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Plan of this talk

• Jesuit astronomers in late Ming dynasty China, and the compilation of 
the Chong zhen li shu 崇禎曆書 ‘Documents on calendrical astronomy 
[prepared during] the Chongzhen reign (1628-1644)’ .
• Solar tables and the equation of centre.
• The solar models of Tycho and Kepler.
• The explanation of the equation of centre table in the Chong zhen li 

shu, and its connection with Kepler’s innovations.
• Recalculating the equation table: correct and incorrect methods.
• The authorship of the table, and the origin of the incorrect method.
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Jesuits in China in the late Ming dynasty 
(1368-1644)

• Matteo Ricci (1552-1610) the first Jesuit missionary to establish residence in 
Beijing (1601). He translates parts of  Elements of Geometry into Chinese with 
Xu Guangqi徐光啓 (1562-1633), a Catholic convert who later achieves high 
office. 
• In 1629 Xu proposes to the Chongzhen崇禎 emperor (reigned 1628-1644) that 

a ‘Calendar Office’ Li ju曆局 should be set up, in which Jesuits expert in 
astronomy should lead work to prepare a reform of the calendar.
• First Jesuit appointed was Johann(es) Schreck, also Terrenz or Terrentius, 

(Deng Yuhan鄧⽟函, 1576-1630), assisted by Giacomo Rho (Luo Yagu羅雅
⾕, 1593-1638), and Adam Schall von Bell (Tang Ruowang湯若望, 1591-
1666).
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The formation of the Chong zhen li shu崇禎曆書
‘Documents on calendrical astronomy [prepared 
during] the Chongzhen reign (1628-1644)’ (CZLS)
• A series of texts are prepared and submitted to the throne when ready, 

beginning in 1630. Schreck dies in May of that year.
• First set of tables of the sun are submitted on 25 October 1630; second set on 

28 February 1631. Both sets have Giacomo Rho named as principal author, 
followed by list of assistants, European and Chinese.
• Position of the sun as seen from the earth at any instant is found by using 

starting point tabulated for the given year, then calculating mean motion along 
ecliptic to the given day, finally correcting to true apparent motion by adding 
or subtracting ‘additive or subtractive differences for the sun’s orbit’ ri chan
jia jian cha 日躔加減差 tabulated against sun’s distance from perigee. 
• In European practice, the mean motion is measured from the apogee, and 

called the ‘mean anomaly’ or ‘mean centrum’, and the additions or 
subtractions are called the ‘equation of centre’.  
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The basis of Jesuit astronomy in China

The content of the Chong zhen li shu is based on the 
astronomical system of Tycho Brahe (1546-1601).
Tycho’s cosmology was geocentric, but broadly 
kinematically equivalent to that of Copernicus. 
Tycho’s prolonged and systematic observations, 
carried out by himself and his assistants with the large 
and well-made instruments of  his Uraniborg
observatory, provided the best data available at the 
time.
The use of Tycho’s system therefore provided good 
predictive power, without the doctrinal (and physical) 
problems of a moving and rotating earth.
Some tables in the Chong zhen li shu are directly 
taken from those found in Brahe, Tycho (1610). 
Tychonis Brahe Dani, Astronomiae instauratae
progymnasmata.
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Start of solar equation of 
centre table from Chong 
zhen li shu

Bodleian Library Sinica 897 

p. [121]

 

The translation of the red framed section is 
shown.
Values of the equation in degrees minutes and 
seconds are given in vertical alignment in the 
original.  The first 6 signs counting top to bottom 
show additive equations for 0º in each sign, hence 
at anomalies of 0º, 30º, 60º and so on. The next 
six signs counting bottom to top show subtractive 
equations for 30º in each sign (their zero points 
are at the end of the table).
The next column to the left in the original shows 
values for 0º 10′ in the signs 1 to 6, and 29º 50′ in 
the signs 7 to 12, then in the next column for 0º 
20′ and 29º 40′ , and so on.
In this table, the angle (yin shu引數 ‘guide 
number’) against which the equation is tabulated 
at 10 second intervals is measured from perigee, 
not from apogee, and hence differs by 180º from 
the angle on which European tables are based.  

