from a pivot, see Figure 14. Although
the phenomenon of the swinging weight was probably noted long ago it was actually
used as a device to measure time by Galileo Galilei who used it in his measurements
of the speed of falling bodies due to gravity. Galileo was also credited for
discovering the frequency of the pendulum depending on the rope’s length (l in
Figure 14.a), and not on the mass (m) of the weight.
In Galileo’s experiments (around 1600, see Chapter 3), he used both his heart
beats and the frequency of the pendulum swings to estimate the time. It was Christian
Huygens who actually built the first pendulum clock in 1656.
When we release a weight at point A in Figure 14b, it has a potential energy
(which depends on the mass of the weight, its height from some reference point, and
the gravitational constant g.
Once the weight is released it starts “falling” due to gravity. The falling is
constrained by the rod in which the weight is attached. As it falls the weight gains
kinetic energy while it moves along the area A-B in Figure 14b. At the point B it has
maximum kinetic energy, and minimum potential energy (for this particular
pendulum).
From B, the weight slows down, loses kinetic energy, and gains potential energy
along the arc from B-C. Thus, in one swing of the pendulum there is a conversion of
kinetic energy to potential energy and vice-versa. Ideally, in this swing the total
energy (the sum of the potential and the kinetic energy) will be constant. 2
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Clearly, friction at the pivot point and air resistance will combine to slow down
the pendulum. Also, the temperature can affect the length of the rod, hence, also the
frequency of the pendulum.
Initially, the “powering” of a pendulum clock was done by using another
pendulum (the latter was called the “slave” pendulum). Much later, a spiral spring
was used to power the pendulum. In the old pendulum clocks the spring had to be
wound from time to time.
The pendulum clock was used until recently. In my parents’ house there was one
such clock which rang every half an hour. Today, those types of clocks are
considered antiques.
The personal, and the wrist watch
Timepieces have evolved through time. Today, a wrist watch is still the most
common, and most convenient timepiece that is worn or strapped around the wrist
which can tell us the time anywhere we may be. Shunning the wristwatch, today’s
generation opt to rely on their smartphones for timekeeping.
The older watches were powered by spiral springs which were wound once in a
while. Note that in 1660, the English physicist Robert Hooke used a straightforward
spring. In 1675, Dutch physicist Christian Huygens used a spiral metal spring to
power watches. Later on, the springs were replaced with self-winding watches (used
to be called “automatic” watches) which were invented by John Harwood in 1923.
Nowadays, modern digital watches are powered by batteries. They display not only
hour, but also the day, month, and the year. The older clocks did not tell you the
accumulative number of cycles, but counted 12 or 24 hours. If you went to sleep at
8:00 and woke up at 8:00, you would not be able to tell whether 12, 24, 36, or 48
hours have passed.
Quartz-crystal clocks
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A considerable improvement in the accuracy of clocks was attained in 1929 when
Warren Morrison developed the quartz crystal clock. The quartz crystal is a mineral
composed of silicon and oxygen known as silica, which forms a molecular structure
similar to diamond. The chemical formula SiO2 , and the special arrangement of the
atoms is such that each atom of silicon is surrounded by four atoms of oxygen atoms
at the vertices of a regular tetrahedron, Figure 15.
The basic mechanism of the quartz clock is the “piezoelectric effect.” The
mechanism works in such a way that a tiny battery induces vibrations in the crystal. 3
These vibrations of about 30,000 times per second are transmitted by a series of
gears to a display which may be either mechanical or digital. Today, the quartz
crystal clocks achieve an accuracy of about one millisecond per month, which is
more than enough for all daily uses. As with any clock the frequency of vibration
may change with temperature, humidity, and of course any contamination in either
crystal or in the electronic circuit.
Atomic and molecular clocks
The accuracy of timekeeping took a giant stride with the invention of the atomic
clock. Such accuracy was needed for the measurement of extremely small time
differences (see for instance the experiments described in Chapter 7 on the effect of
velocity on time). The atomic clock in at the National Physics Laboratory (NPL) is
one of the most accurate clocks. It is considered to be accurate to one second every
158 million years. This is referred to as NPL-time. See visit to NPL Appendix 3.
.

To fully understand the operation of atomic or molecular clocks one needs to
know the basics of quantum mechanics. Without entering into any details of the
operating mechanism, the clock is based on some well-defined frequency associated
with some difference in energy levels of atoms or molecules.4
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In quantum mechanics, energy is not a continuous quantity but comes in discrete
values called quanta. An atom or a molecule can have different energy levels (these
can be associated with vibrations of the atom in a molecule, or the orbitals of the
electrons in an atom). When an atom or a molecule changes from a higher to a lower
energy level it emits a fixed amount of energy. Similarly, when the atom absorbs
certain fixed amount of energy its state changes from one level to another. This is
shown schematically in Figure 16.
Thus, the exchange of energy of the electromagnetic wave and the (potential)
energy of the electron can serve both as a powering source, and as a timekeeping
device (the frequency). The ammonia clock p. 42
Before we discuss the cesium-clock we first describe a molecular clock based on the
molecule of ammonia. This clock was first announced by the National Bureau of
Standards (NBS), now called the National Institute of Standards and Technology
(NIST) in 1949. The ammonia molecule consists of one nitrogen atom and three
hydrogen atoms forming the shape of a pyramid, with nitrogen atom at the apex and
the three hydrogen atoms forming a perfect triangle at the base, Figure 15
This molecule can vibrate between the two states as shown in Figure 15. The
nitrogen atom passes through the plane, defined by the three hydrogen atoms, to
form an inverted pyramid. This vibration has a typical frequency of 23870 hertz. The
clock is powered by a quartz clock which oscillates at the same frequency. This is in
the microwave part of the radio spectrum.
The cesium clock
The cesium atom (isotop133) has a natural frequency of 9,192,631,770 hertz. This
most accurate clock was mounted on aircrafts in the experiment described in Chapter
7. It is also used in GPS (Global positioning systems).
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In 1967, the second (the unit of time) was redefined in terms of the duration of
the 9,192,631,770 vibrations. This frequency is also in the microwave part of the
radio spectrum.
It is estimated that the cesium clock keeps the time to an accuracy of about one
second in 370,000 years (assuming we could build one that will last that long. Note
also that this clock might also be affected by changes in the environment.
Nevertheless, the accuracy of this clock is considered to be more than sufficient for
all practical applications).
There is also the rubidium clock which is considered to be of slightly lower
accuracy and is less expensive than the cesium clock.
The atomic clocks are far too cumbersome and expensive for anything but
scientific uses, and in practice we do not need accuracy better than a quartz clock
for daily use.
Can there be a unit of time? (See Rovelli. Add this will be in conflict with the
continuity of time and of space)
Conclusion
We have started with the periodic motion of the earth around the sun, and the
rotation of the earth about its axis. These two periodic motions defined the year and
the day, respectively. Both of these motions may be described as wave-like
phenomena, Figure 6.7
Note, the day here is used both as the twelve hours; between sunrise to sunset (to
contrast with the night; from sunset to sunrise), and the 24-hour period between two
successive sunrises or sunsets.
The important thing to take note of is that in one full “wavelength” of the year,
there are about 365 full “wavelengths” of the day. We do not know how long is one
day until we have a clock with finer divisions, say, hours or minutes. Once we have
this type of clock, we can compare how many full “wavelengths” of hours enter into
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one full “wavelength” of a day, and so on until we get to the finest clocks which
have the largest frequency. Here again we count how many full wavelengths of this
clock enter into one “wavelength” of the minute, second, or whatever the previous
clock measures. At the end of this process we can still ask: Is the time between two
“ticks” of the finest clock the same for each successive “tricks?”
It seems that there is no general answer to this question. One can think of a future
clock with higher frequency, and perhaps higher accuracy, with which we could
examine the finest clock we now have, but this will only push the question one step
down to the next clock.
This question is sometimes phrased in terms of the uniformity of time; does time
flow uniformly? Is the length of one second the same as the length of the next
second? Can we be certain that the length of a second does not change with time
(getting longer, shorter, or even oscillating?)
In the case of a sand-clock or a candle-clock or even a day or a year, we can
understand the source of non-uniformity of the units of time. However, even in the
most accurate clock we have or will have in the future, even when it seems that we
are counting a perfect periodic motion, we cannot be sure that the units of time are
of the same length.

The answer to all the above is simple: We do not know. All we know is the
counting number of some periodic process. We have to accept some periodic process
as our standards of time, and we have to agree that the time passed is just the number
of such standard units of time.
There is also the question about the existence of a limit to the units of time; the
indivisible atom of time. Whether there is such a limit or not will not change the
previously posed question.
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Appendix 6. It’s Russian Time, it’s Konstantin Chaykin’s Time
To say that I have gone overboard in gathering materials for my book on Time is an
understatement. I currently have tons of photos of clocks and watches so much so
that my wife teases me saying that perhaps I should be doing a coffee table book, or
a picture-book. The quantity of photos that I have will put any picture book to shame.
My seemingly endless search for more materials led me to the very doorstep of
Konstantin Chaykin’s timepieces’ factory in the southern part of Moscow. To
borrow a famous line “let your fingers do the walking,” I did just that, surfed the
web, looking for…perhaps you already know by now, and came across a very
interesting watch, a Joker watch. I thought it is quite unique and it got me really
revved up. My curiosity tickled, I read about Constantin Chaykin, the man who own
and personally manages his eponymous corporation, the Konstatin Chaykin
Enterprise. Impressed with what I read on his company’s website, I knew I had to
go and meet him. I sent Konstantin an email inquiring if we could visit his factory
to which he graciously replied to.
Fatigue and a sleepless night did not deter me from visiting Konstantin’s factory
only a few hours after we landed in Moscow. Accompanied by my wife, and a
Russian colleague of mine, Professor Margarita Rodnikova, and her colleague
Sergey Kraevsky, we headed to the nerve center of Konstantin’s headquarters on a
cold, and rainy day.
The man of the hour was not in his office when we got to the factory. His secretary
said he was somewhere in the facility, ushered us in his room and offered us
refreshments. Before entering his office, we noticed certificates neatly framed and
hanging on the walls. We asked his secretary what those framed certificates are, and
we were told that they are patents, all 73 of them. I was impressed by the sheer
number.
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While chatting among ourselves, a young, slim and svelte man donned in a
chambray shirt and denim pants entered the room. The man of the hour had arrived,
Konstantin Chaykin, no less, the man behind the Joker watch, but who from his
countenance I could tell, is no Joker. He is a no-nonsense type of guy,
straightforward, bearing a serious mien but who doesn’t scrimp on smiles.
The young Konstantin as reflected in the company profile “discovered a passion
for watch movements. He began repairing and restoring clocks and watches, and
mastered the intricacies of creating watch movements.” He put his creativity to good
use and “began to implement his own ideas. Realizing the possibilities and with
passion burning, he started to create new and unique movement and watches.
Konstantin Chaykin has come a long way, and created a niche for his
masterpieces. His passion and creativity earned him a place in the Académie
Horlogère Des Créateurs Indépendants as the only Russian member of the
prestigious association.
He had been in the watchmaking industry for the last fifteen years, having spent
most of those years in St. Petersburg, his place of birth. In 2015, he moved his
operations to Moscow in the very same spot where we met him. While he gave us a
background of his company, my wife asked: “How do you come up with your
concepts, do you wake up in the middle of the night with a brilliant idea, go to the
office the next day, and start the ball rolling?” “I get my inspiration from everything
that life has to offer,” he replied. The company profile succinctly describes “Each
watch is born spontaneously. Inspiration comes from all around us; a starlit evening,
a chance phrase, a beloved book.” Words from a dreamer, but Konstantin Chaykin
is no ordinary dreamer. His creations speak for themselves, they are dreamy,
beautiful, functional, magnificent works of art and precision. My wife would not
back down. “So, the Joker watch was inspired by the Joker, Batman’s Joker? Oh,
you grew up watching Batman!” my wife exclaimed. With a shy smile, he nodded.
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After Konstantin’s briefing, he took us to where the action is. Before going down
to the factory however, he showed us his patents as he beamed with pride. “73, he
said “and more on the way.” He bragging rights are well-deserved and earned well.
He showed us around, and we entered room after room in awe of highly
sophisticated machinery, and witnessed the fervor that drives his watchmakers. As
the company profile states “Konstantin Chaykin watchmakers are passionate
professionals on an eternal quest to uncover new and better ways to create the
perfect timepieces,” qualities which Konstantin himself possesses.
All of Konstantin’s clocks and watches are unique, exquisite, artistic, and some
even with a touch of humor, much like the Joker watch. It’s Russian time, as
Konstantin aptly calls his masterpieces.
I am mentioning here just a few of Konstantin Chaykin’s masterpieces which are
all “immersed in an intricate ballet of precise movements, incredible design, and
amazing technologies.”
The Levitas Jazz
The new Levitas Jazz Watch is a collaboration of the Konstantin Chaykin
Manufacture and Sergey Lunev’s Principal Guide design studio. Impressed and
respecting Lunev’s approach Konstantin Chaykin decided to ask the former and his
team to create a new design for the Levitas Watch Collection. The results completely
impressed Chaykin. What makes the Levitas Watch Collection unique is not merely
due to its “amazing technology that creates the effect of mysterious floating hands,
but also due to its completely original design. The watch embodies music, not in
sounds, but in dynamic, interwoven symbols.”
A unique handcrafted timepiece, the Levitas Jazz Watch is without a doubt a
collector’s item. Its key design element is its revolving glass disc which serves as
the background of the large opening in the dial. A single gold hand marks the hours,
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while a unique indicator marks the minutes. Instead of a standard minute hand, a
revolving transparent disc indicates the minutes with a golden monogram.
The Levitas Jazz Watch, the watch that truly sings to the heart.
The Lunokhod Prime
First of its kind, the model houses the only movement in the world to feature an
unprocessed, natural material as a functional element of its design. A large pearl
from the South Seas plays the role of the Earth’s satellite in miniature. As in the
previous model, the south sea pearl representing the moon still remains in the center
of the dial, and the changes in the lunar phases are shown by the silver half-sphere
that revolves around it.
Just like the previous model, the time is given in 12-hour and 24-hour formats.
The transparent case is made of sapphire crystal and the case is of 18-carat gold. The
Manufacture’s watchmakers have created a caliber equipped with a patented device
that continually adjusts the phases of the moon. The movement contains 346 parts,
including 37 jewels, and a power reserve of 48 hours.
There is no other emotion that best describes owning a Lunokhod Prime watch,
“over the moon.”
The Quartime
Another first, the Quartime Watch is based on Konstantin Chaykin’s patented K
QR 01-3 caliber. It consists of 209 parts. This specific caliber allowed the Konstantin
Chaykin Manufacture to build the first mechanical watch in the world which tells
time by dividing the 24-hour cycle into four parts – morning, day, evening, and night.
The Quartime, because life is a balance of productivity and enjoyment.
The Cinema
Konstantin Chaykin’s inquisitive and fertile mind coupled with his creativity has
produced exceptional, functional, and beautiful timepieces. The Cinema watch is
one such creation. Upon examining his friend’s collection of antique film projectors
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he started to collect books and generally learn about the early history of moving
pictures and projectors. Enchanted by the story, enchanted by the idea of Leland
Stanford’s and Eadward Muybridge’s “bet,” Konstatin Chaykin’s creative juices
started flowing which paved the way for the first mechanical watch in the world
which shows an animation, the Cinema.
Konstantin adapted the zoopraxiscope into a new watch complication which now
adorns the Konstantin Chaykin Manufacture’s newest watch – the Cinema. There is
a little knob at 9 o-clock, and once when pressed launches a short mechanical
animation in the special window on the bottom of the watch face. The watch is
dedicated to Eadward Muybridge and thus the short animation shows a moving horse
and a rider.
Thus far, the Cinema Watch by the Konstantin Chaykin Manufacture is one of
the most complicated mechanical watches with animation feature which one can find
in the world today. Konstantin Chaykin just opened the door to the unlimited
potential of animation in mechanical watches. The Cinema Watch, when the line
“lights’ camera, action” takes a beautiful meaning.
The Decalogue
Konstantin Chaykin was inspired by the complexity and astronomical precision
of the Jewish calendar as he created Jewish timepieces. The calendar is used by
Jewish people for religious purposes worldwide; it is also Israel’s official calendar.
The Decalogue movement, another one of Konstantin Chaykin’s invention and
creation turns hands counterclockwise. This feature is called the reverse movement
system of the minute (pointer) wheels, is a patented escapement, a shock-absorber,
and an additional moon-phase display.
More complex than the Decalogue is the Decalogue Rega. It is the only timepiece
in the world to count Jewish units of time; helekim and regaim. These short units of
time have been known to Jewish sages since ancient times; here, for the first time,
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embodied in a wristwatch. Together with 24-hour periods and hours, they form the
basis for timekeeping in the Jewish calendar. A helek (“a part” translated from
Aramaic, )חלק, is comprised of 31/3 seconds, while a rega (

 )רגעis a mere 44

milliseconds. Rega is thus the smallest unit of time. Its synonym in Hebrew is haref
ain ( ) הרף עין, which means “the twinkling of an eye.”
Every part, every design element of the Decalogue and the Decalogue Rega is
meant to recall the ancient religion of the Jewish people. The silver-plated dial
includes ancient Aramaic letters to depict words from the Ten Commandments
(Decalogue) given by Jehovah to Moses on Mount Sinai on the fiftieth day after the
Exodus from Egypt.
The design of the dial is also imbued with profound meaning. The usual numerals
on the watch have been replaced by letters from the Jewish alphabet. The letters
themselves do not provide time; their numerical value, or gematria, must be
extrapolated from the letters instead.
The Shabbat Clock
Shabbat, meaning “rest” or “cessation” is Judaism’s day of rest. It is also the
seventh day of the week. It is a holy day for the Jews when they refrain from work,
and instead spend a restful day with their families, or contemplate their spirituality.
Konstatin Chaykin invented a clock that respects the Shabbat. The patented
mechanical device either provides the energy lacking to the spring to ensure the
timepiece does not stop, or it stops 5-6 hours before the Shabbat begins. The
timepiece’s power reserve is shown on a separate display. Konstantin Chaykin
worked on this model inspired by the beauty and complexity of the Jewish calendar
which is based on the movement of both celestial bodies. The dates and time at which
all holidays begin are calculated using the duration of the lunar month and solar year.
Gilded Hebrew letters are positioned next to the hour-markers on the main dial.
The date and month displays are shown on a separate dial. The one-minute
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tourbillion carriage is shaped like the Star of David. The winding key which breathes
life into this special timekeeping device is kept in a miniature drawer.
All inscriptions on the clock are in Hebrew. Beneath the dial is a plate bearing a
phrase from the Tanakh (book of Tehillim , )תהילים:
“So teach us to number our days, that we may apply our hearts unto wisdom.”
The Hijra
Muslims believe that time is Allah’s great gift. In several of the Suras (or
chapters) about Mecca, Allah swears by the different times of the day, i.e. day, night,
morning, dawn, and dusk. The Koran highlights the importance of time and calls
upon the faithful to pay attention to this concept again.
Hijra mechanical wristwatches are not only luxury objects, but also excellent
timekeeping devices containing the Islamic calendar and the new-moon phase
display created especially for Muslims. All the numbers, days of the week and
months on these watches are written in Arabic, a language understood by the
majority of Muslims around the world.
Traditions of Islamic architecture are reflected in the shapes of the hands; the
hour hand is shaped like a mosque, and the minute hand like that of a minaret. The
shape of the hands displaying the date according to Islamic calendar recalls the most
famous Islamic symbol of all; the crescent moon.
The Lunar Hijra
The Hijra is so unique you will not be able to find a timepiece even close to this
one elsewhere. The design of this clock contains an invention patented by Konstantin
Chaykin; a device that plays the months and dates of the Islamic calendar. The case
of the clock is made from precious species of wood and represents a stylized mihrab
into which the unique clock movement is placed. Its sides are held together by an
openwork lattice with ornate floral décor in the tradition of mosques.
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Konstantin showed us some of his masterfully and creatively produced exquisite
timepieces. We were in awe as he showed us those dreamy creations. Reading the
descriptions in Konstantin Chaykin’s corporate profile sealed my admiration for
what he has, and still will achieve.
My hosts were amazed that we were granted an audience by Konstantin. To watch
lovers, a visit to Konstantin Chaykin’s Manufacture in Moscow is highly
recommended.
My wife and I were very grateful for the rare opportunity to meet the man behind
the Konstantin Chaykin Manufacture for it is not very often that one is granted an
audience by a man of his stature.
Before winding down our meeting, Konstantin mentioned that the Kolomensky
Museum which is quite close to his office is worth a visit. The museum he said has
a working tower clock from the 17th century, as well as the only working exhibit in
Russia of tower clock movements from the 16th to the 19th centuries.
A fitting slogan “Konstantin Chaykin – exceptional watches, for exceptional
people,” recaps his brand philosophy. I would venture to say, “Konstantin Chaykin,
because timekeeping is timeless.”
Chapter 7. Time in Physics
When one speaks about time in Physics, the first thing that comes to mind is the
theory of relativity. In fact, time featured in Physics centuries before Einstein and
relativity; in Galileo’s and Newton’s works who used time as a parameter to describe
the motion of bodies. More recently time also enters as a parameter in the quantum
mechanical uncertainty principle.
In recent popular science books one also encounters the phrase “Physics of
Time.” In most of these textbooks the “physics” in the “Physics of Time” is
identified with the “entropy” and the Second Law. We shall devote Chapters 10 and
11 to this misconstrued “Physics of Time.”

100

In this chapter, we start with Galileo experiments, using time measurement to
determine the “law of falling bodies.” Next, we describe Newton’s equations of
motion. Then we shall briefly discuss some of the conclusions from the theory of
relativity. We shall also discuss very briefly the questions regarding the Timebeginning and Time-ending, which was also mentioned in the chapter on the History
of Time.
Galileo Galilei experiments
Galileo Galilei (1564-1642) was an Italian physicist, engineer, philosopher and
mathematician. Galileo is considered to be the “father of modern physics,” mainly
because of his introduction experimental methods and measurements into physics.
Galileo devised an experiment, in which a ball rolls down on an inclined plane.
Suppose, that the plane along which the ball rolls is marked at equal distances, figure
7.1. By counting how many units of distance the ball passes during the time t. A
table, as seen below is obtained:

Table 7.1.
Distances passed by a rolling ball at different time units
time passed

distance passed

0

0

1

d

2

4d

3

9d

4

16d

On the left we have the number of units of time (initially Galileo used his own pulse
to count the time intervals, later he developed and used the pendulum to measure
time tintervals), and on the right the distances the ball passed.
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If one were to start at point zero at time zero, and let d be the distance passed after
one unit of time (say, one full swing of a pendulum), then, one finds that during two
units of time the distance passed is 4d, after three units of time, 9d, etc. This is shown
graphically in Figure 7.2, where each arrow shows the total distance passed, D,
during the time t (in some units of time which are not important to our discussion).
As you can see, collecting such experimental data leads to the equation of the
falling bodies
𝐷 = 𝑎𝑡 2
where a is a constant (here, a is equal to the distance passed during one unit of time,
which we denoted by d). This is an equation of a parabola which starts at the origin.
This “law” of motion is valid if one neglects the friction between the ball and the
surface and the air resistance, both of which tends to slow down the speed of the fall.
An equivalent experiment is to measure the time taken for an object to fall form
a certain height h. Galileo, is said to have measured the time it took for object of
different mass to fall from the top of the Tower of Pisa. In this experiments Galileo
was interested in the distance, the falling body will pass in different times. If one
starts at height zero at time zero, and measure the distance h the ball passes after one
unit of time, then after two units of time it will pass the distance 4h and at three units
of time it will pass the distance 3h, and, so on. Thus we get again the law connecting
the total distance H with the total time t: ℎ = 𝑎𝑡 2 . This law is valid only if we
neglect air resistance. If the body falls through air for a long distance, its velocity
will eventually reach a constant value, the so-called terminal velocity; the distances
passes after each additional units of time will be constant. Also, we note that the
constant a is related to the gravitational acceleration. The gravitational acceleration
might change along very large distances above the earth’s surface.
Newton’s Laws of Motion
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Newton’s three laws of motion are the following:
The First Law is referred to as the “Principle of Inertia,” states:
A body will continue to be either at rest or moving at a uniform velocity in a
straight line unless force is exerted on it.
In other words, if a body is not “disturbed” by any force it will continue to move
at a constant velocity in the same direction (constant velocity here includes velocity
zero). In this law, time enters in the very definition of the velocity, i.e. the rate of
change of the distance with time.
The Second Law states that:
When force is exerted on a body it will change the velocity of the body in the
same direction of the force. Mathematically, the Second Law is written as
𝐹⃗ = 𝑚𝑎⃗
where 𝐹⃗ is the force acting on the body at a specific direction (indicated by the
arrow), 𝑎⃗ is the acceleration, i.e. the rate of change of the velocity in the same
direction of the force, and m is the mass of the body.1 In this law, time enters in the
definition of the acceleration, i.e. the rate of change of the velocity with time.

The Third Law states:
To every action there is an equal reaction opposing the action. Alternatively,
when one body exerts force on a second body, the second body exerts force on the
first with equal magnitude but in the opposite direction.
Qualitatively: If you kick a rock, the rock will “retaliate” and kick back.
It should be noted that a body moving in a circular orbit about another body at a
constant velocity is constantly “perturbed” by a force exerted on it at a right angle
to its motion. The force of gravity causes the earth to move around the sun at a nearly
constant circular velocity. If the force disappears at some point of time, the earth will
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continue to travel at constant velocity and in a straight line. This is shown
schematically in Figure 7.3.
The Noether Theorem
Emmy Noether (1882-1935), a German mathematician, proved and important and a
beautiful theorem in physics. This theorem states that every symmetry of a
dynamical behavior of a system implies a conservation law for that system. For
Newton’s Second Law, the symmetry under time translation (meaning that shifting
the origin of the time scale from 𝑡 to t+ 𝑡 ′ ) implies a conservation of the energy of
the system.
This theory is important in theoretical physics. However, it is not a useful
theorem, and many textbooks do not even bother to mention it. We mention it here
because it associates time-symmetry under translation with the principle of
conservation of energy.
Another important association between time and energy is the Heisenberg
uncertainty principle.
The uncertainty principle
Towards the end of the nineteenth century physicists believed that if one new the
positions and velocities of all the particles in the universe, one could predict the
future of the universe. If everything is determined by the initial conditions, then how
much freedom do we have in order to decide what we should do next?
Perhaps, even our own decision making process is determined? This is
tantamount to saying that the concept of free will is nothing but an illusion.
As I write these words I wonder whether I, myself decided to write this book, or
something has shaped that decision. You can ask yourself the same question
regarding reading of this book. You think you made that decision, but perhaps it was
already determined for you. Even the thought about this question was predetermined.
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This view of the universe has changed dramatically with the development of
quantum mechanics.

Werner Heisenberg (1901-1976), a German theoretical physicist who contributed
significantly to the development of quantum mechanics, is known for the so-called
Heisenberg uncertainty principle. The uncertainty principle follows from the
probabilistic nature of quantum mechanics. It states that the law of conservation of
energy can be verified by means of two measurements to an accuracy of the order of
ℎ/∆𝑡, where h is the Planck constant, ( h=6.63 10-34 J.s) and ∆𝑡 is the time interval
between the two measurements.
Additional:
This uncertainty principle was completely unexpected in Newton’s physics. In
classical mechanics it was implicitly assumed that the location (x), and the
corresponding velocity (𝑣𝑥 ) can be determined exactly and independently. This
assumption was rejected in quantum mechanics and was replaced by several
uncertainty principles. In quantum mechanics, the “exact” value of any x and 𝑣𝑥 by
a probability distribution. This means that instead of saying that the particle is at
location x, all that can be said is that the particle may be found between x and 𝑥 +
𝑑𝑥 with probability 𝑃(𝑥)𝑑𝑥, Figure 7.4a. Similarly, the velocity of the particle along
the x – axis could be determined with the probability density 𝑃(𝑣𝑥 ), Figure 7.4b.
The introduction of probability distribution into classical physics was already a
revolutionary idea. Furthermore, quantum mechanics tells us that the two density
functions 𝑃(𝑥) and 𝑃(𝑣𝑥 ) are not independent. There is a functional dependence
between these two functions. As a result of this dependence, the uncertainty in the
location ∆𝑥 (which is a measure of the “width” of the probability density), and the
uncertainty in the corresponding velocity are constrained by the condition.
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[∆𝑥] × [∆𝑣𝑥 ] ≈ ℎ/𝑚
where h is the Planck constant and m, the mass of the particle.2

There is a similar relationship between energy and time. It is written as:
∆𝐸 ≈ ℎ/∆𝑡
This relationship is fundamentally different from the one which we wrote above
where the location x, and velocity (or momentum) are determined at some specific
time. Here, ∆𝐸 is the difference between two exactly measured values of energy at
two different points in time, the time interval between the two points of time is
denoted ∆𝑡. This uncertainty principle (for the energy) is due to Niels Bohr (1928).

Time in Relativity: Einstein revolution
Albert Einstein (1879-1955), the German born physicist, is considered the central
person who revolutionized physics. In 1999, Time magazine selected him as Person
of the Century, as the lone individual who had a most significant impact on the 20 th
century.
Einstein, working in the patent office was disconnected from the academic world.
This fact was initially a disadvantage; not being updated in the field of physics.
However, later this fact turned to a great advantage; being independent of, and not
indoctrinated by his contemporary physicists. That fact gave him the freedom to
develope his own views unconstrained by the well-accepted dogmas of that period.
For instance, no one before Einstein raised any doubts about the existence of the
ether, something which was accepted by all the experts in physics.

