d.  The discovery that the 1/r distance rule can be reconciled with the area rule by having v be the
component of velocity perpendicular to the radius vector is nowhere stated clearly in Astronomia
Nova or quite anywhere else by Kepler, but only subsequently

e. The orbit is an exact ellipse (or, as he adds in a letter to Fabricius, differs insensibly from such
an ellipse), for "here the consequences derived from physical principles come into agreement
with the results of observation and the vicarious hypothesis." (Wilson, p. 21)

Upshot: ellipse and diametral distance rule hold as perturbations of a circular motion produced by a

second physical action superposed on the basic action of the Sun, with the second action varying in

strength from planet to planet

IV. Kepler's Original Justification for the Two "Laws"

A. The Context of Discovery versus the Context of Justification

1.

Now want to turn to the question, what exactly did Kepler's evidence show about the orbit of Mars?

a. Need to be careful here because the evidence for a scientific claim typically changes over time,
sometimes quite rapidly

b. Want to determine the best evidential argument as of 1609 for the following claim: the orbit of
Mars is an ellipse (with minor axis 0.429 percent shorter than major), along which Mars sweeps
out equal areas in equal times vis-a-vis the Sun; furthermore, the plane of this ellipse, which
passes through the Sun, is tilted 1 deg 50 min relative to the plane of the Sun-Earth orbit

c. Then want to decide what his best evidential argument in 1609 actually shows about this claim

Here doing something a little controversial, for I am implicitly invoking Reichenbach's distinction

between the context of discovery and the context of justification

a. Le. separating the steps leading to discovery from the steps justifying the conclusion

b. Former, of course, need not be rational or logical at all

c. But latter, on the view that the two are distinct, must be rational and logical for justification

d. To put the point differently, justification will in general require a rational reconstruction of the
discovery process, eliminating elements of irrationality and leaving just an evidential argument

Kuhn, in particular, has attacked this distinction as one of the primary ways in which philosophers

distort science and its history

a. He argues that acceptance of a new result within the scientific community is often influenced by
aspects of the process of discovery that are not amenable to rational reconstruction

b. These arguments are a central part of his attack on the idea that (rational) evidential considera-
tions drive science

Kepler's Astronomia Nova would appear to be fertile ground for Kuhn, if only because the book itself

argues for its conclusions about Mars by “recounting” the process by which they were arrived at

a. In truth, Voelkel has shown that Kepler himself engaged in some (presumably) rational

reconstruction of the discovery process in Astronomia Nova
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b. Voelkel himself calls the shifts from the actual discovery process rhetorical steps

c. Butstill the argument is presented in the spirit that anyone who will follow him along the
presented steps of the discovery process ought to reach the same conclusions that he did

d. And, of course, with the advantage of hindsight we know that much of the physical reasoning
Kepler invoked along the way will not stand up under scrutiny

5. So, in isolating Kepler's evidential arguments and subjecting them to a critique, we will be able to
examine Kuhn's claim that the distinction between the context of discovery and the context of
justification yields a distorted picture of science

a. Did the evidential arguments provide those at the time with compelling reasons for accepting
Kepler's conclusions about Mars?

b. If not, then is this indicative that science is less rational than philosophers would have it be?

6. In addressing these questions, need to keep three distinctions in mind:

a. Kepler’s conclusions holding exactly, versus holding “essentially exactly” (i.e. would hold
exactly save for some external perturbing factors) versus merely approximately (i.c. not
precluding alternatives to them equally, if not more, supported by the evidence)

b. Between assessing the specific form of Kepler’s conclusions, with their particular values for all
orbital parameters, and assessing his generic conclusions -- e.g. Mars describes an ellipse

c. Between Kepler’s conclusions holding and their being (provisionally) faken to hold for purposes
of ongoing research

B. The Evidential Argument for the Latitudes of Mars
1. Not going to go into detail here on argument for true sun and bisected eccentricity of earth-sun orbit

a.  True sun: experimentum crucis on three systems, plus triangulated distance confirmation and

support from solution for latitudes

b.  Bisection: idealization of an approximate result, supported by large reduction in worst discre-
pancies with observation