Values for 0º 0′ in 
sign; Additive

D M S Sign

0 0 0 1, 12

1 2 33 2, 11

1 47 40 3, 10

2 3 10 4, 9

1 45 46 5, 8

1 0 40 6, 7

Values for 30º 0′ in 
sign; subtractive
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Tycho’s 
(1610) 
table of 
solar 
equation of 
centre in 
Progymn. 
1, 60-61
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Chong zhen li shu and Progymnasmata values
Chong zhen li shu 
Values for 0º 0′ in 

sign; Additive
D M S Sign
0 0 0 1, 12

1 2 33 2, 11

1 47 40 3, 10

2 3 10 4, 9

1 45 46 5, 8

1 0 40 6, 7
Values for 30º 0′ in 

sign; subtractive

Progymnasmata 
Values for 0º 0′ in 

sign; Additive
D M S Sign
0 0 0 1, 12

1 3 33 2, 11

1 48 36 3, 10

2 3 9 4, 9

1 44 46 5, 8

0 59 44 6, 7
Values for 30º 0′ in 

sign; subtractive
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How was the CZLS equation table calculated?
• Some CZLS texts have no 

explanation of how the equation 
table is calculated.
• Other editions (Bodleian Library, 

Oxford, and Kyujanggak, Seoul) 
have further material after the table.
• Headings on right: ‘Calculation of 

additive and subtractive 
[differences] in solar tables’;  
‘Explanation of calculating the 
table of additive and subtractive 
[differences]’.

Bodleian Library Sinica 897 

p. [145]
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Where does the CZLS diagram come from?
CZLS solar motion diagram has an 
equant and an eccentric earth c ๗ ᥍ὄᷢᒵ� %઻ᐧܲԡ"ᔮܲڜဩӾጱॡᴡᬩۖቘᦞ c.-
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“centre of equal 
motion”

“centre of the earth”

“deferent circle 
of the sun”

“apogee”

Tycho Progymnasmata solar motion 
diagram has eccentric earth, no equant.
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Kepler 1596 Mysterium
Cosmographicum, ch XXII: 
a hypothesis …
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tanquam in iKLM,fuper d centru asqualiter iret. Ia vide artifices,qui pe-

nitus ide ftatuerunt. Nepe Ptolemasus d centru xquantis, & b centrum
vixplanetarias fecit.Copern.vero circa c centrum,medium inter d & b,

eccentrum eccentri vel eccetrepicyclum circumducit. Ei ergo fit,vt via

planetaz fit qua proxime ef g H,fed motus aequalitas , ficut ipfius orbis in-

termcdij i ntei e f g h & 1 k l m ciica c ,ita planet*e circa D,ieguletui.

(4) Cau-

A:  Sun, at centre of cosmos
B:  Centre of deferent circle of 
planet, round which planet 
moves; sun is ‘eccentric’ with 
respect to this point.
D: Equant, from which radius 
vector to planet rotates at 
constant angular speed.
… haec incertalis sub Astronomo
iudice pendeat.  “ … let this 
remain undecided under [the 
decision of] the astronomer judge

12



Kepler 1609
Astronomia Nova, ch XXXII

� � � � � � � � � � � � � � � � � �
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� � �

�

� � � � �
� � � � � �

� � �

� � � � � �

�

�

Kepler shows that the old 
eccentric model for the sun 
cannot be made consistent with 
Tycho’s accurate observations. He 
thus applies to the sun the 
equant/eccentric model for the 
outer planets used by Ptolemy in 
the Almagest (2nd century CE). 

…. Cum ergo in Mysterio meo
Cosmographico … dici non posset an etiam
Sol vel Terra puncto aequatorio & ejus
eccentricitas bisectione utatur … Hoc inquam
jam demonstrato …

‘…While in my Mysterium Cosmographicum
I could not say whether the sun [Tycho] or 
earth [Copernicus] should make use of an 
equant point and the bisection of the 
eccentricity … I say this has now been 
proved …’

“Centre of 
universe” 
(Tycho: earth)

Centre of 
sun’s deferent 
circle

Equant

e
e

13



‘Bisecting the 
eccentricity’: 1

DE, N O V A  T E L L A  A N N I  I j 7 1 .  2 9

hac adinuenta eccentricitatis quantitate Praftha.
phdrefis map Solis adfingulos grad*, eccentrici deduxi,v1
con flare poßet , quantum addendum demendumuifit media
6- Arab motui per totum Orbem curriculi Solarid,v4ei9
lactic evert« r Terra ,Centro vniueril prodiens ,innoteice.
ret. Ratio autem qua Pr(f hapharefes 1114 conquifitic fun:,
in hunc modumfe habet.

_

Yntelligatur in appofitoSchemate Eccentricsa Solis per
Circulum a  1,cuiso Centrumlit c ,Centrumverö Mundi
flue Terra  v , per qud duo loca ducatur linea ,vfque dum
contingat vtri c i r c u  mfirenti am _,qtafit ACDI
manijeflum eft quad c Dfit eccentricita,s,qud noliro &IC) (vi

7) 3  o f l e n d i .

Kepler notes (1609 
Astronomia Nova ch XXIII) 
that in Tycho’s system, for a 
solar deferent circle of radius 
100,000 units, the earth is 
‘off-centre’ (eccentric) by 
3584 units – as stated in 
Tycho Progymnasmata on the 
page following the diagram 
showing eccentric earth in 
relation to deferent.