To appreciate the extent of the revolutionary ideas of Einstein, we quote again
Newton’s statement in his “Principia.”
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Absolute, true, and mathematical time, of itself, and from its own nature flows
equably without regard to anything external, and by another name is called
duration; relative, apparent, and common time, is some sensible and external
measure of the duration by means of motion, which is commonly used instead of true
time.
Newton believed that time is absolute, and exists independently of any perceiver,
and it “flows” or progresses at a consistent pace. Note also that in the second part of
the quotation Newton uses the term “relative” in connection with the duration of
time. According to Newton the absolute time is imperceptible by us, it is
mathematical. On the other hand, the “relative” time which is the time we measure
is the duration which is only perceivable by motions.
Newton’s ideas about time endured for almost two centuries. These ideas were
part of common sense; time exists, there is only one time, absolute, universal, and
true. It cannot be affected by anything.
It was inconceivable that time (as well as space) could be affected by whatever
means. Time is also conceived as “flowing” at a uniform rate. Again, it was
inconceivable that this flow of time was universal. It is the same at any point in the
universe. The concepts of past, present and future are also perceived to be universal.
If I tell you that I am writing these words Now, it means absolute Now, for me, for
you, and for anyone else in the universe.
No one challenged those truths until ingenious, courageous, and nonindoctrinated young scientists came to the fore and questioned the validity of these
truths.
Albert Einstein, in his miraculous year (1905), known also as “Annus Mirabilis,”
shook the foundations of physics to its very core. In a year Einstein laid the
foundations of two great revolutions in physics; quantum mechanics and relativity.
3
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Newton’s ideas were so successful in predicting the trajectory of falling objects
or the orbits of planets. They were believed to be flawless and unassailable. Yet,
these ideas were snuffed out by Einstein. The so-called commonsensical perception
of time was overthrown and replaced by counter-intuitive and countercommonsensical, yet firmly logical new ideas which is now known as the theory of
relativity.4
The first shocking idea is that there exists no more universal time, the time, or the
common time. Instead, there is “my time,” “your time,” and “his/her time,” and these
“times” can be affected by our relative motion.
As I have pointed out in Chapter 4, the “transition” from “absolute time” to
“relative time” should not be reckoned as part of the “history of time,” but rather as
part of the history, or evolution of our understanding of time’s nature.

Einstein’s

ideas led scientists to question many accepted truths or dogmas. There are many
implications of Einstein’s theory of relativity. We shall describe here only a few of
these implications; time dilation due to relative motion, and effect of gravity on time.
We shall also briefly discuss the ideas of time’s beginning and time’s ending, ideas
that cannot be either proved or refuted by experiments.
There are essentially two principles in the Special relativity: The first: all
phenomena of nature, all the laws of nature are the same for all systems that move
uniformly relative to one another.
The second is the universality of the speed of light; the speed of light which is the
limit of speed, is independent of the of the source of the light, as well as independent
of the speed of the observer.

Time dilation due to relative velocity
One of the most counter intuitive prediction of relativity is the effect of relative
velocity on the time itself. Time slows down when you are in motion. This time-
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slow in relativity is different from the subjective sensation of time-slow when we
are in danger or expecting something. In relativity time-slow is referred to the clock
slowing down, as well as the rate of your metabolism, your heart beats etc. this time
slow is independent of how you feel or of your mood, as we shall discuss in Chapter
8.
Remember that time is what one reads on a clock. According to special theory of
relativity, this time depends on the relative motion of two identical clocks.

Consider the following specific clocks, Figure 7.5. You sit in a room of height d,
equipped with two parallel mirrors, one situated on the floor, and the second on the
ceiling. A ray of light travels perpendicularly on the two mirrors. You can think of
the light as a photon bouncing between the two mirrors. Each time it hits the lower
mirror you hear a tick, and when it hits the lower mirror, you hear a tack. Assuming
that the speed of light is c, you will hear the sequence of tick-tack, tick-tack at equal
intervals of times: 𝑡0 = d/c. We assume that since the speed of light is constant and
it has to travel the same distance, d between the mirrors in Figure 7.5a, the time it
takes to travel the distance d is fixed. We denote this time interval by 𝑡0 .
This device can be used as a clock, simply by counting the number of ticks and
tacks. We shall refer to this clock as the light-clock.
Bob is sitting at the corner of the room and counts the number of ticks and tacks.
His unit of time is to subscript zero and will be clarified soon.
Linda is sitting in a similar room of exactly the same dimensions. But she,
together with the entire light-clock, are moving in a rocket at a speed of v,
perpendicular to the motion of the light. Linda performs the same experiment and
counts the number of ticks and tacks. Since c and d are the same for Bob’s and
Linda’s light-clocks, they both measure the same time. Linda does not see (or hear)
any effect of her motion on the ticking of the clock.
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Now, suppose that while Bob does his counting while he watches television, and
simultaneously hears the ticking of Linda’s clock. To his surprise, he finds out that
Linda’s clock runs slower. To rationalize his observation Bob argues as follows:
In his light-clock the light travels the distance of d between the ticks. In Linda’s
clock the distance the light has to travel between the ticks is longer, see Figure 7.5b.
Instead of the distance d, the photon has to travel the distance l which is always
larger than d. Assuming that the speed of light is the same for both of the photons in
Bob’s and Linda’s clocks. Bob will conclude that the units of time Linda counts is
not 𝑡0 , but 𝑡𝑣 = 𝑙/𝑐. Since l is larger than d, 𝑡𝑣 (the unit of time in Linda’s clock
traveling at speed v) is also larger than 𝑡0 (the unit of time in Bob’s resting clock).
Thus, Bob’s time interval (𝑡0 ) is smaller than Linda’s (𝑡𝑣 ). The relationship
between the time’s units 𝑡0 and 𝑡𝑣 can easily be calculated by using the Pythagorean
Theorem. This is done in Appendix E. Here, we show in Figure 7.6 how the ratio
𝑡𝑣 /𝑡0 changes with the ratio of the velocities 𝑣/𝑐. For v much smaller than c, there
is no appreciable difference between 𝑡0 and 𝑡𝑣 . However, when v approaches c the
ratio 𝑡𝑣 /𝑡0 approaches infinitely which means that the time intervals between
successive ticks get larger and larger, and at the speed of light, the time stops.
For small values of (𝑣/𝑐) the ratio (𝑡𝑣 /𝑡0 ) is almost equal to 1. Table 7.2 shows
a few values of the ratio (𝑡𝑣 /𝑡0 ) for different relative velocities (𝑣/𝑐). Note that
when (𝑣/𝑐) approaches 1 (i.e. v approaches c) the ratio (𝑡0 /𝑡𝑣 ) diverges to infinity.
Table 7.2
𝑣/𝑐

𝑡𝑣 /𝑡0

{0.1,

1.005}

{0.2,

1.020}

{0.7,

1.400}

{0.995,

10.012}
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{0.997,

2.919}

{0.999,

22.366}

It should be noted that the calculation made in Appendix E, for (𝑡𝑣 /𝑡0 ) is for this
specific light-clock clock. However, the result of time dilation due to relative
velocity is valid for any clock. In fact, this effect was actually measured, see below.
It is claimed that all processes in living systems also slows down. This idea has led
to the so-called twin paradox.5
Why is it so difficult to accept that clock runs slower when you move? The reason
is that we live in a “classical world.” In everyday life we never encounter velocities
great enough to “see” this dilation effects. At all the velocities we experience in our
life, the slowing down of our clock is immeasurable. It is only when velocities
approximate that of light that relativistic effects can be detected.
In 1971, Hafele and Keating did an experiment to verify both time dilation effects
(the special relativity effect due to relative motion and the general relativity due to
gravity). They flew twice around the world; once eastward, and once westward. In
the airplane, they had the most accurate clock at that time, the cesium atomic clock.
By comparing the readings of the two clocks they found that the difference
conformed with the predictions of the theory of relativity. There is another not less
convincing confirmation of time dilation. It was found that the half-life of Muons
increases when they travel at very high speed close to the speed of light. See Egddall
pafe 32).
Following the measurement of the difference between two clocks at different
heights, and the confirmation of the prediction of General Relativity, one can now
use the atomic clock to measure differences in gravity.

Nowadays, both gravitational and velocity effect are taken into account in the
calculations of Global Positioning Systems (GPS).
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The loss of Simultaneity
In his paper on relativity published in 1905 Einstein introduced one of the deepest
insights about the nature of time. He claimed that events happening at the “same
time” for me is not “the same time” for you. In other words, simultaneity of two
events is not universal, but relative. The idea of simultaneity is described by Einstein
in his short book, originally published in 1917. A new edition of this book with
commentary by Gutfreund in 2015
Two events are said to occur simultaneously if they occur “at the same time.”
According to Newton the concept of simultaneity is absolute, it is the same for me,
for you, or for anyone else for that matter. Regarding simultaneous events, Einstein
was clear about he meant: “If, for instance, I say, “That train arrives here at 7
o’clock,” I mean something like this: “The pointing of the small hand of my watch
to 7 and the arrival of the train are simultaneous events.”6

Consider a moving train at a constant velocity v.
Suppose that a person sits at the center of a long table mounted on top of a train.
Lightning struck at the two ends of the table at points A and B in Figure 7.7, and the
person noticed that those two events occurred simultaneously. The light from the
two mirrors reached point M at the same time.
A person sitting at a point M on the platform, outside the train will see the light
arriving from A after he sees the light coming from B Figure 7.8. If, for instance the
it takes the light six units to reach from A to M ( or from B to M), for the person
outside, the light coming from B will arrive at M after about 4 units of time. The
reason is that the point M moves at a speed v, and the light emitted from A has to
pass a longer distance. On the other hand, the light from B travels a shorter period
of time in order to reach point M. See figure 7.8
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Thus, while the two events (lightning struck at A and B) are simultaneous for the
person in the train, they are not simultaneous for the person on the platform outside
the train; the “event B” precedes the “event A.”
Exercise: Suppose that the speed of light is c, and it travels the distance between A
and M in d units of time. The train travels at a speed c/2. What will be the time of
arrival of the light from A and from B, as seen by a person at the platform?

Let us assume that the light travels the distance d in each unit of time. It is also
known that the distance between A to M (and B to M) is 6d. Therefore, the time for
the light to reach from A to M (as well as from B to M) is 6 units of time. This means
that Bob who is sitting at M will see the light arriving from both sides after 𝑡0 = 6
units of time.
When the train travels, say at a speed of half the speed of light 𝑣 = 𝑐/2, the
observer from the outside will see that the time the light arriving from B to M is
shorter than from A to M.
Let 𝑡𝐵 be the time, as seen by the outside observer, that the light arrives to M
𝑑

from B. At this time, the train passes the distance 𝑡𝐵 , and the light passes the
2

distance 𝑡𝐵 𝑑, therefore we derive the equation
𝑡𝐵
from which we calculate 𝑡𝐵 =

6×2
3

𝑑
+ 𝑡𝐵 𝑑 = 6𝑑
2

= 4 units of time.

Thus, we see that the outside observer sees that the light coming from B arrives
at M in 4 units of time (shorter than the time 𝑡0 = 6, viewed by the observer inside
the train, or by the observer outside, when the train is not moving).
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The train moves to the right, i.e. away from the light coming from A. Therefore,
in order to reach M, the light has to travel the distance 𝑡𝐴 𝑑/2 plus the distance 6d,
in time 𝑡𝐴 . Hence, the equation for 𝑡𝐴 is:
𝑡𝐴

𝑑
+ 6𝑑 = 𝑡𝐴 𝑑
2

From which we calculate 𝑡𝐴 :
𝑡𝐴 =

6
0.5

= 12 units of time

which is much larger than 𝑡𝐵 = 4 for the light from B to reach M.
Thus, an observer sitting inside the train, sees the light coming from A and B at
the same time. An observer outside the train sees the light from B reaching M first,
and later from B.

A somewhat simpler experiment is shown in Figure 7.9
Bob is in the center of the room at M. He switches on the flash light or a bulb,
and the light starts to travel at constant speed in all directions. Clearly, if the
distances from A to M, and from M to B are the same, the events “light reaches A,”
and “light reaches B” will occur at the same time. Thus, from the point of view of
Bob, the arrival of the light at A and at be occurred at the same time.
Now, this whole room is mounted on a train traveling at constant speed v.
Suppose for simplicity that at each unit of time the light travels the distance d. If the
distance between M to A (as well as M to B) is 6d, then it will take the light 𝑡0 = 6d
units of time to travel from M to A (as well as from M to B).
Now assume for simplicity that a train travels at a velocity 𝑐/2, i.e. half the speed
of light, to the right Figure 7.9b. That means the train travels the distance d/2 in each
unit of time. A person outside the train watches the experiment in the train.
From the point of view of the outside observer, how long will it take the light to
reach A? Let us assume that 𝑡𝐴 units of time will pass. During this time 𝑡𝐴 , the light

114

will travel the distance 𝑡𝐴 × 𝑑, and the point A travels half of that distance towards
the light, the distance of 𝑡𝐴 × 𝑑/2. Thus, we have the equation
𝑡𝐴 × 𝑑 + 𝑡𝐴 × 𝑑/2 = 6𝑑
From which we can calculate the time, 𝑡𝐴 for the light to reach A:
𝑡𝐴 =

6
1.5

= 4 units of time

which is smaller than the time 𝑡0 = 6 to reach A in the stationary experiment. See
figure 7.9b. When will the light reach point B from the the viewpoint of the outside
observer?
Assume that the light reaches B after 𝑡𝐵 units of times. Since the point B is
traveling away from the light at a speed of 𝑐/2, after 𝑡𝐵 units of time, the train will
travel the distance 𝑡𝐵 × 𝑑/2, and the light has to travel the distance 9d, plus the
distance 𝑡𝐵 × 𝑑/2. So, the light has to travel the distance 𝑡𝐵 × 𝑑 which is:
𝑡𝐵 × 𝑑 = 6𝑑 + 𝑡𝐵 × 𝑑/2
From this equation we calculate 𝑡𝐵 as:
𝑡𝐵 =

6
= 12 units of time
0.5

Clearly, for the observer on the platform the light will reach A first (after 4 units
of time), and B, second (after 12 units of time), See figure 7.9c. Thus, while the two
events: “reaching A,” and “reaching B are simultaneous for the observer in the train,
they are not simultaneous for the observer outside the train, the event “reaching A”
occurs first, and the event “reaching B” occurs after 12 units of time.

Gravitational time dilation
Einstein’s theory of general relativity deals with gravity and accelerating system. As
we noted above, there is no experiment that we can do in a closed room, which will
tell us whether we are moving at a constant velocity relative to another system
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outside the room. That is not the case when the closed room you are sitting in is
accelerating. If you sit in a car driving at a constant velocity, you will not be able to
tell whether you are moving or stationary with respect to a system outside the car.
However, when the car accelerates you will fill a force pushing you backward. Pilots
feels heavier when they make a loop, i.e diving first then puling upwards. The feeling
is as if you are in a higher gravitational field. Figure 7.10
As we have seen any wave can be used as a clock by simply counting the number of
waves which pass a certain point.
From Einstein’s “General Theory of Relativity” one can predict that when a clock
is at a high place where the gravity is weaker, it will run faster relative to a clock at
a lower level, when gravity is stronger, Figure 7.11.
If Bob and Linda synchronize their clocks, say at 8:00 am, then Bob goes uphill,
spend some time there, and goes down. They compare the readings on their clock
and sees that Linda’s clock shows 12:00 noon, while Bob’s clock reads 12:10 noon.
Thus Bob’s clock ran faster that Linda’s. If you wish you can say that when living
at very high altitudes, you will age faster than someone who lives in lower altitudes.
This effect is called gravitational time dilation. In terms of frequency of a given
electromagnetic wave time slowing down is equivalent to counting a smaller number
of waves passing by a certain point. Equivalently, the frequency of the wave
decreases. This effect is called a red-shift.
In 1959, Pound and Rebka measured this red-shift in an experiment carried out
in Jefferson Laboratory at the Harvard University.
Add figure
Although the total height difference between the ground and the top of the top was
only 22.5 meters, they detected the extremely small slowing down of a clock at the
bottom of the tower relative to its top. The “clock” in this experiment was the
radioactive isotope 57 of iron (57Fe). The measurements conformed with Einstein’s
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prediction within 20%. Later, in 1964 the experiment was repeated by Pound and
Snider, and they obtained conformity within 1% of the theoretical prediction.
As I have noted in connection with the time-dilation associated with relative
velocity, some authors use the gravitational time dilation as a possible means for
time travel. The idea is quite simple. Suppose that twin, Rachel and Tom were born
in the year 2000. Tom spent his life at sea level, while Rachel spent several years at
the mountain summit where time runs much faster, say, twice as fast as on earth, at
sea level. When Rachel comes back to sea level after she aged for 30 years, she meets
her twin brother who is only 15 years old according to the Gregorian calendar of
2015. Rachel looks like a 30-year old. Some authors would argue that by traveling
back home Rachel traveled “15 years into the past,” which of course, is not true.
Rachel does not travel into her past, nor dis Tom traveled to his future. See also
chapter 5.
It should be said that though many of the predictions of Relativity were confirmed
by experiment. Not all scientists agree with the theory.

Time travel?
Ever since the publication of H. G. Wells’ book “The Time Machine,” numerous
popular science books have discussed the question, the feasibility, and the physics
of time travel (1895).
Before sharing with you what people think about time travel, I would like to
present to you my own view. Briefly, one must discuss separately the two different
“destinations;” traveling into the past, and traveling into the future. In my view, both
of these travels are fantasies best suited for science fiction books as they are totally
meaningless.
Most writers on time travel into the past and invoke a famous paradox:
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If you could travel to the past, say a hundred of years ago, you meet your
grandmother. You might also kill her before she got married, then she would not
have given birth to your mother, and you would not have been born. Great paradox.
However, you do not need to go through great lengths in order to conclude from the
outset that such a physical time traveling is meaningless (physical, in the sense that
you actual body travels back to the past, then doing something that will affect the
present.).
The past, plain and simple is what happened in the past. Some events in the past
might be recorded, written in books, or films, or even in one’s memory. The simple
truth is, you cannot change the past. This is a more general than saying “you cannot
change history.”
To give you a simple example which does not require you to murder someone, in
fact you wouldn’t have to do anything, suppose that a party took place 100 years
ago, and your grandparents were in attendance. Someone took photos of that party
for the sake of posterity, or perhaps someone wrote the biographies of your
grandparents coupled with a description of the party.
You decide to visit that particular moment in time at that particular point of space
(your grandparents’ house). You arrive there (uninvited of course because you were
not even born yet), managed to sneak in and joined the merrymaking unnoticed.
What about a photo of that party which still hangs in your mother’s house where
everyone stood smiling, and facing an old fashioned box type camera, would you be
(as we say it in modern day lingo) photo-shopped into that picture? What about the
story your grandfather wrote about his friend which was printed? Will it be edited to
include you? The absurdities can go on and on, and will end just like that, an
absurdity.
Traveling to the past means changing it, whether or not you murder someone or
simply were present somewhere, you will have changed the past. Although that
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particular event might have been recorded by any physical means there is no way
your journeying back into the past will change it, and again, it is utterly meaningless
to talk about it in serious science books where there is no room for it. Should one
wish to talk about traveling back in time, the un-filled pages of a still unwritten
science fiction book awaits the writer, harness his wild imagination and put it to
good use.
While writing the last paragraph I imagined traveling into the past, not to a too
distant past in fact, when I read in the papers that IBM had an IPO offering with their
stocks for a very low price. It so happened that I took some extra cash with me and
so I managed to buy IBM stocks. When I traveled into the present, I laughed all the
way to the bank after a really wise investment. That was one lovely, and lucrative
trip.
There is another sense in which traveling to the past is mentioned. This is
discussed in connection with time dilation. We shall discuss this kind of traveling
into the past in Chapter…
The word Travel is used for moving from one point in space to another point. The
same word when used in the phrase: “Time-travel” loses its original meaning, and
does not offer any new meaning “from one point to another point in time.” If you
recall the practical definition as the reading of the clock, and more specifically, as
the counting number of some periodic motion, you will realize that “travel in time”
is as meaningless as increasing or decreasing the number of books written by any
arbitrary number.
If at this moment the total number of books written is 1,275,657,995, you cannot
say that you will “travel” to write the 1000th , or 1,275,657,994th book for the simple
reason that this particular book had been written and cannot be changed.
Similarly, you cannot “travel” to book number 1,380, 000,001, meaning that you
will write the book 1,380,000,001th book. You must wait until all the books
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numbered 1,275,657,995 to 1,380,000,000, will be written in order for you to write
book 1,380,000,001. The only (and trivial), way of traveling into the Future booknumbers” is simply to write book 1,275,657,996.
If you understand the “traveling” into the book-numbers, you will have no
difficulty in understanding the absurdity of time traveling.
If the clock tells me that the time is 1:32 am, it simply means 60 + 32 = 82 minutes
have passed since midnight (00:00). This means that 82 ticks were counted since the
stroke of midnight. You cannot “un-count” those ticks, neither can you “over-count”
them.
In some popular science books you might encounter statements about “modern
physics” which now allows you to construct a time-machine. They also tell you that
the laws of physics do not forbid time-traveling.
Of course, there is no law that forbids time traveling. There is also no law that
forbids traveling to heaven or to hell, and no law which forbids traveling into the
“counting-number” of books. This does not mean that all these fancy traveling are
possible, or even meaningful.
A completely different story is the concept of traveling into the future. This is
quite different from traveling back to the past, as the past has already occurred and
cannot be changed, and the future does not exist yet, so in simple terms it is
meaningless to travel somewhere that does not exist.
You can allow your imagination to run wild and travel into the future, see your
own grave with an inscription which details how, where, and when you died. If you
died tragically in a car crash, you can hurry back to the present and make sure you
will never drive that particular car. You were obviously alive when you visited your
grave so you have to revise the inscription while you were in the future. Doesn’t
make sense, right?
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Perhaps, you can also travel to the future and find out that the stock market
crashed and the IBM shares that you bought (when you traveled in the past) lost their
value so you instinctively hurry back to the present and sell all the shares, and as a
result you become rich in the future, and by visiting the future you can avoid losing
your fortune. Convoluted is how I would describe this going back and forth.
Again, there is some sense that a visit to the future “makes sense” based on
arguments from special relativity. We shall discuss this in Chapter 8.
There is another aspect of traveling into the future that we actually do every
minute. It does not require any “time-machine,” nor any decision to travel into some
specific time in the future.
How? Quite simple. Every minute that passes, the present turns into a past, and
by definition you step into the future, the immediate future you walk in; you take
that inevitable trip if you like it or not. As the famous song goes, “Que sera, sera.
The future is not ours to see.

Appendix 7. A visit to Fabergé Museum, Saint Petersburg, Russia
he Faberge Museum is a private museum established by Viktor Vekselberg with the
goal of repatriating some of Russia’s lost cultural gems. It also houses the world’s
largest collection of Fabergé’s works.
In February 2004, Vekselberg purchased nine Fabergé Imperial Easter eggs for a
hefty sum of over $ 100 million from the Forbes family of New York. He is known
to be the single largest owner of Fabergé eggs in the world, owning fifteen of them
(nine Imperial, two Kelch, and four other Fabergé eggs). In November 2013, the
Faberge Museum first opened its doors to the public.
Today, the museum is home to a collection of more than 4,000 works of decorative
applied and fine arts, including gold and silver items, paintings, porcelain and
bronze. Undoubtedly, the most important residents of the museum however is the
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group of nine Imperial Easter eggs created by Fabergé for the last two Russian Tsars,
Alexander III, and his son, Nicolas II.
Peter Carl Fabergé, also known as Karl Gustavovich Fabergé was a Russian
jeweler best known for the famous Fabergé eggs. He was the founder of the famous
jewelry legacy House of Fabergé. His first creation of the so-called Faberge egg, the
Hen Egg, was a gift from the Tsar to his wife, Empress Maria Fyodorovna on
Orthodox Easter (24 March) of 1885. Fyodorovna was so delighted with the present
prompting the Emperor to assign Fabergé the title Goldsmith by special appointment
to the Imperial Crown of that year. The first Easter egg led to another, and another
upon the Tsar’s commissioning of Faberge’s company to produce an Easter egg as
a gift to his wife every year thereafter. The Tsar placed an order for an Easter egg
for the following year, and in 1887 the Tsar gave Faberge a free hand in designing
the Easter eggs, which in time became increasingly elaborate. According to the
Faberge family tradition, not even the Tsar was privy to the details of the design.
The Tsar had one stipulation which Faberge was compelled to comply with. His
Easter egg creations should be unique, and should have an element of surprise in
their designs. Upon the death of Alexander III, his son, Nicholas II, the next Tsar,
kept the tradition. Faberge continued to create Easter eggs, one for Nicholas III’s
mother (who received a total of 30 eggs), and one for his wife, Alexandra (who
received another 20). The eggs produced for the Tsar’s family are distinguished as
the Imperial Easter Eggs, or the Tsar Imperial Easter Eggs.
In what appears to be a nondescript venue, nothing grand or ostentatious from the
exterior lie hidden gems, the gems of the Faberge Museum.
The grand staircase leads to the Blue Room where the Faberge eggs are on
display. The overall effect of the blue and white color motif, punctuated with
tastefully designed gildings create a dreamy atmosphere. To be in the Blue Room,
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staring down at the magnificent Imperial Easter eggs is like walking into dreamland.
With hushed voices guests marvel in awe at the exhibits. Such exquisite
craftsmanship!
One of the Easter eggs called Cockerel egg (originally cuckoo clock egg)
currently on exhibit in the Faberge museum was a gift from Tsar Nicolas II to his
mother, the Empress Maria Feodorovna. It has a mechanism on the top rear which
triggers the bird to come out and move.
Having gone to the museum with the main purpose of looking out for interesting
clocks, I was not disappointed. Truth be told, I was overwhelmed with excitement
upon seeing the enormous collection of clocks.
To name a few:
1. The globe
House of Faberge (1908-1917), craftsman, H. Wigström
2. The Man in the Moon
House of Faberge (1908-1917), craftsman, H. Wigström
Aside from individual clocks, there are numerous desk sets which include
colorful clocks in matching colors, some bright like chartreuse, royal blue, pink, and
some in muted shades like lilac. Clocks which were part of desk sets came in all
sizes and shapes.
Items such as dinner sets, tea and coffee sets, punch sets, desk sets, cigar cases,
paintings, ornately designed personal items are aplenty, and yet the list goes on and
on, and all intricately and masterfully crafted leaving the onlookers breathless,
consumed with admiration for the masterpieces before their eyes.
Our visit to the Faberge Museum was certainly time well-spent.

Chapter 8. Perception of Time
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In Chapter 2, we discussed the possibility of defining time. We concluded that there
is no definition of time, but there is a practical definition of time; the countingnumber of some repeating or a periodic phenomenon. This is the time we use in all
our measurements.
As we have discussed in Chapter 5 some people believe that there is more to time
than what the clock tells us. This purported “something else” about time cannot be
measured or quantified. This is the time which is said to be the subjective perception
of time, or the psychological time. This is sometimes referred to as the psychological
“Arrow of Time.” It is perhaps this “Time” which is deemed to be “merely an
illusion.”
It is safe to say that everyone had, at some point in their lives, experienced the
seemingly slowing down of time, as they went through a period of pain, stress, fear,
or anticipating intensely for something, or time running fast, or flying while they
were enjoying themselves, or having a “good, or great time.” Again, these
experiences in life are subjective and not the kind of time we see on a clock’s face.
Clearly, the feeling of time “flowing” is not the same for different people, and is
also different for the same person in different situations, in which the person is.
The earliest quotation I found on the subjective perception of time was in Pensees
(translated by W. F. Trotter published by GlobalGrey) by the
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Mathematician, mathematician, physicist and inventor, Blaise Pascal(1623-1662):
“Those who judge of a work by rule, are in regard to others, as those who have a
watch are in regard to others. One says, "It is two hours ago"; the other says, "It is
only three-quarters of an hour." I look at my watch, and say to the one, "You are
weary," and to the other, "Time gallops with you"; for it is only an hour and a half
ago, and I laugh at those who tell me that time goes slowly with me and that I
judge by imagination. They do not know that I judge by my watch.”
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Many researches were carried out on this psychological time-experience,
elegantly summarized by Hammond (2013)1
Hammond refers to the “stretching” and “shrinking” of time as the “slowing
down,” and “flying fast,” respectively.
Hammond, a psychologist, recognizes that these senses of time are psychological
(in contrast to measurable time), but still posed the question as to whether these
experiences (of the stretching and shrinking of time) are only illusions, or there is
some physical-biological origin for these experiences in the manner the brain
processes time differently for different persons, or for the same person but being at
different situations at different times. As Hammond put it in her introduction:
“I will focus on psychology and brain science, rather than the metaphysics
and poetry of time, or the physics and philosophy of time.”
Thus, the whole book is not about the “objective reality” of time, but rather on
the subjective experience of it.
Not only is time felt slowing down, or moving fast for different people in different
situations, but even for the same situations, or the same event, time may be perceived
as lasting longer or shorter. For instance, an event we experience in the present may
seem to be brief, but much longer when we look back at it after some time. Also, the
same event may be perceived longer or shorter by the same person at different ages
in his/her life.
Although it is clear that humans and most animals have a sense of time, it is far
from clear that there is a single organ in the body which is dedicated to recording
time, and which may be called an internal-clock.
There are many “periodic” or equally-spaced processes occurring in our bodies
such as the beating of the heart (about 70 times per minute) and the respiratory cycle;
inhaling and exhaling air, repeated every three seconds.
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It is also known that our activities are regulated by the so-called circadian rhythm
(derived from the Latin word, circa which means “about” or “approximately,” and
diem which means day). This is a 24-hour period which may be viewed as an inner
“clock” synchronizing our activities with the periodicity of days and nights. Though
we can estimate shorter periods of time, such as hours, minutes, or seconds, there is
no “clock” that measures such units of time in our bodies.
In 2017, a Nobel prize was awarded to three American scientists for their
discoveries of the molecular mechanism controlling the circadian rhythm in fruit
flies. They found the gene that regulates the 24-hour physiological processes such
as heart rate, blood pressure, body temperature, etc.
It is interesting to note that the word “Time” is one of the most frequently used
noun in the English language. It is also interesting to note that there is the Amondawa
tribe in the Amazons have no word for “time” in their language, nor do they have
the words for month or year. They do not use clocks or calendars. They do refer to
sequence of events, but time does not exist as a separate concept.2
Prospective and retrospective estimating of time
Numerous researches were carried out on people estimating the duration of time
(without looking at their clocks). There are two kinds of time-estimation:
Prospective, when people are asked to estimate, say, 10 minutes from now, and
retrospective, when people are asked to estimate the time that has elapsed since some
event occurred in the past.
Suppose you are watching a play and you are bored. While you are seated and
waiting impatiently for the intermission you are asked when an hour has passed. In
this case time would seem to be dragging, although only 40 minutes had passed, you
will guess more than that, even an hour. During intermission, you are asked how
long the first half of the play lasted, you might answer that it felt like two hours,
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when in reality it took only an hour. In both cases the perception is that time slowed
down.
Seeing “time” in “space”
The ability of “seeing” time laid out in space is one type of synaesthesia.3
Here, we discuss a type of synaesthesia when people visualize time in space. Some
people report that the only way they see time is spatially. Most people see the next
week laid out before them in space, whereas an event in the past is visualized as
being in their back.
The following test was conducted by Thomas Cottle.4
People were asked to draw three circles on a piece of paper representing the past,
present, and future. They can draw circles of any size, and place them at any order
on the paper. Cottle found that about 60% of the respondents drew three separate
circles, with the smallest circle on the left, and the largest circle on the right.

