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Preface

The 3-rd issue of International Journal of Theology, Philosophy and Science
(November 2018) presents a cluster of articles on various aspects, all of them centred on the
area of Philosophy, Theology, and Science.

Thus, first paper: Uncertainty and Ignorance by Katherine JOHNSON explore the
significance of uncertainty as it bears on our judgments of agents’ epistemic position. The
next work is From Galileo to Hubble: The Copernican principle as a philosophical dogma
defining modern astronomy and it belongs to Spyridon I. KAKQOS. The author examines one
of the most important principles in modern astronomy and how this principle has turned into
a dogma defining the way cosmology moves forward today. To do that, the case of Galileo
will be first examined.

After that, the paper entitled: The Mindful Seon Hwadu: Sisimma as a healing
utility; its efficacy for AD/HD and Beyond, written by M.D. Jay J. Choi, Ph.D. B. HYUN
CHOO presents the Mindfulness meditation (MM), as revealed in the Satipatthana, has
become a useful alternative treatment modality for Attention Deficit Hyperactivity Disorder
(AD/HD). The next study, by dr. Cecilia CURIS, presented a new important issue:
Emotional Intelligence in context of Therapeutic-Relationship. This study approaches the
subject in modern medical conception who places more emphasis on the involvement of
emotional factors in medical communications. From a hermeneutic-philosophical point of
view, any medical act involves a meeting between two individuals, with the establishment of
a special type of inter-human relationship, conditioned by the specific context of this
encounter. The paper of Augusto Trujillo WERNER, Metaethics: Aquinas, Hume and
Moore, concerns Aquinas’ practical doctrine on two philosophical difficulties underlying
much contemporary ethical debate.

Marin BUGIULESCU signs the subsequent article: Church and Political Society. In
this paper, the author proved multiple relations interactive for the Church and Society. Every
society assumes the idea of community, and the entire human society is the sum of all human
communities. Universal ideals are being invoked through universal systems. The following
academic pursue is that of Spyros MAKRIS, entitled: Masses, Turbo-Capitalism and Power
in Jean Baudrillard’s social and political onto-theology. In this actual article, the author
explore this novel and innovative Baudrillardian theoretical frame of power analysis and its
potentialities for a New Critical Theory in the 21st century.

A comparative study of “Self-examination or self-knowing” from the viewpoint of
Rumi and Shankara is the final article of issue presented by Ali Reza KHAJEGIR,
Mohammad Reza AFROOGH, PhD. Ali Reza FAHIM. Authors in this study presented the
mystics always have a special interest in human beings. They think about both human being
and his ideas, that is, in their thinking anthropology is of great importance from various
dimensions especially epistemological, ethical and social.

The actual and scientific content presented in the issue No. 3 of International
Journal of Theology, Philosophy and Science distinguishes the opportunity to examine the
altogether truth-claims found in Theology, Philosophy, and sciences, as well as the methods
laid out by every discipline and the meanings derived from them. This is both the aim and
the scientific mission of our International Journal of Theology, Philosophy and Science.

November 2018 PhD. Marin BUGIULESCU,

IJTPS STUDIES AND ARTICLES Page | 4



‘%ﬁf:: International Journal of Theology, Philosophy and Science
=y No. 3, Year 2/2018

UNCERTAINTY AND IGNORANCE

PhD. Katherine JOHNSON,
Associate Professor of Philosophy
Director, Ethics and Social Justice Center, Bellarmine University,
USA
Email: kjohnson@bellarmine.edu

ABSTRACT
The purpose of this paper is to explore the significance of uncertainty as it bears
on our judgments of agents’ epistemic position. I present and evaluate a series of
cases to show that cognitive habits of mind like the hindsight bias impair our
evaluative judgments about ignorance. Initial judgments of ignorance in cases of
wrongdoing are often the result of this bias and not grounded on genuine moral
criteria. | claim that these cases demonstrate uncertainty in ethics-especially in
connection to ignorance of non-moral facts. From this, | make a bold leap to offer
a rationale for what I call “educated ignorance”-when an agent chooses
ignorance as his or her epistemic position. | conclude by offering some
suggestions for why the project of what I call “educated ignorance” is a
promising area of study to an ethics of uncertainty.
Keywords: educated ignorance; uncertainty; scholarship; ethics;

INTRODUCTION

A growing body of scholarship continues to yield a rich discussion about ignorance
and its moral significance. Ignorance can be an obstacle to fulfilling our moral duties and its
impact on moral practice is often treated as an excusing condition for moral responsibility
provided an agent is not culpable for his ignorance.

When evaluating cases that involve agents who are ignorant, we tend to focus on the
source of one’s ignorance in order to make a moral judgment. However, those who
investigate its moral significance do not adequately acknowledge the inevitable presence of
uncertainty in ethics - especially as it relates to ignorance.

The purpose of this paper is to explore the significance of uncertainty as it bears on our
judgments of agents’ epistemic position. I present and evaluate a series of cases to show that
cognitive habits of mind like the hindsight bias impair our evaluative judgments about
ignorance. Initial judgments of ignorance in cases of wrongdoing are often the result of this
bias and not grounded on genuine moral criteria. | claim that these cases demonstrate
uncertainty in ethics-especially in connection to ignorance of non-moral facts. From this, |
make a bold leap to offer a rationale for what | call “educated ignorance”-when an agent
chooses ignorance as his or her epistemic position. I conclude by offering some suggestions
for why the project of what I call “educated ignorance” is a promising area of study to an
ethics of uncertainty.

! Excusing conditions are descriptions of states that explain how an agent’s action is not genuinely attributable
to him. If an agent fails to possess knowledge or beliefs relevant to his acting, we often tend to excuse him on
the ground that ignorance in some way mitigates his responsibility for acting provided that he is not in some
way culpable for the ignorance from which he acts. For a discussion of excusing conditions, see Rosen (2003).
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Consider the following cases.

The case of John.?

One morning my husband John decides to make my cup of coffee and adds the usual
heaping scoop of sugar that I enjoy. John believes that the white substance he is spooning
into my coffee is sugar. But, it’s not sugar-in fact, it’s poison. John falsely believes that the
white substance in the sugar bowl is sugar. As a result, | die from drinking the poisoned
coffee that John made for me.

The case of Ann.

Ann is 7 months pregnant and her obstetrician informed her that it is time to start
exploring her options for designing a birth plan. Ann signs up for a labor and delivery class
at the hospital. The class is offered in two parts. After the first session, Ann is terrified about
giving birth and jokingly (although, with a bit of truth behind it) informs her husband that
she’d like to carry around the baby in utero for the rest of her life. Ann refuses to go to the
next session. She doesn’t want to know anything more about labor. She reasons that if she
remains informed about the rest of the process then she will become anxious and panic. She
is truly terrified and believes that not knowing is all-things-considered better than knowing
the facts. As a result, Ann was able to fully experience the birth of her first child without
anxiety.

