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On the Limits of Empirical Knowledge in
Chinese and Western Science*

My theme is the limits of scientific inquiry, that is, ancient
Chinese concerns about whether nature can be comprehended
fully by rational, empirical investigation.!

We find the limitations of observational knowledge taken up
regularly in writings on astronomy, the most exact of the ancient
sciences, but not in astronomy alone. Because this theme mainly
appears in technical discussions rather than in writings of a
general kind, we can avoid the dangerous assumption that the
opinions of philosophers determined what scientists thought in
China. What does emerge from the writings of fifteen hundred
years is an abiding interest in the idea that the scale of the cos-
mos is too large, and the texture of nature is too fine, too subtle,
too closely intermeshed (wei, miao and so forth) for phenomena
to be fully predictable. This proposition denies that the physical
world can be fully penetrated by study or fully described in words
or numbers. The cognitive strategy behind it evolved, and its his-
tory can be traced.

This is not the indeterminacy of contemporary theoretical
physics, a point to which I will return in the conclusion, but a
range of qualitative convictions drawn from mundane experi-
ence. A philosopher might divide this gamut into ontological and
epistemological indeterminacy. Epistemological indeterminacy
denies that it is possible to comprehend the order and regularity
of the universe through study. Ontological indeterminacy asserts
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that, beyond a certain point, the universe lacks the order and reg-
ularity that empirical study strives to find. The Chinese did not
make such a distinction, which has analytic uses that will be-
come clear when in my conclusion I summarize the evolution of
thought about the limits of knowledge.

Before looking at this idea historically, let me introduce two
short but typical statements about astronomy’s inherent limita-
tion as a science. Here is an early assertion of this idea, which the
polymath Cai Yong wrote in A.D. 175:

The astronomical regularities are demanding in their
subtlety, and we are far removed from the Sages [who
founded this art]. Success and failure take their turns,
and no technique can be correct forever. ... The motions
of the sun, moon, and planets vary in speed and in diver-
gence from the mean; they cannot be treated as uniform.
When the technical experts trace them through
computation, they can do no more than accord with [the
observations of] their own time. Thus there come to be
[differences between] the techniques of various periods.?2

Cai’'s lack of confidence should not be dismissed as a simple
reflection of the crude techniques available in the second cen-
tury, as we will see when we return to that period. First, let us take
a passing look at a much later time, when Western astronomy
was widely known. Perhaps the last such statement on the part of
a scholar well qualified in astronomy comes from Dai Zhen
(1724-1777), the leading philologist and in many respects the
most influential intellectual of his time, in his essay on solar
theory:

In all prediction of celestial phenomena, as time passes
there are bound to be errors that are due neither to inac-
curacies in positional data nor to the need for periodic
revision of computational methods. The sphere of the
sky is so enormous that number and measure cannot get
to the end of it, just as when we measure something an
inch or a grain at a time, there is bound to be discrepancy
by the time we have counted up to a foot or an ounce.
Because this is so, we define units of time and observe
phenomena so as to make the most of our techniques.
Our best course is to continue using a technique so long
as its inaccuracies remain imperceptible, and to correct
it once they have been noticed. This is a matter of inde-
terminacy, as error accumulates over a long period.3
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Now let us look at some of the early philosophical ideas that
may have formed the backdrop to statements about cosmic inde-
terminacy. Then we can consider the historical development of
such statements themselves, in astronomy and in other depart-
ments of knowledge. Finally, we can ask what light this theme
casts on the character and history of prediction as a goal of
Chinese science.

It is important to look at each statement, not as a great idea
that must be taken at face value, but as a reflection of the view-
point of someone with certain interests in certain historical cir-
cumstances. Since this is only a sketch of work in progress, I will
consider only a few sources, and summarily indicate their cir-
cumstances.

In the pre-Han classics, it is remarkable how seldom words
such as wei, miao and xuan, which later imply subtlety and inde-
terminacy, refer to the possibility of knowledge. One pertinent
treatise is the Great Commentary to the Book of Changes, the ma-
jor source of orthodox cosmology from the Han on. There the
word wei refers to the gentleman’s sensitivity to the ethical im-
plications of a situation as soon as they begin to evolve, long be-
fore they become obvious. Its statements are clearly not about
factual or theoretical knowledge of the natural world.

In the Laozi we find several other pertinent ideas. The Way it-
self in its constant and unchanging aspect, we are told, is shad-
owy and indistinct, and cannot be described. Wei and similar
words are never clearly applied to the empirical world or to theo-
retical knowledge, but wei, miao and xuan appear together in one
line that describes the exemplary gentleman:

Of old those adept in the Way
Their mastery recondite, subtle, and mysterious,
Were too profound to be known ...

One might guess from familiarity with the Laozi as a whole that
the Sage becomes indeterminate as he models himself on the in-
determinate Dao that he contemplates, but the text does not go
quite that far.4

To sum up, by 300 B.C. certain aspects of the Dao were de-
scribed as indeterminate, but these aspects are not identified with
the phenomenal world, which can be described. Words implying
indeterminacy rather than ineffability are used to describe the
character of the ideal person rather than that of the cosmos. Not



168

surprisingly, the key words above, which later appear in astro-
nomical discussions, do not occur in any germane sense in the
Zhuangzi. That book consistently rejects the humanistic
orientation that we have found in the Laozi and the Great
Commentary, and finds the logical description of experience use-
less.5

The indeterminacy of the cosmos finally appears in less am-
biguous form in the Chungiu fan lu (135 B.C.), Dong Zhongshu's
attempt to construct for the Han state a new intellectual ortho-
doxy that used the cosmic order to undergird the political order:

The Ancients had a saying that if you do not know the
future you can see it in the past. Now, in the study of the
Spring and Autumn Annals, statements about the past
are used to clarify the future. But because its worgds em- , ,
body the subtlety of the natural order [tian zhi w{]i, they / t
are hard to comprehend.®

Dong is using the subtlety of nature, its resistance to being under-
stood, as a metaphor for the arcane language of the orthodox
classic.