Past

Present

Future

This order of circles in space was typical for English speakers; i.e. “past” on the left
to the “future,” on the right, in the same “order in time,” of writing the letters from
left to right. Arabic and Hebrew speakers, who write from right to left, put the circle
representing the “past” on the right, and the one representing the “future” on the left
the same sequence in time of writing letters in Arabic and Hebrew.

Future

Present

Past
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It should be noted that the very sense of time speeding up or slowing down uses the
language of moving in space. As we have discussed in Chapter 2, time’s moving
does not make sense without specifying in which direction, and at which speed it
moves, and of course “moving” means moving in space.
There are many fascinating studies of time perception in spaces which are
discussed in Hammond’s (2013) book.
Time speeding and age
One of the most common experiences associated with time flowing is that time
seems to speed up when one gets older. Sometimes we say time flies or time flees.
As the Roman poet Virgil wrote: Time flees irretrievable (Fugit irreparabile
tempus).
see figure of Tempus Fugit

Although many studies were carried out on this time-perception it is still considered
to be one of the greatest mysteries of the psychological perception of time.
There are many “theories” or explanations of this phenomenon. The simplest
explanation is that people sense the length of time relative to, and proportional to the
length of time they lived.
For a ten-year old boy, one year is one-tenth of his life. A year seems to be very
long, or that time passes slowly. For a 50-year-old, a year is only 2% of his lifetime,
a relatively short time, hence, the sense that time speeds up.
Another theory is the density of events, especially events which are novel. When
we are young we go through many, first-time experiences; studies, intimate
relationships, marriage, child, travels. Etc. Thus, at this age new events seem to be
crammed in a year, therefore the feeling is too many things happened in that year,
hence, the sense that that year was long, or time ran slow.
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When you are older the density of new experiences is much lower; one year may
pass without any new and exciting events, and it feels as if time “ran out,” or speeded
up.
A related phenomenon which is referred to as the “reminiscence bump,” the
period of time in our lives in which many novel events or experiences occurred, say,
between 20-30 years.
Psychologists found that people’s preponderance of memories stem from this
period of their lives. According to Hammond (2013), the key for this “reminiscence
bump” is novelty, i.e. the densely occurring novel events during this period of time.
When people are asked to recall a special happy event in their lives chances are
they will recall an event from this “reminiscence bump.”
Looking at time through a telescope
When people are asked to estimate how long ago a well-known event occurred, say
the assassination of J.F. Kennedy, or the explosion in Chernobyl, chances are that
you will underestimate the time when those events occurred, feeling they occurred
recently. This effect is referred to as “forward-telescoping.” It is as though the time
elapsed has been compressed (in your mind) as if you have been looking at that event
through some time-telescope.
An over-estimation of time usually occurs when you ask about an event that
occurred, say, a few weeks ago. For instance, if you asked when you last met your
best friend, you might get an answer “about three weeks ago” when in reality, it was
only a week ago. This is called the “backward” or the reverse telescoping, time
seems to expand.
According to Hammond’s “Forward Telescoping” is the main factor which
contributes to the sensation that time speeds up as one gets older.
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Thus, in order to understand the effect of age on the sensation of time speeding,
one has to understand how our brain stores the sequence of memories. An interesting
phenomenon is Hyperthymesia; people remembering everything.5
Some physicists relate the fact that we “remember the past and not the future” to the
Second Law. See Chapter 11.
Ticking novel event
Hammond’s key idea is novelty and monotony. Perhaps, the mind ticks the new
events whereas ignore ticking a monotonous period of time. This ticking is
interpreted as ticking fast or slow when there are more or less novel events occurring
at the same period of time.
Thus, if you were hospitalized, or worse, incarcerated, when chances are nothing
exciting happens, the ticks are less frequent and time seems to slow down, whereas
when you travel or on a holiday, or when you are young many ticks occur in the
same period of time. This high frequency ticks are interpreted as speeding of time.
Your state of mind and the speed of time
This is one of the most familiar senses of time speeding or slowing down.
When you are having a “good-time,” experience new and exciting happy events,
time seems to move fast. However, when you look back to the same events on the
same period of time, retrospectively, they might look longer. This is called the
Holiday-Paradox. A holiday seems to pass very quickly, but looking back it seems
that it lasted longer.
There is also a reverse “Holiday-Paradox.” This is when you go through a period
of inactivity like illness, boredom, or nothing interesting happening, and you feel
that time slows down. Looking back at the same events retrospectively make those
periods seem shorter.
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There is also evidence that many of the genes in our cells are expressed in a 24hour cyclic pattern. This face has important implications for medicine. It was found
that the efficacy of various drugs depends on the time they are taken. For instance,
acetaminophen (Tylenol is a well-known brand) has a dramatic, different effect
when taken in the morning or at night. A whole new field of research, chronomedicine, has recently emerged, one concept of which is to examine the timing of
different medical treatments and their effect on different diseases. For more details,
see Greenwood (2018).
In a delightful book titled “Time Warped, Unlocking The Mystery of Time
Perception,” Claudia Hammond summarized a voluminous research on what may be
referred to as psychological time, or the subjective perception of time. Some of these
topics were mentioned in this chapter.
In Hammond’s book there is a unique chapter on “Changing your Relationship
with Time.” The main question posed in this chapter is how to put all this knowledge
about time-perception into practical, everyday use. Instead of learning how time
runs fast or slow under different situations, the author discusses ways of making time
run fast or slow, or how you can create your own personal perception of time.
If you feel that time runs fast, can you do anything about it? Can you mentally
slow it down? Or, if you feel that time runs excruciatingly slow (e.g. when you
standing idly in a queue), can you do anything to speed it up?
Other practical questions discussed in Hammond’s last chapter are:
Can we really save time, or can we make ourselves feel that we do not waste time?
And finally the most important question: “How can we live in the present?”
Hammond, while discusses possible answers to the previous questions, does not
provide an answer to the abovementioned question. In a way the answer is trivial;
everyone does live in the present. Nevertheless, it is a question worth thinking about.
I quote below the last paragraph in Hammond’s book:
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“We will never have total control over this extraordinary dimension. Time will
warp and confuse and baffle and entertain however much we learn about its
capacities. But the more we learn, the more we can shape it to our will and
destiny. We can slow it down or speed it up. We can hold on to the past more
securely and predict the future more accurately. Mental travel-time is one of
the greatest gifts of the mind. It makes us human, and it makes us special.”

A visit to the Vienna Museum of Clocks and Watches
During my first visit to Vienna in the late 1970s, I visited the museum of clocks and
watches. It was not however, a priority of mine. I was more interested in visiting
Boltzmann grave at the Vienna cemetery. In my recent interest in clocks and
watches, I asked a colleague of mine, Bojan Zagrovic, who is currently working in
Vienna to visit the museum and to take a few photos in the Vienna Clock Museum.
Appendix 8: A visit to Hermitage Museum
The Hermitage Museum in St. Petersburg, Russia is the second-largest art museum
in the world. After the acquisition of an impressive collection of paintings from a
Berlin merchant, Empress Catherine the Great founded the museum in 1764. The
museum was first opened to the public in 1852, and continues to attract droves of
locals and foreigners alike to its doors.
Over three million items are housed in a large complex comprised of six historic
buildings, some of which are on permanent display. However, only five of the
buildings are open to the public, namely; the Winter Palace, Small Hermitage, Old
Hermitage, New Hermitage, and the Hermitage Theatre. The massive complex with
its exterior walls in white and mint green and gilded windows and columns is a sight
to behold.
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Some of our friends who have been to the museum suggested that we visit. I was
driven by a specific purpose, to see for myself the famous golden Peacock Clock by
James Cox. It is a large automaton featuring three life-sized mechanical birds.
Manufactured by the entrepreneur James Cox in the18th century, it was acquired by
Catherine the Great in 1781. Today, it is perhaps one of the the most viewed and
visited exhibition in the museum.
With not much time, I suggested to my St. Petersburg host, Alexey Victorov, that
we prioritize the viewing of the peacock clock. We ascended the magnificent Jordan
staircase (or the principal staircase). Its name is derived from the biblical story of
Christ’s baptism in the Jordan River. On the Feast of the Epiphany, the then reigning
Tsar descended the staircase during a state ceremony called “Blessing of the Waters”
of the Neva River. The grand stair hall has an 18th-century ceiling depicting the
Gods at Olympus, and is decorated with alabaster statues of Wisdom and Justice,
Grandeur and Opulence, Fidelity and Equity, and Mercury and Mars. An anonymous
18th-century marble sculpture graces the central part of the first landing. The stairs
is one of the few remaining parts of the palace which retains the original 18th-century
style.
It is said that during receptions and functions the Jordan staircase was a focal
point for arriving guests. What a way to wow the palace guests, a grand, massive
staircase truly fit for royalty.
Having hardly recovered from the awe-inspiring feeling of seeing the Jordan
staircase, we entered another mind-blowing section, the Pavilion Hall which
occupies the first floor of the Northern Pavilion in the Small Hermitage. It is no less
impressive with its predominantly white and gold interiors, wide glass windows,
gilded columns, and huge chandeliers. The glass encased aviary which contains the
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golden peacock clock is bathed with a dramatic warm, yellow light from within, as
well as light from the chandeliers, the gilding, and the outdoor illumination of the
sun. The overall effect is simply dramatic and absolutely beautiful. Unfortunately,
we came at the wrong time. The hall was jampacked with people wanting to take
photos of the clock, and taking selfies. The hall overflowed with people it was going
to be quite a feat to see the attraction in that haystack. My advice to those who wish
to visit and see the Golden Peacock Clock, go before closing time. The Pavilion Hall
will all be yours. I speak from experience as after seeing the big crowd at the hall
when we came, we didn’t recognize it on the way out. There were hardly any visitors
left and had the hall to ourselves.
Had we arrived a day earlier in St. Petersburg we would have witnessed the
animation of peacock clock. Once a week, the encased aviary comes to life for all
the guests to see. The peacock’s thin neck and pretty head moves gently, as its tails
unfurl and rise. Once the tail is fully unfurled the peacock turns around, sashaying
itself to the guests’ hearts. The cage which holds the owl captive is decorated with
cymbal bells which are hit by flowers producing soft, melodious chimes. The owl
turns his head, blinks his eyes, and taps his feet. The rooster crows, powerfully proud
as if asserting his dominance. Several squirrels are perched on the tree branches. At
the foot of the oak tree grows some mushrooms, and on one of the mushrooms lie
the dial. Hidden under the mushroom cap are Roman and Arabic numbers which
indicate the hour and the minutes while the golden dragonfly serves as the second
hand. The display operates on four mechanisms, three of which sets the birds in
motion, while the fourth runs the actual clock movement.
Upon accomplishing my mission we moved on to view the other sections of the
museum and saw more beautiful exhibits. The exhibits adorn ceilings, ceilings to
floor, wall-to-wall.
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The Hermitage Museum, true to its name is a retreat, a hideaway where one can
feast his eyes on beauty.
Chapter 9. Time, Causality, and Conditional Probability
When you kick a ball, it will most likely fly. We say that the “kick” is the cause, and
the “flying” is the effect of that cause. However, the flying of the ball could have
been caused by other causes. Also, kicking the ball does not necessarily cause it to
move. If you kicked a rock, it will not budge, you will, out of pain.
It is obvious that when we know that something caused an effect, that cause
always preceded an effect. This is what is meant by the words, cause and effect.
There are times when we are not certain about the cause, so much so that we can
only say that A is the cause of B with some probability. If a heavy smoker died of
cancer, we cannot be sure that the cancer was caused by the heavy smoking. We can
say that cancer was the cause with some probability.
Although the fact that cause precedes the effect is obvious, some authors of
popular science books will tell you that the “order in time,” of cause and effect is
related to the tendency of entropy to increase, which is one very common but
erroneous way of stating the Second Law of Thermodynamics. Some authors will
also tell you that entropy is the cause of everything that happens, a universal cause
in the universe! We shall discuss these absurdities in Chapter 11.
There is another common association of cause and effect with correlation
between events. One way of defining correlation between two events is in terms of
conditional probability. 1
Let Pr(𝐴) be the probability of the event “A.” Let Pr(𝐴|𝐵) be the conditional
probability that event “A” will occur, given that event “B” occurred. The correlation
between the two events “A,” and “B” is defined by:
Pr(𝐴|𝐵)
= cor(𝐴, 𝐵)
Pr(𝐴)
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We say that the correlation between the two events is positive, or supportive,
when the occurrence of “B” increases the probability of the occurrence of “A.”
Examples:
1. The probability that a person will have lung cancer, given that he/she had been a
heavy smoker is larger than the probability of a person to have lung cancer.
2. The probability that the result “4” in throwing a die, given that the result is “even”
is larger than the probability that the result of throwing a die is “4.”
In the first example, the “smoking” may or may not be the cause of the “lung
cancer.” If it is the cause, then it must precede the effect; smoking precedes the
cancer. Cancer also can precede smoking, but, in this case, cancer is not the cause
of smoking.
In the second example, the result “even” is not the cause for the result “4” in
throwing the die. The “condition” in the conditional probability, does not need to be
the cause of the resulting event.
Although it is clear that the positive correlation does not necessarily imply
causality, sometimes people confuse conditional probability with cause and effect as
well as “order in time.”
Consider the following experiment which was carried out by Falk (1979):
Consider the following simple and very illustrative example that was studied in
great detail by Falk (1979).
You can view this example as a simple exercise in calculating conditional
probabilities. However, I believe this example has more to it. It demonstrates how
we intuitively associate conditional probability with the arrow of time, confusing
causality with a conditional probabilistic argument.
The problem is very simple; an urn contains four balls, two white balls and two
black balls. The balls are well mixed and we draw one ball blindfolded. Figure 9.1a.
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First we ask: What is the probability of the event “White ball on first draw?” The
answer is immediate: ½ . There are four equally probable outcomes; two of them are
2

1

4

2

consistent with “white ball” event, hence, the probability of the event is = .
Next we ask: What is the conditional probability of drawing a white ball on a
second draw, given that in the first draw, we drew a white ball (the first ball is not
returned to the urn). We write this conditional probability as Pr(𝑊ℎ𝑖𝑡𝑒2 |𝑊ℎ𝑖𝑡𝑒1 ).
The calculation of this conditional probability is very simple. We know that a white
ball was drawn on the first trial and was not returned. After the first draw, there are
three balls left; two blacks and one white. The probability of drawing a white ball is
simply 1/3. Figure 9.1b.
This is quite straightforward. We write
Pr(𝑊ℎ𝑖𝑡𝑒2 |𝑊ℎ𝑖𝑡𝑒1 ) =

1
3

Now, for the trickier question: What is the probability that we drew a white ball
in the first draw, given that the second draw was a white ball? Symbolically we ask
for
Pr(𝑊ℎ𝑖𝑡𝑒1 |𝑊ℎ𝑖𝑡𝑒2 ) =?
This is a baffling question. How can an event in the “present” (white ball at the
second draw), affect the event in the “past” (white ball drawn in the first trial)?
These questions were actually asked in a classroom. The students easily and
effortlessly answered the question about Pr(𝑊ℎ𝑖𝑡𝑒2 |𝑊ℎ𝑖𝑡𝑒1 ), arguing that drawing
a white ball in the first draw has caused a change in the urn, and therefore has
influenced the probability of drawing a second white ball.
However, asking about Pr(𝑊ℎ𝑖𝑡𝑒1 |𝑊ℎ𝑖𝑡𝑒2 ) caused uproar in the class. Some
claimed that this question is meaningless, arguing that an event in the present cannot
affect the probability of an event in the past. Some argued that since the event in the
present cannot affect the probability of the event in the past, the answer to the
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question is

1

2

. They were wrong. The answer is

1

3

. The solution this problem

requires the knowledge of Probability theory, See appendix F and Ben-Naim (2015).
The distinction between causation and conditional probability is important.
Perhaps, we should add one characteristic property of causality that is not shared by
conditional probability. Causality is transitive. This means that if A causes B , and
B causes C , then A causes C , symbolically: If A  B and B  C , then A  C . A

simple example: If smoking causes cancer, and cancer causes death, then smoking
causes death.
Conditional probability might or might not be transitive. We had already
distinguished positive correlation (or supportive correlation) and negative
correlation (counter or anti-supportive).
If A supports B, i.e., the probability of the occurrence of B given A, is larger than
the probability of the occurrence of B i.e. Pr(𝐵|𝐴) > Pr(𝐵), and if B supports C
(i.e. Pr(𝐶|𝐵) > Pr(𝐶), then in general, it does not follow that A supports C.
Here is an example where supportive conditional probability is not transitive.
Consider the following three events in throwing a dice
𝐴 = (1,2,3,4), 𝐵 = (2,3,4,5), 𝐶 = (3,4,5,6)
3

2

4

3

Clearly, A supports B [i.e. Pr(𝐵|𝐴) = > Pr(𝐵) = ]. B supports C, [i.e.
3

2

1

4

3

2

Pr(𝐵|𝐴) = > Pr(𝐵) = ], but A does not support C, i.e. Pr(𝐶|𝐴) = < Pr(𝐶) =
2

.

3

There is another case when “order of events” in conditional probability is
confused with “order in time,” or with “cause and effect.” This is in the mathematical
theory of Markov chains. We shall discuss here very qualitatively the case of Markov
chains. For more details, see Ben-Naim (2015).
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Suppose we have a sequence of experiments denoted 𝑋1 , 𝑋2 , … , 𝑋𝑛 , and the
sequence of outcomes which we shall call events. For instance, we start with an urn
having 20 red marbles and 20 blue marbles.
We draw one marble and ask: “What is the probability that its color is red?” We
do not return the marble, and draw another marble and ask the same question. We
can say that the experiment 𝑋𝑖 is the drawing of a marble at time i. And the
corresponding event is, the color (or the outcome) in the ith step, or the ith
experiment.
Another example is a one-dimensional sequence of magnets that can be either
state “up” or state “down.” We shake this system, and then pick up one magnet and
asks: ‘What is the probability that this magnet will be in the state “up” (or “down”)?
Again, we can view this sequence of magnets as a sequence of experiments:
𝑋1 , 𝑋2 , 𝑋2 , … The corresponding events are the state (“up” or “down”) of the magnet
at site i.
In the first example the sequence of outcomes (the color of the marble at the ith
draw) is ordered in time; the result i, precede (in time) the result 𝑖 + 1. In the second
example the outcomes are not “ordered in time,” but are ordered in space; the result
i is on the site preceding (in space) the result 𝑖 + 1.
In the theory of Markov chains one assumes that the outcome of the experiment
𝑋𝑖 depends only on the result of the experiment 𝑋𝑖−1 , and not on any other
experiment. The Markov chain is characterized by a series of conditional
probabilities Pr(𝑋𝑖+1 |𝑋𝑖 ), which is the probability of the occurrence of a specific
result in the experiment 𝑋𝑖+1 given the outcome of the experiment 𝑋𝑖 .
It is common to say that the experiment 𝑋𝑖+1 depends only on the “near past” or
recent past (meaning only he outcome 𝑋𝑖 ), and not on the “far past” or the distant
past (meaning 𝑋𝑖−1 , 𝑋𝑖−2 ⋯).2
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Clearly, the use of the terms “present,” “past,” and “future” are appropriate for
the first example, , but not for the second example.
To conclude, conditional probability can, or cannot be associated with cause and
effect. It also can, or cannot be associated with the temporal order of the events.
However, neither conditional probability nor cause and effect may be associated
with entropy or the Second Law, See Chapter 11.

Appendix 9. A visit to Newgrange, County Meath, Ireland
About 30 kilometers north of Dublin, Ireland is one of the most important and
impressive prehistoric monument associated with timekeeping – the passage tomb
of Newgrange. Since I decided to write this book I knew that the book will not be
complete without visiting Newgrange (as well as Stonehenge, see visit to
Stonehenge)
During August 2018, my wife and I visited Newgrange, on what we have been told
is typical, rainy Irish weather. Thrown in the package tour were short visits to Tara
Hills, the ancient Royal site of the High Kings of Ireland. Standing at the ceremonial
mound under the rain with drenched feet and shoes to boot, and holding on to the
edges of our umbrellas lest they turn inside out, we were in no mood to stay any
longer. The tour guide commented that after seeing us all shivering and with
miserable looks on our faces he knew he had to wrap up his story. What came next
was a comforting and nourishing bowl of rich and creamy butternut squash soup (for
my wife and I) as we sat for a quick break at the Newgrange Farms and coffee shop.
Just outside the coffee shop are stables housing horses, rabbits, puppies, and goats
which was a welcome diversion to the inclement weather.
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As we approached the site a huge mound covered by grass can be seen, see
Google map figure. The guide explains that the place dates back 5000 years ago
(which makes it older than the pyramids of Giza in Egypt, as well as the Stonehenge
in the UK.
Newgrange is a Neolithic Ritual Centre and Passage Tomb located in County
Meath, Ireland. Although it is just one of the 250 passage tombs in Ireland, it is
probably the most famous. Its features indicate that it was constructed with the
specific role of marking the winter solstice. The roof-box, the stone-lined passage,
the chamber of the tomb, and the covering mound with kerbstones are the four
components of the passage tomb which are integral to Newgrange’s winter solstice
phenomenon.
Approximately 5000 years old, this UNESCO World Heritage site is touted to be
older than the Stonehenge and the Egyptian pyramids. The decorations which can
be seen at the entrance, and its corbelled inner chamber are examples of abstract
Stone Age art typical of early farming communities in Western Europe.
Experts in other fields have posited varying interpretations as to Newgrange’s
possible functions; astronomy, engineering, geometry, and mythology. It is believed
that this was the burial site of some of the rulers of that era
Utmost care is strictly enforced by the management in order to preserve the
site’s integrity. Only a limited number of visitors are allowed near the passage tomb
entrance, all the rest are to wait for their turn in a designated waiting area. There is
also a time limit while inside the chamber. When our turn came we were herded to
the entrance of the tomb where we had to wait yet again under the pouring rain and
chilly weather. Mobile phones, tablets, and digital cameras were quickly hoisted to
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capture the beautiful image before us. While we feasted our eyes and captured the
image of the awe-inspiring structure before us, our ears were also glued to the tour
guide’s quite informative briefing. A man who was taking a video of the briefing
was brusquely addressed, and told to stop as the guide does not relish the thought of
her face all over You tube. Before we entered the tomb, our guide had specific
instructions on how we should enter; sideways, because the narrow is quite narrow,
and crouched, because the clearing is quite low. Backpacks and bags should be hung
in front of us to avoid damaging the surface of the stones, and also to avoid pilferage.
Silently, and with bated breath we made our way into a 19m-long (really) narrow
and low passage. Reaching the burial chamber, we looked around and marveled at
the construction, among others, of its corbelled roof. We were told that the roof
remains intact and un-spoilt to this day. It is amazing how those stones have stayed
in place for thousands of years without anything in between to put them together. At
some point, my wife whispered to me that it gave her the shivers thinking of the
unthinkable should those stones collapse while people are inside the chamber. Inside
the chamber are examples of Neolithic rock art as seen in the stone carvings.
Archaeologists believe that most of the carvings were produced prior to the stones
being they were erected. Cramped in that small chamber are the history, beliefs,
customs, and way of life of a group of people, a window to their souls. There are
also basin stones that can be found in the chamber. It is believed that they contained
the bones, burnt or unburnt of the deceased for whom the tomb was built. It was also
possible that earthly belongings and offerings could have been placed in the basin
stones. Proof of a small quantity of human bones and offerings were recovered
during a 1967 excavation cementing the theory that the site was indeed used as a
tomb, and not as a temple.

As the tour drew to its end, we witnessed a fitting

finale, a simulation of the winter solstice phenomenon. The light had to be turned
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off in order for us to visualize and appreciate what actually happens on the shortest
day of the year. In a calm, and husky voice the guide narrates:
“At exactly 8.54 hours GMT, the top edge of the ball of the sun appeared above the
local horizon and at 8.58 hours, the first pencil of direct sunlight (a flash light is
used to simulate the thin ray of light) shone through the roof-box and along the
passage to reach across the tomb chamber floor as far as the front edge of the basin
stone in the end recess. As the thin line of light widened to a 17cm-band (a thicker
ray of light from the flashlight illustrated the effect) swung across the chamber floor,
the tomb was dramatically illuminated and various details of the side and end
recesses could be clearly seen in the light reflected from the floor. At 9.09 hours, the
17-cm band of light began to narrow again and at exactly 9.15 hours, the direct
beam was cut off from the tomb.
For seventeen minutes, therefore, at sunrise on the shortest day of the year, direct
sunlight can enter Newgrange, not through the doorway, but through the specially
contrived slit which lies under the roof-box at the outer end of the passage roof.”

A dramatic simulation indeed. Upon exiting the chamber, I asked the guide
whether this particular event is accidental. I posed the question owing to the fact that
5,000 years ago science was unheard of, no geometry, and no knowledge of the
meaning of light as a moving physical value.
The guide confidently assured me that researchers have established that this was
not mere coincidence. It was probably intentionally built in such a way that it was
lighted once a year on a particular day. Nothing accidental, they had a purpose.
It is hard to believe that 5,000 years ago the people from the Neolithic age
designed or conceptualized the tomb’s design for that particular purpose. However,
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I do not discount the capability of the human mind to imagine, conceptualize, and
execute regardless of the limitations.
Scientists who explore the site concluded that it is highly improbable that the site
was built for burial or other religious purpose and only accidentally it was later found
that the rays of light at one particulate day illuminated the inner chamber.
I do know how this probability was calculated. However, I believe that can also
claim that it is highly improbable that those people who lived in the area some 5000
years ago could have built such a structure for such a purpose.
Regardless of the probabilities regarding the intensions behind the construction
of Newgrange, the fact that it was built as a tomb, and that the rays of the sun
illuminate the passage once a year was an impressive accomplishment.
If it is true that those people who built it kept track of the passage of a year, then
this was one remarkable achievement. It is not clear whether those people were
aware of the existence of the solstice, or even its periodic occurrence of this day once
a year (if the concept of a year was defined).
We certainly enjoyed the trip to Newgrange and a visit to the site is highly
recommended. Who knows, you might just get to experience the real thing. You can
join the yearly Newgrange lottery ticket. Take note however, that there is no
guarantee that there will be sunlight in the chamber on any of the mornings, the event
is totally weather dependent! Details on how to enter the lottery can be found in the
internet. Good luck.
Chapter 10. Confusing absolute “always” and “never” with practical “always”
and “never,” respectively
This chapter is a prelude to the next chapter on the misconstrued association of
the Arrow of Time with Entropy and the Second Law.
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Let’s start by playing some games first.
Game with a regular die with four faces.
We start with playing with dice having different number of faces, Figure 10.1.
These games were designed to train you on how to use the words, or rather the
concepts of never, and forever, correctly. Some years ago I used this game to
demonstrate the fact that young children have a sense of probability. Given the
option to choose between two events with different probabilities children had no
difficulty in making the correct choice [Ben-Naim (2010, 2015b, 2019). Let us start
with tetrahedron die, denoted (a) in Figure 10.1. This die is a regular tetrahedron. It
has four faces; one red, and three blue. The rules of the game are as follows: You
choose a color, either red or blue, then we throw the die numerous times. To be
completely unbiased we can use some mechanical device to “throw the die.” If the
die lands with the blue face facing the floor, you get $1.00. If it falls with the red
face facing the floor, you pay $1.00.
Which color will you choose?
I hope you choose the color blue. Can you explain why? 1
Next, we repeat the game numerous times. Again we assume that you start the
games with zero dollars in your wallet, and count the total number of dollars you
will have after k steps. If we throw the die each second, then k steps will take k
seconds. Therefore, we plot the total number of dollars you have as a function of t (t
being the number of steps or the time, in unit of seconds).
Figure 10.2a shows the results of simulation of such a game. We plot the total
number of dollar as a function of the time, or the number of throws. You see that
initially you gain a few dollars in the first few steps, then lose some dollars, and after
40 throws you will gain about $12.00. This means that on average, you gained $1.00
in four throws, as expected in playing with a die shown in figure 10.1a. In Figure
10.2b we show a similar plot obtained from another simulation of the same game.
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Here we see that initially you lose money, but then you start gaining. The same is
true in the run shown in Figure 10.2c.
In all the curves in Figure 10.2, we drew two dashed lines. One, the upper one is
the limiting case, when you are quite lucky and gain on each step, and after 40
throws, you gain $40.00. The lower dashed line is the count for another limiting case;
that is when you are extremely unlucky; you lose on each game.
Now, pause and think:
Can these two extreme cases happen? Can you calculate the probability that you will
gain in all 40 throws, or lose with all 40 throws?2
Thus, although there is some small probability to lose money in this game, you
would probably agree to play this game, and you certainly will choose the blue color.
Game with a regular die with six faces.
Next, we play the same game, same rules but with a regular die having six faces; one
colored red, and five colored blue, Figure 10.1b.
I am not going to ask you again which color you will choose. In Figure 10.3a I
show you three simulated runs with this particular die. You will see that in all three
runs, you start with gaining, i.e. the curve initially goes up, but once in a while you
will see one or even two consecutive losses. However, the general trend is quite
clear; the overall curve is upwards, and the average slop of these curves is larger
than those in Figure 10.2. This means that, on average you will gain on most of the
steps (the odds are 5:1), and after 40 throws you will have about $30.00. Not bad.
Now, I want to ask you again the same questions I asked you in the previous
game. Can you lose money at each step? Can you gain at each step?
Graphically speaking, my questions are:
Can your net gain (or loss) follow one of the dashed lines in Figure 10.3?
The third question is:
Can you estimate all the probabilities of “all gains,” and “all loses” in 40 throws? 3
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Game with a die having twelve faces.
Look at Figure 10.4, where I drew three curves, obtained by simulations of the same
game but with a die having 12 faces, Figure 10.1c. We play the same game with this
die having 12 faces, one red face, and 11 blue faces.
If you play the same game with the same rules (and of course, I am sure you will
choose the color blue) you will gain on most of the throws. Note that all the curves
are almost “touching,” the upper limit line.
Can you calculate the probability of “all gains” and “all loses” in this game of 40
throws?4
Note that I was sure that you will choose the blue color. Can you explain why I
was so sure?
Are you sure you will always gain when playing with this particular die? Of
course, you cannot be sure. However, you feel with high probability that if you play
40 throws your chances of gaining is overwhelmingly larger than losing. The relative
probabilities4, is an unimaginably large number.
It is important to understand the meaning of an unimaginable number. When I say
unimaginable number, I mean the following: In thermodynamic processes we might
23

find that an improbable event might occur in one of 1010
23 )

probability of occurrence of this event is 10−(10
23

the exponent. The number 1010

experiments. The

. Take note of the two “levels” of

means one followed by 1023 zeros. Now, try to

write this number. If you type one zero in one second, you will need about 1023
23

seconds to write the number 1010 . In one year, you can write 60 × 60 × 24 × 365
zeros which is about 107 zeros. Therefore, to write the 1023 zeros you will need
about trillions upon trillions of years. If you prefer to “see” this number, suppose
23

that the length of each “0” is one millimeter, then the explicit number 1010

will

147

have a length of trillions upon trillions of kilometers. This is the meaning of an
unimaginable number of seconds or number of kilometers.