2. The claim about the latitudes of Mars really consists of four separate claims

a. The trajectory of Mars lies in a single plane

b. That plane passes through the true sun

c. That plane is inclined at a constant angle with respect to the plane defined by the earth and sun

d. The angle of inclination (in final theory) is 1 deg 50 min 30 sec

3. The evidence for the claim about the specific value of inclination turns on sets of privileged observ-

ations, like the ones in Wilson's Figure 4

a. But the reasoning from the observations to the value is thoroughly "theory-dependent": e.g. not
only does the interpretation of the observations presuppose the other claims forming the account
of latitudes, but also the position of the line of nodes and the claim that the angle MES is 90 deg

-- a claim that depends on the account of longitudes
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b. The other privileged observations also presuppose the other claims, but they do not rely on
entirely the same aspects of the other parts of the account of Mars

c. Furthermore, the different observations, with their different theory-dependencies, yield almost
the same values (within observational accuracy) thus indicating that measurements are not
radically begging the question -- i.e. the measured inclination is robust

Furthermore, the overall account of the latitudes yields reasonably good agreement between

predicted and observed latitudes

a. Discrepancies extraordinarily small compared to all earlier accounts, though still a little larger
than desired -- i.e. not strictly within observational accuracy

b. Discrepancies are perhaps attributable to refraction and parallax effects

c. And the discrepancies exhibit no systematic pattern, especially none of the sort requiring either a
second inclination or varying inclination of the sort proposed by Ptolemy and Copernicus

d. In other words, the discrepancies are more likely than not a consequence of imprecision in
measurement

Ultimately, a simplicity argument can also be invoked here, though with caution

a. Reasonable agreement with observation from a model that is physically simple -- i.e. that places
almost no demands on an account of underlying physics

b. Furthermore, orbital inclination at least tied to a physical object, the sun

c. Inthe absence of a pattern in the discrepancies from observation, no grounds for further
complications (as of 1609)

The evidential argument for the account of latitudes clearly does not close the door completely to

alternative accounts, but it places a burden of proof on anyone who is going to offer such an account
Must agree at least as well with observation

b. To the extent that less simple physically, must include some grounds for thinking that physically
plausible

c. And should provide an explanation for the success -- i.e. the enormous level of improvement --

achieved by Kepler's account

C. The Evidential Argument for the Ellipse

1.

Strictly speaking, the claim here concerns only the relationship between angular position, say vis-a-

vis the Sun, and distance: form an ellipse

a. No claim that sun at focus (a term Kepler coined), though eccentricity in terms of sun,
perihelion, aphelion etc.

b. No claim about time at which planet at each position, only about the locus of points

Triangulation off of observations gives compelling evidence that an oval of some sort, narrower than

circle at quadrants and symmetric about line of apsides through true sun

a. Theory dependent -- vicarious theory and (upgraded) solar theory
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b. Sensitive to observational error and to errors in these theories

c. But sensitivity analysis showed that oval conclusion supported regardless of these errors -- i.e.
the conclusion is robust

An argument that, given area rule, must be an ellipse, 429/100,000 narrower at quadrant

a. For must be midway between circle of Phase 4 and auxiliary ellipse of Phase 5 since discre-
pancies at octants in these are equal and opposite in sign, while discrepancies at apsides and
quadrants negligible

b. And distance-angle relationship of ellipse physically plausible since distance variation of a sort
that is physically plausible on two counts

(1) Sinusoidal variation of a natural sort
(2) (normal v) varies as 1/r -- something that a continuous physical mechanism might yield

c. And finally the "diametral" distance rule together with accurate heliocentric longitudes yields
roughly this ellipse, and with area rule taken as exact, this ellipse precisely

Three key premises in this argument, each open to contention

a. Octant error exactly equal and opposite -- an idealization, consistent with observational error, but
without separate justification except via the distance rule argument

b. Vicarious theory yields heliocentric longitudes (vs. time) within observational accuracy --
confirmed by 8 "observations" in opposition

c. Arearule -- without it, no argument to ellipse rather than oval, for "midway" argument turns on
considering three orbits satisfying the area rule, and so does distance rule argument

A further argument: ellipse plus area rule together yield good predictions of observations from earth

a. Enormous improvement, but still with some predictions apparently lying outside observational
accuracy

b. Enough discrepancy to allow for possibility of some other oval, though admittedly no pattern to
discrepancies to provide clear evidence of it

Upshot: the argument that an oval compelling, but the argument that an ellipse, and hence the

argument for the specific ellipse, rests on a collection of assumptions, including most notably the

area rule

a. Nevertheless, the ellipse was accepted long before the area rule was

b. Asabove, this is in part an indication that nobody bothered with Kepler's reasoning in

Astronomia Nova

D. The Evidential Argument for the Area Rule

L.