Indeterminacy in Astronomy

Now let us pass on to the earliest statements about the limits of
astronomical prediction. Most such assertions appear in the
Standard Histories that chronicle the affairs of each dynasty.
Computing the ephemeris and interpreting ominous phenomena
were matters of concern to the state, which attempted to center
this activity in its Astronomical Bureau and Imperial
Observatory. Once astronomy was thus tied to the imperial
charisma, a succession of computational systems for predicting
the positions and chief phenomena of the sun, moon and planets
was officially adopted; there were nearly fifty such systems be-
tween the beginning of the first century B.C. and the middle of the
seventeenth century A.D. Improvement in technique did not lead
to revision of the system in use, but to its complete replacement
by a new one. This, at least, was the principle; in practice we find
occasional traces of piecemeal revision, and several replace-
ments that were no improvement at all. New systems were some-
times ordered up to signal a new dynasty or to announce a “new
deal.” On such occasions innovation was too much to expect.
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Nearly all the judgments about astronomical systems in the
Standard Histories were set down when a new system was pre-
sented for adoption, or when an old system was regularly failing
to give accurate predictions. Today a sensible person who plans to
buy an automobile, and who wants to find out about the limita-
tions of a certain design, would not ask a salesman who sells that
model, but would consult someone who has been driving one for
some time. In astronomy, as well, familiarity breeds frankness.
We usually find doubts about the extension of knowledge ex-
pressed, not with respect to a system newly presented for adop-
tion, but when the shortcomings of an established system have
become apparent; and this is all the more true when, because a
competitor is in the offing, the tenure of the established system
seems limited.

Probably the most serious period of crisis and reassessment in
early mathematical astronomy began shortly before the end of
the first century A.D., when the Grand Inception system (Taichu
li, adopted in 104 B.C. and greatly developed as the Triple
Concordance system (Santong li} a century later, was about to be
replaced.” In A.D. 92, Jia Kui presented the throne with the first
major document of this crisis, his “Discussion of Calendrical
Astronomy”, (Lun lj). He writes of what we would call the impreci-
sion of constants. Even the constants instituted by the legendary
Sages who founded astronomy in the Golden Age,

unable to endure unchanged [lit., “run through”] for
thousands and myriads of years, must be altered and re-
placed. We [in later times] first determine angular mea-
sures and numerical quantities from the observations
made over long intervals, and select those that accord
with the positions of the sun, moon and planets. ... [Our]
methods will thus differ from one period to another. The
Grand Inception system [of two centuries earlier] cannot
give accurate predictions for the present day; nor can the
new system provide correct computations back to the be-
ginning of the Han period. The computational methods
of a single school can only be applicable within an
interval of three hundred years. ... When the Han first at-
tained power, it would have been appropriate to adopt
the Grand Inception system [because time had come for
renewal]; but there was no such reform until 104 B.C.,
102 years later. Thus, early in the dynasty, there were
lunar conjunctions the day before the last day of the
month [i.e., two days before mean lunation], but by the
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time of Emperors Cheng and Ai (32 B.C. to A.D. 1), the
second day of the month was being taken as the day of
lunation [i.e., the civil month was routinely set back one
day}, so that most conjunctions would occur on the last
day of the month [which was allowable in the early Hanl.
This is clear proof [that calendar reform is periodically
necessary].8

Why cannot even the Sages discover constants precise enough
to be used forever? That Jia explained earlier in his report: “The
Celestial Way being irregular, lacking uniformity, there are
bound to be remainders. These remainders will have their own
disparities, which cannot be made uniform.”® Imprecision is not
a characteristic of the constants, that is, but of the universe.

By the end of the second century, as my earlier quotation from
Cai Yong indicates, the implications of indeterminacy had be-
come much broader than in Jia Kui's time, and were affecting
prediction in ways that did not depend only on the precision of
constants.

Although the sun moves along the ecliptic, and the moon is
never more than six degrees from it, Han astronomers measured
their positions along the equator. The ability to convert mathe-
matically from positions on the ecliptic and the lunar orbit to
equatorial right ascension and vice versa was beyond the simple
linear techniques then in use. This made major improvement in
eclipse theory — the central problem in traditional astronomy —
seem hopeless. A report of lunar-eclipse prediction of the late
second century outlines this difficulty at some length, and then
draws an eloquent conclusion:

In view of this [limited feasibility of mathematical solu-
tion], there is no point in rejecting any method that does
not conflict with observation, nor in adopting any
method whose utility has not been demonstrated in
practice. The Celestial Way is so subtle, precise mea-
surement so difficult, computational methods so vary-
ing in approach and chronological schemas so lacking
in unanimity, that we can never be sure that a technique
is correct until it has been confirmed in practice, nor
that it is inadequate until discrepancies have shown up.
Once a method is known to be inadequate, we change it;
once it is known to be correct, we adopt it: this is called
“sincerely holding to the mean."”!°