Die with 100 faces and more.
Next, we play the same game with a die which has 100 faces, one red, and 99 in
blue. Figure 10.5 shows two runs for this case. In one curve you always gain, in the
other you lose in one step, and gain in all the other steps. I hope that by now you
understand why we obtained this particular result. I did some more simulations with
dice having 200 and 500 faces. I will not show you the results, you can imagine that
with such dices you will “never” lose money!
Now, I want to use the words always and never in connection with this game.
1. Are you sure you will always choose blue?
2. Are you sure that you will always gain in this game?
3. Are you sure that you will never lose in this game?
I am sure you will answer Yes, for the first question, but you cannot do so for
questions 2 and 3. You may also say that the answer to these two questions is Yes,
but what you actually mean is, Yes, with high probability.
Suppose you play the same game with millions, trillions, or even 1023 faces.
Among these, only one is colored red, while the rest are all in blue. If you can do the
simulation for 40, 100, or 1000 steps you will always see that the gaining curve is
the same as the “limiting dashed line” in Figure 10.5a.
If the die has 1023 faces, and you will play this game all your life, I can guarantee
you that you will gain at each step. Your counting of the numbers of dollars will
always increase.
Do you agree with me?
Now, look at Chapter 2, where we discuss time5. We said that the counting of
some repeated event will never decrease, or always increase.
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In daily language we say that time always “goes forward.” It never decreases. In
our games with the die with 1023 faces we also said that the counting (of the net
dollars) will always increase, and will never decrease.
Did I use the words always and never in the same sense in both cases?
The answer is No!
In the first case, we use always and never in the absolute sense. In the second
case we also use the words always and never, not absolutely, but with extreme high
probability. It is not absolutely “always” and “never.” In practice, I am sure that if
you play all your life, you will always gain, and never lose! However, these are not
always and never in the absolute sense.
Let me repeat what we had found if you play with a die having 1023 faces, with
only one red face, and the rest (1023 − 1) are blue. I am sure that you will always
choose blue. I am also sure that you will always gain, and will never lose money.
Why am I so sure? Because the probability of gaining in each game is bigger than
losing that even if you play all your life, and all your descendants will continue to
play for billions of years you (and your descendants) will always gain.
Now, let me ask you the crucial question:
Compare the counting-number of any units of time with the counting-number of
your dollars in the last game. In both, we said that the counting number will always
increase. However, the word always is used in two different senses. In the counting
of units of time the number will never – in absolute sense – decrease. In the case of
counting dollars, the number will never decrease in practice, not in the absolute
sense. It will always increase with extremely high probability, but you cannot say
that it will absolutely never decrease. In fact, you can calculate the probability that
once in many billions and billions of years this number can decrease, you can also
calculate the probability that it will decrease in a sequence of 10, 100, or 1000
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throws. This probability is not zero. On the other hand, the counting number of units
of time will, by definition, never decrease!
I hope that you have grasped the difference between the absolute sense of always
and never, on one hand, and high-probability sense of the same words, on the other
hand.
If you understood the difference you will also understand why so many scientists
have gone astray, confusing these two senses of always and never.
As a prelude to the next chapter, where I will show you how scientists reached
absurd conclusions regarding time and entropy, let me ask you the following
question:
Suppose you play the game with the die having 1023 faces, and with the same
rules as above. Suppose you throw the die at each second (or at each tick of your
clock), and count the number of dollars you accumulated. Would you take this
number (of dollars which “always” increases) as a measure of time? In other words,
can you use this game as a “clock”?
I hope your answer is No. Explain why before you go ahead to the next chapter.6
Another term which is often used in thermodynamics is “irreversible” or
“irreversibility.” In playing with dice with many blue faces and one red face, we
saw that we always gain. Will you say that the gaining is “irreversible”? The answer
is again, “irreversible,” in practice, not in absolute sense.
Appendix 10: A visit to the Royal Observatory Greenwich (ROG)
Historically, the Greenwich Palace where the Maritime Museum now stands was the
birthplace of both Henry VIII and his daughters Mary I and Elizabeth I. The royals
used the Greenwich Castle as a hunting lodge.
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Situated on a hill in Greenwich Park, the Royal Observatory Greenwich (ROG)
played a vital role in Great Britain’s astronomical and navigational history. Its name
is attributed to the fact that the prime meridian passes through it.
King Charles II commissioned the observatory in 1675, and installed John
Flamsteed as its director. The Ordnance Office where Sir Jonas Moore, in his
capacity as Surveyor General, was tasked with building the observatory. From out
of his own pocket totaling 520 pounds Moore provided the key instruments and
equipment for the observatory. The amount is practically nothing today, but quite a
handsome sum in those days. Flamsteed House (named after its first inhabitant)
which was the original part of the Observatory was the first purpose-built scientific
research facility in Britain.
Flamsteed’s responsibilities initially focused on stellar tables, which were later
expanded to marking the official time of day, and housing the Queen’s Nautical
Almanac Office. The original observatory initially housed the scientific instruments
which were used by Flamsteed.
Aside from Moore’s personal monetary contribution he also donated two clocks
which were built by Thomas Tompion. Back then the clocks had unparalleled
accuracy.
Up until 1954, Greenwich Mean Time (GMT) was based on celestial
observations made at Greenwich. In 1935, GMT was formally renamed as Universal
Time but is still commonly referred to as GMT.
In 1833, in order to help mariners and others within sight of the observatory, a
very visible time ball was dropped at exactly 1 p.m. (1300) every day atop the
observatory which allowed them to synchronize their clocks to GMT. The time balls
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was initially dropped by an operator. From 1852, it was released automatically via
an electric impulse from the Shepherd Master Clock. Today, ball is still dropped
daily at 13:00 (GMT in winter, BST in summer).
Today, the Greenwich site is now maintained almost exclusively as a museum
with scientific work relocated elsewhere.

Chapter 11. Time’s Arrow, Entropy, and the Second Law of Thermodynamics
This chapter was planned to be the last chapter of the book. However, I decided to
write it just before the last chapter. The reason is that this chapter was the most
difficult one to write, and is the most difficult to understand. If you decide to read
this chapter, then you will need to relax by the reading the next and the last chapter.
The truth is that you do not need to read this chapter at all. In fact, such a chapter
should not appear in a book on Time. My reason for writing this chapter was driven
by the fact that in almost any popular book on the “Physics of Time,” you will find
a lengthy discussion on the association of the Arrow of Time with Entropy and the
Second Law. The origin of this misconstrued association of Time’s Arrow with
Entropy can be traced to Eddington’s writings. The origin of Eddington’s
misconception is the following apparent “puzzle:”
On one hand the physical laws of physics are invariant under time reversal. Some
say that the equations of motion do not distinguish between past and future. On the
other hand, we observe in daily life many “irreversible” processes, many processes
which “flow” in one direction. A favorite example, brought in many popular science
books is the running of a video backward. We can almost always tell in which
direction the movie is running. All these processes, are said to be manifestations of
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the Second Law of thermodynamics; the so-called the Law of Entropy, which
distinguishes between the past and the future.
When I said that this chapter is the most difficult to understand, I meant that it
will be difficult not only to the lay reader, but even for well-established scientists
who write on the “Physics of Time.” The reason for this difficulty lies on these two
concepts: Time and Entropy. Everyone knows what time is, lay person or not. One
can also say that almost everyone does not understand what entropy is. Again, this
is certainly true for the lay person, but it is also true for many scientists, as well as
those who write books on Time, and on Entropy.
This unique pair of concepts; one which everyone is familiar with, the other
which most people have probably not heard of, create a unique ground for many
scientists to “invent” deep and profound connection between the two concepts. It is
unfortunate however, that all these connections are the result of a deep and profound
misunderstanding of entropy and the Second Law of Thermodynamics.
In this chapter I will present a simple definition of entropy in order to give you a
qualitative idea about the meaning of entropy. I will also discuss one simple process.
For this process I will tell you the value of the entropy change, and I will formulate
the Second Law. This will be enough to show you why so many scientists were
misled to conclude that entropy and the Second Law are associated with the Arrow
of Time, on one hand, and why entropy and the Second Law have nothing to do with
the Arrow of Time, on the other hand.
In this chapter we introduce entropy and the Second Law in five steps. In the first
step, we shall play the simple and familiar 20-question (20Q) game. This game will
be referred to as the uniform 20Q game. We shall find that in this game there is a
general formula which allows you to calculate the minimum number of questions
one needs to ask in order to obtain the missing information. In the second step we
shall generalize the 20Q game for the non-uniform game. Here, we shall also
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introduce the concept of Shannon’s measure of Information (SMI). In the third step
we discuss a further generalization of the 20Q game. Here, the game itself changes
with time, we shall see how the SMI evolves as the 20Q game changes. In the fourth
step we shall define the relative entropy. We shall relate it to the SMI, and show that
while the SMI changes with time, the entropy, by definition is not a function of time.
We shall also see that because entropy and the SMI have similar mathematical
structure, people tend to confuse between the two. This is the main reason why
people erroneously claim that entropy “always increases with time.” In the last step,
we shall discuss a particular case of the Second Law. We shall discuss the concept
of irreversible processes and show that this irreversibility is not absolute, but only
with high probability. If you understood the message of the previous chapter, you
will effortlessly understand why so many people have associated the Second Law
with the Arrow of Time; simply stated this is a result of confusion of the absolute
“always” with the weaker concept of “always” with high probability.
First step: Playing a simple (uniform) 20Q game
Suppose we hide a coin or a particle in one of eight boxes, Figure 11. I tell you that
the coin must be in one of the eight boxes, and that there is equal probability to find
the coin in any of the eight boxes (which means that the coin was placed in one of
the boxes at random, and the probability of finding the coin in any specific box is
simply 1/8).
You are allowed to ask binary questions (i.e. questions that are answerable by
either Yes or No). How many questions do you need to ask in order to find out where
the coin is?
We shall not discuss the strategies of asking questions. We assume that you are
smart enough to ask the minimum number of questions in order to obtain the
information in which box the coin is. (To render the game more dramatic, assume
that you have to pay, say, $1.00 for each answer. When you obtain the required

154

information, you get a prize, say, $20.00. Clearly, it is in your own interest to ask
fewer questions as much as possible. For more details on the different strategies of
asking questions, see Ben-Naim, 2017b).
In the case of the eight boxes you can find the required information with three
questions. If you are not sure try to play this simple game.
Look at the four games in Figure 11.1, where we have 8, 16, and 32 boxes. Note
that doubling the number of boxes, requires adding only one more question. This is
the most important aspect of this game. The relationship between the number of
boxes (or objects or persons in a 20Q game) and the minimum number of questions
you need to ask in order to find out the missing information (here, the box containing
the coin). I urge the reader to try to play each of the games in Figure 11.1 and find
out the information with a minimum number of questions.
The mathematical relationship between the minimum number of questions and
the number of boxes (W) is:
Minimal number of questions = log 2 𝑊
log 2 means logarithm to the base 2. If you are not familiar with logarithm you can
look at Appendix A…
We have shown that this formula is correct for the particular games in Figure
11.1. One can show that this formula is correct for any number of boxes W. For
details, see Ben-Naim (2017b). In the general case the number log 2 𝑊 is not an
integer. When W=1, there is only one possibility, therefore you do not need to ask
questions; in this case log 2 1 = 0.
In such a case, log 2 𝑊 is the average number of questions one needs to ask if one
plays the same game many times. For instance, if 𝑊 = 10, you will need, on average
to ask between three and four questions (log 2 10 is about 3.3 ). We shall call this
number the SMI for this particular game. I will explain the reason later.
Second step: Playing the non-uniform 20Q game
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We next generalize the 20Q game to non-uniform distribution. In general, when we
play the parlor game of 20Q.
We implicitly assume that an object or a person was chosen at random, i.e. that
the person making the choice has no preferred object or person. We need to
generalize the game for a case when the probabilities of the boxes (or objects, or
people) are not equal. A simple example is shown in Figure 11.2. A dart is thrown
on a board. The board is divided into W regions. I know where the dart hit the board
and you have to ask binary questions in order to find where the dart is. In Figure
11.2 we have three different divisions of the board into eight regions. Clearly, the
number of questions you need to ask will be affected by the relative sizes of the
region (we assume that the dart hit the board, and that the probability of hitting
region i is the ratio of the areas 𝐴𝑖 /𝐴 where 𝐴𝑖 is the area of the region i, and A is
the total area of the board). Pause and try to understand why I made this assumption.
Look again at these three regions. I offer you to play either game (a) or (b), which
one will you choose? Similarly, I offer to play either game (b) or (c), which one you
will choose?
The same rules apply; you know that the dart must be in one of the regions, and you
also know the areas of all the regions. You pay $1.00 for each question, and when
you get the information on where the dart is, you get $20.00. I trust that you already
“feel” that (a) is the most difficult game, (b) is easier and (c) is the easiest. Easy,
means fewer questions. Note also that in the case of non-uniform distribution the
SMI can be less than one, although you will need to ask, on average at least one
question. We are discussing here the qualitative meaning of the SMI as a “measure
of information.” For details see Ben-Naim (2017b).
In this game it is obvious that the more uniform the distribution is, the more
questions you will need to ask, i.e. the more “difficult” the game is.
Pause and think why this last statement is correct.
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Let us play an equivalent game with eight marbles in eight cells. Figure 11.3.
This is almost the same game as in Figure 11.2, but this game will bring us closer
to the real systems of particles in boxes.
Let us assume that I am thinking about one specific marble, and you have to find
out in which cell the marble, I am thinking of, is located. Note that I chose a marble
at random. To assure you that it was a random choice, think of the marbles as being
labeled 1 to 8, and I ask the computer to generate a random integer number between
1 and 8. In this manner, the choice of the marble is made with equal probabilities.
Take note that the probability that the specific marble was chosen from cell i depends
on the number of marbles in that cell. In Figure 11.3 we have the following three
distributions of marbles:
(a) 𝑁1 = 8

,

𝑁2 = 𝑁3 ⋯ 𝑁2 = 0

(b) 𝑁1 = 4,

𝑁2 = 2,

𝑁3 = 2,

𝑁4 = 𝑁5 ⋯ 0

(c) 𝑁1 = 1,

𝑁2 = 1,

𝑁3 = 𝑁4 ⋯ = 𝑁8 = 8

To each distribution of marbles correspond a probability distribution. These are:
(a) 𝑃1 = 1,
(b) 𝑃1 =

4
18

𝑃2 = 0,
,

1

𝑃2 = ,

(c) 𝑃1 = 𝑃3 ⋯ =

4

𝑃3 = 0 ⋯ 𝑃8 = 0
1

𝑃3 = , 𝑃4 = 0
4

1
8

Now, we play the 20Q game on each of the three games. It is clear that these
games are different from the simple and uniform games we played earlier.
Here, I choose one marble, and you have to find out in which cell the marble is.
You know that I chose the marble at random but the probabilities of the events; “the
marble was chosen from cell k,” are not equal. How would you play these games?
Intuitively, it is clear that in case (a), Figure 10.3, you do not have to ask any
question. In case (b) you can find out the information you need in at most two
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questions. If you play the game many times you will find the information, on
average, in 1.5 questions.1
For the third game the number of questions is 3 which we can write as log 2 8 = 3.
We can tentatively conclude that the more uniform the distribution the more
questions we need to ask.
Claude Elwood Shannon (1916-2001) was an American mathematician, electrical
engineer, known as the father of information theory. In 1948 Shannon published
landmark article titled: A Mathematical Theory of Communication. In this article
Shannon in 1948 gave a general formula for the average number of questions one
needs to ask when we play the 20Q game with any distribution. In the case of nonuniform distribution, the connection between the SMI and the number of questions
is not so straightforward as in the case of uniform distribution. For details see BenNaim(2017b).
I shall write this formula in Box 11.1. In my opinion, this is the most important,
useful, and beautiful formula in all the sciences. It is used in almost any field of
science from physics, mathematics, biology, psychology, and more. It is also the
formula that provides the simplest and the only proven interpretation of entropy
which we shall discuss below. Even if you have never heard about logarithms, I urge
you to look at Appendix A, and try some simple exercises.
Exercise (for those who know how to handle logarithm to the base 2):
Show that when all the probabilities (𝑃𝑖 ), in the Shannon formula in box 11.1 are
equal, the SMI becomes:
SMI (for any uniform distribution) = log 2 𝑊.
Exercise (for those who know both logarithm and some elementary calculus):
Prove that for all probability distributions 𝑃1 , 𝑃2 , … , 𝑃𝑤 with the same W, the SMI
is maximum when all the 𝑃𝑖 are equal, i.e. 𝑃𝑖 = 1/𝑊. This is an important theorem
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which we shall use in defining the entropy below. The proof may be found in
Shannon’s original article, or in Ben-Naim (2017b, 2018a).
We next generalize the same game but with N of the order of 1023 . One mole of
particles contain about 6.022 × 1023 particles. This number is called Avogadro
number. It is named after Amedeo Avogadro (1776-1856), and is sometimes denoted
by Å. See Figure 11.4.
Figure Avogadro
Avogadro was an Italian scientist who was famous for the eponymous law,
known today as the Avogadro Law. The law states that equal volumes of two gases
at the same temperature and pressure will contain equal number of atoms or
molecules (provided that there are no interactions between the particles, i.e. the gases
are ideal).
Back to our game, instead of eight particles in eight cells we now have eight
moles of particles distributed in the boxes.
Again, we can define many (quite many, in fact) distributions of particles in the
eight boxes. Three cases are shown in Figure 11.3, but note that each particle now
represents one mole of particles.
The distribution of particles for these cases is:
(a) 𝑁1 = 8 moles

,

𝑁2 = 0, ⋯ 𝑁2 = 0

(b) 𝑁1 = 4 moles

,

𝑁2 = 2 moles,

(c) 𝑁1 = 𝑁2 = 𝑁3 = ⋯ 𝑁8 =

1
8

𝑁2 = 2 moles, 𝑁4 =, ⋯ 𝑁8 = 0

moles of particles

To obtain the probability distribution we divide each number in the previous table
by eight moles. The three probability distributions are:
(a) 𝑃1 = 1,
1

(b) 𝑃1 = ,
2

𝑃2 = 𝑃3 = ⋯ = 𝑃8 = 0
1

𝑃2 = ,

(c) 𝑃1 = 𝑃2 ⋯ 𝑃8 =

4

1
8

1

𝑃3 = ,
4

𝑃4 = 𝑃5 = ⋯ 𝑃8 = 0
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Note carefully that these games are very different from the games in Figure 11.3,
when we played with marbles in cells. However, the probability distributions are the
same in two cases.
What are these last probability distributions? Here, we have tiny particles that are
indistinguishable, so I cannot label the particles as I did with the marbles. Instead, I
pick up one particle at random from the eight moles of particles. The question is:
“What is the probability that I picked up a particle from box i? The answer is the
same as in the case of Figure 11.3. The reason is that the probability distributions in
Figure 11.3 is the same for the two cases. Again, pause and think why the games in
Figure 11.3, are equivalent when we play with marbles or with particles. How many
questions do you need to ask in order to find out wherefrom I took that one particle?
The answer is the same as in the case with the marbles. We do not need to ask any
questions in case (a), while on average we need 1.5 questions I case (b), and three
questions in case (c).
Exercise:
Calculate the SMI for the three cases shown in Figure 11.52.

You can see that the more uniform the distribution is, the larger the SMI. The
minimum, SMI = 0 for the case of all particles in one box, and the maximum SMI =
3 when all the particles are uniformly distributed in the eight boxes.
Note that the SMI we calculated so far is for one choice out of eight possibilities,
i.e. in which of the eight boxes the particle was. We can define the total SMI for the
system with 8Å of particle, by: 8Å × the SMI (for one particle) which is, 8Å times
(i.e. about 8 × 6 × 1023 ) the SMI per particle for the case of Figure 11.3.
For some notes on SMI and the 20Q game See Appendix G.
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Third step: Evolving 20Q games
In the previous games we had a fixed distribution of marbles or particles on which
we calculated the SMI; i.e. the number of questions we need to ask to find the
location of the marble r the particle.
We next discuss a sequence of games which evolves with time. As before, we first
demonstrate the game with marbles in cells then proceed with particles in boxes.
Consider the case of eight marbles initially places in one cell as in Figure 11.6a.
Here in contrast to the case of Figure 11.3, the marbles can move from one cell to
another.
A few distributions of marbles are shown in Figure 11.6, and the corresponding
probability distributions are obtained by dividing the number of marbles in each cell
by 8, the corresponding SMI values are shown in the Figure 11.7. As we can see in
this example, the SMI is zero in the initial state and increases from left to right as is
indicated in the figure.
Now, we start shaking the whole system so that the marbles can jump from one
cell to the other. What do you think will happen? In Figure 11.6 we show the initial,
as well as a few other distributions of marbles obtained after we started the shaking.
When I say evolution of the game, what I mean is that after each shake (say, for
one second) you stop, look at the configuration of marbles, and play the same game
as in Figure 11.3.
In Figure 11.6 we see that initially the number of marbles in the first cell is 8.
Hence, the SMI = 0; no questions needed to ask. After the first shake, there are only
six marbles in cell 1, and two in cell 2. In this case, the SMI is about 0.8; you know
with high probability where the particle is. For more details, see Appendix G and
Ben-Naim (2017b)
We now introduce a new concept; the super-probability. This is the probability
of finding any one of the probability distributions in the figure 11.6. Note that when
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we had a fixed game, we also had a fixed probability distribution, and a fixed SMI
for each game. Now the game itself changes with the shaking (or with time), and the
SMI also changes with time.
For each distribution of particles 𝑃1 , 𝑃2 , … , 𝑃8 we can ask the question: What is
the probability of finding this distribution? Note carefully the two “levels” of
probability; the 𝑃𝑖 are the probabilities that a specific particle (or marble) was
selected from cell i. On this distribution we can define a SMI and play a 20Q game.
When we continue to shake the system we can ask what the super-probability is
of obtaining any specific probability distribution. Intuitively, you should realize that
after a lengthy shaking there is small super-probability that the initial configurations
will be obtained. There is however, a higher super-probability that configuration (b)
or (c) will be obtained, and a maximum super-probability that we shall obtain in the
uniform distribution (d), in Figure 11.6.
Fortunately, there is a simple mathematical relationship between the superprobability Pr, and the SMI per particle. This is shown in Box 11.2. The larger the
SMI, the larger the Pr. The maximal SMI corresponds to the maximum superprobability.
In Figure 11.8 we show the results of some simulations of this evolving game.
We start with all marbles in cell 1, as in Figure 11.6a, shake for one second, then
calculate the following three numbers: number of particles in cell 1, the SMI, and
the super-probability. We shake again for one second and calculate the same
quantities, and so on.
Note that the number of particles in cell 1 (denoted 𝑁1 in Figure 11.8a) starts at
8, and after some time it drops to about 1/8. The drop of 𝑁1 is not monotonic, and
even after a very long period of time we observe fluctuations. In the Figure 11.b we
show also the SMI per particle, at each step. We see that the SMI starts from zero
and increases to a maximum value of 3. Note again that the increase in the value of
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the SMI is not monotonic. There are fluctuations on the way up, as well as after a
long period of time when we see fluctuations around a value of 2.8. Also, we draw
in the Figure 11.8c the logarithm of the probability ratio Pr(𝑡)/ Pr(0). Here, I should
make an important comment. Pr(0) means that the super-probability of obtaining
the initial configuration (i.e. all particles in cell 1). This super-probability is quite
small compared to the super-probability Pr(𝑡) at a long period of time. This is the
reason why we draw the logarithm of the ratio rather than the ratio itself.
Note also that the particular curves shown in Figure 11.8 pertain to a particular
run of the simulation which I did [for details on the simulation, see Ben-Naim
(2010)]. Different runs will lead to different curves. However, the general trends we
noted are the same for all the runs.
Before you continue, pause and think:
Can you claim that the SMI always increases in this game?
Can you say that the process irreversible? (see Note 3)
In Figure 11.9 we show the results of simulation for 16 marbles in 16 cells. You
can see that 𝑁1 starts at 16 (all marbles are in cell 1), then drops sharply to about
1/16, and fluctuates around that number. The SMI starts at zero (all particles in cell
1, no questions to ask) and increases steadily towards the maximum value, which is
SMI = 4 (log 2 16 = 4). Note that the curve of the logarithm of the super-probability
ratio is quite similar to the curve of the SMI because these two quantities are related
by the equation in box 11.2.
Before you continue, pause again and think: Can you claim that the SMI always
increases in this game?
Can you say that the process irreversible?
(see Note 4)
Figure 11.10 shows the results of simulation for 64 particles. We also did the
simulation for 1000 steps (or 1000 seconds). The important thing to note is that all
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the curves are much smoother and the fluctuations are far less pronounced than in
the previous case.
Figure11.11 shows the results for the case of 128 particles in 128 cells. Again,
we note that the curves become smoother, and we observe less fluctuations. The
maximal value of SMI is 7(log 2 128 = 7). The probability ratio for Pr(1000)/
Pr(0) is about 2700 . Can you imagine how big this number is5?
Before you continue, pause again and think:
Can you claim that the SMI always increases in this game?
Can you say that the process irreversible? (see Note 6)
In a real experiment with huge numbers of particles we do not need to shake
the system. We open a small window in each of the partitions between the cells, and
the “shaking” will be done from the “inside,” the particles are incessantly moving at
different speeds and different directions.
Before you continue, pause and think for the last time in this series of experiments:
Can you claim that the SMI always increases in this game?
Can you say that the process irreversible? (see Note 5)
How would you expect the curves to look like?
If we start with 1023 particles in 1023 cells, we shall see that 𝑁1 (the number of
particles in cell 1) drops almost monotonically from 1023 to about 1, and then stay
at that value. This means that in the entire system the density of particles in each cell
will be on average one particle per cell. There will be fluctuations, but we shall not
notice this on a scale that we draw on a piece of paper. The SMI will start again at
zero (all particles in one cell – no questions to ask). The value of the SMI per particle
will climb steadily and almost monotonically (we shall not be able to notice any
fluctuations) from zero towards a maximum value of log 2 1023 ≈. 76. The SMI for
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all the 𝑁 = 1023 particles will be 1023 times the value of the SMI per particle. This
is a huge number of the order of 1023 .
Most dramatic is the behavior of the super-probability ratio Pr(final)/
Pr(initial). This number will be, according to the formula in Box 11.2, of the order
23

of 210 . This is an unimaginable number. If 1023 is 100000000000000000000000,
(one followed by 23 zeros), the ratio of the probabilities is far “huger” than this
number, it will be one followed by 1023 zeros. If I write one zero per second, it will
take me billions and billions of years to write such a number explicitly! 7
It is important to remember that the super-probability ratio mentioned above is
unimaginably large. However, there is always a non-zero super-probability of
obtaining any distribution of particles in cells, even the initial distribution.
Finally, in Figure 11.12 we show how the value of the SMI changes with time for
1024 marbles in 1024 cells. In this simulation we increased the number of steps to
10,000. The simulations were carried out with Mathematica. It took me more than
two hours on my PC. Note carefully that the curve is very smooth. (There are
fluctuations but they are not seen in this curve). The value of the SMI (per particle)
changes from zero to a maximum value of 10 (log 2 1024 = 10).
Before we proceed to the next step it is important for you to understand the
meaning of all the quantities in Figures 11.8 to 11.11. If you are not sure, read this
chapter again.
We conclude our finding so far as follows:
As we have seen, for small N there is nothing in the process that may be considered
as being irreversible. The system can always go back to the initial state. When N
increases, the process looks more and more as being irreversible. But this is only
apparent irreversible; simply because we do not see the reversal of the process in our
lifetime.
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Thus, there is no number N, below which the process is reversible and above
which it becomes irreversible. This is similar, but different from the so-called “Heap
Paradox,” which says that there is no sand-heap in the world. The “proof:” One grain
of sand is not a sand-heap. Two grains do not form a sand-heap. We continue by
mathematical induction; if N grains do not form a sand-heap there is no reason to
believe that adding one grain, the 𝑁 + 1 grains will form a sand-heap. Yet, in spite
of this “proof” we do recognize when a collection of grain sand form a sand-heap.
Similarly, when N is a large number of particles we never see the reversal of the
process, hence, we call it “irreversible.” This is true although there exists no fixed
number N for which the process becomes irreversible.