Area rule makes a claim about motion that cannot be "tested" independently of a trajectory
a. Le. to define area, need trajectory as well as distance
b. Hence, so long as the trajectory is entirely unspecified, no possible way to bring “direct”

evidence to bear on area rule
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2. To alarge extent the evidential arguments for it in Astronomia Nova, where it is never stated as
clearly as it subsequently came to be, are arguments countering objections to it
a. A calculationally superior approximation to a physically plausible rule (inverse distance rule)
that holds exactly at apsides for planets in Ptolemaic, Copernican, and Tychonic theory (once
solar theory suitably refined and correct relation between area rule and 1/r rule made clear)
b. Yields a physically reasonable invariance around orbit (component of v perpendicular to radius
vector SM varies as 1/SM) -- which Kepler made somewhat clear only later
c. Level of approximation to the other rule within observational accuracy for case of earth-sun
d. (Though this other rule does not yield as unequivocal an answer about Mars trajectory in the way
it does)
3. Together with ellipse, area rule yields reasonably good predictions of observations from earth
a. But, as remarked above, not strictly within observational accuracy
b.  Still, accurate enough to put burden of proof on anyone who is going to offer an alternative to
these two
4. There are two other arguments in support of the area rule, both beginning, "If you accept it, then ...."

a. "... with a slight idealization of some numbers it will determine an unequivocal answer to the
question of the trajectory"

b. "... once distance and velocity properly understood, can be reconciled with inverse distance rule
and allows for a physically plausible answer to why an ellipse rather than an eccentric circle" --
viz. superposition of two independent effects

5. Upshot: the least evidence for the area rule, for it was introduced as a mere convenient approximation
to begin with, and most of the evidence accruing to it derived from its yielding the ellipse

a. Danger of a question-begging line of argument here: ellipse presupposes area rule, and area rule
justified because it yields ellipse

b. Still, a clear burden of proof: any alternative to area rule must, together with trajectory, yield at
least as good overall agreement with observations and not be far more physically implausible

c. And ellipse and diametral distance rule, taken as exact, entail area rule

E. Some Standard Objections to the Arguments
1. Issue: what do the evidential arguments really show -- i.e. what conclusion is warranted
Newton later remarks that Kepler only guessed that the orbit was an ellipse, while he proved it

b. Newton almost certainly was not familiar with the argument as laid out in Astronomia Nova

c. Unclear whether much of anyone other than Kepler understood the argument in Astronomia
Nova, for that argument supplanted by other arguments within a few years, so that few ever
worked their way through the original argument

2. One obvious response to the evidential argument is that Newton is correct, for Kepler pulls the area

rule out of the air with no supporting physical evidence
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Idealization of "data" in the crucial argument is bad enough

b. But, granting it, all that the evidential argument really shows is that, if the area rule is correct,
then the orbit is the ellipse Kepler says it is

c. And once idealization of the "data" is taken into consideration, all that the argument really shows
is that, if the area rule is correct, then the orbit differs from an ellipse imperceptibly

3. The obvious reply to this argument: but the area rule works!

a. Kepler's orbit for Mars yields predictions enormously better than any earlier accounts --
enormously more accurate (virtually within observational limits) and enormously simpler

b. The area rule leads to a single definite answer, namely the ellipse, arrived at in two ways, with
the second yielding an argument for physical plausibility

c. Thus the area rule does just what we want it to: puts us in a position where data more or less
forces a single answer on us, and that answer stands up when checked in other ways!