These cases are strikingly different. First, Ann did not kill anyone due to her ignorance
but John did. Second, John did not know that the sugar was poison and while he did not
choose to be ignorant of this fact, he did not make any effort to know better. Indeed, John
was ignorant of his ignorance. Ann knew that she did not know much about labor and
delivery and she chose to be ignorant. Nevertheless, Ann willfully chose ignorance, not for
its own sake (just to be ignorant), but in order to achieve her goal. Third, after his wife’s
death, John wished he had known better about the true nature of the white substance he
spooned into the coffee-that is, he wished he had not been ignorant. By contrast, even after
delivering her baby, Ann was pleased that she had chosen ignorance. Interestingly, these
striking differences are those that concern their epistemic position.

John and Ann also share a few things in common. | will highlight three similarities.
First, they both had good intentions that resulted in choices to do good. John made his wife
her coffee that morning because he wanted her to feel loved and appreciated. He believed
this small act of kindness would increase the chance of her feeling this way. Like John, Ann
wanted to do good-she wanted to have a successful and positive birth experience and chose a
course of action that she believed would increase the possibility that she reach this goal.
Both John and Ann acted in ways that they believed would be conducive to achieving their
goals. Second, there is an element of luck in the outcomes of both cases. Ann’s decision
resulted in a good outcome and it was what she desired.

However, the choice John made did not result in a good outcome and certainly did not
bring about the end he desired. Third, John’s and Ann’s epistemic position is judged, in part,
upon the consequences of their choices. John did not choose to investigate the bow! of sugar
to ensure it did not contain poison-and this choice resulted in the death of his wife. While his
choice was neither reckless nor premeditated, we pause to question whether he should have
been more thoughtful-even cautious-about what he put in his wife’s coffee.

Given the horrible outcome, we may tend to over-exaggerate and examine how he was
negligent.® We seriously question whether he was culpable for his ignorance and in some

2 | have borrowed and modified this example from Harman [2011].
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way even culpable for his wife’s death. As for Ann, she chose not to pursue more
information and to remain ignorant about the labor and delivery process. Ann’s epistemic
conduct was deliberate. Fortunately, she gave birth to a healthy baby and experienced no
complications during delivery. We do not scrutinize Ann’s conduct in the way that we are
critical or wary of John’s because no harm came to the baby or Ann. We think Ann was
rational—not negligent or thoughtless—in her decision not to acquire information in this
situation. If either Ann or her baby suffered harm, | suspect that many of us would be
inclined to blame her and criticize her choice to be ignorant.

1. UNCERTAINTY IN THE CASES OF JOHN AND ANN

John’s ignorance led to the death of his wife. However, is he responsible for her death?
In what follows, | explore four competing responses to this question: (1) The Standard
Response, (2) The Aristotelian Response, (3) The Skeptical Response, and (4) The Hard
Luck Response. Each of these responses directly address the epistemic position of an agent
and attempts to evaluate its cause. They illuminate complimentary as well as competing
perspectives about the significance of ignorance to moral responsibility.

The Standard Response (SR) to the case of John turns on whether he could have
prevented his ignorance.® On this view, John may be culpably ignorant and hence,
blameworthy for Killing his wife if he could have prevented or avoided his ignorance.
However, John may be non-culpably ignorant and hence, excused for his actions, just in case
his ignorance was inevitable or unavoidable.’

SR captures our ordinary intuitions about the relationship between ignorance, action,
and accountability.® The things that are out of our control cannot be things for which we are
accountable and the things within our control are those for which we can be accountable.
George Sher nicely captures this point.

The principle that it is unfair to hold agents responsible for what is beyond their
control is compatible with many theories of rightness. [...] Because the only facts to which
we can appeal when we deliberate are facts of which we are aware, a deliberating agent’s
conscious beliefs must be central both to his conception of what is within his control and to

® This is consistent with the halo effect. See Kahnemann [2011], p. 199-200: “The halo effect helps keep
explanatory narratives simple and coherent by exaggerating the consistency of evaluations: good people do
only good things and bad people are all bad.”

* I draw on Rescher’s [2009] concise distinction between culpable and non-culpable (or what he calls ‘venial’
or ‘excusable’) ignorance. He states: “Culpable ignorance obtains when the requisite information is available,
but insufficient, incompetent, or inadequate efforts are made to obtain it. [...Excusable ignorance] obtains in all
of those situations where ignorance is inevitable because the requisite information regarding the fact is
unavailable thanks to the general principles of the situation” (Rescher [2009] p. 11).

® Or, in this case, non-culpable ignorance could be ignorance that we could not have reasonably been able to
prevent or avoid. However, in part, one of the major issues concerning discussions of the excusing force of
ignorance is this very point — namely, identifying what is a reasonable expectation for preventing one’s
epistemic shortcoming.

® SR has a number of proponents, like George Sher, who offer a variety of response that attempt to locate the
moment of culpability or excuse. See Zimmerman [1997], Vargas [2005], and Smith [1983]. Zimmerman
claims we ought to hold moral agents responsible for his having brought about his state of ignorance provided
that “culpability for ignorant behavior must be rooted in culpability that involves no ignorance” (Zimmerman
[1997] p. 417). Vargas employs Van Inwagen’s ‘tracing principle’ to the knowledge condition for moral
responsibility. He makes the point that a tracing principle strategy for difficult cases (involving ignorance)
“anchors responsibility in either prior decisions to act, or acquisitions of dispositions, habit, or the self” (Vargas
[2005] p. 271). Holly Smith maintains that ignorance is only an excusing condition to the extent that the state
of affairs was such that the agent “should have realized what he was doing” (Smith [1983] p. 453).
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his conception of what he may fairly be asked to do. When we deliberate, we necessarily
view our control as extending only as far as the possibilities of which we are conscious.’

SR concentrates on the connection between the excuse of ignorance and the control
one has over his epistemic position. On this view, freedom or some kind of control condition
must be present in order to assign culpability. Ignorance can exculpate only when it the
result of something outside of our control. John’s ignorance of the white substance was
something that he had the opportunity to correct. It did not occur to him that he needed to
investigate any further.

The Aristotelian Response (AR) suggests that John is responsible if he lacks
knowledge of moral facts relevant to the circumstance.® Accordingly, John should have
access to or constitutional understanding of what is good, bad, right, wrong, beneficial or
harmful.

Ignorance in moral choice does not make an act involuntary — it makes it wicked;
rather, it is ignorance of the particulars which constitute the circumstances and the issues
involved in the action.’

In this case, John was not ignorant of moral facts but he was ignorant of non-moral
facts. He believed that it is morally good to make your wife feel loved and this is beneficial
to persons and to one’s marriage.™° He also believed that this small act of kindness would
satisfy this moral belief. However, if John had known better, he would not have spooned
poison into his wife’s coffee."* He would have thrown out the poison and figured out a
different way to make his wife feel loved.