T Y C H O  N  I S  1 3 K A I 1 E  L I B .  T .

o lendimsu).reperta par t i  um 35.S quaüum A c Semi-
diameter affitmitur 100000 : loci« Solis intelligatur vet in B.,
vel G au t N,, narn cum efl in A aid 1, Apogeovidelicet &
rikto ,nullamprorlits admittit Profihaph.irefin,coinciden-
te tunc locofimplici cum vero. Ducantur autem ex his trib9
intermedijs locis bind lined ä B & G Eel H,fingulx ad c ,cen-
trum Eccentric/ & v centrism 7 errx,1004 per her tria
locaProfthaphozrefin fcrutari &beat.

Sit pripnhm Sol in B, diflanS ab Apogeo part. 3o, ram
intercapedinemmetitur Angules B CA ,erit itaq?inTrian-
gulo B C D Angult ti, qui ad c note!, e.Fl enim prioris comple-
mentum ad duos redos ,vt conflate tyrocinijs Geometricis,
efiff hoc loco 1 f 0 : bi na verb lateraipfüm Angulurn
nenti a etiam nota funt , B c Semidiameter Lccentrici qux
perpetu3 affumitur 1 o o 0 o 0 o 0, & pc ,Eccentricit a4spriü s
inquipa 3 o  (tantam enimvbiqrretinere placuit) Er-
go per data duo lateraAngulumnotum ambientia,non late-
bit ScientiiTriangulorum planorumgnaro Angules D Bc,
qui menfurat iplamTroilhaphdre/in ,differentiävidelicet
qua locos Sohs aliter vide tur ex c qua pn D. Intseni autem
hanc peraaa operatione part. o. s p .  tic q u £  ofim.
dit quantum dernendumilt dqualimotui , vt veriu Solis lo-

patcat.
7) ari modo Sole iuxta H conflitüto in di flantia ab A-

pogxo 1fo partium,erit inTriangulo c H D, Angultm H C D
tanquam complementum antedic7i ,part. 3o Lateravera
ambientiavbique manent eadem ,vt prius tic l oo 000 o 0,
&  c D corundem 3S s¢ o o, ergä dabitur Angules c H D,
art. 1.1.3. /1. 33,qui deft:oat Proilhaph.trefin ad di flanti-

am ab

100,000

3584

14



‘Bisecting the 
eccentricity’: 2

� � � � � � � � � � � � � � � � � �
� � � � � �

� � �

�

� � � � �
� � � � � �

� � �

� � � � � �

�

�

Kepler states (ch XXIII) that in 
fact Tycho’s eccentricity of 3584 
for a 100,000 radius should be 
split into two equal parts, each of 
1792 units, representing the 
distance of the earth (in Tycho’s 
system) and of the solar equant 
from the centre of the solar 
deferent.
So in the diagram, e =1792.
(In fact Kepler prefers the 
rounded value of 1800 for his 
own purposes.)

“Centre of 
universe” 
(Tycho: earth)

Centre of 
sun’s deferent 
circle

Equant

e
e
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Eccentricity in the CZLS ‘explanation’ diagram
c ๗ ᥍ὄᷢᒵ� %઻ᐧܲԡ"ᔮܲڜဩӾጱॡᴡᬩۖቘᦞ c.-

ਫᴬӤ̔%෭᫚ܲ೰"Ӿ൉ڊጱٺے૧� �Ӿஞ૧ܨ ᓒဩฎ໑ഝ؇ஞࢺཛྷࣳᦇᓒጱٌ҅
ཛྷࣳইࢶ .� Ҵ8Ҷ̔7/ ᶭ�’ᘒࣁ!ᥜ၇ෛဩܲԡ%෭᫚ᤒ"ෛीጱ’ᓒٺےᤒ᧔(Ӿ ൉ܩ̔
क़Ӟᐿᦇᓒཛྷࣳݚԧڊ ই̔ࢶ 6� Ҵ>Ҷ̔./. ᶭ�’໑ഝ’ᓒٺےᤒ᧔(Ӿ๞෈ጱൈᬿݢᎣ ࣁ̔
ᧆཛྷࣳӾࣈஞ֖ԭ౨ ॡ̔ᴡ๜᫪ࢺஞ֖ԭӰ ॡ̔ᴡፘ੒ԭᬔ֢۰᥯᭛ᬩۖ Ӱ̔౨ԅӷஞ૧҅

