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Phenomena Observed with Naked Eyes in the Scale System in Chinese
Annals

" The Quantification and Reduction of the Records of Astronomical

ABSTRACT

We can often see many peculiar records of astronomical phenomena in Chinese annals
which used length to record the apparent angle of the astronomical phenomena. For
example, celestial body’s length, size, apparent height and angle distance which were
recorded by “zhang, chi and cun”. And we can also see many records using phrases such as
“big as a peach”“big as an egg”“ big as a plate” to describe the astronomical phenomenon'’s
apparent size which implied that they were measurements of length,

Compared with the unit “degree”, it is difficult to explain the records about “zhang,
chi and cun” with modern scientific method. So these records have often been neglected in
the research of the history of Chinese astronomy. But the author finds, as there were so
many records and they were widely distributed, that they played an important role which
can’t be ignored in the ancient astronomy. It is a beneficial work in utilizing ocur ancient
astronomical heritage to clear up this problem,

How should “zhang, chi and cun” be converted into modern degrees? Kiang T, Bo
Shu-ren, Wang Jian-min and Liu Ci-yuan have all done a lot of research work on it. They
worked out 1 chi =1~1.5 degree. But no one has quantified these records systematically.
As for the records of “big as X” , it has been a big mystery whether they can be quantified
or not.

This dissertation researches deeply the quantification and reduction of the records of
astronomical phenomena measured by “zhang, chi and cun” and the ones described as “big
as X” in Chinese annals. This dissertation also sets up a new geometric model that shows
interconnection between these records and researches deeply the correction of false
impression about plane hemisphere. The author here wants people to end their confused
idea in this field. The dissertation mainly resolves the questions as follows:

1. The author holds the view that there were many records of these two kinds stated
above and they were widely distributed and permeated through Chinese annals. There were
some methods and a model of celestial sphere. They were carried on from generation to
generation. So they were systematic and therefore can be named “the Scale System of the
records of ancient astronomical phenomena”. This dissertation entirely expounds and
proves this view by the quantity of the records, the rank of the records, the distribution
and time of the records.

2. This dissertation entirely analyses the conversion results about chi and degree made
by former scholars. The author then makes a conclusion that it’s reliable that 1 chi =

1 degree. The author uses the newest astronomical software SkyMap8 to compare the
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planetary distance records in official historical books, and proves Liu Ci-yuan’s result is
true, i.e. 1 chi =1 degree. This result can be pushed forward, e. g. 1 zhang =10 degree,
one sky circumference = 36 zhang, and so on.

3. The author puts forward firstly that in the records of the ancients’ observation of
the sky with naked eyes, there was a basic knowledge that had not been spoken out by the
ancients. This knowledge is similar to the projection on the celestial sphere in modern
astronomy. According to the “sensed knowledge” and the conversion standard of “1 chi =
1 degree”, we can set up the celestial sphere model of observing astronomical phenomena
with naked eyes and then make out the geometric meaning of the records of “zhang, chi and
cun”. Through the analysis of the origin of the Chi System, the author obtains that the
semi-diameter of the celestial sphere is about 13 meters. This dissertation also proves the
existence of this celestial sphere in many fields, for example, psychological behavior
factor, the radius of planetariums, the records of weather in Chinese ancient annals and
nautical “Qian Xing Method”.

4. After setting up the celestial sphere model, the author further proves that it is
people’s common consciousness that makes them image the astronomical phenomena on the
celestial sphere of 13 meters semi-diameter and then they estimate the apparent size or
length of the astronomical phenomena when they observe the sky with naked eyes.
Nowadays people still have this ability.

5. The records of comparison with image (“big as X”) were often thought to be some
rhetorical descriptions which were vague, varied in their standards. But the author finds
that they are not merely rhetoric but scientific records which belongs to a peculiar Chinese
scientific method of thinking—comparison with image. Referring to the celestial sphere
model of 13 meters, the author finds out the reference distance and proves that it is another
form of the records of “zhang, chi and cun”. We can unite them with the celestial sphere
model when observing astronomical phenomena with naked eyes. So the records of
comparison with image can be reduced to the apparent diameter or magnitude by the
standard of the records of “zhang, chi and cun”.

6. As people always regard the vault of heaven as a plane hemisphere, they have the
common effect of false impression in their minds on what they have observed with naked
eyes. Therefore the ancient observational data contained such systematic errors. The
author thinks this false impression must be considered when we quantify and reduce the
records of astronomical phenomena in Chinese annals. Or our explanation about these
records will not be complete.

Under various illuminations and weathers, the vault of heaven has different plane
degrees. Here we can define “the angle of apparent plane degrees” and quantify them now.
In order to correct the errors, the author calculates a series of reduction tables about
daytime, nighttime, clear days, cloudy days, moonlight nights, and moonless nights. We
can use these tables to change the apparent heights or sizes to the true heights or sizes.

7. The records of “big as X” of meteors and (super)novae in Chinese annals were the
values that the ancients had estimated the scale of visible surface of the stars’ images. In
fact, the visible surface is a special sensation that derives from the diffraction, diffusion of

light and the effect of irradiation when we observe stars with naked eyes. In substance,
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“big as X” are the records of brightness. These records can be quantified to apparent scales
(angular diameter) according to the models of the celestial sphere. Therefore we can
reduce the meteors’ records “big as X” to the brightness on the bases of some “standard
points” that are now known to us. The author here counts up 133 objects by comparison
with image from 4 582 times on the records of meteors such as “big as X” in Chinese annals
and reduced them to brightness, The records of (super)novae as “big as X” were reduced
to brightness too.

8. The records of “big as X” of sunspots were estimation and measurement of the
areas of sunspots by ancients. The areas of sunspots are very important data in modern
astronomic research, so our analysis of the areas of sunspots recorded by ancients can
promote the modern research of sunspots. The author uses the principle of visual
physiology and statistical method and the model of the plane vault of heaven to reduce to
the areas of the scale of the 17 comparison objects that come from 96 records of “big as X”
of sunspots in Chinese annals.

9. According to the models of the celestial sphere, this dissertation quantifies the
scales of the cometary heads and aurora, the lengths of the cometary trails and the wake of
meteors. The author researches synthetically some typical cases recorded in Chinese annals
so as to explain again the important meaning of the celestial sphere model of observing
astronomical phenomena with naked eyes, and to quantify the records of scale and
comparison with image.

Through synthetic research of various directions and disciplines, this dissertation
means to reconstruct the modern scientific factor about the scale astronomical phenomena
in Chinese ancient, supplies a “ruler of measuring sky” for researchers of history of
astronomy, and finds out more quantitative basis about records of astronomical phenomena
observed with naked eyes in Chinese ancient, for example, the star’s covering, (super)
novae, comets, meteors, sunspots, aurora and some special weather records, so as to
supply more reliable ancient data for today’s research of astromachanics, astrophysics and
meteorology.

Key Words: the records of astronomical phenomena observed with naked eyes, the scale
system, “big as X”, the celestial sphere, quantification and reduction
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