Chinese and Western Science 171

The anonymous author is expressing resignation in the face of
the crisis I have referred to. Imprecise constants could always be
revised, but it was now clear — puzzlingly clear — that Han as-
sumptions about the character of the celestial phenomena were
beginning to break down. It was beginning to be apparent that
certain phenomena, especially eclipses, could not be described by
simple cyclic or linear methods. Finally, when this difficulty
could not be resolved over several centuries, astronomers stopped
trying. Cosmological hypotheses no longer ordered their compu-
tational techniques. They bought the power Lo predict in the
simplest possible way, at the cost of the power to explain. This is
a cost that greatly limits the power to predict in the long run, a
lesson that did not become apparent until the seventeenth cent-
ury, when the best astronomers of the time enthusiastically
recognized the explanatory power of the geometric models intro-
duced by the Jesuits.!!

Not everyone had reason lo accept the idea of astronomical in-
determinacy. We might expect people defending new astronomi-
cal systems rather than crilicizing old ones to argue against it;
indeed, examples are not hard to find. There is the spirited and
rather exasperated rejoinder of Zu Chongzhi, one of China’'s
greatest mathematical astronomers, against the attack on his
new system by Dai Faxing.

In or near 463, Dal developed an extensive argument along the
lines of those I have quoted. Zu’s defense, pragmatic rather than
theoretical, is too long o cite completely:

The writings of the Xia, Shang and earlier dynasties
have been lost; but the historical chronicles of the
Spring and Autlumn period and the Han period record
eclipses and lunations with care for detail; they consti-
tute clear evidence. Testing my astronomical system by
their use, I find the data entirely in accord [with my
computations]. There is truly nothing speculative in {my
system]. It lakes precision as far as possible, so that over
a span of a thousand years there is no discrepancy;
whatever it be, far away though it be, it can be known.
Now, I have studied all the ancient methods, and there I
find much that is inexact. Computations are off by as
much as three days, and the beginnings of gi periods by
as much as seven hours. [ know of no [ancient system)]
that c}an accurately predict the phenomena of the present
time.12
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Zu’s claim that there would be no discrepancy in predictions
over a thousand years was excessive. It did not accord with in-
formed opinion, could not be proven in practice, and he did not
make it persuasive in principle. For reasons as much political as
technical, he did not carry the day. Despite its excellence, his sys-
tem was not officially adopted for fifty years.

In 729, fxing discussed the technique for predicting lunations
in his new Great Expansion system (Dayan lij). He politely sug-
gested that, even if the course of the cosmos were inherently too
irregular to be fully comprehended — and he did not minimize its
irregularity — that would be irrelevant to the work of prediction:

If the anomalies in the celestial positions [of the moon]
actually fluctuated with time, providing rebukes [to the
ruler] that the regularity of astronomical constants
cannot encompass, and substituting for regularity a
mutability [that derives] from the inaccessible [fine
structure of the cosmos], this would be a matter beyond
even [the ability of] Sages to assess. It can hardly lie
within the scope of mathematical astronomy.

This is a more meaningful statement than its brevity and
skeptical tone make it look. In the first place, it reminds us that
Ixing was anticipating exactly the sort of argument that Zu
Chongzhi had had to fight off. The idea that astronomical
knowledge was inherently limited was now being used even
against the best new systems rather than just to explain the fail-
ure of old ones. Second, for Ixing the conceptual crisis I have
mentioned was long over, and a disinterest in cosmology was the
norm among astronomers. They rarely took up questions of the
actual spatial relations or physical realities underlying the phe-
nomena. It is curious, considering Ixing’s lack of interest in these
questions, that he remains the last great astronomer to give
cosmology an important role in his computational system. His
cosmology was not physical, however, but drew in a curiously
antiquarian way on the numerology of the Great Commentary to
the Book of Changes.!3 Still, his curinsity in such matters was
much narrower than that of his Han predecessors. The astro-
nomical systems that followed Ixing’s were narrower still from
the viewpoint of cosmology.

Decreasing interest in the metlaphysical and physical patterns
that underlie such phenomena is not necessarily associated with
more “scientific” trends in astronomy, either in China or in the
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West, because in scientific work (as distinguished from certain
ideal schemes of philosophers and historians of science) analysis
of data and thought about their ultimate significance interact. It
was the demand for a coherent and intelligible cosmic order that
motivated Copernicus, Galileo and Kepler to innovate in direc-
tions that became decisive for modern science.

New Issues in the Song

By the Northern Song period, discussions of the sort I have sum-
marized were either too rare or too familiar to record. Many of
the difficulties that had originally suggested inherent limita-
tions to knowledge were no longer difficulties; for instance, the
time of lunar eclipses could be predicted with some confidence.
The issue for the working astronomer, as I have said, had become
not knowability but technical progress. Whether some day his
science might reach those ultimate limits, or would always fall
short, was not an urgent problem.

In the Song period, the idea of indeterminacy suggested ulti-
mate questions of a new kind. These questions came from as-
tronomers better prepared than their predecessors to explore
methodological and epistemological aspects of their science, and
from philosophers whose main interest was those aspects. My
examples will be Shen Kuo (or Shen Gua, 1031-1095), who counted
professional astronomy as one of his enormous range of accom-
plishments, and Zhu Xi (1130-1200) and Cai Yuanding (1135-
1198), to represent the philosophers.