ӰԚԅ๜᫪܎ஆ� Ҵ>Ҷ̔./. f ./8 ᶭ�’֕ฎ ᬯ̔᯾ਂࢶࣁ෈ӧᒧጱ᎟፛#՗ࢶӤ๶፡ ଘ̔
ᤈஞଫԅӰ ॡᴡଫፘ੒ԭӰ֢۰᥯᭛ᬩۖ#ᬯ໏ܨ̔ ᬔ̔੪ଫᧆฎ๜᫪ࢺஞ ᬔ̔Ԛ಍ฎ๜
᫪܎ஆ#ᘒᬯ໏ጱཛྷٌࣳਫ੪ฎಓੂۦጱ੒ࢺړཛྷࣳ� PM2;41� Ҵ0Ҷ#ࢩྌ ই̔ຎӧฎൊࢶ
ํ᧏ ਖ਼̔ଘᤈஞӨ๜᫪ࢺஞ֖ᗝᷓׯ ฎ๞෈ํ᧏̔׎ ਖ਼̔ଘᤈஞӨ๜᫪ࢺஞ֖ᗝႰႝ#֕
՗ਮᥡӤ๶ᦖ ᬯ̔໏Ӟ๶ ૧ጱཛྷٺےሿԧӣᐿᦇᓒڊ̔׎ �ࣳ %෭᫚ܲ೰"Ӿጱ؇ஞࢺཛྷ$ࣳ%෭᫚ᤒ#(ᓒٺےᤒ᧔(ࢶӾጱ੒ࢺړཛྷࣳզ݊๞෈Ӿጱٵ੒ࢺړཛྷࣳ#ኧԭ!઻ᐧ
ܲԡ%෭᫚ᤒ"Ӿଚ෫’ᓒٺےᤒ᧔&̔ࢩྌ̔ %઻ᐧܲԡ"Ӿጱٺے૧ᤒቘଫฎ໑ഝ!෭᫚
ܲ೰"Ӿጱ؇ஞࢺཛྷࣳᦇᓒጱ#ᘒ!ᥜ၇ෛဩܲԡ%෭᫚ᤒ"෬ᆐෛीԧ’ᓒٺےᤒ᧔&̔
ᮎԍ̔%ᥜ၇ෛဩܲԡ%෭᫚ᤒ"Ӿጱٺے૧ᤒԞቘଫฎ໑ഝ’ᓒٺےᤒ᧔(Ӿጱ੒ࢺړཛྷࣳ
౲ٵ੒ࢺړཛྷࣳᦇᓒጱ#֕ฎ ᧇ̔ᕡ੒ !ྲ઻ᐧܲԡ%෭᫚ᤒ"Ө!ᥜ၇ෛဩܲԡ%෭᫚ᤒ"
Ӿٺے૧ᤒጱᤒ꧊ �ጱݶሿӷᘏฎፘݎզݢ̔ ӞԶกดᦇᓒᲙ᧏ጱᤒ꧊ᴻक़�’ᮎԍ̔%઻

E

A

S

C

H

“centre of equal 
motion”

“centre of the earth”

“deferent circle 
of the sun”

“apogee”

• The text accompanying the 
diagram states:
•兩⼼差。為三五八四。折半于
⾟。為⼀七九⼆。 ‘The 
separation of the two centres [C 
and E] is 3584. Bisect it at H, 
and that makes 1792.’
• This is clearly Kepler’s bisection 

of Tycho’s eccentricity.
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Recalculating q, the equation of centre
• For convenience, the diagram shows a unit 

radius deferent (rather than 100,000), and 
e = 0.01792 (rather than 1792). Mean 
anomaly is measured from perigee as in 
CZLS, not apogee.

• Now tan q = (2e sin M)/y
• And y = x – e cos M
• While 12 = x2 + (e sin M)2

• Hence x = 1 − (e sin M)2
• Thus:

• 𝑞 = 𝑎𝑟𝑐𝑡𝑎𝑛 !"#$%&
'("!#$%!&(" )*+ &

E: Earth

C: Equant

S: Sun

H: Centre of deferent

P: Perigee

M

e

e

q: equation 
of centre

e cos M

e cos M

e sin
 M

2e sin
 M

y

x

Radius SH = 1

Mean anomaly
(from perigee)

eccentricity

17



• Calculating the equation of centre
using the formula with e = 0.01792 
and unit radius gives agreement 
with CZLS tabulated values within 
1 or 2 seconds.  Changing to 
0.01800 (corresponding to 
Kepler’s preferred value of 1800 
for a 100,000 radius) increases 
errors to a range of 16 to 34 
seconds.
• Evidently the table has been 

correctly calculated using the 
diagram with equant and eccentric, 
and Kepler’s bisection of Tycho’s 
eccentricity from 3584 to 1792.