4. But this reply will not be enough, for someone arguing as above will respond:

a. The second point, about yielding a definite answer, is question-begging, for the issue is whether
an ellipse, and once we allow that it is not an ellipse, then the area rule no longer "works" --
indeed, the area rule is then in trouble

b.  The first point at most shows that the true orbit approximates Kepler's, for errors above
observational limits are still present

c. Thus the evidential argument at most shows that orbit an oval approximating an ellipse that
conforms to high approximation to the area rule, but other possibilities remain open

5. Kuhn would jump into such an exchange at this juncture to point out that Kepler's efforts on Mars are

a wonderful example of the way in which science overreaches the available evidence

a. Kepler is being persuaded by the combination of a purely conjectural physics and the extra-
ordinary way in which his numbers happen to come together

b. Any others are being persuaded just because of the order of magnitude improvement (after 14
centuries); they are not pausing to realize how many other possibilities remain open

6. The issue is whether it was appropriate, as of 1609, for Kepler or anyone else to accept his conclu-
sions about Mars on the basis of the evidential arguments presented in Astronomia Nova
One option is to accept the conclusions and proceed with them

b. The other is to consider the conclusions one more competing alternative on planetary trajec-
tories, and leave the issue of the "true" trajectory open

c. In other words, what if anything did Kepler's arguments settle?

F. A Contrasting View of Scientific Evidence
1. Some sciences have much higher quality evidence than others do
a. Le. they are much more able to turn data into evidence

b. Physics able to get much more compelling evidence from data than, say, political science is
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Prima facie, the sciences that are more successful have a good deal more established theory with
which to interpret and marshal data -- i.e. the more advanced the theory available in the background,
the higher quality evidence that can be derived from data

a. I am here saying only that this in fact appears to be the case

b. Leaving open questions about whether it has to be the case, or even whether it truly is the case

The obvious problem then is to get the whole process off the ground

a. Ifneed theory to get quality evidence -- i.e. to turn data into evidence -- then how does one get
reasonable quality empirical evidence for theories in the first place?

b. The problem in the early stages of sciences -- in neuropsychology today, in physics in 1600

c. A chicken-and-egg problem to which there are some standard answers

(1)  Get lucky: just happen onto a basically correct theory
(2) Kuhn: overreach, but then learn to live with the residue of a totally arbitrary element in the
theory, leading to subsequent scientific revolutions

On my view, the proper approach to this problem is to adopt working hypotheses instead of theories

a.  Working hypotheses: hypotheses that enter constitutively into evidential reasoning, yet at the
time cannot be tested or verified in any non-question-begging way

b. A good working hypothesis: one that (i) can be fruitful and (ii) can be accepted safely

(1) Le. one that yields higher quality evidence than can be achieved without it, leading to
developments that will ultimately allow it -- the hypothesis itself -- to be empirically
evaluated and, if need be, refined or discarded

(2)  One for which there are safeguards against its leading down a long, illusory garden path, so
that when hypothesis finally brought into empirical scrutiny, will not lose everything
predicated on it if forced to abandon or modify it

(3) Note: issue of truth of the hypothesis not as such crucial

c. The reasons for accepting such a working hypothesis will differ from the reasons for accepting
conclusions evidentially predicated on it

Empirical evidence can be brought to bear on whether a proposed working hypothesis ought to be

accepted
Does it yield higher quality evidence than is attainable without it?

b. If two competing working hypotheses both yielding higher quality evidence, then need empirical
arguments supporting one over the other, or should pursue separate lines of research predicated
on each, and let things come out in the wash -- just as Kepler did with area rule and 1/r rule

c. If hypothesis does not -- or ceases to -- yield higher quality evidence, then it becomes suspect,
for then reasons to worry about whether all is going to come out in the wash

d. If someone has identified a possible way for the hypothesis to lead down a garden path -- e.g.

some other hypothesis is true and it entails that the working hypothesis is systematically mis-
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leading, giving only the illusion of quality evidence -- then must eliminate this risk, usually by

showing that the alternative not true

A Defense of the Evidential Arguments for Mars

1.