In his Brush Talks from Dream Brook (Mengqi bitan), Shen
summarizes the lost preface to his Oblatory Epoch system
(Fengyuan li), an innovative document:

Those who discourse on numbers [by which he means all
regularities that make prediction possible], it seems,
[can only] deal with their crude afler-traces [ji]. There is
a very subtle [wei] aspect to numbers that those who rely
on mathematical astronomy are unable to know; [what
they can know of] this aspect is, all the more, only after-
traces. As for the ability [of the sagely mind as exempli-
fied in the Book of Changes] “when stimulated to encom-
pass every situation in the realm,” after-traces can play
no role in that [wisdom]. That is why “the spirituality
that makes foreknowledge [possible]” cannot readily be
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sought through after-traces, especially when one has
access only to the crudest ones. As for the very subtle
traces I have mentioned, those who in our time discuss
the celestial bodies depend on mathematical astronomy
to know them, but astronomy is no more than the pro-
duct of speculation [yi].

Shen proceeds to develop an epistemological point that comes
up several times in his writing, namely that in order to know, we
break the continuity of nature into blocks of time that we treat as
though each were uniform. As he puts it,

The uninitiated say that, mathematical knowledge of
the heavenly bodies being difficult to be sure of, only
correlations between the Five Phases and time periods
are reliable, but this is also untrue. The uninitiated who
discuss the cyclic alternations [xiaozhang] of the Five
Phases consider only the year. Thus [they know that],
after the winter solstice the sun’s motion is in the phase
of Expansion [i.e., the equation of center is negative] and
thus yin, and at the equinoxes corresponds to the mean.
They do not realize that in the course of a month there is
also an alternation. Before opposition, the moon’'s mo-
tion is in the phase of Expansion and thus yang; after
opposition, it is in the phase of Contraction and thus
yin; and at the quadratures, it corresponds to the mean.

As for the associations of Spring with Wood, Summer with
Fire, Autumn with Metal and Winter with Water, these are also
true of the month, and not only of the month but of the day. The
“Basic Questions” of the Inner Canon of the Yellow Lord [Huangdi
nei jing su wen] says “when the disorder is in the hepatic system,
the onset [of an attack] is between 3 and 7 A.M., and the most
serious time is between 3 and 7 P.M. When it is in the cardiac sys-
tem, the onset is between 9 A.M. and 1 P.M., and the most serious
time is between 9 P.M. and 1 A.M.” Thus a single day has four sea-
sons of its own. How do we know that there are not four seasons
in each hour, or in each mark,!4 each minute, each instant? And
how do we know that there are not a greater four seasons in each
decade, century, Era cycle, Coincidence cycle and Epoch cycle? As
for the association of Spring with Wood, within a period of ninety
days there must be one [completed] cycle of alternation within
another. It is impossible that the last hour of the 30th of the third
month should belong to Wood, and the first hour of the next day
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abruplly belong to Fire. Matters of this sort are not to be settled
by the methods abroad in the world.

In this second part of his short essay, Shen is writing about
techniques of foreknowledge that depend, not upon observations
of celestial events, but on associating in rotation the Five Phases
with periods of time (for instance, the year, month, day and hour
of birth), in order to yield interpretations of the latter. This sim-
ple, repetitive approach may have begun with astrology, but has
been completely abstracted from what happens in the sky. Such
methods cannot be reliable, Shen argues, because they imply reg-
ular and abrupt transitions from one block of time with its
corresponding phase to the next. But such “quantum” transitions
belie the continuous variation in motion of the celestial bodies
from which the validity of the methods ultimately derives. This
underlying continuity of variation, ignore it though we may, per-
vades time at every level from the fleetest instant to the long
cycles of calendrical reckoning (the Epoch Cycle of the Han was
4,560 years).

Anyone familiar with the philosopher of physics Alfred North
Whitehead (1861-1947) will find this line of reasoning familiar.
Shen, like Whitehead nine centuries later, was saying that a cen-
tral problem for science is the gap that seems to separate our
unconnected experiences from the unitary causal world that lies
veiled in back of them.!3

Scientific mensuration is necessarily an act of abstraction.
Near the beginning of his proposal of 1074 for a new armillary
sphere, Shen argues this point with great clarity — for the first
time in history, I believe:

Degrees [on Lhe equator and ecliptic] are invisible; what
is visible are stars. [The paths] followed by the sun,
moon and planets are occupied by stars. Twenty-eight
stars are located [exactly] on a degree division; they are
called “mansions” [she]. It is mansions that make it
possible to measure degrees, and degrees that make it
possible to create numerical regularities. Degrees are
things that exist in the sky. When we make an armillary
sphere [to measure intervals between real bodies], the
degrees exist in the instrument. Once the degrees are in
the instrument, then the sun, moon and planets can be
isolated [tuan] in the instrument, and the sky no longer
is involved. It is because the sky is no longer involved
that what is in the sky is not difficult to know.16
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Shen implies that one can know either about the organismic
universe as a whole {“the sky”) or about particular phenomena in
it. Observational, empirical science can yield only knowledge of
the sécond kind (a point about which Whitehead would disagree).
In doing so it rules out perceptions of the first kind. They can be
reached only by other kinds of knowledge — intuition, illumina-
tion and so on — in which Shen is equally interested.