Also, had it been a different day or different bowl of sugar, it is possible that John’s
wife would not die and the outcomes been more in line with his actual intent and goal. If so,
perhaps we would have perceived John differently—and not questioned his conduct.
Interestingly, John’s actions do not change in either scenario, only the outcome. This point
highlights that John’s knowledge of moral facts is not what is at issue here. An assessment of
John from the perspective of AR turns on his knowledge of moral facts. On this view, then,
John’s ignorance would excuse him from responsibility.

Atypical responses to the case of John focus on the limits of knowledge and the
influence of factors beyond our control. The Skeptical Response (SKR) would likely claim
that he cannot be morally responsible for his wife’s death in light of his ignorance about the
nature of the white substance in the sugar bowl because we cannot know anything with
absolute certainty.*? According to SKR, John will inevitably be ignorant in some way—

" Sher [2009] p. 55, 59.

& Admittedly, this is a very strict interpretation drawn from Aristotle’s distinction between culpable and non-
culpable ignorance. He does acknowledge that we can be culpably ignorant for ignorance of non-moral facts in
certain cases. For the purposes of this paper, | present this strict interpretation to stress a very specific point,
namely, that the type of one’s ignorance is also another way of looking at and understanding the nature of
ignorance in determining responsibility. See Aristotle [1999].

° Aristotle [1999] 1110b31-35.

19 For the sake of argument, | will presume that this is a moral belief. To defend a conception of what counts as
moral belief goes beyond the scope of this paper.

ny presume this is the case because John’s intention was to make his wife feel loved and appreciated.

12| have drawn SKR from Unger [1975]. 1975). Unger’s classic defense of skepticism is a thesis denying the
possibility of genuine knowledge claims. He argues that there is no degree of sufficient justification to make (or
warrant) such claims. Thus, the beliefs we hold are no more or less reasonable (or justified) than another. On
this view, we cannot assess agents in virtue of the claim for universal ignorance. The case of John is a good
model for SKR. Yet, a willfully ignorant agent—Ilike Ann—may have a different kind of epistemic status.
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whether he knows it or not—so there can be no meaningful moral assessment of his actions.
Nicholas Rescher [2009] acknowledges a similar point.

One of the great defects of cognitive scepticism is that it annihilates the very idea of
culpable ignorance. For if (per impossible) the sceptic were right and we could know nothing
whatsoever, then of course ignorance of any and all sorts would be at once eventualities.
Where no one can know anything, no one is open to reproach for a lack of knowledge.*®

Sher [2009] also sketches out a version of SKR. He claims that we cannot know
everything there is to know and our faculties have limits as to what they can do.** On this
view, John is not morally responsible for the death of his wife and certainly not culpable for
his ignorance. For John to investigate the white substance seems to go beyond our
expectations of what we would imagine he would do under such (seemingly) ordinary
circumstances. However, what drives us to question John’s responsibility in his wife’s death
is largely the product of hindsight in light of the outcomes.

SKR helps to illuminate the limitations that influence an agent’s choices and actions.

Given the many limitations on what we can know, it is impossible for any given agent
to be aware of every morally and prudentially relevant fact about every act that he might
perform. Thus, if being fully responsible requires being aware of all such facts, then no agent
is ever fully responsible for what he does. Still, because agents vary widely in the sorts of
things of which they are aware, there remains ample room for the view that how much
responsibility any given agent has for what he has done is a direct function of the range of
relevant facts of which he was aware.™

Moreover, Zimmerman [2008] addresses and challenges the impact of skepticism
concerning moral responsibility.

What seems usually to be overlooked, however, and may help explain our tendency to
overestimate the number of cases in which people are to be blamed for their ignorant
behavior, is that, even if it is true on some occasion that someone should have known
something that he (or she) didn’t know, it does not follow that that person is culpable for not
knowing what he didn’t know. [...] It is ironic that someone who recognizes the possibility
that one have an excuse for wrongful behavior performed in or from ignorance should be
blind to the possibility that one have an excuse for wrongful behavior that results in
ignorance; yet that seems precisely to be the mistake committed by those who claim that its
being the case that one should have known what one didn’t know suffices (ceteris paribus)
for one’s being culpable for one’s ignorance.*®

Zimmerman’s insight here is important to John’s case. It challenges our ordinary
intuitions about how one’s epistemic position determines blame for wrongdoing. Even if a
person is ignorant and could have known better does not mean that his ignorance is the
product of some kind of (blameworthy) negligence on his part. What we can or cannot know
is not necessarily a function of accountability or culpability for moral action. From the
skeptical position, if we should only act on what we know, then how can we act?*’

Finally, the Hard Luck Response (HLR) replies by saying that John was unlucky and
cannot be morally responsible for his wife’s death because he lacked power and control over

13 Rescher [2009] p. 12.

1 See Sher [2009].

15 Sher [2009] p. 5.

16 Zimmerman [2008] p. 178.

17 John Hawthorne claims that we ought to care about what we believe and should act only on what we know.
See Hawthorne [2004].
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his epistemic position.*® John is rarely, if ever, free to the extent that warrants being morally
responsible for actions that issue from ignorance. Neil Levy argues this point.

Thanks to luck, distant or present, agents who perform wrongful actions typically lack
freedom-level control over their actions because they do not satisfy one or both prongs of the
epistemic conditions on such control. If their ignorance is non-culpable, then they are not
responsible for failing to possess such control, and—prima facie—ought to be excused
responsibility for their actions.*

The Hard Luck Response shares an element of the Standard Response in that it
acknowledges the distinction between culpable and non-culpable ignorance. However, HLR
goes beyond SR by illuminating how luck can impair and disable our ability to be morally
responsible agents. Rarely are we culpably ignorant because luck can sometimes explain
how we arrived at our epistemic position. John’s ignorance is an example of the influence of
luck—albeit bad luck in this case—in his life.® Luck could have had a positive influence
instead—no poison wound up in the sugar bowl—and John’s wife would have not only been
alive but also felt cared for and loved.

How would these four perspectives respond to the case of Ann? Ann deliberately
planned to be ignorant and yet no negative consequences arose as a result. According to SR,
questions concerning culpability seem out of place because no one suffered harm. Of course,
Ann is surely culpable for her ignorance—she chose her epistemic position. Nevertheless,
she is not culpable for any wrongdoing arising from it since there was none. Similarly, AR
would likely respond that Ann clearly is in possession of moral facts, yet she chose to be
ignorant of non-moral facts. This is a case of willful ignorance and yet criticism does not
seem appropriate. Perhaps choosing non-moral ignorance is a sign of character—however,
Ann is typically one who bases her decisions on good reasons and evidence. Ann’s decision
to choose ignorance as her epistemic position in that context was the result of an all-things-
considered reasoned view.