So far, in this chapter we played different games with different numbers of
marbles or particles. Before we proceed to discuss entropy and the Second Law, the
reader should pause and make sure that he/she understands the following points.
 A 20Q game consists of W possibilities. Each possibility has some probability
𝑃𝑖 . We call the set of all 𝑃𝑖 , i.e. 𝑃1 , 𝑃2 , … , 𝑃𝑤 the probability distribution of the
game.
 For each game, with a given probability distribution, there is a minimal
(average) number of questions one needs to ask to find out which of the W
possibilities was chosen. This number is the Shannon measure of information
(SMI). It is a “measure of information” in the sense that the larger the value
of the SMI, the larger the number of questions you need to ask, which means
you need to acquire more information by asking questions.
 When a game such as the one in Figure 11.6 changes with time (either by
shaking or by the kinetic energy of the particles), the game will evolve towards
a game which will be “more difficult” to play, i.e. towards larger SMI.
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 In the evolving games associated with Figure 11.6 the larger the SMI the
larger the super-probability of the probability distribution. Tending to larger
SMI is equivalent to tending to larger super probabilities.
Forth step: Defining a relative entropy
In each of the experiments we simulated and reported its results in Figures 11.8 to
11.11, we started with all particles in one cell, then removed a constraint (open a
hole between each pair of cells), and we saw that the SMI per particle increased
from the initial value of zero to a maximum value of log 2 𝑊, where W is the number
of cells. The SMI for the N particles (we used 𝑁 = 𝑊 for simplicity in our
simulations with marbles, but N and W can be any two integer numbers).
Now we define the relative entropy of the system at the final state by:
Relative entropy = (𝑘𝐵 ln 2)𝑁log 2 𝑊
Here, 𝑘𝐵 is the Boltzmann constant, 𝑘𝐵 =1.38×10

−23

J⋅K−1

and ln 2 is the natural logarithm of 2, 𝑁, the number of particles, and W the number
of cells. Note that except for the constant (𝑘𝐵 ln 2) the relative entropy is the
maximum value of the SMI for N particles (log 2 𝑊 is the maximum SMI for one
particle and 𝑁log 2 𝑊 for N particles). There is a more general definition of entropy
based on Information Theory, which we will not discuss here, see Ben-Naim(2009,
2012, 2016b, 2017a, 2017b)8
Clearly, by multiplying the SMI by a constant we do not change the interpretation
of this quantity. Therefore, the relative entropy has the same meaning as the SMI,
except for the multiplication by a constant (𝑘𝐵 ln 2).
More importantly, in all the simulation we have done, we observed how the SMI
changes from the initial state to the final state. Thus, the SMI for every process
changes with time. The relative entropy is defined as the maximum value of the SMI,
multiplied by a constant. Therefore:
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The relative entropy is a constant, and does not change with time.
I have italicized the last conclusion because it is immensely important. If you have
any difficulty in understanding this conclusion imagine yourself walking along the
slopes of a hill. The level or the height in which you are is (relative, say, to the
bottom of the hill) changing with time. It can either go up or down. If you walk uphill
all the time you will reach the peak or the summit (i.e. the maximum height possible
on this particular hill). Figure 11.13.
Would you say that the hill’s summit changes with time?
Of course not. The height at which you are will change with time, but the height of
the summit is fixed for each specific hill.
Similarly, would you say that “the summit increases with time, until it reaches the
maximum summit, which is the summit of the hill”?
Finally, you will never say that: “the summit has a tendency to increase” or the
summit is the driving force for all processes in the universe”
You might smile at hearing this awkward statement. Unfortunately, many scientists
do make such statements about entropy(replace “summit” by “entropy” in all the
above statements).
Back to relative entropy, we saw that the SMI changes with time. In the
experiments we discussed above the SMI steadily (though not always
monotonically) increases from zero to some maximal value. The maximal value of
SMI is fixed for each experiment, it does not change with time.
This conclusion follows from any of the definitions of entropy. Entropy is a state
function. This means that given a macroscopic state of the system, its entropy is
determined, and does not change with time.
What we have said about the relative entropy is also true for the entropy, a
quantity defined by Clausius in thermodynamics. What we have called relative
entropy is nothing but the difference:
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Relative entropy = S(final) − S(initial)
We did not define S(initial). This quantity involves the distribution of the
locations and velocities of all particles of the system. It is also defined as the
maximum of the SMI associated with the distribution of the locations and velocities
in the initial state. [For an elementary discussion, see Ben-Naim (2019), for a
technical discussion see Ben-Naim (2008, 2017a, 2017b, 2018a)].
In all the experiments we discussed above we were interested only in the
locations of the particles in the different cells. Therefore, the initial SMI was always
zero.9

In numerous popular science books one encounters statements such:
The entropy always increases, and at equilibrium it reaches a maximum.
The entropy has a tendency to increase.
Entropy equals the Arrow of Time.
Entropy increases with time.

In note 10, you may find a few more quotations on entropy.
Why do people say that entropy always changes with time?
Quite simple: They confuse entropy with SMI. In fact, many scientists including
Shannon, call the SMI, entropy. This is like calling the height at which a person is
along the slopes of the hill, the “summit” of the person, and while walking the
person’s summit changes with time, at which time the maximum of the summit is,
well, the summit!
To conclude, when we remove a constraint from an isolated system at
equilibrium, the SMI changes with time. When it reaches a maximum, we call it
entropy (after multiplying by a constant). The SMI and the entropy have the same
mathematical form, but the SMI is a far more general concept, it is defined for any
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probability distribution. Entropy, is defined only for a specific distribution of
locations and velocities of all particles at equilibrium. SMI changes with time,
entropy, for a given system does not change with time.

Fifth step: The Second Law of Thermodynamics
I will start with a few quotations from popular science books on the Second Law.
quotations:
Clausius’ formulation of the Second Law:
“the entropy of the universe always increases.”
Atkins (1984):
“The second law is of central importance in the whole of science, and hence in our
rational understanding of the universe, because it provides a foundation for
understanding why any change occurs. Thus, not only is it a basis for understanding
why engines run and chemical reactions occur, but it is also a foundation for
understanding those most exquisite consequences of chemical reactions, the acts of
literary, artistic, and musical creativity that enhance our culture.”
ADD MORE
**
All these statements are wrong. I will formulate the Second Law once in terms of
entropy, and then in terms of the super-probability and indicate where most people
go wrong.
The entropy formulation states that if we start with an isolated system at
equilibrium, and remove some constraints, the entropy of the system will either
increase or stay unchanged; it will never decrease.
An isolated system means a system which does not exchange anything with its
surroundings. In thermodynamics we usually talk about a system having a fixed
volume, a fixed energy and a fixed number of particles.
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Figure 11.14 shows a compound system. The entire system is isolated and the
subsystem are separated by walls. Each subsystem is at equilibrium and has its own
entropy. The entropy of the compound system is the sum of the entropies of all the
subsystems. When we remove the walls (the constraints) the system will evolve into
a new equilibrium state. At that state the entropy is larger than the entropy of the
system in the initial state. This is true for such a process in an isolated system. The
entropy changes from the initial value S(initial), Figure 11.14a to the final value
S(final), Figure 11.14b. Thermodynamics does not tell us anything about the entropy
of the system at any intermediate state, nor does it tell us anything about the “rate of
change in entropy,” the entropy has only two values; at the initial and the final states.
These values do not change with time.
The SMI of the system (defined on both locations and velocities of all particles),
will change between the time of removal of the constraint until the system reaches a
new equilibrium state.
We saw that the configuration of the system will always change with time from
the initial to the final state. For instance, if we remove a partition separating two
compartments of equal volume, the number of particles will always change from
initially N particles, to the final state where there are about N/2 particles in each
compartment. This is the reason that people refer to such a process as irreversible,
i.e. change in one direction in time – always from the initial to the final state. Some
would also go further and identify the Second Law with the Arrow of Time.
Unfortunately, they are so wrong.
Why? They confuse the concept of absolute always with practical always, or
equivalently always with very high probability. Equivalently, the process in Figure
11.14 is referred to as “irreversible,” meaning that it will never be reversed. This
never is however not absolute but, with high probability.
**
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It should be stressed that the “irreversibility of time” follows from our practical
definition of Time, as a counting number (CN) that can never decrease. It is not
enough to claim that since no one has experienced “time reversal,” in his/her
lifetime, it is therefore irreversible.
There is a great deal of discussion about traveling into the past, Time’s Arrow
inversion, and even imaginary time. All of these are mathematical quantities wherein
one gets into the process of handling some mathematical equations. These might be
useful for intermediate quantities, but they have nothing to do with real time – time,
as defined by the counting number.11
As we have discussed in Chapter 2 the counting number, we use to measure time,
will never decrease. (It will always increase, unless you believe that the universe
will one day come to an end, and time will stop, or will have no meaning).
This never is absolute never!
The process we discuss above will always occur in the direction indicated in
Figure 11.14, from left to right, hence the term irreversible. However, as we have
seen in all the examples we discussed, there is always a probability – a very tiny
probability that the process will be reversed, and the initial state will be reached.
This will not occur in our lifetime, or in billions of years, but in many, many billions
of years it can occur. This means that “one-way process” (from left to right in Figure
11.14) will occur with high probability, i.e. it always occurs in this direction always
in practice, not in the absolute sense. Therefore, one cannot identify the direction of
change of the spontaneous process in Figure 11.14, with the direction of change of
time which is figuratively referred to as the Arrow of Time.

The fact that we do not see a reversal of certain processes does not mean that these
processes are irreversible in an absolute sense. And therefore should not even
compare, let alone identified with time.
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A reader of my manuscript commented to me: have you ever seen a person get
younger and younger there get back to his mother’s womb?
No, I have never seen. This, in general does not mean that it cannot happened, and
besides, we are not sure at all whether the entropy may be defined, or the second law
may be applied to living systems.

The association of Entropy and the Arrow of Time

The explicit (and erroneous) association of the Second Law with the Arrow of
Time was first stated in 1928, by Eddington. However, the general idea of a
thermodynamic arrow of time is quite old, and probably started with Clausius’
formulation of the Second Law:
“Entropy of the Universe always increases.”
It is frequently stated that entropy always increases, and since time also increases,
one assumes that there must be a correlation between the two, hence, the existence
of a Thermodynamic arrow of time. Incredible as it may sound, some even equate
entropy with time. Here it is:
“Entropy not only explains the arrow of time; it also explains its existence; it is
“time.” (Scully, 2007).
This is the most absurd statements about time and entropy. Scully actually uses the
quality sign “=” in order to express the identity of time’s arrow and entropy. In
“The Demon and the Quantum,” Scully writes (2007):
“The statistical time concept that entropy = time’s arrow has deep and
fascinating implications. It therefore behooves us to try to understand entropy ever
more deeply. Entropy not only explains the arrow of time; it also explains its
existence; it is time.”
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Such fantastic ideas are the result of a profound misunderstanding of what
entropy means, and what the Second Law states.
First, entropy in itself does not increase or decrease. It is as meaningless to say
“entropy increase,” as to say that “beauty increases.”
One must say entropy of what, increases or decreases, as we say that the beauty
of a person is enhanced or diminished?
What people usually mean is that the entropy of the universe always increases.
For example, Atkins (2007) writes:
“The entropy of the universe increases in the course of any spontaneous change.
The keyword here universe, as always in thermodynamics, the system together its
surroundings.”
Unfortunately, such statements are empty. The entropy of the universe is not
defined, as much as the beauty of the universe in not defined either. It is therefore
meaningless to talk about the changes of the entropy in the universe. Yet, most
writers on entropy do talk about the ever increasing entropy of the universe, and
relate the direction of this change to the Arrow of time. (For more details, see
Chapter 6, and Ben-Naim, 2015a, 2018a).
The entropy is defined for a well-defined thermodynamic system. This means
that if you have a glass of water or a bottle of wine at some specific temperature T,
pressure P, and some composition N (and neglecting all kinds of external fields such
as electric, magnetic, or gravitation), then the entropy of the system is well-defined.
It is a function of the specified variables; we write it as 𝑆 = 𝑆(𝑇, 𝑃, 𝑁), and we say
that the entropy is a state function. This means to each state of a thermodynamic
system, there is a value of the entropy. For some simple systems, e.g. ideal gases,
we can calculate the value of the entropy. For some other more complicated systems
we can measure the entropy up to an additive constant, or equivalently, we can
measure the changes in entropy for the same system at two different states. We write
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it as ∆𝑆 = 𝑆(𝑇2 , 𝑃2 , 𝑁2 ) − 𝑆(𝑇1 , 𝑃1 , 𝑁1 ). In this characterization of the system the
entropy is a function of the variable T, P, N. It is not a function of time!
There are special sets of variables characterizing what is called an isolated
system. Such a system is characterized by a fixed energy E, fixed volume V, and
fixed composition N. Again, we neglect any effect of an external field on this system.
Clearly, such a perfect isolated system does not exist. There are always some
interaction with external fields (e.g. gravitational) which affects the state of the
system. However, as an idealized case it is a very convenient system, and it is also
the system on which the entire edifice of statistical mechanics was erected.
Given a state of an isolated system (E, V, N), the entropy is defined for such a
state. Again, the entropy of this system is a function of the variables E, V, N. It is not
a function of time.
Here is where the time sneaks into thermodynamics. The Second Law of
thermodynamics states that if we remove any internal constraint of an isolated
system, the ensuing spontaneous process will always cause entropy to either increase
or remain unchanged. The simplest example is the removal of the partition
separating two different gases as shown in Figure 11.16. Once the partition is
removed the system will proceed to a new state (shown on the right hand side of the
figure), having higher entropy.
The Second Law does not state that entropy increases with time. It does not state
that entropy of any system increases with time. It does not even state that the entropy
of an isolated system increases with time. Entropy is simply not a function of time,
hence there is no thermodynamic arrow of time!
What the Second Law states “that when we remove a constraint of an isolated
system, the system will move to a new equilibrium state, having higher entropy.”
Thus, ∆𝑆 > 0 is the difference between the entropies of the same system, between
two different states – not between two different times.
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Eddington (1928) is credited for the explicit association of “The law that entropy
always increases” with “Time's Arrow,” which expresses this “one-way property of
time.” Quotations from Eddington feature in most popular science books, as well as
in some textbooks on thermodynamics. Here are two relevant quotations from
Eddington’s (1928) book, “The Nature of the Physical World.” The first concerns
the role of entropy and the Second Law, and the second, introduces the idea of
“time’s arrow.”
1. “The practical measure of the random element which can increase in the universe
but can never decrease is called entropy…
The law that entropy always increases, holds, I think, the supreme position among
the laws of Nature.”
2. “Let us draw an arrow arbitrarily. If as we follow the arrow we find more and
more of the random element in the state of the world, then the arrow is pointing
towards the future; if the random element decreases the arrow points towards the
past.
This follows at once if our fundamental contention is admitted that the
introduction of randomness is the only thing which cannot be undone. I shall use the
phrase ‘time’s arrow’ to express this one-way property of time which has no
analogue in space”.
In the first quotation Eddington reiterates the unfounded idea that “entropy
always increases.” Although it is not explicitly stated, the second quotation alludes
to the connection between the Second Law and the Arrow of Time. This is clear
from the (erroneous) association of the “random element in the state of the world”
with the “arrow pointing towards the future.”
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In my view it is far from clear that an Arrow of Time exists. These views were
previously discussed in Ben-Naim (2015a, 2016a). While it is true that we feel that
“time passes,” “time runs slowly or quickly,” these are subjective psychological
feelings. I doubt that the metaphor of “Time’s Arrow” has any physical reality.
Clearly, Eddington confused the concepts of absolute always with the practical
always. This erroneous identification of the apparent irreversibility of some process
with the Arrow of Time appears even today in most popular science books.
Interestingly, Canales (2015), on page 178 writes:
“Einstein later in life confessed to his friend Besso what he came to think about
Eddington in a private letter. He called him a “man full of ideas, but deprived of
critical spirit” and compared him to a “prima ballerina who does not fully believe
herself in her elegant leaps.” But in the initial fight against Bergson, Eddington had
proved himself a powerful asset, only to be abandoned later.”
After reading Eddington’s entire book on: The Nature of the Physical World, I
found that entropy is mention about fifty times, but there is no single correct
statement about entropy and the second law. I concluded that Eddington, probably
he had no idea what entropy is and what the second law means.
Example of statements about entropy from Eddington’s book may be found in note
12.
Some authors go even a step further, and not only confuse absolute always with
practical always by citing examples of “processes” which, in general, do not occur
in one direction. Examples:
“Your desk tends to be messy or disordered,”
“Children’s room tends to be disordered” See figure 11.17
“Kitchens get messier with time”
All these statements are not only not true, but they have nothing to do with the
Second Law. Recently, one can find the following example in literatures about time.
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A glass on the edge of a table will fall, and break into pieces. Then the author
comments; this is the action of entropy (sometimes you will also find the phrase
“ravages of entropy”), you will never see the pieces of glass reassemble
spontaneously to form an intact glass, and the glass flying upwards and lands on the
table.
True, you will never see this reverse process. Before we analyze let me say that
the falling of the glass is driven by gravity and not by the entropy or the Second Law.
The breaking of the glass, the conversion of the kinetic energy of the glass into
thermal energy (i.e. the kinetic energy of the molecules on the floor) is a one-way
process with very high probability. It can be reversed, but this will occur in one of
many billions of years. Therefore, one cannot identify the direction of this process
with the counting-number of time which some people refer to as the Arrow of Time.

Conclusion
Because of its utmost importance, and because of numerous scientists have gone
astray in associating entropy and the Second Law with Time’s Arrow, I will repeat
the main argument in favor of the timeless entropy. See also Ben-Naim (2018a):
Time’s Arrow(?): The Timeless Nature of Entropy and the Second Law of
Thermodynamics
Remember the counting number (CN) of births, books, and letters (in Chapters 2
and 3), this number never decreases. Never, in the absolute sense. Time, as a CN of
some periodic process, also can never decrease. Never, in the absolute sense. We
say that time can never decrease, meaning that the CN can never decrease. (For time
we can also say that time will always increase, at least as long as there exist periodic
processes we can count).
The nearly monotonic increase in the number of dollars you gain in the game we
played in Chapter 10 can never decrease in practice, or with very high probability.
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The nearly monotonic increase in the SMI in the processes discussed in this chapter,
see Figures 11.8 to 11.11, can never decrease in practice, or with very high
probability. Both of these cannot be used to measure time.
This is a fundamental difference between the seemingly irreversible processes we
observe (such as expansion of ideal gas, mixing of ideal gases, or heat transfer from
a hot to a cold body) and the absolute irreversibility of time. The counting number
we use to measure time can never decrease.
The confusion of the apparent irreversibility of some processes, and the absolute
irreversibility of time has pervaded the literature ever since Eddington had
misconstrued entropy with the Arrow of Time.
Boltzmann also contributed to this confusion by proving that that SMI defined on
the distribution of velocities always increase with time. This always is in practice,
not in the absolute sense.
Entropy, by definition, is proportional to the maximum of the SMI (based on the
distribution of the locations and velocities). Therefore, entropy, by definition, is
timeless.
For any given thermodynamic systems, entropy has a unique value which does
not change with time. For more details on this topic the reader is referred to BenNaim (2018a).

Appendix 11. A visit to antique shops: Jerusalem, Dublin,
St. Petersburg ….
Chapter 12: Time for Fun
In his “Lectures on Physics” (Part 1, 1963), Feynman tries various “definitions” of
time:
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“Let us consider first what we mean by time. What is time? It would be nice if
we could find a good definition of time. Webster defines “a time” as “a period,” and
the latter as “a time,” which doesn’t seem to be very useful.”
Indeed, such a circular definition is not a definition at all. So, Feynman tries
another one:
“Time is what happens when nothing else happens. Which also doesn’t get us
very far…”
“Does not get us very far” is an exaggeration. If nothing happens, then the very
concept of time disappears. In fact, such a “definition” is also circular in the sense
that time itself depends on some happening (or some change as the Greeks thought).
Therefore, if “nothing else happens,” also time cannot happen.
Thus, Feynman reaches the conclusion:
“Maybe, it is just as well if we face the fact that time is one of the things we
probably cannot define… and just say that it is what we already know it to be: it is
how long we wait.”
Another facetious “definition” attributed to Einstein is:
“Time is what keeps everything from happening at once.”
“At once,” must mean “at the same time.” Does this mean that if there is no time,
then there is nothing to keep everything from happening at once? Meaning, in turn,
that everything that happens will be happening at the same time?
This is a question worth pondering about for some time, or when you have too
much time on your hands to spare time.
By the way, can you say the same for space: “The only reason for space, is so
everything doesn’t happen at the same place”?

The Policemen Azoulay (Hashoter Azoulay
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There is a beautiful Hebrew song entitled “Hashoter Azoulay” (The Policeman
Azoulay) with an equally beautiful melody and lyrics. A choreographer by the name
of Edo Israely, choreographed a lovely dance based on the song which is also the
soundtrack of the movie bearing the same title “Hashoter Azoulay.”1
Here is the relevant part of the song (for the relevant part of the song in Hebrew see
Note 2):
If it was only possible to turn back the hands of time,
what a wonderful world he would build for himself.
It is only possible to turn back that which has passed a long time ago,
oh, how the world would have changed.
As everyone knows, time does not have hands. “Hands of time” simply means the
“hands” of a clock. Turning back the hands of time, is a symbolic way of saying
turning back time itself, or briefly, reversing time.
While everyone can easily turn the hands of the clock (we do it with analog clocks
whenever we wish to adjust the time), there is obviously no way to turn backwards
time itself. This is certainly true for our practical definition of time as a counting
number. This number can never decrease – never in the absolute sense. What remains
is a beautiful piece of poetry, and a beautiful song that lets you imagine how the
world would have been if we could only turn back the “hands of time.”
History of Time
In Chapter 3 we discussed the “History of Time.” Here, I want to tell you more about
the history of time.
Once upon a time, I had some free time. I walked leisurely in Time Square, and
bought a copy of Time magazine. After spending some time reading the Time
magazine, I decided it was a waste of time, so I bought a copy of the New York
Times which had more updates news on the present time. Incidentally, I tried to pay
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with time and not with money, but no one accepted it, although everyone agreed that
time is money.
If you believe that entropy is the same as time( see Scully 2007) and chapter 11)
and time is money, then you can try to pay your bills with entropy instead of money.
What was before the Big Bang?
We already mentioned St. Augustine in connection with the elusive nature of time’s
definition.
Augustine was a theologian, he was known not only about not-knowing the
definition of time, but also about the “time before the creation” (which in modern
times will be referred to as the time before the Big-Bang), as well as about why God
decided to create the world at one time rather than at another time.
Perhaps, the most famous quotation from Augustine, when he was asked the
question:
“What was God doing before He created heaven and earth?”
Augustine answered facetiously:
“God was busy preparing hell for those who ask such questions.”3
Knowing relativity might save your life
We have seen in Chapter 7 that if you are in a rocket you cannot tell at which speed
you are traveling. We also saw that calculations based on time-dilation are important
in locating your exact position by the GPS.
Now suppose you take off with a rocket into space. While you are accelerating,
you feel that your weight is twice, or more than you normally feel on earth. Before
you decide to go on diet, you reach high space, you turn your engines and feel as if
you are weightless. You look around and see nothing. You are sure you are not
moving around at all. Your engine is quiet, you hear nothing, you see nothing around
so you can relax.
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Suddenly you look outside and see another rocket approaching you at high speed.
You get in panic – you instinctively shout “Get out of my lane.” You feel that in a
minute this crazy guy will collide with you unless he stirresd his rocket away from
this path. The only option left for you is to pray. However, if you know relativity
you might realize that what you feel as motionless is only an illusion. If you can turn
on your engine, you should do that as soon as possible and stir away from the
collision path. Thus, do not wait that the other guy gets out of your way – take the
initiative and get out from his (or your) way as soon as possible.

Which Clock is better: an inaccurate or a “frozen-in” clock?
When I was a child my friends and I teased each other by asking: I offer you one of
the following two clocks: one, works but never shows the right time; the second,
does not work at all. It used to work up until a year ago, then conked out. Which
clock would you choose?
Most people would answer that they would choose the first clock, arguing that it
is better to have a working clock rather than a non-working one.
After getting this answer, I would say: I would choose the second because it
tells the correct time at least twice a day, whereas the first will never be able to tell
the correct time.
This argument seems convincing, but it is wrong. The second clock never tells
the correct time. It is true that during the 24 hour the reading of the clock coincides
with the correct time. However, if you do not know the time (i.e., you have no
other clock), then this clock will never tell you the time!
A problem: At 12:00, the short and the long hands of the clock meet. When is the
next time that the two hands will meet again? How many times do the clocks
overlap within a span of 12 hours?4
Exercise:
clock?5

When the time is 3:15, what is the angle between the two hands of the
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Relativity
The story is told that Einstein while he was on a train going to Baden-Baden in
Germany, looked at his watch and asked: When will Baden-Baden stop at this train?

Do honest people give the same answer to the same question?
I saw a boy stopping a man in the street and asking him: what time is it now?
I saw that the man answered something, but I could not hear what he said.
I approached the boy and asked him: What time is it now?
The boy seemed to be confused and said: “you know, it is very strange, I have been
asking this same question several times today, and every time I got a different
answer.

The ever reliable cuckoo clock
Bill O’ Flirty was happily humming a tune to himself on the way home when reality
set in, “Oh no! It’s almost 1:00 am. I hope Monique did not wait up for me”.
Fumbling for the house keys from his trouser pocket, and finally opening the door,
he said to himself, “Be quiet Bill. You do not want to wake up Monique”. As soon
as he entered the door, he took of his shoes and with calculated steps descended upon
the stairs. As he opened their bedroom door, he tip-toed stealthily and was relieved
to see Monique’s silhouette lying sideways on their bed.
His relief was short lived however. He accidentally stepped on Monique’s wooden
back scratcher lying on the floor. This noise roused Monique.
“Bill, is that you”, she asked half-asleep. Why did you come home so late?
“Late? Darling, it’s only 10 o’clock.” Go back to sleep Darling”. After being
reassured that it was only 10 o’clock, Monique sleepily murmured, “goodnight
darling”.
Just as Bill thought he already got away with it, the ever reliable cuckoo clock went
“DING DONG” once and then silence.
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Suddenly, like a raging bull, Monique got up and said “you said it’s only 10 o’clock
Bill. But the cuckoo clock never lies. The clock struck once only which means it is
1am and not 10 o’ clock.
“Darling, don’t you know that the clock never sounds off the zeros”? Bill defensively
asked.
Bill was correct, and what he said was true. The clock never sounds off the zeros.
But was he truthful?
Time for Fun, Time For…
Is there really a time for doing something? What do we mean by a “Time for War,”
or a “Time for Peace”? The answer is that following some events, or as a result of
some situations, one has to go to war, or to make peace. So, it is not a specific time,
nor a specific duration of time, but rather a time that follows some event or some
situation. The same is true for “time to be happy” or “time to be sad,” it is not a fixed
time, nor a fixed duration of time. With one exception. I hope that while reading this
chapter you had a good time.
ADD MORE

Idiomatic expressions involving time
While writing my previous book “The Briefest History of Time,” I was wondering
why the word Time features in numerous idiomatic expressions (besides the fact that
Time is the most frequently used word in the English language).
Both space and time are probably infinite, or at least that is how we feel about
them. However, we also feel that we are allocated a specific duration of time for our
lives, but there is no such constraint about our use or access of space. We also feel
and say that time is precious (“time is money”), but we never say that space is
precious when we want to buy some space to build a house. We say “buy time” but
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realistically we cannot “buy time.” On the other hand, we can “buy space” but we
do not say “buy space” in the sense that we say “buy time.”
What does it really mean when we say “I don’t have time?”
Can someone offer me some time?
I have no time to write a short book, therefore, I will dedicate my time to write a
long one.
What do we really mean when we say “I have no time.”? Do we ever have Time?
What do we mean when we say “take your time?” Can you take Time or give
Time?
We say we buy time, but we never say that someone sells time. So, from whom we
buy the time?
Is taking your time the same as taking his or her time?

Exercise:
Bob climbs off the hill along a specific path. He starts climbing at 8:00 am, and
reaches the peak at 11:30 am. The speed was not constant all along the path.
The following day Ruth starts from the peak at exactly 8:00 am and walks along
the same exact path going down where Bob climbed off the day before. She reaches
the foot of the hill at 11:45 am. Again, the speed in which she descended the hill was
not constant.
Is there a specific location x, along the path in which Ruth passed (on her way
down) which was the same path where Bob passed (on his way up) on the previous
day, at the same time t (in terms of the reading of Bob’s watch)?
Note: The formulation of the problem is intentionally complicated by choosing two
people walking along the same path on different days. The problem is further
complicated by the statement that the speed of walking of both Bob and Ruth was
not constant. Therefore, one does not have any clue as to where either Bob or Ruth
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will be at any specific time. However, by reformulating the same problem, with Ruth
starting to descend the hill at exactly the same time (and the same day) as Bob, it is
trivial that Bob must encounter Ruth at some point x, at some time t.