Eccentricity 
used in table 0.01792

CZLS table of 
solar equation of 

centre

Calculat
ed 

equation 
using e 

= 
0.01792

House

Mean 
anomaly from 

perigeee

Mean 
anomaly 

from apogee D M S D M S
Difference, 

seconds
1 0 180 0 0 0 Additive 0 0 0

2 30 210 1 2 33 Additive 1 2 34 1

3 60 240 1 47 40 Additive 1 47 39 -1

4 90 270 2 3 10 Additive 2 3 11 1

5 120 300 1 45 46 Additive 1 45 44 -2

6 150 330 1 0 40 Additive 1 0 40 0

7 180 360 0 0 0 Subtractive 0 0 0 0

8 210 30 1 0 40 Subtractive -1 0 -40 0

9 240 60 1 45 46 Subtractive -1 -45 -44 -2

10 270 90 2 3 10 Subtractive -2 -3 -11 1

11 300 120 1 47 40 Subtractive -1 -47 -39 -1

12 330 150 1 2 33 Subtractive -1 -2 -34 1

13 360 180 0 0 0 Subtractive 0 0 0 018



The mistaken interpretation
• In the ‘Explanation of how to calculate 

the equation table’, the bisected 
eccentricity is correctly given as 1792.  
But instead of the deferent radius HS 
being given as 100,000, this value is 
assigned to CS, the (varying) length of 
the radius vector from the equant to the 
sun.  Further, the mean anomaly is not 
measured at the equant C, but at H, the 
centre of the deferent.
• Both errors show a misunderstanding of 

Kepler’s eccentric/equant model of the 
sun’s motion under Tycho’s geocentric 
scheme.

c ๗ ᥍ὄᷢᒵ� %઻ᐧܲԡ"ᔮܲڜဩӾጱॡᴡᬩۖቘᦞ c.-

ਫᴬӤ̔%෭᫚ܲ೰"Ӿ൉ڊጱٺے૧� �Ӿஞ૧ܨ ᓒဩฎ໑ഝ؇ஞࢺཛྷࣳᦇᓒጱٌ҅
ཛྷࣳইࢶ .� Ҵ8Ҷ̔7/ ᶭ�’ᘒࣁ!ᥜ၇ෛဩܲԡ%෭᫚ᤒ"ෛीጱ’ᓒٺےᤒ᧔(Ӿ ൉ܩ̔
क़Ӟᐿᦇᓒཛྷࣳݚԧڊ ই̔ࢶ 6� Ҵ>Ҷ̔./. ᶭ�’໑ഝ’ᓒٺےᤒ᧔(Ӿ๞෈ጱൈᬿݢᎣ ࣁ̔
ᧆཛྷࣳӾࣈஞ֖ԭ౨ ॡ̔ᴡ๜᫪ࢺஞ֖ԭӰ ॡ̔ᴡፘ੒ԭᬔ֢۰᥯᭛ᬩۖ Ӱ̔౨ԅӷஞ૧҅

ӰԚԅ๜᫪܎ஆ� Ҵ>Ҷ̔./. f ./8 ᶭ�’֕ฎ ᬯ̔᯾ਂࢶࣁ෈ӧᒧጱ᎟፛#՗ࢶӤ๶፡ ଘ̔
ᤈஞଫԅӰ ॡᴡଫፘ੒ԭӰ֢۰᥯᭛ᬩۖ#ᬯ໏ܨ̔ ᬔ̔੪ଫᧆฎ๜᫪ࢺஞ ᬔ̔Ԛ಍ฎ๜
᫪܎ஆ#ᘒᬯ໏ጱཛྷٌࣳਫ੪ฎಓੂۦጱ੒ࢺړཛྷࣳ� PM2;41� Ҵ0Ҷ#ࢩྌ ই̔ຎӧฎൊࢶ
ํ᧏ ਖ਼̔ଘᤈஞӨ๜᫪ࢺஞ֖ᗝᷓׯ ฎ๞෈ํ᧏̔׎ ਖ਼̔ଘᤈஞӨ๜᫪ࢺஞ֖ᗝႰႝ#֕
՗ਮᥡӤ๶ᦖ ᬯ̔໏Ӟ๶ ૧ጱཛྷٺےሿԧӣᐿᦇᓒڊ̔׎ �ࣳ %෭᫚ܲ೰"Ӿጱ؇ஞࢺཛྷ$ࣳ%෭᫚ᤒ#(ᓒٺےᤒ᧔(ࢶӾጱ੒ࢺړཛྷࣳզ݊๞෈Ӿጱٵ੒ࢺړཛྷࣳ#ኧԭ!઻ᐧ
ܲԡ%෭᫚ᤒ"Ӿଚ෫’ᓒٺےᤒ᧔&̔ࢩྌ̔ %઻ᐧܲԡ"Ӿጱٺے૧ᤒቘଫฎ໑ഝ!෭᫚
ܲ೰"Ӿጱ؇ஞࢺཛྷࣳᦇᓒጱ#ᘒ!ᥜ၇ෛဩܲԡ%෭᫚ᤒ"෬ᆐෛीԧ’ᓒٺےᤒ᧔&̔
ᮎԍ̔%ᥜ၇ෛဩܲԡ%෭᫚ᤒ"Ӿጱٺے૧ᤒԞቘଫฎ໑ഝ’ᓒٺےᤒ᧔(Ӿጱ੒ࢺړཛྷࣳ
౲ٵ੒ࢺړཛྷࣳᦇᓒጱ#֕ฎ ᧇ̔ᕡ੒ !ྲ઻ᐧܲԡ%෭᫚ᤒ"Ө!ᥜ၇ෛဩܲԡ%෭᫚ᤒ"
Ӿٺے૧ᤒጱᤒ꧊ �ጱݶሿӷᘏฎፘݎզݢ̔ ӞԶกดᦇᓒᲙ᧏ጱᤒ꧊ᴻक़�’ᮎԍ̔%઻