The Skeptical Response does not apply to Ann because it does not seem like we can
say anything meaningful about her epistemic position. SKR cannot offer an interesting
explanation for a case in which someone chooses ignorance and yet committed no
wrongdoing. Ann chose ignorance but the SKR might suggest that she really did not choose
anything because you can’t really choose not to know what you don’t know since you don’t
really know what you are choosing not to know.**

The Hard Luck Response would likely acknowledge that Ann was lucky. The situation
could have turned out differently but Ann’s choice to be ignorant was no more in her control
than the outcome was. HLR cannot offer anything substantive about the case of Ann.
However, HLR helps to illuminate the uncertainty of her decision as well as the uncertainty
of reaching her desired end.

18| draw this view along with its name from Levy [2011].

¥ Levy [2011] p. 115-116.

2 L evy notes: “Blaming agents for false beliefs (once more from the control-based perspective adopted here)
requires that we locate a benighting action, and actions whereby an agent knowingly and freely passed up an
opportunity for knowledge, and in virtue of which they are responsible for their ignorance. But as we have
seen, locating such a benighting action is no trivial task. Very often there is no plausible candidate for a
benighting action. The epistemic conditions on control are so demanding that they are rarely satisfied.” (Levy
[2011] p. 131.)

“! Rescher claims: “while one can know indefinitely that one is ignorant of something — that there are facts one
does not know — one cannot know specifically what it is that one is ignorant of — that is, what the facts at issue
are” (Rescher [2009] p. 5).
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At first glance, what we can learn about John and Ann’s epistemic position from these
competing responses appears to be philosophically uninteresting. As far as | can tell, there is
no normative guidance drawn from these responses. For example, if the Skeptical or Hard
Luck responses are correct, then we rarely, if ever, make any meaningful moral judgments. If
the Standard or Aristotelian responses are correct, ignorance as an epistemic position relates
to outcomes but it is not clear how we can avoid it—we can infer that we should avoid
ignorance when we are aware but there is no clear moral imperative to do so when we are
unaware. These perspectives do not offer much in terms of the cases themselves; however,
they do bring to light the apparent uncertainty in ethics from a variety of viewpoints.

Upon closer inspection, SR and AR offer us some insight into the connection between
our epistemic position and understanding of morality. Consider John. He could have tasted
the white substance and would have noticed that it did not taste like sugar. This may have
alerted him to investigate further or dispose of the contents of the sugar bowl. Hindsight is
the cause of this insight and not any established moral criteria. Hindsight bias is a cognitive
habit of mind that “leads observers to assess the quality of a decision not by whether the
process was sound but by whether its outcome was good or bad.”??

According to hindsight, John should have investigated the contents of the sugar bowl.
From the perspective of hindsight, John could have known better. Yet this does not mean
that his ignorance is the product of some wrongdoing on his part. Just in case an agent is
ignorant and could know better does not mean that the moral infraction resulting from his
ignorance is necessarily something for which he ought to be accountable.?®

The strategy for isolating culpability for ignorance illuminates the uncertainty present
in ethics. Recognizing and understanding the relationship between moral responsibility,
skepticism, luck, and uncertainty suggests that ignorance is important to ethics in different
way than it is traditionally viewed. As an epistemic position, ignorance demonstrates that
ethics is uncertain. The uncertainty present in our lives is that for which we wind up being
accountable and one cause of this is hindsight. Moral judgments based on hindsight are a
threat to ethics.

2. A CASE FOR EDUCATED IGNORANCE

We need to reinvigorate our understanding of ignorance—willful and otherwise—and
take into account the goals we pursue in connection to our epistemic position. Our inevitable
epistemic limitations, in whatever form they emerge to affect us—willful, unavoidable,
unforeseeable, or merely a matter of luck—tend to be judged on the basis of hindsight.
John’s ignorance is the result of unreactive agency; he unintentionally fails to take steps to
improve his epistemic position because he does not think that he needs to.

Ann’s ignorance is the result of reactive agency; she intentionally chooses behaviors
that allow her to avoid improving her epistemic position. While John is an unwittingly
ignorant agent, Ann demonstrates “educated ignorance”—she chooses ignorance as her
epistemic position in pursuit of a moral end.

She rationally and deliberately decided not to improve her epistemic position because
she believed knowing could interfere with the achievement of moral ends. | think we can
learn a lot about the significance of ignorance and the power of uncertainty from the case of
Ann. If properly cultivated, ignorance can at times be meaningful—even valuable—to the

22 Kahneman [2011] p. 203.
% See Zimmerman [2008].
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pursuit of moral ends. Thus, we ought to do a better job of acknowledging uncertainty in
ethics with regard to one’s epistemic position. One way we can do this is to acknowledge the
epistemic position of what I call “educated ignorance.”

CONCLUSIONS

“Educated ignorance” helps to make sense of an ethics of uncertainty. It accounts for
the uncertainty that regularly shadows our epistemic practices and positions. On my view, an
ethics of uncertainty does not presuppose skepticism or hard luck but simply acknowledges
that we often have little control over the environment in which we find ourselves. This also
includes our access to and the availability of information. In this way, an ethics of
uncertainty need not “suppose no knowledge whatsoever.”®* An account of “educated
ignorance” helps make a case for the uncertainty present in ethics by setting forth clear
standards for epistemic responsibility.?® Educated ignorance affirms our epistemic position
rather than judges it in order to preserve the possibility of making meaningful and valuable
ethical assessments.
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ABSTRACT

For centuries the case of Galileo Galilei has been the cornerstone of every major
argument against the church and its supposedly unscientific dogmatism. The
church seems to have condemned Galileo for his heresies, just because it couldn’t
and wouldn’t handle the truth. Galileo was a hero of science wrongfully accused
and now — at last — everyone knows that. But is that true? This paper tries to
examine the case from the point of modern physics and the conclusions drawn are
startling. It seems that contemporary church was too haste into condemning itself.
The evidence provided by Galileo to support the heliocentric system do not even
pass simple scrutiny, while modern physics has ruled for a long time now against
both heliocentric and geocentric models as depictions of the “truth”. As Einstein
eloquently said, the debate about which system is chosen is void of any meaning
from a physics’ point of view. At the end, the selection of the center is more a
matter of choice rather than a matter of ‘truth’ of any kind. And this choice is
driven by specific philosophical axioms penetrating astronomy for hundreds of
years now. From Galileo to Hubble, the Copernican principle has been slowly
transformed to a dogma followed by all mainstream astronomers. It is time to
challenge our dogmatic adherence to the anti-humanism idea that we are
insignificant in the cosmos and start making true honest science again, as
Copernicus once postulated.