Cai Yuanding, another polymath, did away with one of the ba-
sic confusions of the Han astronomers. Cai wrote at least one
book on mathematical astronomy. This detailed study of Ixing's
astronomical system is lost, but certain important arguments are
preserved in the conversations of Cai's mentor and friend, Zhu
Xi, with Zhu’s disciples. It is clear from Zhu's paraphrases that
Cai believed inaccuracies of prediction do not imply indetermi-
nacy. Beneath an irregularity may lie a more complicated regu-
larity waiting to be discovered:

When an astronomical system is first being designed, the
discrepant measures of the celestial rotations are com-
bined and included in the computations. So, many years
later, there will be discrepancies of so many fractions of
a degree, and after so many additional years, of so many
degrees. If, from these discrepant quantities, correct
quantities are computed, and this process is repeated to
the limit [i.e., until the magnitude of the correction be-
comes negligible, jintou], the astronomical system can
be made essentially correct and free of discrepancies.

People today, never having reached a comprehensive
and correct understanding [da tong zheng], simply claim
that the discrepancies are inherent in the celestial rota-
tions. They make systems of computation seeking ac-
cord with the celestial phenomena, but their
ephemerides become increasingly discrepant. The point
is this: they do not understand that, if the sky is able to
manifest a certain discrepancy, it is precisely because
the celestial rotation must be of that kind.

A discrepancy does not, as Cai's contemporaries think, reflect
an anomaly in nature, but rather a more complicated regularity
than originally assumed. Ad hoc technical adjustments simply
obscure the discrepancies. In doing so they also obscure the un-
derlying complex pattern that will keep generating discrepancies
until it is understood.

This is an important perception about method. When we
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remember the gradual discovery in Europe of the various in-
equalities that complicate the moon’s motion, we are reminded
that the failure of Hipparchus’ (fl. ca. 130-150 B.C.) first inequal-
ily to give perfect predictions suggested to Ptolemy (ca. A.D. 100 -
ca. 165) the evection, the second inequality. The discrepancies for
which the evection could not account suggested to Tycho Brahe
(1546-1601) the third and fourth inequalities.

Similar processes of discovery can be traced in the history of
Chinese astronomy, but Cai was the first (at least the first re-
flected in the surviving record) to make the point explicit. His
own attitude toward the determinate character of the phenomena
was decidedly nuanced, even though he did not accept his con-
temporaries’ reasoning about what implies indeterminacy. Zhu
quotes him elsewhere to the effect that “there is no constancy in
the celestial rotations; the sun, moon, and planets are accumula-
tions of qi; they are all moving things [dong wu]. Their angular
motions may be faster or slower, beyond the mean or short of it;
they are not naturally uniform.”

We have already seen that Cai considers these motions
predictable. As Zhu remarks, “Cai was not saying that there is
nothing determinate in the rotation of the sky, but that the ang-
ular motions of the luminaries are as they are.”}7?

The last quotation from Cai is best understood in the light of
similar beliels held by such Occidental luminaries as Plato and
Ptolemy, for whom the planets are divine and self-propelled.
This view was an allernative to the idea that the planets are pas-
sively driven in their rounds by some common source of motion
that determines the speed of each. A philosopher who finds no
evidence for mechanical linkages powering the celestial lumi-
naries is likely to find the idea that each planet is the source of its
own motion more plausible. Its velocity is thus internally deter-
mined and arbitrary with respect to those of other planets. If
conslant, it is arbitrarily constant. The ‘erratic’ retrogradations
of the planets are thus accounted for; they could not be explained
by those who considered the planets passive.

In Greece and Hellenistic Egypt, a source that determined its
own motion would be divine; in China, it was an animal-like
“moving thing.” Neither implies that its motion must necessarily
be irregular or unknowable. The astronomer simply attempts to
impose order upon whatever irregularities his observations re-
veal. What matters about Cai’s attitude is that he faced the issue
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of indeterminacy instead of making assumptions that render it
all the more problematic. He could thus imply that, even when
taken seriously, it need not impede astronomy.

Zhu Xi, like Cai Yuanding, did not believe that there were in-
herent limits to the astronomer’s power to predict. His attitude
emerges in several discussions of a chapter from the Mencius
(Mengzi, 4B:26), which, in explicating the innate moral nature of
man (xing), refers to the work of the astronomer. As Zhu expli-
cates the relevant passage, it would mean: “Consider the sky so
high, and its markpoints so distant; if we seek the traces of actual
events [gu], without leaving our seats we can bring before us the
solstices of a thousand years.”

There is no basis for reading into Mencius' casual statement a
pronouncement on the limits of empirical knowledge in astron-
omy. But Zhu Xi, in one of several conversations about the chap-
ter, relates this passage to that question:

Mathematical astronomers computing backward from
the present day are able to proceed without error even to
the moment when the physical cosmos was formed. This
is possible only because they follow traces of actual
events [i ran zhi jil. There are sometimes irregularities
in the true motions of the sky and of the sun, moon and
planets, but as time passes these recur spontaneously to
the norm.

Here Zhu Xi understands gu as traces of what exists or has existed;
in other conversations, referring to other occurrences in the
same chapter, he explains the word more subtly as “why some-
thing is so” (suoyi ran) and “what something does” (suo wei). He is
using Mencius' undefined gu, relating it to Shen Kuo’s undefined
“traces,” to refer to phenomenological patterns. In a society never
touched by Plato’s opposition of phenomenon and reality, this is
a more original step than it might appear.!8

In the discussion of astronomical prediction that provided the
long paraphrase from Cai Yuanding quoted above, Zhu Xi begins
more or less at the point where Cai stopped, but moves off in a
significant new direction:

Someone asked why calendrical systems are repeatedly
inaccurate. “How can it be that in ancient and modern
times no one has studied this matter thoroughly?” Zhu
Xi replied: “It is precisely because no one has studied this
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matter thoroughly enough to rule out further change that
there are repeated discrepancies. If it were studied with
enough precision to yield a definitive method of compu-
tation, there would be no further discrepancies. ... The
astronomical techniques of the Ancients were imprecise
[shukuo, lit., loose], but there were few discrepancies.
The more precise [mi, lit., tight] the systems of today are,
the more discrepancies appear!”