Claim: Kepler's evidential argument a paradigm of science at its best in the early stages of theory

development

a. A paradigm of how to evaluate and use working hypotheses

b. A type of evidential argument that we will find again, much refined, in Newton's Principia

The area rule, in particular, is a classic example of a working hypothesis

a. Evidence that it is true was beside the point -- indeed, no independent evidence for its truth
possible at the time Kepler began using it

b. Instead, he adduced evidence that it is plausible and that it is unlikely to lead down a garden path
(given its relation to a physically plausible alternative to it, as well as to the equant)

Empirical evidence then emerged that it is a good working hypothesis, for on two counts it led to

higher quality evidence

a. With it, data can be marshaled to determine an unequivocal answer about the trajectory

(1) In the process getting around difficulties with inaccuracies in the observations
(2) And hence getting much more evidence out of the data than can get without it

b. Leads to an order of magnitude improvement in predictive accuracy for Mars and earth orbits,
thereby putting everyone in a position to use residual small discrepancies for further refinements

c. Provides at least an initial basis for examining underlying physics, for constrains physics, but is
not physically paradoxical or perplexing in a way that would shut the door to physical theorizing
on the basis of it

I therefore claim that provisional acceptance of Kepler's Mars orbit was in fact warranted on the basis

of his 1609 evidential argument

a. Provisional because working hypothesis, now extended to include ellipse, must continue to yield
higher quality evidence

b. Provisional because of the possibility that some competing working hypothesis will prove
equally effective

c. Provisional because have much less evidence for its truth than expect will accrue to it in the
future, if it is really true

In saying that Kepler and others ought to have accepted his conclusions about Mars on the basis of

his evidential arguments, instead of remaining neutral and open-minded, I am saying that there were

real advantages to doing so

a. Could simply adopt area rule and ellipse for each of the other planets, bypassing the need to
extract the orbit from the data; evidence would begin accruing to the first two "laws" if the

results of doing so were satisfactory
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b. Could begin examining any small discrepancies outside observational accuracy for implications

C.

about (i) the need to refine orbital elements and (ii) the presence of second-order effects

(1) Looking for systematic discrepancies that would be informative

(2) Ifdo not accept Kepler's conclusions, then still at square one, asking what the trajectories

are, and hence not looking at higher order, small discrepancies
For example, apply area rule and ellipse to earth-sun orbit to see whether reduce or increase
agreement with observation for either it or Mars, especially before turning to other planets
Provides promising evidential basis for conjecturing about underlying physics -- i.e. for
developing a much richer, more complete theory -- not just by imposing some distinctive
constraints, e.g. via ellipse rather than other oval and via area rule, but also because trajectory
composable out of no more than two superposed physical mechanisms, with no need for

additional special mechanisms

In fact, in 1609 and the decade following no one seems to have been especially convinced by all this

but Kepler himself, for no one but Kepler adopted both the ellipse and the area rule, even as a

working hypothesis

a.

Surely no one in those years worked their way through Astronomia Nova, and, even if they had,
Kepler's argument requires huge effort to extract it in above form and to appreciate how many
cross-checks he provided along the way, plus of course access to Tycho’s observations

Magini’s 1614 tables came the nearest to following Kepler, for they incorporated all his inno-
vations except the area rule; but that shortcoming is evident in their discrepancies versus those
Kepler subsequently achieved in his Rudolphine Tables

Not to mention the enormous departure in the mathematics for determining Keplerian orbits and
planet positions, at least compared with the old compound circles of Ptolemy and Copernicus
Historically then, in claiming that the argument in Astronomia Nova provides adequate grounds
for (provisionally) accepting Kepler's first two rules, I am making a claim about the rationality of

only Kepler himself

The moral I suggest you take away from Kepler's Astronomia Nova is that it falls very far short of

establishing once and for all the truth about the orbit of Mars, yet it is nevertheless a model of

evidential reasoning in science at its very best in the early stages of theory construction

a.

This sounds paradoxical only if one is inclined to think that evidential reasoning in science at its
best must establish truth once and for all

Asking evidential reasoning to do this in the early stages of theory construction, I submit, is
asking for the impossible

And once Kepler became prepared to drop the Ptolemaic working hypothesis of at least equi-
angular, if not uniform, circular motion, he was in the early stages of theory construction even

though he was part of a tradition that was a millennium and a half old
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