Keywords: astronomy; dogmatism; scientific dogmatism; Galileo Galilei; church; principles;
Hubble; Copernican principle; religion and science

Figure 1: Tycho Brahe’, prominent astronomer and calculator. Opposed to the model proposed by Galileo.

! Source: Wikipedia Commons, https://en.wikipedia.org/wiki/Tycho_Brahe#/media/File: Tycho_Brahe.JPG
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INTRODUCTION

This paper will examine one of the most important principles in modern astronomy
and how this principle has turned into a dogma defining the way cosmology moves forward
today. To do that, the case of Galileo will be first examined. Even though most people know
the case of Galileo as a case of religion dogmatism against scientific free thinking, the truth
is exactly the opposite. To cut the long story short: Galileo was wrong. Not only
philosophically (this is related to the abovementioned principle), but mainly scientifically.
We will examine the later first. And then we will examine in more depth the philosophical
dogmas hidden in this case and how these still determine cosmology today. Detecting the
hidden philosophical assumptions (a.k.a. principles, axioms) which lie under today's theories
is important so as not to let them turn into dogmas. Unfortunately, many arbitrarily chosen
assumptions are considered as self-evident by most people today, thus paving the way to
claustrophobic thinking which is inherently unable to grasp the true meaning of the cosmos.
Questioning these assumptions is the only way towards a more honest and humane science; a
science which will rediscover that it is perfectly compatible with religion. For thousands of
years humans were looking for God into the stars. It turns out they might be looking in the
wrong place after all.
What this article does NOT

This article does not attempt to “prove” or “disprove” any hypothesis about the
cosmological systems used by astronomy (scientifically this is something impossible
anyway, as Godel showed). Its goal is to show that there is no single objective criterion to
use when choosing the center of the solar system? and present the philosophy behind this
selection. In essence, choosing a Coordinate System (CS) is open to discussion and no single
model holds any kind of self-evident correctness, scientifically speaking. As it will be
analyzed in more detail later on, science today accepts that changing a reference system does
not mean anything as far as the scientific validity of the model is concerned. The goal is not
to show that a specific point is more valid as a center than others, but to show the hidden
philosophical axioms affecting the selection of that center. Again, the purpose is not to prove
or disprove any of the axioms used by modern astronomy (something which is by definition
impossible), but to describe how these axioms were crucial in some of the most famous cases
in science history and how they still define astronomy. Not recognizing their existence
makes us prone to dogmatism. And this is what we should avoid at all costs if true science is
to be produced.

1. THE GALILEO CASE

The infamous case of Galileo set the terms of the war between religion and science.
And this war is raging ever since. Who doesn't know about the great astronomer who
supported the idea of the heliocentric model despite the great opposition from the church. At
the end, the church managed to suppress the ideas of Galileo but even though they had won a
battle, a bigger war has just begun. At the end, church’s dogmatism would lose to the
scientific rationale and hundreds of years later the Pope would be asking for an apology. A
great story. Too bad not even a word of the above story is correct. Putting things straight

2 The selection of the Earth or the Sun as the center of the solar system is not necessarily fully equivalent to
what we know as ‘geocentric’ or ‘heliocentric’ systems. For example, the geocentric model calls not only for
Earth at the center of the solar system, but for a stationary unmovable Earth at the center of the solar system
(and the cosmos). The details however of the various cosmological models are not of importance in achieving
the goal of this paper, which is to demonstrate how science can sometimes be driven by our philosophy.
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from scientific and philosophical point of view is very crucial if someone is to understand
the true issues behind this case and, subsequently, the true cause of subsequent clashes
between religion and science.

To begin with, what is important to understand is that the proofs proposed by Galileo were not
without a scientific opposition. Many astronomers at the time, were reluctant to accept the new
thesis based on the evidence provided. Tycho Brahe was one of the great critics of the
heliocentric model; and his authority as an astronomer and an extremely scrupulous calculator
conferred special credibility on this criticism 2.

The main arguments used by Galileo were sufficient to challenge the philosophy of
the time regarding the cosmos, but not adequate enough to prove the heliocentric model
against the geocentric one. The surface of the moon, the sunspots, the tides, the satellites of
Jupiter or the phases of Venus, all proposed by Galileo as ‘proofs’ of a heliocentric cosmos,
indeed demonstrated that certain principles of the Aristotelian model of the world (which
called for a stable ‘perfect’ universe built around a stationary Earth) could not be upheld.
However, they were not enough to change the mind of the scientific authorities of the time
regarding the center of the solar system. No, the tides do not prove that the Earth is moving
around the Sun. There were other explanations for the tides back then. (we now know that
these tides are caused by the Moon’s gravitational pull and are not at all related to the Earth
moving around the Sun). No, the phases of Venus do not prove anything regarding the Earth
moving around the Sun. They are just related to Venus moving around the Sun (or the other
way around, as we will see in the next section of this paper). These are surely arguments
against the stable cosmos envisioned by the Aristotelian model, but not an argument in favor
of the heliocentric model per se.

Some discoveries which could have helped Galileo in his reasoning, where not yet
part of the scientific knowledge of the time. One should not forget that the gravitational
theory of Newton was not yet formulated. Any discussion regarding the movement of planets
around other planets was conducted without the theory of Newton regarding the laws of
planetary motion. It is also true that the star parallax would be used to support an Earth
moving around the Sun (or the other way around, as we will see later on). But Galileo was
not able to detect any star parallax back then. Strictly speaking and from a purely scientific
point of view, the non-detection of star parallax back then should actually be a point against
the heliocentric model and not for it’.

In 1651 the Italian astronomer Giovanni Battista Riccioli published within his
Almagestum Novum, a massive 1500-page treatise on astronomy, a discussion of 126
arguments for and against the Copernican hypothesis (49 for, 77 against). Seen through
Riccioli's 126 arguments, the debate over the Copernican hypothesis appears dynamic and
indeed similar to more modern scientific debates. Both sides present good arguments as
point and counter-point. Religious arguments play a minor role in the debate; careful,
reproducible experiments a major role. To Riccioli, the anti-Copernican arguments carry the
greater weight, arguments against which the Copernicans have no good response. These
include arguments based on telescopic observations of stars, and on the apparent absence of
what today would be called “Coriolis Effect” phenomena; both have been overlooked by the
historical record. Riccioli's work sheds light on a fascinatin% piece of the history of
astronomy and highlights the competence of scientists of his time /.