At this point, he measured off one side of his desk
with his hands, saying, “For instance, if we divide this
breadth into four sections, each is limited in width by its
borders with the others. If a discrepancy [between the
widths] appears, it will be restricted to one of the sec-
tions. Large though [the discrepancy] may be, even so
extreme that it involved a second or third section, it
would still be restricted to the four sections. So it would
be easily computed, and any discrepancy could easily be
seen. The astronomical systems of today [in effect] di-
vide these four sections into eight, and the eight into
sixteen. As the limits [of the sections] become more
precise, the frequency of discrepancies becomes greater.
Why is this? Because, as the limits become more precise,
they are increasingly overstepped. The discrepancy may
be identical, but the precision of ancient and modern
systems differs.”19

Zhu Xi is saying, if I understand him correctly, that increases
of precision have led to greater expectations of accuracy, and that
it is against these expectations that recent systems were failing;
early systems satisfied lower standards. But that is not my point.
This is the first clear explanation in Chinese, I believe, of the
difference between accuracy and precision. This is not a small
contribution to the methodology of the exact sciences. This was
certainly not Zhu'’s aim, but it is hardly a by-product.

These concerns with method and with theory of knowledge,
although ignored by modern historians, were carried on by the
leading scholars of the Qing period. In a recent book, John
Henderson traces the growing importance in Ming and Qing phi-
losophy of arguments from mathematical astronomy. Henderson
shows that these concepts of quantitative origin largely replaced
earlier conceptions such as yin-yang and the Five Phases. For
example, prominent humanists between the mid-seventeenth
and late eighteenth century became aware, through Western as-
tronomical writings which they studied eagerly, of such secular
changes as the slow decrease in the obliquity of the ecliptic. They
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came to believe, as did many Europeans in the later part of the
same period, that these were not entirely predictable, and their
magnitudes could only be known through observation:

A number of Ch'ing [i.e., Qing] scholars of varying
scholastic affiliations thus identified several of the as-
tronomical anomalies and deviations known to them as
basically indeterminate, frequently drawing the conclu-
sion that the patterns of the cosmos in general shifted in
an irregular and even capricious fashion. They even
regarded anomalies not so much as departures {rom a
predictable order as themselves constitutive of the fund-
amental order, or disorder, of the cosmos.2°

Limits of Inquiry in the Qualitative Sciences

It is not surprising that the issue of indeterminacy should have
arisen mainly in astronomy, the one science that was both quan-
titative and concerned with prediction. The idea that empirical
knowledge and understanding may be inherently limited also
turns up in areas of inquiry that are not computational.
Sometimes it is brought up by polymaths who are aware of the is-
sue within astronomy. Shen Kuo, [or instance, discusses a case in
which lightning, striking a house, left its wooden structure un-
harmed but melted metal objects inside it.

People insist that fire will burn things of vegetable ori-
gin before it melts things made from metals or minerals,
but in this instance the latter all fused while not one of
the former was destroyed by fire. This is not a matter
that human capacities can fathom. A Buddhist treatise
says “Water makes the Naga fire blaze up, but puts out the
human fire.” How true that is! People only know about
matters in the realm of mankind. Outside that realm
what limit can matters have? We may aspire, by our in-
significant worldly wisdom and common sense, to get to
the 2bottom of ultimate truths, but that is hardly possi-
ble.2!

And I have already quoted one of Shen's references to medical
theory.

We also find Fang Yizhi, in his Little Notes on the Principles of
Things (completed 1643/1650), using what he had learned {rom
Jesuit missionaries about optics to argue that the tendency of



Chinese and Western Science 181

light rays to diverge and of shadows and images to converge ren-
ders certain optical phenomena unexplainable. Fang describes
an experiment in which a piece of paper with four or five small
holes yields multiple images of the sun. But, as the paper is moved
upward, away from the surface on which they are projected, the
multiple images blend — in a way that puzzles him — to form a
single image of the sun. “Sound and light,” he argues, “are always
more subtle than the ‘number’ of things.” By “number” Fang
means amenability to exact quantitative description, as “by
acute angles and straight lines,” i.e., geometric constructions.??

In medicine, the idea that one can hope to understand only so
much about the vital processes of the human body is natural
enough. Ever since the sixth century, medicine has been strongly
influenced by Buddhist ethics. Since its beginnings, physicians
and medical scholars have drawn on numerology, yin-yang, and
Five Phases cosmology, and even on astronomy, in order to in-
vestigate the links between the internal order of the body and the
order of nature that surrounds it.23

An obvious example is Zhang Jiebin's statement, in his
Collected Treatises Jingyue quanshu (preface dated 1593], about
what is needed to comprehend vital processes: “Anyone who does
not possess transcendent wisdom is not prepared to master their
subtleties [weimiao]; anyone who does not possess clarity of
moral judgment is not prepared to make fine distinctions con-
cerning what is correct.” Empirical observation, in other words,
must be supplemented by self-cultlivation.