E

A

S

C

H

“centre of equal 
motion”

“centre of the earth”

“deferent circle 
of the sun”

“apogee”

1792

100,000

Equation, q

Mean anomaly, M
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The incorrect results 
• The ‘explanation’ text calculates two values of the equation on 

this basis, one for an angle past the apogee of 30º (210º past 
perigee), and one for an angle before the perigee of 30º (hence 
330º past perigee, 150º past apogee). 
• The results (both said to be ru biao如表 ‘as tabulated’) are 

given as:

• The second ‘explanation’ result is the result of an arithmetical error, 
without which it would have been 1º 02´ 30″

• The results given in the ‘explanation’ are not, as claimed, 
identical to those in the CZLS equation table. 20

Position of sun Result in 
‘explanation’

Result in 
CZLS table

Recalculated result 
using stated eccentricity

30º past apogee 1º 00´ 29″ 1º 00´ 40″ 1º 00´ 40″ 

30º before perigee 1º 20´ 30″ 1º 02´ 33″ 1º 02´ 34″



Creating an incorrect diagram

• Evidently the CZLS table was calculated 
by somebody who understood Kepler’s 
eccentric/equant model correctly, and
used Kepler’s 1792 bisection of Tycho’s 
3584 eccentricity to calculate the 
tabulated values of equation of centre.
• The person who wrote the explanation 

that follows the diagram cannot have 
understood Kepler’s model. What is 
more, for their second calculation they 
added an additional diagram in which 
the earth is shown as further away from 
the perigee than the centre of the 
deferent!

Bodleian Library Sinica 897 

p. [149]
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心地 ’earth centre’

最高衝 lit. “anD-
apogee” = perigee

equant



An unfulfilled promise  …

• At the start of the explanation, 
we are told: “For the whole 
diagram, see the Ri chan li zhi
‘Instructions on calculating the 
sun’s path’.  Here we use only 
the half diagram.”
• But no such diagram is found in 

the relevant section of the Chong 
zhen li shu.

Bodleian Library Sinica 897 

p. [145]
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Bodleian Library Sinica 897 

p. [145]

 



We find only a Tychonic eccentric solar 
path in the Ri chan li zhi:

Bodleian Library Sinica 897 

p. [89]

 

But the Ptolemaic eccentric/equant model 
for Saturn appears in the 五緯曆指Wu 
wei li zhi , dealing with planetary theory:
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358416: eccentricity 
for a 10,000,000 
radius.  See Tycho 
(1610)  Progymn. 
p.23



A plan unfulfilled

• It seems that there may at some stage have been a plan to introduce the 
Keplerian eccentric/equant model for solar motion into the part of the 
Chong zhen li shu that explains solar theory (Ri chan li zhi).
• But this was not done – although the solar equation table was 

calculated on that basis, and at least one correct diagram with eccentric 
and equant may have been  prepared for use and kept in working files.
• Could it have been Shreck’s death that led to the abandonment of the 

plan to revise the Ri chan li zhi?
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Who did what, when?
• It is likely that the actual calculation of the table was carried out by, or under the 

close supervision of Schreck, whose mathematical and astronomical skills were 
acknowledged while he was still in Europe.  He is known to have been in regular 
contact with Kepler and they were both in Prague in 1607, during Kepler’s period as 
Astronomer at the court of Rudolph II (1600-1612).  Schreck did not leave for China 
until 1618, and he may well have possessed a copy of Kepler’s Astronomia Nova
(1609) and probably Tycho’s Progymnasmata (1610). 
• In 1623 Schreck wrote a letter to the Jesuit mathematicians of Ingolstad, asking for 

help with astronomical questions. This was passed to Kepler, who wrote comments 
on it in 1627. It is not known whether this was ever sent to China, and is unlikely to 
have reached Schreck during his lifetime.  Kepler’s Tabulae Rudolphinae (1627), to 
which he refers in his comments, did not reach China until 1646.
• Schreck died in May 1630, before the two parts of the solar tables were ready for 

presentation in late 1630 and in early 1631 (when the second part of the tables, with 
the equation table, was presented).  The tables thus could not be presented under his 
name, and Giacomo Rho’s name appears instead.