Appendix 12: A visit Kaunas; a gamut of emotions; Time for Sorrow
and Time for Hope
I was invited to give a talk in the Baltic Biophysics Conference, in Kaunas on Oct 5,
2018. On the morning of the 5th of October we flew from Riga to Vilnius. A friendly
cab driver drove us to Kaunas, an hour drive from the Vilnius airport. The main
purpose of my trip to Lithuania was to attend a conference where I was to give a
lecture. When I got to the conference venue the organizer approached me and
apologetically said that I was allotted only half an hour to give my talk. I told him
that half an hour was too short a time, but he said he could not do anything about it.
So I went ahead and arranged my slides, choosing what I believed could deliver my
message best under time constraints. While in the process of rearranging my slides,
the chairman of the session approached me and said I had only twenty-minutes to
give my talk. Although disappointed, I knew exactly what to do, and that was to
present the synopsis of my talk which usually takes 20 minutes. I presented my
synopsis given the time limitation, the audience was happy, the chairman of the
session was happy, I was happy because in reality it was quite a relief too as we were
tired from the trip. As the saying goes, “all’s well that ends well.”
The secondary reason for my trip to Lithuania was to (still) take more pictures of
clocks and watches which I will use for my book on Time. It was sundown when the
conference ended, not exactly the perfect time to be taking photos.
It was already dark when we got back to the hotel and I was amused to see a huge,
animated clock at the Kaunas’ main bus station which is a few meters away from
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where we stayed for the night. The clock is flashed onscreen for a few minutes until
the screen flips to advertising. We took pictures anyway but we knew it was best to
do so during the day.
Figure
The next day I saw another interesting clock which is located right next to the
hotel. My wife and I also took pictures of the animated clock at the bus station.
We only had one full day in Kaunas (which I knew as Kovno when I was in
school) and time was of the essence so we immediately set out after breakfast to
achieve our objectives. My friend and colleague, Daumantas Matulis, who is quite
knowledgeable about Jewish history in Kaunas, and Lithuania in general, had lined
up a few places for us to see. On top of my friend’s recommendations, I had wanted
to, and succeeded to take photos of an interesting timepiece, a sundial with a
seemingly smiling face thus earning itself the title of “The Smiling City Symbol.” It
was installed in 1986 on the wall of the University of Vilnius.
Figure.
On foot, our next intended stop was the Jewish synagogue. My wife walked ahead
of me and our friend. She suddenly stopped and nudged me, pointing to the two
clocks on the display window. With the enthusiasm of a child I entered the shop and
asked the lady tending the shop (who turned out to be a watch repairwoman), if I
could take photos of the clocks inside. She happily obliged and granted me
permission to take photos. While busily aiming my tablet at the subjects of my
interest moving clocks here and there, my wife stayed outside most of the time.
Something caught her attention though, an illustration posted on the wall at the
entrance of the watch shop. In the illustration is a man and a woman, and captions
in the both the Hebrew and Lithuanian languages. She called me outside and pointed
to the illustration and told me to ask the lady who the people in the illustration were.

188

While the lady tended to some repair works she narrated to our friend the story
behind the illustration.
There were many interesting and beautiful timepieces in the shop but one clock
particularly caught my attention. I call it serendipity. It is a beautiful clock with a
round, brown wooden lower base. On top of the wooden base is a revolving mirror
plate reflecting the pale yellow sphere on top of it. The sphere is flattened on
opposite sides with hollow openings where the clock and thermometer were
attached. The round clock and thermometer are in blue faces, and are bordered with
silver trimmings. On top of the clock is a tiny bowl where a detachable coral crystal
ball sits. Three fine, gold columns are latched on to a silver ring securing the crystal
ball in place. I believe it was love at first sight when I saw the clock. I am quite
partial to the color blue and that sealed the deal. I was simply bewitched. Much to
my relief my wife didn’t mind my falling in love at first sight, it is after all, it is just
a clock. I liked it so much that I asked my friend to ask the lady how much it cost,
expecting four-digit figures. I could hardly believe my ears when the lady said it cost
35 euros. I asked if she meant 350 euros. “No, it costs 35 euros,” she said. I was
happy to part with my 35 euros for such a clock. There was another clock which I
could have probably bought if the price was right, but unfortunately it was not for
sale. Our brief, albeit unplanned stop at the watch shop was time well-spent. I was
grinning ear-to-ear when we left the shop.
On the way to the synagogue our friend told us that the man in the illustration
was Iseris Isifras, the “go-to-man” of the Nazis for watch repairs, and the shop we
stumbled upon was the very same shop where Isifras worked. His skill was so valued
by the Nazis that they spared his life. Beside Isifras in the illustration was his
daughter who was with child. It is believed that he did not live long enough to
witness the birth of his granddaughter. His daughter lived in Kaunas all her life, and
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her daughter, Isifras’ granddaughter, turns out to be a friend of Daumantas, my
colleague and our friend.
We finally reached the Jewish synagogue which is located in the Central
eldership region in Kaunas. The Neo-Baroque synagogue was built in 1872. Before
the Holocaust in Lithuania, there were over 25 Jewish synagogues and Jewish prayer
houses in the city. Today, the Kaunas synagogue is one of only two operating choral
synagogues in Lithuania. Its radical design is touted to have one of the most beautiful
altars in the entire Jewish world. It was a pity we did not get to see the beautiful altar
as we came on the day of Sabbath and services must have been over by the time we
got there. The synagogue was all locked up. Its exteriors have seen better days, and
it was sad to see signs of decay. Out in the courtyard was a “sukka” (a temporary
hut used during the observance of the Jewish holiday known as“Sukkot.”
In the rear of the synagogue is a memorial to the estimated 50,000 Lithuanian
Jewish children who were killed during the Holocaust. There are 37 stone tablets
showing in which towns and cities the children lost their lives and how many of them
died in each one. Unlike the happy mood which prevailed when we were at the repair
shop, sadness crept in while we looked at the tablets.
The Ninth Fort of Kaunas Fortress
The Ninth Forth was part of the Kaunas Fortress which was built by the Soviets in
the 19th century. It is located in a sprawling, open air complex with well-manicured
lawns. It is massive in size, and is an ideal place for families, couples, or anyone
who simply wants a place “away-from-it-all.” It is quiet and peaceful, ideal for
meditation and soul-searching. We saw families, couples, and even single
individuals enjoying the beauty of the place.
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However, its beauty and serenity today is a stark contrast to what it stood for in
the past. The passing of time will never obliterate Kaunas Fortress’s painful and
bloody past, the killing 50,000 people, 30,000 of them Jews. The Kaunas Fortress
was built by the Soviets in order to protect the Russian Empire’s western borders.
The Ninth Forth earned its name as a result of its numerical designation. During
World War I, it was considered to be the largest defensive structure in the entire state
which occupied 65 kilometers. It was also during the Soviet Union’s occupation of
Kaunas and the rest of Lithuania when the fort was used as a prison and way-station
for prisoners who were transported to labor camps.
During Nazi Germany’s occupation of Lithuania in World War II parts of the
complex were used for detention, interrogation, and execution. About 30,000 Jews
who were brought from all over Europe were executed there. The rest of those who
were killed were captured Soviets and other individuals.
In 1984, a 32-meter-high memorial to the victims was constructed. It is massive
and formidable. Carved in the vertical boulders are faces of people depicting sad,
painful and fearful expressions in their faces which tugged at my heartstrings. I felt
their pain, their anguish, their sorrow. The passing of time has not diminished the
pain in me. As I stood there, I mourned for them. In sharp contrast to our unplanned
stop at the watch stop which was a joyful time, our visit to the Ninth Forth was a
time to mourn.
We left the Ninth Fort with heavy hearts. For those who had perished in the Ninth
Fort, time came to a halt in the most inhumane way, silencing their lips forever. On
the way to the next stop, we had coffee in a nice shop, with a nice clock on its door
Figure
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Chiune Sugihara, The Righteous
Chiune Sugihara was born on 1 January 1900 in the Mugi district which is known
today as Mino City in the Gifu Prefecture to a middle-class father, and an uppermiddle class mother. The year 1919 augured his diplomatic career when he passed
the Foreign Ministry Scholarship exam. He served in the Imperial Army as second
lieutenant, but resigned in November 1922 and took the Foreign Ministry’s language
qualifying exams the following year, and passed the Russian exam with flying
colors.
His recruitment by the Japanese Foreign Ministry took him to foreign shores until
he was posted in Lithuania. In 1939, Sugihara became a vice-consul of the Japanese
Consulate in Kaunas. What is now called as the Sugihara House served as the
consulate as well as the housing quarters of Sugihara, his wife Yukiko, and their four
sons.
One fateful day in 1939, Sugihara heard noise and commotion outside his house.
Curiously, he peeped through the curtains and saw numerous men, some with young
children standing by the fence of the consulate. He soon found out that those men
desperately wanted to flee Europe but needed transit visas in order to escape the
impending annihilation of the Jews. It was not up to Sugihara to grant them visas,
and the number of people standing behind the fence grew by the day. He contacted
the Japanese Foreign Ministry three times for instructions, and the Ministry’s
response was unequivocal and consistent, anybody granted a visa should have a visa
to a third destination to exit Japan, with no exceptions. In addition, the Japanese
government required that visas will be issued on two conditions; the applicants had
to go through appropriate immigration procedures and had enough funds.
Unfortunately, a majority of the refugees did not fulfill those criteria. From 18 July
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to 28 August 1940, Sugihara took matters into his own hands. He was aware of the
danger that applicants faced if they stayed behind, and so against his government’s
directives he decided to grant visas on his own. In doing so he risked his and his
family’s lives. His government instructed him to grant only 20 visas. Little did the
Japanese Ministry know, he feverishly continued to hand-write visas, toiling 18-20
hours a day, churning out a normal month’s worth of visas each day. He tirelessly
continued to do so until 4 September when he had to leave his post before the
consulate was closed.
At the time of his departure he had granted thousands of visas to Jews. According
to witnesses, while he and his family headed towards the train station he continued
to write visas while countless Jews followed them pleading for visas. As they
boarded the train at the Kaunas Railway Station, he threw visas into the hands of
desperate Jewish refugees out of the train’s windows. As a last minute, desperate
move he threw blank sheets of paper with only the consulate seal and his signature
(the visas were to be written over). He hurriedly prepared those blank sheets and
flung out from the train. As the train was about to depart, he told the desperate Jews
“Please forgive me, I cannot write anymore. I wish you the best.” As he bowed with
reverence to the throng before him someone exclaimed, "Sugihara. We'll never
forget you. I'll surely see you again!"
The total number of Jews saved by Sugihara is estimated to be about 6,000; the
head of the family was granted a visa and extended to his family which accounted
for a much higher figure. The Simon Wiesenthal Center estimates that Chiune
Sugihara issued transit visas for about 6,000 Jews and that around 40,000
descendants of the Jewish refugees are alive today because of his actions. However,
some were not as lucky. Those who failed to leave Lithuania in time were captured
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by the Germans who invaded the Soviet Union on 22 June 1941, and perished in the
Holocaust.
A few decades after the war, in 1985, the State of Israel honored Sugihara as one of
the Righteous Among the Nations (Hebrew:  )חסידי אומות העולםfor his actions. He
is the only Japanese national to have been so honored.
Sugihara’s home was turned into a museum.
Except for the introduction of the tour guide, our visit to the Sugihara House was
marked with silence. We silently witnessed and relived history before our eyes in
Sugihara’s office, the photos of the man and his family, some of the photos of those
he had saved, copies of the visas. It was a trip, a painful trip down memory lane.
Time was frozen before our eyes, unfolding the painful memories that no amount of
time can ever obliterate. We sat quietly in a partially dimmed room, our eyes focused
on the screen while the video was played. The words hit me hard, re-opening old
wounds. Although I consider myself lucky for my parents and those before them
were spared from the horrors of the Holocaust, I am still a Jew.
Towards the end of our visit, my mood changed from pain to optimism, to
admiration, to awe. Sugihara saved a life, and ended up saving the world. He
disregarded the consequences of his actions and allowed his heart to rule, a heart that
was huge, a heart of gold. I have never heard of Sugihara before we came to Kaunas.
Knowing what I know now, I am convinced that in dark hours, there will always be
someone to show the light, there will always be someone to who will lend a hand,
there will always be a Sugihara who will rise above the rest and make a difference.
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Before we left the museum we noticed a placard on the wall made by an artist. There
were many symbolic figure on the placard, made by artist Romualdas Inčirauskas.
This piece is made of metal, made by collage technique, which has a two-sided
medal for Chinju Sugiharai. For the background of the collage panels, a steel plate
is used, in which the connection between the savior and the rescuers. It contains
severl symbolic features associated with Jewish metaphors from the Old Testament.
There is a portrait of Chihuis Sugihara, a stylized Star of David. The goats
probabably symbolizes those who went to their death without resistance, like goats
to theoir sloagther () כצאן לטבח יובלו
At the top of the composition, the clock, according to the artist is the symbol of the
eternal temporal flow. I asked the guide and the manager about the meaning of all
the figure, but he did not know.
Well, I had to make up my own interpretations. Besides the picture there was a
broken clock, with missing a few numbers. Perhaps this is the main message of the
artist: for some who were murdered during this dark times, the clock stopped forever,
yet thanks to the courage and compassion of Sugihara, time kept ticking.
We left the museum full of hope and admiration.

APENDICES
Appendix A:

A qualitative presentation of the concept of logarithm
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The concept of logarithm is the inverse of the concept of exponential. Therefore, we
start with the idea of exponentiation. The simplest case of exponentiation is to look
at the series of numbers.
Explicit numbers

Short hand notation for the same number

10 = 10

101

100 = 10 × 10

102

1000 = 10 × 10 × 10

103

10000 = 10 × 10 × 10 × 10

104

100000 = 10 × 10 × 10 × 10 × 10

105

Instead of writing such long numbers explicitly, we use a shorthand notation; the
nth power of 10 is written as 10n which means multiply 10 by itself n-times. Thus,
102 means simply the number 10 × 10, and 104 means multiply 10 by itself four
times. One can generalize this notation for any number a (not necessarily 10) raised
to the power y (not necessarily an integer). We write this as:
𝑥 = 𝑎𝑦

(A.1)

When y is not an integer, say 𝑦 = 2.7, we cannot say that we multiply a by itself
2.7 times. Instead, one can imagine that 𝑥 = 𝑎 𝑦 is a number in between the two
numbers:
𝑎2 ≤ 𝑎2.7 ≤ 𝑎3

(A.2)

This means that 𝑎2.7 is somewhere between the two numbers 𝑎2 and 𝑎3 , the latter
can be calculated by multiplying a by itself 2 and 3 times, respectively. Thus, for
any pair of numbers a and y, we define the number:
𝑥 = 𝑎𝑦

(A.3)

The logarithm is an inverse of the exponentiation operation in the sense that given
x, and a base a, we define the logarithm of x to the base a as:
𝑦 = log 𝑎 𝑥

(A.4)
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This is easy to understand when a is 10, and y is an integer. In this case, the
logarithm of 𝑥 = 10000 is simply the number of times you have to multiply 10 by
itself to get 10000. In this case:
𝑦 = log10 𝑥 = log10 10000 = 4

(A.5)

Similarly, for 8 = 23 = 2 × 2 × 2, the logarithm of 8 to the base 2 is log 2 8 = 3
. this is the number of times you have to multiply 2 to get the number 8.
Figure A.1 shows the graph of log10 𝑥 for the different values of x. Figure A.1b
shows the graph of log 2 𝑥, and Figure A.1c shows the graph of log 𝑒 𝑥.
The last one is called the natural logarithm which is a logarithm to the base of
the number e which is approximately:

𝑒 ≃ 2.718 …

(A.6)

This number is called Euler number, and denoted by e. It has many interesting
properties, and it also arises "naturally" in the sciences. It is the limit of the quantity
1 𝑛

(1 + 𝑛) , when n goes to infinity. Figure A.2 shows this function. It is clear that as
n increases this quantity tends to a constant which has the value show in (A.6).
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The natural logarithm is usually written as ln 𝑥 = log 𝑒 𝑥. This logarithm is useful
in physics and mathematics, and in particular in thermodynamics. In information
theory the base 2 is the more useful one.
If you still have difficulties in grasping the meaning of the logarithm, you can
just look at the value of log 𝑥 for any x, in either Figures A.1; (a), (b) or (c). For
instance, for 𝑥 =

1
2

1

1

1

look at the value of log10 ( ), or log 2 ( ), or log 𝑒 ( ) in the
2
2
2

respective graphs. Note that log 1 = 0 for the three bases discussed above, and log 𝑥
tends to minus infinity (−∞) when x tends to zero.

In all our applications in this book we use the logarithm of p, where p is number
between zero and one. Therefore, log 𝑝 will be a negative number (or zero when 𝑝 =
1). In Figure A.3 we also draw − log(𝑝) as a function of p. This relationship will be
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useful in our interpretation of − log(𝑝𝑖 ) as a measure of the extent of uncertainty
with respect to the occurrence of the event i, in Section 2.7.
Appendix B: The concept of a limit, and the velocity at a point in time
In Chapter 3 we discussed the average velocity and saw how difficult it is to define
the velocity of an object at any specific point of time.
Consider a car which starts moving at time 𝑡0 . We measure the distance passed
by the car as a function of time. A typical curve is shown in Figure…
Initially, the car accelerates until time 𝑡1 , then it drives at a constant velocity
between 𝑡1 and 𝑡2 , then drives at a higher speed between the 𝑡3 and 𝑡4 (we ignore
the shore time of deceleration at 𝑡2 , and the acceleration at 𝑡3 ). We can easily
calculate the average velocity of the car between 𝑡0 and 𝑡4 . Simply take the total
distance ∆𝑥 traveled and divide by the total time ∆𝑡 = 𝑡4 − 𝑡0
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =

∆𝑥
∆𝑡

As we have seen in the example discussed in Chapter 3, it is difficult to define
the velocity at each point of time.
Suppose that you drive a car and your velocity changes with time in a continuous
way, as shown in Figure… At some point 𝑡1 you are interested to know your velocity
at that point of time. Clearly, taking the total 𝑡1 distance divided by the total time
would not give you the correct velocity at time 𝑡1 .
The correct way of defining the velocity at time 𝑡1 is to take averages of distances
at small time intervals around 𝑡1 . As we see in Figure… we take a series of time
intervals of time, and the corresponding distance traveled in the limit, when ∆𝑡
becomes very small the distance ∆𝑥 also becomes very small. We define the velocity
at the point of time 𝑡1 as the limit
𝑣(𝑎𝑡 𝑡1 ) = lim

∆𝑥

∆𝑡→0 ∆𝑡
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This limit defines the derivative of x as a function of t. It should be noted that we
do not divide ∆𝑥 by ∆𝑡 = 0, which is meaningless. Instead, we take a series of finite
intervals ∆𝑡 and take the limit of the ratio ∆𝑥/∆𝑡, as ∆𝑡 tends to zero. This ratio is
finite for functions which are called differentiable. This procedure was invented by
Newton and Leibnitz. It was the birth of Calculus.
Appendix C :

Periodic Processes

As we have seen in Chapter 2 and throughout the whole book, the measurement of
time is intimately associated with some periodic motions. We encounter many
periodic processes in nature such as the revolution of the earth around the sun, or
our heartbeats.
A periodic function of time t, is a function fulfilling the following equation:
𝑓(𝑡 + 𝑇) = 𝑓(𝑡)

(1)

where f could be the height of the mass in a pendulum, or the angle of rotation of the
earth on its axis.
T is the period, and t the time. Thus, if 𝑓(𝑡0 ) is the value of the quantity f at time
𝑡0 , it will have the same value at time 𝑡1 = 𝑡0 + 𝑇, and by equation (1), it will have
the same value at time 𝑡2 = 𝑡1 + 𝑇 = 𝑡0 + 2𝑇, and 𝑡3 = 𝑡0 + 3𝑇, and so on.
Examples are shown in Figure…

A particular case of a periodic function is called the harmonic function, given by
either one of the following functions:
𝑓(𝑡) = 𝐴 sin(𝛼𝑡 + 𝜗)

(2)

or
𝑓(𝑡) = 𝐴 cos(𝛼𝑡 + 𝜗)

(3)

Clearly, the sine and the cosine functions are periodic functions, since
sin(𝑥 + 2𝜋) = sin(𝑥)

(4)
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In (2) and (3) A is called the amplitude, 𝜗 the phase, and 𝛼 is related to the period
T by the equation
𝑇=

2𝜋

(5)

𝛼

Thus, the functions (2) and (3) fulfill the condition (1) with the period: 𝑇 = 2𝜋/𝛼,
i.e.
𝐴 sin(𝛼(𝑡 + 𝑇) + 𝜗) = 𝐴 sin(𝛼𝑡 + 𝛼𝑇 + 𝜗)
= sin(𝛼𝑡 + 𝜗 + 2𝜋) = sin(𝛼𝑡 + 𝜗)

(6)

Interestingly, every periodic function may be expressed as a sum of an infinite
series of sine and cosine functions.
For instance, the square function shown in Figure… may be represented by the
series
8

1

1

1

𝜋

3

5

7

𝑓(𝑡) = 2 + [cos(𝑡) − cos(3𝑡) + cos(5𝑡) − cos(7𝑡) ⋯] (7)
Figure shows the function 𝑓(𝑡) in eq. (7) with different numbers from the equation
𝑇 = 2𝜋√𝑙⁄𝑔
where l is the length of the rod and g the gravitational acceleration, which on the
earth’s surface is about 𝑔 = 9.8/𝑠 2 .
Appendix D: Zeno’s Paradox: Achilles and the Tortoise
Zeno of Elea (490-430 BC) was a famous Greek philosopher who wrote a book on
paradoxes. Although his book was lost, some of the paradoxes still carry his name.
Of all his paradoxes, “Achilles and the Tortoise” is the most famous of them all.
Suppose that Achilles (A) runs 10 times faster than the Tortoise (T). Because of
his edge, A gives T a lead start, say 100 meters. The two start running as in the
diagram below.
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A

100m

T10m 1m

Starting point for A

x

y z

Zeno claimed that A can never overtake T. This is a paradox, how is it possible
that the faster runner can “never” overtake the slower runner?
Zeno’s argument is as follows:
Suppose A and T start running at time 𝑡 = 0. If A runs at a speed of 100 meters
per second, then during the first second, A shall have reached the point x at which T
started. During the first second, T, running at a speed of 10 meters per second will
reach the point y, 10 meters away from where A is. Next, A runs to the point y (taking
0.1 seconds), but when he reaches y, T proceeds to the point z, (one meter away).
Next, A runs to the point z (it will take him 0.01 seconds), but when he reaches point
z, T will be at a new point, 0.1 meter away from z, and so on. Therefore, Zeno
concluded that A will never overtake T.
Clearly, this argument is false. It was considered a paradox because it seems that
if you sum up infinite time-interval (1, 0.1, 0.01, 0.001…), you must obtain an
infinite length of time, which means that A will never overtake T.
In the way we told the story, A had ran for a total time of
1 + 0.1 + 0.01 + 0.001 + ⋯
This is an infinite series of time-intervals. However, the sum of this infinite numbers
is not infinite.
Let

us

calculate

the

sum

of

the

time-intervals.

Denote

by:

𝑡𝑇 = 1 + 0.1 + 0.01 + 0.001 + ⋯
the total time A travels in this particular series of steps. Multiplying the series by 10
we get:
10𝑡𝑇 = 10 + 1 + 0.1 + 0.01 + 0.001 + ⋯
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Subtracting this sum from the previous one we get:
10𝑡𝑇 − 𝑡𝑇 = 10
Therefore,
9𝑡𝑇 = 10 ,

or 𝑡𝑇 =

10
9

= 1.11111 …

Thus, the total time in this infinite time-interval is 10/9 seconds, which means
that after less than 1.2 seconds, A will overtake T.
No paradox!
Exercise:
Suppose that A runs twice as fast as T. A and T start running at the same time as in
diagram above. If you add up all the time-intervals that A will run, as we did in the
argument above, how long will it take A to overtake T?
In this case, the series of time-intervals is
1

1

1

1

2

4

8

16

𝑡𝑇 = 1 + + + +

+⋯

Clearly, the sum of these infinite numbers is not infinite. A will overtake T after two
seconds.
Appendix E: Time Dilation and Lorentz Transformation
Consider the triangle A, B, C in Figure… d is the distance between the mirrors, l is
the distance the ray has to travel during the time 𝑡𝑣 , and 𝑣𝑡𝑣 is the distance that
Linda’s clock has traveled during the time 𝑡𝑣 , at a constant speed v.
The Pythagorean Theorem states that:
𝑙 2 = 𝑑 2 = (𝑣𝑡𝑣 )2

(1)

The unit of time Bob measures in his stationary clock is
𝑡0 =

𝑑
𝑐

where c is the speed of light (which is the same for both clocks).
The time required for the light to travel the distance l is:

(2)
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𝑡𝑣 =

𝑙

(3)

𝑐

Substituting (2) and (3) into (1), we obtain
(𝑐𝑡𝑣 )2 = (𝑐𝑡0 )2 + (𝑣𝑡𝑣 )2

(4)

Solving for 𝑡𝑣 in terms of 𝑡0 we obtain the final result:
𝑡𝑣 =

𝑡0
√1−(𝑣)

(5)

2

𝑐

Clearly, since v is always smaller than c, the denominator is smaller than 1, hence
𝑡𝑣 > 𝑡0 . The denominator in equation (5) is called the Lorentz Factor, F
𝑣 2

𝐹 = √1 − ( )
𝑐

(6)

For regular speeds of hundreds or thousands of kilometers per second the ratio
(𝑣/𝑐) is extremely small compared to 1, hence, the difference between 𝑡𝑣 and 𝑡0 is
negligible. However, when the speed of the rockets is quite big, and approaching the
speed of light, the difference between 𝑡𝑣 and 𝑡0 becomes quite big. In Figure 7.6a.
Appendix F: Solution to the urn problem
In Figure 9.1a, there are four balls in an urn, two whites (W), and two blacks (B).
We asked two questions:
1. What is the probability of drawing a white ball in the second draw (call this
event 𝑊2 ), given that in the first draw we picked a white ball (call this event
𝑊1 ), and it was not returned.
2. What is the probability that we drew a white ball in the first draw given that
the second draw was white?
The answer to the first question is straightforward.
We write it as:
Pr(𝑊2 |𝑊1 ) =

1
3
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The reason is simple. After we drew a white ball in the first draw, we are left with
three balls in the urn; one white and two blacks. Therefore, the conditional
1

probability of (𝑊2 |𝑊1 ) is .
3

The answer to the second question is also simple. The question is, “what is the
conditional probability?”
Pr(𝑊1 |𝑊2 ) =?
From the definition of the conditional probability we have
Pr(𝑊1 |𝑊2 ) =

Pr(𝑊1 ∩ 𝑊2 )
Pr(𝑊2 )

Pr(𝑊2 ) is the (unconditional) probability of drawing a white ball on the second
draw. This can be calculated from the total probability theorem (or just by an
argument of symmetry).
Pr(𝑊2 ) = Pr(𝑊2 |𝐵1 )Pr(𝐵1 ) + Pr(𝑊2 |𝑊1 )Pr(𝑊1 )
2 1 1 1 1
× + × =
3 2 3 2 2
The probability that a white ball will be drawn on both the first and the second
=

draw is
1 1 1
× =
2 3 6
Therefore, the required conditional probability is:
Pr(𝑊1 ∩ 𝑊2 ) =

1
1
Pr(𝑊1 |𝑊2 ) = 6 =
1 3
2
The reason that the second question seems more difficult to answer (some say
even impossible), is that one tends to confuse conditional probability with cause and
effect: How can an event in the present affect the probability of an event in the past?
In other words, we associate the conditional probability with the arrow of time. (Note
that in this particular case the event 𝑊1 came first, and 𝑊2 second. However, in
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general, conditional probability does not mean that the “condition” precedes the
event that we are interested in).
One way to overcome this illusion is to reformulate the same problem in a slightly
different way. We pick a ball and hide it. Then we pick another ball and see that it
is white (𝑊2 ). Now, we ask: What is the probability that the hidden ball is white
(𝑊1 ), given that we know that the second draw was white? In this formulation, we
“reversed” the order of events in time, we “sent” the first event (𝑊1 ) from the “past”
into the “future.”
If you are not convinced, consider the following simpler exercise. In the urn there
are only two balls, one white, one black. The questions are the same as above. The
answer in this case are immediate:
Pr(𝑊2 |𝑊1 ) = 0
Pr(𝑊1 |𝑊2 ) = 0
If you like to prove a general mathematical theorem consider the following
exercise: There are N white, and N black balls in an urn. We ask exactly the same
questions as above. Calculate Pr(𝑊2 |𝑊1 ) and Pr(𝑊1 |𝑊2 ). For details see Ben-Naim
(2015).

Appendix G : A few notes on 20Q games.
These 20Q games are designed for this particular book. The “objects” are here the
“time”
Given W possibilities (events, objects, or persons) and a corresponding
distribution 𝑃1 , … , 𝑃𝑤 , where 𝑃𝑖 is the probability of the ith possibility. We define
the Shannon measure of information (SMI) by
𝑊

SMI (𝑃1 , … , 𝑃𝑤 ) = − ∑ 𝑃𝑖 log 2 𝑃𝑖
𝑖=1

where the logarithm is to the base 2, and the sum is over all the W possibilities.
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The SMI may be interpreted as an average uncertainty, or average unlikelihood
associated with the distribution 𝑃1 , … , 𝑃𝑤 . It can also be interpreted as the amount of
information belonging to, or associated with the distribution See also Ben-Naim IT
book.
When all the possibilities have equal probabilities, i.e. 𝑃𝑖 = 1/𝑊, then the SMI
reduces to
SMI(uniform distribution) = log 2 𝑊
It should be emphasized that the SMI is associated with a specific probability
distribution. The value of SMI does not change if we know which possibility
occurred, and it does not depend on who plays the game. It is vital to understand this
when we interpret entropy in terms of SMI. Some serious scientists will tell you that
if you know the state in which the system is, the entropy of the system is zero. This
is not true. The entropy of the system is related to the total number of microstates
W, and independent on whether you know or do not know in which state the system
is, or in which partial set of states the system is.
To check your understanding of what has been said in the previous paragraph, let
us play the following games.
Game 1.
I tell you that I am thinking of the present time (In all the following games we refer
to “present time” only in terms of the hour of the day, i.e. a number between 1 and
12).
Player A:

Knows the present time

Player B:

Knows approximately, the time

Player C:

Has no idea what time is

How many binary questions each of the players need to ask in order to find out
which time I am thinking of?
What is the SMI of the game 1?
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Clearly, Player A knows the time. Therefore, this player does not need to ask any
questions.
Player B knows approximately the time, therefore he/she might need to ask a
question or two in order to find out which time (I am thinking of).
Player C does not have any idea of the time. For this player there are 12 equally
probable possibilities (that is the most plausible assumption). Therefore, he/she
might need to ask between 3 to 4 questions.
Regarding the value of the SMI of this game we have to be careful. One tends to
assume that for me and for player A, the SMI is zero, since for both of us there is
only one possibility.
For Player B, we might assume that since this player knows approximately the
time, his/her SMI should be 1 or 2. For players C, the SMI should be log 2 12, which
is about 3.5.
** calculate.
Note that although the number of questions we estimated above are meaningful,
the SMI is not defined for this game. This is so, simply because we have not specified
with which probabilities the various possibilities were chosen. However, if I chose
the present time with probability 1, and I told all the players that the present time
(i.e. the specific number between 1 and 12, that I chose) was chosen with probability
1, then the SMI for me as well as for all the players is zero. No one has to ask any
questions.
Game 2
I tell you that I have no idea what the present time is. I chose a number between 1 to
12 at random (i.e. with equal probabilities).
The player A, B, and C are the same as in the case of Game 1. Answer the two
questions as in Game 1.
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In this game I chose the time, i.e. a number between 1 and 12, with equal probability.
Therefore, the SMI for me and for all the players is the same, i.e. log 2 12, which
means that each player will need to ask about 3.5 questions. ** The information
given about the knowledge of each player is completely irrelevant to playing this
game.