In some such statements, Buddhisl influence is plain to see.
Typical is Yin Zhiyi's preface to his father, Yin Zhongchun’s, lit-
tle handbook of diagnosis and therapy, entitled Mental Dharmas
of Eruptive Disorders (probably shortly before 1621j:

“Medicine” [yi] means “meaning” [yi]. [The inner mean-
ings of medicine, the palterns of vital processes] may be
apprehended by the mind, but cannot be transmitted in
words. Because these inherent patterns attain such ar-
cane subllety [weiao], even though the mind may achieve
great constancy [in contemplating them], in
[therapeutic] doctrine there can be no {ixed rules. The in-
teraction of hot and moist as governed by yin and yang,
the relations of mutual production and overcoming
among the Five Phases, change {rom one moment to the
next. ...
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Yin begins with a familiar punning definition of medicine, and
moves immediately to the Chan Buddhist notion of wordless
teaching. Yin's word for therapeutic doctrine or method [fd] is the
same as the term for dharma in the title of his father’s book (in
which “mental dharmas”™ means at one level “doctrines or truths
to be grasped by the mind”).

Such instances from therapeutic manuals could readily be
multiplied. In astronomy, as we have seen, the limit of observa-
tion was a live and evolving issue. In medicine, however, what we
find is reiteration of a familiar theme — a formula, more or less —
that is seldom examined critically. My preliminary conclusion,
pending deeper study and reflection, is that indeterminacy in
medical writings is less significant for the history of medical
thought than for epistemology in general.24

Conclusion

The sources on which I have drawn indicate that, in Han as-
tronomy, themes of both epistemological and ontological limits
on knowledge appear, but that, as experience led to confidence,
the limit came to be seen consistently as one of imprecision
rather than of inherent disorder. This situation continued until
the two postulates were again combined in the attack on yin-yang
and the Five Phases, as the basis of Confucian orthodoxy that
John Henderson has documented.?®

I have suggested that ideas of astronomical indeterminacy
first arose to explain what would now be considered the failure of
crude predictive techniques, and that this idea gradually became
established to account for what historians would now explain as
the failure of crude assumptions about the character of the celes-
tial motions. As these assumptions were given up, and the crisis
subsided, it seems that ideas of indeterminacy were for a while
used more as a weapon to beat back innovation than as a means
to reexamine past failures. These ideas began playing a produc-
tive role once more from the Song on, when they were used for di-
verse purposes, among them to direct critical attention to issues
of what we would now call epistemology and method. Some who
used them, including Cal Yuanding and Zhu Xi, did not accept the
idea that empirical knowledge was necessarily limited.

Why should a notion that looks so obscurantist, so opposed to
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the idea of progress, have played such an enduring collection of
roles in the history of science? To take first things first, since the
idea of progress entered Western scientific thought in the eigh-
teenth century, and that of China much later, how progressive a
given early idea seems to moderns is beside the point. The point is
rather what it meant and how it was used in its time.

I suggest that the idea of indeterminacy was the one proposi-
tion that consistently challenged astronomers to come to grips
with the distinction between two issues: First, what is involved in
predicting future observational data from past observational
data? And second, what is involved in making intelligible the
nature from which we draw observational data?

This is the difference between astronomy as a collection of
data and techniques, and astronomy as a science. Despite the cri-
sis in astronomy that began in the Later Han, the urge to make
astronomy a science again never entirely subsided. It became a
strong motivation {rom the eleventh century on, as impulses
from philosophy stimulated astronomers, and vice versa. I think
that, ultimately, it will be possible to show that discussions of the
limitations of inquiry in the Ming and early Qing encouraged
both the concern for causes and explanations in the seventeenth
century and the prompt and positive response of leading Chinese
astronomers to Western astronomy.28

The issue I have outlined does not seem to have been important
in Western science after Heraclitus and Parmenides. The concept
of quantum indeterminacy in modern physics is concerned with
a quite different, purely mathematical, issue. It states that there
is a small, constant limit on the combined precision with which
we can simultaneously measure two parameters, for instance po-
sition and momentum, of a particle event. The better we know
one, the worse we know the other, up to that limit. In translating
the equations into ordinary language, some popularizers have
read into this very abstract scenario portentous implications
about the subjectivity of the observer, and have even concluded
that, at the limit, theoretical physics collapses (or rises, as the
case may be) into mysticism. Sympathetic though one may be to-
ward altempts to combat a mechanistic arrogance for which
there is also no warrant in the equations, these reinterpretations
are not a triumphant revival of an old theme, but rather bad phi-
losophy of science. They are irrelevant to the present topic.

For Plato, observation of phenomena alone cannot lead to
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knowledge of reality. It can yield only a third-hand reflection of
the abstract Ideas that real knowledge is about. The study of
mathematics helps us toward them, but direct apprehension of
the ideas is a contemplative, not an empirical, process. Aristotle
believed that the reality of things was within them, and could be
deduced directly from them, but “the advances made by the arts
and sciences in each civilization were the fulfillment of the po-
tentialities of their natural form beyond which they could not
g0."%7 The Skeptics denied that one could know with certainty;
but their discussions of this point served to suspend judgment on
all matters. This was not a doctrine that could greatly influence
natural science.

The Stoics were the school closest in intellectual temper to
Chinese cosmology, and they were influential in science, espe-
cially medicine. The empiricists among them opposed
Skepticism and, thus, indeterminacy. They were much concerned
with the possibilities of knowledge, and considered all truth built
up from what the senses deliver, judged by what Stoics called
“right reason.”