25



Signs of Kepler’s work known to early  17th C Jesuits
• See Bernard, Henri (1937). "L'encyclopédie astronomique du Père Schall (part 1)." 

Monumenta Serica 3 (1): 35-77, p. 67 n.113 who notes MS annotations referring to 
Kepler’s work (from content, clearly Astronomia Nova (1609)) in copies of the 
following two early 17th C texts in the Beitang library:

• Mulerius, Nicolaus (1611). Tabulae Frisicae lunae-solares quadruplices e fontibus Cl. 
Ptolemaei, Regis Alfonsi, Nic. Copernici, et Tychonis Brahe ... Quibus accessêre solis tabulae 
totidem, hypotheses Tychonis illustratae: kalendarium Rom. vetus, cum methodo Paschali
emendatâ. Alcmariae, Excudebat Iacobus Meesterusven. Apud Wilhelmum Ianssonium. (This is 
in Rho’s copy, Verhaeren 1444)

• Magini, Giovanni Antonio (1614). Supplementum ephemeridum, ac tabularum secundorum
mobilium, Io. Antonii Magini ... in quo habentur ratio, & methodus perfacilis promptissimè
supputandi verum motum Solis, Lunae, & Martis ex nouis tabulis secundum Tychonicas
obseruationes, nunc primum accuratè constructis. Venice, Apud Hæredem Damiani Zenarii.  
(Rho had a copy of this: Verhaeren 2152. Is this it?)
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 L'ENCYCLOPEDIE ASTRONOMIQUE DU PERE SCHALL 67

 CHQWUaOH" aX VXMHW dHV dHX[ WULbXQaX[ dH PaWK«PaWLTXHV dH CKLQH [Oa
 WUaYHUV«H dX FUªUH BHQWR dH GRHV SXbOL«H daQV OH DH CKULVWLaQa E[SHdLWLRQH
 dX P. TULJaXOW] HW LO cRQVHLOOH dH V'LQIRUPHU VL O'aVWURQRPLH dHV CKLQRLV HVW
 aSSaUHQW«H aX c\cOH dH O'K«JLUH PXVXOPaQH RX SOXW¶W ¢ O'aVWURQRPLH SHUVaQH.
 PXLV LO dRQQH dHV cRQVHLOV d«WaLOO«V VXU Oa cRQVWUXcWLRQ dX caOHQdULHU HW,
 aILQ dH cRPSO«WHU OHV ESK«P«ULdHV TXH MaJLQL a H[WUaLWHV dHV SaSLHUV dH
 T\cKR-BUaK«, LO IaLW HQYR\HU dHX[ caKLHUV dH VHV TabOHV RXdROSKLQHV HQcRUH
 ¢ O'LPSUHVVLRQ. PRXU OH PRXYHPHQW dH Oa LXQH, LO SURSRVH Va WK«RULH dH
 O'RUbLWH HOOLSWLTXH. L'HPSHUHXU YaR dHV CKLQRLV QH VHUaLW-LO SaV 'JRQ' RX
 'JaQ', ILOV dH JaSKHW? SL O'RQ a cRUUHcWHPHQW RbVHUY« OH d«SOacHPHQW dX
 VROVWLcH, RQ VH WURPSH HQ dLVaQW TXH O'«WRLOH dH Oa SHWLWH OXUVH a «W« aXWUH-
 IRLV SOXV SUªV dX S¶OH TX'aXMRXUd'KXL ; bLHQ aX cRQWUaLUH, HOOH Q'HQ a MaPaLV
 «W« SOXV UaSSURcK«H TX'¢ SU«VHQW. La OHWWUH dH THUUHQWLXV HVW aUULY«H WURS
 WaUd SRXU TX'LO SXLVVH LQVcULUH Oa OaWLWXdH aSSURcK«H dH CKaQJcKRZ daQV
 VRQ RXYUaJH, HQ Oa cRPSaUaQW ¢ cHOOH dX QXLQVa\ dH MaUcR PROR.