® The parallax was only measured in 1838 by Bessel.
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One has also to take into account that the geocentric and heliocentric models were
not the only possible models participating in the debate. Galileo never explicitly addressed
the question of the third ‘chief world-system’, that of Tycho Brahe, one of the major
adversaries against the heliocentric system ?®\. Formulated in the 1580s, it retained the Earth
at the center but had the Sun revolve around the Earth, carrying with it the planets.
Observationally, the Tychonic and the Copernican systems were equivalent. Despite that fact
and the growing support for the Tychonic system among those who for physical or
theological reasons were wary of the Copernican choice, Galileo never seems to have taken
this alternative seriously, other than hinting in the Dialogue that a huPe solar entourage could
not possibly maintain a stable orbit around a relatively tiny Earth . And at this point we
must also be careful to understand that the telescope was a new invention and the
interpretation of its images was highly problematic®. Astronomers in the early 17" century
misunderstood the images of stars that they saw in their telescopes. For this reason, the data
a skilled observer of that time acquired via telescopic observation appeared to support a
geocentric Tychonic (or semi-Tychonic) world system, and not a heliocentric Copernican
one % Anti-Copernicans could cite careful measurements of star diameters which showed
that, were the Copernican system correct, stars would be enormous. The sun compared to
even an average Copernican star would be like the period at the end of this sentence
compared to a grapefruit. By contrast, under a geocentric system, the sizes of celestial bodies
would all fall into a consistent range. The moon would be the smallest celestial body, the
Sun the largest. The stars would be comparable to, but smaller than, the Sun. Copernicans
could not argue with that data. They resorted to justifying the absurdly large stars in their
system by appealing to Divine Majesty and Omnipotence: an infinitely powerful God could
easily make such giant stars . Despite all these and the data he had in hand, Galileo
ultimately backed the Copernican system. By contrast, the German astronomer Simon
Marius [%}derstood that data acquired by telescopic observation supported a Tychonic world
system 1,

At the end of the sixteenth century, only a few astronomers accepted the Copernican
system, while the majority rejected it. In Italy, we only have to remember the judgements of
Clavius and Magini, among the best-known astronomers and mathematicians, who while
they stressed the importance of the contributions of De revolutionibus, did not consider that
they could accept the heliocentric hypothesis which in their opinion had been developed by
extremely complex® geometric proofs sometimes contradicting each other .

There was no ‘theology versus science’ war. The consultors of the Holy Office in
1616 undoubtedly believed the best natural knowledge (the ‘science’) of their day to be on
their side, since in 1616, natural philosophers more or less unanimously regarded the
Copernican innovation as nothing more than a useful calculational device. Their error was to
overlook the possibility, so tellingly pointed out by Galileo in his letter to Castelli, that new
discoveries can undermine even the most secure seeming certainties, a process already
clearly under way in astronomy . If and to what extent the Roman theologians went wrong

* Feyerabend in Against Method has an elaborate description of the challenges posed by the newly created
instrument and the images it produced, images which many times were in contradiction to what people saw
with their own naked eyes.

® Contrary to what many people believe, Occam’s razor could not be a good ‘defender’ of the heliocentric
model back then. One should remember that the epicycles were an element of both the geocentric and the
heliocentric model; they were finally removed only after Kepler proposed the elliptical orbits %,
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in their theology as well, is another very important question but completely outside the scope
of this paper®.

From the above it is obvious that from a purely scientific point of view, the church
was right not to immediately accept the claims of Galileo. And one should not forget that we
are in any case missing to see the elephants in the room: Copernicus postulated the
heliocentric ideas before Galileo and neither he nor his disciples were prosecuted for those
ideas as Galileo was. In 1616, the church banned Nicholas Copernicus’ book “On the
Revolutions of the Celestial Spheres,” published in 1543, which contained the theory that the
Earth revolved around the sun. After a few minor edits, making sure that the sun theory was
presented as purely hypothetical, it was allowed again in 1620 with the blessing of the
church B!, Until Galileo forced the issue into the realm of theology, the Church had been a
willing ombudsman for the new astronomy. It had encouraged the work of Copernicus and
sheltered Kepler against the persecutions of Calvinists. Problems only arose when the debate
went beyond the mere question of celestial mechanics .

This was not a clash between science and religion. Everyone involved in the case was
a Christian. Galileo himself wrote many thousands of words on the theology of biblical
interpretation as he sought to make sense of the telescopic observations he was making .
This was just a case of a man deceiving the Pope’ and using not-so-strong scientific
arguments to impose a new hypothesis as a ‘fact’ in an era of theological turmoil. The case
did not receive all that much attention back in the day as some want to believe it did. The
over-exaggerating importance attached to it today is mostly in the context of the hypothetical
so-called ‘science vs religion’ war which exists only in the minds of some people and is not
related to the actual importance of the case as a whole. Had the Catholic Church rushed to
endorse Galileo’s views — and there were many in the Church who were quite favorable to

® The historical context of the case is a crucial element which should not be ignored. What was threatened, what
called for defense on the part of the Church, was clearly the integrity of Scripture. In the aftermath of the
Counter-Reformation Council of Trent (1545-63) and its strictures concerning Scriptural interpretation, the
integrity of Scripture was taken to imply that one should understand it literally unless compelled to interpret it
otherwise. Had Galileo published the same book in another point in time, it is very likely that the reaction from
the Church could be completely different.

" The ‘human’ details of the case are not be ignored, for they played a crucial role in the final decision. Galileo
had the Pope’s permission to write about the Copernican topic. But how much latitude had he been given? To
be on the safe side, Riccardi instructed Galileo to write an introduction and a closing passage in which it would
be made clear that the work was intended only as a ‘hypothesis’, again the fatally ambiguous term. Eventually,
he authorized the Florentine censor to make the final decision. The book appeared finally in February 1632. It
arrived in Rome at a most inauspicious time. The Pope was under attack from the Spanish faction in the Curia
for supporting France and thus, indirectly, its Protestant ally, Sweden, against the Catholic Hapsburgs. He was
also being accused of nepotism and of worldly aggrandisement. He was thus in no mood for a further perceived
slight. Not only was the Copernican claim being presented as much more, in his eyes, than the ‘hypothesis’ that
had been agreed upon, but also the Pope’s own theological reservation about the possibility of demonstrating
that claim had been implicitly called into question. Worse still, it had been reduced to an inadequate closing
comment from Simplicio, elsewhere in the Dialogue almost invariably the spokesman for the losing side. In
September, the Tuscan ambassador, Francesco Niccolini, tried to intercede with the Pope on Galileo’s behalf
but was met (as he later described it) with an ‘outburst of rage’ against Galileo who had ‘deceived’ him and
‘had dared to enter into the most serious and dangerous subjects that could be stirred up at this time’. To make
matters worse, a record was found in the Holy Office files of Segizzi's having delivered the personal injunction
to Galileo in 1616 forbidding him ‘to hold, teach, or defend’ the Copernican view ‘in any way whatsoever,
verbally or in writing’. Since he had not let the censors of the Dialogue manuscript know of this, it would
immediately be argued that this invalidated the imprimatur given him for the book. At this point, the Holy
Office took over and he was ordered to appear before it .
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them — the Church would have embraced what modern science has disproved ©, as we will
see in more detail in the next sections of the paper. Most scientists refused to accept this
theory for many decades; even after Galileo made his epochal observations with his
telescope 2%,