In the European Middle Ages, the analogous issue — a weak
analogue — was the relationship of faith and reason. In the mid-
thirteenth century, we find St. Thomas Aquinas quoting with ap-
proval the words that St. Hilary of Poiters had set down nine
hundred years earlier:

For he who devoutly follows in pursuit of the infinite,
though he never come up with it, will always advance by
setting forth. Yet pry not into that secret, and meddle not
in the mystery of the birth of the infinite, nor presume to
grasp that which is the summit of understanding: but
understand that there are things thou canst not grasp.28

The faith in unlimited knowledge, in untrammeled understand-
ing, is not a characteristically Western faith; it is a modern faith.
It is as welcome today in Beijing as in New York, perhaps more so
as skepticism gains ground in the overdeveloped nations.

In seeking valid Western analogies to the role of indetermi-
nacy in Chinese intellectual history, I would take an entirely dif-
ferent direction. I would prefer to ask whether we can find ideas
that appear irrelevant or “unscientific” from a vulgar positivist
point of view, but that nevertheless played enduring roles in en-
couraging discussions of scientific issues. It is not hard, in fact, to
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think of examples. One is Zeno’s paradoxes. It is well known that
every important discussion of the continuity of points on a line,
from the Greeks to the end of the nineteenth century (Georg
Cantor, 1845-1918), focused on those paradoxes.29

One more important contrast between East and West remains
to be drawn. Whether one begins with Parmenides or Plato, clas-
sical European philosophers who wished to find a way past mere
speculation about Nature insisted on asking, and arguing about,
what they saw as the most fundamental question: How can
knowledge be certain? What we know with varying degrees of
likelihood, what is merely probable, has no place in science. This
axiom dominated Western science until the advent of statistical
thermodynamics made it meaningless. The modern vision of the
world that we experience as merely the summation of innumer-
able random atomic, nuclear and subnuclear phenomena, left
this drive toward certainty a quaint relic of a dead faith.

It had no analogue in Chinese thought. Empirical knowledge is
neither certain nor probable, merely given. The pattern one dis-
cerns may or may not be objectively there, but that is no more
than to say that one may be empirically right or wrong. For
certainty, one looks to illumination, introspection and other
alternatives to purely cognitive processes. Certainty is, in the last
analysis, a spiritual and moral stance.

In conclusion, let me return to the beginning of this essay. J.T.
Fraser once wrote that limits of inquiry divide the world into
those phenomena that are predictable and those that are not. The
dividing line between these phenomena constitutes a statement
of belief, one of those irrationalities on which rationality must
always rest. That demarcation usually amounts to a claim about
the nature of time.30

As we consider the many Chinese statements that we have re-
viewed through history, the issue is indeed in one sense the do-
main of prediction. Even more fundamentally, it is what the ac-
tivity of prediction rules out. What it rules out is an uninterrupted
response, at once intuitive and rational, to the concreteness and
endless variety of phenomena in nature. That response is what
theory in the traditional qualitative sciences, such as medicine,
alchemy and siting, seems always to have striven for.

Theory is necessarily abstract, based on rigorously defined
concepts. Chinese scientists looked for a balance of concept and
phenomenon, for accounts of nature that did justice to its rich-
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ness. That, not Occam’s razor, nor the necessity of geometric
demonstration, was their aesthetic criterion.

No one familiar with the sources would argue that their stance
is irrational. I would hesitate to say that it is less rational than
that of the European positivists of half a century ago, whose
starry-eyed faith led them to draw and defend an ultimately
indefensible line between positive knowledge and the outcomes of
all other mental activity. The Chinese thinkers I have cited were
very much concerned with the theoretical ordering of phenom-
ena, and with prediction, in astronomy and medicine. What we
see them saying, more and more explicitly, is that prediction is a
reductive act and thus an inherently limiting one.
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RETROSPECT

This essay emerged from studying a series of intriguing assertions that 1
encountered in various astronomical texts. The first time I read through the litera-
ture I did not notice them. Over a number of years, my increasing curiosity
about how astronomy looked to its practitioners gradually alerted me to the fre-
quent remarks on indeterminacy. In gauging the scope of this idea, I found that it
was not a rare theme among philosophers who thought that Nature was impor-
tant. Indeterminacy was not a common notion in medicine because of the empha-
sis on practice. Doctors did not need, and seldom wanted, to remind each other
about the irreducible uncertainty of diagnosis and therapy. Still, medical examples
were easy enough to find.

Like most authors, I write to find out what I think about a given topic, and
what it is possible to say that makes sense. Writing is of course an excellent guide
to further inquiry, since it makes the soft spots and gaps clear. I undertook this
essay for one of the grand general meetings of the International Society for the
Study of Time, held at the Castello di Gargonza in Tuscany in 1983. My initial
hypothesis was that the idea of several complementary kinds of knowing is closely
connected to the diversity of time concepts in China. Inquiry, reflection, and writ-
ing bore 1t out.

The essay was published in 1986, as indicated in n. 1. When the editors of the
1989 issue of the yearbook Philosophy and Religion, devoted to the limits of ration-
ality, asked me to contribute a revised version, I left out most of the discussion of
time concepts, which was not relevant to the new theme. It is available in the 1986
version for those who want to consult it.

Correction

In Pinyin romanization, “Ixing” should be “Yixing,” and “Sung shu” should be
“Song shu.” Note that the Index below uses Wade-Giles romanization. Cross-
references are provided.