Notes
Notes to Chapter 1.
Note 1: The Hebrew quotation from Genesis 1:
Genesis Chapter 1. אשית
ִׁ בְּ ֵר
 וְּ ֵאת, ֵאת הַ שָּ מַ יִׁם,ֹלהים
ִׁ ֱ בָּ ָּרא א,אשית
ִׁ  א בְּ ֵר1 In the beginning God created the
. הָּ ָּא ֶרץheaven and the earth.
פְּ נֵי- עַ ל, וְּ חֹשֶ ְך, הָּ י ְָּּתה תֹהּו ָּובֹהּו, ב וְּ הָּ ָּא ֶרץ2 Now the earth was unformed and void,
.פְּ נֵי הַ מָּ יִׁם- ְּמ ַרחֶ פֶת עַ ל,ֹלהים
ִׁ ֱ ְּתהֹום; וְּ רּוחַ אand darkness was upon the face of the
deep; and the spirit of God hovered over
the face of the waters.
. י ְִּׁהי אֹור; ַוי ְִּׁהי—ֹור,ֹלהים
ִׁ ֱ ג וַי ֹאמֶ ר א3 And God said: 'Let there be light.' And
there was light.
טֹוב; ַויַבְּ דֵ ל- כִׁ י,הָּ אֹור-ֹלהים ֶאת
ִׁ ֱ ד ַוי ְַּרא א4 And God saw the light, that it was
. בֵ ין הָּ אֹור ּובֵ ין הַ חֹשֶ ְך,ֹלהים
ִׁ ֱ אgood; and God divided the light from the
darkness.
 וְּ ַלחֹשֶ ְך ָּק ָּרא,ֹלהים לָּאֹור יֹום
ִׁ ֱ ה ַוי ְִּׁק ָּרא א5 And God called the light Day, and the
} {פ. יֹום ֶאחָּ ד,ב ֶֹקר-עֶ ֶרב ַוי ְִּׁהי- ָּל ְּילָּה; ַוי ְִּׁהיdarkness He called Night. And there was
evening and there was morning, one
day. {P}
יהי
ִׁ ִׁ ו, י ְִּׁהי ָּר ִׁקיעַ בְּ תֹוְך הַ מָּ יִׁם,ֹלהים
ִׁ ֱ ו וַי ֹאמֶ ר א6 And God said: 'Let there be a
. בֵ ין מַ יִׁם לָּמָּ יִׁם, מַ בְּ ִׁדילfirmament in the midst of the waters, and
let it divide the waters from the waters.'
 ַויַבְּ דֵ ל בֵ ין הַ מַ יִׁם, ַהָּ ָּר ִׁקיע- ֶאת,ֹלהים
ִׁ ֱ ז ַויַעַ ׂש א7 And God made the firmament, and
 ּובֵ ין הַ מַ יִׁם אֲ שֶ ר מֵ עַ ל, ַ אֲ שֶ ר ִׁמ ַתחַ ת ל ָָּּר ִׁקיעdivided the waters which were under the
.כֵן- ל ָָּּר ִׁקיעַ ; ַוי ְִּׁהיfirmament from the waters which were
above the firmament; and it was so.
עֶ ֶרב- שָּ מָּ יִׁם; ַוי ְִּׁהי, ַֹלהים ל ָָּּר ִׁקיע
ִׁ ֱ ח ַוי ְִּׁק ָּרא א8 And God called the firmament Heaven.
} {פ. יֹום שֵ נִׁי,ב ֶֹקר- ַוי ְִּׁהיAnd there was evening and there was
morning, a second day. {P}
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 י ִָּׁקוּו הַ מַ יִׁם ִׁמ ַתחַ ת הַ שָּ מַ יִׁם,ֹלהים
ִׁ ֱ ט וַי ֹאמֶ ר א9 And God said: 'Let the waters under the
.כֵן- הַ יַבָּ שָּ ה; ַוי ְִּׁהי, וְּ ֵת ָּר ֶאה,מָּ קֹום ֶאחָּ ד- ֶאלheaven be gathered together unto one
place, and let the dry land appear.' And it
was so.
 ּול ְִּׁמ ְּקוֵה הַ מַ יִׁם,ֹלהים ַליַבָּ שָּ ה ֶא ֶרץ
ִׁ ֱ י ַו ִׁי ְּק ָּרא א10 And God called the dry land Earth, and
.טֹוב- כִׁ י,ֹלהים
ִׁ ֱ ָּק ָּרא י ִַׁמים; ַוי ְַּרא אthe gathering together of the waters called
He Seas; and God saw that it was good.
 ַת ְּדשֵ א הָּ ָּא ֶרץ דֶ שֶ א עֵ ׂשֶ ב,ֹלהים
ִׁ ֱ יא וַי ֹאמֶ ר א11 And God said: 'Let the earth put forth
- אֲ שֶ ר ז ְַּרעֹו, עֵ ץ פְּ ִׁרי עֹׂשֶ ה פְּ ִׁרי ל ְִּׁמינֹו, מַ זְּ ִׁריעַ ז ֶַרעgrass, herb yielding seed, and fruit-tree
.כֵן-הָּ ָּא ֶרץ; ַוי ְִּׁהי- בֹו עַ לbearing fruit after its kind, wherein is the
seed thereof, upon the earth.' And it was
so.
, יב וַתֹוצֵ א הָּ ָּא ֶרץ דֶ שֶ א עֵ ׂשֶ ב מַ זְּ ִׁריעַ ז ֶַרע12 And the earth brought forth grass, herb
; ל ְִּׁמינֵהּו,בֹו-פְּ ִׁרי אֲ שֶ ר ז ְַּרעֹו- וְּ עֵ ץ עֹׂשֶ ה, ל ְִּׁמינֵהּוyielding seed after its kind, and tree
.טֹוב- כִׁ י,ֹלהים
ִׁ ֱ ַוי ְַּרא אbearing fruit, wherein is the seed thereof,
after its kind; and God saw that it was
good.
} {פ.ִׁישי
ִׁ  יֹום ְּשל,ב ֶֹקר-עֶ ֶרב ַוי ְִּׁהי- יג ַוי ְִּׁהי13 And there was evening and there was
morning, a third day. {P}
,ארֹת בִׁ ְּר ִׁקיעַ הַ שָּ מַ יִׁם
ֹ  י ְִּׁהי ְּמ,ֹלהים
ִׁ ֱ יד וַי ֹאמֶ ר א14 And God said: 'Let there be lights in
אתֹת
ֹ  בֵ ין הַ יֹום ּובֵ ין הַ ָּל ְּילָּה; וְּ הָּ יּו ְּל, לְּהַ בְּ ִׁדילthe firmament of the heaven to divide the
. ּו ְּלי ִָּׁמים וְּ שָּ נִׁים, ּולְּמֹוע ֲִׁדיםday from the night; and let them be for
signs, and for seasons, and for days and
years;
- לְּהָּ ִׁאיר עַ ל, טו וְּ הָּ יּו ל ְִּׁמאֹורֹת בִׁ ְּר ִׁקיעַ הַ שָּ מַ יִׁם15 and let them be for lights in the
.כֵן- הָּ ָּא ֶרץ; ַוי ְִּׁהיfirmament of the heaven to give light
upon the earth.' And it was so.
ארֹת
ֹ  ְּשנֵי הַ ְּמ- ֶאת,ֹלהים
ִׁ ֱ טז ַויַעַ ׂש א16 And God made the two great lights:
, לְּמֶ ְּמשֶ לֶת הַ יֹום,הַ מָּ אֹור הַ ָּגדֹל- ֶאת: הַ גְּ ֹדלִׁיםthe greater light to rule the day, and the
 וְּ ֵאת,הַ מָּ אֹור הַ ָּקטֹן לְּמֶ ְּמשֶ לֶת הַ ַל ְּילָּה- וְּ ֶאתlesser light to rule the night; and the stars.
.הַ כֹוכָּבִׁ ים
, לְּהָּ ִׁאיר, בִׁ ְּר ִׁקיעַ הַ שָּ מָּ יִׁם,ֹלהים
ִׁ ֱ יז ַוי ִֵׁתן א ָֹּתם א17 And God set them in the firmament of
.הָּ ָּא ֶרץ- עַ לthe heaven to give light upon the earth,
 בֵ ין הָּ אֹור, ּולְּהַ בְּ ִׁדיל, בַ יֹום ּובַ ַל ְּילָּה, יח וְּ ל ְִּׁמשֹל18 and to rule over the day and over the
.טֹוב- כִׁ י,ֹלהים
ִׁ ֱ ּובֵ ין הַ חֹשֶ ְך; ַוי ְַּרא אnight, and to divide the light from the
darkness; and God saw that it was good.
} {פ. יֹום ְּרבִׁ יעִׁ י,ב ֶֹקר-עֶ ֶרב ַוי ְִּׁהי- יט ַוי ְִּׁהי19 And there was evening and there was
morning, a fourth day. {P}
 שֶ ֶרץ ֶנפֶש,י ְִּׁש ְּרצּו הַ מַ יִׁם--ֹלהים
ִׁ ֱ כ וַי ֹאמֶ ר א20 And God said: 'Let the waters swarm
ַפְּ נֵי ְּר ִׁקיע- עַ ל,הָּ ָּא ֶרץ- חַ יָּה; וְּ עֹוף יְּעֹופֵף עַ לwith swarms of living creatures, and let
. הַ שָּ מָּ יִׁםfowl fly above the earth in the open
firmament of heaven.'
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הַ ַתנִׁינִׁם הַ גְּ ֹדלִׁים; וְּ ֵאת- ֶאת,ֹלהים
ִׁ ֱ כא ַויִׁבְּ ָּרא א21 And God created the great sea ֶנפֶש הַ חַ יָּה הָּ רֹמֶ ׂשֶ ת אֲ שֶ ר שָּ ְּרצּו הַ מַ יִׁם- כָּלmonsters, and every living creature that
 ַוי ְַּרא,עֹוף ָּכנָּף ל ְִּׁמינֵהּו- וְּ ֵאת כָּל, ל ְִּׁמינֵהֶ םcreepeth, wherewith the waters swarmed,
.טֹוב- כִׁ י,ֹלהים
ִׁ ֱ אafter its kind, and every winged fowl after
its kind; and God saw that it was good.
, פְּ רּו ְּּורבּו: לֵאמֹר,ֹלהים
ִׁ ֱ כב ַויְּבָּ ֶרְך א ָֹּתם א22 And God blessed them, saying: 'Be
. י ִֶׁרב בָּ ָּא ֶרץ, וְּ הָּ עֹוף,הַ מַ יִׁם בַ י ִַׁמים-ּומלְּאּו ֶאת
ִׁ fruitful, and multiply, and fill the waters
in the seas, and let fowl multiply in the
earth.'
} {פ.ישי
ִׁ  יֹום חֲ ִׁמ,ב ֶֹקר-עֶ ֶרב ַוי ְִּׁהי- כג ַוי ְִּׁהי23 And there was evening and there was
morning, a fifth day. {P}
 תֹוצֵ א הָּ ָּא ֶרץ ֶנפֶש חַ יָּה,ֹלהים
ִׁ ֱ כד וַי ֹאמֶ ר א24 And God said: 'Let the earth bring
- ל ְִּׁמינָּּה; ַוי ְִּׁהי, ֶא ֶרץ- בְּ הֵ מָּ ה ו ֶָּרמֶ ׂש וְּ חַ יְּתֹו, ל ְִּׁמינָּּהforth the living creature after its kind,
. כֵןcattle, and creeping thing, and beast of
the earth after its kind.' And it was so.
- וְּ ֶאת,חַ יַת הָּ ָּא ֶרץ ל ְִּׁמינָּּה-ֹלהים ֶאת
ִׁ ֱ כה ַויַעַ ׂש א25 And God made the beast of the earth
, ֶרמֶ ׂש הָּ אֲ דָּ מָּ ה- וְּ ֵאת כָּל, הַ בְּ הֵ מָּ ה ל ְִּׁמינָּּהafter its kind, and the cattle after their
.טֹוב- כִׁ י,ֹלהים
ִׁ ֱ ל ְִּׁמינֵהּו; ַוי ְַּרא אkind, and every thing that creepeth upon
the ground after its kind; and God saw
that it was good.
 ַנעֲׂשֶ ה ָּאדָּ ם בְּ צַ לְּמֵ נּו,ֹלהים
ִׁ ֱ כו וַי ֹאמֶ ר א26 And God said: 'Let us make man in
,מּותנּו; וְּ י ְִּׁרדּו בִׁ ְּדגַת הַ יָּם ּובְּ עֹוף הַ שָּ מַ יִׁם
ֵ  כִׁ ְּדour image, after our likeness; and let
- הָּ רֹמֵ ׂש עַ ל,הָּ ֶרמֶ ׂש- ּובְּ כָּל,הָּ ָּא ֶרץ- ּובַ בְּ הֵ מָּ ה ּובְּ כָּלthem have dominion over the fish of the
. הָּ ָּא ֶרץsea, and over the fowl of the air, and over
the cattle, and over all the earth, and over
every creeping thing that creepeth upon
the earth.'
 בְּ צֶ לֶם,הָּ ָּאדָּ ם בְּ צַ לְּמֹו-ֹלהים ֶאת
ִׁ ֱ כז ַויִׁבְּ ָּרא א27 And God created man in His own
. בָּ ָּרא א ָֹּתם, ָּזכָּר ּונ ְֵּקבָּ ה:ֹלהים בָּ ָּרא אֹתֹו
ִׁ ֱ אimage, in the image of God created He
him; male and female created He them.
ֹלהים
ִׁ ֱ וַי ֹאמֶ ר לָּהֶ ם א,ֹלהים
ִׁ ֱ א, כח ַויְּבָּ ֶרְך א ָֹּתם28 And God blessed them; and God said
 וְּ כִׁ בְּ שֻׁ הָּ ; ְּּורדּו,הָּ ָּא ֶרץ-ּומלְּאּו ֶאת
ִׁ  פְּ רּו ְּּורבּוunto them: 'Be fruitful, and multiply, and
 הָּ רֹמֶ ׂשֶ ת,חַ יָּה- ּובְּ כָּל, ּובְּ עֹוף הַ שָּ מַ יִׁם, בִׁ ְּדגַת הַ יָּםreplenish the earth, and subdue it; and
.הָּ ָּא ֶרץ- עַ לhave dominion over the fish of the sea,
and over the fowl of the air, and over
every living thing that creepeth upon the
earth.'
-כָּל- ִׁהנֵה נ ַָּת ִׁתי ָּלכֶם ֶאת,ֹלהים
ִׁ ֱ כט וַי ֹאמֶ ר א29 And God said: 'Behold, I have given
-כָּל- וְּ ֶאת,הָּ ָּא ֶרץ-פְּ נֵי כָּל- עֵ ׂשֶ ב ז ֵֹרעַ ז ֶַרע אֲ שֶ ר עַ לyou every herb yielding seed, which is
, ָּלכֶם י ְִּׁהיֶה: ז ֵֹרעַ ז ַָּרע,עֵ ץ-בֹו פְּ ִׁרי- הָּ עֵ ץ אֲ שֶ רupon the face of all the earth, and every
. ל ְָּּאכְּ לָּהtree, in which is the fruit of a tree yielding
seed--to you it shall be for food;
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עֹוף הַ שָּ מַ יִׁם ּו ְּלכֹל-חַ יַת הָּ ָּא ֶרץ ּו ְּלכָּל- ל ּו ְּלכָּל30 and to every beast of the earth, and to
-כָּל- ֶאת,בֹו ֶנפֶש חַ יָּה- אֲ שֶ ר,הָּ ָּא ֶרץ- רֹומֵ ׂש עַ לevery fowl of the air, and to every thing
.כֵן- ל ְָּּאכְּ לָּה; ַוי ְִּׁהי, י ֶֶרק עֵ ׂשֶ בthat creepeth upon the earth, wherein
there is a living soul, [I have given] every
green herb for food.' And it was so.
Note 2: See Ben-Naim et al (2019) Water in Life and Life in Water.
Note 3: You can read more on this “strange thing” and various opinion on that in:
https://www.blueletterbible.org/faq/don_stewart/don_stewart_684.cfm
Interestingly the Hebrew word for “East” (Mizrah, (מזרח, has the root word of
“shine” and “sunrise” ( זריחה,)זרח. The root word for “West” (Ma’arav, )מערב, has
the root word of “evening” ()ערב.
Note 4: There are slight differences in the various translations of the Bible into
English.
Note 5: In Hebrew.

Note 6: Yigael Yadin chose this model as a fine example of what the sundial of Ahaz
could have looked like. He suggested that it was a model of a house. The sundial
was incorporated within the structural features of a roof chamber. Thus, here's a
striking similarity between the Egyptian model and the reconstruction of the sundial
by Yadin. In 2 Kings 20:11, the shadow moves backwards 10 steps. This number is
important. In fact, sundials in antiquity were marked with lines for an indication of
6 hours. Thus, 6 steps for 6 morning hours at one side, and 6 steps for 6 noon hours
at the other side.

Note 7: Isaiah 38
In those days Hezekiah became ill and was at the point of death. The
prophet Isaiah son of Amoz went to him and said, “This is what
1
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the LORD says: Put your house in order, because you are going to die; you
”will not recover.
Hezekiah turned his face to the wall and prayed to
the LORD,3 “Remember, LORD, how I have walked before you faithfully and
with wholehearted devotion and have done what is good in your eyes.” And
Hezekiah wept bitterly.
2

Then the word of the LORD came to Isaiah: 5 “Go and tell Hezekiah, ‘This is

4

what the LORD, the God of your father David, says: I have heard your prayer
and seen your tears; I will add fifteen years to your life.6 And I will deliver
you and this city from the hand of the king of Assyria. I will defend this city.
“‘This is the LORD’s sign to you that the LORD will do what he has
promised: 8 I will make the shadow cast by the sun go back the ten steps it
has gone down on the stairway of Ahaz.’” So the sunlight went back the ten
steps it had gone down.
7

מלכים ב פרק כ
א בַּ י ִָּמים הָ הֵ ם ,חָ לָה חִּ זְקִּ יָהּו לָמּות; ַּו ָיב ֹא אֵ לָיו יְ שַּ עְ יָהּו בֶ ן-אָ מֹוץ הַּ נָבִּ יאַּ ,וי ֹאמֶ ר אֵ לָיו כֹ ה-אָ מַּ ר יְ הוָה צַּ ו
לְ בֵ יתֶ ָך--כִּ י מֵ ת אַּ תָ ה ,וְ ל ֹא ִּתחְ יֶה .ב ַּויַּסֵ ב אֶ תָ -פנָיו ,אֶ ל-הַּ קִּ יר; וַּיִּ ְת ַּפלֵל--אֶ ל-יְ הוָה ,לֵאמֹ ר .ג אָ נָה יְ הוָה,
יתי; ַּויֵבְ ךְ חִּ זְקִּ יָהּו ,בְ כִּ י
ְזכָר -נָא אֵ ת אֲשֶ ר הִּ ְתהַּ לַּכְ ִּתי לְ ָפנֶיָך בֶ אֱמֶ ת ּובְ לֵבָ ב שָ לֵם ,וְ הַּ ּטֹוב בְ עֵינֶיָך ,ע ִָּש ִּ
גָדֹול .ד וַּיְ הִּ י יְ שַּ עְ יָהּו--ל ֹא יָצָ א ,העיר (חָ צֵ ר) הַּ ִּתיכֹ נָה; ְּודבַּ ר-יְ הוָה--הָ יָה אֵ לָיו ,לֵאמֹ ר .ה שּוב וְ אָ מַּ ְרתָ אֶ ל-
יתי אֶ תִּ -ד ְמעָתֶ ָך; הִּ נְ נִּ י ,רֹ פֶא לְָך-
חִּ זְקִּ יָהּו נְ גִּ יד-ע ִַּּמי ,כֹ ה-אָ מַּ ר יְ הוָה אֱֹלהֵ י דָ וִּ ד אָ בִּ יָך ,שָ מַּ עְ ִּתי אֶ תְ -תפִּ לָתֶ ָךָ ,ר ִּא ִּ
ּומכַּף מֶ לְֶך-אַּ שּור אַּ צִּ ילְ ָך ,וְ אֵ ת
ישי ,תַּ ֲעלֶה בֵ ית יְ הוָה .ו וְ הֹ סַּ פְ ִּתי עַּל-יָמֶ יָך ,חֲמֵ ש ע ְֶש ֵרה שָ נָהִּ ,
בַּ יֹום הַּ ְשלִּ ִַּּנֹותי ,עַּל-הָ עִּ יר הַּ ז ֹאת--לְ מַּ עֲנִּ יּ ,ולְ מַּ עַּן דָ וִּ ד עַּבְ ִּדי .ז ַּוי ֹאמֶ ר יְ שַּ עְ יָהּו ,קְ חּו ְדבֶ לֶת ְתאֵ נִּ ים; וַּיִּקְ חּו
הָ עִּ יר הַּ ז ֹאת; וְ ג ִּ
ישי,
יתי בַּ יֹום הַּ ְשלִּ ִּ
ַּוי ִָּשימּו עַּל-הַּ ְשחִּ יןַּ ,ויֶחִּ י .ח ַּוי ֹאמֶ ר חִּ זְקִּ יָהּו ,אֶ ל-יְ שַּ עְ יָהּו ,מָ ה אֹות ,כִּ י-יִּ ְרפָא יְ הוָה לִּ י; וְ עָלִּ ִּ
בֵ ית יְ הוָה .ט ַּוי ֹאמֶ ר יְ שַּ עְ יָהּו ,זֶה-לְ ָך הָ אֹות מֵ אֵ ת יְ הוָה ,כִּ י ַּיעֲשֶ ה יְ הוָה ,אֶ ת-הַּ דָ בָ ר אֲשֶ ר ִּדבֵ ר :הָ לְַּך הַּ צֵ ל
עֶשֶ ר מַּ עֲלֹותִּ ,אם-יָשּוב עֶשֶ ר מַּ עֲלֹות .י ַּוי ֹאמֶ ר ,יְ חִּ זְקִּ יָהּו ,נָקֵ ל לַּצֵ ל ,לִּ נְ טֹות עֶשֶ ר מַּ עֲלֹות; ל ֹא כִּ י ,יָשּוב הַּ צֵ ל
אֲחֹ ַּרנִּית עֶשֶ ר מַּ עֲלֹות .יא וַּיִּ קְ ָרא יְ שַּ עְ יָהּו הַּ נָבִּ יא ,אֶ ל-יְ הוָה; ַּויָשֶ ב אֶ ת-הַּ צֵ ל ,בַּ מַּ עֲלֹות אֲשֶ ר י ְָרדָ ה בְ מַּ עֲלֹות
אָ חָ ז אֲחֹ ַּרנִּ ית--עֶשֶ ר מַּ עֲלֹות.
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ישעיהו פרק לח
אָ מַּ ר יְ הוָה צַּ ו- ַּוי ֹאמֶ ר אֵ לָיו כֹ ה,אָ מֹוץ הַּ נָבִּ יא- חָ לָה חִּ זְקִּ יָהּו לָמּות; ַּויָבֹוא אֵ לָיו יְ שַּ עְ יָהּו בֶ ן,א בַּ י ִָּמים הָ הֵ ם
 אָ נָה יְ הוָה,ג ַּוי ֹאמַּ ר. יְ הוָה- אֶ ל,הַּ קִּ יר; וַּיִּ ְת ַּפלֵל- אֶ ל,ב ַּויַּסֵ ב חִּ זְקִּ יָהּו ָפנָיו.  וְ ל ֹא ִּתחְ יֶה,כִּ י מֵ ת אַּ תָ ה--לְ בֵ יתֶ ָך
 בְ כִּ י,יתי; ַּויֵבְ ךְ חִּ זְקִּ יָהּו
ִּ  ע ִָּש, וְ הַּ ּטֹוב בְ ֵעינֶיָך, נָא אֵ ת אֲשֶ ר הִּ ְתהַּ לַּכְ ִּתי לְ ָפנֶיָך בֶ אֱמֶ ת ּובְ לֵב שָ לֵם-ְזכָר
,אָ מַּ ר יְ הוָה אֱֹלהֵ י דָ וִּ ד אָ בִּ יָך- כֹ ה,חִּ זְקִּ יָהּו-ה הָ לֹוְך וְ אָ מַּ ְרתָ אֶ ל.  לֵאמֹ ר,יְ שַּ עְ יָהּו- אֶ ל,יְ הוָה- ְדבַּ ר, ד וַּיְ הִּ י.גָדֹול
אַּ שּור-ּומכַּף מֶ לְֶך
ִּ ו.  חֲמֵ ש ע ְֶש ֵרה שָ נָה,יָמֶ יָך-יֹוסף עַּל
ִּ  ִּד ְמעָתֶ ָך; הִּ נְ נִּ י-יתי אֶ ת
ִּ  ָר ִּא, ְתפִּ לָתֶ ָך-שָ מַּ עְ ִּתי אֶ ת
- אֶ ת, אֲשֶ ר ַּיעֲשֶ ה יְ הוָה, מֵ אֵ ת יְ הוָה, לְ ָך הָ אֹות-ז וְ זֶה. הָ עִּ יר הַּ ז ֹאת- עַּל,ַּנֹותי
ִּ  וְ אֵ ת הָ עִּ יר הַּ ז ֹאת; וְ ג,אַּ צִּ ילְ ָך
עֶשֶ ר-- אֲחֹ ַּרנִּ ית,צֵ ל הַּ מַּ עֲלֹות אֲשֶ ר י ְָרדָ ה בְ מַּ עֲלֹות אָ חָ ז בַּ שֶ מֶ ש-ח הִּ נְ נִּ י מֵ ִּשיב אֶ ת. הַּ דָ בָ ר הַּ זֶה אֲשֶ ר ִּדבֵ ר
. בַּ מַּ עֲלֹות אֲשֶ ר י ָָרדָ ה,מַּ עֲלֹות; וַּתָ שָ ב הַּ שֶ מֶ ש עֶשֶ ר מַּ עֲלֹות
Note 8:
Incidentally, there are numerous places mentioned in the Bible which are said to
exist “until this day”, and still exist today. An example is Yad Absalom:
He named the pillar after himself, and it is called Absalom’s Monument to
this day. Samuel 2: 18;18
-כִ י ָאמַ ר ֵּאין--הַ מֶ לְֶך-מַ צֶ בֶ ת אֲ שֶ ר בְׁ עֵּ מֶ ק-לֹו בְׁ חַ יָו ֶאת- ַויַצֶ ב, וְׁ ַאבְׁ שָ ֹלם ל ַָקח: יח, יח,ב-שמואל
 עַ ד הַ יֹום הַ זֶה, ַוי ִָק ֵּרא לָּה יַד ַאבְׁ שָ לֹום,שמֹו-ל
ְׁ ַ ע, בַ עֲבּור הַ זְׁ כִ יר ְׁש ִמי; ַוי ְִׁק ָרא לַמַ צֶ בֶ ת,לִי בֵּ ן.
To my surprise, I found that some interpreters of the Bible do believe that the
phrase “to this day” means “this day” until eternity.