The Victorian biologist Thomas Henry Huxley, who had no brief for Catholicism,
once examined the case and concluded that “the Church had the best of it”. Prone as we are
to what C. S. Lewis called “chronological snobbery”, we must try to understand the
prevailing attitude toward science when Galileo began his work back at the era of Galileo.
Since the time of the Greeks, the purpose of astronomy was to “save the appearances” of
celestial phenomena. To the Greek and medieval mind, science was a kind of formalism, a
means of coordinating data, which had no bearing on the ultimate reality of things (as
Galileo tried to impose). Different mathematical devices — such as the Ptolemaic cycles —
could be advanced to predict the movements of the planets, and it was of no concern to the
medieval astronomer whether such devices touched on the actual physical truth®. The point
was to give order to complicated data, and all that mattered was which hypothesis (a key
word in the Galileo affair) was the simplest and most convenient ™. Not which was more
correct or “truer”.

Pope John Paul Il expressed in 1979 the wish that the Pontifical Academy of
Sciences conduct an in-depth study of the celebrated case. A commission of scholars was
convened, and they presented their report to the Pope on October 31, 1992. Contrary to
reports in The New York Times and other conduits of misinformation about the Church, the
Holy See was not on this occasion finally throwing in the towel and admitting that the Earth
revolves around the Sun. That particular debate, so far as the Church was concerned, had
been closed since at least 1741 when Benedict XIV bid the Holy Office grant an imprimatur
to the first edition of the Complete Works of Galileo.

What John Paul Il wanted was a better understanding of the whole affair by both
scientists and theologians. It has been said that while politicians think in terms of weeks and
statesmen in years, the Pope thinks in centuries. The Holy Father was trying to heal the
tragic split between faith and science which occurred in the 17" century and from which
Western culture has not recovered (mostly because it does not want to, but that is another
discussion). Following the guidelines of the Second Vatican Council, he wished to make
clear that science has a legitimate freedom in its own sphere and that this freedom was
unduly violated by Church authorities in the case of Galileo.

However, at the same time — and here the secular media tuned out — the Holy Father
pointed out that “the Galileo case has been a sort of 'myth,' in which the image fabricated out
of the events was quite far removed from the reality. In this perspective, the Galileo case was
the symbol of the Church's supposed rejection of scientific progress”. Galileo's run-in with
the Church, according to the Pope, involved a “tragic mutual incomprehension” in which
both sides were at fault. It was a conflict that ought never to have occurred, because faith and
science, properly understood, can never be at odds ™. And that is the message one should
take from this case as a whole.

® In any case the “truth” is not a matter of science, but it is what philosophy searches for (without being able to
conclude on itafter thousands of years of research). Science (especially from the case of Galileo and onwards)
tried to create physical models to describe the cosmos we observe. Whether those models are close to the
‘reality’ or not is of no concern as long as the model ‘works’, i.e. produces predictions.
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1.1 Church and Science

At this point, it is important to make a short parenthesis regarding the infamous
“science vs religion” war. That “war” is not something which the church wanted, but
something the proponents of scientism have promoted during the last centuries and
especially after the French Revolution and onwards. Today, science and religion have a very
clear distinction of scope; science is for the research of the physical phenomena while
religion deals with questions related to the meaning of life and ethics . That was not
always the case. Science and religion were not separated before Galileo 1! they were both
considered two sides of the same coin concerning the search for the truth regarding human
existence !, And rightfully so, since they share many common attributes. Religion is based
on logic and evidence in the same way science is; while on the other hand faith plays an
equally important role in both of these realms of human knowledge Y. But this is not
remotely relevant to the case at hand.

In the case of Galileo, the church did not propose any new model for the description
of the physical systems we observe. It simply asked for more scrutiny on what the “experts”
say; especially when their arguments claimed the “reality” of the cosmos ™. The church
determined the invalidity of the heliocentric system based on the science (philosophy) of the
time and not based on the prevailing theological doctrines®.

And if one wonders why the church had any place in the debate, then he must
understand the way the 16™ society (and the medieval society before that) worked in general
and realize that the church was an integral part of society’s educational system.

The monasteries back then used to be the place were people went to learn about not
only theology but also the science of the time (including astronomy). The modern university
system has roots in the European medieval university, which was created in Italy and
evolved from Catholic Cathedral schools for the clergy during the High Middle Ages %,
During the 11" century, developments in philosophy and theology led to increased
intellectual activity. There was debate between the realists and the nominalists over the
concept of “universals”. Philosophical discourse was stimulated by the rediscovery of
Aristotle and his emphasis on empiricism and rationalism. Scholars such as Peter Abelard
and Peter Lombard introduced Aristotelian logic into theology. In the late 11" and early 12"
centuries cathedral schools spread throughout Western Europe, signaling the shift of learning
from monasteries to cathedrals and towns. Cathedral schools were in turn replaced by the
universities established in major European cities ?*. Even one of the greatest adversaries of
religion today, Dawkins, is member of a university called “College of St. Mary”. The
important role of the church in the formulation of education systems as we know them today
is not something one can ignore.

° Christopher M. Graney performed a very interesting analysis of the actual punctuation used in the decision
issued against Galileo [25]. The original text read “Omnes dixerunt dictam propositionem esse stultam et
absurdam in Philosophia; et formaliter haereticam, quatenus contradicit expresse sententiis sacrae scripturae
in multis locis, secundum proprietatem verborum, et secundum communem expositionem, et sensum, Sanctorum
Patrum et Theologorum doctorum” (En. “All have said the stated proposition to be foolish and absurd in
Philosophy; and formally heretical, since it expressly contradicts the sense of sacred scripture in many places,
according to the quality of the words, and according to the common exposition, and understanding, of the Holy
Fathers and the learned Theologians”) The semicolon after the “absurdam in Philosophia” is an important
punctuation mark existing in the original text, which was omitted afterwards. The consultants of the Holy
Office did not conclude that Galileo’s model was absurd because of the contradiction to the formal theology; it
was absurd because it was not properly justified by the science of the day. The theological problems were also
part of the case, but they were not the justification of the scientific assessment of the consultants.
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2 MODERN SCIENCE VS GALILEO

The antilogos against the thesis of Galileo is not limited to the era of his trial. In fact,
modern knowledge seems to reach to a conclusion that either the heliocentric nor the
geocentric models are essentially any different. From Einstein and onwards we now know
that one can change the reference system in any model and still produce equally “correct”
(valid) physics. The “center” of the solar system is something one can arbitrarily choose and
still the description of the system will be valid as far as physics is concerned.

The struggle, so violent in the early days of science,

between the views of Ptolemy and Copernicus would then be quite meaningless.