 CHWWH cRQVXOWaWLRQ TXH QRXV YHQRQV dH U«VXPHU VH WHUPLQH SaU XQH
 dHPaQdH dH SOXV aPSOHV d«WaLOV VXU Oa SRVLWLRQ dH cHWWH YLOOH. SRPPH
 WRXWH, VL HOOH HVW MaPaLV SaUYHQXH HQ CKLQH (cH TXH QRXV Q'RVHULRQV SaV
 aIILUPHU), HOOH Q'a SRLQW d½ ¬WUH d'XQ JUaQd VHcRXUV caU, cRPPH d'aXWUHV
 «cULWV dH KHSOHU, HOOH dHYaQcH dH WURS ORLQ OHV cRQQaLVVaQcHV dH VHV cRQ-
 WHPSRUaLQV SRXU ¬WUH LPP«dLaWHPHQW XWLOLVabOH; SaU cRQWUH, O'H[WUaLW dHV
 TabOHV RXdROSKLQHV VO «W« IRUW SU«cLHX[, cHOOHV-cL O'HPSRUWHQW dH bHaXcRXS
 VXU cHOOHV TXL OHV RQW SU«c«d«HV HW P¬PH VXU Oa SOXSaUW dH cHOOHV TXL OHV
 VXLYURQW dXUaQW XQ dHPL-VLªcOH: cHV dHUQLªUHV SRXUURQW UHSU«VHQWHU SOXV
 H[acWHPHQW OHV RbVHUYaWLRQV IaLWHV daQV OH WHPSV R» RQ OHV aXUa cRQVWUXLWHV,
 PaLV HOOHV QH WaUdHURQW SaV ¢ V'«caUWHU dX cLHO bHaXcRXS SOXV TXH OHV
 'RXdROSKLQHV'. KHSOHU \ VRXWLHQW, cRQWUH OH VHQWLPHQW aORUV J«Q«UaO, TXH
 OHV «cOLSVHV dH SROHLO VRQW SOXV XWLOHV TXH cHOOHV dH LXQH SRXU d«WHUPLQHU
 OHV ORQJLWXdHV WHUUHVWUHV. EQ WRXW caV, SOXVLHXUV QRWaWLRQV PaUJLQaOHV,
 IaLWHV ¢ Oa SOXPH VXU cHUWaLQHV TabOHV d'«SK«P«ULdHV cRQVHUY«HV daQV O'aQ-
 cLHQQH BLbOLRWKªTXH dHV J«VXLWHV dH P«NLQ, aWWHVWHQW O'LQIOXHQcH dH KHSOHU113
 HW, TXaQd HQ 1633 OH P. RKR (VRXYHQW «cULW RKaXd) HPSORLHUa SRXU Oa SUH-
 PLªUH IRLV OHV ORJaULWKPHV114, QRXV SRXUURQV O'aWWULbXHU ¢ VRQ RXYUaJH, VaQV
 cRXULU OH ULVTXH dH bHaXcRXS QRXV WURPSHU.

 113) DaQV O'H[HPSOaLUH dHV TabXOaH IULVLcaH, dH M�LLER, 1611, PaUTX« "AOH[.
 RKaXd V. M.'' S. 24, 28-29, "E[ OULJaQ, KHSOHU, CRSHUQLcR, MaJLQR, MaULR, MHVWOLQR";
 S. 138 "SHTXLQHQVH PHULdLaQXP IacLPXV RUL^QWaOLRUHP K. 1. 25' 6. 25' ". - * AVWURQRPLa
 d£QLca, dH LONGOMONTANUS, cRQWLHQW bHaXcRXS dH cLWaWLRQV PaQXVcULWHV: Y. J. S.
 220 "LQ KHSOHU IRO. 54", S. 310 (SUR aQQR 1620),... ; aX WLWUH "HMXV PHULdLaQXV RccLdHQ-
 WaOLRU IUaQcRIRUWL 12' HW aOH[aQdULQL RULHQWaOLRUL K. 1. 35' ". - * SXSSOHPHQW XP HSKH-
 PHU Ld XP MaJLQL, VHQLVH, 1614: S. 58 "HaHc WabHOOa cXP KHSOHUR I. 162 IHUH UHVSRQdHW";
 TabXOaH..., S. 158: "KHSOHUR I. 101". - CRPPH RQ OH YRLW, OHV OLYUHV dH KHSOHU RXW «W«
 cHUWaLQHPHQW cRQQXV HW HPSOR\«V SaU THUUHQWLXV.

 114) PFISTER, Qr55, S. 188-191.
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Who wrote the incorrect explanation?

• At some later stage before the end of the Ming dynasty, someone 
thought that it was appropriate to add an explanation of how the tables 
were calculated.  It is possible that the first diagram had been prepared 
by Schreck for use with an explanation that he never wrote.  It was 
however not properly understood, and a second incorrect diagram was 
added in addition to the incorrect explanation of the calculation 
procedure.
• The error in the explanation was not detected, and remained in place in 

new versions of the CZLS text produced under different titles by 
Schall during the early Qing (from 1644).
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