Notes to Chapter 2.
Note 1: In Carroll’s book (2010) “From Eternity to Here,” the author not only
promises to “define time very precisely, in ways applicable to all fields,” but also
offers a discussion of the “Ultimate Theory of Time.” Of course, there is nothing in
the book which may be considered as a “theory of time,” and certainly not an
“ultimate theory of time.” What you will find in the book is a lengthy and extremely
repetitive discussion of the commonly misconstrued association of time with
entropy. We shall explain this erroneous association of time with entropy in Chapters
10 and 11. A more extensive review can be found in Ben-Naim (2016a, 2018a,
2018c).
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Note 2: In the confessions of Saint. Augustine the Bishop of Hippo were written in
the late 4th century. It was essentially an autobiography comprising of 13 books. The
quotation provided above was lifted from book 11. In that book, Augustine presents
the idea that God is eternal. If God is eternal, then he does not take action at specific
moments in time. There is another famous quotation from St. Augustine which we
shall mention in the last chapter 12 of this book.
For what is time? Who can readily and briefly explain this? Who can even in thought
comprehend it, so as to utter a word about it? But what in discourse do we mention
more familiarly and knowingly, than time? And, we understand, when we speak of
it; we understand also, when we hear it spoken of by another. What then is time? If
no one asks me, I know: if I wish to explain it to one that asketh, I know not: yet I
say boldly that I know, that if nothing passed away, time past was not; and if nothing
were coming, a time to come were not; and if nothing were, time present were not.
Those two times then, past and to come, how are they, seeing the past now is not,
and that to come is not yet? But the present, should it always be present, and never
pass into time past, verily it should not be time, but eternity. If time present (if it is
to be time) only cometh into existence, because it passeth into time past, how can we
say that either this is, whose cause of being is, that it shall not be; so, namely, that
we cannot truly say that time is, but because it is tending not to be?
And yet we say, "a long time"
Note 3: The Gregorian calendar was introduced in 1582 by Pope Gregory XIII.
In the Jewish calendar the year I am writing this book is 5778 ()התשע"ח. It is the
number of years since the creation of the world. It is expressed as the sum of the
letter-numbers ( 8 = ח,70 = ע,300 = ש,400 = ת,5 =) ה. In modern times, the creation
of the universe occurred some 14 billion years ago in an event called the Big Bang.
Personally, I do not believe in the reality of the Big Bang, and I will explain the
reason in Chapter 4.
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Notes to Chapter 3:
Note 1: We shall use here the terms velocity and speed as synonyms. Sometimes we
distinguish between the velocity of a particle in 1D, say, along the x-axis, and the
absolute velocity, or the speed defined by 𝑣 = √𝑣𝑥2 + 𝑣𝑦2 + 𝑣𝑧2 . Here, the word
absolute is used in the mathematical sense of the length of the vector (𝑣𝑥 , 𝑣𝑦 , 𝑣𝑧 ) in
the same sense that the absolute length of the vector (𝑣𝑥 , 𝑣𝑦 , 𝑣𝑧 ) is given by 𝑙 =
√𝑥 2 + 𝑦 2 + 𝑧 2 , see Figure 3.1. This is not to be confused with the concept absolute
speed vs. relative speed, which we shall discuss in chapter 7. Here, absolute speed,
means the absolute length of a vector in terms of its component. This speed already
takes into account the frame of reference, whereas in relativity this same “absolute
speed” is referred to as relative with respect to the frame of reference.
Note 2: The average velocity is defined by:
total distance
total time
In our case the total distance is 120km. The total time is 2.5h. Therefore,
average velocity =

average velocity =

120
= 48 km/h
2.5

The (arithmetic average) of the two velocities is simply the average of 120 km/h
and 30 km/h, which is:
120 + 30
= 75 km/h
2
Note 3: In general, if the first speed is 𝑣1 and the second is 𝑣2 , then the average of
the two speeds is always larger than the average speed on the round trip, i.e.
(𝑣1 − 𝑣2 )2
𝑣1 + 𝑣2
2𝑣1 𝑣2
−
=
≥0
2
𝑣1 + 𝑣2 2(𝑣1 + 𝑣2 )
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Note 4: The average of the two speeds is approximately half the speed of light. This
is a huge speed! The average speed of the entire round trip is half the donkey’s
speed. This is a very small compared with the average of the two speeds! .
Note 5: The average of the two speeds is

(𝑣+𝑤)+(𝑣−𝑤)
2

= 𝑣. This is independent of

w. However, the average speed in the round trip journey is calculated as follows:
Suppose that the distance from Tel Aviv to New York is x. The total flight time
is:
𝑡1 + 𝑡2 =

𝑥
𝑥
2𝑣𝑥
+
= 2
𝑣 − 𝑤 𝑣 + 𝑤 𝑣 − 𝑤2

and the average speed in the round trip is:
2𝑥
𝑣2 − 𝑤2
=
𝑡1 + 𝑡2
𝑣
When 𝑤 = 0 (today) the average speed is the same as the average of the two
speeds, i.e. v. For any other w (which is smaller than v), the average speed is smaller
than v. Hence, the total time of the roundtrip flight will be longer tomorrow, than
today, when there is no wind. Therefore, you better fly today!
If the wind is too strong, say 𝑤 = 𝑣, then the average speed will be zero and the
flight time will be infinity. If the wind speed is even larger than v, then you will never
get to New York! Therefore, this exercise is very important when you plan your trip
and you hear on the radio that there are strong winds along the way.
Note 6: The frequency of the note A of a regular tuning fork is A = 440Hz (𝐴4 in
the equal-tempered scale).
C4 = (Do) 262
D = (Re)

294

E = (Mi)

329

F= (Fa)

329

G = (Sol) 392
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A4 = (La) 440
B4 = (Si) 494
Note 7:
Assuming for simplicity that the light traveled the distance between the source and
your ear is nearly zero seconds.
In three seconds the sound waves travel the distance of about 3 ×
345~1000 meters. The light travels this distance in about

1000
300,000,000

seconds,

which is negligible compared to three seconds. Therfore the source of the lightning
is almost 1000 meters.
Notes to Chapter 4:
Note 1: In my book (2016a) I have criticized other books which deal with time, and
which have a title which should alert your suspicious. One of those books which I
reviewed critically in two of my books (2016a) and (2018b) is Carroll’s “From
Eternity to Here: The Quest for the Ultimate Theory of Time.” This book has a
meaningless title and a deceptive subtitle. You do not need to be scientist to sense
that the very title harbinger something fishy. Similarly, if you see a title such as “the
Big Picture” you should be suspicious. See Ben-Naim(2018b) for more details.
Note 2: One of the most important evidence for the Big-Bang theory is the
accidental discovery, in 1965 of a faint radiation permeating all space, the so-called
MBR (microwave background radiation).
Stephen Hawking and Roger Penrose showed that if the theory of relativity is
correct, then one can predict that the universe must have been infinitely small and
dense at the moment when time itself began.
The problem is if that even if the theory of general relativity is perfectly correct,
it is far from clear that one can apply this theory at such an extreme situation, never
observed, and never studied before. Therefore, in my view the existence of that
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moment referred to as the Big-Bang, and the claim that time and space were created
at that moment is untenable.
There are other “evidence” which are consistent with the theory of the Big-Bang.
However, no matter how much evidence there is, and how accurate the theory is,
there is always uncertainty about: 1. The application of such a theory for such
extreme situation; 2. The question of whether the theory itself, including the
constants of physics, such as the speed of light, do not change with time.

In an article in Scientific American, “Inconstant Constants, Do the inner workings
of nature change with time?” Barrow and Webb (2006) write:
“Some things never change. Physicists call them the constants of nature. Such
quantities as the velocity of light, c, Newton’s constant of gravitation, G, and the
mass of the electron, me, are assumed to be the same at all places and times in the
universe.”
“And yet, remarkably, no one has ever successfully predicted or explained any of
the constants. Physicists have no idea why they take the special numerical values
that they do.”
Indeed, most physicists assume that these quantities are constant, i.e. they have the
same values everywhere in space and in time. However, these authors have
questioned validity of these assumptions. In fact, there is no reason to believe that
these constants are universal.
In another article by Webb (2003), the author explicitly asked:
“Are the Laws of Nature Changing with Time?”

Notes to Chapter 5:
Note 1: I should add that this kind of controversy between two schools of thought
is quite typical in philosophy. One can say anything one wants, and the other one
can say exactly the opposite, and no one could prove that either one is right or wrong.
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Note that the idea that “time” is only an illusion features in the literature to this day.
There are many experiments which reveal the illusion of ‘time’s flow”.
During the 20th Century, the philosophical debate on the nature of time continued.
A new impetus was triggered by the work of the British philosopher McTaggart
(1866-1925). In his article in1908, The Unreality of Time, McTaggart argued that
time is unreal because our descriptions of Time are either contradictory, circular or
insufficient. McTaggart’s analysis had led to a number of productive areas in the
modern philosophy of time, including the “tensed” and “tenseless” theories of the
passage of time.
Briefly, the tenseless theory of time, calls for the elimination of all talk of past,
present and future in favor of a “tenseless” ordering of events using only phrases
like “earlier than” or “later than”.

The tensed theory of time, on the other hand, argues that our language has tensed
verbs for a good reason, because the past, present and future are very different in
quality. The A-theory therefore denies that the past, present and future are equally
real, and maintains that the future is not fixed and determinate like the past.
Note 2: Bergson coined the term èlan vital, in his book “Creative Evolution.”
The British biologist Julian Huxley mocked Bergson’s èlan vital, saying it does not
explain life as much as the term “elan locomotif” (the locomotive driving force) did
not explain the train engine. Bergson capitalized “Time” in the foreword to the
second edition of Duration and Simultaneity. By capitalizing the term, he signaled
to his readers that he was including something larger in the concept than if he had
referred to mere, lowercase “time.” Time,” for Bergson and his students, included
aspects of the universe that could never be entirely captured by instruments (such as
clocks or recording devices) or by mathematical formulas”
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Note 3: Some physicists believe that time might not be continuous, meaning that it
comes in “quanta” in small units that might be referred to as a time-atom.

Whether

we come to a smallest unit of time that cannot be divided, or not, we shall face the
same uncertainty regarding the actual length of that unit of time, and whether one
unit of time is equal to the next unit of time.
Notes to Chapter 6:
Note 1: In technical lingo the “quality” of a clock is called the “quality factor,”
denoted Q. This is defined as the number of oscillations (or swings) the clock makes
until its energy diminishes to a few percent of its initial energy. For details of this,
see Jespersen et al (1977).
See figures from the British Museum
Note 2: The potential energy is mgh, where m is the mass, and h is the height relative
to the point B, and g is the gravitational constant.
In Wikipedia under “pendulum” you can see a nice simulation of the motion of a
pendulum showing the periodic exchange of kinetic and potential energy.
𝑥
= sin 𝛼
𝑙
when 𝛼 = 0, 𝑥 = 0 , we have maximum kinetic energy and minimum potential
energy. When 𝛼 = 𝑎𝑚𝑎𝑥 , x is maximal, at that point the potential energy is
maximum and the kinetic energy is minimum.
The kinetic energy is given by 𝑚𝑣 2 /2, where v is the velocity of the mass m.
Thus, the sum 𝑚𝑔ℎ + 𝑚𝑣 2 /2 is conserved. The period T (the time of a full cycle of
𝑙

the pendulum) is given a good approximation by 𝑇 ≈ 2𝜋√ .
𝑔

Note 3:: The words piezoelectricity refers to the phenomenon of electricity resulting
from the exertion of pressure on the crystal. In quartz clocks the reverse of this
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process is used, namely the vibration in a crystal is induced by alternating electrical
voltage.
Note 4: The connection between energy difference, say of an electron in two “levels”
𝐸1 , and 𝐸2 is:
∆𝐸 = 𝐸2 − 𝐸1 = ℎ𝑣
where ℎ = is the Planck constant, and v is the frequency of vibration.
Notes to Chapter 7:
Note 1: Normally we use bold face letter to denote a vector, i.e. a quantity that has
both a numerical value and a direction. Thus, the Second Newton’s Law is written
as:
F = ma, instead of 𝐹⃗ = 𝑚𝑎⃗.
Note 2: In quantum mechanics the uncertainty principle is formulated between the
location x, and the corresponding momentum 𝑝𝑥 , i.e.
[∆𝑥] × [𝑚∆𝑣𝑥 ] = [∆𝑥] × [∆𝑝𝑥 ] ≈ ℎ
Note 3: Some also added a revolution in statistical mechanics. It is true that
Einstein’s article on Brownian motion contributed to the acceptance of the atomic
nature of matter, and indirectly also contributed to the acceptance of statistical
mechanics. However, Einstein did not revolutionize either thermodynamics or
statistical mechanics. In fact, in one statement by Einstein it is clear that he believed
that thermodynamics will not be revolutionized.
A theory is the more impressive the greater the simplicity of its premises is, the
more different kinds of things it relates, and the more extended is its area of
applicability. Therefore, the deep impression which classical thermodynamics
made upon me. It is the only physical theory of universal content concerning which
I am convinced that within the framework of the applicability of its basic concepts,
it will never be overthrown.
Note 4: Today the theory of relativity is associated with and credited to Einstein.
However, the seeds of this theory were already published earlier by Hendrik Lorentz
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(1853-1928 ) and Henri Poincaré (1854–1912). Lorentz published what is now
referred to as the Lorentz transformation, See Appendix E. Poincare explicitly wrote
on the principle of relativity before Einstein. It is not clear how much Einstein new
or was familiar with Poincare publications. Poincare made the following statement
about relativity: “according to the principle of relativity, the laws of physical
phenomena must be the same for a fixed observer as for an observer who has a
uniform motion of translation relative to him. Some people believe that this is one
resean why Einstein got the Nobel prize for the photoelectric effect and not for
relativity. Another reason which was explicitly considered by the Nobel committee
is discussed in chapter 5.
Note 5:
To illustrate the effect of time dilation, Einstein proposed a thought experiment. In
this experiment, one of two twins, say Linda, travels at near the speed of light to a
distant star and returns to Earth. Relativity dictates that when he comes back, he is
younger than his identical twin. Note that since any periodic motion serves to
measure time, this includes also the human heart, the heartbeat as well as all
physiological processes will slow down when in motion. The person in motion
would not notice this change of the “rate of aging”.
If Bob is “stationary” and Linda travels at a speed close to the speed of light, and
upon returning she meets her twin brother Bob who seems to have aged more than
her. However, because of the relative speed, Linda can be considered stationary,
while Bob is the one who travels. In this view, Linda should age more than Bob.
Here is the paradox of this thought experiment: How is it possible that both aged
more, relative to the other?
Most textbooks resolve this paradox by invoking the asymmetry in the thoughtexperiment. It is true that both of the twins can view themselves as stationary with
respect to the other.
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However, if Linda left Bob and did a round trip, she had experienced both
acceleration and deceleration effects on her trip, while Bob did not experience any
acceleration at all. Therefore, the one who experienced acceleration was the one who
aged less than the one who did not. This means that in order to resolve the paradox
one must introduce General Relativity. Some (e.g. Lasky, 2008) maintains that one
can resolve the paradox within Special Relativity without using ideas from General
relativity.
Note 6: Relativity tells us there is no such thing as simultaneity, there is no such
thing as “now,” independent of a system of reference. For example, a man in New
York may telephone a friend in London, and although it is 7:00 pm in New York
and midnight in London, we may say that they are talking “at the same time.”
A more complicated situation arises if we try to communicate with a friend at a star,
which is a light year away from us. A light year is the distance light travels in one
year, or roughly six trillion miles. If we should try to communicate with our friend
on the star, “right now” it would take a year for our message to reach its destination
and another year for us to receive a reply. Thus when we receive the message “now,”
it is actually a message sent a year ago.
Note 7:
Louis Essen (1908-1997) was an English physicist whose most notable
achievements were in the precise measurement of time and the determination of
the speed of light. He was a critic of Albert Einstein's theory of relativity, in
particular, the prediction of time dilation..
Essen’s work on atomic clocks led him to champion the cesium spectrum as an
international time standard. Although the ammonia molecule had already been
proposed as such Essen was convinced that cesium would prove to be more stable.
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Essen spent all his working life at the National Physical Laboratory. In 1971 he
published The Special Theory of Relativity: A Critical Analysis, questioning Special
relativity, which apparently was not appreciated by his employers. He was warned
that if he persisted in his critical ideas he will ruin his career. In 1978 he wrote:
“No one has attempted to refute my arguments, but I was warned that if I persisted
I was likely to spoil my career prospects.”
Louis Essen cautions:
"The continued acceptance and teaching of relativity hinders the development of a
rational extension of electromagnetic theory"
He is concerned that:
“Students are told that the theory must be accepted although they cannot expect to
understand it. They are encouraged right at the beginning of their careers to forsake
science in favor of dogma."
Other quotations by Essen:
Relativity - joke or swindle.
Einstein's theory of relativity contains basic and fatal flaws
Rutherford treated it as a joke; Soddy called it a swindle; Bertrand Russell
suggested it was all contained in the Lorentz transformation equations; and many
scientists commented on its contradictions.
... he concluded that, at the end of the journey, the time recorded by the moving clock
was less than that recorded by the stationary clock. The result did not follow from
the experiment, but was simply an assumption slipped in implicitly during the
complicated procedure.
... I do not think Rutherford would have regarded (the theory) as a joke had he
realised how it would retard the rational development of science. Einstein defined
the velocity of light as a universal constant and thus broke one of the fundamental
rules of science.
Einstein's use of a thought-experiment, together with his ignorance of experimental
techniques, gave a result which footed himself and generations of scientists. He
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convinced himself that the theory yielded the result he wanted, because the
contraction of time is accompanied by the contraction of length needed to explain
the Michelson-Morley result.
Notes to Chapter 8:
Note 1: Many of these researches may be found in Hammond’s (2013) book,
“Time Warped; Unlocking the Mysteries of Time Perception.
Note 2: See Hammond (2013) for details on this and on many fascinating stories
and researches about the perception of time.
Note 3: Synaesthesia (also spelled as synesthesia; syn – together, aesthesis –
feeling or sensation), is the condition whereby different senses seem to blend in the
brain. The most common phenomenon is associating colors with letters.
Note 4: See Hammond (2013) for details.
Note 5: Hammond page 175 Hyperthymesia, or hyperthymestic-syndrome is a
condition in which an individual possesses a superior autobiographical memory,
meaning he/she can recall the vast majority of personal experiences and events of
his or her life. Superior autobiographical memory is fairly a new discovered
phenomenon. Individuals with hyperthymesia cannot control the flashbacks of
information and memories unlike the rest of people who have good memory.
Notes to Chapter 9:
Note 1: For more details, see Ben-Naim (2015).
Note 2: Another equivalent characterization of the Markov chain is: Given the
“present” (meaning the outcome of 𝑋𝑖 , the “past” (meaning all the outcomes of
𝑋𝑖−1 , 𝑋𝑖−2 ⋯) is independent of the “future” (meaning all the outcomes of
𝑋𝑖+1 , 𝑋𝑖+2 ⋯).
Notes to Chapter 10:
Note 1: The red color has a chance to occur in one of four throws, we say, the
probability of red is 1/4, while the probability of blue is ¾.
Note 2: The answer to the first question is, yes. You can gain or lose at each throw
for all the 40 throws. The probabilities for these events are:
1 40
Pr(all loses) = ( ) ≈ 8 × 10−23
4
3 40
Pr(all gains) = ( ) ≈ 1 × 10−5
4

226

Note that both of these probabilities are very small numbers. However, the ratio of
the two is a very large number.
Pr(all gains)
= 340 ≈ 1015
Pr(all loses)
This is a very big number.
Note 3:
1 40

Pr(all loses) = ( )
6

5 40

Pr(all gains) = ( )
6
These are very small numbers, but the ratio is:
Pr(all gains)
= 540
Pr(all loses)
This is an extremely large number!
Note 4:
1 40

Pr(all loses) = ( )
12

11 40

Pr(all gains) = ( )
12
The ratio is:
Pr(all gains)
Pr(all loses)

= 1140

This is an unimaginably big number.
Note 5: In Chapter 2 I noted that if the world will come to a state when there will
no longer be any clock and no periodic processes to count, then perhaps the concept
of time will lose its meaning. Here, we ignore such a hypothetical situation.
Note 6: No, you cannot use this number as a measure of time. The reason is that
“once in a while” this number can decrease, while the number that counts the units
of time can never decrease!
Notes to Chapter 11:
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Note 1: This can be calculated from Shannon’s formula:
1

1

1

1

1

1

SMI= − ( log 2 + log 2 + log 2 )
2
2
4
4
4
4
=

1 1 1
+ + = 1.5
2 2 2

Note 2: answers to the exercise: SMI(a) =0.81, SMI(b)=2, SMI(c)=2.75
Note 3: Of course not. It does not always increase, either absolutely or in practice.
Also there is no sign that the process from the initial to the final state is irreversible.
Note 4: Of course not. It does not always increase, either absolutely or in practice.
Note 5: 2700 ~10210 . This is an extremely huge number which is one followed by
210 zeros.
Note 6: Of course not. It does not always increase. The process looks as if the SMI
always increases, but that is always only in practice not in absolute sense, see
Chapter 10. Though it looks like an irreversible process, it is in fact a reversible
process. The only difference between this and the previous results is that now the
reversal of the process will occur with very small probability.
3

5

Note 7: To write 210 it will take about 300 years, to write 210 it will take about
10

30,000 years. In order to write 210 it will take over a hundred billion years. There
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is no way I can compute the number 210 on my computer. When I tried to do so, I
got a message that the number “overflows.”
Note 8: A definition based on information theory, or the informational definition of
entropy might be potentially misleading. It is based on the SMI, or on IT, not on
information. Those who confuse SMI with Information do not accept the
informational interpretation of entropy because information might be subjective and
entropy is not. On the other hand, those who accept the informational interpretation
of entropy and confuse information with SMI reach the conclusion that since
information can be subjective, entropy must also be a subjective quantity.
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Note 9: For a proper definition of entropy we need to take the distribution of the
locations, and of the velocities of all particles in tiny “cells” which are determined
by the Heisenberg uncertainty principle. In our discussion, we assume that the
entropy of the initial state is zero, and defined only as relative entropy; relative with
respect to the value of the initial state. However, the conclusion we reached is that
the relative entropy (as well as the entropy itself) is fixed for a fixed system, and
does not change with time.
Note 10:
Carroll (2010), page 44 we find:
“It is the tendency for entropy to increase that is responsible for the existence of
time’s arrow”
This is a typical irresponsible writing; entropy has no tendency to increase, and
entropy is not responsible for anything, certainly not the Arrow of Time!
We have already quoted Carroll’s book (2010) in chapter 2.
“The most mysterious thing about time is that it has a direction: the past is different
from the future. That is the arrow of time.”
Then the author explains:
“A major theme of this book is that the arrow of time exists because the universe
evolves in a certain way.
The mystery of the arrow of time comes down to this: Why were there conditions
in the early universe set up in a particular way, in a configuration of low entropy
that enabled all of the interesting and irreversible processes to come? That’s the
question this book sets out to address. Unfortunately, no one yet knows the right
answer.
First, I do not see any “mystery” in the fact that time has direction. As I explained
in Chapter 2 and in Ben-Naim (2016), “time’s direction” is an acceptable figure of
speech. Events unfold in a sequence which we ascribe to a sequence of points in
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time. This is how we measure time, and how we use it in any other experiments
carried out in a sequence of points in time. The author creates a mystery, then tries
to explain it, as will shall see throughout the book, using the meaningless idea of the
“Past Hypothesis.” This is the most absurd of all the absurdities. It is found in
Carroll’s book, page 43:
When it comes to the past, however, we have at our disposal both our knowledge
of the current macroscopic state of the universe, plus the fact that the early
universe began in a low-entropy state. That one extra bit of information, known
simply as the “Past Hypothesis,” gives us enormous leverage when it comes to
reconstructing the past from the present.
First, we do not know the “macroscopic state of the universe”
Second, the “entropy of the universe’ is not defined; not in the present and not in the
past.
Third, the meaningless “past hypothesis” is meaningless, therefore it gives us zero
“leverage when it comes to reconstructing the past from the present.”
More on Carroll’s book may be found in Ben-Naim (2018c).
In a recent book titled “Now,” by Muller, we find a “criticism” of Eddington
statements. Muller claims that “Eddington got it backwards” Instead of Eddington
statement: “Entropy is responsible for the Arrow of Time”, which is absurd, Muller
offer another, not less absurd statement: “Flow of time causes entropy to increase’
Davies (1995), on page 34 whites:
“Scientists and philosophers have been sharply divided over the significance of the
arrow of time. The conundrum, put crudely, boils down to this: is the universe getting
better or worse?”
This is a typical meaningless and misleading statement. And this is brought in a
chapter on the history of time. It is true that there is a controversy regarding the
significance (or the meaning) of the arrow of time. However, whatever the
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significance of the arrow of time is, it has nothing to do with the “universe getting
better or worse” which is as meaningless as the “universe getting wiser or sillier”
Similar irresponsible statements may be found in Rovelli’s recent book (2018)
Most of the author’s descriptions of entropy are either wrong, or not even wrong,
the culmination of which appears on page 167; all written in upper case:
“IT IS ENTROPY, NOT ENERGY, THAT DRIVES THE WORLD.”
This statement is not even original. It has been used countless times before (e.g.
in Atkins’ “Four Laws that Drive the Universe. See also a criticism of Atkins’ book
in the “Four Laws That Do Not Drive the Universe.”)
What Covelli wrote is not only wrong, it is audaciously misleading and perhaps,
even dangerous. I believe that energy is important for life – entropy is irrelevant to
life. If I go to the Sahara instead of taking a meal, I will die – and I will hold Covelli
responsible for my fate.
No one knows what drives the universe, but I am sure that entropy does not drive
anything!
On page 160 we find:
It’s not the energy that the world needs in order to keep going. What it needs is low
entropy.
The truth is that without energy, nothing, absolutely nothing, will keep going. I
wonder whether the author knows anything, let alone the entire world, that keeps
going without energy.
On page 164 we find a variation of Schrödinger’s statement:
Animals feed on low entropy by eating. (If all we need was energy rather than
entropy; we would head for the Sahara rather toward our next meal.)
To contrast this statement, I would say that:
If all we need is low entropy, rather than energy, we should head toward the arctic
pole (or the Antarctic pole, whichever is colder) rather toward our next meal!
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Next time you buy your favored food, look at its “entropy value,” not its “energy
value.”
Note 11:
add quotations hawking pages 167 168 139 150 151
NOTE: Here are some QUOTATIONS FROM HAWKING
This might suggest that the so-called imaginary time is really the real time, and that
what we call real time is just a figment of our imaginations.
So it is meaningless to ask: Which is real, “real” or “imaginary” time? It is simply a
matter of which is the more useful description.
This would mean that the contracting phase would be like the time reverse of the
expanding phase. People in the contracting phase would live their lives backward:
they would die before they were born and get younger as the universe contracted.
To return to the arrow of time, there remains the question: Why do we observe that
the thermodynamics and cosmological arrows point in the same direction? Or in
other words, why does disorder increase in the same direction of time as that in
which the universe expands? If one believes that the universe will expand and then
contract again, as the no boundary proposal seems to imply, this becomes a question
of why we should be in the expanding phase rather than the contracting phase.
Note 12:
Example of meaningless statements from Eddington’s book”:
“The practical measure of the random element which can increase in the universe
but can never decrease is called entropy.”
“Entropy continually increases.”
“I wish I could covey to you the amazing power of this conception of entropy in
scientific research.”
“The question is answered by another important law of Nature which runs…
Nothing in the statistics of an assemblage can distinguish a direction of time when
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entropy fails to distinguish one.”
“So far as physics is concerned time’s arrow is a property of entropy alone.”
“Hence there can be no statistical criterion for a direction of time when there is
thermodynamic equilibrium, i.e. when entropy is steady and ceases to indicate
time’s arrow.”
“Linkage of Entropy with Becoming.”
“The linkage of entropy-change to “becoming” presents features unlike every
other
problem of parallelism of the scientific and familiar worlds.”
“But in the parallelism between entropy-gradient and “becoming” the subjective
and objective seem to have got on to the wrong sides.”
“On the other side we have entropy which is frankly of a much more
subjective nature that most of the ordinary physical qualities. Entropy is an
appreciation
of arrangement and organization; it is subjective in the same sense that the
constellation Orion is subjective.”
“If color is mind-spinning, so also is entropy a mind-spinning--of the statistician.
It has about as much objectivity as a batting average.”
“In short we strive to see that entropy-gradient may really be the moving on of
time (instead of vice versa).”
“I have generally in mind in this connection an analogy with the clocks of physics
designed for good time-keeping; but I am now inclined to think that a better
analogy
would be an entropy-clock, i.e. an instrument designed primarily for measuring the
rate of disorganization of energy, and only very roughly keeping pace with time.
A typical entropy-clock might be designed as follows.”
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“Suppose that we were asked to arrange the following in two categories-Distance, mass, electric force, entropy, beauty, melody.
I think there are the strongest grounds for placing entropy alongside beauty and
melody and not with the first three.”
Notes to Chapter 12:
Note 1: Composer, Ehud Manor, music by Nurit Hirsch. The movie was written and
directed by Ephraim Kishon in 1971. The movie, as well as the song and the dance
can be viewed in YouTube.
Note 2:
לו להשיב ניתן את מחוגי הזמן
איזה עולם נפלא הוא היה בונה לו
רק להשיב ניתן את שחלף מזמן
איך העולם אז היה משתנה
Interestingly, if you ask google to translate the first line from Hebrew into English,
you get: “Him to reply can give the hands of time.” Which is anything but a
translation of the first line. The translation in the text is mine.
Note 3: This quotation is not entirely correct. In the book “Confessions” Book
Eleven Chapter XII, Saint Augustin writes:
How, then, shall I respond to him who asks, “What was God doing before he made
heaven and earth?” I do not answer, as a certain one is reported to have
done facetiously (shrugging off the force of the question). “He was preparing hell,
“he said, “for those who pry too deep.” It is one thing to see the answer; it is another
to laugh at the questioner--and for myself I do not answer these things thus. More
willingly would I have answered, “I do not know what I do not know,” than cause
one who asked a deep question to be ridiculed--and by such tactics gain praise for
worthless answer.
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And if in the term “heaven and earth” every creature is included, I make bold to
say further: “Before God made heaven and earth, he did not make anything at all.
For if he did, what did he make unless it were a creature?” I do indeed wish that I
knew all that I desire to know to my profit as surely as I know that no creature was
made before any creature was made.
Note 4: The hour-hand makes 360 degrees in 12 hours or in 12 × 60 minutes.
Denote by t the number of minutes that pass until the next meeting of the hands,
and 𝛼 the angle passed by the hour-clock. Thus, after t minutes the hour-hand
made an angle 𝛼 =

360
12×60

𝑡 = 𝑡⁄2. The minute-hand makes 360 degrees in 60

minutes. Therefore, after t minutes the total angle it makes is 360 + 𝛼 =

360
60

𝑡=

6𝑡. Thus, we have two equations for 𝛼 and t. The solution is: 𝛼 = 𝑡⁄2 and 𝑡 =
minutes or

12
11

720
11

hours. Therefore, the next meeting will be after 65.4 minutes, or at

about 1:06. The next meeting will be at exactly 65.4 minutes, and so on. The two
hands will meet 11 times during the duration of 12 hours.
Here are the approximate times:
1

12:00

2

1:05

3

2:11

4

3:16

5

4:22

6

5:27

7

6:33

8

7:38

9

8:44

10

9:49
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11

10:55

Note 5: The minute-hand travels an angle of 90 degrees in 15 minutes.
The hour-hand travels 360 degrees in 60 × 12 = 720 minutes. Therefore, after
3 hours it travels 90 degrees. After 15 more minutes it travels another 15 ×

360
720

=

7.5 degrees, therefore at 3:15 the hour-hand travels 90 + 7.5 = 97.5 degrees. This
makes the angle between the two hands 7.5 degrees.
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