Either CS [Coordinate System] could be used with equal justification.

The two sentences, 'the sun is at rest and the earth moves,' or 'the sun moves and the earth is
at rest," would simply mean two different conventions concerning two different CS.

Albert Einstein'
2.1 Einstein and changing system of reference

Before analyzing how philosophy could play a role in choosing a center for our solar
system, the science behind changing reference system must be clarified first. In order to
completely understand the situation, one needs to refer to and understand the details behind
choosing a point of reference and the potential impact of this choice from a physics point of
view. Most people are reluctant in taking a stance regarding the case of Galileo exactly
because they know nothing about the science behind the matter; one always fears what he
does not know. A high-level analysis of the matter will show that there are no solid rules
regulating the selection of a reference system in a physical system and that there is no way to
say whether any point has a privileged position over any other as the ‘center’ of any system.
Any dispute regarding what is the center of the solar system can now be answered by any 8"
grade student, for even he should know that changing the reference system in a physical
system does not affect the validity of the physics describing it.

Frames of reference

Physics uses coordinate systems as reference when studying systems. A frame of
reference in physics, may refer to a coordinate system or set of axes within which to measure
the position, orientation, and other properties of objects in it, or it may refer to an
observational reference frame tied to the state of motion of an observer. The need to
distinguish between the various meanings of “frame of reference” has led to a variety of
terms. For example, sometimes the type of coordinate system is attached as a modifier, as in
Cartesian frame of reference. Sometimes the state of motion is emphasized, as in rotating
frame of reference 13,

19 Einstein and Infeld, The Evolution of Physics, The Scientific Book Club and Company Ltd, p.224. The full
text reads “Can we formulate physical laws so that they are valid for all CS [coordinate systems], not only
those moving uniformly, but also those moving quite arbitrarily, relative to each other? If this can be done, our
troubles will be over. We shall then be able to apply the laws of nature to any CS. The struggle, so violent in
the early days of science, between the views of Ptolemy and Copernicus would then be quite meaningless.
Either CS could be used with equal justification. The two sentences, “the Sun is at rest and the Earth moves,”
or “the Sun moves and the Earth is at rest,” would simply mean two different conventions concerning two
different CS . . . Could we build a real relativistic physics valid in all CS; a physics in which there would be no
place for absolute, but only for relative motion? This is indeed possible! . . . Our new idea is simple: to build a
physics valid for all CS”. This phrase supports the idea that any reference system can be used for building valid
physics, with various implications as it will be shown in the paper.
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A Simple example of changing Coordinate Systems

For the needs of presenting a simple example of changing “center” or systems of
reference (coordinate systems) | will use a simple example of two cars running in a road, as
shown in the figure below ™. These two cars are moving at different but constant velocities
and are observed from the stationary inertial frame S attached to the road and the moving
inertial frame S' attached to the first car.

E
5 v,
p—t
A 2 @
V3 Vq

Figure 2: A simple example of changing reference system. Here two cars 1 and 2 are shown running on the road, with
different speeds v1 and v2 respectively“

At some particular moment, the cars are separated by 200 meters. The car in front is
traveling at 22 meters per second and the car behind is traveling at 30 meters per second. If
we want to find out how long it will take the second car to catch up with the first, there are
three obvious “frames of reference” that we could choose.

First, we could observe the two cars from the side of the road. We define our frame
of reference S as follows. We stand on the side of the road and start a stop-clock at the exact
moment that the second car passes us, which happens to be when they are a distance d = 200
m apart. Since neither of the cars are accelerating, we can determine their positions by the
following formulas, where x,(t) is the position in meters of Car 1 after time t seconds and

x,(t) is the position of Car 2 after time t.
x,(t)=d4u; =t =2004+22%t¢
x,(t) =u, =t =30t

Notice that these formulas predict at t = 0 sec the first car is 200 m down the road and
the second car is right beside us, as expected. We want to find the time at which both cars
will be at the same point, thus x; = x,.

Therefore, we set x; = x, and solve for t, that is:

200+ 22t = 30t
= 8t = 200
=t = 25 gec

1 Source: Wikimedia Commons. [https://commons.wikimedia.org/wiki/File: Two_reference_frames.PNG]
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Alternatively, we could choose a frame of reference S' situated in the first car. In this
case, the first car is stationary (see how a simple change in the frame of reference makes
one ‘moving’ object to seem °‘still’ and correlate this to the Galileo case and the geocentric
vs heliocentric model debate), and the second car is approaching from behind at a speed of

v, — vy = 8 m/ s (the difference between the two speeds). In order to catch up to the first

car, it will take a time of — : = 2;” sec, that is, 25 seconds, as before. Note how much

easier the problem becomes by choosing a suitable frame of reference.

The third possible frame of reference would be attached to the second car. That
example resembles the frame of reference just discussed, except the second car is stationary
and the first car moves backward towards it at 8 m/s (again, note the seemingly incredible
change in the nature of the motion of the cars when changing system of reference, while
we are still discussing about the same physical system). The result would still be the same.
It would have been also possible to choose a rotating, accelerating frame of reference, but
this would have served to complicate the problem unnecessarily.

In any case and regardless of the frame of reference chosen, the result regarding how
much time the second car needs to catch up with the first will always be 25 seconds. If we
want to expand the implications of this in the solar system center debate, we could say that
“Regardless of the chosen center of the solar system, Sun eclipses happen at the same day”.
And how could they not? Had this not be the case then the ancient Greeks (who used a
geocentric model) would not be able to make any predictions of planetary motions.

After this brief analysis it is evident that the frame of reference does not have any
impact at all to the physics of the system. Regardless of the frame of reference selected the
conclusions we draw regarding the evolution of that system remain exactly the same.
Additionally, if the relationship between the different frames of reference is properly defined
there is no issue with people communicating results to each other. It is like you are wearing a
watch which is set five minutes earlier compared to the local standard time. If you know that
this is the case, when somebody asks you what time it is, you are able to deduct five minutes
from the time displayed on your watch in order to obtain the ‘correct’ time. You might say
that the bus arrived at five past three, but the other person will still know that according to
local standard time it arrived at three. As long as we know the differences between two
reference systems, there is no problem in the communication between people using them.

As a conclusion, even though we do need to choose a coordinate system (frame of
reference) to use when analyzing a system (since we do need a frame of reference to
formulate our equations), this choice does not affect the validity of the scientific analysis of
that system. We can choose any frame of reference and still be able to formulate physical
laws and make correct predictions. That is why centuries before the Copernican model came
to be, ancient Greeks were able to predict with such precision solar eclipses decades or even
centuries before they happened.

3. CRITERIA FOR CHOOSING FRAME OF REFERENCE

After it was made clear that changing a reference system does not essentially makes
any difference regarding physics, we must nonetheless answer the question we avoid: How
do we 